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Abstract:- A set of marine toxins can be the cause of
serious poisoning, the most well-known are amnesic
shellfish poisoning (ASP), Diarrhetic shellfish poisoning
(DSP), neurotoxic shellfish poisoning (NSP), Paralytic
shellfish poisoning (PSP), pufferfish poisoning (PFP),
Ciguatera fish poisoning (CFP) and azaspiracid shellfish
poisoning (AZP). These marine food intoxications are
neither rare nor new, but they are a result of fisheries
and the increase of tourism sector. We are witnessing a
universalization of problems which was previously
endemic. The various forms of poisoning that can occur
after the consumption of contaminated marine products,
the toxins responsible, its global geographical
distribution, and its effects on human health as well as
the rest of living beings interacting with the marine
sector, prevention and treatment for each intoxication
are discussed in this review.
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I INTRODUCTION

Man is a foreigner in aquatic environments and his lack
of knowledge makes him an easy victim of the toxins
developed by marine organisms. It is estimated that 60% of
the world’s population lives along coastal areas and that most
of them draw their source of survival from the sea [1]. This
deep relationship, which unites the ocean and Man, is
primarily due to the high-quality nutritional values provided
by marine products and their diversity [2]. But these riches
are also involved in several intoxications of marine origin,
the responsible of which are microscopic algae. Generally,
these phytoplankton are present in small quantities, with no
adverse impact on the environment or human health [3]. On
the other hand toxicity, settles when the conditions in their
environment become favorable for proliferation and/ or
aggregation thus forming dense concentrations of cells, this
phenomenon is recognized as the concentrated proliferation
of harmful algae that can color the waters, and give the "red
tides" [4]. These intoxications manifest in the form of
neurological, gastrointestinal and other diseases, introduced
either by simple contact with seawater, either by inhalation
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of airborne substances or by consumption of toxins
accumulated throughout the food chain. The four kinds of
seafood poisoning are diarrhetic, neurotoxic, amnesic and
paralyzing pathologies. The least serious is the one that
causes diarrhea, a particular type of dinoflagellates is
responsible for the production of the poison, the okadai acid.
With regard to neurointoxication at least ten compounds are
responsible including  brevetoxinstoxique.  Amnesia
intoxication is caused by the production of domoic acid by
algae, diatoms. Paralytic intoxication is potentially the most
serious. It is mainly caused by saxitoxin produced by
dinoflagellates and cyanobacteria. The main purpose of this
literature review is to provide an overview of the
intoxications of the most well-known marine origins and to
present their origins, modes of action and structures. It also
aims to show the global distribution of its toxins and the
major prevention and treatment measures in place to prevent
and sensitize consumers to the dangers that seafood can
cause. However, it must be emphasized that data on marine
toxins are changing rapidly and that there are still many
unknowns.

1. THE MAIN MARINE TOXINS AND THEIR
POISONING

A. Domoic acid:

Domoic acid (DA) and they isomers are produced by
diatoms of the genus Pseudonitzschiaspp [5].1t is a family of
phycotoxins that leads to amnesic intoxication by seafood
(ASP). DA is the bace molecule and there is 10 isomers, but
only domoic acid and its analogue epidomoic acid are
considered toxic [6] “Fig. 1.”
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Fig. 1: General structure of domoic acid and they isomers ;
A domoic acid; B epi-domoic acid; C isodomoic acid (A.
Lo” pez-Rivera and al. 2005. Improved high-performance

liquid chromatographic method for the determination of
domoic acid and analogues in shellfish: effect of
pH,AnalBioanal Chem., 381: 1540-1545).

AD is recognized being an excitatory molecule of the
dicarboxilic amino acid, the latter binds with a strong
affinity to the kainate (Kd - 5 nM) and a-amino-
acidGlutamate receptor 3-hydroxy-5- methyl-4-
isoxazoleproprionic (AMPA) (Kd -9nM) [7] [8]. This
powerful agonist causes continuous stimulation of the
neurons, with an increase in intracellular calcium reaching
very toxic levels leading to necrosis of the neuronal cells of
the hippocampus at the levels of CA1 and CA3 “Fig. 2,” [9].

DA is particularly recognized for its ability to produce
mild to severe neural symptoms in people who have
consumed contaminated molluscs, including transient
amnesia, dizziness, disorientation and memory loss [10]
even in coma, then to death [9], more than gastrointestinal
disorders, nausea, vomiting, abdominal cramps and diarrhea
[11]. ASP in humans was first reported in 1987 in Prince
Edward Island, Canada. During this event, three people died
and more than 100 were hospitalized after consuming blue
mussels (Mytilusedulis) that had high levels of DA [9].

Fig. 2: Photo taken for the seahorse of a California sea
lion (Zalophuscalifornianus) from 100 other adults who
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consumed Nordic anchovies (Engraulismordax)
contaminated with domoic acid from a harmful algae
proliferation of diatom Pseudo-nitzchiaaustralis. The animal
was euthanized for several months. General necropsy
revealed atrophy of the hippocampus and a relative
enlargement of the lower horn of the lateral ventricle
(arrow). Atrophy can occur following convulsions induced
by domoic acid. (Solter P.F and R. Beasley Val. 2013.
Chapter 38; Photo taken by Paul Silvagni Philip).

B. Okadaic acid:

Okadai acid (OA) was initially isolated from sea
sponges belonging to the genus Halichondria spp. including
H. okadai [4] where its name comes from and by
dinoflagellates such as the Dinophysis genus, D. Fortti [8]
[9] and the genus Prorocentrumspp [10] [11] . OA'is a
lipophilic polyether compound, belonging to a class of seven
other dinophysistoxin (DTXs) congeners [9] . The latter
were isolated from the digestive glands of crustaceans and
identified as toxins responsible for diarrhetic shellfish
poisoning (DSP) [8] [11]. OA, DTX1,DTX2 and a humber
of fatty acid esters derived from these three parental toxins
(known generically as DTX3) “Fig. 3,7are structurally
similar and act according to a similar mechanism of action,
these are potent inhibitors of serine/ threonine, protein
phosphatase type 1 (PP1) and type 2A (PP2A) [4] [12], this
inhibitory activity leads to increased phosphorylation of
myosin and other phosphorylated proteins, resulting in an
influx of calcium, constant production of AMPC or
prostaglandins ending in the continuous secretion of fluid in
the cells of the intestine [9]. It is then, that consumption of
contaminated molluscs at high levels of toxins will cause
gastrointestinal symptoms to appear quickly 3 hours after
ingestion [13], such as, diarrhea, abdominal cramps, nausea
and vomiting but which disappear in 2-3 days [4] [14] , and
in the most severe cases, we notice dizziness, seizures,
hallucinations and short-term memory loss [10]. The DSP is
suspected to be produced the very first time in 1961 in the
Netherlands but the reasons remained unknown, until the
1970s following the epidemics produced in Japan, the toxins
involved were identified [9].

Okadaic acid (AO) : R1=H ; R2=CH3 ; R3=H
Dinophysistoxines 1 (DTX1) : R1=H ; R2=CH3 ; R3= CH3
Dinophysistoxines 2 (DTX2) : R1=H ; R2=H; R3= CH3
Dinophysistoxines 3 (DTX3) : R1=Acyl ;R2/R3= CH3/H

Fig. 3: The structures of okadaic acid (OA), dinophysistoxin
1 (DTX1), dinophysistoxin 2 (DTX2) and dinophysistoxin 3
(DTXA3). (Figure reproduced from the manual by Lampel K
A., S. Al-Khaldi and MS. Cahill MS. 2012. Bad Bug Book:
Foodborne Pathogenic Microorganisms and Natural Toxins
Handbook Okadaic Acid and Dinophysis Toxins).
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C. Brevetoxin:

Brevetoxins (BTX) are a group of more than ten
cyclic, natural polyether neurotoxins produced by marine
dinoflagellates of the genus Karenia spp., of which the
species, K. mikimotoi, K. brevisulcata, K. selliformis and K.
papilionacea [15] and the most recognized and best studied
is K. brevis, formerly known as Gymnodinium breve and
Ptychodiscus brevis [10] [15] Recent studies have
indicated that BTX can also be produced by Chatonellaspp
[16]. Depending on their skeletal structure, BTXs are
divided into two types of fat-soluble toxins: Type 1
(neurotoxins) which are the (brevetoxin B), grouping the
(BTX- 2,356,8,9) and type 2 (hemolytics) which are
(brevetoxin A) containing the (BTX-1,7,10) “Fig.
4,”however the chemical structure of the BTX4 is not yet
discovered [8] [17] . BTX are shown to be responsible for
neurotoxic shellfish poisoning (NSP), but at unequal levels
of toxicity, of which BTX1 and BTX2 are the most potent
[15]. These cyclic polyether structures bind with high
affinity (Kd 1 -50 nM) [8] to the orphaned S5 receptors
located on the a subunit of the voltagedependent sodium
channels (Cnavd), acting on the central and peripheral
nervous system [4] [10]. The specific binding of brevetoxins
to synaptosomes was first demonstrated by Poli and his
colleagues in 1986, it leads to an inappropriate opening of
Cnavd to a normal value of the resting potential, and allows
the persistent activation of the sodium channels, while
slowing and delaying their inactivation [8] [11] . In this
effect, a massive and uncontrollable entry of NA+ ions
results, leading to spontaneous depolarization of nerve and
muscle cells [15] . This results in a continuous release of
the neurotransmitters by the neurons thus leaving a state of
permanent subconductance [18]. NSP in humans may be
involved through two routes of exposure. Either by eating
the contaminated molluscs which leads to symptoms such as
nausea, abdominal cramps, weakness and difficulty of
movement, paralysis, convulsions and in the most severe
cases coma and death [19] [20] . Either by inhalation,
during the red tides “Fig. 5,” under the action of the surf, the
cells of the G.breve, lyse and break in the water while
releasing airborne toxins, which causes irritation of the
respiratory tract and vertigo, tunnel vision and rashes [19]
[21] . Walker was the first to register an NSP in 1880 on the
west coast of Florida [22].
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Brevetoxln B backbone Brevetoxin A backbone

Brevetoxin B backbone, R =

PbTx-2, CH,C(=CH,)CHO
PbTx-3, CH,C(=CH,)CH,0H
PbTx-5, [PbTx-2], C-37 OAC
PbTx-6, [PbTx-2], H-ring epoxide
PbTx-8%, CH,COCH,CI

PbTx-9, CH,CH(CH;)CH,0H

Fig. 4: Brevetoxin chemical structures (Scheme taken from
Andrew D. Turner, Cowan Higgins, Keith Davidson,
Andrea Veszelovszki, Daniel Payne, James Hungerford and
Wendy Higman, 2005: Natural and Derivative Brevetoxins:

Brevetoxin A backbone, R=
PbTx-1, CH,C{=CH,)CHO
PbTx-7, CH,C{=CH,)CH,OH
PbTx-10, CH,CH{CH,)CH,0H
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Historical Background, Multiplicity, and Effect.
Environmental HealthPerspectives, VOLUME 113 |
NUMBER 5 p.621-625).

Fig. 5: Photo of a red tide off La Jolla, California. (Removed
from Chand, P. 2009. Seafood Neurotoxins I: Shellfish
Poisoning and the Nervous System. Clinical
Neurotoxicology, 441-447, page 442).

D. Saxitoxin:

Saxitoxins (STX) are produced by several genera of
dinoflagellates such as Alexandrium spp., Gymnodinium
spp. and Pyrodinium spp., Although their production has
also been observed by many genera of cyanobacteria,
including Anabaena spp. , Aphanizomenon spp.
Cylindrospermopsis spp., Lyngbya spp., and
Planktothrixspp[4] [23]. The name saxitoxin is derived from
the American clam, Saxidomusgiganticus, from which the
toxin was first isolated in 1957 [4]. STX are alkaloids,
molecular formula CLOH17N704 (299 DA), composed of a
3.4-propinoperhydropuric tricyclic system, belonging to the
large family of natural marine products containing
guanidinium the family can be divided into four categories
“Fig. 5.” Since its initial discovery, 57 naturally occurring
STX analogues have been identified in a number of
organisms. They are collectively responsible for Paralytic
shellfish poisoning (PSP) in humans [24] [25]. These toxins,
synthesized by the aforementioned gonyaulax species,
accumulate in certain filter molluscs such as mussels,
oysters, clams and scallops. Although bivalves are
considered as traditional vectors and bio-indicators of
paralytic toxins, non-traditional wvector declarations are
increasingly recognized, the latter being marine gastropods,
crustaceans, echinoderms, tunicates and ascidians, which
can accumulate toxic levels of SXT. PSP, occurs when STX
binds reversibly and with high affinity (Kd - 2 nM), at
Cnavd site 1, blocking its conductivity, while stopping
membrane permeability to Na+ ions [8], resulting in smooth
vascular muscle relaxation, a decrease in the potential for
action of the heart muscle and prevents the spread to skeletal
muscles [26].However, sensory nerves are shown to be more
susceptible to sodium channel blockage by STX than motor
nerves, and sensory abnormalities usually precede paresis
and paralysis [4]. Although the exact cause of the PSP was
identified in 1927 off the coast of central California, by
Sommer the poisoning by SXT can be traced in medical
literature for centuries, the first report was dated 1798 [27].
PSP is accompanied by a set of symptoms that usually begin
within 5 to 60 minutes after consuming toxic molluscs [28],
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the adverse effects can be classified into three levels
ofintoxication depending on their severity on health and life,
a benign stage, presented by tingling or numbness around
the lips that spreads to the neck and face. In a progressive
state, stinging sensation of the fingertips, headache,
sometimes increased salivation, vomiting of nausea and
diarrhea. A severe stage, expressed by a paresthesia of the
face, lips and tongue, then of the arms and legs, incoherence
of speech, affected people may complain of dizziness or a
floating sensation. And in a very extreme stage, usually
associated with ingestion of high doses of toxin, it induces
ataxia, dysphagia and changes in mental status with
respiratory failure due to paralysis of the diaphragm and
chest wall muscles which may eventually lead to death
without respiratory assistance [9] [11] [29].

Toxime R R R R
Carbamate SIX H H H OCONH:
NeoSTX OH H H OCONH,
GIXI  OH OS0y H OCONH:
GIX2 H 0S0; H OCONH,
GIX3 H H 0507 OCONH:
GIX4 OH H 0S50y OCONH,
N-sulfocarbamoy! GTXS(BI) H H H  OCONHSOy
GTX&B2) OH H H  OCONHSOy

Cl H 080y H OCONHSOy
Q H H 08505 OCONHSOy
(&) OH 0S0; H  OCONHSOy

4 OH H 080y OCONHSOy

Decarbamoyl &SIX H H H OH
deNeoSTX OH H H OH
&GIXI OH 080y H OH
&GIX2 H 080y H OH
&GIX3 H H  0SOy OH
&GIX4 OH H 080y OH

Deoxydocasbamoyl  doSTX H  H H H
oGIX2 H H 080y H
&GIX3 H 080y H H

Fig. 6: structure of the Saxitoxins. (Van Dolah, F. M. In
Seafood Toxicology: Pharmacology, Physiology and
Detection Botana, L. M., Ed.; Marcel Dekker: New York,
2000, p 19-43).

E. Tetrodotoxin:

Tetrodotoxin (TTX) is a powerful neurotoxin first
discovered in 1909 by DrYoshizumiTahara, which he
isolated from the ovaries of the globe fish (balloonfish) [30].
This toxin returns to the tetraodontid family, from which
derived the name tetrodotoxin [31]. However, prior to 1964,
TTX was thought to be present only in glob fish but was
later detected in various marine [32] [33] [34] and terrestrial
animals “Fig. 7 [35]. More recently, it has been shown that
the origin of this toxin are intestinal marine bacteria, limited
to 20 species of Pseudoalteromonas spp., Pseudomonas spp.
and Vibrio spp., some of which are known as symbiotes,
passed along the entire food chain to puffer fish [36].
Nevertheless, the source of the TTX is still a controversial
debate between the researchers, on the test that the TTX is
of symbiotic, endogenous or exogenous origin [37]. In the
mid-1960s, Tsuda Woodward and Goto revealed that TTX
has a very unusual structure “Fig. 8,” a highly oxygenated
carbon skeleton, some of which is composed of 2.4
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dioxaadamantane containing five hydroxyl groups
connected to cyclic guanidine [38] [39]. Since then, 13 TTX
analogues have been isolated. TTX is a potent and lethal
neurotoxin that selectively inhibits the mechanism of
activation of nerve impulse; it has the same effect as STX
but has proven stronger [40]. These guanidinium groups,
comprising a central carbon atom and three nitrogen atoms
with a positive load at physiological pH, confer the binding
capacity to Cnavd site 1 blocking the current of Na+ ions
entering the excitable cells, mainly in muscles and nerves,
without affecting the permeability of K+ ions [41]. This
action causes intoxication known as pufferfish poisoning
(PFP), which leads to extensive paralysis and in the most
extreme cases, to death. Poisoning with TTX usually begins
30 min after ingestion of the toxin at 6 hours after
consuming contaminated fish, passing through four
progressive stages. First, oral paresthesia with or without
gastrointestinal symptoms. Second, paresthesia in other
areas and motor paralysis. Third, muscular incoordination,
aphonia, dysphagia, respiratory distress, cyanosis and
hypotension. Finally, respiratory paralysis and hypotension
and then death [42]. The mortality rate due to TTX
poisoning depends, among other things, on access to critical
care facilities. Patients, who have not died within 24 hours,
usually recover. As with PFP, the symptoms of TTX
poisoning are completely resolved in 1 to 2 days [43]. On
the other hand, the fact that TTX can also block certain
Cnavd, at the level of sensory nerves [44], it has become an
important chemical in neuroscience, used in anesthesia and
analgesia or for cancer-related pain [45].

Fig. 7 (a): Butterflyfish (Takifugupoecilonotus) from the
Pacific Northwest; (b): A hammerhead "slug"
(Bipaliumkewense) from Asia, Europe and North America;
(c): The blue ringed octopus (Hapalochlaenalunulata) from
Australia; (d): the harlequin frog of the coast (Atelopus
tricolor) of the Amazonian slope; (€) The rough-skinned
newt (Taricha granulosa) from western North America; (f):
The crabeater (Tachypleusgigas) from the Indian and Pacific
oceans. (Photos Credits: KeokiStender, Ajaykuyiloor
(Wikimedia), Gustavo Maqueda, JérnKohler, William
Leonard, Shubham Chatterjee (Wikimedia).
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RS
Fig. 8: The basic structure of the group composed of
tetrodotoxin and its congeners (after: Duran-Riveroll L.M.

and A. D. Cembella. 2017).

F. Ciguatoxin:

Ciguatoxins (CTX) are phycotoxins synthesized from
dinoflagellates of the genus Gambierdiscus spp., amicroalga
associated with coral reefs in the tropical Pacific Ocean [46],
the Indian Ocean [47]and the Caribbean [48] . However, it
has been shown that other species are capable of producing
them, namely, the genus Prorocentrum ssp., Ostreopsis spp.,
Thecadinuim spp. and the two species, Cooliamonotis and
Amprodinuimcarterae [49][50]. Phycotoxins of type CTX
are lipophilic neurotoxins, polyethers of molecular weight of
1110 Da, composed of 10 to 14 cycles transfused by ether
bonds. Depending on the region of origin, the CTX are
divided into three families “Fig. 9:” The P-Ctxs (Pacific
Ocean) [51], the C-CTX (Caribbean) and the I-CTX (Indian
Ocean). The CTX accumulate through the food chain, from
fish consuming algae, to carnivorous fish, before occurring
to humans [10]. There are more than 400 species considered
to carry these toxins, including groupers, red snappers, see
bass, barracuda emperor fish, Spanish mackerel, amberjacks
[52]. Ctxs are responsible for Ciguatera fish poisoning
(CFP), another seafood intoxication, [10] [42]. They have
the same mechanism of action as the brevetoxins, while
binding to the S5 site on the Cnavd (Kd - 0.04-4 nM) but
even more powerful [53]. The bond created between the
toxin and the canal acts directly on neuromuscular junctions,
sensory neuronal membranes and other excitable cells,
inducing depolarization by selective opening of the sodium
channels voltage dependent on the normal resting potential
[4] [54]. CFP appears within 10 to 30 minutes of ingestion
and is characterized by varying combinations of
gastrointestinal, neurological and cardiovascular symptoms.
Often digestive symptoms disappear in 1-2 days,
cardiovascular in 2-5 days, and neurosensory in 2-3 weeks
[52]. Death may occur as a result of direct cardiovascular
depression, hypovolemic shock or respiratory paralysis [55].
However, the typical symptom of this poisoning is
temperature inversion, where patients interpret cold as a
burn. In addition, nerve biopsies from human patients
showed swelling of Schwann cells with axon compression
and vesicular degeneration of myelin [4]. CFP, can be
transmitted through sexual intercourse, it can also harm the
health of the fetus in pregnant womenn sometimes causing
an abortion [56]. The first intoxication case appeared in
1550 in the Caribbean after people consumed contaminated
reef fish [57].
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Fig. 9: The basic structures of CTX: (a) The family of P-
CTX type 1; (b) The type 2 P-CTX family; (c) The C-CTX
family; I-CTX are not yet identified (from books of Ménez

A., 2002; Caillaud A, et al., 2010.

H. Azaspiracid:

Azaspiracids (AZA) are polyether, highly oxygenated
lipophilic toxin with an unusual structure [58], formed by a
cyclic amine (or aza group), a unique tri-spiro assembly and
a carboxylic acid group, hence the name AZA- SPIR-ACID,
[59]“Fig. 10,” the structure of the first azasparacid, AZAl,
(molecular weight 841.5 Da) was reported in 1998 after
isolation from Irish blue mussels (Mytilusedulis) and
modified in 2004. For years, AZAs were thought to be
produced by dinoflagellate Protoperidiniumcrassipes, but it
has recently been discovered that its origin actually comes
from other genera of dinoflagellates, including
Azadiniumspp [60], and Amphidomaspp, [61]. This can be
explained, that P. crassipes feeds on A. spinosum and thus
accumulates the toxin. In addition [4] , AZAs are found in
filter-feeding molluscs such as blue mussels (M. edulis)
from Ireland, oysters (C. gigas and Ostreaedulis), Chilean
mussels (Mytiluschilensis), razor shell (Ensissiliqua) and
scallops (Pectenmaximus and Argopectenpurpuratus), as
well as in crustaceans such as crabs (C. pagurus) [62]. Due
to extensive metabolism in molluscs and crustaceans, more
than 40 AZA structures have been identified “Fig. 117 [63].
In contrast, AZAl, AZA2 and AZA3 are the most toxic
[64]. In 1995, a group of eight Dutch consumers
experienced food poisoning after consuming shellfish
harvested on the Irish coast [65]. The symptoms described
appeared to be consistent with those associated with DSP.
However, in the analysis of the samples, small quantities of
the OA were found [66]. Later, AZAs are recognized as a
unique group of algal toxins causing azaspiracid shellfish
poisoning (AZP). Several articles have been published on
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azaspiracids but do not incorporate their mode of action in
humans, which remains unknown until now. In this case,
studies have worked on their toxicological effects on
animals. For example i.p. injection in mice with extracts of
contaminated shells causes the appearance of neurological
symptoms, namely respiratory difficulties, spasms and
progressive paralysis [67] followed by death within 20 to 90
minutes after injection[68] .Oral exposures of AZAL led
mice to changes in the gastrointestinal tract, liver and
lymphoid organs, lungs [69] the pancreas, thymus, spleen,
and was also the cause of tumours [4]. Other in vitro studies
have shown that AZAl, 2 and 3 were weak and moderate
blockers of K+. Roman and his team in 2002, estimate that
AZAs primarily AZA1l cause an increase of [Ca2+]
intracellular and the AMPC in lymphocyte cells as well as
alteration of cytoskeletal actin F in Jurkat cells [70]. AZP is
primarily manifested by severe gastrointestinal symptoms,
including diarrhea, nausea, vomiting and stomach cramps

[4].

i ,\a

ORS ?l

Fig. 10: The basic chemical structures of azaspiracids
(Moadified figure, drawn by Nicolaou KC, Frederick MO,
Petrovic G., Cole KP, Loizidou EZ 2006. Total synthesis

and confirmation of the revised structures of Azaspiracid-2
and Azaspiracid-3. Angew Chem. Int. Ed. Engl. 45, 2609-
2615).

Left hand side (LHS)

Right hand side {RHS)

IJISRT20NOV638

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Type' Ry 7.8 R; R Ry R ity R; Ry Status
AZAL a1 W& H H CH, H CH, H CH, phycotorm
*37-epi-AZAL al H ' H MM, M CH, H M, artelact
AZAZ al H ' H CH, CH; W CH; H CH, phytetonn
AZAZ al H a H H CHy H H H CH; metabokie
AZA al H a OH H CHy H H H CH; metaboWie
AZAS al H & H H CH, H H  OH CH, metabolte
AZAG al H & H o My CHy N H o CHy,  metabokte
AZA7 al H & OH H € H CH M CH, metabolte
AZAS al H & H H CH; H CH; OH CHy; metabolte
AZA9 a1 H & OH CH, CH, M H H  CH, metabolte
AZALIO a1 H & H CH, CH, H H OH CH, metabolte
ATALL al H A OH (M, Wy M CH, H  (H, metabolie
AZALY al H a H CH, CH, H CH, OH CH, mectaboke
ATA1Y al H o a4 O M N " OH (M, metabolte
AZALL al H ' [+ 1] 1] CHy N CHy  OH CHy  metaboltle
JAZALS al H & OH  CH, CHy 1 H OH  CHy metaboMe (
AZALG al H ) OH O Oy N CHy  OH  CM, metabolie
AZMT al H A H H CHy, H COOH H (CH;, metabolle
AZALD al H A M M, €4, H COOH H €M, metabokic
AZAY al H & OH H (W, H COOH H CH, metabole
ATA2Y al H & OH (M, CHy, N COOH M (H, mctabolic
AZALG a2 H a H H CHy , - . . . metabote
AZA29 al H & H Mo CH, Gl H HoCHy  dntelact
AZAXD al oA H Mo CM, €M, CHy M €M, artefact
ATAZ) al H a H CH, CH, CH, CH, H CH, Msfa
ATA3Y bl H & . CHy H CH; H CH; phycotaxin
AZA3A el H & . - Wy, M CH, H (H, phycotaxin
AZA3G al H [ OH CH, CH;, H CH, H H  phycotoxin
AZAIT al ] . OH MW CHy N CH, 1] W phycotoxin
AZAR al 1] . CH, M 1} 1] Ci, 113 M phycotonn
ATALS dl CH, . 1] = 1] " cH, 1] M phycotonn
AZASD al H & H  CHy CHy W CHi M H  phycctoxin
Sazasl al H A H CH,_ CH, CH, H CH, phycotoxn |

Fig. 11: Structural variants of AZAs (Reproduced from

Hess, P., M. J. Twiner, J. Kilcoyne and S. Sosa. 2015.

Azaspiracid Toxins: Toxicological Profile. Marine and
Freshwater Toxins, 1-19).

. THE GEOGRAPHICAL DISTRIBUTION OF
MARINE BIOTOXINS

These last years have seen the extension of marine
phycotoxins all along the litoral zones of the terrestrial
globe, following an increase in the number of toxic algal
blooms “Fig. 12.”

I. The Domoic acid

The species responsible for ASP have been detected at
geographic sites such as Canada, New Zealand, the
Californian coast, and also at the level of several European
countries, in particular in Scotland, Denmark, Spain,
Portugal, Italy and Korea [71] [72] [73] . France is not
immune to this poisoning, traces of DA have been detected
in some mussels but at concentrations of (0.5 pg AD/g flesh)
[74] that do not exceed the regulatory threshold prescribed
by the European Union (EU) (20 ug AD/g shell meat) [75].

OoOCOeeoeoe

Fig. 12: Global distribution of different marine toxins.
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J. Okadaic acid :

The DSP is the most widespread, it can be observed
almost every year in France (Bay of Seine, on the coastal
region of Cotentin, the Arcachon basin, the Mediterranean
lagoons of Languedoc-Roussillon and the Diana Corsican
ponds), in Italy, in the north-eastwestern Spain [76]
Portugal (Azores and Madeira) [77] and Canada. Moreover,
OA is much less widespread in the coastal regions of
Brittany [78] [79]. The OA was also found in Japanese
waters and along the Chinese coast [80]. In Africa, this toxin
was found in coastal areas of Morocco [81], the example of
the species of Dinophysisfortii that was detected in the
Moroccan Atlantic coast by Akallal in 2002 but in small
quantities [82]. The distribution of the species that produce
the toxin extends from temperate waters to warm areas
containing coral reefs. The periods of toxicity vary from
region to region and are generally related to periods of
species development [10] [79]. The limit value currently
implemented in EU legislation is 0.16 mg/kg shell meat
[83].

K. Brevetoxin:

Brevetoxin is a potent neurotoxin whose diseases are
mostly reported in coastal areas of Florida and in the
Caribbean [84] [85].Although some blooms of Karenia
species have been observed recently in Europe [86], but so
far, NSP, is still limited to the United States (Florida), the
Gulf of Mexico, New Zealand and also South Africa [87],
(only massive mortalities of fish, birds and marine mammals
were recorded [88], but no human mortality was reported
[89] . There are currently no regulatory limits by the
European Food Safety Authority (EFSA) or the European
Union for BTX group toxins. Nevertheless, the European
Commission regarding marine biotoxins has set a regulatory
limit of 800pg of BTX/kg of seafood flesh/fish, this value is
set by the FDA (Food and Drug Administration) of the
United States [90].

L. Saxitoxin:

The main producers of toxins responsible for PSP are
known to occur along the northern and southern
hemispheres [91], both genera, Gymnodinium spp. and
Pyrodinium spp. were found in the Mediterranean Sea [92].
STX exist seasonally in North America, both on the east
coast (from Newfoundland to Massachusetts) and on the
west coast (from Alaska to California). However, prior to
the 1970s, STX was endemic only in North America,
Europe and Japan, and PSP epidemics are also documented
in South America, Australia, Southeast Asia and the Indo-
Pacific. (New Guinea Papua, Philippines and Malaysia). A
study by Anderson and his colleagues in 1996, estimated
that in China, which is recognized by its red tides, a total of
40 to 50 incidents of PSP is reached per year [8] [93] , other
epidemics were reported in the United States and Canada
[10], and on the Moroccan coast in particular, Casablanca,
El Jadida, SidiBouzid, Mrizika, Oualidia [94] and Souss
Massa (Agadir) [95] . This expansion of toxin was explained
by climate change more than the introduction of
dinoflagellates by sea transport [8]. To date, STX-producing
species are distributed around the world [96] [97]
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(Shumway 1990; 1995), which is why a regulatory limit is
set by the EU (0.8 mg/kg shell meat) to minimize the risk of
poisoning [98].

The Tetrodotoxin: the PFP is very common in Japan,
Taiwan, Bangladesh and Southeast Asia [99][100]. But over
the past decade, TTX has been found in European countries
[101], cases reported in Spain for example [102]. A number
of researchers explained the new occurrence of TTX in
European regions by the migration of Lessepsian. Indeed, in
1869 the opening of the Suez Canal led to the migration of
many species from the Red Sea to the eastern Mediterranean
[99][103]. Or by ballast water, which can also cause the
transfer of organisms containing TTX from Asian waters to
European waters [104]. However, over the past 20 years, the
spread of marine mucilage in the Mediterranean has been
observed due to the warming of the sea surface [105]. The
TTX was also found in globe fish collected from the Baja
coast of the California Peninsula, Mexico [106]. Other
countries have recognized cases of poisoning by the TTX,
namely Morocco (case of a family occurring in Morocco, by
ingestion of canned fish eggs) [107].

M. Ciguatoxin:

CFP is specific to the tropical island regions where we
find coral reefs of the three great oceans: Pacific Ocean
(French Polynesia, New Caledonia, Australia, Vanuatu,
Hawaii, Japan), Atlantic Ocean and Indian Ocean. It is also
in Florida [108]. This intoxication is very old, exists for
centuries [109], it began in the Caribbean at the beginning of
the 16 centuries, in the Indian Ocean on Mauritius from
1601 and in the New Hebrides in 1606 [108]. In 2003, the
genus Gambierdiscus spp. was highlighted in the
Mediterranean on the Cretan coast, and in the Atlantic and
the Canary [110]. Fish containing ciguatoxin compounds
have also been found in Israel [111]. Within the EU, only
countries with outermost regions, located in the tropics and
very far from the European continent, exposed to ciguatera,
in particular, Portugal (Azores and Madeira), France
(Guadeloupe, Saint Martin, Guyana, Martinique and
Réunion. Mayotte) and Spain (Canary Islands). On the other
hand, at the beginning of 2012, several episodes of ciguatera
were reported in Guadeloupe. To date, the EU has not
indicated a regulatory threshold or specified feasible
analytical methods for CTXs [112]. Nevertheless, the
European Food Safety Agency has specified that a dose of
0.01 pg P-CTX1 equivalent/kg shell meat would not cause
adverse effects in humans [113].

N. Azaspiracid:

After the first documented episodes of AZP in 1995 in
the Netherlands, new cases were announced in Ireland and
other countries after the consumption of exported Irish
mussels. Since then, AZAs have been detected in Europe
(UK, Norway, France, Portugal), North Africa (Morocco),
South America (Chile) between 1995 and 2007[67] , and
more recently in the United States and Japan [114] . From a
seasonal perspective, it appears that AZA contamination of
shellfish above the EU regulatory limit (0.16 mg/kg shell
meat) was detected between mid-summer and mid-winter,
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from western waters to the west, now arriving at the extreme
of Morocco (July, ~ 0.9 pg/g) [67].

V. PREVENTIONS AND TREATMENT TAKEN
AGAINST MARINE TOXINS:

Globally, phycotoxins are responsible for over 60,000
intoxication incidents per year, with an overall mortality rate
of 1.5%. As well as their effects on human health, marine
toxins are responsible for the massive mortality of fish,
molluscs and crustaceans and the episodic mortality of
marine mammals, birds and other animals dependent on the
marine food web[8].

O. The ASP:

No cases of human disease associated with the
consumption of DA have been reported except in North
America. However, data on ASP cases are limited, with the
exception of one outbreak in Canada in 1987, including 150
reported cases, 19 hospitalizations, and 4 deaths following
consumption of contaminated mussels [115]. The DA also
has a toxic effect on marine wildlife, many cases of
poisoning have been described in birds and marine
mammals. Toxic blooms of diatoms that produce DA pose a
permanent threat to human health and the safety of marine
products [116]. This is why the DA has followed up on
many effective research and monitoring programs in several
countries to detect it in shellfish. Similarly, Canada has
played a key role in developing measures to limit the risk of
exposure of DA to consumers. All of this has resulted in a
massive reduction of toxic shellfish entering the market,
more than globally, some seafood production sites are
frequently closed due to the presence of high levels of these
toxins [117] [118] [119]. On the other hand, no antidote is
found for this type of intoxication except for palliative
treatments [10]. In addition, studies suggest that
benzodiazepines can stop some neurological effects of DA
such as hippocampal activity and control seizures. In
addition, activated carbon can also be used to remove all
contaminated and undigested food [120].

P. The DSP:

More than 256 cases were reported in China [121], an
epidemic focus of DSP, describing three intoxicated people
in Washington State [123]. In France, 11 epidemics
containing 45 people, intoxicated by OA in 2009 [124]. In
2010, 300 people in northern Italy were poisoned by mussels
contaminated with OA [125]. However, the OA mortality
rate remains at 0 % [10].

Therefore, the only possible approach currently
available to eliminate OA from shellfish is natural
detoxification, which involves maintaining these vectors and
in the sea for several weeks after the end of the toxic episode
[126]. The limit of this treatment and that the natural process
of detoxification is slow and depends on the metabolic
activity of molluscs, which is usually inhibited by several
environmental conditions such as low temperatures [127]. In
contrast, after intoxication, patients are retained for
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symptomatic and adjunct treatment, complete recovery is
usually achieved within 3 days [4] [128].

Q. The PSP:

Worldwide, nearly 2,000 cases of human poisonings
are reported per year, with a mortality rate of 15%, in
addition to human intoxication, PSP was involved in the
deaths of birds and humpback whales [8]. No antidote or
vaccine is prescribed by this kind of intoxication, only
palliative treatments, which may consist of gastric washing,
and taking activated charcoal that helps eliminate toxins. In
more severe cases, artificial respiration and hemodialysis are
strongly recommended [129] [130]. In order to combat this
deadly poisoning, several countries have implemented
programs to monitor and prevent saxitoxin. In cases where
the level of the toxin exceeds the regulatory threshold,
beaches are prohibited at harvest and shellfish are not
permitted for retail sale. In addition, awareness-raising
programmes have been set up by governments directed to
citizens to take their guard [131].

R. The CFP:

Ciguatera poisoning is the most prevalent foodborne
disease in the world, with 50,000 to 500,000 incidences per
year [132] [133] [134], and despite this high rate, the
mortality rate remains very rare with deaths estimated at
<0.1% [135]. The export of fish from tropical and
subtropical regions, as well as the popularity of these
regions for tourism, make this intoxication a global health
problem [4]. For example, the health authorities of the
countries to which the CTXs belong recommend avoiding
the consumption of certain carnivorous fish and removing
the head and the food from the reef fish. More generally,
they prohibit the consumption of fish whose body weight
exceeds 1.5kg [136]. As for the other toxins, the countries
endemic to the CFP, monitor in permanaces and ensure the
education and awareness of consumers and professionals
[131]. On the other hand, no antidote is available. Treatment
remains symptomatic with introduction of mannitol; the
most effective remedy that leads to a regression of
symptoms [4] [137] , In addition, the local traditional
medicine is not to be excluded because it has averé effective
especially in Polynesia [138] [139] [140].

S. The PFP:

The incidence of tetrodotoxin poisoning is very rare,
but it is higher in countries where globe fish are regularly
eaten, such as Japan, Taiwan and some Southeast Asian
countries, for example in Japan, Over a 78-year period from
1886 to 1963, there were 6,386 cases of tetrodotoxin
poisoning, with a mortality of about 59% [133]. The
increased awareness of fugu intoxication and the strict
regulation and training of cooks have significantly reduced
the number of cases and reduced mortality in recent years
and all over the world. It is now essential that all cooks
nowadays and restaurants that handle fish known to be
carriers of toxin (fugu) must have a license to cook it as its
delicacy to remove the gonads and the viscera are crushed
[133]. There is currently no antidote for TTX. Therefore, a
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palliative treatment introducing assisted ventilation and
atropine infusions to combat hypotension and bradycardia
[10] [141].

T. The NSP:

So far there are no reported cases of mortality in
humans from neurological intoxication. In contrast, 34
manatees and 107 bottlenose dolphins died in Florida
between 2002 and 2004 [4] [142]. Since Brevetoxin causes
poisoning not only by ingestion of contaminated shellfish
but also by aerosol inhalation or by sexual and
transplacentaltransmition. It is very clear that regulations
must be put in place to eliminate the spread of this marine
poisoning. For this purpose, the concentrations of brevetoxin
in commercial molluscs and crustaceans are controlled by
government surveillance, carried out using biological assay
procedures in mice (enzyme-linked immunoassay and
radioimmunological assay). The presence of K. brevis in
algal blooms is also monitored in the event of a density
exceeding acceptable thresholds leads to the closure of the
commercial shellfish fishery [4]. The awareness of citizens
is also taken into consideration, whose people with asthma
or other respiratory problems are recommended to stay away
from the beaches during the red tides [131]. In contrast, the
treatment of intoxication with brevetoxin is beneficial, it is
symptomatic, wheezing usually responds to inhaled
bronchodilators. Particle masks can be used to prevent the
inhalation of aerosol toxins are favorable. Clinical signs
usually disappear within a few days [4].

U. The AZP:
The intoxication remains a rare disease, only 5 cases
of intoxication have been reported. Because of the similarity
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with DSP, it is possible that there is a high percentage of
under-reporting. On the other hand, no cases of death have
been reported to date [67]. In the context of health safety to
protect the consumer, a recommended method of analysis
for the detection of AZA in aquatic environments has been
prescribed mainly by the EU, such as LCMS/MS tandem
mass spectrometry liquid chromatography. As for the DSP,
there is no specific antidote for IAZA: the treatment is
therefore only symptomatic and complementary [42].

V. CONCLUSION:

In the light of the information gathered in this review
of the literature dealing with some toxins synthesized by
marine microorganisms, a set of findings were drawn “Table
1”. Over the past three decades, phycotoxin levels have
increased dramatically, and they are now omnipresent in all
the world’s oceans and seas. Having a detrimental impact on
human health through the consumption of seafood and by
inhalation, and on fish, birds and marine mammals that are
sensitive to these toxins and have, moreover, recorded high
rates of morbidity and mortality. All this has raised the
alarm. It cannot be denied that this goes directly to human
activities that contribute to the creation of conditions
conducive to the proliferation of these microalgae.
Nevertheless, almost all countries in the world have
established regulatory limits of findings for each toxin and
monitoring programs for seaweed levels worldwide. It is
claimed that in the future there would be more clever
approaches.

TABLE 1: SUMMARY OF INFORMATION ON THE DIFFERENT TYPES OF TOXINS, THEIR ORIGINS, VECTORS, TYPES OF

POISONING, SYMPTOMS AND THEIRMODE OF ACTION
Toxine

g -Diatoms Seafood Amnesic gastrointestinal disorders, Kainate
< *Pseudonitzschia poisoning by nausea, vomiting, abdominal cramps, glutaminergic
S seafood diarrhea receptor agonist
g Transient amnesia, dizziness,
a disorientation, memory loss, coma, death

-Sponges: *Halichondria Seafood Diarrhetic Diarrhea, abdominal cramps, nausea, Serine / threonine
o spp. , poisoning by vomiting, dizziness, seizures, inhibitors, protein
> (H. okada) Seafood hallucinations, short-term memory loss | phosphatase (PP1)
] -Dinoflagellates: and (PP2)
% *Dinophysis spp.
3 (D. genus),
E’ (D. Fortti) *Prorocentrum

spp.
(P. lima)
- Dinoflagellates Seafood Neurological Nausea, abdominal cramps, weakness Unusual opening
8 *Karenia spp., poisoning by movement difficulties, paralysis, of voltage-gated
= (K. brevis) , seafood convulsions, coma, death sodium channels
£ (K. mikimotoi), via orphan S5
P (K.brevisulcata), receptors
@D (K. selliformis ),
(K.papilionacea)
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—Raphidophytes
*Chatonella spp.
-Dinoflagellate Seafood, Paralyzing Tingling / numbness around the lips, Block voltage-
*Alexandrium spp., Fish seafood neck, face, Tingling with the fingertips, gated sodium
*Gymnodinium spp. poisoning headache, sometimes increased channels by
o * Pyrodinium spp. salivation, vomiting, nausea, diarrhea. attaching to site 1
; -Cyanaobacteria,*Anabaena paraesthesia of the face, lips and tongue,
S spp.,, arms and legs, inconsistent speech,
% *Aphanizomenon spp., dizziness / floating feeling, ataxia,
» *Cylindrospermopsis spp., dysphagia, changes in mental state,
*Lyngbya spp,. respiratory failure (paralysis of the
*Planktothrix spp. diaphragm and muscles of the chest
wall), death
ACKNOWLEDGEMENT: [9] K. Whittle, and S. Gallacher “ Marine toxins,” Br. Med

Our thanks to Pr. P. Lheureux, Unit of toxicology,
University Clinics of Brussels;-Erasmus Hospital, Brussels,
Belgium, for its patience, its availability and especially its
judicious advice, which contributed to feed this review of
literature.

REFERENCES

[1] National Research Council, From monsoons to microbes:
Understanding the ocean's role in human health.
National Academies Press, 1999.

[2] M. A.Crawford, M. Bloom, C.L. Broadhurst, W.F.
Schmidt, S.C. Cunnane et al., “Evidence for the
unique function of docosahexaenoic acid during the
evolution of the modern hominid brain,” Lipids, 34,
S39-S47, 1999.

[3] T. J. Smayda, “Harmful algal blooms: Their
ecophysiology and  general  relevance to
phytoplankton blooms in the sea,” Limnology and
oceanography, 42(5part2), 1137-1153, 1997.

[4] P. F .Solter, and V. R. Beasley, “Phycotoxins,” Haschek
and Rousseaux's handbook of toxicologic pathology,
1155-1186, 2013.

[5] J.Clayden, B. Read and K. R. Hebditch, “Chemistry of
domoic acid, isodomoic acids, and their analogues,”
Tetrahedron, 61(24), 5713-5724, 2005.

[6] J.l.c.Wright, M. Falk , G.A. Mclnnes and J.A. Walter,
“Identification of isodomoic acid D and two new
geometrical isomers of domoic acid in toxic
mussels1,” R. Can. J. Chem, 68(1), 22-25, 1990.

[7] J.S.Teitelbaum, R.J. Zatorre, S.Carpenter, D. Gendron et
al., “Neurologic sequelae of domoic acid intoxication
due to the ingestion of contaminated mussels,” N
.Engl. J. Med, 322(25),1781 -1787, 1990.

[8] F.M. Van Dolah, “Marine algal toxins: origins, health
effects, and their increased
occurrence,”’environmental ~ health  perspectives,
108(suppl 1), 133-141, 2000.

IJISRT20NOV638

.Bull, 56 (1),236-53, 2000.

[10] M. L. Chateau-Degat, “Les toxines marines : problemes
de sant¢é en émergence,” VertigO-la revue
électronique en sciences de I'environnement, 4(1),
2003.

[11] Gerssen, A., I. E. Pol-Hofstad, M. Poelman et al.,
“Marine Toxins: Chemistry, Toxicity, Occurrence
and Detection, with Special Reference to the Dutch
Situation,” Toxins, 2(4), 878-904 , 2010.

[12] J. Blanco, “Accumulation of Dinophysis Toxins in
Bivalve Molluscs,” Toxins, 10(11), 453, 2018.

[13] R. E.Honkanan, B. A. Codispoti, K. Tse and A. L.
Boynton, “ Characterization of natural toxins with
inhibitory activity against serine/threonine protein
phosphatases,” Toxicon, 32(3), 339-350, 1994.

[14] C.Vale, and L.M. Botana, “Marine Toxins and the
Cytoskeleton: Okadaic acid and dinophysistoxins,”
FEBS J, 275(24), 6060-6066, 2008.

[15] S.M. Watkins, A.Reich, L.E. Fleming and
R.Hammond, “Neurotoxic shellfish poisoning,” Mar.
Drugs., 6(3), 431-455, 2008.

[16] A. J. Bourdelais, S. Campbell, H. Jacocks, J. Naar et
al., “Brevenal Is a Natural Inhibitor of Brevetoxin
Action in Sodium Channel Receptor Binding
Assays,” Cell .Mol .Neurobiol. 24(4), 553-563, 2004.

[17] V.L.Trainer, D.G.Baden and W.A Caterall,
“Identification of peptide segments of the brevetoxin
receptor site of rat brain sodium channels,”. J. Biol.
Chem, 269 (31), 19904- 19909, 1994.

[18] D. G.Baden, L. E. Fleming and J. A. Bean, “Marine
toxins,”Handbook of clinical Neurology, 21(65),141-
7, 1995.

[19] D. G. Baden, and T. J. Mende, “Toxicity of two toxins
from the Florida red tide marine dinoflagellate,
Ptychodiscus brevis,” Toxicon, 20(2), 457-461, 1982.

[20] S. Ellis, “ Introduction to symposium Brevetoxins:
Chemistry and pharmacology of “red tide” toxins
from Ptychodiscus brevis (formerly Gymnodinium
breve) ,” Toxicon, 23(3), 469-472,1985.

WWW.ijisrt.com 937



http://www.ijisrt.com/

Volume 5, Issue 11, November — 2020

[21] R. H. Pierce, “ Red tide (Ptychodiscus brevis) toxin
aerosols ,” A review. Toxicon, 24(10), 955-965,
1986.

[22] P. Chand, “ Seafood Neurotoxins I: Shellfish poisoning
and the nervous system,”Clinical Neurotoxicol, 441—
447, 20009.

[23] B. A. Suarez-Isla, “Saxitoxin and other paralytic
toxins: toxicological profile,”Marine and freshwater
toxins, 1-16, 2015.

[24] M.Wiese, P.M. D’Agostino ,T.K. Mihali,
M.C.Moffitt andB.A.Neilan, “Neurotoxic Alkaloids:
STX and Its Analogs,” Mar. Drugs, 8(7), 2185-2211,
2010.

[25] M. Yilmaz, A.J. Foss, A.l. Selwood, M. Ozen and M.
Boundy, “Paralytic shellfish toxin producing
Aphanizomenon gracile strains isolated from Lake
Iznik, Turkey,” Toxicon,148,132-142 , 2018.

[26] L.M. Duran Riveroll, and A.D. Cembella,
Guanidinium toxins and their interactions with
voltage-gated sodium ion channels,” Mar. Drugs,
15(10), 303, 2017.

[27] A. P.Thottumkara, W.H. Parsons and J. Du Bois,
“Saxitoxin,” Angew. Chem. Int. Ed. Engl, 53(23),
5760-5784, 2014.

[28] P-Y. Tréguer, “Les intoxications alimentaires humaines
causées par les algues phytoplanctoniques
toxiques,”Médecine et nutrition, 34(5), 181-192,
1998.

[29] W. Hurley, C. Wolterstorff, R. MacDonald and D.
Schultz, “Paralytic shellfish poisoning: a case
series,” Western journal of emergency
medicine, 15(4), 378-381, 2014.

[30] M. Suechiro, “ Historical review on chemical and
medical studies of globefish toxin before World War
I1,” Yakushigaku Zasshi, 29(3), 428-434, 1994.

[31] R.Chau, J.A. Kalaitzis and B. A. Neilan, “on the origins
and biosynthesis of tétrodotoxine. On the origins and
biosynthesis of tetrodotoxin,”. Aquatic Toxicology,
104(1-2), 61-72, 2011.

[32] K.Miyazawa, T. Noguchi, “ Distribution and origin of
tetrodotoxin,” J. Toxicol. Toxin Rev., 20(1), 11-33,
2001.

[33] L.M.Sui, K.Chen, P.A. Hwang and D.F. Hwang,
“Identification of tetrodotoxin in marine gastropods
implicated in food poisoning ,” J. Nat. Toxins,
11(3),213-220, 2002.

[34] Rodriguez, P., A. Alfonso , P. Otero et al, “Liquid
chromatography—-mass spectrometry method to detect
tetrodotoxin and Its analogues in the puffer fish
Lagocephalus sceleratus (Gmelin, 1789) from
european waters,” Food Chemistry, 132(2), 1103—
1111, 2012.

[35] Y.H.Kim, G.H., Brown, H.S., Mosher and F.A.
Fuhrman, “Tetrodotoxin: occurrence in atelopid frogs
of Costa Rica,” Science, 189(4197), 151-152, 1975.

[36] T.Noguchi, O. Arakawa and T. Takatani, “TTX
accumulation in pufterfish,” Comparative
Biochemistry and Physiology Part D: Genomics and
Proteomics, 1(1), 145-152, 2006.

IJISRT20NOV638

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

[37] M. N. Lorentz, A.N. Stokes, D. C. RoRler and S.
Lotters, “Tetrodotoxin,” Current Biology, 26(19),
R870-R872,2016.

[38] K. Tsuda, S. Ikuma, M. Kawamura, R.Tachiikawa and
K. Sakai, “Tetrodotoxin VII on the structure of
tetrodotoxin and its derivatives,” Chem. Pharm. Bull,
12 (11), 1357-1374, 1964.

[39] T. Goto,Y. Kishi, S. Takahashi and Y. Hirata, “
Tetrodotoxin,” Tetrahedron, 21(8), 2059-2088, 1965.

[40] P. K. Gupta, “Chemical food poisoning,” Fundamentals
of Toxicology, 327-331, 2016.

[41] G. K. Isbister, and M. C. Kiernan, ‘“Neurotoxic marine
poisoning,” The Lancet Neurology, 4(4), 219-228,
2005.

[42] A. Tubaro, And J. “Hungerford Toxicology of marine
toxine,” Veterinary toxicology, 725-752, 2007.

[43] D.-Z. Wang, ‘“Neurotoxins from  marine
Dinoflagellates: A brief review,” Mar. Drugs, 6(2),
349-371,2008.

[44] B. L. Furman, “Tetrodotoxin,” Reference Module in
Biomedical Sciences, 2018.

[45] M.S. Garud, M.J. Oza, A.B. Gaikwad and Y.A.
Kulkarni, “Natural Remedies for Treatment of Cancer
Pain,” Nutritional Modulators of Pain in the Aging
Population, 101-106, 2017.

[46] N.C.Gillespie, R.J. Lewis and J.H. Pearn, “Ciguatera in
Australia: occurrence, clinical features,
pathophysiology and management,” Medical Journal
of Australia, 145(11-12), 584-590, 1986.

[47] J. P. Quod, and J.Turquet, “Ciguatera in réunion Island
(SW Indian Ocean): epidemiology and clinical
patterns,” Toxicon, 34(7), 779—785, 1996.

[48] T.R.Tosteson, D. Ballantine and H. Durst, “Seasonal
frequency of ciguatoxic barracuda in southwest
Puerro Rico. Puerto Rico,” Toxicon, 26(9), 795-801,
1988.

[49] T. R. Tosteson, “The diversity and origins of toxins in
ciguatera fish poisoning,” P R Health Sci I,
14(2),117-129, 1995.

[50] D.R.Tindall, S.L. Morton, D.M. Anderson, A.D.
Cembella and G.M. Hallegraeff, “Community
dynamics and physiology of erpiphytic/benthic
dinoflagellates associated with ciguatera. Nato Asi
Series G Ecological Sciences,” Physiological ecology
of harmful algal blooms, 41, 293-313, 1998.

[51] A.H. Danaras, M. Norte and J.J. Fernandez, “Toxic
marine  microalgae,” Toxicon, 39(8), 1101-
1132,2001.

[52] R. Bagnis, “Ciguatera fish poisoning,” Algal toxins in
seafood and drinking water, 105-115, 1993.

[53] M.Y.Dechraoui, J. Naar, S. Pauillac and A.M. Legrand,
“Ciguatoxins and brevetoxins, neurotoxic polyether
compounds active on sodium channels,” Toxicon,
37(1), 125-143,1999.

[54] JMolgo, and D. J. Adams, “Ciguatera toxins:
Pharmacology of toxins involved in ciguatera and
related fish poisonings. Seafood and freshwater
toxins: pharmacology, physiology, and detection,
botana LM (ed.) ,” Marcel Dekker, 419-448, 2000.

[55] A.Caillaud, P. de la Iglesia, H.T. Darius, S. Pauillac et
al ., “Update on methodologies available for

WWW.ijisrt.com 938


http://www.ijisrt.com/
https://sciprofiles.com/profile/author/YloxWldqbUxMRDgvUS9tTFYvV2hzaXRNM0hyeVBmZWszLzU2QUhOZUo5WT0=

Volume 5, Issue 11, November — 2020

ciguatoxin determination: perspectives to confront the
onset of ciguatera fish poisoning in Europe,” Mar.
Drugs., 88(6), 1838-1907,2010.

[56] D.Mines, S. Stahmer and S. M. Shepherd, “Poisonings:
food, fish,”shellfish Emerg Med Clm. North. Am.,
15: pp.157-177, 1997.

[57] C.C. Cheng, and C.H. Chung, “Ciguatera fish poisoning
a challenge to emergency physicians,” Hong Kong j.
emerg. Med., 11(3), 173-177, 2004,

[58] M.Satake,K.Ofuji, H. Naoki, K. James et al.,
“Azaspiracid, a new marine toxin having unique spiro
ring assemblies, isolated from Irish Mussels, Mytilus
edulis,” J. Am. Chem. Soc, 120(38), 9967-9968,
1998.

[59] K.C. Nicolaou, and J.S. Chen, “Total synthesis of
complex heterocyclic natural products,” Pure Appl.
Chem., 80(4), 727-742,2008.

[60] J.-H.Kim, U. Tillmann, N. G. Adams, B. Krock et al .,
“Identification of Azadinium species and a new
azaspiracid from Azadinium poporum in Puget
Sound, Washington State, USA,” Harmful Algae, 68,
152-167, 2017.

[61] U.Tillmann, D. Jaén, L. Fernandez, M. Gottschling.,
“Amphidoma languida (Amphidomatacea,
Dinophyceae) with a novel azaspiracid toxin profile
identified as the cause of molluscan contamination at
the atlantic coast of southern Spain,” Harmful algae,
62,113-126, 2017.

[62] Magdalena, A.B., M. Lehane, S. Krys, M.L. Fernandez,
A. Furey and K.J. James, “The first Identification of
Azaspiracids in shellfish from France and Spain,”
Toxicon, 42(1), 105-108, 2003.

[63] J. Kilcoyne, P. McCarron, M. J. Twiner, F. Rise.,
“Identification of 21, 22-dehydroazaspiracids in
mussels (Mytilus edulis) and in vitro toxicity of
azaspiracid-26,”J. Nat. Prod., 81(4), 885-893, 2018.

[64] P.Hess, M. J. Twiner, J. Kilcoyne and S. Sosa,
“Azaspiracid toxins: toxicological profile,” Marine
and Freshwater Toxins, 2015.

[65] T. McMahon, “Winter Toxicity of Unknown aetiology
in mussels,” Harmful Algae News, 14, 2, 1996.

[66] M.Twiner, P. Hess and G. J. Doucette, “Azaspiracids:
toxicology, pharmacology, and risk assessment,”
Seafood and freshwater toxins: pharmacology,
physiology and detection, 3rd ed.; Botana, LM, Ed,
824-855, 2014.

[67] M.J.Twiner, N. Rehmann, P.Hess and G.J. Doucette,
“Azaspiracid shellfish poisoning: a review on the
chemistry, ecology, and toxicology with an emphasis
on human health impacts,” Marine. drugs, 6(2),39-72,
2008.

[68] T.McMahon, “Re-occurrence  of  winter
toxicity,” Harmful Algae News, 17, 12, 1998.

[69] J. A. B.Aasen, A. Espenes, C. O. Miles et al,
“Combined oral toxicity of azaspiracid-1 and
yessotoxin in female NMRI mice,” Toxicon, 57(6),
909-917, 2011.

[70] Y.Roman, A.Alfonso, M.C.Louzao, L.A. de la Rosa, F.
Leira, J.M. Vieites et al, “Azaspiracid-1, a potent,
nonapoptotic new phycotoxin with several cell
targets,” Cell. Signalling, 14(8), 703-716,2002.

IJISRT20NOV638

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

[71] S. S. Bates, C. J. Bird, A. S. W. de Freitas, R. Foxall et
al, “Pennate Diatom Nitzschia pungens as the
Primary Source of Domoic Acid, a Toxin in Shellfish
from Eastern Prince Edward Island, Canada,”
Canadian J.I of Fisheries and Aquatic Sciences, 46(7),
1203-1215, 1989.

[72] S.S.Bates, D.L. Garrison and R.A. Horner, “Bloom
Dynamics and Physiology of domoic-acid-producing
Pseudo-nitzschia species,” NATO ASI series G
ecological sciences, 41, 267-292 , 1998.

[73] Rhodes L., C.Scholin and I. Garthwaite, ‘“Pseudo-
nitzschia in New Zealand and the role of DNA probes
and immunoassays in refining marine biotoxin
monitoring programmes,”Natural Toxins,6 (3-4),
105-111, 1998.

[74] Z. Amzil, and L. Motteau, Toxines amnésiantes en
France-Analyse par CLHP de I'acide domoique et ses
isoméres-Bilan 1999 de la surveillance des toxines
amnésiantes lié aux efflorescences a Pseudo-nitzschia
toxiques, 2000.

[75] EFSA, “Scientific Opinion of the Panel on
Contaminants in the Food Chain on a request from
the European Commission on marine biotoxins in
shellfish — domoic acid,” EFSA Journal, 1181, 1-61,
2009b,

[76] C.Caroppo, R. Congestri and M., Bruno, “On the
presence of Phalacroma rotundatum in the southern
Adriatic Sea (Italy) ,” Aquat. Microb. Ecol., 17(3),
301-310, 1999.

[77] M. Silva, I.Rodriguez, A. Barreiro, M. Kaufmann, A.l.
Neto et al., “New invertebrate vectors of okadaic acid
from the north atlantic watersPortugal (Azores and
Madeira) and Morocco,” Toxins, 7(12), 5337-5347,
2015.

[78] M. Marchand, I. Amouroux, E. Bédier, C. Belin, D.
Claisse, A. Daniel et al., “Qualit¢é du milieu marin
littoral,” Synthése nationale de la surveillance, 2010.

[79] C. Belin, “La surveillance des phycotoxines dans les
coquillages du milieu marin. Le réseau REPHY:
objectifs, stratégies, et principaux résultats,”Bulletin
épidémiologique Santé animale-Alimentation, (45),
19-23, 2011.

[80] M. Zhou, , J. Li, B. Luckas, R. Yu, “A recent shellfish
toxin investigation in China,” Mar. Poll. Bull., 39(2),
331 -334, 1999.

[81] A.Elgarch, P. Vale, S. Rifai and A., Fassouane,
“Detection of diarrheic shellfish poisoning and
azaspiracids toxins in Moroccan mussels: comparison
of LC-MS method with the commercial immunoassay
kit,” Mar. Drugs., 6(4), 587-594, 2008.

[82] R.Akallal, B. Chantal, F. Jacqueline, C. Thierry and A.
Mouradi, “Contribution a I’étude du phytoplancton de
la cdte atlantique marocaine, Il. Le Genre Pseudo-
nitzschia  (Bacillariophyceae) ,”  Cryptogamie.
Algologie, 23(2), 187-202, 2002.

[83] EFSA, “Marine biotoxins in shellfish-okadaic acid and
analogues-Scientific Opinion of the Panel on
Contaminants in the Food chain,” EFSA
Journal, 6(1), 589, 2008a,

[84] M. APoli, R. J. Lewis, R. W. Dickey et al.,
“Identification of Caribbean ciguatoxins as the cause

WWW.ijisrt.com 939


http://www.ijisrt.com/

Volume 5, Issue 11, November — 2020

of an outbreak of fish poisoning among U.S. soldiers
in Haiti,” Toxicon, 35(5), 733—-741, 1997.

[85] D.L.Park, S.E. Guzman-Perz and R. Lopez-Garcia,
“Aquatic biotoxins design and implementation of
seafood safety monitoring programs,” Rev .environ
.contam .toxicol, 161, 157- 200, 1999.

[86] L.E.Brand, L. Campbell, E. Bresnan and F. Karenia,
“The biology and ecology of a toxic genus,” Harmful
algae, 14, 156-178, 2012.

[87] EFSA Panel on Contaminants in the Food Chain
(CONTAM), “Scientific Opinion on marine biotoxins
in  shellfish - Cyclic imines (spirolides,
gymnodimines, pinnatoxins and pteriatoxins) ,”
EFSA Journal, 8(6), 1628, 2010b.

[88] B.Kirkpatrick, L.E. Fleming, D. Squicciarini, L.C.
Backer, R. Clark, W. Abraham, J. Benson et al.,
“Literature review of Florida red tide: implications
for human health effects,” Harmful algae, 3(2), 99-
115, 2004.

[89] JM. Frémy, and P. Lassus, “Toxines d’algues dans
I’alimentation ,” Edition Quae,2001.

[90] D. A. McPartlin, M. J. Lochhead, L.B. Connell, G. J.
Doucette and R. J. O’Kennedy, “Use of biosensors
for the detection of marine toxins,” Essays In
Biochemistry, 60(1), 49-58, 2016.

[91] K. J.James, B. Carey, J. O’halloran, F. N. A. M.Van
Pelt and Z. Skrabdkova “ Shellfish toxicity: Human
health implications of marine algal toxins,”
Epidemiology and Infect Epidemiol. Infect., 138(07),
927-940,2010.

[92] M.C.Ordas, S. Fraga, J.M. Franco et al, “ Toxin and
molecular analysis of Gymnodinium catenatum
(Dinophyceae) strains from Galicia (NW Spain) and
Andalucia (S Spain) ,” J. of Plankton Research, 26(3),
341-349, 2004.

[93] D. M.Anderson, Y.-Z. Qi, L. Zheng, S. Lu and Y.-T.
Lin,” Paralytic shellfish poisoning in Southern
China,”Toxicon, 34(5), 579-590, 1996.

[94] M.Silva, V. Rey, A. Barreiro, M. Kaufmann, A.l. Neto
et al ., “Paralytic shellfish toxins occurrence in non-
traditional invertebrate vectors from north atlantic
waters (Azores, Madeira, and Morocco) ,”Toxins,
10(9), 362, 2018.

[95] R.Abouabdellah, A. Bennouna, J. Elattar, K. Erler et
al ., “Les phycotoxines paralytiques dans la moule de
la région Souss-Massa,” SMETox Journal, 1(1), 77-
82, 2018.

[96] S. E. Shumway, “Phycotoxin- related shellfish
poisoning: Bivalve molluscs are not the only
vectors,” reviews in fisheries science, 3(1),1-31,
1995.

[97] S. E. Shumway, “A review of the effects of algal
blooms on shellfish and aquaculture,” Journal of the
world aquaculture society, 21(2),.65-104, 1990.

[98] EFSA Panel on Contaminants in the Food Chain
(CONTAM), “Scientific Opinion on Marine
Biotoxins in Shellfish Saxitoxin Group,” EFSA
Journal, 1019, pp.1-76, 2009a.

[99] P.Katikou, D. Georgantelis, N. Sinouris, A. Petsi and
T. Fotaras, “First report on toxicity assessment of the
Lessepsian ~ migrant  pufferfish  Lagocephalus

IJISRT20NOV638

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

sceleratus (Gmelin, 1789) from European waters
(Aegean Sea, Greece) ,” Toxicon, 54(1), 50-55, 2009.

[100] J. K.Nzoughet, K. Campbell, P. Barnes et al.,
“Comparison of sample preparation methods,
validation of an UPLC-MS/MS procedure for the
quantification of tetrodotoxin present in marine
gastropods and analysis of pufferfish,” Food
chemistry, 136(3-4), 1584-1589, 2013.

[101] L. Cassiday, “First report of TTX in a European
trumpet shell,” Anal. Chem., 80(15), 5675-5675,
2008.

[102] J. F.Fernandez-Ortega, J. M. M. los Santos, M. E.
Herrera-Gutiérrez, V. Ferndndez-Sanchez et al.,
“Seafood intoxication by tetrodotoxin: First case in
Europe,” The J. of emergency medicine, 39(5), 612-
617, 2010.

[103] Y. Bentur, J. Ashkar, Y. Lurie, Y. Levy, Z.S. Azzam
et al, “Lessepsian migration and tetrodotoxin
poisoning due to Lagocephalus sceleratus in the
eastern Mediterranean,” Toxicon, 52(8), 964-968,
2008.

[104] V. Bane, M. Lehane, M. Dikshit, A. O’Riordan and
A. Furey, “Tetrodotoxin: Chemistry, toxicity, source,
distribution and detection,” Toxins, 6(2), 693-755,
2014.

[105] R. Danovaro, S.F. Umani and A. Pusceddu,
“Climate change and the potential spreading of
marine mucilage and microbial pathogens in the
mediterranean sea,” PLoS ONE, 4(9), €7006, 2009.

[106] N.Vazquez, M.Yotsu-Yamashita, A.P. Sierra-Beltran,
T. Yasumoto and J.L.Ochoa, “ Toxicities and
distribution of tetrodotoxin in the tissues of puffer
fish found in the coast of the Baja California
Peninsula, Mexico,” Toxicon, 38(5), 729-734, 2000.

[107] A.Ababou, A. Mosadik, J. Squali et al ., “Intoxication
par le poisson coffre,” Ann Fr Anesth Réanim, 19(3),
188-190, 2000.

[108] R. Bagnis, “L'ichtyosarcotoxisme de type ciguatera :
phénoméne complexe de biologie marine et
humaine,” Oceanol. Acta, 4(3), 375-387, 1981.

[109] C.Marcaillou-Le Baut, S. Krys and P. Bourdeau,
“Syndromes observés et données épidémiologiques.
Toxines d’algues dans I’alimentation ,”Plouzané,
Ifremer, 371-89, 2001.

[110] S.Fraga, F. Rodriguez, A. Caillaud et al .,
“Gambierdiscus excentricus sp. nov. (Dinophyceae),
a benthic toxic dinoflagellate from the Canary Islands
(NE Atlantic Ocean) ,” Harmful Algae, 11, 10-22,
2011.

[111] Bentur, Y. and E. Spanier, “Ciguatoxin-like
substances in edible fish on the eastern
Mediterranean,” Clin. Toxicol. 45(6), 695-700, 2007.

[112] V.Hossen, P. Velge, J. Turquet et al., “La ciguatera :
un ¢état des lieux en France et dans 1’Union
européenne,” Bull. Epid., Santé Anim. Alim, 56, 3-9,
2013.

[113] EFSA Panel on Contaminants in the Food Chain,
“Scientific Opinion on marine biotoxins in shellfish —
Emerging toxins: Ciguatoxin group,” EFSA Journal,
8(6), 1627, 2010a.

WWW.ijisrt.com 940


http://www.ijisrt.com/

Volume 5, Issue 11, November — 2020

[114] K. C.Klontz, A. Abraham, S. M. Plakas and R. W.
Dickey, “Mussel-associated azaspiracid intoxication
in the United States,” Annals of internal
medicine, 150(5), 361, 358-363, 2009.

[115] B.Jeffery, T. Barlow, K. Moizer, S. Paul and C.
Boyle, “Amnesic shellfish poison,” Food Chem.
Toxicol., 42(4), 545-557, 2004.

[116] K. A. Lefebvre, and A. Robertson, “Domoic acid and
human exposure risks: A review,”Toxicon, 56(2),
218-230, 2010.

[117] D. L. Park, “Surveillance programmes for managing
risks from naturally occurring toxicants,” Food
additives and contaminants, 12(3), 361-371, 1995.

[118] H. Toyofuku, “Joint FAO/WHO/IOC activities to
provide scientific advice on marine biotoxins
(research report) ,” Marine pollution bulletin,
52(12),1735-1745, 2006.

[119] J.Nicolas, R.L.A.P. Hoogenboom, P.J.M. Hendriksen,
M. Bodero et al ., “Marine biotoxins and associated
outbreaks following seafood consumption: Prevention
and surveillance in the 21st century,” Glob. Food
Secur, 15, 11-21, 2017.

[120] M. Wooten, and B. Parsh, “Beware of amnesic
shellfish poisoning,” nursing. 47(7), 68, 2017.

[121] Li, A, J. Ma, J. Cao and P. McCarron, “Toxins in
mussels (Mytilus galloprovincialis) associated with
diarrhetic ~ shellfish ~ poisoning  episodes in
China,” Toxicon, 60(3), 420-425, 2012.

[123] V.  Trainer, L.Moore, B. Bill, N.Adams, N.
Harrington et al., “Diarrhetic shellfish toxins and
other lipophilic toxins of human health concern in
washington state,” Marine drugs., 11(6), 1815-1835,
2013.

[124] V.Hossen, N. Jourdan-da Silva, Y. -Bécel, J. Marchal
and S. Kris, “Food poisoning outbreaks linked to
mussels contaminated with okadaic acid and ester
dinophysistoxin-3 in France,” Euro-Surveill., 16(46),
20009.

[125] S.Bacchiocchi, M. Siracusa, A. Ruzzi, S. Gorbi et al .,
“Two-year study of lipophilic marine toxin profile in
mussels of the North-central Adriatic Sea: First report
of azaspiracids in Mediterranean
seafood,”Toxicon, 108, 115-125, 2015.

[126] JJ. Gestal-Otero, “Epidemiological Impact of Toxic
Episodes: Nonneurotoxic Toxins,” Botana, L. M., Ed.
Dekker, 45-64, 2000.

[127] J. C.Gonzélez, O. I. Fontal, M. R. Vieytes, J. M.
Vieites and L. M. Botana, “Basis for a new procedure
to eliminate diarrheic shellfish toxins from a
contaminated matrix,” Journal of agricultural and
food chemistry, 50(2), 400-405, 2002.

[128] K.De Schrijver, I. Maes, L. De Man and J. Michelet,
“Une épidémie d’intoxication diarrhéique due aux
fruits de mer a Anvers, Belgique,”Eurosurveillance,
7(10), 138-141, 2002.

[129] C. Bellin, and B. Raffin, “Les espéces
phytoplanctoniques toxiques et nuisibles sur le littoral
francais de 1984 & 1995, résultats du REPHY (réseau
de surveillance du phytoplancton et des
phycotoxines),tome-1, 1998.

IJISRT20NOV638

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

[130] R.F. Clarck, S.R. Williams, S.P. Nordt and A.S.
Manoguerra, “ A review of selected seafood
poisoning,” Undersea and Hyperb. Med., 26(3), 175-
184, 1999.

[131] L.M.Grattan, S. Holobaugha, J.G. Morris® Jr. Harmful
algal blooms and public health,” Harmful Algae, 57,
2-8, 2016.

[132] FE Ahmed, “Seafood Safety,” Washington, DC,
National Academy Press, 1991

[133] V. Ansdell, “Food Illness - Travel Medicine Borne.
third Edition,” Section 9 Health Problems While.
449-456, 2013.

[134] C.Mattei, I. Vetter, A. Eisenblatter, B. Krock et al .,
“Ciguatera fish poisoning: a first epidemic in
Germany highlights an increasing risk for European
countries,”Toxicon, 91, 76-83, 2014.

[135] R.J.Lewis, “Ciguatera management,”SPC Live Reef
Fish Inf. Bull., 7, 11-13, 2000a

[136] P.Bourdeau, and R. Bagnis, “Risk factors of ciguatera
in the French West Indies in Saint-Barthélémy, Saint-
Martin and Anguilla,” Rev. Elev. Med. Vet. Pays
Trop., 42(3), 393-410, 1989.

[137] D.G.Blythe, L.E. Fleming, D.R. Ayyar et al .
“Mannitol therapy for acute and chronic ciguatera
fish poisoning,”Memoirs of the Queensland Museum
Brisbane, 34(3), 465-470. 1994.

[138] G.Bourdy, P. Cabalionb, P. Amadea and D. Laurenta,
“Traditional remedies used in the Western Pacific for
the treatment of ciguatera poisoning,” .
Etlinopharniacol., 36(2), 163-174, 1992.

[139] S.Kumar-Roiné, M. Matsui, K. Reybier, H.T. Darius
et al ., “Ability of certain plant extracts traditionally
used to treat ciguatera fish poisoning to inhibit nitric
oxide production in RAW 264.7 macrophages,”J. of
ethnopharmacol., 123(3), 369-377, 2009.

[140] F.Rossi, V. Jullian, R. Pawlowiez, S. Kumar-Roing,
M.Haddad et al ., “Protective effect of Heliotropium
foertherianum (Boraginaceae) folk remedy and its
active compound, rosmarinicacid, against a Pacific
ciguatoxin,”J. Ethnopharmacol., 143 (1), 33-40, 2012.

[141] J. K. Sims, and D. C. Ostman , “Pufferfish poisoning:
emergency diagnosis and management of mild
humantetrodotoxication,”Annals ~ of  emergency
medicine, 15(9), 1094-1098, 1986.

[142] P. M. Rabinowitz, and L. A. Conti, “Human-animal
medicine: clinical approaches to zoonoses, toxicants
and other shared health risks,” Emerging infectious
diseases, 16(6), 1050a—-1050, 2010.

WWW.ijisrt.com 941


http://www.ijisrt.com/

	I. INTRODUCTION
	II. THE MAIN MARINE TOXINS AND THEIR POISONING
	A. Domoic acid:
	B. Okadaic acid:
	C. Brevetoxin:
	D. Saxitoxin:
	E. Tetrodotoxin:
	F. Ciguatoxin:
	G.
	H. Azaspiracid:

	III. THE GEOGRAPHICAL DISTRIBUTION OF MARINE BIOTOXINS
	I. The Domoic acid
	J. Okadaic acid :
	K. Brevetoxin:
	L. Saxitoxin:
	M. Ciguatoxin:
	N. Azaspiracid:

	IV. PREVENTIONS AND TREATMENT TAKEN AGAINST MARINE TOXINS:
	O. The ASP:
	P. The DSP:
	Q. The PSP:
	R. The CFP:
	S. The PFP:
	T. The NSP:
	U. The AZP:

	V. CONCLUSION:
	ACKNOWLEDGEMENT:
	Our thanks to Pr. P. Lheureux, Unit of toxicology, University Clinics of Brussels;-Erasmus Hospital, Brussels, Belgium, for its patience, its availability and especially its judicious advice, which contributed to feed this review of  literature.
	REFERENCES


