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ABSTRACT 
Marine toxicity is a major concern in the countries that depend on marine foods. Recently, several reports have appeared that shows novel kinds of toxic 
compounds and their effects. Present review focuses on the overall view of the marine toxicity in the recent times and their repercussions on human health. 
Various toxins were discovered in the last decades and still not all have been studied in detail due to the challenging processing methods involved. Especially, 
the number of cases involving intoxication caused due to consumption of poisonous sea foods like fish, oysters and claims have increased bringing in unknown 
toxins or new analogue of known toxins, thus increasing the scope to investigate the marine environment. Harmful algal blooms and their effects on the other 
edible marine organisms is also of major concern as it directly affects the economy of many coastal belts and so the effect of algal blooms is highlighted.  
Currently, most of the research is being focused on the isolation and purification of these toxins, but their economic importance also needs to be approached in 
the coming years. 
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INTRODUCTION 
A toxin is an entity that has adverse effects on physiological 
functions of living organisms, even when applied in a small 
quantity. Marine organisms are to a large extent responsible 
for toxicities. Certain marine toxins, such as tetrodotoxin and 
saxitoxins, are very lethal and can cause immediate death 
after ingestion, these toxins have been given trivial names, 
but for many marine toxins, the accepted rule is that the name 
of a particular organism precedes the term ‘toxin’, i.e., clam 
toxin and crab toxin1. Marine world incorporates in it a large 
and diverse group of chemicals with many distinct structures 
and functions; which are mainly produced by microalgal 
species of dinoflagellates, variety of fishes (such as Puffer 
fishes), molluscs, etc. Marine toxins may be very complex in 
nature e.g. Tetrodotoxin, which has a complex structure and 
even its analogues cause severe intoxication. The 
complexities of the structures of toxins are notable in some 
cases, and many of them are ladder-like polycyclic ethers. 
The micro-algal community, which comprises of 
photosynthetic microbes from prokaryotic (e.g. 
Cyanobacteria) and eukaryotic (e.g. dinoflagellates, diatoms) 
taxa, contain a countless amount of toxins2, 3. Many of these 
toxins are emerging with applications in the field of 
biomedicine, and including use in pharmacology and 
toxicology4, 5. Ubiquitous aquatic microbial flora is receiving 
greater attention as the toxic metabolites are becoming more 
advantageous to human6, 7, 8. 
Significance Of Marine Biota 
Nutritional value and health benefits attributed to seafood are 
well-known. Fish and shellfish are nutritionally and 
economically valuable. About, 16% of all animal protein 
consumed world-wide comes from the 66 million tonnes of 
marine species used annually for food. It roughly comprises 
75% fish and 25% shellfish, the total value of which as 
landed, is estimated to be £40 billion per annum, with entire 
international trade in fisheries' products valued at about £68 
billion. Although seafood is rarely implicated in food 
poisoning compared to other food sources, it does provide 

some specific, potential, health hazards that are a 
consequence of the marine environment. 
Supervising marine toxins is at present one among the major 
concern, as greater part of economic and domestic life is 
dependent on the aquatic environment. Issue, such as sudden 
occurrence of a toxic bloom in controlled waters demands the 
owners to end their business, and that too in the shortest 
possible response time and with the best of management and 
decision-making processes. Though the development in the 
area of marine toxins has seen an eventually slow progress, 
yet there has been an explosion of technical options. 
Sometimes toxin in animals might be harmful but generally, 
it is useful to the host in many ways. Many a times, it is 
observed that the toxin in host organism is helpful for its 
defense mechanism like toxins in the venomous spines and 
toxic skin of certain fishes. It might also be useful in catching 
prey like nematocyst toxin found in jellyfish, cephalotoxins 
in the salivary glands of octopods and sting toxins in cone 
shells. Toxins produced by corals or sponges have a 
protective function against predators and against larval forms 
of sessile animals, which might otherwise settle and encrust 
the corals or sponges which lead to the death of the host 
organism as its symbiont, zooxanthellae will be no longer 
capable of photosynthesis. In such a situation, various 
antibiotics or terpenoids serves as defensive substances. 
Some fishes are found to possess toxic substances in their 
eggs; tetrodotoxin in tetraodontid fish, wax esters in mullet 
roe and dinogunellin in ichthyootoxic fish. The later toxin is 
a peculiar phospholipid having adenosine as a moiety. These 
toxins may serve in physiological functions for embryonic 
development1. 
Many animals belonging to the oceanic community are 
known to be models in diverse fields like cancer9, 10, 
anemia11, glaucoma12 and in toxicological studies, which 
include their responses to environmental pollutants such as 
dioxins13 and heavy metals14. Attempts to identify these 
toxins and to characterize its vast flora have found an 
immense advantage. Further investigations of these 
developmental toxins, embryos of various teleost fishes have 
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been studied as potential models for vertebrate 
development15, 16, consequently, for the investigation of 
toxins that disrupt the pathways and processes related to 
development. 
Although the toxins produced by the marine organisms serve 
as a health threat in their original form, but there have been 
cases where their properties of binding to cells and 
penetrating into the cytosol are exploited to bring epitopes 
into cells, and in cancer diagnosis and therapy17. One such 
product is currently in the market, a diphtheria conjugate 
binding via interleukin 2 to leukemia cells. Studies on toxin 
transport have also shown to affect a number of cellular 
processes such as the different endocytic mechanisms, and 
pathways of intracellular transport. More information about 
the role of toxin domains in receptor binding and membrane 
penetration will provide us with insight, of how we can 
exploit the toxins for our benefit. 
Shellfishes are regarded as a ‘super food’, owing to their high 
nutritive value, including high levels of poly-unsaturated 
fatty acids (PUFA), especially Omega-3 fatty acids. 
Shellfishes feed on marine microalgae that are rich in 
PUFAs. 
Types Of Marine Toxins 
Shellfish poisoning is of four types based on the symptoms 
they show- Diarrhetic shellfish poisoning, paralytic shellfish 
poisoning, neurologic shellfish poisoning, amnesic shellfish 
poisoning. Furthermore, seven different types of poisoning 
have been identified, each one being responsible for 
distinctive symptoms18. This classification has been 
proposed, based on the syndromes caused by the involved 
toxins. Table 1 shows diverse classes of poisoning modes 
with their causative organisms with the emphasis on their 
structures. 
Toxins have been categorized into various types based on the 
symptoms they cause; some are classified based on the first 
toxin identified from that group, and some based on the name 
of the contaminated fish. 
Few of the important marine toxins are Brevetoxin, Saxitoxin 
and Tetrodotoxin. Neurological shellfish poisoning (NSP) is 
caused by consumption of molluscan shellfish, which gets 
contaminated with Brevetoxins (BTXs), produced primarily 
by dinoflagellate, Karenia brevis. Brevetoxin acts by binding 
with a high affinity for the receptor site V of α subunit of the 
voltage gated sodium channels. Paralytic shellfish poisoning 
(PSP) is also caused by certain marine dinoflagellates causing 
harmful algal blooms. This food-borne illness is associated 
with the consumption of sea foods, which are contaminated 
with neurotoxin, Saxitoxin (STX). Dinoflagellate 
Alexandrium is mainly involved in the PSP toxication. It 
binds to the voltage gated sodium channels, attenuating 
action potentials by preventing the passage of sodium ions 
across the membrane leading to paralysis and respiratory 
failure. Tetrodotoxin is a potent neurotoxin which was earlier 
thought to be produced only by Puffer fish, so it's commonly 
known as a Puffer fish toxin. However, later studies have 
shown it to be present in many other unrelated species such 
as Blue ringed octopus, starfish, goby fish, xanthid crab, 
horseshoe crab, etc. It has been observed that animals bearing 
tetrodotoxin are highly resistant to the toxin. This toxin has 
the same mode of action as that of Saxitoxin, acting on site, I 
of α subunit of voltage gated sodium channels. 
 
 

HARMFUL ALGAL BLOOMS 
Phytoplankton has a lot to do with the existence of the 
zooplankton and many of the higher living organisms as they 
produce a vast amount of photosynthetic product. 
Furthermore, the Filter feeding species like the bivalve 
shellfish group and larvae of commercially prominent 
crustaceans rely on the phytoplankton for their need of food. 
Thus, the mass proliferation of phytoplankton is quite a 
significant phenomenon for the survival and existence of 
many of the aquatic lives. This phenomenon is known as 
algal bloom, which typically occurs during the summer 
seasons. They are generally seen more in regions which have 
an ample supply of inorganic nutrients such as nitrogen, 
phosphorus and iron. Usually algal blooms are economically 
important for their beneficial role in aquaculture and 
fisheries; but under certain conditions, they tend to become 
detrimental causing death and destruction. They are then 
called poisonous blooms. They usually deprive the oxygen 
concentration in the aquatic system causing lack of oxygen 
and thus suffocation leading to death of many fish, 
invertebrates, etc. These algal blooms have been extensively 
reviewed by Landsberg31. They are prominently visible by 
making the water red and are commonly known as ‘red tides.’ 
Worldwide, marine algal toxins cause more than 60,000 
poisoning events annually with an associated mortality rate of 
1.5%32. In addition, nontoxic blooms can make finfish more 
vulnerable to disease. 
HABs are a natural phenomenon which has increased in 
frequency since 1970s, and so has their negative impact 
increased in the economy, and now it has become of greater 
and one among the prior concern. HABs are stimulated by 
nutrient discharge into the aquatic ecosystem in the form of 
domestic, industrial and agricultural wastes. These nutrient 
wastes suddenly change the concentration of the overall 
nutrient ratios in coastal waters. Nitrogenous runoffs are even 
more clearly linked with the formation of large 
phytoplankton blooms in the Gulf of California33. In the past, 
mellower geological periods, some of the HAB-associated 
dinoflagellates occurred over larger ranges than they do 
today, as reflected in the fossil records of the resting cysts. 
Thus with this it was understood that warmer climate favors 
their intensity of occurrence in the present decades also34. 
Transport of harmful dinoflagellates and their cysts in ships 
contribute to their spread to non-native regions. Bivalves can 
harbor viable dinoflagellate's cells and sometimes can contain 
resistant cysts35. Barely, any effort is made currently to 
control marine HABs. Nagasaki and co-workers have shown 
that the viruses that infect dinoflagellates are extremely 
beneficial in controlling blooms36. 
Harmful algal bloom is a phenomenon associated with the 
dangerous toxic algae and is a major concern throughout the 
world.  With its disastrous effects on human health and the 
shellfish industry, it has an illustrious impact at present. The 
main toxic algal species belong to diatoms and 
dinoflagellates. Dinoflagellates which produce okadaic acid 
(OA) and accumulate in the digestive gland of shellfish are of 
great danger. The consumption of these animals provokes 
diarrhetic shellfish poisoning (DSP) in humans37. OA has 
severed impingement as a potent tumour promoter in 
inhibiting the activity of protein phosphatases type 1 and 
2A38. Moreover, through several pathways, it activates 
caspases inducing cell death39 and provokes a severe 
alteration in the structural architecture of the thymus40. 
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CONCLUSION 
Marine toxins have received high attention from researchers 
and commoners for their toxicity and prevention around the 
globe. Recent research shows that there are numerous toxins 
undiscovered under the sea. Many toxins were isolated and 
studied for structure-function aspects and their applications 
for the humans. Mostly countries around the globe frequently 
consume fish, mollusc and related organisms for their 
delicacy and get intoxicated. Few toxins being TTX, STX 
and brevetoxin that cause illness to human. The structures of 
these toxins have identified by many researchers, and their 
pharmacological applications are being studied under the 
controlled conditions in vitro and in vivo. These toxins being 
poly cyclic ethers, they are very laborious to synthesize and 
purify. A lack of adequate amounts of toxins for 
investigational purposes remains a significant constraint. 
Synthetic attempts are stemmed in numerous means and 
approaches for the manufacture of these complex molecules 
and has evolved in several remarkable total synthesis of these 
molecule and some of its equally challenging siblings. 
Scientific research must focus on the development of 
detoxifying processes in the natural environments. 
Bioprocess engineering researches for empowering an 
economic use of dinoflagellates as cell factories are only just 
opening. This rarity of comprehension notwithstanding, a 
track record of realizations in culturing fragile cells of higher 
animals, plants and microalgae hints that commercial mass 
culture of dinoflagellates will be attainable in the future. 
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Table 1: Table Demonstrating Type Of Poisoning Along With The Causative Organism And Toxin Produced By Specific Class Of Organism 
Type of Poisoning Toxin Causative organism Reference 

Diarrheal shellfish poisoning 
(DSP) 

 

Dinophysis spp., Prorocentrum spp.,  
D. fortii 

19,  20 
 

Paralytic shellfish poisoning 
(PSP) 

 

Alexandrium spp., 
Gymnodinium catenatum,  
Pyrodinium bahamense 

21, 22 

Amnesic shellfish poisoning 
(ASP) 

 

Pseudo-nitzschia spp. 
P. australis 
 

22, 23 

Neurotoxic shellfish poisoning 
(NSP) 

 

Karenia brevis 
Gymnodinium breve 24, 25 

Azaspiracid shellfish poisoning 
(AZP) 

 

 
Protoperidinium crassipes 
 

26 

Ciguatera fish poisoning (CFP) 

 

Gambierdiscus toxicus, Prorocentrum 
spp., Ostreopsis spp.,  
Coolia monotis,  
Thecadinium spp.,  
Amphidinium carterae 

27, 28 

Puffer fish poisoning 

 

Arothron nigropunctatus 
Fugu pardilis 29, 30 

 
 


