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INTRODUCTION 
Microalgae of Ostreopsis spp. are unicellular epi-

phytic benthic dinoflagellates [1, 2]: originally, they 
were thought to colonize only tropical and sub-tropi-
cal areas, but they are now being detected more and 
more frequently in temperate seas [3, 4], suggesting 
their geographic spread in the benthic environment. 
Concern about the distribution of Ostreopsis is moti-
vated by its high potential for toxicity [4]. The entrance 
of potentially toxic dinoflagellates into the ecosystem 
can have impacts at several levels. In general, sanitary 
and economic consequences, often tightly connected, 
are of the greatest concern. In the Mediterranean re-
gion, appearance and proliferation of Ostreopsis spp. 
were first recorded in the late 1970s and 1980s [5, 6]. 
In Italy, the presence of Ostreopsis ovata was recorded 
for the first time in 1994, along the coasts of the Lazio 
region [7]. Since then, the presence of Ostreopsis spp., 
most often O. cf. ovata, has been recorded several times 
along the Italian coastline [8-21], including the north-
ern areas, such as the Gulf of Genoa [19, 22, 23] and 
the Gulf of Trieste (Figure 1) [19, 24, 25]. 

Globally, attention shifted toward Ostreopsis in 1995, 
when Dr. Takeshi Yasumoto’s group isolated and 
characterized PLTX-like compounds from O. siamen-
sis [26-27]. Until this time, the origin of palytoxins 
was thought to be soft corals of the genus Palythoa 
[28]. Since then, there has been increasing consensus 
in the scientific community regarding microalgae as 
at least one producer of the toxins, even though the 
biosynthetic pathways are still unclear and represent 
a field of open and ongoing research. In addition 
to O. siamensis, putative PLTX and analogues have 
been isolated from O. mascarenensis [29] and O. ova-
ta [30-35]. Extensive studies on Ostreopsis samples 
has led to the identification of several PLTX conge-
ners (Figure 2), including ostreocin-D [26, 27], mas-
carenotoxins [29-34] and several ovatoxins, denoted 
ovatoxin-a, -b, -c, -d, -e [30-34] and ovatoxin-f  [35]. 

Palytoxin is considered among the most toxic com-
pounds of natural origin ever isolated. It impairs 
the function of the Na+/K+-ATPase [36-39], whose 
physiological activity is of crucial importance for 
eukaryotic cells. Since 2006, our research group at 
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the University of Trieste has followed the PLTX-
phenomenon and added the study of PLTXs to the 
ongoing research on other algal toxins. This mini-re-
view is mainly focused on the results obtained by our 

research group on this topic. Considering the poten-
tial different route of exposure to these toxins and 
the possible scenarios of intoxication, starting from 
the available data, an integrated in vivo and in vitro 
approach, including toxicological, physiological, cel-
lular biology and biochemical studies, was adopted. 
This mini-review mainly summarizes the results of 
these studies, aimed to characterize PLTXs toxicity, 
and to identify the target organs and the mechanism 
at the basis of the toxic effects, useful also to provide 
a suitable therapeutic approach. 

�Potential�exposure�to�Ostreopsis�spp.��
and�the�related�toxins�into�marine�aerosols��
and�seawater:�possible�health�effects
In the Mediterranean area, the increasing prolifera-

tion of Ostreopsis spp. along the coastlines was ac-
companied by the occurrence of human intoxication 
[10, 40-43]. In particular, human exposure to marine 
aerosol and/or seawater concomitantly to Ostreopsis 
proliferations was associated with an illness in which 
symptoms involved mainly the upper respiratory 
tract [40]. The cause-effect correlation between the 
cases of malaise and the involvement of algal toxins 
has not been completely clarified: in fact palytoxins 
were never detected in marine aerosol so far, even 
though these toxins were quantified in field algal sam-
ples [31]. Furthermore, although Ostreopsis cells con-
centrations were determined in seawater, these data 
are not predictive for human risk since dinoflagellates 
do not always produce the same amount of toxins, if  
any [25]. Ostreopsis cell debris can be also present in 
the marine aerosol and their contribution to the ef-

Fig. 1 | Schematic representation of the sites of Ostreopsis 
blooms along the Italian coasts.(Data sources: [7-21]; http://
arpa.sicilia.it and A. Penna, personal communication).                     

Fig. 2 | Structure of palytoxin 
(PLTX), ostreocin-D (OST-D), 
ovatoxin-a (OVA-a) and  
42-hydroxy-palytoxin 
(42-OH-PLTX).
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efects on human health cannot be excluded. Anyway, 
the recurrence of sanitary problems associated with 
Ostreopsis blooms suggests a relationship between 
these phenomena [43]. 

Along the Italian coastlines, the first documented 
health problems associated with Ostreopsis blooms 
were described as general malaise in people exposed 
both to seawater and/or marine aerosol in Tuscany 
[9] and Apulia [8]. Later, symptoms such as rhin-
orrhea, cough, dyspnea and fever, associated with 
blooms along the Bari coast, were described in 
more detail by Gallitelli, et al. [10]. Similar symp-
toms were observed along the Spanish and French 
Mediterranean coasts, accompanied by ocular irri-
tation, headache and, in some cases, by fever [41, 
42]. Other anecdotal descriptions of respiratory 
problems following marine aerosol exposure during 
Ostreopsis blooms have also been reported along the 
Mediterranean coast [25, 43, 44]. The most serious 
sanitary problems occurred on the Liguria coast in 
summer of 2005 [22, 40] and repeated, with a lower 
intensity, in 2006 [40]. In July 2005, more than 200 
people enjoying the Genoa beach and promenade 
suffered an unusual influenza-like syndrome, char-
acterized by a wide spectrum of symptoms such as 
fever, sore throat, cough, dyspnea, headache, nau-
sea, rhinorrhea, lacrimation, vomiting and dermati-
tis. Approximately 20% of patients required hospi-
talization (1-3 days), and some of them needed the 
intensive care unit of the local hospitals [40]. This 
occurrence represents the most severe incident de-
scribed to date in terms of both the number of peo-
ple affected and for the severity of the symptoms. 

In addition to the problems at the respiratory level, 
skin irritation was frequently observed after aerosol 
exposure and/or seawater contact during Ostreopsis 
blooms. Indeed, in summer 2005, concomitant with 
marine aerosol exposure during Ostreopsis ovata 
blooms in Genoa (Northern Italy), the incidence 
of dermatitis was 5% [40]. Erythematous dermatitis 
was also observed by Gallitelli (personal communi-
cation) in patients exposed to marine aerosols during 
Ostreopsis blooms, along Apulia coasts (Southern 
Italy) [43]. 

Although the actual cause of this dermatitis has 
not yet been unequivocally determined, dermal tox-
icity has been associated to PLTX-like molecules 
contaminating other marine organisms [43, 45]. For 
instance, skin toxicity has been reported after han-
dling zoanthids (Palythoa) used as aquarium deco-
rative corals: persistent signs of dermotoxicity and 
perioral paresthesia were attributed to PLTX in a 
patient with intact skin [46]. Another case of skin 
toxicity due to handling PLTX-containing zoanthid 
corals (Parazoanthus spp.) involved a patient who cut 
his fingers while cleaning his aquarium. Dermal dis-
tress with swelling, paresthesia and numbness around 
the site of injury, as well as systemic symptoms, were 
recorded [47]. Despite the reports on human dermal 
toxicity attributed to PLTXs, very little data regarding 
skin toxicity are presently available in the scientific lit-

erature. Our group contributed to the elucidation of 
the cutaneous effects of the parent compound PLTX: 
an in vitro toxicity study was carried out using the hu-
man HaCaT keratinocytes [48], a predictive model 
for the evaluation of skin toxicity and an ideal model 
for first-round screening of dermotoxic agents [49]. 
The cytotoxicity of PLTX on HaCaT cells was inves-
tigated after a short time exposure (4 h) and differ-
ent cellular endpoints were evaluated. PLTX reduced 
mitochondrial activity (MTT assay), cell viability 
(sulforhodamine B assay) and plasma membrane in-
tegrity (LDH leakage), albeit with different potencies 
(EC50 = 6.1 ± 1.3 x 10-11 M, 4.7 ± 0.9 x 10-10 M and 1.8 
± 0.1 x 10-8 M, respectively). These data suggest that 
the sequence of intracellular events following the in-
teraction of PLTX with its molecular target includes 
mitochondrial damage, causing a reduction in cell vi-
ability and plasma membrane rupture, with resulting 
leakage of LDH. Moreover, mitochondrial dysfunc-
tion was tentatively associated with oxidative stress, 
since PLTX induced superoxide anion accumulation 
after only 1 h exposure [48]. All these effects were in-
hibited by the presence of ouabain, a cardiac glyco-
side that inhibits PLTX binding to its molecular tar-
get (Na+/K+-ATPase). These data demonstrated the 
dependency of PLTX cytotoxicity on the interaction 
with the pump, which is transformed by PLTX into a 
non-selective cationic pore [37-39, 50]. The main con-
sequence of this interaction seems to be a sustained 
intracellular overload of Na+, followed by an over-
load of Ca2+ [51-54]. Consequently, the mechanism of 
PLTX cytotoxicity was investigated, with particular 
attention to the ionic imbalance induced by the toxin. 
On HaCaT cells, removal of Na+ from the cell me-
dium almost completely abolished: i) PLTX-induced 
oxidative stress, ii) impairment of mitochondrial ac-
tivity and iii) appearance of morphological changes, 
demonstrating that intracellular Na+ accumulation is 
the first and crucial step in mediating PLTX-induced 
early cell damage. By contrast, Ca2+ withdrawal did 
not affect PLTX-induced oxidative stress or cell mor-
phology, confirming the Na+-dependency of these ef-
fects on HaCaT keratinocytes [48].

�Potential�exposure�to�Ostreopsis�spp.�and��
related�toxins�via�seafood:�possible�health�effects
The presence of toxic Ostreopsis species into the 

ecosystem is related to the entrance of their toxins 
into the food web. The accumulation of biotoxins 
in the food web is a common, naturally occurring 
phenomenon [55], but it may lead to significant con-
centrations of toxic compounds in edible organisms 
and represent a potential threat to human health. 
Palytoxins are no exception and have been detected 
in several species of crustaceans, fish, mollusks and 
echinoderms, even if the consequences of their ac-
cumulation seem to differ from area to area [56-65]. 
In tropical and subtropical areas, accumulation of 
PLTXs in fish and crustacean lead to some cases of 
intoxication, even with lethal outcomes [43, 57-60]. In 
Madagascar, for instance, a lethal human intoxication 
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e has been reported resulting from ingestion of PLTX-
contaminated sardine sharing habitat with Ostreopsis 
[59]. In the Mediterranean area, contamination in-
volved mainly mollusks and echinoderms, such as 
shellfish and sea urchins [19, 61-66] but, to date, no 
case of human intoxication has been described. In 
Italy, palytoxins were detected mainly in the frame of 
monitoring programs [19, 64]. The presence of ova-
toxin-a (303-625 μg/kg) has been reported mainly in 
wild mussels collected along the rocky Italian coasts 
[64]. Similarly, in France, contamination reached 450 
μg PLTX equivalents/kg of total flesh of sea urchins 
and 230 μg PLTX equivalents/kg of total flesh of mus-
sels [65]. PLTXs and related toxins are not routinely 
tested, because no regulation at Italian or European 
level currently include them in the monitoring pro-
grams. Moreover, in Mediterranean Sea, the most 
abundant PLTXs detected in seafood are ovatoxins, 
and in particular ovatoxin-a, not yet available in suf-
ficient amounts for oral toxicological studies, that are 
necessary for regulatory purposes. 

Anyway, EFSA suggested 30 μg PLTXs (sum of 
PLTX and ostreocin-D)/kg shellfish meat as maxi-
mum level in shellfish [63]. However, this value is 
based on the limited available toxicological studies 
carried out in mice with the pure toxins after oral, 
sublingual and intratracheal exposure, the last one 
being not representative in humans for this evalua-
tion. Other toxicological studies on PLTX were ini-
tially performed immediately after its discovery: no 
effects were observed in rats after oral administration 
of 40 µg/kg of a compound, which molecular weight 
was 3300 Da [67], nearly 500 Da higher than that 
currently reported for PLTX. More than thirty years 
later, an LD50 = 510 µg/kg was estimated for PLTX in 
mice, evaluating only lethality as endpoint of toxicity 
[68]. Subsequently, Ito and Yasumoto [69] reported 
tissue damages induced by the oral administration 
of PLTX or ostreocin-D (200 or 500 µg/kg). To im-
plement the toxicological characterization, the acute 
oral toxicity of PLTXs in mice was evaluated increas-
ing the dosages and expanding the panel of endpoints 
(i.e. histological and hematoclinical analyses). The 
toxicity was initially evaluated, within 24 h after the 
administration, on the parent compound PLTX and 
it was found to be strictly dose-related [70]. Later, the 
study was repeated on 42-hydroxy-PLTX [71], chemi-
cally characterized in 2009 [72] (Figure 2). Similar in 
structure, PLTX and 42-hydroxy-PLTX also resulted 
in similar toxicity and symptoms. During the obser-
vation period, some of the mice presented scratch-
ing, jumping, paralysis of the hind limbs, respiratory 
distress, occasionally accompanied by cyanosis and 
died within 24 h from the administration of the tox-
ins. Histological analysis revealed decreased glycogen 
content in hepatocytes. Mice that survived the treat-
ment exhibited several degrees of inflammation of 
the mucosa in the forestomach [70, 71]. 

In animals treated from the dose of 600 µg/kg, he-
matochemical analysis revealed alteration in plasma 
levels of creatine phosphokinase (CPK), lactate 

dehydrogenase (LDH) and aspartate transaminase 
(AST), suggesting involvement of the muscular tis-
sue in the toxicity of PLTX and 42-hydroxy-PLTX 
[70, 71]. In animals treated with PLTX, dose-de-
pendent ultrastructural alterations of skeletal and 
cardiac muscle were also observed. The identifi-
cation of skeletal muscle as one of the targets for 
PLTX was in agreement with the epidemiological 
data [43], which revealed that, in the majority of 
human cases, muscular problems and myalgia were 
reported as distinctive features [57, 58, 60]. For this 
reason, cultures of mouse skeletal muscle cells were 
chosen as a suitable model for the deeper investiga-
tion of the mechanism of action of both PLTX [73] 
and 42-hydroxy-PLTX (Del Favero et al., in prepa-
ration). As mentioned above, PLTX is known to im-
pair the activity of the Na+/K+ pump, with dramatic 
consequences on cellular ionic homeostasis [36-39, 
50]. As well as high toxicity, quite common to all the 
cells models tested so far [74], PLTXs triggered an 
uncontrolled intracellular calcium ([Ca2+]i) increase 
[72, 73] and morphological alterations [73]. These 
events seemed to be strictly related to the develop-
ment of  the toxic insult [73]. The [Ca2+]i increase 
consisted of  a transitory Ca2+ response (transient 
phase) followed by a slower and more sustained 
[Ca2+]i increase (long-lasting phase). The transient 
phase was sustained by the i) activation of  voltage-
dependent Ca2+ channels, ii) Na+/Ca2+ exchanger 
(reverse mode) and iii) Ca2+ release from intracellu-
lar stores with no influence on the PLTX-mediated 
toxicity. The long-lasting phase seemed to be sus-
tained by the activation of stretch-activated chan-
nels and represents a crucial step in the development 
of the myotoxic insult [73]. PLTXs did not only se-
verely impair cellular viability, but also altered the 
functional properties of skeletal muscle cells, such 
as the ability to respond to physiological stimuli [73] 
(Del Favero et al., in preparation). On the whole, 
the skeletal muscle cell cultures allowed the charac-
terization of the ionic disequilibrium triggered by 
PLTXs, opening new insight into the mechanism of 
action of PLTX at the single cell level.

The alterations at the muscular level observed in 
mice after acute PLTX oral exposure, together with 
the epidemiological observations in humans (lethali-
ty, muscle cramps, myalgia, and cardiac alterations) 
suggest PLTX absorption in the gastrointestinal 
tract after oral exposure. Thus, information on the 
gastrointestinal absorption of PLTX seemed to be 
pivotal for a rational risk assessment. Since no toxi-
cokinetic data on PLTX were available, an in vitro 
study was carried out for the evaluation of PLTX 
absorption through the intestinal barrier: to this 
aim the human Caco-2 cell line was used. However, 
Caco-2 cells are one of the most sensitive cell mod-
els for PLTX, presenting reduced viability at the sub 
pico-molar range (EC50 = 8.9 ± 3.7 x 10-12 M after 
4 h exposure, MTT assay). Unfortunately, the high 
sensitivity of this model precluded the possibility of 
evaluating PLTX absorption [75].
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eDISCUSSION AND CONCLUSIONS
The relative rapidity that characterizes the en-

trance of new species of potentially harmful micro-
algae in the Mediterranean ecosystems represents 
an immense challenge from the scientific and regula-
tory point of view. The data necessary for the evalu-
ation of real toxicological hazard beneath naturally 
occurring phenomena, such as algal blooms, require 
time and resources. Thus, even though Ostreopsis 
appeared in Mediterranean waters over 30 years ago 
[5], the toxicological consequences of exposure to its 
suite of toxins is still an open research field. 

A multidisciplinary scientific approach for the toxi-
cological characterization of PLTXs based on litera-
ture and epidemiological data was followed. Initially, 
wider in vivo acute toxicity studies allowed to individ-
uate the skeletal muscle as one of the main targets of 
PLTXs toxicity, in agreement with human symptoms. 
Although no structural alterations were observed in 
mice, the sharp increase in CPK, K+ and LDH plas-
ma levels suggested the skeletal muscle involvement, 
subsequently confirmed by ultra-structural changes. 
Further in vitro studies on skeletal muscle cells con-
tributed to the elucidation of PLTX effects at func-
tional level and to the characterization of its mecha-
nism of action, opening new perspectives. 

The lack of toxicokinetic data on PLTX and the 
difficulty of predicting absorption and distribution 
in the body is still a challenge for the comprehen-
sion of the hazard associated with PLTXs in the 
food web. Moreover, the accumulation of the tox-
ins in several edible marine species [19, 56-65] opens 
the possibility of repeated human exposure through 
contaminated seafood collected in the same area.

Considering exposure routes different from the oral 
one, the cutaneous toxicity was characterized using 
an in vitro approach. The high toxicity of PLTX on 
skin keratinocytes [48] raises valid concerns about the 
potential human exposure to PLTX-related toxins in 

seawater and needs to be further investigated. These 
data will help the prevention of toxicity for people 
exposed to seawater during Ostreopsis blooms, either 
professionally or recreationally. Toxicological evalu-
ation of PLTX-like compounds after inhalational 
exposure remains one of the most crucial issues, and 
should be addressed as soon as possible by the scien-
tific community. 

In conclusion, sanitary problems related to Ostreopsis 
spp. could be due to the entrance of previously absent 
toxins into the food web and to human exposure to 
marine aerosols and/or seawater during large algal 
blooms. A multidisciplinary approach to the problem 
should be further adopted for their complete exploita-
tion and evaluation. The number of known toxins is 
constantly increasing, requiring additional efforts for 
toxicity characterization. Studies are urgently needed 
to evaluate the effects of these toxins after repeated oral 
exposure. Another crucial point is the characterization 
of the oral toxicity of the new ovatoxin analogues as 
well as of their inhalational toxicity.
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