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Abstract: The toxicity of Cnidaria is a subject of concern due to its influence on humans. 
In particular, jellyfish blooms can highly affect human economical activities, such as 
bathing, fishery, tourism, etc., as well as the public health. Stinging structures of Cnidaria 
(nematocysts) produce remarkable effects on human skin, such as erythema, swelling, 
burning and vesicles, and at times further severe dermonecrotic, cardio- and neurotoxic 
effects, which are particularly dangerous in sensitive subjects. In several zones the 
toxicity of jellyfish is a very important health problem, thus it has stimulated the research 
on these organisms; to date toxicological research on Cnidarian venoms in the 
Mediterranean region is not well developed due to the weak poisonousness of venoms of 
jellyfish and anemones living in this area. In spite of this, during last decades several 
problems were also caused in the Mediterranean by stinging consequent to Cnidarian 
blooms mainly caused by Pelagia noctiluca (Forsskål, 1775) which is known to be the 
most venomous Mediterranean jellyfish. This paper reviews the knowledge on this 
jellyfish species, particularly considering its occurrence and toxicity. 
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Pelagia noctiluca: Distribution and Blooms 
  

The mauve stinger Pelagia noctiluca (Cnidaria: Scyphozoa) is a small pelagic jellyfish generally 
pink-, mauve- or light brown-coloured, with a phosphorescent bell measuring 3 to 12 cm in diameter in 
adult specimens, whose edge is provided with lappets and  tentacles; in this species the nematocysts 
stud the tentacles, the oral arms, as well as the upper surface of the bell [1]. Pelagia noctiluca has 
direct development, so its cycle do not comprise the benthic scyphistoma stage. 
 This species has a wide distribution; in general, it is indicated as typical of warm waters, but due to 
currents it can enter temperate and cold seas, thus it can be found in tropical zones as well as in colder 
areas, such as in the north Atlantic and in the north Pacific; it seems to not go over 42°S and is 
vertically distributed mostly between 150 m depth and the surface [2], but during the day it can also be 
found between 300 and 500 m, with a maximum of 1,400 m [3].  
 Pelagia noctiluca was collected in intertidal zones of the Pacific Ocean along the Californian coast 
[4] and is widely distributed in the Mediterranean Sea and in some zones of the Atlantic Ocean. In 
Atlantic waters it is frequent along the Southern Atlantic French coast in summer [5]; it was observed 
repeatedly in swarms around the British Islands [6], and in the North Sea and also, although 
infrequently, off the Dutch coast [7, 8]. Strandings of Pelagia noctiluca were observed in 1988 on 
beaches of the western coast of Ireland [9]. The occurrence of Pelagia noctiluca in the Mid Atlantic 
Sea, West to Ireland, was recorded recently [10]. This jellyfish is not considered a normal resident of 
the North Sea and small records were made during ‘70s off the Scottish north and east coasts and in the 
area of Shetland and west of the Norwegian Deep; in spite of this, in 1982 Pelagia noctiluca were 
more abundant than usual, presumptively carried in by currents [11]. 
 In the Mediterranean Sea swarms of Pelagia noctiluca occur usually in pelagic waters from March 
to May; in summer months, from June and August, isolated big specimens can also appear [12]. In the 
Southwestern Mediterranean this Cnidarian was indicated as the most frequent jellyfish along Tunisian 
coasts, mostly in autumn and winter; in this area the presence of Pelagia noctiluca depends on local 
and particular winds and currents [13]. Anyhow, this species was signalized as uncommon along 
Tunisian coasts [14, 15] and in front of Algeria [16]. 
 In the Mediterranean region the studies on jellyfish had an increase during late 70’s and early 80’s 
of the past century, when all the Mediterranean basin was affected by an abnormal proliferation of 
such organisms [17, 18]. This proliferation was mainly due to Pelagia noctiluca, which from the 
irritant/toxic point of view, is also the most important Mediterranean jellyfish. In that years the 
proliferation of other species, such as Rhizostoma pulmo, Cotylorhiza tuberculata, Aurelia aurita and 
Chrysaora hysoscella, was recorded at a lesser extent and caused less health problems because of their 
scant poisonousness. 
 The Pelagia noctiluca bloom started in the Eastern Basin and in the Adriatic Sea (the latter  was 
overall the most interested by the phenomenon) and subsequently spread to the Western Basin, 
although with less intensity. The main period concerned was 1981-1984; then, as suddenly it arose, the 
phenomenon finished quickly, even though sporadic proliferations were recorded in subsequent years. 
 In the Eastern Mediterranean the studies concerning the distribution of Pelagia noctiluca and of 
other jellyfish were carried out mainly during summer [19]; some scientists performed research on the 
occurrence of this jellyfish in Greek and Egyptian waters [20], along Turkey [21, 22] and Lebanese 
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coasts [23], and lessepsian jellyfish species coming from the Red Sea were observed in Israeli waters 
[24, 25]. Along Maltese coasts the studies on the distribution of Pelagia noctiluca were carried out 
from 1980 to 1986 [26]. 
 In the Adriatic Sea Pelagia noctiluca caused several problems to bathers and sea-workers and its 
distribution was studied along Croat coasts during the summer of 1983 [27] and seasonally in 1985 
[28], and along Italian coasts during the period 1976-1986, mainly during the summer months, when 
its occurrence and seasonal variations were related with the variations of environmental factors [20, 
29-32]. The influence of water temperature on swimming behaviour of Pelagia noctiluca was 
emphasized [33]; this factor could account for coastal aggregations occurring in the Adriatic coasts in 
summer. After research performed from 1976 to 1983, according to [34] the highest densities of 
Pelagia noctiluca in the Adriatic Sea were recorded in pelagic waters with high salinity and low 
nutrients. It was asserted that the dense aggregations of this organism in coastal shallow waters were 
wind- current- and tide-caused [35].  
 In the Tyrrhenian Sea and in the Ligurian Sea the consequences of the bloom were remarkably 
lower than in other Mediterranean zones; nevertheless, notable alterations in comparison with the 
normal situation were recorded everywhere from 1982 to 1988 [20, 36-42]. Furthermore, in some 
receptive coastal zones, such as in the Spotorno Bay (Western Ligurian Riviera), the proliferation of 
Pelagia noctiluca was evident and reached a peak during some periods (September 1984 – January 
1985) with no apparent regard to the season [43]. Archived research containing data on the occurrence 
of Pelagia noctiluca during a 200 year-period showed that in the zone of Villefranche-sur-Mer 
(western Ligurian Sea) there were ‘years with Pelagia noctiluca’ and ‘years without Pelagia noctiluca’ 
every about 12 years; this could indicate the cyclic nature of the phenomenon [44]. During the ‘bloom 
years’, and particularly during the summer of 1983, considerable proliferation of Pelagia noctiluca 
was recorded also in Sicily and Sardinia Channels [20]. 
 On the whole, salinity was indicated to exert an influence on jellyfish behaviour and distribution as 
evidenced in field observations [45].  An univocal explanation of the jellyfish bloom and of the 
subsequent jellyfish decrease was not supplied and several scientists provided different explanations 
for the blooms, but it seemed acceptable that neither hydrologic changes (as water circulation didn't 
show clear alterations during last decades) nor pollutant inputs supported jellyfish proliferation. It was 
suggested that coastal aggregation of jellyfish could be due to wind action [26], to natural [41] or 
cyclic [42] fluctuations of jellyfish populations or to water movements [46]. Furthermore, a 
relationship between jellyfish proliferation and environmental factors [23, 28] or water pollution [47, 
48] was suggested. Also ‘hormesis’, which involves stimulation of growth by low concentrations of 
toxicants [49] and evolution processes connected to the appearance of favourable mutations [50] were 
suggested to induce the proliferation. Recently, the cumulative effects of man-caused and climate 
changes has been indicated to be involved in the mechanisms which can promote the increasing of 
jellyfish occurrence [51, 52]. In particular, it was stated that as Cnidaria feed high on marine food 
chains and therefore they can compete with fishes for food, massive removal of top-predator fishes by 
commercial fishing efforts could open up food resources for jellyfish [51]. In addition, models 
indicated that the predicted pH decrease in oceans with rising CO2 could induce long-term jellyfish 
increase over the next 100 years [52].  
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 Jellyfish blooms have also stimulated research on the biological, ecological and chemical aspects of 
Pelagia noctiluca, which has been carried out in order to evaluate its role in the marine ecosystem and 
in the food web. The biological cycle of Pelagia noctiluca is annual [3]; for this reason it shows high 
natural mortality, typical of short life-cycle species [32]. Its reproductive period was also extensively 
studied and it was observed that Pelagia noctiluca reproduces throughout the year [53]. In studies 
concerning nutrition the gastrovascular content was examined and the diet of this organism was shown 
to be composed mainly (around 90%) by cladocerans and copepods [54]; other indications about the 
behaviour and the trophic ecology of Pelagia noctiluca were provided [55], observing that at 16-19°C 
Pelagia noctiluca maintenance and growth requires approximately 3 mg C/day indicating a substantial 
predatory impact of jellyfish when they are in aggregations. 
 In studies concerning the lipid composition of Pelagia noctiluca [56] it was observed that total 
lipids are 0.19 % of wet weight; within lipids these Authors found 73.8 % of neutral lipids and 26.2 % 
of phospholipids. Among neutral lipids mainly sterol esters (11.3 %), triglycerides (20.7 %), free fatty 
acids (56.6 %) and sterols (7.6 %) occur. Among phospholipids, phosphatidylcholine was particularly 
abundant (36 % was recorded). A high amount of free fatty acids (41.7 %) was found in the total lipid 
fraction; these results were comparable to data obtained from other jellyfish (Rhizostoma pulmo and 
Cotylorhiza tuberculata) collected in the Ligurian Sea [57]. Proteins in Pelagia noctiluca range from 
10.9% to 19.8% of dry weight and lipids, expressed as percent of dry weight, range from 1.3% to 
2.9%; only 0.2-0.3% of dry weight consisted of phosphorus [58]. Preliminary results of HPLC 
analyses on Pelagia noctiluca crude extracts partially separated by gradient density showed that a 
noticeable amount of the extract was of protein nature; this result was also confirmed by protein 
analyses [59]. 
 Analyses of trace elements carried out on tentacles of Pelagia noctiluca showed that metal content 
does not differ significantly in different periods [60] and zinc amount was 46 μg/g dry weight in 
specimens collected in NW Mediterranean [61]. C and N composition of Pelagia noctiluca ephyrulae 
was experimentally evaluated as % of dry weight: values of 11.4 and 3.3 for C and N, respectively, and 
a C:N ratio of 4.2 were found [62]. C isotope analysis showed values of –18.51±1.12 δ13C‰ [63, 64]. 
Sphingophosphonolipid composition of Pelagia noctiluca was recently defined and a suite of two 
ceramide 2-aminoethylphosphonic acids (CAEP) was quantified at 2.0 and 1.3% of phospholipids [65]. 
The pH of body fluids taken from Pelagia noctiluca collected in the intertidal zone from Laguna 
Beach (California) was also  performed; the results showed a pH ranging from 7.304 to 7.307 [4]. 
 
Nematocyst Morphology 
  

The morphology of nematocysts of Pelagia noctiluca was observed during early twentieth century 
[66, 67]; subsequently [6] three types of nematocysts were described: heterotrichous microbasic 
eurytele, holotrichous isorhiza and atrichous isorhiza [68]. Subsequently two predominant types of 
nematocysts were referred to be found on Pelagia tentacles: a round holotrichous isorhiza (20-25 μm 
diameter) containing multiple spiralled barbed nema inside and a microbasic mastigophore, 
approximately one-fourth the size the former [69]. On the whole, P. noctiluca holotrichous isorhiza are 
longer than similar nematocysts of other Scyphozoan medusae such as Catostylus mosaicus and 
Phyllorhiza punctata [70].  
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 More recent studies showed five morphological types that have been differentiated according to the 
classification of Mariscal [71, 72]: heterotrichous microbasic eurytele, holotrichous isorhiza 
haploneme (type I), atrichous isorhiza haploneme (type I), holotrichous isorhiza haploneme (type II) 
and atrichous isorhiza haploneme (type II).  
 Subsequently, these types were better defined by ultrastructural studies [68] as follows: 
heterotrichous microbasic eurytele, holotrichous O-isorhiza, heterotrichous isorhiza, atrichous 
a-isorhiza and another type resembling the microbasic p-mastigophore. 
 Recently, the morphology of Pelagia noctiluca nematocysts was re-examined [59] and the 
nematocysts found were separated in three groups including different morphological types: Group 1: 
great-spherical nematocysts corresponding to the holotrichous isorhiza and large atrichous isorhiza, 
that previously were stated to be undistinguishable when the capsule is undischarged [68]; Group 2: 
smaller and elliptical nematocysts corresponding to the heterotrichous microbasic eurytele and the 
heterotrichous isorhiza [68]; Group 3: smallest elliptical nematocysts with protruded operculum, 
similar to group 2 nematocysts, excepting the size.  
 The nematocysts of Pelagia noctiluca can be found on umbrella, oral arms and tentacles; thus all 
the jellyfish is venomous and discharge can be induced, aside from encounters with the living animal, 
even from handling stranded or dead organisms [73].  
 
Nematocyst Discharge  
  

The nematocysts of Pelagia noctiluca can be maintained isolated in distilled water where they 
retain their discharging capacity [74]. The discharge of isolated nematocysts can be induced by 
treatment with trypsin, while Ca2+ ions prevent discharge [74]. Extreme values of pH (<2 and >11) 
promote discharging of isolated nematocysts; furthermore, aqueous solutions at pH 1.0-3.5 cause 
collapse of the capsular wall of undischarged nematocysts [75]. The  nematocysts of Pelagia noctiluca 
may be triggered by vinegar [76]. 
 Nematocyst discharge in Pelagia noctiluca, as in other Cnidaria such as in some Anthozoa [77, 78], 
is a Ca2+-dependent process [79]. Previous treatment of oral arms with La3+ inhibits nematocyst 
discharge and a similar result was obtained by treatment with Gd3+, a powerful blocker of 
mechanosensitive ion channels; therefore, nematocyte activation seems to be Ca2+ dependent and Ca2+ 
permeable mechanosensitive channels were demonstrated to be involved in the activation of 
nematocytes [79]. The anions, such as I-, Cl-, SO42- play an important role to promote discharge of 
nematocysts. In particular, I- was the most effective and discharging activity decreased by using Cl- 
and was very low with SO42-; from these results it was stated that ion effect is probably exerted on 
protein conformation of the capsular wall/fluid [80]. The hypothesis that a conformational change of a 
capsular protein is involved in the discharging process was confirmed also by studies which evaluated 
the discharging effectiveness of Hofmeister anions, in which SO42- showed the lowest discharging 
potency and SCN- the highest one [81]; nematocyst discharge can be induced also by thioglycolate 
with reduction of –S–S– bridges [82]. 
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Jellyfish Stings and Epidemiology  
  

It is well known that jellyfish stings can induce both local and general symptoms [83] and 
sometimes can be lethal to humans [84]. In general, though, jellyfish stings usually cause a mild local 
dermatitis; so serious or fatal systemic reactions are uncommon [85]. After envenomation some 
neuromuscular manifestations such as localised neuropathy and mononeuritis multiplex [86-88] as well 
as neurological manifestations such as delirium, stupor, central respiratory failure and muscular 
weakness have been reported [85]. Guillain-Barré syndrome was also described, presumably a 
consequence of an aberrant immune response [89]. 
 Pelagia noctiluca stings are usually limited to the skin surface and cause only erythematous, 
edematous, and vesicular topical lesions [90, 91], with local pain which persists for 1-2 weeks [91], 
while systemic complications or cutaneous infections are infrequent [92].  
 Nevertheless, dramatic immediate reactions have been observed after Pelagia noctiluca stings, even 
though they are rarely severe and prolonged; the lesions appear circinate or irregularly shaped, the 
venom is also able to cause severe generalized allergy with bronchospasm, pruritus and 
postinflammatory hyperpigmentation [93]. Immediate pain, distress, occurrence of urticaria-like 
lesions and dyspnoea after massive stingings were reported [94]. Serious consequences may be 
produced by immunological and/or toxic mechanisms [95, 96]. Pelagia noctiluca stings can leave scars 
and hyperpigmentation; the persistence of pigmentation can result from tattooing of the mauve stinger 
pigment into the skin or from post-inflammatory events [83]. Hyperpigmentation can remain for some 
years after envenomation causing aestethical problems [73, 92]. It was reported that jellyfish probably 
identificated as Pelagia noctiluca caused recurrent and more severe cutaneous eruptions over ten days 
after envenomation [97]. 
 Stinging by Pelagia noctiluca can provoke relapse of the eruption after some years, also without 
further contact with jellyfish; thus was hypothesized the venom could react with dermal collagen and 
produce an active antigen which stimulates the immunological response [91]. Cross-reactions against 
venom of Physalia physalis was observed in patients showing significant titers of IgG against crude 
extract of nematocysts of Pelagia noctiluca [98]. Anyhow, the seriousness of envenomation is due to 
the eventual allergic characteristics of the patient or to previous envenomations [73]. 
 The jellyfish bloom gave rise to epidemiological studies, which were carried out mostly in the 
Adriatic area [99-101] and in the Eastern Mediterranean region [102]. In the Northern Adriatic during 
1983 67 subjects suffered from jellyfish stings with pain, swelling and erythema along the littoral of 
Portorož (Slovenia); most of injuries were local, on arms and chest, and limited to small areas and 
systemic reactions were observed in three cases [99]. In the zone of Trieste (Italy) from 1978 to 1983 
127 subjects come into contact with Pelagia noctiluca and suffered from skin and systemic injuries 
mainly with local symptoms; only five cases, whose atopy was ascertained through family and 
personal history, had more severe general symptoms [103]. In Pula (Croatia) 52% of bathers were 
stung by jellyfish during summer 1978, some of them several times [100, 101]. In Greek waters 762 
subjects, mainly adults, required medical advice from 1981 to 1984, particularly in July and August 
during the swimming period;  82.8% of the cases were observed in the coastal area of Attica and most 
of them (92.3%) suffered local symptoms (redness, pain, itching, burning, vesicles), 7.7% had general 
symptoms (dizziness, vomiting, fall of blood pressure and diarrhea, one case shock) [102]. On the 
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whole in Adriatic coastal zones bathing was significantly influenced by the bloom [101]. Otherwise, a 
scarce incidence of dermatitis caused by Pelagia noctiluca was emphasized in the Ligurian region 
where the observed cases were of scarce clinical relevance: the available data, concerning only stung 
children from 1984 to 1989 indicate only 20 cases were observed and none of them was hospitalized 
[40, 104].  
 
Nematocyst Isolation and Toxicity of the Venom 
  

The problem of the separation of nematocysts from tissue material has been dealt with by several 
scientists. As already reported for other Cnidaria [72, 104-110], in the case of Pelagia noctiluca the 
toxicity is not exclusively due to nematocysts, but is also ascribable to tissue components [111].   
 An attempt to obtain pure suspensions of nematocysts from Pelagia noctiluca was made by soaking 
of tissues in distilled water and subsequent centrifugations in saccarose solution at 4°C with 
lyophylisation of the obtained undischarged nematocysts which can thus maintain their discharging 
capacity when put at room temperature [112].  
 Recent laboratory data showed the nematocysts of Pelagia noctiluca can be separated by 
centrifugation using the discontinuous density gradient of Percoll [59]. Furthermore, nematocysts were 
recently isolated by chemical (treating them with SCN-) and physical methods (heat dissociation), and 
it was observed that heat dissociation promotes the release of nematocysts from tissues, but causes 
damage of nematocytes, so, it is scarcely useful; on the other hand, treatment of tentacles with SCN- 
yields 90% of intact nematocytes [113]. In addition, the preservation of the nematocysts of Pelagia 
noctiluca depends on maintenance method and particularly on temperature (freezing) and pH (neutral 
values are optimal) [114].  
 In other studies the nematocysts from marginal tentacles of Pelagia noctiluca were isolated and 
partially purified; then lyophilised fractions of homogenate preparations of nematocysts were 
fractionated on Sephadex G-75 columns, the molecular weight was determined and fractions were 
tested to evaluate the effect on heart activity of rats and on neuromuscular activity of frogs. The results 
showed an evident toxic activity of unfractioned pools on neuromuscular synapses and less myocardial 
effects with only few variations of cardiac frequency [72]. 
 Preparations of intact nematocysts were tested on hairless mice and on human skin to evaluate their 
irritant effects: mice were seen to develop erytema and papules after contact with the preparation; 
intradermal injection produced erytema, oedema, leukocyte infiltrate and nodular lesions with central 
necrosis [115]. On human skin the most irritant effects were obtained with the scratch test which 
showed the occurrence of erytema after 30 minutes accompanied by pruritus in less than 50% of cases; 
these symptoms decreased progressively after 48 and 72 hours [90]. 
 A partial purification of a cardiotoxin in crude Pelagia venom was obtained using anti-Chrysaora 
or anti-Physalia monoclonal antibody–Sepharose columns. In these experiments protein bands with 
molecular weights of 54,000, 92,000, 130,000 and 150,000 were revealed and was also reported that 
both crude and partially purified Pelagia venom contained active fractions against cultured chick 
embryo cardiocytes [116]. 



Mar. Drugs 2008, 6                                        
 

 

503

 The venom of Pelagia noctiluca is of protein nature and contains peptides; it is antigenic and 
possesses dermonecrotic and hemolytic properties; electrophoretical analyses recognized eight 
different fractions, distinguished by molecular mass [101].  
 The capsule fluid and the capsule wall of the nematocysts of Pelagia noctiluca were widely studied 
from the point of view of their protein content: it was observed that in both structures glutamic acid is 
the most frequent aminoacid (80% in the proteins of the capsule fluid and 90% in that of the capsule 
wall); these glutamate-rich proteins are probably stabilized by Ca2+; discharging agents (lyotropic 
anions, proteolytic enzymes, Ca2+ chelating agents) could act on capsule wall proteins inducing their 
conformational change [117]. 
 As referred above, a cross-reactivity between Pelagia venom and monoclonal antibodies to 
Physalia and Chrysaora venoms [116] was reported; this aspect was clinically verified by the release 
of histamine after exposure to Chrysaora venom by basophils from a patient who had clinical 
anaphylaxis after a Pelagia sting [96]. So, also clinical evidences could demonstrate the cross-
reactivity between the venoms of these jellyfish; Pelagia venom has got more antigenic potential for 
man than several other jellyfish venoms [69]. 
 The cytotoxic properties of Pelagia noctiluca crude venom have been experimentally assessed by 
short-term [111] and long-term [104] tests on cultured cells by trypan blue dye exclusion, neutral red, 
colony forming efficiency and genotoxicity assay. Crude P. noctiluca venom highly affected cultured 
cells, producing severe survival decrease but, despite its well-known in vivo irritating properties, it 
showed lower effects in comparison to that evidenced by venoms of other jellyfish and anemones 
apparently less venomous in vivo [107-110]. Anyhow, the venom of Pelagia noctiluca showed 
remarkable cytotoxicity, and killed all treated cells at highest tested concentration within two hours. 
The protein nature of venom [96] was further confirmed by the absence of effects on DNA of treated 
cells [111]. Pelagia noctiluca venom caused also an increase of ATP levels in treated cells within 1 
hour of treatment and a following moderate decrease [111]; this is a strange behaviour, because in 
general toxicity studies record decrease of ATP in stress-exposed cells [118, 119] and organisms [120]. 
Also long term cell proliferation tests showed that the venom of Pelagia noctiluca has less effect on 
cells than venom of other jellyfish [104]. 
 The hemolytic properties of the crude venom of Pelagia noctiluca were recently assessed on fish, 
chicken, rabbit and human erythrocytes; results showed a significant hemolysis of chicken and rabbit 
erythrocytes and a good resistance of fish ones. It was also observed that crude venom maintains its 
hemolytic properties even after freezing at –20°C and –80°C and lyophilization [121].  
  
Conclusions 
 
Distribution and bloom  
  

A satisfactory explanation of the bloom of Pelagia noctiluca in the Mediterranean, and partly in 
Atlantic waters has not been provided, even though several causes have been indicated as responsible 
of the phenomenon; a number of scientists have supposed that it could be the result of natural cyclic 
fluctuations, already described in several species, correlated with environmental or trophic factors [23, 
28, 36, 41, 42, 46]. On the other hand, lack of alteration in lipid content of jellyfish during [57] and 
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after the bloom also prevented scientists from hypothesizing about the implications of food quantity 
and quality in supporting the phenomenon.  
 On the whole, outbreaks of Pelagia noctiluca can have an important ecological impact on plankton 
dynamics and on trophic relationships; this was seen particularly in the Adriatic Sea, where the bloom 
showed its maximum [122]; as a matter of fact, events of massive occurrence of planktonic organisms 
could cause alterations of community structures and functioning as well as lack of biodiversity [123]. 
As Pelagia noctiluca is a top predator and its feeding activity is exerted on several zooplankters, 
including eggs and larvae of nektonic and benthic organisms, this impact could have affected 
remarkably prey populations and consequently caused lower production [122]. In this connection, from 
the biological and ecological point of view the chemical analyses carried out on Pelagia noctiluca 
specimens [62, 64, 65] are important in order to evaluate the transfer of energy to high trophic levels as 
well as the amount of C and N available for microorganisms in consequence of the decomposition, 
which becomes more intense during outbreaks. 
 
Nematocyst morphology and discharge 
  

The nematocysts of Pelagia noctiluca can be found on the umbrella, oral arms and tentacles; they 
have been classified into five morphological types [68, 72] and recently they were separated into three 
groups [59]. It is known that the activation of nematocysts is calcium dependent and discharge is 
promoted by anions [75] and inhibited by lantanium and gadolinium [79]. Furthermore, the venom of 
this jellyfish is cytotoxic [111] and studies performed on cell cultures, that are an efficient alternative 
method to the utilization of living organisms, showed also cell growth decrease after treatment.  
 At a cellular level it was suggested that Cnidarian venoms affect the plasmalemma by binding to 
membrane phospholipids and increasing permeability with consequent water uptake and damage of 
external and intracellular membranes [124]; the phospholipase activity of Cnidarian venoms, which 
affects cell membrane permeability and ion exchange, was also suggested [125-127]. 
 
Toxicity and epidemiology 
  

Pelagia noctiluca has not caused human fatalities, but in spite of this it can be a nuisance and a 
health and economical problem when it appears in huge numbers during outbreaks. As a matter of fact, 
the contact with all body portions – bell, tentacles and oral arms – causes in humans local pain, 
burning, swelling, hyperpigmentation and other local symptoms; repeated contacts with this jellyfish 
can produce recurrent skin eruptions, which were also observed without further stingings.  
 During the bloom the epidemiological studies on Pelagia noctiluca stings were carried out mostly 
both in Italian and Croatian Adriatic localities [99-101] owing to the high impact on bathers and 
fishermen in these zones, while data from other Mediterranean regions are sporadic [40, 102, 104]. On 
the whole, data concerning the impact on human health are scarce and not many subjects come under 
medical observation, even though presumptively several cases have not been seen in medical first-aid 
stations. 
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Lack of knowledge 
  

A lot remains unknown, both about the ecology and toxicity of Pelagia noctiluca and several 
aspects remain to be clarified to explain its complex biological and ecological role in the marine 
environment.  The causes and the dynamics of blooms in relation to the variations of environmental 
factors, to climate and to man-caused changes are to date greatly unknown; in this connection, the 
alterations induced on marine food chains [51] and the consequences of CO2 rising on pH of oceans, 
which was seen to be correlated with jellyfish frequency [52], are stimulating research subjects.  
 From the toxicological point of view, further research is also required to better separate the 
nematocyst content from tissue components of Pelagia noctiluca, in order to characterize the toxic 
compounds which produce the clinical symptoms and the observed cytotoxicity in vitro. It should be 
also important to explain how venom acts against cells and to clarify the  mechanisms which damage 
biomembranes and alter membrane permeability. 

Finally, as several substances extracted from marine organisms have bioactive and pharmacological 
properties it should be interesting and useful to know if compounds with such characteristics occur in 
Pelagia noctiluca too. 
 
References and Notes 
 
1.  Tibballs, J. Australian venomous jellyfish, envenomation syndromes, toxins and therapy. Toxicon 

2006, 48, 830–859. 
2.  Franc, A. Classe des Scyphomeduses (Scyphozoa Goette, 1887) (=Acraspeda Gegenbaur, 1856). 

In: Traité de Zoologie. Anatomie, Systematique, Biologie. Publié sous la direction de Pierre-P. 
Grassé. Tome III. Cnidaires, Cténaires. Fascicule 2. Sous la direction de Dominique Doumenc. 
Masson, Paris: 1993, 596-884. 

3.  Franqueville, C. Macroplacton profond (Invertébrés) de la Méditerranée nord-occidentale. Tethys 
1971, 3, 11-55. 

4.  Punzo, F. The pH of body fluids from marine intertidal invertebrates. J. Exp. Mar. Biol. Ecol. 
1977, 30, 327-331. 

5.  Bedry, R.; Pillet, O.; Rivet, P.; Ha, D.; Favarel-Garrigues, J.C.. Épidémiologie  des agressions par 
animaux venimeux marins sur le littoral Atlantique sud pendant la période estivale 1996. Réan. 
Urg. 1998, 7, 375-380. 

6.  Russell, F.S. The Medusae of the British Isles. II. Pelagic Scyphozoa with a supplement to the first 
volume on Hydromedusae. Cambridge University Press: Cambridge, UK, 1970. 

7.  Van der Baan, S.M. Pelagia noctiluca (Forskål) collected off the Dutch coast. Neth. J. Sea Res. 
1967, 3, 601-604. 

8.  Van der Baan, S. M. Second note on the occurrence of Stomatopod larvae in the North Sea near 
the lightship "texel". Neth. J. Sea Res. 1969, 4, 350-353. 

9.  Minchin, D. Tar pellets and plastics as attachment surfaces for lepadid cirripedes in the North 
Atlantic Ocean. Mar. Poll. Bull. 1996, 32, 855-859. 



Mar. Drugs 2008, 6                                        
 

 

506

10.  Hosia, A.; Stemmann, L.; Youngbluth, M. Distribution of net-collected planktonic cnidarians 
along the northern Mid-Atlantic Ridge and their associations with the main water masses. Deep-
Sea Res. 2008, 55, 106–118. 

11.  Hay, S.J.; Hislop, J.R.G.; Shanks, A.M. North Sea Scyphomedusae; summer distribution, 
estimated biomass and significance particularly for 0-group gadoid fish. Neth. J. Sea Res. 1990, 
25, 113-130. 

12.  Riedl, R. Fauna e flora del Mediterraneo. F. Muzzio Editore: Padova, Italia, 1991. 
13. Daly Yahia, M.N.; Goy, J.; Daly Yahia-Kéfi, O. Distribution and ecology of medusae and 

Scyphomedusae (Cnidaria) in Tunis Gulf (SW Mediterranean). Oceanologica Acta 2003, 26, 645–
655. 

14.  Hamza, A. Sur la prolifération des méduses sur certaines côtes Tunisiennes. Rapp. Doc. Inst. Nat. 
Sc. Tech. Océanogr. Pêche Salambô 1990, 3, 1–9. 

15.  Chakroun, F.; Alaoui-Bejaoui, N. Invasion d’Aurelia aurita (Cnidaria, Scyphomedusa) dans le lac 
de Bizerte (Tunisie) au cours de l’été 1994. Ann. Inst. Océanogr. Paris 1995, 71, 11–13. 

16.  Ranson, G. Quelques observations sur le plankton et liste des méduses recueillies par «la tanche» 
pendant la croisière de 1924. Bull. Mus. Nat. Hist. Nat. 1925, 31, 379–382. 

17.  Workshop on Jellyfish Blooms in the Mediterranean, Athens, 31 October - 4 November 1983, 
UNEP: Athens, 1984. 

18.  UNEP. Jellyfish blooms in the Mediterranean, Proceedings of the II Workshop on Jellyfish in the 
Mediterranean Sea. MAP Technical Reports Series, No.47, UNEP, Athens, 1991. 

19.  Dowidar, N.M. Medusae of the Egyptian Mediterranean waters. In Workshop on Jellyfish Blooms 
in the Mediterranean, Athens, Greece, 31 October - 4 November, 1983; UNEP: Athens, 1984; pp. 
9-16.  

20.  Piccinetti Manfrin, G.; Piccinetti, C. Distribution de Pelagia noctiluca (Forskål) en Méditerranée 
dans l'été 1983. In Workshop on Jellyfish Blooms in the Mediterranean, Athens, Greece, 31 
October - 4 November, 1983; UNEP: Athens, 1984; pp. 25-32. 

21.  Bingel, F. Occurrence of jellyfish at the Black Sea- Marmara junctions of the Bosphorus. In 
Jellyfish blooms in the Mediterranean. Proceedings of the II Workshop on Jellyfish in the 
Mediterranean Sea. MAP Technical Reports Series, No.47. UNEP: Athens, 1991; pp. 58-64. 

22.  Bingel, F.; Avsar, D.; Gucu, A.C. Occurrence of jellyfish in Mersin Bay. In Jellyfish blooms in the 
Mediterranean. Proceedings of the II Workshop on Jellyfish in the Mediterranean Sea. MAP 
Technical Reports Series, No. 47. UNEP: Athens, 1991; pp. 65-71. 

23.  Lakkis, S. Aggregations of the Scyphomedusa Rhizostoma pulmo in the Lebanese coastal waters 
during the summer 1986. In Jellyfish blooms in the Mediterranean, Proceedings of the II 
Workshop on Jellyfish in the Mediterranean Sea. MAP Technical Reports Series, n. 47. UNEP: 
Athens, 1991; pp. 119-127. 

24.  Galil, B.S.; Spanier, E. The Scyphomedusae off the Mediterranean Coast of Israel. Rapp. Comm. 
Int. Mer Médit. 1990, 32, 22. 

25.  Galil, B.S.; Spanier, E.; Ferguson, W.W. The Scyphomedusae of the Mediterranean coast of 
Israel, including two Lessepsian migrants new to the Mediterranean. Zool. Meded. 1990, 64, 95-
105. 



Mar. Drugs 2008, 6                                        
 

 

507

26.  Axiak, V.; Galea, C.; Schembri, P.J. Coastal aggregations of the jellyfish Pelagia noctiluca 
(Scyphozoa) in the Maltese coastal waters during 1980-1986. In Jellyfish blooms in the 
Mediterranean, Proceedings of the II Workshop on Jellyfish in the Mediterranean Sea. MAP 
Technical Reports Series, No.47. UNEP: Athens, 1991; pp. 32-40. 

27.  Benovic, A. Appearance of the jellyfish Pelagia noctiluca in the Adriatic Sea during the summer 
season of 1983. In Workshop on Jellyfish Blooms in the Mediterranean, Athens, Greece, 31 
October - 4 November 1983; UNEP: Athens, 1984; pp. 3-8. 

28.  Zavodnik, D. Occurrences of Pelagia noctiluca in North Adriatic coastal areas. In Jellyfish blooms 
in the Mediterranean, Proceedings of the II Workshop on Jellyfish in the Mediterranean Sea. MAP 
Technical Reports Series, No. 47. UNEP: Athens, 1991; pp. 202-211. 

29.  Rottini Sandrini, L.; Stravisi, F. Preliminary report on the occurrence of Pelagia noctiluca 
(Semaeostomeae, Pelagiidae) in Northern Adriatic. Rapp. Comm. Int. Mer Médit. 1981, 27,  147-
148. 

30.  Piccinetti Manfrin, G.; Piccinetti, C. Distribuzione di Pelagia noctiluca in Adriatico dal 1976 al 
1983. Nova Thalassia 1983-84, 6, 51-58. 

31.  Rottini Sandrini, L.; Avian, M.; Franchi, N.; Troian, A.; Vio, E. Le derangement et le dommage 
que les floraisons de méduses causent a la pêche. In Workshop on Jellyfish Blooms in the 
Mediterranean, Athens, Greece, 31 October - 4 November, 1983; UNEP: Athens, 1984; pp. 35-44. 

32.  Piccinetti, C.; Piccinetti Manfrin, G., Fiorentini, M. Observations ulterieures sur la dynamique de 
Pelagia noctiluca.  In Jellyfish blooms in the Mediterranean, Proceedings of the II Workshop on 
Jellyfish in the Mediterranean Sea. MAP Technical Reports Series, No. 47. UNEP: Athens, 1991; 
pp. 141-146. 

33.  Rottini Sandrini. L. Effect of water temperature on the motility of Pelagia noctluca (Forskål). 
Experientia, 1982, 38, 453-454. 

34.  Tegaccia, N.; Tegaccia, T. Condizioni idrologiche collegate alla presenza di Pelagia noctiluca in 
Adriatico. Nova Thalassia, 1983-84, 6, 59-64. 

35.  Zavodnik, D. Spatial aggregations of the swarming jellyfish Pelagia noctiluca (Scyphozoa). Mar. 
Biol., 1987, 94, 265-269. 

36.  Balestra, V.; Carli, A.; Cotta, S.; Mariottini, G.L.; Pane, L. The jellyfish bloom in the Ligurian Sea 
(1984-1988). Biological and statistical evaluations. Boll. Soc. It. Biol. Sper. 1991, 67, 893-900. 

37. Bernard, P. Note sur l'invasion de la méduse Pelagia noctiluca sur la Riviera Française durant l'été 
1982. In Workshop on Jellyfish Blooms in the Mediterranean, Athens, Greece, 31 October - 4 
November 1983; UNEP: Athens, 1984; pp. 17. 

38.  Bernard, P. Recapitulation des resultats de la surveillance des proliferations de meduses sur les 
cotes mediterraneennes Françaises durant l'été 1987. In Jellyfish blooms in the Mediterranean. 
Proceedings of the II Workshop on Jellyfish in the Mediterranean Sea. MAP Technical Reports 
Series, No. 47. UNEP: Athens, 1991; pp. 51-57. 

39.  Carli, A. Macroplanktonic jellyfish in the Ligurian Sea (1984-1986). Monitoring and biological 
characteristics. In Jellyfish blooms in the Mediterranean, Proceedings of the II Workshop on 
Jellyfish in the Mediterranean Sea. MAP Technical Reports Series, No. 47. UNEP: Athens, 1991; 
pp. 77-81. 



Mar. Drugs 2008, 6                                        
 

 

508

40. Carli, A.; Cotta, S., Mariottini, G.L.; Pane, L. Considerazioni sulla proliferazione di Cnidari 
planctonici nel Mar Ligure. Meditravel 1991, 0, 112-120. 

41.  Goy, J. Les concentrations de méduses en Mer Ligure. In Workshop on Jellyfish Blooms in the 
Mediterranean, Athens, Greece, 31 October - 4 November, 1983; UNEP: Athens, 1984; pp. 109-
120. 

42.  Goy, J.; Morand, P.; Dallot, S. Dynamique d'une population de Pelagia noctiluca (Cnidaria, 
Scyphozoa) en Mer Ligure. In Jellyfish blooms in the Mediterranean. Proceedings of the II 
Workshop on Jellyfish in the Mediterranean Sea. MAP Technical Reports Series, No. 47. UNEP: 
Athens, 1991; pp. 112-118. 

43.  Carli, A.; Aste, A.; Balestra, V.; Pane L.. Presenza di meduse nella Baia di Spotorno (Mar Ligure). 
Nova Thalassia 1985, 7, 151-155. 

44.  Goy, J.; Morand, P.; Etienne, M. Long-term fluctuations of Pelagia noctiluca (Cnidaria, 
Scyphomedusa) in the western Mediterranean Sea. Prediction by climatic variables. Deep-Sea Res. 
1989, 36, 269-279. 

45.  Catalano, G.; Avian, M.; Zanelli. R. Influence of salinity on the behaviour of Pelagia noctiluca 
(Forskål) (Scyphozoa, Semaeostomeae). Oebalia 1985, 11, 169-179. 

46.  Vucetic, T. Some causes of the blooms and unusual distribution of the jellyfish Pelagia noctiluca 
in the Mediterranean (Adriatic). In Workshop on Jellyfish Blooms in the Mediterranean, Athens, 
31 October - 4 November 1983; UNEP: Athens, 1984; pp. 167-176. 

47. Bingel, F. On the occurrence of jellyfish on the eastern Mediterranean coast of Turkey. In 
Workshop on Jellyfish Blooms in the Mediterranean, Athens, 31 October - 4 November 1983; 
UNEP, Athens, 1984; pp. 19-24. 

48.  Wilkerson, F.P.; Dugdale, R.C. Possible connections between sewage effluent, nutrient levels and 
jellyfish blooms. Workshop on Jellyfish Blooms in the Mediterranean, Athens, 31 October - 4 
November 1983; UNEP: Athens, 1984; pp. 195-201. 

49.  Stebbing, A.R.D. The stimulation of reproduction in Coelenterates by low levels of toxic stress. 
UNEP: Jellyfish blooms in the Mediterranean. In Proceedings of the II Workshop on Jellyfish in 
the Mediterranean Sea. MAP Technical Reports Series, No. 47. UNEP: Athens, 1991; pp. 298-
301. 

50.  Boero, F. Contribution to the understanding of blooms in the marine environment. UNEP: 
Jellyfish blooms in the Mediterranean. In Proceedings of the II Workshop on Jellyfish in the 
Mediterranean Sea. MAP Technical Reports Series, No. 47. UNEP, Athens, 1991: pp. 72-76. 

51.  Mills, C.E. Jellyfish blooms: are populations increasing globally in response to changing ocean 
conditions? Hydrobiologia 2001, 451, 55-68. 

52.  Attrill, M.J.; Wright, J.; Edwards, M. Climate-related increases in jellyfish frequency suggest a 
more gelatinous future for the North Sea. Limnol. Oceanogr. 2007, 52, 480-485. 

53.  Rottini Sandrini, L.; Avian, M.; Axiak, V.; Malej, A. The breeding period of Pelagia noctiluca 
(Scyphozoa, Semaeostomeae) in the Adriatic and central Mediterranean Sea. Nova Thalassia  
1983-84, 6, 65-75. 

54.  Giorgi, R.; Avian, M.; De Olazabal, S.; Rottini Sandrini, L. Feeding of Pelagia noctiluca in open 
sea. UNEP: Jellyfish blooms in the Mediterranean. In Proceedings of the II Workshop on Jellyfish 



Mar. Drugs 2008, 6                                        
 

 

509

in the Mediterranean Sea. MAP Technical Reports Series, n. 47. UNEP: Athens, 1991; pp. 102-
111. 

55.  Malej, A. Behaviour and trophic ecology of the jellyfish Pelagia noctiluca (Forsskål, 1775). J. 
Exp. Mar. Biol. Ecol. 1989, 126, 259-270. 

56.  Mastronicolis, S.K.; Miniadis, S.; Nakhel, I.; Smirniotopoulou, A. Biochemical and ecological 
research on jellyfish and other organisms in the Mediterranean Sea. UNEP: Jellyfish blooms in the 
Mediterranean. In Proceedings of the II Workshop on Jellyfish in the Mediterranean Sea. MAP 
Technical Reports Series, No. 47. UNEP: Athens, 1991; pp. 268-282. 

57.  Carli, A.; Pane, L.; Valente, T.; Cotta, S. Lipid and protein content of jellyfish from the Ligurian 
Sea. First results. UNEP, Jellyfish blooms in the Mediterranean, Proceedings of the II Workshop 
on Jellyfish in the Mediterranean Sea. MAP Technical Reports Series, No.47, UNEP, Athens, 
1991; pp. 236-240. 

58.  Malej A. Rates of metabolism of jellyfish as related to body weight, chemical composition and 
temperature. UNEP: Jellyfish blooms in the Mediterranean, Proceedings of the II Workshop on 
Jellyfish in the Mediterranean Sea. MAP Technical Reports Series, n.47, UNEP, Athens, 1991; pp. 
253-259. 

59.  Marchini, B.; De Nuccio, L.; Mazzei, M.; Mariottini, G.L. A fast centrifuge method for 
nematocysts isolation from Pelagia noctiluca Forskål (Scyphozoa). Riv. Biol. - Biol. Forum 2004, 
97, 505-516. 

60.  Cimino, G.; Alfa, M.; La Spada, G. Trace elements in tentacles from the jellyfish Pelagia 
noctiluca. Mar. Poll. Bull. 1983, 14, 197-198. 

61.  Romeo, M.; Gnassia-Barelli, M.; Carré, C. Trace metals: Cd, Cu, Pb and Zn in gelatinous 
macroplankton from the Northwestern Mediterranean. Water Res., 1987, 21, 1287-1292. 

62.  Gorsky, G.; Dallot, S.; Sardou, J.; Fenaux, R.; Carré, C.; Palazzoni, I. C and N composition of 
some northwestern Mediterranean zooplankton and micronekton species. J. Exp. Mar. Biol. Ecol. 
1988, 124, 133-144. 

63.  Malej, A. Productional and biochemical characteristics of the net-zooplankton in the northern 
Adriatic. Ph.D. Thesis, University of Zagreb, 1984. 

64. Faganeli, J.; Vukovič, A.; Saleh, F.I.; Pezdič, J. C:N:P ratios and stable carbon and hydrogen 
isotopes in the benthic marine algae, Ulva rigida C. Ag. and Fucus virsoides J. Ag . J. Exp. Mar. 
Biol. Ecol. 1986, 102, 153-166. 

65. Kariotoglou, D.M.; Mastronicolis, S.K. Sphingophosphonolipid molecular species from edible 
mollusks and a jellyfish. Comp. Biochem. Physiol. B 2003, 136, 27–44. 

66.  Krasinska, S. Beiträge zur histologie der medusen. Z. Wiss. Zool. 1914, 109, 356-348. (in Avian et 
al., 1991). 

67.  Weill, R. Contribution a l’étude des Cnidaires et de leurs némaocystes. Trav. Stn. Zool., Wimereux 
1934, 10, 1-347; 11, 349-701. 

68.  Avian, M.; Del Negro, P.; Rottini Sandrini, L. A comparative analysis of nematocysts in Pelagia 
noctiluca and Rhizostoma pulmo from the North Adriatic Sea. Hydrobiologia 1991, 216/217, 615-
621. 

69.  Burnett, J.W.; Calton, G.J. Venomous pelagic Coelenterates: chemistry, toxicology, immunology 
and treatment of their stings. Toxicon 1987, 25, 581-602. 



Mar. Drugs 2008, 6                                        
 

 

510

70.  Peach, M.B.; Pitt, K.A. Morphology of the nematocysts of the medusae of two scyphozoans, 
Catostylus mosaicus and Phyllorhiza punctata (Rhizostomeae): implications for capture of prey. 
Invertebr. Biol. 2005, 124, 98-108. 

71.  Mariscal, R.N. Nematocysts. In: Coelenterate Biology. L. Muscatine, H.M. Lenhoff, Eds. 
Academic Press Inc.: New York, 1974, pp. 129-178. 

72.  Quadrifoglio, F.; Avian, M.; Del Negro, P.; Princi, T.; Scuka, M.; Gavinelli, E.; Rottini Sandrini, 
L. Nematocisti e tossine di Pelagia noctiluca (Forskål). Nova Thalassia 1986, 8, 155-162. 

73.  Queruel, P.; Bernard, P.; Goy, J.; Dantzer, E. Envenimations par la méduse Pelagia noctiluca sur 
nos côtes méditerranéennes. Presse Méd. 2000, 29, 188. 

74.  Salleo, A.; La Spada, G.; Alfa M. Blockage of trypsin-induced discharge of nematocysts of 
Pelagia noctiluca by Ca2+. Mol. Physiol. 1983, 3, 89-97. 

75.  Salleo, A.; La Spada, G.; Falzea, G.; Denaro, N.G. Discharging effects of anions and inhibitory 
effect of divalent cations on isolated nematocysts of Pelagia noctiluca. Mol. Physiol. 1984, 5, 25-
34. 

76.  Fenner, P.J.; Fitzpatrick, P.F. Experiments with the nematocysts of Cyanea capillata. Med. J. 
Aust. 1986, 145, 174. 

77.  Santoro, G.; Salleo, A.. Cell-to-cell transmission in the activation of in situ nematocytes in acontia 
of Calliactis parasitica. Experientia 1991, 47, 701-703. 

78.  Santoro, G.; Salleo, A. The discharge of in situ nematocysts of the acontia of Aiptasia mutabilis  is 
a Ca2+-induced response. J. Exp. Biol. 1991, 156, 173-185. 

79.  Salleo, A.; La Spada, G.; Barbera, R. Gadolinium is a powerful blocker of the activation of 
nematocysts of Pelagia noctiluca. J. Exp. Biol. 1994, 187, 201–206. 

80.  Salleo, A.; La Spada, G.; Falzea, G.; Denaro, M.G. pH-induced collapse of the capsular wall in 
isolated nematocysts of Pelagia noctiluca. Cell. Mol. Biol. 1984, 30, 91-94. 

81.  Salleo, A.;  La Spada, G.; Falzea, G.; Denaro, M.G. Discharging effectiveness of lyotropic anions 
on nematocysts of Pelagia noctiluca. Mol. Physiol. 1984, 6, 19-26. 

82.  Salleo, A.; La Spada, G.; Denaro, M.G.; Falzea, G. Effects produced by SCN- and  thioglycolate 
on isolated nematocysts of Pelagia noctiluca. Cell. Mol. Biol. 1986, 32, 661-666. 

83.  Burnett, J.W.; Calton, G.J.; Burnett, H.W. Jellyfish envenomation syndromes. J. Am. Acad. 
Dermatol. 1986, 14, 100-106. 

84.  Stein, M.R.; Marraccini, J.V.; Rotschild, N.E. Fatal Portuguese man-o’-war (Physalia physalis) 
envenomations. Ann. Emerg. Med. 1989, 18, 312-315. 

85.  Burnett, J.W., Calton, G.J.; Burnett, H.W.; Mandojana, R.M. Local and systemic reactions from 
jellyfish stings. Clin. Dermatol. 1987, 5, 14-28. 

86.  Peel, N.; Kandler, R. Localised neuropathy following jellyfish sting. Postgrad. Med. J. 1990, 66, 
953-954. 

87.  Laing, J.H.E.; Harrison, D.H. Envenomation by the box-jellyfish – an unusual cause of ulnar nerve 
paisy. J. Roy. Soc. Med. 1991, 84, 115-116.  

88.  Filling-Katz, M.R. Mononeuritis multiplex following jellyfish stings. Ann. Neurol. 1984, 15, 213. 
89.  Pang, K.A.; Schwartz, M.S. Guillain-Barré syndrome following jellyfish stings (Pelagia 

noctiluca). J. Neurol. Neurosurg. Psychiat. 1993, 56, 1133-1137. 



Mar. Drugs 2008, 6                                        
 

 

511

90.  Scarpa, C.; Kokelj, F.; Del Negro, P.; Tubaro, A. Valutazione dell’effetto irritante sulla cute 
umana di una preparazione di nematocisti di Pelagia noctiluca. Ann. It. Derm. Clin. Sper. 1987, 
41, 337-341. 

91.  Kokelj, F.; Burnett, J.W. Reazioni inusuali indotte dal contatto con la medusa Pelagia noctiluca. 
Giorn. It. Derm. Ven. 1988, 123, 501-503. 

92.  Kokelj, F.; Burnett, J.W. Treatment of a pigmented lesion induced by a Pelagia noctiluca sting. 
Cutis, 1990, 46, 62-64. 

93.  Auerbach, P.S. Envenomations from jellyfish and related species. J.Emerg. Nurs. 1997, 23, 555-
568. 

94.  Williamson, J.A. Some Australian marine Stings Envenomations and Poisonings. Surf Life Saving 
Association of Australia: Brisbane, 1981. 

95.  Burnett, J.W.; Cobbs, C.S.; Kelman, S.N.; Calton, G.J. Studies on the serologic response to 
jellyfish envenomation. J. Am. Acad. Dermatol. 1983, 9, 229-231. 

96.  Togias, A.G.; Burnett, J.W.; Kagey-Sobotka, A.; Lichtenstein L.M. Anaphylaxis after contact 
with a jellyfish. J. Allergy Clin. Immunol. 1985, 75, 672-675. 

97.  Månsson, T.; Randle, H.W.; Mandojana, R.M.; Calton, G.J.; Burnett, J.W. Recurrent cutaneous 
jellyfish eruptions without envenomation. Acta Derm. Venereol. (Stockholm.) 1985, 65, 72-75. 

98.  Russo, A.J.; Calton, G.J.; Burnett, J.W. The relationship of the possible allergic response to 
jellyfish envenomation and serum antibody titers. Toxicon 1983, 21, 475-480. 

99.  Malej, A.; Vukovic, A. Some data on the occurrence and biology of the Scyphomedusa Pelagia 
noctiluca in the Gulf of Trieste, and the impact of jellyfish swarming on human activities. In 
Workshop on Jellyfish Blooms in the Mediterranean, Athens, 31 October - 4 November 1983. 
UNEP: Athens, 1984; pp. 89-94. 

100.  Maretic, Z. The bloom of jellyfish Pelagia noctiluca along the coasts of Pula and Istria 1977-
1983, with special reference to epidemiology, clinics and treatment. In Workshop on Jellyfish 
Blooms in the Mediterranean, Athens, 31 October - 4 November 1983. UNEP: Athens, 1984; pp. 
83-87. 

101. Maretic, Z.; Matic-Piantanida, D.; Ladavac, J. The bloom of the jellyfish Pelagia noctiluca in the 
Mediterranean and Adriatic and its impact on human health. In Jellyfish blooms in the 
Mediterranean, Proceedings of the II Workshop on Jellyfish in the Mediterranean Sea. MAP 
Technical Reports Series, No. 47. UNEP: Athens, 1991; pp. 260-267. 

102. Vlachos, P.; Kontos, P. Epidemiology and therapeutic methods of "jellyfish" poisoning in 
Greece.  In Jellyfish blooms in the Mediterranean, Proceedings of the II Workshop on Jellyfish in 
the Mediterranean Sea. MAP Technical Reports Series, No.47. UNEP: Athens, 1991; pp. 302-
308. 

103.  Scarpa, C. On skin injuries provoked by Coelenterata and Echinodermata. In Workshop on 
Jellyfish Blooms in the Mediterranean, Athens, 31 October - 4 November 1983. UNEP: Athens, 
1984; pp. 95-97. 

104.  Carli, A.; Mariottini, G.L.; Pane, L. Ecological and medical aspects of jellyfish poisoning. In 
Epidemiological studies related to the environmental quality criteria for bathing waters, 
shellfish-growing waters and edible marine organisms. MAP Tech. Rep. Ser. 1995, No. 93. 
UNEP: Athens, Greece, 1995; pp. 1-21. 



Mar. Drugs 2008, 6                                        
 

 

512

105. Endean, R.; Noble, M. Toxic material from the tentacles of the cubomedusan Chironex fleckeri. 
Toxicon 1971, 9, 255-264. 

106. Wittle, L.W.; Scura, E.D.; Middlebrook, R.E. Stinging coral (Millepora tenera) toxin: a 
comparison of crude extracts with isolated nematocyst extracts. Toxicon 1974, 12, 481-486. 

107.  Mariottini, G.L.; Bussotti, S.; Carli, A. Cytotoxic effects produced on a continuous cell line by 
the nematocyst venom of Anemonia sulcata (Cnidaria: Anthozoa). I. Cytotechnology 1993, 11S, 
158-159. 

108.  Carli, A.; Bussotti, S.; Mariottini, G.L.; Robbiano, L. Toxicity of jellyfish and sea-anemone 
venoms on cultured V79 cells. Toxicon 1996, 34, 496-500. 

109.  Mariottini, G.L.; Robbiano, L.; Carli, A. Toxicity of Actinia equina  (Cnidaria: Anthozoa) crude 
venom on cultured cells. J. Biol. Res. - Boll. Soc. It. Biol. Sper. 1998, 74, 103-110. 

110.  Allavena, A.; Mariottini, G.L.; Carli, A.M.; Contini, S.; Martelli, A. In vitro evaluation of the 
cytotoxic, hemolytic and clastogenic activities of Rhizostoma pulmo toxin(s). Toxicon 1998, 36, 
933-936. 

111.  Mariottini, G.L.; Sottofattori, E.; Mazzei, M.; Robbiano, L.; Carli, A. Cytotoxicity of the venom 
of Pelagia noctiluca Forskal (Cnidaria: Scyphozoa). Toxicon 2002, 40, 695-698. 

112.  Del Negro, P.; Tubaro, A.; Della Loggia, R. Isolamento di nematocisti da Pelagia noctiluca. 
Nova Thalassia 1986, 8, 599-600. 

113.  La Spada, G.; Marino, A.; Sorrenti, G. Pelagia noctiluca “blooming” in the Strait of Messina: 
preliminary studies on the applicability of two methods for isolating nematocytes. P.S.Z.N. Mar. 
Ecol. 2002, 23 (suppl.1), 220-227. 

114.  Marino, A.; Crupi, R.; Musci, G.; La Spada, G.. Morphological integrity and toxicological 
properties of Pelagia noctiluca (Scyphozoa) nematocysts. Chem. Ecol. 2006, 22 (suppl.1), S127-
S131. 

115.  Del Negro, P.; Sciancalepore, M.; Mulas, G. Studi preliminari sulla dermotossicità da Pelagia 
noctiluca nell’animale da esperimento. Boll. Accad. Sc. BO, XIV, 1985/86, 147 (in Scarpa et al., 
1987). 

116.  Olson, C.E.; Heard, M.J.; Calton, G.J.; Burnett, J.W. Interrelationships between toxins: Studies 
on cross-reactivity between bacterial or animal toxins and monoclonal antibodies to two jellyfish 
venoms. Toxicon 1985, 23, 307-316. 

117.  Salleo, A.; Calabrese, L.; Barra, D.; La Spada, G. Characterization of protein components of the 
capsule fluid ad of the capsule wall of the nematocysts of Pelagia noctiluca. Nova Thalassia 
1986, 8, 119-122. 

118.  Önfelt, A. Spindle disturbances in mammalian cells. IV. The action of some glutathione-specific 
agents in V79 Chinese hamster cells, changes in levels of free sulfhydryls and ATP, c-mitosis 
and effects on DNA metabolism. Mutat. Res. 1987, 182, 155-172. 

119.  Miles, P.R.; Bowman, L.; Ma, J.K.H.; Ma, J.Y.C. Alterations in alveolar type II cells 
metabolism induced by Tetrandrine and other alkaloids. Toxicol. Appl. Pharmacol. 1993, 119, 
142-149. 

120.  Antonietti, R. The measure of ATP flows in microbial communities: first results. Verh. Int. 
Verein. Limnol. 1985, 22, 2768-2772. 



Mar. Drugs 2008, 6                                        
 

 

513

121. Marino, A.; Crupi, R.; Rizzo, G.; Morabito, R.; Musci, G.; La Spada G. The unusual toxicity and 
stability properties of crude venom from isolated nematocysts of Pelagia noctiluca. Cell. Mol. 
Biol. 2007, 53, 994-1002. 

122. Boero, F. Adriatic ecological history: a link between jellyfish outbreaks, red tides, mass 
mortalities, overfishing, mucilages, and thaliacean plankton? In CIESM Workshop Series. 14. 
Gelatinous zooplankton outbreaks: theory and practice. Naples (Italy) 29 August – 1 September 
2001; CIESM, Monaco, pp. 55-57. 

123.  Malej, A. Are irregular plankton phenomena getting more frequent in the northern Adriatic Sea? 
CIESM Workshop Series. 14. Gelatinous zooplankton outbreaks: theory and practice. Naples 
(Italy) 29 August – 1 September 2001; CIESM, Monaco, pp. 67-68. 

124.  Batista, U.; Jezernik, K. Morphological changes of V-79 cells after equinatoxin II treatment. Cell 
Biol. Int. Rep. 1992, 16, 115-123. 

125.  Hessinger, D.A.; Lenhoff, H.M. Membrane structure and function. Mechanism of hemolysis 
induced by nematocyst venom: roles of phospholipase A and direct lytic factor. Arch. Biochem. 
Biophys. 1976, 173, 603-613. 

126.  Bernheimer, A.W.; Avigad, L.S. Properties of a toxin from the sea anemone Stoichactis 
helianthus, including specific binding to sphingomyelin. Proc. Natl. Acad. Sci. USA 1976, 73, 
467-471. 

127.  Arillo, A.; Burlando, B.; Carli, A.; Mariottini, G.L. Mitochondrial alteration caused by cnidarian 
toxins: a preliminary study. Boll. Soc. It. Biol. Sper. 1994, 70, 307-313. 

 
© 2008 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland. 
This article is an open-access article distributed under the terms and conditions of the Creative 
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/). 


