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Abstract 

The blooms of Mediterranean jellyfish are becoming increasingly frequent 

causing damage to ecosystems and to human productive activities, on the other 

hand they can represent abundant bio-resources easily accessible to the 

inhabitants of coastal communities. 

The studies presented here aim to the biochemical characterization of the 

biomass of the invasive zooxanthellatae jellyfish Cassiopea andromeda, Forsskål, 

1775 (Cnidaria, Rhizostomeae) collected in the port area of Palermo (Sicily, Italy), 

and on the possible biological activities of some partially purified extracts. 

The first part of the thesis includes the composition analysis and a preliminary 

biochemical characterization of the jellyfish Cassiopea andromeda. Aqueous (PBS) 

and hydroalcoholic (80% ethanol) soluble components were obtained from the 

whole jellyfish and from both oral arms and umbrella. The insoluble components 

were hydrolysed by sequential enzymatic digestion with pepsin and collagenase. 

Both aqueous and hydroalcoholic extracts containing soluble compounds, as well 

as the hydrolysed peptides were biochemically characterized for their proteins 

and phenols contents, and for their antioxidant activity. A notable yield as well 

as a considerable antioxidant activity was detected in almost all assessed samples 

mainly in the extracts containing soluble compounds. The PBS extracts from oral 

arms samples have a higher yield in organic matter and are richer in proteins and 

phenols as compared to the hydroalcoholic extracts, whereas the hydroalcoholic 

extracts, showed a stronger antioxidant activity than aqueous soluble 

compounds. 

The second part of the thesis deepens the study of the hydroalcoholic extracts, 

which show the greatest antioxidant activity and have been further fractionated, 

biochemically characterized and their biological activity has been evaluated on 

different human and murine cancer cell systems. When the hydroalcoholic 

extract was fractionated, the resulting hydrophilic fractions obtained from both 

umbrellas and oral arms samples, resulted to be rich in proteins and phenols, 

with a strong antioxidant activity in oral arms fractions. The potential cytotoxic 

activity of four jellyfish fractions of the hydroalcoholic extract were assayed on 

human breast cancer cells (MCF-7 and MB-MDA-231 cells lines) and on two rat 
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liver epithelial cells, WB-ras and WB-neo cells lines. In order to elucidate the 

action mechanism of the cytotoxicity against cancer cells, the ability of the four 

jellyfish extract fractions to modulate the function of the Gap Junction mediated 

Intercellular Communication (GJIC) was also assessed on both rat liver epithelial 

cell lines, WB-ras and WB-neo cell lines. When administrated on human cancer 

cells, the lipophilic and hydrophilic fractions resulted to strongly reduce the cell 

viability of both MCF-7 and MB-MDA-231 cells lines, with a stronger effect of the 

hydrophilic fractions than the lipophilic ones. As expected, the cytotoxic effect 

was more evident in MCF-7 cells than in the resistant MB-MDA-231 cells, 

however a notable cytotoxic effect was also exerted on the resistant MB-MDA-

231 cell line. 

The cytotoxic effect on cancer cells was also confirmed by assessment of the two 

fractions on rat liver cell lines, the ras-transformed epithelial cells (WB-ras) and 

the normal epithelial cells (WB-neo) where the lipophilic fractions resulted to be 

more cytotoxic than the hydrophilic ones, thus proving the presence of possible 

lipophilic bioactive compounds in jellyfish tissues or in their endosymbiotic 

zooxanthellae. The same fractions have also demonstrated the ability to improve 

GJIC in the non-communicating tumorigenic WB-ras cells and had no effect on 

GJIC in the well-communicating WB-neo cells. 

In conclusion, all the results suggest that the invasive zooxanthellatae Cassiopea 

andromeda jellyfish, like other Mediterranean blooming jellyfish, represent a 

valuable biomass and a sustainable source of compounds with biological activity 

for current and future applications. However, other studies and research will 

lead to a better understanding of the biology and the potential use of the upside-

down Cassiopea andromeda jellyfish. 
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1. Introduction 
1.1. Marine jellyfish biomasses 

In the last decades, an increase of jellyfish “blooms” - the sudden and abnormal 

increase of jellyfish population – has been recorded in most coastal areas of the 

world including the Mediterranean Sea (Roux et al., 2013; Brotz et al., 2012; 

Richardson et al., 2009; Purcell and Benovic, 1999). Although a direct causality 

has not yet been demonstrated, climate change, anthropogenic factors such as 

overfishing, eutrophication, modification of the marine ecosystems, jointly with 

the ability of jellyfish to survive under a wide range of environmental conditions, 

seems related to the increase of jellyfish populations (Boero et al., 2008). 

However, several natural conditions like winds, currents, tidal changes, and 

water parameters can also trigger jellyfish blooms. Several jellyfishes, indeed, are 

positively affected by the increase in temperature that help them to expand their 

habitat (Boero et al., 2016). Jellyfish belongs to the phylum of Cnidaria and their 

blooms are also facilitated by their particular life cycle. In general, Cnidaria have 

two morphotypes, the benthic polyp stage that has the ability to asexually 

produce massive jellyfish populations – the adult pelagic morphotype, sexually 

actives - in a very short time and to survive unfavourable periods at polyp stage. 

These outbreaks periodically become an issue to marine and maritime human 

activities with ecological, economic, and social impacts, including loss of 

biodiversity and biomass (Vilà and Hulme, 2018; Bellard et al., 2016; Gallardo et 

al., 2016; Walsh et al., 2016). 

Although jellyfish have a role in the marine food web as carbon source, however, 

they negatively impact on marine ecosystems being predators of zooplankton. 

Jellyfish populations act indirectly, depleting the resources usually eaten by fish 

larvae and other organisms and, directly by eating fish eggs, larvae and small 

fishes, also due to the large dimensions that some jellyfish species can reach 

(Condon et al., 2011; Arai, 2005; Purcell and Arai, 2001). The major negative 

impacts of jellyfish blooms on human activities relate to damage to aquaculture, 

human well-being, tourism, and damage to industrial facilities and represent a 

multi-billion-euro problem (Bosch-Belmar et al., 2020; Bosch-Belmar et al., 2017; 

Ferguson et al., 2010; Baxter et al., 2011). 



Introduction 

2 
(Back to TOC) 

Considering the Mediterranean Sea, many jellyfish species are able to form 

blooms, such as Pelagia noctiluca, started to be a tourism problem along the beach 

in the early 1980s (CIESM, 2001). The jellyfish Cotylorhiza tuberculata is also a 

Mediterranean species that creates blooms following the rule of “the warmer the 

better” sometime with public distress along the impacted coasts as was showed 

in the coastal lagoon of Mar Menor, Spain (Ruiz et al., 2012). 

Another Mediterranean species with large population fluctuations is the 

Rhizostoma pulmo, which occurs with large blooms along Adriatic and Ionian Seas 

and in other coastal areas of the Mediterranean Sea (Basso et al., 2019). R. pulmo 

specimens can reach dimension up to 60 cm in the umbrella diameter and several 

kg of weight (Lilley et al., 2009). This species causes blooms with more than ten 

specimens per square meter, about 50 thousand specimens per square kilometre 

and with an estimated biomass of about 300 tons per square kilometre (Leone et 

al., 2015). 

Beside the native Mediterranean jellyfish, invasive species are becoming frequent 

in the Mediterranean basin. 

 

1.1.1. Invasive Alien Species 

An aspect connected with the global changes is indeed the transportation of 

organisms across the oceans and the alteration of their marine natural 

distribution (Occhipinti-Ambrogi and Galil, 2010). Invasive Alien Species (IAS) 

are defined as “animals and plants that are introduced accidentally or 

deliberately into a natural environment where they are not normally found, with 

serious negative consequences for their new environment”. Marine ecosystem 

changes as well as anthropogenic changes to the environment lead to the 

introduction of IAS in the Mediterranean Sea, an area where environmental 

phenomena happen more quickly and with more strength than into the Oceans 

(Boero, 2015). It was observed that there are no other seas or areas where marine 

species invasion is not counterbalanced like in the Mediterranean Sea, where 

marine IAS are completely and rapidly replacing their Mediterranean 

counterparts (Galil et al., 2014). Marine invasive alien species can naturally enter 

the Mediterranean basin, facilitated by climate change or through human 

dispersion as ballast water or fouling or even by voluntary introduction thus 
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impacting on the biodiversity (Killi et al., 2020). The IAS represent a real concern 

for the European Union (EU) which has, as a priority target, the reduction of the 

biodiversity decline (EU Regulation 1143/2014 on Invasive Alien Species, 

https://eur-lex.europa.eu/). The core of this regulation is a list of all alien species, 

marine and terrestrial, that represent a concern for Europe 

(https://ec.europa.eu/). The list was established in 2016 and regularly updated 

(last update in 2019). 

Member states or the European commission, indeed, can propose the addition of 

new species to the list based on the evaluation by a scientific panel or an IAS 

committee. So, if the species falls within the criticality criteria, there will be a new 

update of the list of invasive alien species 

(https://ec.europa.eu/environment/nature/invasivealien/). However, many IAS 

are still outside the list since they are still not considered a concern by the EU 

government, nonetheless they may become an issue in the future. This is the case 

of several marine invasive alien species, which are more cryptic, less known, or 

still not considered in the literature or not completely recognized as critical by 

the EU governments. 

A number of alien jellyfish species are already detected. The Atlantic Physalia 

physalis appeared in the Mediterranean Sea in summer 2010 (Prieto et al., 2015) 

as well as the Chrysaora quinquecirrha, able to eat more than one hundred eggs 

and larvae per day (Purcell and Arai, 2001; Purcell et al., 1994). Some of these 

species are able to consistently reach high densities, such as Rhopilema nomadica 

which represent up to 60% of trawl’s by-catch in the Eastern Mediterranean 

coasts (Turan et al., 2011). However, among the Mediterranean invasive jellyfish, 

the most abundant Lessepsian jellyfish are Cotylorhiza erythraea, Marivagia stellata, 

Phyllorhiza punctata, Rhopilema nomadica and the Cassiopea andromeda, some of 

which have not yet been included in the list. 

 

1.1.2. Cassiopea andromeda species 

The benthic scyphozoan Cassiopea andromeda, Forsskål, 1775 (Cnidaria, 

Rhizostomeae) (Fig. 1) also known as the upside-down jellyfish (Galil et al., 2017; 

Galil et al., 1990) is a Mediterranean Lessepsian invasive alien species that is still 

not proposed for the IAS list, because it is not still recognized as an issue by both 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1417443504720&uri=CELEX:32014R1143
https://ec.europa.eu/environment/nature/invasivealien/docs/R_2016_1141_Union-list-2019-consolidation.pdf
https://ec.europa.eu/environment/nature/invasivealien/list/index_en.htm
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the EU governments and scientists, probably due to its low dispersion rate and 

localization in the Mediterranean area and along the Italian coasts (Giakoumi et 

al., 2019). 

 

 
Figure 1. The up-side down Cassiopea andromeda jellyfish © Raimond Spekking / CC BY-SA 4.0 

(via Wikimedia Commons) 

 

Cassiopea andromeda, as jellyfish, belongs to the phylum Cnidaria, that with more 

than 10k species is one of the most ancient animal lineages and includes benthic 

and pelagic individuals that live mostly in the marine environment (Hooper et 

al., 2011; Zhang et al., 2011; Marques and Collins, 2004; Ruppert et al., 2003). 

Despite their size, forms, toxicity and habitat variety, Cnidarians have common 

features: a gastrovascular cavity and a body composed of an ectoderm and 

endoderm layer separated by a mesoglea, a gelatinous matrix that usually 

represent the main tissue of these organisms, and the cnidocytes which represent 

the key feature of the phylum, also giving its name. Cnidocytes (“stinging cells”) 

are specialized cells containing organelle-like structures called cnidocysts or 

nematocysts (stingers). These cells are present around the mouth and along the 
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tentacles, serving to immobilize prey with toxins contained within specialized 

organelles. 

The phylum is subdivided into 4 classes, Hydrozoa, Anthozoa, Cubozoa and 

Scyphozoa with the last one mostly represented by true-jellyfish, individuals 

with a bell-shape “medusoid” called medusae (El-Bawab, 2020). Among the four 

Scyphozoa orders, the Rhizostomeae order have peculiar jellyfish lacking 

tentacles and having eight oral arms instead of four. This order is also the main 

one of interest for commercial fishing for human consumption, especially in 

China.  

The genus Cassiopea is a planktonically dispersed and stationary jellyfish that is 

usually associated with shallow water and around mangroves in tropical and 

sub-tropical waters with its bell resting on the sea floor. It currently includes nine 

molecular recognized species even though other species are still considered by 

morphological analysis only (Arai et al., 2017; Morandini et al., 2016; Holland et 

al., 2004). Among the jellyfish, Cassiopea andromeda shows a unique posture, 

upside-down as it is also called, with the exumbrella “adherent” to the seafloor 

(Fig. 2-3). 

 

 
Figure 2. Usual posture on the seafloor of the up-side down Cassiopea andromeda jellyfish © 

Shannon Tompkins / CC BY-NC-ND 2.0 (via Flickr) 
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Figure 3. Drawing of the morphological features of schyphozoan upside-down jellyfish, Cassiopea 

andromeda. © Orphistotheutis on Tumblr. 

 

The first records of Cassiopea andromeda species from the central Mediterranean 

Sea were in Malta harbour (Schembri et al., 2010) and in Tunisia (Amor et al., 

2015). In the last years, Cassiopea andromeda reached also eutrophic waters of the 

Spanish coasts (Rubio, 2017) and finally, it was detected in the harbour of 

Palermo, Sicily, Italy (Cillari et al., 2018). Currently, small blooms are occurring 

almost every year inside this dock (personal communication). This observation 

strengthens the hypothesis that boat shipping from the red sea and between 

Mediterranean ports is the true vector responsible for the Cassiopea andromeda 

invasion, as first suggested by Schembri et al. 2010. The Cassiopea sp. found into 

the Palermo Harbour were first recognized by morphological features but also 

by molecular analysis as Cassiopea andromeda species (Maggio et al., 2019). (Fig. 4) 
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Figure 4. Cassiopea andromeda lying on the sea floor of the Palermo Harbour providing sunlight to 

its photosynthetic symbiotic algae. © Tony Scontrino. 

 

Regarding morphological features, Cassiopea andromeda has an umbrella that is 

usually yellow brown with several white spots and lines. Oral arms are of the 

same colours but usually darker than umbrella, with extended tentacles. Every 

appendage, other than to host the zooxanthellae, displays several vesicles that 

exhibit different vivid colours, from brown to green, or violet, and the so called 

“cassio-blue pigment” (Bulina et al., 2004; Blanquet and Phelan, 1987). 
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Figure 5. An assemblage of the up-side-down Cassiopea andromeda jellyfish – shot taken at the 

Inner Harbour of Baltimore, Maryland by Travis S. © CC BY-NC 2.0 (via Flickr) 

 

The peculiar body posture of Cassiopea (Fig. 5) has a trophic reason. Like corals 

and other marine species, also some jellyfish species like C. andromeda host 

endosymbiotic microalgae present all over the body tissues (Lampert et al., 2012), 

and are called zooxanthellae. These unicellular microalgae are photosynthetic 

dinoflagellates and most of them belong to the genus Symbiodinium (Lee et al., 

2015). As photosynthesizing organisms, Symbiodinium grow by fixing carbon 

using light energy, being autotrophs is closely connected to the success of this 

process. Symbiodinium microadriaticum, was identified by molecular tools as the 

endosymbiotic zooxanthellae associated with several Mediterranean and 

invasive jellyfish, like Cotylorhiza tuberculata and Cassiopea andromeda jellyfish 

(Banha et al., 2020; LaJeunesse et al., 2009). 

Although Cassiopea andromeda specimens exhibit a colourful appearance of their 

appendages, these colours are not related to the presence of difference clades of 

the symbiotic microalgae, because C. andromeda hosts a single S. microadriaticum 



Introduction 

9 
(Back to TOC) 

clade although displaying different colours between brown, green, violet, and 

blue (Lampert et al., 2012). 

 

1.2. Jellyfish exploitation: from direct food use to bioprospecting 

These large Mediterranean jellyfish biomasses, invasive or endemic, are not yet 

exploited, unlike some of Asiatic species that have been exploited for millennia 

for human food uses (Brotz and Pauly, 2017). The market value of this kind of 

commodity is considerable. Following the Food and Agriculture Organization of 

the United Nations (FAO STAT) statistics, jellyfish have a worldwide growing 

business market of about 100 million USD with ton’s value around 2500 USD, but 

these values are clearly underestimate if compared with the Chinese data, that 

declares a number of tons more than fifteen times higher (Chenjin, 2017). In 

Europe, there is no tradition of the food use of jellyfish, no food market related 

to jellyfish as food, or any other type of use of jellyfish by humans. 

Recently, the Mediterranean species Rhizostoma pulmo was suggested as raw 

material for human foods (Bleve et al., 2019), however eating jellyfish is not yet 

permitted for humans, and jellyfish are still labelled as “novel food” under the 

current European Regulation (EU Regulation 2015/2283 of 25/11/2015 http://eur-

lex.europa.eu/eli/reg/2015/2283/oj). 

Other studies on Mediterranean jellyfish species forming blooms (Leone et al., 

2019; 2015; 2013), consider that the jellyfish outbreaks could be turned into a 

source of value-added healthy food or as source of compounds for nutraceutical, 

cosmeceutical, or pharmaceutical uses. 

 

1.2.1. Bioprospecting of marine natural products 

Natural products discovered thousands of years ago are still used for human 

benefit. Bioprospecting (or biodiversity prospecting) is the exploration of natural 

sources for small molecules, macromolecules and biochemical and genetic 

information that could be developed into commercially valuable products for 

overall benefits of the society. Up to now, terrestrial organisms have played an 

important role as source of bioactive compounds. However, taking into account 

http://eur-lex.europa.eu/eli/reg/2015/2283/oj
http://eur-lex.europa.eu/eli/reg/2015/2283/oj
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that the marine biodiversity is far to be completely explored, and that the 

discovered biodiversity is much greater than that on land, there is a big 

expectation on new marine natural products in the years to come (Leal et al., 

2012). Marine bioprospecting of new natural products has yielded several 

thousand novel molecules in the last decades and natural products represent a 

fundamental step in the new drug discovery process, with over the 30% of the 

natural or derived chemicals approved by the Food and Drug Administration, 

arising from natural products (Paterson and Nelson, 2017). 

Since 1950’s, the process of evaluating and isolating natural compounds from 

marine organisms began to be successful. Despite more than 40 thousand marine 

compounds discovered and the fact that the seas with their organisms are now 

clearly the greatest resource for the discovery of new bioactive compounds 

(Carroll et al., 2019; Jiménez, 2018; Deshmukh et al., 2017; Leal et al., 2016; Malve 

et al., 2016; Newman and Cragg, 2016b), a still limited number of new marine 

compounds have seen important (industrial or pharmaceutical) applications. 

They display interesting bioactivities in different application fields as 

cosmeceutics or nutraceuticals (Fusetani, 2010). Specifically, until 2014, only 12 

marine compounds or their derivatives were used in clinical trials and only eight 

other compounds of marine origin were approved as drugs by the Food and 

Drug Administration (FDA) and the European Medicines Agency (EMA) 

(Martins et al., 2014). 

It is expected that the unique features of marine biodiversity, and the new tools 

now available for marine bioprospecting research will lead to the discovery of 

numerous new marine natural products with high bioactivity (Carroll et al., 2019; 

Khalifa et al., 2019). 

 

1.2.2. Jellyfish compounds and related bioactivities 

Marine invertebrates like sponges are one of the most studied group of marine 

organisms, excluding marine bacteria. However, together with bacteria, they 

represent just a small amount of marine life that has been studied (Gerwick and 

Moore, 2012). Cnidarians, like jellyfish, sea anemones and corals have also been 

studied, with the Anthozoan orders that seem to have the highest number of 

organisms able to produce interesting compounds. Then, marine jellyfish with 
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their huge amount of biomass, currently represent a societal issue due to their 

seasonal outbreak (Brotz et al., 2012), anyway they could also represent a 

valuable source of bioactive compounds (D’Amico et al., 2017; Leone et al., 2015; 

Leone et al., 2013). 

The peptide “aurelin” from Aurelia aurita, for example showed to be a very 

promising antimicrobial agent against bacteria (Ovchinnikova et al., 2006), as 

well as a novel polypeptide from Cyanea capillata jellyfish tentacles exerts growth-

promoting healing properties in human cell cultures (Wang et al., 2019), and a 

metalloproteinase from Rhizostoma pulmo exerts good anticoagulant activity 

(Rastogi et al., 2017). Overall, jellyfish have been relatively under-exploited with 

a still limited number of jellyfish derived natural products (Carroll et al., 2019; 

Blunt et al., 2011-2018). In general, studies were focused on the proteinaceous 

compounds of jellyfish, anyway other non-proteinaceous component could be 

potentially interesting bioactive compounds, as the new polysaccharide (JSP-11) 

from Rhopilema esculetum, that displayed the ability to stimulate the human 

immune response via several regulating signalling pathways (Li et al., 2017). 

Scyphomedusae, indeed, are made up of water for more than 95% (Lucas et al., 

2011) while salt, proteins (mainly collagen) and other organic non-proteinaceous 

compounds (as lipids) are minor components. The percentage of these 

compounds can be very different between jellyfish species, with species of the 

order Rhizostomeae having more proteins than the other Scyphomedusae 

(Merquiol et al., 2019). 

Probably, the most famous technological development from jellyfish components 

is the green fluorescent protein (GFP) from the jellyfish Aequorea Victoria, first 

isolated in 1962 (Stepanenko et al., 2009; Shimomura, 2005). After the discovery 

of this bioluminescent protein, improved synthesized versions of that GFP have 

been developed and are extensively used as a powerful tool (biomarker) for 

fluorescence imaging (Shaner et al., 2005). 

Other jellyfish proteins that have been studied are the large toxic proteins 

(phospholipase and metalloproteases are the most common components) which 

constitute many jellyfish venoms (Merquiol et al., 2019). In most jellyfish species 

these proteins have not yet been defined in detail. However, these venoms have 

a wide range of effects on humans likely due to the diverse composition and 
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accordingly, they display a wide range of potent effects, like anti-tumoral or 

antioxidant activities (Ayed et al., 2012; Li et al., 2012). 

Currently, marine collagen is considered a good alternative to the classical 

terrestrial source of collagen, mainly from bones and skin of porcine and bovine 

animals (Lin, 2011), due to the lack of risk of transfer of bovine spongiform 

encephalopathy (BSE). Collagen is a structural macro-protein (made by three 

polypeptide chains arranged in three helixes) and the main protein in the 

extracellular matrixes. The complexity of the structure allows amino acids to 

form about 20 different type of collagen (Ferreira et al., 2012) and every collagen 

form plays a different role in different tissues. Collagen accounts for up to 30% 

of proteins in mammals (Tong et al., 2000) and for up to 60% in jellyfish (Khong 

et al., 2016; Addad et al., 2011). 

Among marine organisms, the yield of collagen obtained from jellyfish is usually 

greater when obtained by pepsin hydrolysis that seems the most effective 

extraction process (Leone et al., 2015; Barzideh et al., 2014a). Jellyfish collagen 

seems highly biocompatible for human body (Jankangram et al., 2016) and it 

seems to have similar biological effects on human cells, like the mammalian type 

I collagen (Addad et al., 2011). Moreover, collagen and collagen hydrolysate 

(collagen peptides) have been shown to exert several effects like 

immunomodulatory, antioxidant and wound healing ability (De Domenico et al., 

2019; Felician et al., 2019; Sugahara et al., 2006). For example, collagenous 

peptides from the umbrella of rhizostomous jellyfish (Rhopilema asamushi) were 

able to restore collagen and elastin fibres after UV damages (Fan et al., 2013). A 

Chrysaora sp. collagenous peptide displayed a strong “angiotensin I” converting 

enzyme (ACE) inhibitory activity (Barzideh et al., 2014b) and others obtained 

from Nemopilema nomurai jellyfish boost the immune system by activating the 

production of inflammatory cytokines (Putra et al., 2015). In addition, the 

collagen peptides obtained from Rhopilema esculentum showed several interesting 

bioactivities (Felician et al., 2019; Cheng et al., 2017). 

Not only proteins or derived peptides from jellyfish biomasses have peculiar 

bioactive properties. Zooxanthellatae species, such as Cotylorhiza tuberculata, are 

indeed characterized of a higher amount of lipids and phenols due to the 

presence of the endosymbiotic microalgae Symbiodinium microadriaticum (Leone 

et al., 2013). Jellyfish are very low in lipids, which are usually used as storage 
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units, primarily in the gonads and digestive tracts , and do not undergo 

transformation during the storage (Iverson, 2009). As for fatty acids (sub-units of 

complex lipids), poly-unsaturated fatty acids (PUFAs) are usually more 

abundant than mono-unsaturated fatty acids (MUFAs) in jellyfish. Literature 

data reported that the zooxanthaellatae Cotylorhiza tuberculata jellyfish has higher 

amount of lipids than the Rhizostoma pulmo and Aurelia coerulea jellyfish (Leone 

et al., 2015). Furthermore, phenol compounds, which are usually referred to as 

secondary metabolites produced by terrestrial plants, are widespread in nature 

including the marine environment, with marine micro and macroalgae that 

usually have the greatest amount of polyphenols (Capillo et al., 2018; Gall et al., 

2015; Goiris et al., 2012). 

The well-known antioxidant activity of phenol compounds depends in large part 

on the amounts of phenol rings (aromatic ring) and the hydroxyl groups 

(functional groups) they carry on (Heim et al., 2002). Their activity is related to 

the ability to scavenge the reactive oxygen species (ROS) that are naturally 

produced into an organism. Some phenols and polyphenols are now well 

recognized as protector against cancer and other diseases (Hussain et al., 2016; 

Pandey and Rizvi, 2009; Arts and Hollman, 2005; Graf et al., 2005). Moreover, 

polyphenols are able to act on cell signalling (Corona G et al., 2007; Khan et al., 

2006), growth inhibition (Corona et al., 2009; Wang W et al., 2000), apoptosis 

induction (Fini et al., 2008; Mantena et al., 2006; Fabiani et al., 2002) and as 

modulator of enzymatic activity (Adams and Chen, 2009). However, there is only 

few literature data on jellyfish phenols (Leone et al., 2019, 2015; Costa et al., 2019), 

such as the jellyfish Cotylorhiza tuberculata that has endosymbiotic microalgae, 

which are known to contain phenol compounds (Leone et al., 2013). 

 

1.2.3. Anticancer activity of jellyfish extracts 

Cancer is among the leading causes of death worldwide. In 2018, there were 18.1 

million new cases and 9.5 million cancer-related deaths worldwide (Global 

Cancer Observatory, https://gco.iarc.fr/ ). Cancer risk factors, such as alcohol use, 

dietary factors, and obesity, can activate pathways leading to cellular stress, 

resulting in an abnormal production of reactive species (Kurutas, 2016). This 

cellular response induces an oxi/nitrosative stresses that alter the natural balance 

https://gco.iarc.fr/
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between reactive species and antioxidants enzymes and scavengers 

(polyphenols, vitamins, and others) mostly obtained from extracellular sources 

(Devi et al., 2014; Ziech et al., 2010). This imbalance can alter or completely 

change the cellular dynamics, starting or promoting carcinogenesis (Isnaini et al., 

2018; Hecht et al., 2016). 

A greater emphasis has been also placed to the pathogenesis of cancer and its 

prevention and treatment by natural antioxidants (Kruk et al., 2015). 

Chemotherapeutic drugs for the treatment of cancer discovered since the mid-

nineteenth century are effective and can help to recover, but usually with non-

avoidable adverse side effects (Carr et al., 2008). The reduction of these side 

effects and the discoveries of new drugs spur researchers to find novel 

chemotherapeutic agents from natural sources. 

Among the biological activities, anticancer and/or anti-proliferative activity were 

attributed to several jellyfish extracts or compounds. Partially purified venom 

demonstrated anti-tumoral properties against human cancer cells (Ayed et al., 

2012), although there are still large gaps about the biological activities of jellyfish 

venoms (Badré, 2014). Several jellyfish proteins and peptides have been also 

demonstrated to show antioxidant capacity and other important biological 

effects, including anti-tumoral ones (De Domenico et al., 2019; Zhang Q. et al., 

2018; Leone et al., 2015; Barzideh et al., 2014b; Leone et al., 2013; Zhuang et al., 

2012, 2009; Addad et al., 2011; Ding et al., 2011; Morais et al., 2009; Yu et al., 2006). 

Cotylorhiza tuberculata (Macri, 1778), one of the most common zooxanthellatae 

jellyfish in the Mediterranean Sea, contain phenol and other antioxidant 

compounds. The extracts of this jellyfish exert antioxidant ability and a cell-

specific cytotoxicity against MCF-7 breast cancer cells but not against HEKa (non-

malignant) epidermal keratinocytes (Leone et al., 2013). Phytochemicals with 

antioxidant activity (Zhou et al., 2016; Leone et al., 2012) might prevent and treat 

cancer and other human diseases (Rosillo et al., 2016) or might be useful for the 

protection against cancer therapy-induced side effects (Zhang Q.Y. et al., 2018; 

Mohan et al., 2013). 

Also, Cassiopea andromeda venom exerts haemolytic and acetylcholinesterase 

inhibitory activities (Mohebbi et al., 2018; Nabipour et al., 2017) and induce ROS-

mediated apoptosis in fresh breast tumour tissue (Mirshamsi et al., 2017). 

Furthermore, a lipophilic extract from C. andromeda showed potent inhibitory 
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activity against HIV-1 protease (Ellithey et al., 2014), and C. andromeda crude 

methanolic extract had antibacterial properties against 5 strains of bacteria 

isolated from marine environments (Bhosale et al., 2002). No other cancer 

research data are available for the so-called upside-down C. andromeda jellyfish. 

Discovering anti-cancer molecules from marine organism represent the trend of 

the marine pharmacology, a new discipline that explores the marine 

environment searching lead compounds for potential pharmaceuticals. In this 

framework the marine jellyfish could also become an option for anticancer drug 

discovery. It is now recognized a link between cancer and imbalance of the 

oxidative status of the cells.  

 

1.2.4. GJIC and cancer, and jellyfish extracts as anti-proliferative agents  

Cell to cell communication across gap junctions is essential in maintaining the 

homeostatic balance of multicellular organisms, and aberrant Intercellular Gap 

Junctional Communication (GJIC) has been implicated in tumour promotion and 

many chronic diseases. Since the oxidative stress has also been implicated in 

similar conditions such as cancer, a link between oxidative stress and GJIC 

functionality has long been reported (Upham et al, 1997). Gap Junction 

Intercellular Communication (GJIC) are intercellular channels that allow the 

exchange of compounds usually less than 1 kDa in mass (signalling molecules, 

ions, nucleotides, and other small or tiny compounds e.g., glucose) (Alexander 

and Goldberg, 2003). Gap junction channel functions in multicellular organisms 

includes homeostasis regulation, cell adhesion, cell migration, as well as 

endocrine, paracrine and autocrine signalling transduction, and the extrinsic 

apoptotic pathway. Gap junctions, also modulate the gene expression of adjacent 

cells via exchange signalling molecules, being the base of the extracellular 

communication network between cells and other tissues (Zong et al., 2016; 

Trosko, 2011; Goodenough and Paul, 2009; Mese et al., 2007; Evans and  Martin, 

2002). 

Abnormal GJIC seems to be implicated in the development of cancer (Mesnil et 

al., 2005; Trosko and Ruch, 2002, 1998) anyway they can play very different roles 

in the early and late stages of carcinogenesis (Fig. 6 and 7) (Zefferino et al., 2019). 

As GJIC acts as tumor suppressor in the initial stages of tumorigenesis, their 
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activation (increase of cell-cell communication) in the promoter phase could have 

an anti-tumor-promotion activity. 

 

Figure 6. Different roles of GJIC in early and late stages of carcinogenesis involving either stem 

cells or differentiated cells. Intact (not inhibited) GJIC acts as tumor suppressor in the initial stages 

of tumorigenesis, it is inhibited in the promoter phase, and it is reactivated (re-opened) during 

the metastasizing stage. In migrating tumor cells, re-expression of Connexins promote tumor 

metastasis, enabling cell-to-cell communication between tumor cells and cancer-associated 

fibroblasts, as well as endothelial and stromal cells. The same might happen in the secondary 

tumor. © Zefferino et al., 2019; https://doi.org/10.3390/cells8080896 (CC BY 4.0) 

 

 
Figure 7. Involvement of GJIC in the different steps of carcinogenesis. Carcinogenesis is 

characterized by “initiation,” “promotion,” and “progression” phases. After a stem/progenitor 

cell is initiated by genotoxic agents, this is followed by promotion of cell growth. If functional 

https://doi.org/10.3390/cells8080896
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GJIC is expressed, the initiated cell will be stopped at first step (Initiation). On the other hand, if 

these initiated cells are exposed, chronically, to agents that down regulate GJIC, they will lose 

sensitivity to antigrowth signals and evade apoptosis, giving rise to the so-called “founder” cell. 

During the progression phase, these cells would proliferate, accumulate, and accrue sufficient 

genetic/epigenetic changes that will allow them to acquire all the hallmarks of cancer. At the end, 

a tumor will be a mass of genetically heterogeneous cells. References showing the role of GJIC 

during all the described phases are indicated in square brackets (see Zefferino et al. 2019). GJIC+: 

Gap Junction Intercellular Communication functioning; GJIC–: Gap Junction Intercellular 

Communication inhibited. © Zefferino et al., 2019; https://doi.org/10.3390/cells8080896 (CC BY 

4.0)  

 

Cancer cells indeed often display a loss of GJIC due to the dysregulation of 

connexin expression and unlike normal cells, are not inhibited by the contact with 

the adjacent cells and are not able to terminally differentiate or to enter apoptosis, 

neither to stop proliferating; therefore, GJIC are regarded as a target for cancer 

preventive agents (Trosko, 2019; Trosko, 2007; Trosko, 2003; Trosko and Chang, 

2001). Thus, a well-regulated GJIC process seems to be a strategic 

chemoprevention therapy (Leone et al., 2012; Trosko and Chang, 2000). Since to 

reverse the downregulation of GJIC a fundamental key of an anticancer drugs 

(Lee et al., 2010a, 2010b; Trosko and Ruch, 2002; Kang et al., 2002; Trosko and 

Chang, 2001; Sai et al., 2000, 2001), the GJIC modulation has been proposed as an 

evaluation tool of the antitumor mechanism of natural bioactive compounds 

(Leone et al., 2012). 

Gap junctions have been shown to be involved in the apoptotic process (Wilson 

et al., 2000), and a good strategy would be to prevent the down regulation of 

GJIC, by tumour promoter agents (Romo et al., 2019; Sovadinova et al., 2016) or 

to force the up-regulation of GJIC in non-communicating cancer cells and, several 

natural compounds are able to modulate GJIC, allowing cell-cell communication 

and inducing apoptosis through the passage of chemical signals (Leone et al., 

2019, 2013, 2012; Li et al., 2012; Zhao et al., 2011; Fornelli et al., 2007; Lee et al., 

2006, 2004; Ale-Agha et al., 2002; Chaumontet et al., 1997). The apoptosis induced 

by a transient cell-cell communication in cancer is able to reduce the number of 

cancer cells. This finding inspired the growing interest in GJs as novel therapeutic 

targets (Gakhar et al., 2010; Salameh et al., 2005) and many natural compounds 

with anti-tumor activity could act in this way (Fig. 8).  

https://doi.org/10.3390/cells8080896
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Figure 8. Scheme of postulated actions of phytochemicals in cancer chemoprevention. Courtesy 

from Leone et al., 2012, Phytochem Rev DOI 10.1007/s11101-012-9235-7  

 

The action mechanisms of these natural chemopreventive agents are yet not 

known in detail, but it is hypothesized that there is an induction of signal 

transduction due to oxidative stress that alter gene expression at all levels (Leone 

et al., 2012; Upham et al., 2009). 

Several marine compounds from microalgae and cyanobacteria are able to 

regulate GJIC (Nováková et al., 2011; Stahl and Sies, 2005). It was demonstrated 
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that extracts of the jellyfish Cotylorhiza tuberculata are able to exert their anti-

proliferative activity through the positive modulation of GJIC in cancer cell 

model (MCF-7) (Leone et al., 2013). 

 

In the present thesis two main works are presented. 

1) The biochemical characterization of an Italian population of the jellyfish 

Cassiopea andromeda, which was studied for its biochemical composition and 

antioxidant activity in whole jellyfish and their different body parts (umbrella 

and oral arms), also aqueous and hydroalcoholic extracts were tested for proteins 

and phenols content and antioxidant activity. 

2) An in-depth study on the composition and bioactivity of partially purified 

fractions of an hydroalcoholic extract of umbrellas and oral arms of C. andromeda; 

the biological activity, namely the antioxidant and anti-proliferative activity, was 

evaluated on human (MCF-7 and MB-MDA-231) and murine (WB-ras) cancer cell 

lines and on murine (WB-neo) non-tumorigenic cell line; it was also assessed their 

ability to modulate the functionality of the gap junction intercellular 

communications (GJIC), as possible action mechanism. 
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2. Materials and Methods 
2.1. Reagents, materials, and devices 

Reagents and materials for Jellyfish extraction 

Ethanol and Acetonitrile were purchased from Sigma-Aldrich (Merck Life 

Science srl, Milan, Italy). Dulbecco’s phosphate buffered saline (DPBS) without 

calcium and magnesium (GIBCO) was purchased from Thermo Fisher Scientific, 

Waltham, MA, USA. 

 

Reagents and materials for cells culture 

Antibiotic antimycotic solution (100×) containing 10000 units penicillin, 10 mg 

streptomycin and 25 μg amphotericin B per ml were purchased from Sigma-

Aldrich (Merck Life Science srl, Milan, Italy). While the recovery cell culture 

freezing medium (GIBCO), trypsin-EDTA 0.05% solution (GIBCO), RPMI 1640, 

no glutamine, no phenol red (GIBCO), Dulbecco's Modified Eagle Medium 

(DMEM) with 1 g/l D-glucose, with pyruvate, no L-glutamine, no phenol red 

(GIBCO), dulbecco’s phosphate buffered saline (DPBS) with calcium and 

magnesium, no phenol red (GIBCO), fetal bovine serum, FBS (GIBCO), L-

Glutamine 200 mM (GIBCO), fetal bovine serum (FBS), south America origin 

(Biosera), L-Glutamine 100x 200 mM (Biosera), trypan blue stain (0.4%), cell 

counting chamber slides (Invitrogen, Carlsbad, CA, USA) were purchased from 

Thermo Fisher Scientific, Waltham, MA, USA. Cell culture flasks 25 cm2 (Cellstar) 

were purchased from Greiner bio one, SD100 cellometer – cell counting chambers 

were purchased from Nexcelom Bioscience Ltd. 

 

Reagents and materials for biochemical characterization 

For biochemical assays like protein and phenols quantification and antioxidant 

capacity determination, bovine serum albumin (BSA), 2,20-Azinobis (3-ethylben-

zothiazoline-6-sulfonic acid) diammonium salt (ABTS), 3,4,5-Trihydroxybenzoic 

acid (gallic acid), potassium persulfate, (±)-6-Hydroxy-2,5,7,8-

tetramethylchromane-2-carboxylic acid (TROLOX) and Folin & Ciocalteu’s 

phenol reagent were purchased from Sigma-Aldrich (Merck Life Science srl, 

Milan, Italy). While the Bio-Rad protein assay dye reagent concentrates was 

purchased from Bio-Rad laboratories (Munich, Germany) and the 96 Well clear 
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polystyrene round-bottom microplates were purchased from Corning®, NY, 

USA. 

 

Reagents and materials for cells culture assays 

Annexin V Alexa Fluor™ 488 conjugate, 1X Annexin V Binding buffer and 

Propidium Iodide - 1.0 mg/ml Solution in Water were purchased from Thermo 

Fisher Scientific, Waltham, MA, USA. While 96 Well TC-treated flat-bottom 

microplates and 75 cm² rectangular canted neck cell culture flask with vented cap 

were purchased from Corning®, NY, USA. MTS CellTiter 96® AQueous One 

Solution Cell Proliferation Assay was purchased from Promega (Madison, WI, 

USA).  

Hoechst, Trihydrochloride, Trihydrate - 10 mg/ml Solution in Water 

(Invitrogen™) and 5-Carboxyfluorescein diacetate (5-CFDA-AM) (Eugene, 

molecular probes by life technologies) were purchased from Thermo fisher 

scientific. 

Propidium Iodide 10 mg, Lucifer Yellow CH dilithium salt 100 mg, Neutral Red 

(NR) solution, 100 ml, sterile filtered, 7-Hydroxy-3H-phenoxazin-3-one-10-oxide 

sodium salt (Resazurin - RES) 1 g, phorbol 12-myristate 13-acetate (TPA), Sodium 

butyrate (NaBut) and tissue culture test plate 96F, growth enhanced treated, 

sterile, were purchased from Sigma-Aldrich. 

Micro knife blades, pro stencil knife blade #17 were purchased from Proedge 

Blades, Paterson, NJ. 

Formaldehyde 36-38% 2500 ml was purchased from Lachner sro, Czech Republic. 

Iwaki microplate 48 wells with lid, flat bottom, tissue culture treated, 

polystyrene, science products dept. was purchased from Asahi glass co ltd, 

Japan. 

Cell culture microplate 96 wells, polystyrene, flat bottom (chimney well), µclear, 

black, tissue culture treated, lid with condensation rings, sterile and cell culture 

flasks 25 cm2, Cellstar were purchased from Greiner bio one. 

 

Main devices 

Infinite M200, quad4 monochromator™ detection system was purchased from 

TECAN Life Sciences Group (Männedorf, Switzerland). Countess™ Automated 

Cell Counter was purchased from Invitrogen, Carlsbad, CA, USA. Buchi R-205 
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with Vacuum pump V-710 and Vacuum controller V-850 was purchased from 

Buchi, Cornaredo MI, Italy. Freezone 4.5L Dry System, Labconco Co. was 

purchased from Thermo Scientific, Kansas City, MO, USA. Zeiss LSM 5 Pascal 

laser scanning confocal microscope (ZEN software) was purchased from Carl 

Zeiss, Munchen, Germany. Forma™ Direct Heat CO2 Incubators was purchased 

from Thermo Scientific, Kansas City, MO, USA. Cellometer Auto T4 Bright Field 

Automated Cell Counter (Nexcelom Bioscience) with cellometer autocounter 

software ver. 3.3.8.3 was purchased from Nexcelom Bioscience Ltd. Synergy Mx 

Monochromator-Based Multi-Mode Microplate Reader (BioTek) with GEN5 

software was purchased from BioTek (Germany). Axio Observer Z1 widefield 

fluorescence microscope (Carl Zeiss, Jena, Germany) equipped with Hamamatsu 

digital camera C11440-22CU orca flash 4.0, X-CITE series 120PC Q Lumen 

dynamics, tissue diagnostics automated platform and tissueFAXS cell analysis 

system 4.2 software were purchased from Carl Zeiss AG (Germany). Milli-Q 

water purification system was purchased from Millipore, Bedford, MA. 

 

2.2. Jellyfish samples, extraction, and fractioning 

Sampling 

Cassiopea andromeda (Forsskål, 1775) jellyfish employed in this work were 

collected inside the harbour “la Cala” of Palermo, Sicily, Italy. Jellyfish were 

found in November 2017 at a depth between 0.5 and 2 m. Samples container was 

then transferred to laboratory and after biometric measurement (weight and bell 

diameter) several samples were separated in oral arms and umbrella of each 

specimen. The jellyfish samples were immediately frozen in liquid nitrogen and 

stored at −80 °C until lyophilization. Lyophilized jellyfish samples (Fig. 9) were 

stored in small tubes at -20 °C until use. 



Materials and Methods 

23 
(Back to TOC) 

 
Figure 9. Lyophilized Cassiopea andromeda jellyfish samples. Each couple of tubes represent a 

different specimen divided into Umbrella and Oral Arms. 

 

2.2.1. Soluble compounds extraction and sequential hydrolysis of insoluble compounds 

Cassiopea andromeda lyophilized tissues samples (whole organisms or oral arms 

and umbrella) were finely powdered with mortar and pestle and liquid nitrogen 

and the resulted dry powder was subjected to PBS extraction and further 

sequential hydrolysis (Fig. 10). 

 

2.2.2. Aqueous soluble extraction (PBS extraction) 

Aqueous soluble compounds were extracted with 16 volumes (w/v) of phosphate 

buffer saline (PBS) pH 7.4 and stirred for 2 h, at 4°C, then centrifuged at 9000 × g 

for 30 min at 4 °C. After supernatant separation, soluble compounds were then 

analysed for protein and phenols content and antioxidant activity, with 

biochemical assays as further described. 
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Figure 10. PBS extraction and sequential hydrolysis methodology (Leone et al., 2013) 

 

2.2.3. Hydroalcoholic extraction 

Cassiopea andromeda lyophilized tissues samples (oral arms and umbrella) 

powdered in liquid nitrogen were also subjected to hydroalcoholic extraction by 

stirring in 16 volumes (w/v) of 80% ethanol, by a rotary tube mixer with speed at 

25 rpm, for 16 h at 4 °C. Samples were then centrifuged at 9000 × g for 30 min, at 

4 °C, the supernatants were separated from the insoluble material (Fig. 11), an 

aliquot of each supernatant was used for biochemical assays. 

 
Figure 11. Tubes with the extracts of Cassiopea andromeda jellyfish after the hydroalcoholic 

extraction from the insoluble material. The darkest extract (A) was from the Oral Arms and the 

lightest one (B) was from the Umbrella. 
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Hydroalcoholic extracts from whole jellyfish or umbrellas and oral arms were 

concentrated by vacuum rotary evaporator (Buchi R-205 with Vacuum pump V-

710 and Vacuum controller V-850) at low temperature, treated under a stream of 

nitrogen gas in order to completely evaporate the ethanol, and then lyophilized 

at -40 °C in a chamber pressure of 0.110 mbar (Freezone 4.5L Dry System). All the 

operations were performed in light-protected conditions and at 4 °C in order to 

limit loss of activity. Some samples were subjected to both aqueous and 

hydroalcoholic extraction, in different sequence in order to verify their efficiency. 

 

2.2.4. Hydrolysis of insoluble compounds 

The insoluble compounds present in the pellets after aqueous or hydroalcoholic 

extraction were then subjected to sequential enzymatic hydrolyses with 1 mg/ml 

of pepsin (enzyme/pellet ratio of 1:50, w/w) in an acidic environment (0.5 M acetic 

acid) and stirred for 48 h at 4 °C. After the enzymatic digestion, the sample was 

centrifuged at 9000 × g for 30 min and the pepsin-hydrolysed compounds in the 

supernatants were stored for further biochemical quantification and evaluation 

analysis. The residual pellet was washed two times with bi-distilled water and 

then, the insoluble pepsin non-hydrolysable portion was subjected to a second 

enzymatic digestion with 6 mg/ml of collagenase (enzyme/substrate ratio of 1:50, 

w/w) with TES buffer 50 mM, pH 7.4 and 0.36 mM of CaCl2, and stirred for 5 h at 

37 °C. After the end of the hydrolysis, the sample was centrifuged at 9000 × g for 

30 min, and the collagenase-hydrolysed peptides present in the supernatants 

were stored for further biochemical quantification and evaluation analysis. The 

residual pellet after collagenase digestion was considered as not-hydrolysable 

jellyfish material (Fig. 10). 

 

2.2.5. Hydroalcoholic extract fractionation  

The hydroalcoholic extracts obtained as above described were subject to the 

fraction’s separation protocol, a described in Leone et al. (2013) by a cold-induced 

acetonitrile/water (ACN/H2O) phase separation (Fig. 12). 
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Figure 12. Steps of extraction and phase separation from the lyophilized jellyfish samples (Leone 

et al., 2013) 

Briefly, each dried extract was weighed and 1 ml of iced acetonitrile/H2O 1:1 (v/v) 

was added to 50 mg of dried extract. After stirring by using Vortex mixer, the 

suspension was left on ice for 30 minutes to facilitate a phase separation. The 

ACN/H2O phase separation drives the separation of complex mixture of 

compounds into 3 distinct phases (Fig. 13), an upper phase that is rich in ACN, 

an intermediate phase, and a lower phase rich in water, but still containing 

enough acetonitrile to avoid freezing at -20 °C for at least one week (Shao et al., 

2017). 
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Figure 13. Three distinct phases, after 30 min on ice and ACN/H2O separation; the tube A shows 

the lightest colours of the Umbrella phases, while the tube B shows the darkest colours of the Oral 

Arms phases. 

 

The three phases Upper Phase (UP), Intermediate Phase (IP) and Lower Phase 

(LP) were then better separated by centrifugation at 9000 x g (15 min at 4 °C) (Fig. 

14), and the Upper and Lower phases were then separately analysed. Protein 

concentration, antioxidant activity and phenol content were evaluated. 

 
Figure 14. Fractions obtained by acetonitrile precipitation from hydroalcoholic extracts. From the 

left: Upper, Intermediate, and Lower Phases of the umbrella (A) and oral arms (B) of the same 

specimen. 
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2.3. Biochemical characterization 

2.3.1. Protein content 

The well-known Bradford colorimetric assay (Bradford, 1976) was adapted to 96-

well round bottom microplate (Corning) and used to determine protein 

concentration. Analysis was carried out by Infinite M200 (TECAN Life Sciences 

Group), quad4 monochromator™ detection system. A calibration curve using 

bovine serum albumin (BSA) was used for the protein concentration estimation. 

The absorbance value read at 595 nm were plotted on a linear standard curve 

(from 1 to 16 µg/ml of BSA) to evaluate the amount of the proteins in each sample; 

this step was done in triplicate and the protein concentration in the samples 

(µg/µl) was then used to define the tested concentrations for cytotoxicity assays. 

The BioRad bradford reagent uses a brilliant dye (Coomassie blue G250) that 

binds proteins, increasing its absorbance wavelength value. The colour of the 

reaction shifts from red to a brilliant blue in a linear way with the amount of 

proteins. This new deprotonated complex is stable for an hour at least, but with 

an absorbance wavelength value that shift from 470 to 595 nm (the plateau of the 

absorbance is reached in ten minutes). Of course, not all the aminoacidic residues 

(mainly arginine, lysine, and histidine, but also tyrosine, tryptophan, and 

phenylalanine) are able to interact with the dye reagent, each of them with a 

different strength (Compton and Jones, 1985); This means that, just the 

absorbance of the amount of them that interact with the Coomassie Brilliant Blue 

G250 dye reagent is correlated with the absorbance of the plotted BSA curve. 

The amount of µl of sample used for each well was different (usually between 1 

to 10 µl), depending on the expected concentration of protein samples and value 

obtained. Appropriate blanks (PBS, 80% ethanol, Acetonitrile or 

Acetonitrile/Water, 1:1, v/v) were prepared with the same volume of the relative 

samples and MilliQ water needed. For each well a fixed final volume (300 µl) and 

Dye reagent (60 µl) were used. 

 

2.3.2. Collagen content 

As Bradford assay, Lowry’s method is one of the most used procedure for protein 

quantification, but both standard methods lead to unreliable amount evaluations 
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when applied to collagen samples due to the presence of the triple helix and the 

specific amino acid content in collagen. A modified version by Kiew and Don, 

2013 of the Lowry’s method firstly developed by Hartree, 1972 has been used to 

evaluate and compare with the Bradford assay the amount of collagen in 

collagenase hydrolysed samples. The assay was carried out by preparing two 

different reagents: reagent A, 40 mg of potassium sodium tartrate tetrahydrate 

(KNaC4H4O6-4 H2O) and 1 g of sodium carbonate (Na2CO3) in 10 ml of 0.5 M 

sodium hydroxide (NaOH) and B, 20 mg of potassium sodium tartrate 

tetrahydrate (KNaC4H4O6-4H2O) and 30 mg of copper (II) sulphate pentahydrate 

(CuSO4-5H2O) in 1 ml of 0.1 M NaOH. Forty-five µl of reagent A and 5 µl of 

reagent B were added and mixed with 50 µl of samples and then incubated at 50 

°C for 20 min without light. Then, 150 µl of 2N 1:15 Folin Ciocalteu’s reagent was 

added to the samples, mixed and incubated at 40 °C for 20 min and, the 

absorbance was read at 630 nm. A solution (200 µl) of 1 mg/ml of collagen was 

used as control. All samples and controls were evaluated in triplicate. 

 

2.3.3. Total phenolic content 

The content of total phenols was determined by a modified Folin-Ciocalteu 

colorimetric method (Magalhaes et al., 2010). 

This methodology is based on an oxidation/reduction (redox) reaction (Prior et 

al., 2005). The transfer of an electron in an alkaline medium from a phenolic 

compound to molybdenum to form a blue complex is the principle of this 

colorimetric method. The test solutions containing 50 μl of sample were mixed 

with 50 μl (1:4) of Folin Ciocalteu’s phenol reagent and with 100 μl of 0.35 M 

Sodium hydroxide (NaOH). After 5 min, at room temperature in the dark, the 

absorbance was spectrophotometrically measured at 720 nm (the higher 

wavelength minimizes possible interference from the sample matrix, which is 

often coloured). The calibration curve was plotted versus concentrations of gallic 

acid ranging from 0 to 40 μg/ml, used as standard. The results were expressed as 

μg of gallic acid equivalents (GAE) per gram of dry extract.   
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2.3.4. In vitro antioxidant capacity 

The total antioxidant capacity was assayed by TEAC (Trolox Equivalent 

Antioxidant Capacity) method (Re et al., 1999) based on the scavenging of the 

blue/green ABTS radical 2,20-azinobis-(3-ethyl-benzotiazolie-6-sulfonic acid), 

that is converted into a colourless product by natural antioxidants present into 

the samples. 

The assay was adapted to 96-well microplate (Corning) for Infinite M200 

(TECAN Life Sciences Group). This methodology needs the pre-formation of the 

radical cation (ABTS+ solution) prior to the addition of the antioxidant. 

Appropriate blanks with the relative solvent were run in each assay and a Trolox 

calibration curve was prepared under the same conditions of the samples. Briefly, 

10 µl of each sample was added to 200 µl of ABTS+ solution, were stirred and the 

absorbance at 734 nm was read after 6 min. The antioxidant activity was 

expressed as nmol of Trolox equivalents (TE) per g of dry weight, mg of 

contained proteins and µg of gallic acid equivalents. 

 

2.4. Human breast cancer cell cultures 

Breast cancer cell line (MCF-7), containing the estrogenic receptor, was obtained 

from the European Collection of Cell Cultures (ECACC, London, UK), while 

triple-negative breast cancer cell line (MB-MDA-231) was a kind gift of Dr. 

Daniele Vergara of University of Salento (Lecce, Italy). 

Cell lines (Fig. 15) were routinely grown in RPMI-1640 medium supplemented 

with 10% FBS, 2 mM L-glutamine, 50 U/ml penicillin G, 50 μg/ml streptomycin 

in 75 cm2 plastic flasks (Corning) at 37 °C in a 5% CO2 humidified atmosphere. 
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Figure 15. Morphological aspect of MCF-7 (A) and MB-MDA-231 cells (B) observed by phase 

contrast microscopy at 20X. MCF-7 with luminal epithelial phenotype whereas MB-MDA-231 

with an elongated fibroblast-like phenotype. 

 

Thawing and freezing procedures were carried out at the start of the research and 

when needed during the years, to avoid high number of passages. Cells were 

grown until 70% – 80% confluence, then passaged (about twice a week) by 

trypsinization: after washing with sterile Dulbecco Phosphate Buffer Saline 

(DPBS), cells monolayer was disrupted by incubation at 37 °C with 2 ml of pre-

warmed 0.05% Trypsin-EDTA solution. Cell viability was assayed by Trypan 

blue dye exclusion assay associated to automated cell counting (Countess® 

Automated Cell Counter, Invitrogen Carlsbad, CA, USA), as suitable method to 

assess and constantly monitor the real number of live and dead cells (Fig. 16) 

between passages. 

 
Figure 16. Automated cell counter with MCF-7 protocol. Cells were incubated with Trypan blue 

stain (1:1) and so counted into the instrument. 
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After trypsinization, cells were pelleted by centrifugation at 200 x g for 5 minutes. 

The supernatant was discarded, and the cell pellet resuspended with 4 ml per 

flask of fresh medium. 

 

2.4.1. Cells treatment with fractions of the jellyfish hydroalcoholic extract 

MCF-7 and MB-MDA-231 cells were seeded in flat bottom 96-well plates 

(Corning) at 25 × 104 cells/well and 40 × 104 cells/well respectively in 200 μl of 

RPMI medium supplemented with FBS, L-glutamine and antibiotics, and 

allowed to attach for 24 h at 37 °C in a 5% CO2 humidified atmosphere. Cell 

culture were treated with 100 μl/well of supplemented medium containing the 

jellyfish sample at the following protein concentration 0.0001, 0.0005, 0.005, and 

0.01 μg/μl and 0.0005, 0.005, 0.015, and 0.05 μg/μl for UP and LP, respectively. 

For negative controls, the tested compounds were replaced with medium or with 

the relative solvent at the same concentrations present in the fractions. Both 

controls were included in each plate. 

Since some of the tested compounds (jellyfish extract fractions) were coloured, in 

order to verify and eliminate the possible interference with the colorimetric 

assay, the tested compounds in the medium without cells were included in each 

experiment. The absorbance at 490 nm only of the used jellyfish fractions was 

evaluated and subtracted to the absorbance in the treated cells during 

cytotoxicity calculation. The cells were incubated for 24 h at 37 °C and 5% CO2 

and assayed for vitality by MTS assay according to the scheme presented in 

Figure 17. 

 

 
Figure 17. Experimental scheme of the cell treatments with UPs and LPs. Controls without 

treatments and controls with treatments but without cells were run for each experiment (n=4). 

Cells viability was analysed using MTS assay. 
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2.4.2. Cells viability assessment by MTS assay 

Cell viability in treated and not treated cell culture were assayed by MTS assay. 

Twenty microliters of CellTiter 96® Aqueous One Solution Reagent were added 

to each well. When the absorbance of the controls reaches similar values between 

cells near 1 (about an 1 h for MCF-7 and 2 h 30’ for MB-MDA-231, due to a 

different ability to metabolize MTS) the cell viability was determined as 

assessment of metabolic activity (indirect measure of viable cell number) by 

measuring the absorbance at 490 nm using a TECAN M200. The assay was 

performed in quadruplicate for four independent experiments and the results 

were expressed as a percentage of the relative control. 

 

2.4.3. Apoptosis evaluation in cell cultures 

In order to evaluate possible pro-apoptotic effect of jellyfish extract fractions, 

Annexin V Alexa Fluor™ 488 conjugate and Propidium Iodide (Alexa Fluor® 488 

annexin V/Dead Cell Apoptosis Kit. Invitrogen®) were used on cells seeded in 

96-Well TC-Treated Microplates (Corning®) and treated with different 

concentrations of jellyfish fractions. Labelling of cells was performed according 

to the manufacturer’s instructions. Fluorescent cells were immediately detected 

by laser scanning confocal microscope (LSM Pascal, Carl Zeiss, Munich, 

Germany). Digital images were recorded for each treatment and controls and 

pictures showing cells stained with propidium iodide (PI) and Annexin V Alexa 

Fluor™ 488 conjugate or with both the dyes (co-localization) were considered for 

the assessment. 

 

2.5. Murine cancer cells cultures 

The following activities were carried out at the Research Centre for Toxic 

Compounds in the Environment (RECETOX) of the Masaryk University (Brno, 

Czech Republic) with SECANTOX group, Cell and Tissue Toxicology Lab, that 

is part of the Environmental Toxicology Division of RECETOX. The experimental 

work was carried out using lyophilized extracts previously obtained at ISPA-
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CNR (Italy), as described, and previously tested on human breast cancer cell 

cultures. 

Rat liver epithelial cells (WB-neo and WB-ras) were selected from the liquid 

nitrogen storing facility of RECETOX for the evaluation of the UPs and LPs 

effects on Gap Junction Intercellular Communication (GJIC) (Fig. 18). 

 
Figure 18. Morphological aspect of WB-ras (A) and WB-neo cells (B) observed by phase contrast 

microscopy at 20x. WB-neo maintain the morphological aspect of WB-F344 cells, while WB-ras 

cells have an altered shape. 

WB-neo and WB-ras cells were derived from WB-F344 rat liver epithelial cells via 

transfection of H-ras oncogene (WB-ras) or blank plasmid (WB-neo). WB-neo cells 

have a high expression of Cx43 (Connexin-43) and so a strong communication 

via GJs in vitro, while WB-ras have completely lost this capability (Ruch et al., 

1993). 

These two cell lines have been widely used as cell system to analyse the 

modulation of the functionality of the gap junction intercellular communications 

(DeoCampo et al., 2000; Hayashi et al., 1998; De Feijter et al., 1996, 1990; You et 

al., 1995). The two cell lines were routinely grown in DMEM medium 

supplemented with 7.5% FBS (Biosera) and 2 mM L-glutamine (Biosera) without 

antibiotics/antimycotics in 25 cm2 plastic flasks (Cellstar) at 37 °C in a 5% CO2 

humidified atmosphere. Cells were passaged at 90% confluence about twice a 

week by trypsinization: cells monolayer washed with sterile PBS was treated by 

incubation for less than 3 minutes at 37 °C with 0.5 ml of pre-warmed 0.05% 

Trypsin-EDTA solution. After trypsinization and the addiction of 2 ml of 

supplemented medium, three drops of detached cells were directly dispensed 
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into new 25 cm2 plastic flask and resuspended with 6 ml of fresh medium. While, 

when cells were needed for experiments, after trypsinization and the addiction 

of 2 ml of supplemented medium, the number of cells was evaluated by pipetting 

20 µl of the resulting suspension (without Trypan Blue dye) into a cell counting 

chamber SD100 slide (Nexcelom Bioscience) and evaluated with a bright field 

automated T4 cell counter (Nexcelom Bioscience) with the related “Cellometer 

Autocounter” software (three drops of the same batch were however added into 

a new 25 cm2 plastic flask and resuspended with 6 ml of fresh medium). Then, 

after done the appropriate dilution for the experiments, cells were seeded into 48 

or 96 wells plates. 

 

2.5.1. Cell viability assessment by 3-dye cytotoxicity assay 

The 3-dye cytotoxicity assay was used for cell viability determination (Boaru et 

al., 2006) in WB-ras and WB-neo cell cultures. This assay uses three dyes able to 

evaluate the break of several central cellular processes. 

In detail: 

- Resazurin (RES) (Sigma-Aldrich) cell permeable and poorly fluorescent dye 

is converted into the highly fluorescent product resorufin 

(excitation/emission wavelengths 530/590 nm) by the cellular dehydrogenase 

activity of the metabolically active cells, thus highlighting the residual 

metabolic reductive potential of the cells. 

- The cell permeable probe 5-carboxyfluorescein diacetate acetoxymethyl ester 

(5-CFDA-AM) (Thermo fisher scientific) is cleaved by esterases and it is 

retained inside cells with intact membranes as a fluorescent product 

(excitation/emission wavelengths 485/520 nm); it is useful to evaluate the 

esterase activity itself and the membrane integrity and is an indirect measure 

of cell membrane integrity. 

- Neutral Red (NR) (Sigma-Aldrich) is accumulated in intact lysosomal system; 

being the lysosomal system important for the maintenance of intracellular pH 

gradients, NR labels viable cells (Repetto et al. 2008; Guidelines for the Testing 

of Chemicals test n° 432 - OECD 2019). NR and the relative background were 

measured at wavelengths of 540 nm and 690 nm, respectively. 
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The dye resazurin (RES) is used in the Alamar blue® Assay (O’Brien et al., 2000; 

Borra et al., 2009), the reagent was made by dissolving 100 µg/ml (436 µM) of 

resazurin sodium salt powder in PBS solution. The solution was sterilized by 

filtration with 0.2 µm filter and stored at -20 °C. The 5-carboxyfluorescein 

diacetate acetoxymethyl ester (5-CFDA-AM) dye was prepared at the 

concentration of 2-10 µM and stored at -20 °C. Conversely, the Neutral Red 0.33% 

(3.3 g/l in DPBS) was a ready-to-use solution from Sigma (see above for details) 

and was stored at -4 °C. 

Both WB-ras and WB-neo cell lines were seeded with 100 μl/well of supplemented 

medium at 2.5 x 104 cells/cm2 into black 96 wells plates (Fig. 19). After 24 h of 

growing, cells were treated with 100 μl/well of supplemented medium 

containing the jellyfish fractions at the following six final protein concentrations 

0.0002 (C6), 0.0004 (C5), 0.001 (C4), 0.0025 (C3), 0.006 (C2), and 0.015 (C1) μg/μl 

and 0.0005 (C6), 0.0001 (C5), 0.003 (C4), 0.008 (C3), 0.02 (C2), and 0.05 (C1) μg/μl 

for UP and LP, respectively. For negative controls (M), the tested compounds 

were replaced with medium. 

 
Figure 19. Schematic view of the plate design. WB-ras cells were seeded from B2 to D11 and WB-

neo from E2 to G11. All the external wells were with medium only to reduce evaporation. Column 

2 and column 6 were filled with cells treated with supplemented medium only (negative controls 

- M), while, in the columns 3, 4, 5, and 7, 8, 9  cells were treated with different final concentrations 

of the tested jellyfish fractions (from C1 to C6, see above for details). In the columns 10 and 11 

cells were treated with the same amount of the relative solvents of the first and second highest 

tested final concentrations. Wells from A2 to A5 were used for blanks during the assay. 

To rule out any doubts about the cytotoxicity of the solvents (Acetonitrile and 

Acetonitrile/water, 1:1 v/v), two cytotoxicity evaluations (3-dyes assay) were 

done with the following final concentration between 0.29 to 5% v/v (0.29%, 

0.44%,0.66%, 0.99%, 1.48%, 2.22%, 3.33%, 5% v/v), with both cell lines. Anyway, 
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we used as solvent control the solvent concentration present at the two highest 

concentrations of UP and LP fractions. Both negative and solvent controls were 

included in every experimental plate (Fig. 19). Then, after 48 h of treatment, cells 

were washed twice with PBS since the residual FBS from the medium seems 

interfering with the assay. Then cells were incubated for 30 minutes at 37 ºC with 

100 μl of phenol red-free DMEM medium (without supplements) with 2.5% (v/v) 

RES and 4 μM 5-CFDA-AM without light. After that, cells were analyzed for 

fluorescence at 485/520 nm and 530/590 nm using SynergyMX reader (BioTek) 

with GEN5 software.  

Cells were then washed with PBS and incubated at 37 ºC for 90 minutes with 100 

μl of phenol red-free DMEM medium (without supplements) with 5% (v/v) of 

the ready-to-use 0,33% Neutral Red (NR) solution. Cells were then washed three 

times with PBS to remove the not incorporated dye, and then lysed with a 

solution of 1% Acetic acid in ethanol/water 50% (v/v) solution and stirred by an 

orbital shaker for 15 min (150 rpm) without light. At the end, the absorbance at 

540 nm and 690 nm were evaluated using SynergyMX reader (BioTek) with 

GEN5 software. Blanks (B) were deducted, and the results were normalized with 

the not-treated controls (M) and expressed as percentage of viable cells on the 

total cells. The assay was performed in triplicate for three independent 

experiments (Fig. 20). 

Figure 20. Experimental scheme of the cell’s treatments with UPs and LPs. Controls without 

treatments and blanks were run for each experiment (n=3). Cells viability was evaluated with 3-

dyes cytotoxicity assay. 

 

2.5.2. Assessment of GJIC by scrape loading-dye transfer (SL/DT) assay 

The Gap Junction Intercellular Communication (GJIC) functionality in the 

monolayer of cells was assessed by scrape loading-dye transfer assay. The 

protocol here used was developed by Dydowiczová et al. (2020), which modified 

and improved the original protocol developed by El-Fouly et al. (1987). This 



Materials and Methods 

38 
(Back to TOC) 

methodology has been widely used to evaluate the functionality of the 

intercellular communication gap-mediated of many cells (Leone et al., 2013; 

Vinken et al., 2009; Abbaci et al., 2008; Trosko and Ruch et al., 2002). It is based 

on the evaluation of the number of communicating cells as compared to the 

control. Cell-cell communication is assessed by loading with the fluorescent dye 

Lucifer yellow non- permeant the membrane but able to pass through Gap 

Junction channels, the number of labelled cells and the diffusion area is 

representative of GJIC functionality (Fig. 21). 

 
Figure 21. Overlapping between Lucifer Yellow (green area/cells) and the Propidium Iodide dyes 

(red area/cells) in WB-ras cells. 

Both WB-cell lines were seeded with 250 μl/well of supplemented medium at 3 x 

104 cells/cm2 into 48 wells IWAKI plates and treated with 150 μl/well of 

supplemented medium containing the jellyfish fractions at the following five 

protein final concentration in the well 0.0002 (C6), 0.0004 (C5), 0.001 (C4), 0.0025 

(C3), 0.006 (C2) μg/μl and 0.0005 (C6), 0.0001 (C5), 0.003 (C4), 0.008 (C3), 0.02 (C2) 

μg/μl for UP and LP, respectively (Fig. 22). 
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Figure 22. Experimental scheme for the evaluation of the effects of UPs and LPs on GJIC. Negative 

control and positive controls (Sodium butyrate (Nabut) 1.6 mM and phorbol 12-myristate 13-

acetate (TPA) 25nM) were run for each experiment (n=3) for both cell lines. TPA was added 30 

min before the assay to temporary stop the communication between cells. Gap Junction 

Intercellular Communication was evaluated with SL/DT assay. 

For positive controls, tested compounds were replaced with the same volume of 

supplemented medium only. The communications between WB-ras cells were 

activated with 150 μl of medium supplemented with Sodium butyrate (Nabut) 

in ethanol (1.6 mM) as a positive control. Phorbol 12-myristate 13-acetate (TPA) 

in ethanol (25 nM) was used as a positive control to temporary stop the 

communications between WB-neo cells (it must be added no more than 30min 

before the evaluation of the communication). All controls were included on each 

plate (Fig. 23). 

 
Figure 23. Schematic view of the plate design. WB-ras cells were seeded from A1 to C8 and WB-

neo from D1 to F8. Column 1 and column 5 were filled with cells treated with supplemented 

medium only (negative control – M), while in the columns 2,3 and 6,7,8 cells were treated with 

different final concentrations of the tested jellyfish fractions (from C2 to C6, see above for details). 

Wells A, B, C, of the column 4 were filled with cells treated with Sodium butyrate (NaBut) as a 

positive control (1.6 mM), while wells D, E, F were filled with cells treated with phorbol 12-

myristate 13-acetate as a positive control (TPA - 25 nM). Space between wells was filled with 

medium only to reduce evaporation. 

After 24 h of cells growing and 48 h of treatment, cells were washed twice with 

phosphate-buffered saline (PBS) solution supplemented with calcium (0.68 mM) 
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and magnesium (0.49 mM) to avoid cells detachment and then, 150 μl Ca-Mg/PBS 

solution with Lucifer Yellow (1 mg/ml), Propidium Iodide (1 mg/ml) and 

Hoechst (10 mg/ml) was added to each well.  

Scrape-loading dye transfer assay was carried out by two parallels cuts (Fig. 24) 

with a microsurgical steel scalpel blade to allow the membrane non-permeant 

Lucifer yellow dye to enter the cells. 

.  
Figure 24. Image from Tissuefaxs cell analysis software during the automated acquisition 

(preview) of the 48 wells plate at 2.5X. Parallel scrapes (manual made with a microsurgical steel 

scalpel blade) were visible in each well. 

After ten minutes of dye exposure, the dye entered the damaged cells and in 

communicating cells by passing through their functional Gap Junction channels, 

then cells were washed twice and fixed with 4% formaldehyde solution. 

Propidium iodide was used in order to label died cells. Cells were analysed by a 

Zeiss AXIO OBSERVER Z1 wide-field epifluorescence microscope (Fig. 25) 

equipped with Hamamatsu digital camera and a tissue diagnostics automated 

platform with the associated Tissuefaxs cell analysis software. 
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Figure 25. Zeiss AXIO OBSERVER Z1 during the automated acquisition of a 48 wells plate. 

Three replicates were carried out for each treatment and the relative controls; six 

replicates were made for negative (no treatment) and positive controls. Three 

independent experiments with each cell line were performed. 

Analysis of communicating cells were performed on both scrapes of each well. 

Each scrape was divided into three different sections. Four images were acquired 

at 20x for each section (Fig. 26) and were related to the used stains (Hoechst, 

Lucifer Yellow, Propidium iodide) and the bright field. The Hoechst (blue, 

fluorescent dyes used to stain DNA) and Bright field images were taken as 

control. 24 images were acquired each well (3 different areas along each cut, two 

parallel cuts each well), and 1152 images were acquired each 48 wells plate. 

 
Figure 26. Example of a set of images of a scrape. In order from left to right: Hoechst, Lucifer 

Yellow, Propidium Iodide and Bright field images. WB-ras cells. 

The Lucifer Yellow area of each image was quantified with IMAGEJ (Fig. 27), 

then was subtracted to the relative Propidium Iodide area (Fig. 28), mediated, 

and finally normalized with the relative mediated values of the negative control 
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(no treatment) and expressed as a percentage. The same ImageJ macro algorithm 

was used. 

 
Figure 27. Example of quantification of lucifer yellow area made with ImageJ on the same scrape 

section. Native lucifer yellow image (A), elaborated with ImageJ (B). WB-neo cells. 

 
Figure 28. Example of quantification of Propidium iodide area made with ImageJ on the same 

scrape section. Native propidium iodide image (A) and elaborated with ImageJ (B). WB-neo cells.  
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IMAGEJ macro algorithm 

The protocol previously described, and the following relative ImageJ macro 

algorithm were developed by Dydowiczová et al. (2020). 

 

// Initial variables 

var scale = 0.72; 

var minSize = 1000; 

var maxNoImgs = 500; 

var visualizedParticles = 0; 

Dialog.create("THE GJIC ANALYZER"); 

Dialog.addString("Folder name", "C:\\Users\\Dell\\Desktop\\B2B 

titrace\\40k\\LY\\", 100); 

Dialog.addString("Results table name", "Fun with GJIC", 100); 

Dialog.addNumber("Maximum number of images", maxNoImgs); 

Dialog.addNumber("Minimal size", minSize); 

Dialog.addNumber("Scale (um/px)", scale); 

Dialog.show(); 

gjicdir = Dialog.getString; 

targetTable = Dialog.getString; 

maxNoImgs = Dialog.getNumber; 

minSize = Dialog.getNumber; 

scale = Dialog.getNumber; 

//gjicdir = getDirectory("Choose gjic Source Directory "); 

//targetdir = getDirectory("Choose Destination Directory "); 

File.mkdir(gjicdir + "\\control"); 

setBatchMode(false); 

gjicList = getFileList(gjicdir); 

gjicAreas = newArray(); 

outFilePath = gjicdir + "results.xls"; 

headerString = "name of image\t" + "no_particles\t" + "sum_area\t";// + 

"%area\t"; 

File.saveString(headerString, outFilePath); 

File.append(" ", outFilePath); 

analyseImages(); 

saveResults(); 

endScript(); 

function analyseImages () { 

 for (i=0; i<gjicList.length; i++) { 

  if (i < maxNoImgs) { 

   if (indexOf(gjicList[i], '/') == -1) { 
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    run("Clear Results"); 

    showProgress(i+1, gjicList.length); 

    gjicImage = gjicdir + gjicList[i]; 

       open(gjicImage); 

       original=getTitle();  

       open(gjicImage); 

       run("Set Scale...", "distance=1 known=scale pixel=1 

unit=Ä• Å¼Ë• m global"); 

    run("8-bit"); 

    run("Invert"); 

    run("Enhance Contrast...", "saturated=5"); 

    //setThreshold(0, 237); 

    run("Auto Threshold", "method=Mean"); 

     //run("Fill Holes"); 

    run("ROI Manager..."); 

    run("Analyze Particles...", "size="+ minSize + "-5000" + 

"show=[Overlay Outlines] display summarize add"); 

    run("Add Image...","image=["+original+"] x=0 y=0 

opacity=80");  

    print("Close this window to continue!"); 

 

    checkPause(); 

    function checkPause(){ 

     if (!isOpen("Log")){ 

      //if (roiManager("count") > 0) { 

      indexes = newArray(); 

      for (j = 0; j< roiManager("count"); j++){  

  indexes = Array.concat(indexes, j);   

}; 

      noResults = nResults(); 

      sum_area = 0; 

//sumP_area = 0; 

  for (r = 0; r < noResults; r++) { 

    sum_area = sum_area + getResult("Area",r);  

   //umP_area = sumP_area + getResult("%Area",r); 

      } 

File.append(original + "\t" + noResults + "\t" + sum_area, outFilePath); 

      roiManager("Select", indexes); 

      roiManager("Set Color", "red"); 

      roiManager("Set Line Width", 5); 

      //saveAs("Measurements", gjicdir + 

removeExtension(gjicList[i]) + "_gjic.csv"); 
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      //run("Add 

Image...","image=["+original+"] x=0 y=0 opacity=80");  

      saveAs("Jpeg", gjicdir + "control\\" + 

removeExtension(gjicList[i]) + "_gjic.jpg"); 

 

      truncateROIManager(); 

         

      //} 

      run("Close All"); 

      // trash garbage 

      call("java.lang.System.gc"); 

     }else{ 

      wait(100); 

      visualiseParticles(); 

      checkPause(); 

     } 

    } 

   } 

  } 

 } 

} 

function truncateROIManager(){ 

 particlesToDelete = roiManager("count"); 

 if (particlesToDelete > 0 ) { 

  indexes = newArray(); 

  for (i = 0; i< particlesToDelete; i++){ 

   indexes = Array.concat(indexes, i); 

  }; 

  roiManager("Select", indexes); 

  roiManager("Delete"); 

 } 

}; 

function saveResults () { 

 selectWindow("Summary");  

   //saveAs("Text", gjicdir + "results.csv");  

 /* 

 headerString = "name of image\t" + "area\t"; 

 resultsPath = gjicdir + "results.csv"; 

 File.saveString( headerString, resultsPath); 

 Array.print(gjicAreas); 

 for (i=0; i<gjicList.length; i++) { 

  imageResultRow = gjicList[i] + "\t" + gjicAreas[i]; 
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  print(imageResultRow) 

  File.append(imageResultRow, resultsPath);  

 } 

 */ 

} 

function removeExtension (nameWith) { 

 parts=split(nameWith, ".");  

 return parts[0] 

} 

 

function endScript () { 

 selectWindow("ROI Manager"); 

 run("Close"); 

 selectWindow("Results"); 

 run("Close"); 

 print("Well done!!! Your analysis is completed.") 

}; 

function visualiseParticles () { 

 //setBatchMode(true); 

 particlesCount = roiManager("count"); 

 if (visualizedParticles != particlesCount ){ 

  print("noOfParticles" + particlesCount); 

  print("visualizedParticles" + visualizedParticles); 

  indexes = newArray(); 

  for (i = 0; i< particlesCount; i++){ 

   indexes = Array.concat(indexes, i); 

  }; 

  Array.print(indexes); 

  roiManager("Select", indexes); 

  roiManager("Set Color", "red"); 

  roiManager("Set Line Width", 5); 

  visualizedParticles = particlesCount; 

  roiManager("Update"); 

  print ("number of particles changed to",  visualizedParticles); 

 

  //updateResults(); 

  run("Clear Results"); 

  roiManager("Measure"); 

 } 

 //setBatchMode(false); }  
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2.6. Statistical analysis 

Comparisons between treated cells and the related controls were analysed by 

one-way analysis of variance (ANOVA) with Dunnett's multiple comparisons 

test using Prism 6.0 (GraphPad) and statistical functions of Excel (Microsoft). 

Statistical significance correlations were evaluated at several p (see Results and 

Discussion). IC50 values [log (inhibitor) vs normalized response] were calculated 

using Prism 6.0 (GraphPad). 
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3. Results and Discussion 
3.1 Biochemical characterization of Cassiopea andromeda jellyfish biomass 

3.1.1 Jellyfish biometric data 

Cassiopea andromeda specimens were sampled in two different locations of 

Palermo (Sicily, Italy) harbour. All samples showed similar features, biometric 

data revealed that jellyfish specimens were almost homogeneous in size (Table 

1) with the umbrella diameter ranged from 13.5 to 17.5 cm, with a mean of 15.0 ± 

1.3 cm, and the fresh weight (FW) of the whole specimen (umbrella and oral 

arms) ranged from 153.2 to 301.9 g, with a mean of 233.5 ± 52.6 g. 

Table 1. Biometric data of 9 Cassiopea andromeda specimens, with mean and standard deviation 

(SD). 

Item Specimen 
Diameter 

(cm) 

Fresh Weight 

(g) 

Dry Weight 

(g) 

Yield  

(% of FW) 

A1 CAN4 15.0 241.0 18.3 7.59 

A2 CAL5 14.0 234.5 16.4 6.99 

A3 CAN1 17.5 299.9 22.7 7.57 

A4 CAL1 16.0 301.9 20.7 6.86 

A5 CAL2 14.0 185.4 14.4 7.77 

A6 CAL3 14.0 206.5 15.4 7.46 

A7 CAL4 16.0 280.8 22.7 8.08 

A8 CAN2 13.5 153.2 11.7 7.64 

A9 CAN3 15.0 198.5 15.3 7.71 

Mean  15.0 233.5 17.5 7.52 

SD  ± 1.3 ± 52.6 ± 3.9 ± 0.4 

 

The resulting total dry weight (DW) of the jellyfish ranged from 11.7 g to 22.7 g, 

with a mean of 17.5 ± 3.9 g. As a consequence, the dry weight referred to the 

corresponding fresh weight ranged from 6.86% to 8.08%, with the mean of yield 

of 7.52% of the fresh weight. This value is remarkable when compared with the 

yield range found in other species of jellyfish of the Rhizostomeae order, for 

which previously reported percentages varied between 2 and about 7% (De 

Domenico et al., 2019; Khong et al., 2016; Leone et al., 2015; Lucas, 2009; De Souza 

et al., 2007). 
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Based on our data, the biomass yield of the whole zooxanthellatae Cassiopea 

andromeda jellyfish in terms of dry weight compared to the fresh weight (Table 

1), seems to be in the higher range of those found in various jellyfish species, 

indeed, the biomass yield ranged between 1.1 to 10.5%, 2.2 to 3%, and 4.1 to 6.8% 

for Periphylla periphylla, Aurelia sp. and Rhizostoma pulmo, respectively, only 

Cotylorhiza tuberculata, a zooxanthellatae jellyfish as C. andromeda, has a larger 

range of percentage maybe due to the different content of microalgae (Khong et 

al., 2016; Leone et al., 2015; Lucas, 2009). 

In addition, Leone et al. (2015) found that dry weight percentage for some species 

could increase with the increasing dimension of the specimens. The yield data 

here presented are related to specimens with a diameter in the range of 13 cm to 

17 cm, as a consequence a higher yield could be expected for this jellyfish species 

considering that the size of Cassiopea andromeda can grow up to 20 - 25 cm of 

diameter, depending on the environment and the amount of available nutrients 

(Thè et al., 2020). Interestingly, C. andromeda populations that invaded the 

shrimp’s farms in the Brazilian coasts, seem more stable than the natural 

population living in the mangrove, maybe due to the environmental intra-annual 

stability in the farm that promotes jellyfish growth, in addition shrimp farm-

associated jellyfish are three times larger than those in the mangroves, regardless 

of season (Thé et al., 2020). 

 

3.1.2 Jellyfish biomass composition 

In order to characterize the biomass of Cassiopea andromeda jellyfish present in 

Sicily (Italy), protocols for extraction and the analysis of soluble and insoluble 

components were applied. Furthermore, due to the particular trophic behaviour 

and position of this species, each different specimen of C. andromeda has been 

separated into umbrella and oral arms, to verify their possible different 

composition. Each umbrella and oral arms samples of different specimen of C. 

andromeda was separately freeze-dried and then analysed to characterize the 

composition of each part of jellyfish tissues. Soluble fractions were analysed for 

proteins amount, phenol content and antioxidant activity. The insoluble 

compounds, mainly composed by proteins, especially collagen, were subjected 
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Table 2. Yield of extraction with aqueous solution (PBS) and hydroalcoholic solvent (80% 

ethanol); the lyophilized extracts were compared to the lyophilized whole jellyfish samples of 

Cassiopea andromeda. (*) The yield compared to fresh weight (% FW) was theoretically calculated. 

Data are expressed as mean ± Standard Deviation, SD (n=6). 

 Whole jellyfish (WJ)  

Extraction Solvents 
WJ DW 

(g) 

Extract DW 

(g) 

Yield 

(%DW) 

Yield * 

(% FW) 

 Mean ± SD 

PBS 1.004 ± 0.015 0.725 ± 0.011 72.2 ± 1.4 5.4* 

80% Ethanol 1.517 ± 0.051 0.650 ± 0.009 49.36 ± 0.9 3.7* 

 

Data shows that a considerable amount of dry extract was recovered after 

extraction by both the solvent systems. Extraction by the saline solution PBS 

yields the 72.2% ± 1.4 (w/w on DW), while 80% Ethanol solution was able to 

extract only 42.8 % ± 0.9. The mean of the DW/FW ratio of 7.52%, showed in Table 

1, was considered to theoretically calculate the yield in term of fresh weight (FW). 

The yield was 5.4% and 3.7% as compared to the fresh weight (FW) for PBS and 

80% ethanol extract, respectively. The data demonstrated that aqueous solution 

(PBS) is able to extract a higher amount of compounds than hydroalcoholic 

solution (80% ethanol) from dried biomass of Cassiopea andromeda. 

Leone et al. (2013) showed that the hydroalcoholic extract from Cotylorhiza 

tuberculata, a zooxanthaellatae jellyfish, obtained by 80% ethanol extraction in the 

same condition of this study provided a similar yield of 43.6 ± 4.1% (w/w of DW) 

compared to the dry biomass and a higher yield of 11.7 ± 1.7% (w/w of FW) 

compared to the fresh biomass (Leone et al., 2013), indicating similarity in term 

of yield independently from the species and the size of the jellyfish. To our best 

knowledge, no data are available on PBS or other saline solution extractions on 

C. andromeda jellyfish. 

 
Umbrella and Oral Arms 

Umbrellas and oral arms of different specimens of Cassiopea andromeda jellyfish 

were separately analyzed in order to estimate the yield of organic matter 

extracted from the two jellyfish body parts. 
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Table 3 shows the average yields of the extractions from umbrella using PBS and 

80% ethanol solutions. The dry weight of PBS aqueous extract (g) and the 80% 

ethanol hydroalcoholic extract (g) are compared to the dry weight of the 

lyophilized jellyfish umbrella. Again, the extraction yield obtained by PBS was 

higher than those obtained by 80% ethanol giving a percentage of 64.73 ± 0.02% 

and 41.60 ± 0.03% (% DW ± SD), respectively. 

 

Table 3. Yield of extractions with aqueous solution (PBS) and hydroalcoholic solvent (80% 

ethanol) compared to the lyophilized umbrella (UMB) samples of Cassiopea andromeda. Data are 

expressed as mean ± Standard Deviation, SD, (n=6). 

 Jellyfish Umbrella (UMB) 

Extraction Solutions 
DW of UMB  

(g) 

Extract DW 

(g) 

Yield  

(%DW ± SD) 

 Mean ±SD 

PBS  0.952 ± 0.155 0.616 ± 0.1 64.73 ± 0.02 

80% Ethanol 0.515 ± 0.172 0.214 ± 0.071 41.60 ± 0.03 

 

Therefore, the same analysis was performed on oral arms tissues of C. Andromeda. 

As shown in Table 4, a surprisingly high extraction yield was obtained with PBS 

saline solution, which was 95.83 ± 0.005% of DW of the lyophilized oral arms. 

This value was one and half times higher than the yield obtained in umbrella 

samples (64.73% of DW) showed in Table 3. Conversely, the extraction yield 

obtained by hydroalcoholic solution in oral arms was 43.50 ± 0.005% of the DW, 

that was comparable to the yield value obtained with umbrella samples (41.60 %, 

Table 3). 

 

Table 4. Yield of extractions with aqueous solution (PBS) and hydroalcoholic solvent (80% 

ethanol) compared to the lyophilized oral arms (OA) samples of Cassiopea andromeda. Data are 

expressed as mean ± Standard Deviation, SD (n=6). 

Jellyfish Oral Arms (OA) 

Extraction Solvents 
DW of OA 

(g) 

Extract  

(g) 

Yield  

(%DW± SD) 

 Mean ±SD 

PBS 0.978 ± 0.15 0.937 ± 0.011 95.83 ± 0.01 

80% Ethanol 1.003 ± 0.08 0.436 ± 0.040 43.50 ± 0.01 
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Noteworthy is the difference between oral arms and umbrella samples in terms 

of yield. Given that the yields of both aqueous and hydroalcoholic extracts of the 

whole jellyfish were quite high, ranging from approximately 50 to 70% of dry 

weight (Table 2), it appears that the presence of extractable compounds are 

distributed asymmetrically in the jellyfish body parts. The extracts of oral arms 

samples of C. andromeda, indeed, showed significantly higher yields, as both 

aqueous and hydroalcoholic extracts, compared to the jellyfish umbrellas’ 

samples. 

Generally, jellyfish body parts have a different composition due to their diverse 

role. In pelagic Cnidarian species, umbrellas have well developed muscle cell 

organization useful for active contraction and movement, indeed, the pulsations 

of the bell are relied on as their mode of locomotion (Park et al., 2015; Costello et 

al., 2008; McHenry and Jed, 2003; Colin and Costello 2002), while the tentacles 

are typically used for capturing prey (Purcell, 2012; Pitt et al., 2008). 

A different case is represented by the upside-down jellyfish Cassiopea, which have 

a less active locomotion being more similar to sessile organisms. The contractile 

nature of the umbrella and oral arms in Cassiopea andromeda specie was studied 

by mathematical models and fluid dynamics (Hamlet, 2012, 2011). The oral arms 

seem to have active contractile capacity and a particular structure/body that 

make them different from the pelagic jellyfish. The absence of a primary mouth, 

with the presence of secondary mouths and mucus secretions between the 

appendages of the oral arms could be factors promoting this unusual lifestyle. 

Therefore, a higher yield in organic matter at the level of oral arms would 

therefore seem to be more plausible for this jellyfish species. Furthermore, initial 

evidence suggests that heterotrophic feeding behavior is more important than 

the photoautotrophic compounds (mainly lipids) provided by symbiotic 

zooxanthellae (Banha et al., 2020; Thè et al., 2020; Latyshev et al., 1991).  

 

3.1.4 Umbrella and Oral Arms biochemical characterization 

Umbrellas and oral arms of different specimens of jellyfish Cassiopea andromeda 

were separately analyzed in order to verify if the two body parts present different 

chemical composition and content of bioactive compounds. 
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Phenol content of the aqueous and hydroalcoholic extracts 

The amount of total phenolic compound content was evaluated as micrograms 

of gallic acid equivalent (GAE) per g of jellyfish dry weight (µg GAE/g DW) and 

was measured in all the four extracts. Namely, extracts obtained directly from 

dried jellyfish biomass in PBS (A) and 80% ethanol (B) (Fig. 30) and extracts in 

PBS performed after 80% ethanol extraction (A1) as well as 80% ethanol 

extraction after PBS extraction (B1) (Fig. 30) in umbrella and oral arms of 

Cassiopea andromeda samples.  

As shown in Figure 33, the first extraction in aqueous solution (A) was able to 

extract about 1785 ± 380 µg of GAE/g of DW from umbrellas and about 3851 ± 

450 µg of GAE/g of DW from oral arms, while the 80% ethanol solution (B) was 

able to extract 1358 ± 340 GAE/g of DW from umbrella and 2483 ± 201 GAE/g of 

DW from oral arms This confirmed that a difference between umbrella and oral 

arms in extractable compounds is evident also for the class of phenols. In 

addition, the statistical analysis indicates no significant difference between 

extractable phenols by PBS and ethanol solutions from umbrella, while a 

significantly higher amount of PBS extractable phenols was detected in oral arms 

as compared to 80% ethanol extraction solution. 
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Figure 33. Content of phenol compounds in PBS (A) and in 80% ethanol (B) extracts from umbrella 

and oral arms samples of Cassiopea andromeda. Data are expressed as µg of gallic acid equivalent 

(GAE) per g of dry weight of extract. Data are mean (n=6), Bars represent ± standard deviation 

(SD).  

 

The total content of phenols in the extracts obtained from a second extraction 

after a previous complementary extraction (A1 and B1) are shown in Figure 34. 

From one third to one sixth of the quantity presents in the first extraction solution 

was still extractable in the subsequent extraction. No difference was detected for 

extractable phenols in oral arms with both PBS after ethanol extraction (A1) and 

with 80% ethanol extraction after PBS extraction (B1), while significant less 

phenol compounds were extracted in 80% ethanol after PBS extraction (B1) in 

umbrella samples. 
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Figure 34. Total phenol content in PBS extracts after twice 80% ethanol extraction (A1) (multiple 

extraction PBS -> 80% ethanol) and in 80% ethanol extracts after PBS extraction (B1) (multiple 

extraction 80%ethanol -> PBS) from umbrellas and oral arms' samples of Cassiopea andromeda. 

Data are expressed as µg of gallic acid equivalent (GAE) per g of dry weight of extract. Data are 

mean (n=6); Bars represent ± standard deviation (SD). 

 

Antioxidant activity of the aqueous and hydroalcoholic extracts 

A significant antioxidant activity, measured as radical scavenging activity, was 

detected in all four jellyfish extracts, (Fig. 35 A, B and Fig. 36, A1 B1). In order to 

avoid an incorrect measurement due to the different extraction capacity of the 

solvents used and the different compounds contents of the samples (umbrellas 

and oral arms), the antioxidant activity was expressed as Trolox equivalent per 

mg of proteins (TE/mg proteins) instead than per mg of DW. This normalized 

data is able to express the qualitative differences among samples related to their 

antioxidant capability.  

No differences in the antioxidant activity between umbrella and oral arms 

samples were found (Fig. 35, A and B) in both types of extraction. It was 

noticeable that the antioxidant activity of the 80% ethanol extracts (Fig. 35, B) 

were significantly higher than PBS extracts (Fig. 35, A), regardless of the origin 

from umbrellas' or oral arms' samples. This indicated nonsignificant qualitative 
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differences in the content of antioxidant compounds between body parts (oral 

arms and umbrella); however, it indicated that the hydroalcoholic extraction is 

selective for compounds with high antioxidant activity. 

 
Figure 35. Total antioxidant activity in jellyfish extracted with phosphate-buffered saline (PBS, A) 

or 80% ethanol (B) from freeze-dried umbrella or oral arms of Cassiopea andromeda jellyfish. 

Antioxidant activity is expressed as nmol of Trolox eq. (TE) per mg of proteins. Data are mean 

(n=6); Bars represent ± standard deviation (SD). 

 

 
Figure 36. Total antioxidant activity in umbrella or oral arms Cassiopea andromeda jellyfish extracts 

with phosphate-buffered saline (PBS) after 80% ethanol extraction (A1) or with 80% ethanol after 

PBS extraction (B1). Antioxidant activity is expressed as nmol of Trolox eq. (TE) per mg of 

proteins. Data are mean (n=6); Bars represent ± standard deviation (SD). 
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3.1.6 Enzymatic sequential digestion of insoluble proteinaceous compounds 

The insoluble material resulting from the aqueous (PBS, Treatment A) and 

hydroalcoholic (80% Ethanol, Treatment B) extractions, were subjected to 

sequential enzymatic hydrolysis by pepsin digestion followed by collagenase 

hydrolysis (De Domenico et al., 2019; Leone et al., 2015).  

Pepsin is the main human digestive enzymes present in the gastric juice and it 

breaks down a wide range of proteinaceous compounds (Blanco et al., 2017). Its 

optimal temperature is 37°C but to preserve samples it has been used at 4°C for 

a longer time. In addition, it cleaves the non-triple collagen domains without 

damaging the triple helix (Jongjareonrak et al., 2005). 

The undigested insoluble proteins by pepsin, mainly consisting of the triple helix 

domains of collagen were then hydrolyzed by bacterial collagenase as in Leone 

et al. (2015). 

The sequential process has been preferred instead of a combined enzymatic 

hydrolysis to have a better control of the digestion parameters and of the 

resulting peptide composition (Grienke et al., 2014). 

 

Pepsin-hydrolyzed proteins  

The digestion with pepsin was performed as first step on insoluble proteins 

obtained as pellet after the aqueous (PBS, treatment A) or hydroalcoholic 

extractions (80% ethanol, treatment B) carried out on jellyfish umbrella and oral 

arms. As for the extractable soluble proteins, the amount of peptides obtained by 

pepsin-digestion of insoluble proteins in oral arms was higher as compared to 

the umbrellas fraction, in both extraction protocols, as shown in Figure 37. 

Indeed, the amount of pepsin-hydrolysates from the umbrella was 8.55 ± 0.8 mg/g 

DW after PBS extraction (treatment A) and 9.61 ± 0.95 mg/g of DW after the 

hydroalcoholic extraction (treatment B) . The amount of pepsin-hydrolysates 

from oral arms were 11.99 ± 1.0 and 13.39 ± 1.2 mg/g of DW after treatment A 

(PBS) and treatment B (80% ethanol), respectively.  

No significant differences in the amounts of proteins digested with pepsin were 

detected between samples pretreated with aqueous or hydroalcoholic solutions, 

in both umbrella and oral arms. Therefore, our data demonstrated that the 
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amounts of insoluble protein digestible by pepsin were independent of the type 

of extraction previously carried out.  

 
Figure 37. Amount of proteins hydrolysed with pepsin in samples of umbrella and oral arms of 

Cassiopea andromeda, pre-extracted with phosphate-buffered saline (PBS) or with 80% ethanol. 

Protein content is expressed as mg per gram of dry weight. Data are mean (n=6) Bars represent ± 

standard deviation (SD). 

 

Total phenol content of pepsin-hydrolyzed fractions 

A notable amount of total phenols was found in the pepsin hydrolized fractions 

from jellyfish umbrellas and oral arms (Fig. 38). An amount of 2285 µg and 2738 

µg of gallic acid equivalent per g of dry weight (GAE/g DW) were found in 

pepsin hydrolyzed fractions of umbrella and oral arms, respectively, after PBS 

extraction (Treatment A). While 3256 µg and 4838 µg GAE/g of DW were found 

in hydrolized fractions from umbrella and oral arms, respectively, in sample 

subjected to the extraction with 80% ethanol (treatment B).  
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Figure 38. Content of phenol compounds in umbrella and oral arms samples of Cassiopea 

andromeda hydrolysed by pepsin after extraction of soluble compounds with PBS or 80% ethanol. 

Data are mean (n=6); Bars represent ± standard deviation (SD).  

 

No differences were found between the samples, either between the body parts 

of the jellyfish or between the type of extraction previously performed, 

confirming that the pre-extraction treatments did not affect the phenol content of 

the C. andromeda samples digested with pepsin. 

The presence of phenol compounds is usually an index of several protective 

biological properties including strong antioxidant and chemo-preventive 

activities (Lee et al., 2016; Wang et al., 2013; Manach et al., 2004; Nijveldt et al., 

2001). They are usually found in great amounts into plants, vegetables and other 

terrestrial and marine organisms like macro and microalgae and, in our case their 

strong presence is surely due to the well-known symbiosis with the microalgae 

of the genus Symbiodinium microadriaticum. 

 

Antioxidant activity of pepsin-hydrolyzed fractions 

A surprising high antioxidant activity was also detected in pepsin hydrolyzed 

fractions of umbrellas and oral arms of C. andromeda. In Figure 39 values of 2780 

nmol TE / and 2327 nmol TE / mg of proteins were found in umbrellas and oral 

arms, respectively, of jellyfish samples previously extracted with PBS. On the 

contrary, the antioxidant activity values found in samples of umbrellas and oral 
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arms previously extracted with the 80% ethanol were 3644 nmol TE / mg and 

3424 nmol TE / mg of proteins; these values were significantly higher than 

samples pre-extracted with PBS. 

 
Figure 39. Total antioxidant activity in umbrella or oral arms samples of Cassiopea andromeda 

jellyfish hydrolysed by pepsin after PBS or 80% ethanol extraction. Antioxidant activity is 

expressed as nmol of Trolox eq. (TE) per mg of proteins. Data are mean (n=6); Bars represent ± 

standard deviation (SD). 

 

The amount of jellyfish nutritional components is highly influenced by 

environmental factors, but usually proteins are the major jellyfish components, 

apart from the zooxanthellatae jellyfish species where lipids are usually higher 

(Khong et al., 2016; Leone et al., 2015; Hsieh et al., 2001). Proteins hydrolysates 

are known to exert a wide spectrum of biological functions including anti-

proliferative, anti-cancer, anti-hypertensive, hypocholesterolemic, anti-

inflammatory and antioxidant (Zhang et al., 2018; Liu et al., 2016; Fan et al., 2013; 

Zhuang et al., 2012-2009; Hsu et al., 2011), and all these biological activities are 

mainly attributed to peptides (Etemadian et al., 2020). Due to their well accepted 

antioxidant effects that prevent or reduce oxidative stress associated to body 

diseases (Pisoschi et al., 2021; Lorenzo et al., 2018; De Domenico and Giudetti, 

2017; Adebiyi et al., 2009; Gulcin et al., 2004), natural peptides are gaining 

attention in the last decades. Natural peptides can be valuable replacement for 

the problematic synthetic antioxidants widely used nowadays, because, although 
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the latter are usually more effective, they are toxic to the body for long-term use 

(Gajanan et al., 2016; Shahidi and Zhong, 2015;). Rather, natural peptides 

penetrate the cells more easily due to the amino acids sequence, composition, and 

the lower weight of them, creating the condition for a lower osmotic pressure 

difference (Gorguc et al., 2020; Karoud et al., 2019; Zamora-Sillero et al., 2018). 

 

Collagenase-hydrolyzed proteins  

The biggest part of jellyfish protein hydrolysates by the endopeptidase pepsin is 

mainly composed of insoluble collagen deprived of the triple helix 

(Jongjareonrak et al., 2005), indeed, collagen usually account for up to 60% of dry 

weight (Khong et al., 2016; Addad et al., 2011). 

Several studies focused on jellyfish hydrolysed collagen which have shown to 

exert a wide range of biological effects like immune-stimulation and antioxidant 

activity (De Domenico et al., 2019; Barzideh et al., 2014b; Sugahara et al., 2006). 

In order to evaluate the amount of collagen in umbrella and oral arms of Cassiopea 

andromeda, the residual biomass after pepsin digestion was subjected to 

enzymatic hydrolysis with collagenase, a bacterial endopeptidase able to 

hydrolyse the collagen jellyfish triple helix producing smaller peptides (De 

Domenico et al., 2019; Leone et al., 2015). 

Figure 40 and Figure 41 show the amounts of collagenase digested proteins 

evaluated by Bradford assay (Bradford et al., 1976) and also by a modified 

Lowry’s method (Komsa-Penkova et al., 1996). 

From the Bradford dosage (Fig. 40) the amount of proteins digested by 

collagenase, likely fibrillar collagen, was about 12.8 ± 0.26 and 10.1 ± 0.32 mg / g 

of DW lyophilized umbrella and oral arms samples, previously extracted with 

PBS (Fig. 40-A). 

A similar amount of collagen, namely 9.6 ± 0.14 and 11.9 ± 0.45 mg / g of DW was 

measured in samples of umbrella and oral arms, respectively, previously 

extracted by hydroalcoholic solution (Fig. 40-B). No significant differences 

between umbrella and oral arms as well as between pre-extraction type were 

found. 
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Figure 40. Amount of proteins hydrolysed with collagenase estimated by Bradford assay, in 

umbrella and oral arms samples of Cassiopea andromeda, pre-treated with phosphate-buffered 

saline (PBS) or with 80% ethanol. Protein content is expressed as mg per gram of dry weight. Data 

are mean (n=6); Bars represent ± standard deviation (SD). 

 

The evaluation of protein amount by Bradford assay were performed on 

collagenase digested samples to ensure conformity among protein content data 

in the other fractions. However, taking into account that the standard Bradford 

assay and also an its improved version (Lopez et al., 1993) were unable to 

accurately estimate protein contents in collagen rich samples, due to the action 

mechanism of the dye. Then, a simple and sensitive Lowry’s method, first 

developed by Komsa-Penkova et al. (1996) and then slightly modified by Kiew 

and Don (2013), was used to determine the amount of collagen in our jellyfish 

collagenase hydrolysed samples. 

Data of protein content in collagenase hydrolysed samples evaluated by Lowry 

assay are shown in Figure 41. As expected, values measured by the modified 

Lowry method were found three times higher than the values resulting from 

Bradford assay (Fig. 40). Fibrillar collagen concentration was of about 32.6 ± 1.5 

and 34.6 ± 1.0 mg / g of DW of lyophilized umbrella and oral arms, respectively, 

in samples pre-treated with PBS. In umbrella and oral arms samples pre-treated 

with 80% ethanol, the amounts were about 22.0 ± 1.08 and 29.8 ± 0.47 mg / g of 

DW, respectively.  
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type of pre-extraction were found, indicating that the phenol content is a 

minoritarian and stable part of this fraction. 

 
Figure 42. Amount of phenols in fractions hydrolyzed with collagenase derived from umbrella 

and oral arms of Cassiopea andromeda, pre-treated with phosphate-buffered saline (PBS) or with 

80% ethanol and estimated by Folin-Ciocalteu assay. Phenols content is expressed as µg GAE / g 

per gram of dry weight. Data are mean (n=6); Bars represent ± standard deviation (SD). 

 

 

Antioxidant activity of collagenase-hydrolyzed fractions 

Hydrolyzed collagen samples from both oral arms and umbrella, as well as 

derived from both types of pre-extraction, also showed antioxidant activity (Fig. 

43) even though it was lower than the antioxidant activity found in pepsin 

hydrolyzed samples (Fig. 39). As expected, the detected antioxidant activity was 

similar in samples of umbrellas and oral arms and no differences were detected 

between samples that were subjected to PBS extraction or 80% ethanol.  

Indeed, the amount of antioxidant activity expressed as nmol of Trolox 

equivalents per mg of proteins were 683 nmol TE and 911 nmol TE / mg proteins 

in C. andromeda umbrella and oral arms samples, respectively, in samples 

pretreated with PBS. The values of antioxidant activity were 837 nmol TE and 

842 nmol TE / mg of proteins in umbrella and oral arms, respectively, in jellyfish 

samples extracted with 80% Ethanol (Fig. 43). 
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Figure 43. Total antioxidant activity in umbrella and oral arms samples of Cassiopea andromeda 

jellyfish hydrolysed by collagenase after PBS (A) or 80% ethanol (B) extraction. Antioxidant 

activity is expressed as nmol of Trolox eq. (TE) per mg of proteins. Data are mean (n=6); Bars 

represent ± standard deviation (SD). 
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3.2 Bioactivity of the hydroalcoholic extracts fractions of Umbrella and 

Oral Arms 

In order to deepen the aspects of the biological properties of Cassiopea andromeda 

and, possibly isolate active fractions with pro-apoptotic and anti-proliferative 

activity on cancer cells, an in-depth study on fractions coming from the 

hydroalcoholic extract of oral arms and umbrella of the jellyfish C. andromeda 

were carried out. 

 

3.2.1 Hydroalcoholic (80% ethanol) extraction 

The previous biochemical characterization of the biomass of jellyfish here 

described evidenced that a very high antioxidant activity was recorded in the 

hydroalcoholic extract of Cassiopea andromeda, mainly in the oral arms. In order 

to characterize the biological activity of the different jellyfish tissues, the 

extractions of compounds soluble in hydroalcoholic solution were performed 

from freeze-dried samples of umbrella (UMB) and oral arms (OA) of six out nine 

specimens of C. andromeda. Hydroalcoholic-soluble compounds were extracted 

with an 80% ethanol solution and the amount of total extract obtained from 

umbrella and oral arms, expressed as grams of dry weight (DW) and as 

percentage of the lyophilized samples are showed in Table 5. 

Table 5. Dry weight and yield of the hydroalcoholic extracts from umbrellas and oral arms of 

different specimens of C. andromeda. DW, Dry weight; SD, Standard deviation 

  UMBRELLA (UMB) ORAL ARMS (OA) 

Item Specimen 
DW  

(g) 
Extract (g) 

Yield 

(%DW) 

DW  

(g) 
Extract (g) 

Yield 

(%DW) 

A1 CAN4 0.931 0.382 41.1 1.142 0.56 49 

A3 CAL1 0.615 0.204 33.2 0.761 0.356 46.8 

A4 CAL3 0.636 0.264 41.6 1.059 0.464 43.8 

A5 CAN2 0.393 0.164 41.7 0.946 0.408 43.2 

A7 CAL4 0.822 0.36 43.8 1.052 0.459 43.6 

A8 CAN3 0.852 0.356 41.8 0.95 0.423 44.5 

Mean ±SD 0.708 ±0.2 0.243 ±0.1 40.5 ±3.7 0.985 ±3.7 0.445 ±0.1 45.1 ±2.3 
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A quite constant amount of hydroalcoholic extract was obtained from different 

samples. The amount of dried extract from UMB samples was on average 0.243 ± 

0.08 g, which was about 40.5% of the DW of starting biomass, while the amount 

of extract from OA was two times higher than the UMB extract being on average 

0.445 ± 0.07 g, which was about the 45.1% of the dried initial biomass (Table 5). 

 

Fractionation of the hydroalcoholic extracts 

The jellyfish hydroalcoholic extracts (80% ethanol) contain a mixture of 

heterogeneous compounds, so, in order to obtain partially purified fractions a 

first separation was performed by protein precipitation. A 50% acetonitrile 

(ACN) solution was used to efficiently precipitate proteins larger than ~40 kDa 

(Leone et al., 2013; Romitelli et al., 2007; Ghasemi et al., 2007; Alpert and Shukla, 

2003). 

This phase separation methodology was used for the first time to partially 

characterize the hydroalcoholic extract of the whole jellyfish Cotylorhiza 

tuberculata by Leone et al. (2013). 

This method is useful for separating different classes of components eventually 

present in a hydroalcoholic-soluble extract of complex samples, such as biomass 

of zooxanthellatae jellyfish. Indeed, the use of a mild organic solvent (FDA, 2012) 

as the solution acetonitrile : water (ACN:H2O) and the avoidance of freeze-thaw 

cycles, damaging protein structures, resulted in an advantageous method for 

composite organisms (Leone et al., 2013). 

After resuspension in acetonitrile/water solution, a three phases separation was 

obtained (Fig. 44-A) in a similar way to that observed by Leone et al. (2013) in 

Cotylorhiza tuberculata samples. 

A lipophilic upper phase (UP) and a hydrophilic lower phase (LP) separated by 

a semisolid, green coloured, intermediate phase (IP) were obtained. After an 

accurate separation (Fig. 44-B), the characterization of the three phases of the 

jellyfish extract was attempted. 
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Figure 44. (A) Three phases separation of the total hydroalcoholic extract of C. andromeda jellyfish 

after phase separation with acetonitrile/water solution; In (B) the obtained separated fractions . 

 

3.2.2 Hydroalcoholic extract biochemical characterization 

Intermediate phase (IP) fractions were characterized of a bright green colour, that 

was hypothesised is due to the protein-pigment complexes of the symbiotic 

zooxanthellae, as highlighted for IPs and LPs in Cotylorhiza tuberculata jellyfish 

(Leone et al., 2013). However, comparing the colours of the IPs and LPs between 

C. andromeda and C. tuberculata it was clear that the Lower Phases of C. andromeda 

are not characterized by green colour. 

The unique consistency of the intermediate phase (IP) was not useful for accurate 

analysis due to the insolubility in most of the solvents suitable for the study of 

biological activity (Fig. 45), so both Umbrella and Oral Arms IP fractions were 

not characterised in this work. The lipophilic upper phase (UP) and the aqueous 

lower phase (LP) were characterized for protein and phenol contents and for their 

antioxidant activity. 

 
Figure 45. Intermediate phase (IP) of C. andromeda showing an almost completely lack of solubility 

in Ethanol. 

 



Results and Discussion 

73 
(Back to TOC) 

Protein content 

Table 6 shows the amount of proteins detected in the UP and LP phases from 

both umbrella (UMB) and oral arms (OA), expressed as mg of proteins per gram 

of dried extract. The data confirm that the fractions obtained from the extract 

coming from the oral arms’ samples give a higher protein content as compared 

to the fractions coming from the umbrellas’ extract. This clearly indicated that 

composition of the hydroalcoholic extract of the oral arms significantly differs 

from that of umbrellas. 

The content of proteins in the UP (lipophilic fraction) of C. andromeda umbrella 

was estimated about 0.88 ± 0.28 mg of proteins per gram of dried weight, while 

in the LP (hydrophilic fraction) were 2.30 ± 1.38 mg/g of DW. The protein content 

of UP and LP from oral arms extract were 2.09 ± 0.72 mg and 3.53 ± 1.46 mg of 

proteins per gram of dried weight, respectively (Table 6). 

 

Table 6. Amount of proteins, and Mean ± Standard Deviation (SD) in the upper phase (UP) and 

in the lower phase (LP) from both umbrella (UMB) and oral arms (OA) expressed as mg per g of 

Dry Weight (DW)  

Item Specimen 

UMBRELLA (UMB) ORAL ARMS (OA) 

Upper phase 

(UMB-UP) 

Lower phase 

(UMB-LP) 

Upper phase 

(OA-UP) 

Lower phase 

(OA-LP) 

  mg / g of DW 

A1 CAN4 0.797 2.011 1.726 2.704 

A3 CAL1 0.41 0.508 1.375 2.791 

A4 CAL3 0.873 1.837 3.06 2.808 

A5 CAN2 0.986 1.576 1.488 2.268 

A7 CAL4 0.978 3.656 2.896 4.605 

A8 CAN3 1.249 4.225 1.997 6.014 

Mean ±SD 0.882 ±0.277 2.302 ±1.384 2.090 ±0.722 3.532 ±1.461 

 

The evaluation of the amount of proteins in the different parts of jellyfish showed 

that oral arms contained more than double the proteins of the Umbrella if we 

consider the mg of proteins per g of Dry Weight, and more than three times if we 

consider the total extracted amount of proteins. Indeed, about 5.27 ± 2.23 mg of 

proteins per gram of dry extract (29.488 mg of total extracted proteins) and 2.29 
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± 1.07 mg of proteins per gram of dried extract (8.196 mg of total extracted 

proteins), was detected in the OA and UMB, respectively. 

The distribution between the two phases (Table 6) also confirms the fact that the 

upper phases are mainly made up of non-polar or less-polar acetonitrile soluble 

compounds, being this protocol useful to separate proteins between phases in 

hydroalcoholic extracts of jellyfish tissue samples (Leone et al., 2013). 

 

Phenolic compounds 

The phenolic compounds, that are widespread between plant and plant-derived 

foods and that are one of the most effective antioxidants known in nature (Li et 

al., 2014; Weichselbaum and Buttriss, 2010; Tsao, 2010; D’Archivio et al., 2007), 

were found mostly in the oral arms (about 2400.1 ± 162 μg GAE/g of DW against 

the 1220.8 ± 261 μg GAE/g of DW in UMB). Furthermore, phenolic compounds 

were found mostly in the LP, as already found by Leone et al. (2013) in C. 

tuberculata. Indeed, the UMB-UP of C. andromeda contained about 226.9 ± 110.5 

μg GAE/g DW, while the UMB-LP 693.7 ± 122.2 μg GAE/g of DW. In oral arms, 

furthermore, the OA-UP showed 374.9 ± 103.1 μg GAE/g DW and well 1399.1 ± 

299 μg of gallic acid equivalents per g of dried weight in the LP (Table 7). This 

confirms that compounds present in the oral arms and soluble in the 

hydroalcoholic extract are different from that present in the umbrella.  

 

Table 7. Amount of phenolic compounds and Mean ± Standard Deviation by a modified Folin-

Ciocalteu in the upper phase (UP) and in the lower phase (LP) from both umbrella (UMB) and 

oral arms (OA) expressed as µg of gallic acid equivalents (GAE) per g of dry weight (DW). 

Item Specimen 

UMBRELLA (UMB) ORAL ARMS (OA) 

Upper phase 

(UMB-UP) 

Lower phase 

(UMB-LP) 

Upper phase 

(OA-UP) 

Lower phase 

(OA-LP) 

  µg GAE / g DW 

A4 CAL3 255.4 827.5 425.1 1826.9 

A5 CAN2 370.9 763.1 488.7 1365 

A7 CAL4 129.9 619.7 331.1 1259 

A8 CAN3 151.4 564.7 254.5 1145.5 

Mean ±SD 226.9 ±110 693.7 ±122 374.9 ±103 1399.1 ±299 
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Antioxidant activity 

The evaluation of the antioxidant activity (expressed as Trolox Equivalents per g 

of dried extract) in the fractionated hydroalcoholic extracts showed the same 

trend, with the highest values in LPs, and in general in OA extracts (Table 8). In 

detail, the UP and LP of the oral arms have the higher antioxidant activity values 

(mean values of 1650 and 15592 nmol of Trolox equivalents (TE) per g of dried 

extracts, respectively) compared with the respective UP and LP of the umbrella 

(mean values of 911 and 8786 nmol of Trolox equivalents (TE) per g of dried 

extracts, respectively). 

Table 8. Values are Means ± Standard Deviation (n=4) of antioxidant activity by TEAC in the 

upper phase (UP) and in the lower phase (LP) from both umbrella (UMB) and oral arms (OA) 

expressed as nmol of Trolox Equivalents and normalized per g of dry weight, per mg of proteins 

and per µg of gallic acid equivalents. 

 

UMBRELLA (UMB) ORAL ARMS (OA) 

Upper phase 

(UMB-UP) 

Lower phase 

(UMB-LP) 

Upper phase 

(OA-UP) 

Lower phase 

(OA-LP) 

Mean ±SD 

(nmol TE/g of DW) 
911 ±275 8786 ±338 1650 ±156 15592 ±2288 

Mean ±SD 

(nmol TE/mg of proteins) 
887 ±274 3700 ±1626 727 ±331 4230 ±1551 

Mean ±SD 

(nmol TE/ µg of GAE) 
4214 ±1579 12365 ±2448 4365 ±331 10935 ±2632 

 

Moreover, Table 8 shows that the antioxidant activity (AA) of the compounds in 

the fractions when were normalized to proteins or phenols contents (i.e., 

expressed as nmol TE/ mg of proteins or as nmol/TE per µg of GAE) were always 

higher in the lower phases (LP) than in the upper phase (UP). Since the LP 

showed the highest antioxidant capacity when normalized to phenols, we can 

reasonably suppose that the nature of this AA is related to compounds with 

active phenolic groups and to the high reactivity of these species (Roleira et al., 

2015). Furthermore, since phenols are mainly produced by plants and microalgae 

(Jerez-Martel et al., 2017; Hattenschwiler and Vitousek, 2000) and the microalgae 

are equally present all over the body of C. andromeda jellyfish (Lampert et al., 

2012), it can be supposed that the higher amount of phenols and the related 

antioxidant activity detected in the oral arms compared to the umbrella, is due to 
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the photosynthetic function of endosymbiotic zooxanthellae and to the habit of 

this jellyfish to stay upside-down on the sea floor (Jantzen et al., 2010). The better 

exposition to the light for the photosynthetic algae located into the oral arms.  

 

3.2.3 Bioactivity of the hydroalcoholic extracts fractions of Umbrella and Oral Arms 

In order to evaluate the putative biological activity in cell systems of the fractions 

of extracts from C. andromeda jellyfish, a set of assays on human and murine cell 

culture systems were selected. The analyses performed on human cell cultures 

were carried out at the Institute of Sciences of Food Production of National 

Research Council (CNR-ISPA) of Lecce, Italy, while the assays performed on 

murine cell cultures were carried out during a period of abroad activity at the 

Research Centre for Toxic Compounds in the Environment (RECETOX) of the 

Masaryk University, Brno, Czech Republic. 

 

3.2.3.1 Effect on viability of MCF-7 and MB-MDA-231 cell cultures 

Considering the high antioxidant activity found in the extracts of jellyfish C. 

andromeda and the fact that various cell biological activities are related to the 

antioxidant activity, jellyfish extracts were analysed in their ability to reduce the 

cell viability on two well-established human breast cancer cells lines, MCF-7 and 

MB-MDA-231, with different features. 

MCF-7 is a commonly used breast cancer cell line, that has been propagated for 

many years by multiple groups for studies on the first partially reversible breast 

cancer cell features (Comsa et al., 2015). It proves to be a suitable model cell line 

for breast cancer investigations worldwide, including those regarding anticancer 

drugs (Shirazi, 2011). MB-MDA-231 is a highly aggressive, invasive, and poorly 

differentiated triple-negative breast cancer (TNBC) cell line as it lacks oestrogen 

receptor (ER) and progesterone receptor (PR) expression, as well as HER2 

(human epidermal growth factor receptor 2) amplification (Chavez et al., 2010; 

Liu et al., 2003). MB-MDA-231 is an aggressive form of breast cancer with limited 

treatment options, similarly to other invasive cancer cell lines, the invasiveness 

of the MB-MDA-231 cells is mediated by proteolytic degradation of the 
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extracellular matrix. The fractions of the hydroalcoholic extracts corresponding 

to the Upper (UP) and Lower Phases (LP) of umbrella (UMB) and oral arms (OA) 

of C. andromeda were assayed for their cytotoxic effects on cell cultures by a 24h-

cell-treatment (Fig. 46-47) by MTS assay (see material and methods). 

 
Figure 46. Cell viability in MCF-7 cells treated with different concentrations of the fractions UP 

and LP of extracts from umbrella (UMB-UP, UMB-LP) and oral arms (OA-UP, OA-LP) of the 

jellyfish C. andromeda. Values are Mean ±  Standard Deviation (n=3) of two independent 

experiments. ANOVA test followed by Dunnett’s post-test was used to compare each treatment 

with the corresponding control (CTR). All differences were highly significant p < 0.001 

 

 
Figure 47. Cell viability in MB-MDA-231 cells treated with different concentrations of the fractions 

UP and LP of extracts from umbrella (UMB-UP, UMB-LP) and oral arms (OA-UP, OA-LP) of the 

jellyfish C. andromeda. Values are Mean ±  Standard Deviation (n=3) of two independent 

experiments. ANOVA test followed by Dunnett’s post-test was used to compare each treatment 

with the corresponding control (CTR). All differences were highly significant p < 0.001 
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A dose-response assay was set up and a different range of amounts of the UPs 

and LPs, due to their different chemical composition and protein content, was 

assayed. In particular the UPs were tested in the range between 0.0001 and 0.01 

µg/µl of contained proteins and the LPs were tested between 0.0005 and 0.05 

µg/µl, all tested concentrations of both fractions (UP and LP) were compared to 

the corresponding controls (CTR). 

Figure 46 and Figure 47 show that all used concentrations of both UP and LP 

fractions, significantly reduce the cell viability in both tumor cell cultures and a 

dose dependent cytotoxicity was exerted by all jellyfish extracts fractions (p < 

0.001). 

In particular, Lower Phase fractions from both umbrella (UMB-LP) and oral arms 

(OA-LP) at the lowest concentration (0.0005 and 0.005 g/l) showed similar 

effect on both MCF-7 and MB-MDA-231 cell cultures, reducing the cell viability 

to about 70% in MCF-7 (Fig. 46) and 77% in MB-MDA-231 (Fig. 47). When 

administrated on cells at 0.015 g/l just the UMB-LP induces a considerable 

decrease in vitality (28.5%) on MCF-7 cells, while the OA-LP weakly reduces 

vitality to about 62% of the control (Fig. 46), as well as on MB-MDA-231 both 

UMB-LP and OA-LP phases administered at this concentration do not induce a 

strong reduction of vitality, with a reduction of cell viability of 68% and 70% of 

the control, respectively. Noteworthy, both UMB-LP and OA-LP phases, were 

highly cytotoxic at the highest tested concentration (0.05 µg/µl) against MCF-7 

showing a cell viability reduced to 6% and 23%, respectively, as compared to the 

controls (Fig. 46). Remarkably, at the same concentration, both UMB-LP and OA-

LP fractions were less cytotoxic against MB-MDA-231, indeed, the cell viability 

was 46.5% and 53% of the control, respectively (Fig. 47).  

Similarly, a dose-response effect for the upper phase fractions from both the 

umbrella and oral arms (UMB-UP and OA-UP) was also detected in both tumor 

cell types. Although, the upper phases (UMB-UP and OA-UP) showed effects 

with a more similar trend between MCF-7 and MB-MDA-231 cells than the 

hydrophilic fractions, LPs (Fig. 46-47). 

When were administered at the lower tested concentrations (0.0001 and 0.0005 

g/l) both UMB-UP and OA-UP induced similar effects in both MCF-7 and MB-

MDA-231 cell cultures, with a registered cell viability of about 70.5 and 74% of 

the controls in MCF-7 cells (Fig. 46) and 72.5 and 74% in MB-MDA-231, 
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respectively (Fig. 47). However, at the higher tested concentration (0.01 g/l), 

there was a different effect of OA-UP, which reduced MCF-7 cell viability to 59% 

of the control while was 36% in MB-MDA-231 cells. No significant differences 

were detected between the effect of UMB-UP on the two cell lines, MCF-7 and 

MB-MDA-231 (37% and 47%, respectively) (Fig. 46 - 47). 

In order to compare the effects of the four fractions of jellyfish extracts on the two 

cancer cell types, the IC50 values for each treatment and cell type was evaluated 

(Table 9). 

Table 9. IC50 values (μg/µl) calculated from the MTS assay data. 

Cell Line Umbrella (UMB) Oral Arms (OA) 

Upper phase 

(UMB-UP) 

Lower phase 

(UMB-LP) 

Upper phase 

(OA-UP) 

Lower phase 

(OA-LP) 

 IC50 (μg/µl) 

MCF-7 0.0064 0.0093 0.0123 0.0165 

MB-MDA-231 0.0075 0.0282 0.0077 0.0337 

 

Significantly, data of IC50 (Table 9) show that the cell type most sensitive to 

almost all tested jellyfish extract fractions was MCF-7 cell line while MB-MDA-

231 where more resistant except for the treatment with OA-UP.  

In particular, MB-MDA-231 were up to three times more resistant than MCF-7 to 

both hydrophilic fractions, UMB-LP and OA-LP, of the jellyfish extract. The IC50 

for MCF-7 was 0.0093 μg/µl and 0.0165 μg/µl for UMB-LP and OA-LP, 

respectively, while for MB-MDA-231 cells the IC50 was 0.0282 μg/µl and 0.0337 

μg/µl for UMB-LP and OA-LP, respectively. 

Noteworthy, the lipophilic UP fractions were really effective on both cell types, 

indeed concentrations of 0.0064 μg/µl and 0.0075 μg/µl were able to be cytotoxic 

to the 50% of cell population of MCF-7 and MB-MDA-231, respectively. The data 

regarding the fraction OA-UP indicated an opposite trend but they need to be 

confirmed with additional experiments. 

The two cancer system models here used, where MB-MDA-231 are representative 

of highly metastatic cancer cells rather resistant to chemotherapy treatments, 

while MCF-7 cells are sensitive to certain compounds and used as model for 

testing the treatments, give interesting results. These data indicated that all 
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were labelled with Propidium Iodide (red) showing not only cells in late 

apoptosis (green and red labelled cells) but also a number of necrotic or died cells 

(cells coloured in red by the Propidium Iodide). This demonstrated that at lower 

concentrations the cytotoxic mechanism of UP-OA is due to the pro-apoptotic 

effect while at higher concentrations other mechanisms may also intervene.  
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3.3 Evaluation of the effect of jellyfish extracts fractions on GJIC in murine 

cell models, WB-ras and WB-neo 

The following part presents results obtained by research activity carried out at Research 

Centre for Toxic Compounds in the Environment (RECETOX) of the Masaryk 

University, Brno, Czech Republic with SECANTOX group, Cell and Tissue Toxicology 

Lab that is part of the Environmental Toxicology Division of RECETOX, managed by 

Dr. Pavel Babica and Dr. Iva Sovadinová (group leaders). The mobility abroad was 

carried out thanks to the RECETOX centre, the Erasmus Plus Programme and the 

University of Siena that covered the material and human costs. 

 
Considering the effect on cell viability observed in MCF-7 and MB-MDA-231 cell 

lines (previously described), in order to investigate the mechanism of action of 

the cytotoxic effect of active jellyfish fractions, the study was extended to the 

evaluation of the effect of Cassiopea andromeda extracts on the Intercellular 

Communication mediated by Gap Junction (GJIC). 

Based on the observed effect on the cell viability on breast cancer cell models, 

MCF-7 and MB-MDA-231, the effect of the two fractions, UPs and LPs, of the 

extract of C. andromeda was studied on the GJIC functionality by using the Scrape 

Loading / Dye Transfer assay on two cell lines derived from WB-F344 rat liver 

epithelial cell lines, WB-neo and WB-ras. 

Most of the in vivo tumor promotion assays were done in rat liver, specifically in 

the Fischer 344 rats, the WB-344 cell line was designed to match in vitro 

experiments in liver cell line from the same rat strain. Also, the WB-344 cell line 

is an immortalized diploid cell line that is non tumorigenic (Tsao et al., 1994), has 

been well characterized around the world for its expressed gap junction genes 

and its ability to perform GJIC via all available techniques, has been tested with 

all kinds of tumor-promoting chemicals for their ability to block GJIC (Trosko et 

al., 1993) 

The WB cell lines were obtained by transformation with either a retrovirus-

containing the neutral gene neo (WB-neo) or an activated H-ras oncogene (WB-

ras). The WB-neo cells strongly express Connexin 43, one of the structural proteins 

forming gap junction channels, and strongly communicate via GJs in vitro. While 
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WB-ras, being oncogene transformed cells, completely lost their capability to 

communicate via GJIC (Ruch et al., 1993). Moreover, WB cells were able to create 

a good monolayer of cells, essential factor for the success of the scrape loading 

dye transfer assay. 

Since this is the first time that jellyfish extract of C. andromeda are used on this 

WB-neo and WB-ras cell systems, accurate preliminary cytotoxic tests were 

performed, since cell viability is an essential requirement for the correct 

evaluation of cell-cell communication and GJIC function. Therefore, as first step 

we have defined the toxic concentration limits of the hydroalcoholic fractionated 

extracts of Cassiopea andromeda and the corresponding solvents (Vehicles) in 

which they are solubilized, in order to set the non-cytotoxic concentration range 

of the fractions that will evaluate for their ability to modulate GJIC. 

 

3.3.1 Evaluation of cell viability by jellyfish extracts fractions on WB cell models 

A series of experiments were carried out in order to establish the higher non-

toxic final concentration in this specific experimental model. 

The effect of 8 different final concentrations (between 0,29% to 5%) of the two 

used solvents ACN (Acetonitrile) and ACN/H2O 1:1 v/v in the extraction of the 

phases has been evaluated as first step to define the toxic concentration limits for 

both cell lines, WB-ras (tumorigenic ras-oncogene transformed) and WB-neo (non-

tumorigenic). To do that, the 3-dyes cytotoxicity assay was selected instead of 

MTS assay, due to the ability of this test to evaluate different effects, which cannot 

be observed with the MTS assay used on MCF-7 and MB-MDA-231. This assay 

makes use of three dyes able to evaluate the disturbance or disruption of three 

important cellular processes, namely, the Resazurin dye (RES) highlights the 

residual metabolic reductive potential of the cells, the 5-carboxyfluorescein 

diacetate acetoxymethyl ester dye (5-CFDA-AM) highlights the membrane 

integrity and the functionality of esterases, finally the neutral red dye (NR) 

highlights viable cells, highlighting the functioning of the cellular lysosomal 

system. 

After 24h of cells growth and 48h of cells treatment, acetonitrile showed a mild 

cytotoxic effect at final concentration of about 1.5 and 2.5% for WB-neo and WB-
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ras, respectively, whereas it showed a high cytotoxicity at a concentration of 5% 

for both cell lines. 

After the definition of the toxic concentration limits of solvent for both cell lines, 

the Upper (UMB-UP and OA-UP) and Lower Phases (UMB-LP and OA-LP) were 

assayed for their cytotoxic effects (Fig. 49-56). The UPs were tested with the same 

conditions (24h of cells growth and 48h of cells treatment) and at the final 

concentrations of 0.0002, 0.0004, 0.001, 0.0025, 0.006 and 0.015 μg/μl of contained 

proteins and the LPs at 0.0005, 0.0001, 0.003, 0.008, 0.02 and 0.05 μg/μl given that 

these final concentrations are in the range of the final concentration used in MCF-

7 and MB-MDA-231 cells and have already been used in a previous work of 

evaluation of GJIC of the same type of extracts obtained from C. tuberculata in 

MCF-7 and human non cancer keratinocytes (Leone et al., 2013). 

All tested concentrations of all phases and the solvent controls were normalized 

and compared to the respective non treated controls (NCs). Each experiment was 

conducted with two solvent controls at the two respective highest concentrations 

(0.006 and 0.015 μg/μl and 0.02 and 0.05 μg/μl for UPs and LPs, respectively) and 

the results (vehicle only) were showed as dots in the graphs. 

 
Figure 49. The effect of OA-UP fraction on cell viability of WB-ras cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ± standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), *p<0.05, **p<0.01. 
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As first, the effect of the upper phase of the hydroalcoholic extract of oral arms 

(OA-UP) was evaluated on WB-ras (tumorigenic cell line) (Fig. 49). At the highest 

tested concentration (0.015 µg/µl), OA-UP showed a high cytotoxic effect 

(Neutral Red dye). When administrated at concentration of 0.001, 0.0025 and 

0.006 µg/µl, a notable increase of the metabolic reductive potential (Resazurin 

dye) and a mild increase in the activity of lysosomal system (Neutral Red dye) 

were estimated. The enzymatic activity and membrane integrity were stable for 

all the tested concentrations as demonstrated by 5-CFDA AM dye (Fig. 49).  

The upper phase of the Umbrella (UMB-UP) showed the same trend of the OA-

UP on WB-ras cells (Fig. 50) with the Neutral Red dye that highlight the defection 

of the lysosomal system, so the reduction of the cell viability at the highest tested 

concentration (0.015 µg/µl). However, the Resazurin dye and the Neutral Red 

showed that the UMB-UP increases the metabolic reductive potential and the 

activity of the lysosomal system, respectively, above all, at the used concentration 

of (0.001, 0.0025 and 0.006 µg/µl). The enzymatic activity and membrane integrity 

(5-CFDA AM dye) were stable for all the tested concentrations. (Fig. 50). 

 
Figure 50. The effect of UMB-UP fraction on cell viability of WB-ras cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ± standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), *p<0.05. 
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Conversely, no sign of reduced cell viability was observed after administration 

of the lower phase of the oral arms (OA-LP) on WB-ras cells (Fig. 51), not even at 

the high concentration tested (0.05 µg/µl) (Fig. 51). However, the OA-LP showed 

to increase the metabolic reductive potential (Resazurin) of the cells at the 

concentration of 0.02 and 0.008 µg/µl, but also at 0.0032 µg/µl and at the higher 

(0.05 µg/µl). The membrane integrity and the functionality of esterases (5-CFDA 

AM) were not affected at all the tested concentrations except for the highest (0.05 

µg/µl) that showed an increased esterases activity. 

 
Figure 51. The effect of OA-LP fraction on cell viability of WB-ras cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ±standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), *p<0.05, **p<0.01, 

***p<0.001. 

 

Again, the lower phase of the umbrella (UMB-LP) did not affect WB-ras cells 

vitality, not even at the high concentration tested 0.05 µg/µl (Fig. 52). The UMB-

LP increases the metabolic reductive potential (Resazurin) at the two higher 

concentration 0.05 and at 0.02, and in less amount at 0.008 µg/µl. The 5-CFDA 

AM dye showed again no sign of variation in membrane integrity and/or 

esterases functionality except at the highest concentration of 0.05 µg/µl, where 

there was an increase of the esterases functionality. 
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Figure 52. The effect of UMB-LP fraction on cell viability of WB-ras cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ±standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), *p<0.05. 

 

Then, after the evaluation of the cytotoxicity effects on WB-ras cells, the cytotoxic 

effects of all hydroalcoholic fractionated phases were evaluated on WB-neo cells. 

Isogenic to WB-ras, as we already reported, WB-neo are non-tumorigenic cells 

transfected via a blank plasmid that express higher levels of connexins and have 

a strong cell-cell communication, which lacks into their neoplastic WB-ras 

counterparts. However, these cells, like usually happen with normal cells, are 

more sensitive to compounds, as already seen with the results of our solvent 

cytotoxicity assay. 

The effects of the upper phase of the oral arms (OA-UP) were evaluated on WB-

neo (Fig. 53). The Neutral Red dye highlight the cytotoxicity of the OA-UP at the 

highest tested concentration (0.015 µg/µl), with the defection of the lysosomal 

system, while it showed to increase the metabolic reductive potential (Resazurin 

dye) above all at the concentration of 0.006, 0.0025 and 0.001 µg/µl) before to 

drastically decrease at the higher concentration of 0.015 µg/µl. The enzymatic 

activity and membrane integrity were stable for all the tested concentrations. 

(Fig. 53, 5-CFDA AM dye). 
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Figure 53. The effect of OA-UP fraction on cell viability of WB-neo cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ± standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), *p<0.05, **p<0.01, 

***p<0.001, ****p<0.0001. 

 

The upper phase of the Umbrella (UMB-UP) showed the same trend of the OA-

UP on WB-neo cells (Fig. 53) with the reduction of the cell viability, at the highest 

concentration of 0.015 µg/µl (Fig. 54, Neutral Red). However, the UMB-UP 

showed to increase the metabolic reductive potential (Resazurin dye) at the 

concentration of 0.006 and 0.0025 µg/µl, like the OA-UP but not in a statistically 

significant way. The esterase functionality and membrane integrity related 

values were stable for all the tested concentrations. (Fig. 54, 5-CFDA AM). 
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Figure 54. The effect of UMB-UP fraction on cell viability of WB-neo cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ± standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), **p<0.01. 

 

The lower phase of the oral arms (OA-LP) showed no sign of defection of the 

lysosomal system on WB-neo cells at the highest concentration of 0.05 µg/µl (Fig. 

55 – Neutral Red). 

However, an increase of the metabolic reductive potential (Resazurin dye) and 

the esterase functionality (5-CFDA AM) was detected at the higher concentration 

(0.05 µg/µl) and at the concentration of 0.02 µg/µl (Fig. 55). 
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Figure 55. The effect of OA-LP fraction on cell viability of WB-neo cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ± standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), *p<0.05, **p<0.01, 

***p<0.001 

 

The lower phase of the umbrella (UMB-LP) showed the same trend displayed by 

the lower phase of the oral arms (OA-LP) (Fig. 55), with no sign of reduction of 

cell viability at the highest concentration of 0.05 µg/µl (Fig. 56 – Neutral Red) and 

with an increase of the metabolic reductive potential (Resazurin dye) and the 

esterase functionality (5-CFDA AM) detected at the higher concentration (0.05 

µg/µl) and at 0.02 µg/µl (Fig. 58). 
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Figure 56. The effect of UMB-LP fraction on cell viability of WB-neo cells was measured by the 3-

dyes cytotoxicity assay. The effect of the vehicle alone at the two highest concentrations was also 

shows as dots. Values are mean of three independent experiments performed in three technical 

replicates ± standard deviation, with one specimen (A8). ANOVA statistic test followed by 

Dunnett’s post-test was used to compare each treatment with the control (NC), *p<0.05. 

 

With both cell lines (WB-ras and WB-neo), the UPs (UMB-UP and OA-UP) 

showed to be more cytotoxic, with the defection of the lysosomal system and the 

alteration of the cellular pH at the higher tested concentration of 0.015 μg/μl, if 

compared to the effects showed by LPs (UMB-LP and OA-LP) at the higher tested 

concentration of 0.05 μg/μl, that seems not alter the cellular vitality in both cell 

lines. Moreover, both the UPs showed an increase in reduction of resazurin that 

relates to an increased mitochondrial activity, where resazurin is mainly reduced. 

All phases (UMB-UP, UMB-LP, OA-UP, OA-LP) cannot be tested at higher 

concentrations, since the solvents, and in particular the ACN:H2O (1:1, v:v) starts 

to be highly cytotoxic at a final concentration higher than 2.5 and 1.5% for WB-

ras and WB-neo cells, respectively, as we already defined with the solvent 

cytotoxicity assay. 

It is important to highlight, that due to the different concentration of proteins in 

the different fractions, the volume of compound used were different. The final 

solvent concentrations at the higher tested concentrations were about 3.6% for 

UMB-UP, 3% for UMB-LP, 2.5% for OA-UP and 2.3% for OA-LP. This means, that 
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all phases at the higher tested concentrations were probably already toxic due to 

a too higher amount of solvent for WB-neo, while just the UMB phases were 

probably already toxic due to solvent amount for WB-ras. 

However, at concentrations of 0.02 μg/μl for LPs and 0.006 μg/μl for UPs, the 

solvents’ percentages were below the previously defined toxicity limits for both, 

WB-ras and WB-neo cells. 

Considering that cytotoxic solvent concentrations have to be eliminated and that 

the tested jellyfish fractions showed non-cytotoxic effects in a suitable range of 

concentrations were selected for the scrape loading dye transfer assay (SL/DT 

assay) to test the GJIC mediated cell-cell communication. In particular, were 

evaluated the following five concentrations: 0.0002, 0.0004, 0.001, 0.0025 and 

0.006 μg/μl for the Upper Phases, UMB-UP and OA-UP, and 0.0005, 0.0001, 0.003, 

0.008 and 0.02 μg/μl for the Lower Phases, UMB-LP and OA-LP. 

 

3.3.2 Effect of jellyfish extracts fractions on GJIC functionality in WB cell models 

Cell-cell communication have essential role in homeostasis and cell growth, 

intercellular communication mediated by gap junctions, able to allow the passage 

of ions and small regulatory molecules, have a pivotal role in carcinogenesis and 

have been regarded as a target for tumor-promoter as well as anti-tumor 

promoter agents. (Zefferino et al., 2019; Trosko et al., 1994). Here we evaluate the 

effect of compounds present in C. andromeda jellyfish extract on GJIC on WB-neo 

and WB-ras cell lines, in order to assess whether their mechanism of action 

underlying the cytotoxic activity on cancer cells is mediated by modulation of 

GJIC. 

Gap junctional intercellular communication (GJIC) has been evaluated in vitro 

(24h of cells growth and 48h of cells treatment) with the concentrations of UPs 

and LPs of Cassiopea andromeda previously established, on WB-ras (tumorigenic 

ras-oncogene transformed) and WB-neo (non-tumorigenic) cell models derived 

from WB-F344 rat liver epithelial cells (De Feijter et al., 1990). Data are referred 

as percentage of the controls treated with medium only (NC, negative control). 

Figure 57 shows that concentrations from 0.001 to 0.02 μg/μl of the two LP 

fractions are able induce an increasing of GJIC functionality on the non-
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communicating WB-ras cells as compared to the control. A dose-response effect 

was also evident with a stronger effect at concentrations of 0.008 μg/μl, where 

the GJIC functionality in presence of UMB-LP and OA-LP reached values of 184% 

and 140% of the control value, respectively. This evidence the ability of the 

jellyfish compounds to restore GJIC functionality in this model of non-

communicating cancer cells. 

 
Figure 57. Evaluation of the Gap Junction Intercellular Communication functionality by SL/DT 

assay on WB-ras cells with both the fractions of jellyfish UMB-LP and OA-LP . Values are mean 

of three independent experiments performed in three technical replicates ± standard deviation 

with one specimen (A8). Nabut (Sodium butyrate) 1.6 mM was used as positive control. ANOVA 

statistic test followed by Dunnett’s post-test was used to compare each treatment with the control 

(NC), *p<0.05, **p<0.01. 

 

Also, the jellyfish fractions corresponding to Upper Phases (UMB-UP and OA-

UP) induced a remarkable increasing of the functionality of GJIC, already at 

concentration of 0.001 μg/μl, with values of 164% and 171% of the control value 

for UMB-UP and OA-UP, respectively and at concentration of 0.0025 μg/μl, with 

a value of about 169% for both UMB-UP and OA-UP (Fig. 58). 

The higher tested concentration (0.006 μg/μl) of both the UP fractions, UMB-UP 

and OA-UP, however, exerted a toxic effect in both cell lines with a massive 

detachment of the cells during the assay, that did not allow to perform the GJIC 

evaluation. 
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Figure 58. Evaluation of the Gap Junction Intercellular Communication functionality by SL/DT 

assay on WB-ras cells assayed with both the upper phases (UMB-UP and OA-UP. Values are mean 

of three independent experiments performed in three technical replicates ± standard deviation 

with one specimen (A8). Nabut (Sodium butyrate) 1.6 mM was used as positive control. ANOVA 

statistic test followed by Dunnett’s post-test was used to compare each treatment with the control 

(NC), *p<0.05, **p<0.01, ***p<0.001. 

 

All the tested fractions did not exert effects on GJIC in WB-neo cells (Fig. 59 and 

60), except for a mild and overall non-significant decrease of GJIC in WB-neo cells 

treated with LPs and UPs at 0.02 μg/μl and 0.0025 μg/μl concentrations, 

respectively. This effect is likely due to the sensitivity of WB-neo cells to 

acetonitrile (the solvent vehicle of the jellyfish fractions) and could only be a toxic 

effect related to the solvent. Since the WB-neo are well communicating cells with 

a well-established GJ-mediated cell-cell communication, it is notable that 

concentration active on non-communicating WB-ras cells are neutral on WB-neo. 
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Figure 59. Evaluation of the Gap Junction Intercellular Communication obtained by Scrape 

Loading / Dye Transfer assay with both the lower phases (UMB-LP and OA-LP on WB-neo. Values 

are mean of three independent experiments performed in eighteen technical replicates ± standard 

deviation with one specimen (A8). TPA (phorbol 12-myristate 13-acetate) 25 nM was used just 30’ 

before the assay to temporary stop communication between cells. ANOVA statistic test followed 

by Dunnett’s post-test was used to compare each treatment with the control (NC), (p<0.05). 

 

 
Figure 60. Evaluation of the Gap Junction Intercellular Communication obtained by Scrape 

Loading / Dye Transfer assay with both the lower phases (UMB-UP and OA-UP on WB-neo. 

Values are mean of three independent experiments performed in eighteen technical replicates ± 

standard deviation with one specimen (A8). TPA (phorbol 12-myristate 13-acetate) 25 nM was 

used just 30’ before the assay to temporary stop communication between cells. ANOVA statistic 
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test followed by Dunnett’s post-test was used to compare each treatment with the control (NC), 

**p<0.01. 

 

The four Cassiopea andromeda fractions of the jellyfish extract were clearly able to 

induce a significant increase of GJIC functionality in WB-ras cell and a cytotoxic 

effect on tumorigenic cell line likely mediated by the modulation of GJIC can be 

hypothesized. 

Based on the presented results it is not possible to establish if the GJIC restoration 

is related to the enhancement of the permeability of the existing gap junctions or 

to the increase of the expression of connexins. However, taking into account the 

concentrations of the hydroalcoholic fractionated C. andromeda extracts that 

displayed the restoration of the gap junction intercellular communication on 

tumorigenic cells, and the fact that, these results were also in line with the results 

previously obtained with Cotylorhiza tuberculata on MCF-7 and HEKa cells 

(Leone, et al., 2013), it can be speculated that the fractions of the hydroalcoholic 

extract contains compounds able to exert a GJ restoration effect on tumorigenic 

cells. 
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4 Conclusions 

The findings showed in this thesis suggest that jellyfish including invasive alien 

species, contain a number of compounds useful as leading compounds in 

bioprospecting. The jellyfish Cassiopea andromeda could be regarded as a novel 

source of natural compounds for current and future applications in natural 

product exploitation, 

 The increasing presence in the Mediterranean Sea of jellyfish that form blooms 

every year, represent a valuable biomass that need to be studied. Moreover, these 

biomasses, with their rich load of important antioxidant compounds (De 

Domenico et al., 2019) and compounds having related bioactivities as anti-cancer 

(Leone et al., 2013) and anti-inflammatory activities, are receiving a growing 

interest as dietary components. In this perspective, Cassiopea andromeda jellyfish, 

could represent an available and sustainable biomass, also given  their 

characteristic to host autotrophic zooxanthellae, and of their possible breeding, 

for which further research studies in this direction are necessary. 

Other aspects of Cassiopea andromeda jellyfish and its future uses for biomedical 

and pharmaceutical applications must be enhanced. In fact, both lipophilic (UPs) 

and hydrophilic (LPs) fractions of the jellyfish extract here isolated and evaluated 

for their effect on cell viability and pro-apoptotic effects on breast cancer cells 

(MCF-7 and MB-MDA-231 cell lines) need to be biochemically characterized and 

further studied. Here it was demonstrated that the action mechanism of the 

cytotoxic effect against cancer cells can pass though the pro-apoptotic effect and 

the modulation of GJICs as showed on WB-ras and WB-neo murine cancer system. 

All jellyfish fractions induced an improvement of the intercellular 

communication mediated by gap junction on tumorigenic non-communicating 

WB-ras cells, while were ineffective and not toxic on the well-communicating 

WB-neo cells. 

These new evidence of the biological properties of the Cassiopea andromeda 

jellyfish, as the ability to modulate the gap-junctional permeability of the 

tumorigenic WB-ras cells rather than against non-malignant WB-neo cells, must 

be analysed in depth. Indeed, the GJIC represents a target for potential 

chemotherapeutic compounds, since alterations of this function are strictly 
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related to the carcinogenesis process, particularly at the tumor-promotion 

phases. Finally, it is necessary to analyse the cellular and molecular effects of 

individual compounds rather than complex extracts in order to clarify the action 

mechanism(s). 
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