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Abstract It is commonly thought that toxic compounds come only from anthropo-
genic sources; however, toxic compounds can be of natural origin; hence, we call
them natural toxins. In the marine environment, some molluscs and crabs contain
natural toxins produced by symbiotic bacteria. Shellfish in addition to the accumu-
lation of natural toxins (biotoxins) may produce toxic secondary metabolites. Some
species of phytoplankton are known to produce potent natural toxins, which is also
the case with some species of fish, especially pufferfish. The main feature of such
toxins is thermostability, meaning they do not get destroyed through thermal food
processing at any temperature and their toxicity remains unchanged. Here are
presented the results of tetrodotoxin investigations in silver-cheeked toadfish
Lagocephalus sceleratus (Gmelin, 1789) from the Adriatic Sea. It is a poisonous
marine pufferfish that has reached the Mediterranean from the Red Sea through the
Suez Canal (Lessepsian migration). Owing to its exceptional biological features such
as rapid growth, high reproduction potential and lack of natural predators, it soon
established large self-sustainable populations mostly in the Eastern Mediterranean
Sea. This species has also been recorded in the Adriatic Sea; however, its presence is
still of periodic nature, and currently there is no evidence which would suggest
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permanent population establishment. Tetrodotoxin is a very potent toxin that has
been detected in organs such as the skin, muscle, liver and gonads of the pufferfish
specimens collected in the Adriatic Sea.

Keywords Adriatic Sea, Invasive species, LC-MS, Pufferfish, Tetrodotoxin

1 Introduction

Phenomenon of Lessepsian migration, an influx of species from the Red Sea to the
Mediterranean Sea through the Suez Canal, has been reshaping the ecosystem of the
Mediterranean Sea for over a century. Effects of such migrations have particularly
affected the area of the Eastern Mediterranean where some of the Lessepsian species
have established large populations threatening its native ecosystems [1]. In the recent
years, the Adriatic Sea is also being invaded by the Lessepsian species whose effects
are still not evaluated, but it can be expected that in the case of establishment of
certain species, it could have severe consequences [2]. Some of such species are
extreme predators and thus can directly affect the food web in the Adriatic Sea
ecosystem, in particular decreasing the fish population of sardines, anchovies, bogue
and pickerel because of their intense predation on these species. Next to the
ecological effects, there is also a concern about the human health as some of
Lessepsian species are either venomous or highly toxic. Such is the case of silver-
cheeked toadfish Lagocephalus sceleratus (Gmelin, 1789) (Fig. 1), a pufferfish
species which contains tetrodotoxin (TTX), a potent toxin which, if consumed, can
exhibit severe health effects and also lead to death of a consumer. In some cases,
deaths have been reported from 10 min to 15 h after consumption of this
pufferfish [3].

Fig. 1 Invasive fish species Lagocephalus sceleratus (Gmelin, 1789), silver-cheeked toadfish,
caught in the Adriatic Sea. (Photo by Branko Dragičević)
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Tetrodotoxin (TTX) is one of the strongest marine toxins that cause paralysis of
the nervous and respiratory systems by binding to the sodium channels and inhibi-
tion of sodium ions through the channels [4]. This toxin is not destroyed by heat
treatment of cooking, and there is no known antidote for it. Interesting fact is that the
fishes of family Tetraodontidae (a member of which is L. sceleratus) are also known
as ‘fugu’ in Japan which means inflatable fish; but it is also the name for a dish
prepared from this type of fish. It should be noted that majority of ‘fugu’ fishes
belong to the genus Takifugu, Lagocephalus, Sphoeroides and Diodon which con-
tain many toxic species, but not all are used for human consumption
(e.g. L. sceleratus is not considered as a food fish due to its extreme toxicity). All
of these fish species live naturally in the waters of the Indian and Pacific Oceans.
However, the silver-cheeked pufferfish is an intruder in the Mediterranean Sea which
migrated from Indo-Pacific waters to the Mediterranean via the Suez Canal. The
pufferfish species have, so far, been caught in the waters of Israel [5], Turkey [6],
Cyprus [7] and Greece [8], as well as in the Eastern Adriatic Sea waters [9]. In the
Southern Adriatic Sea, in 2008, Joksimović and Mandić [10] have recorded a
pufferfish species (Sphoeroides pachygaster) near Budva in the Montenegrin waters,
while Lagocephalus sceleratus was reported in 2012 near the Island of Jakljan
(Croatian waters) [11], and at least five subsequent records have been reported
from the Central Adriatic Sea near Tribunj, Vodice and Rab Island (Croatia), in
years 2013, 2014 and 2015, respectively (Fig. 1) [12].

2 The Entry of Invasive Species into the Mediterranean Sea

The Mediterranean Sea is an intercontinental sea between the coasts of Southern
Europe, Northern Africa and Southwest Asia (Middle East). It is connected to the
Atlantic Ocean by the Gibraltar Strait, while opening of the Suez Canal in 1869 prov-
ided a connection with the Indian Ocean via the Red Sea, as well. The Suez Canal is
163 km long, and it virtually separates Africa from the Asian continent (Fig. 2).

Fig. 2 Map of the Mediterranean Sea with Suez Canal and Adriatic Sea denoted
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It is the most important tanker waterway to supply Europe with Middle Eastern
oil. The canal is named after the Egyptian City of Suez, which is located at the
southern entrance to the canal. With the construction of the canal, the region was
significantly changed and became one of the most important economic areas of
Egypt. The opening of the Suez Canal unlocked the way for many invasive species,
including toxic pufferfish from the Red Sea that inhabited the Mediterranean Sea
[13–15].

New invasive species have arrived in the coastal areas of the Eastern Mediterra-
nean Sea and caused many problems for native flora and fauna which, in many cases,
get outcompeted and replaced by new, highly adapted species. It should be men-
tioned that once they manage to establish stable populations in the new environment,
invasive species can hardly be eradicated and therefore early detection of potentially
invasive species in the ecosystem and urgent action in the form of control of spread
and removal are very important, as these are often the only effective methods in
combating their harmful effects.

3 Pufferfish Toxicity

Pufferfish Lagocephalus sceleratus is characterized by the ability to inflate, as they
can inflate their body to be several times larger than their normal size by swallowing
large amounts of water. Of course, this ability to inflate is very effective in self-
defence as it appears larger and as such easily avoids predators. But this fish has
another effective defence, that is, the toxin (poison). This species of fish is consid-
ered one of the most poisonous fish in the world, and tetrodotoxin (TTX) which they
contain (produced by marine bacteria Pseudomonas and Vibrio) is as much as 1,200
times stronger than the known cyanide poison [16].

Almost whole fish is poisonous, including its skin and internal organs, especially
the liver, genitals (ovaries and testes) and intestines. TTX belongs to the group of
nonprotein powerful neurotoxins, and it acts equally on the central and peripheral
nervous system (Fig. 3).

The name tetrodotoxin comes from the name of the family of fish from which it
was first isolated, Tetraodontidae. Tetrodotoxin was first isolated by Japanese

Fig. 3 The chemical
structure of tetrodotoxin
(TTX)
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scientist Dr. Yoshizumi Tahara in 1894 [17], while the first confirmed record in the
Mediterranean Sea was from the Gӧkova Bay (the Southeastern Aegean Sea,
Turkey) in February 2003 [18]. Every year, there are 30–50 cases of intoxication
for which TTX is responsible [19].

For now, maximum permitted limit for TTX in food is not defined in the
European Union. The European Food Safety Authority (EFSA) stated a concentra-
tion of 44 μg/kg of TTX and its analogues in shellfish meat as one that should not
result in toxic effects in humans [16].

3.1 Analysis of Tetrodotoxin in Pufferfish Tissue
of the Adriatic Sea Specimens

The analysis of silver-cheeked toadfish Lagocephalus sceleratus, a pufferfish caught
in the Southern Adriatic Sea, started by weighing 2 g of the muscle, liver, gonads and
skin tissues followed by the extraction with 7.5 ml of 1% acetic acid. The extract was
homogenized at 650 g for 10 min (Ultra Turrax Homogenizer, Cole-Parmer, GEN
700, USA) and held in ultrasonic water bath for 10 min (35 kHz, DT 100 H,
Bandelin Sonorex Digitec, Germany). Then the tubes containing extracts were
placed in a boiling water bath (100�C) for 10 min. After cooling at room temperature
and volume adjustment at 7.5 mL, the extract was centrifuged at 3000g for 20 min, at
4�C (Hettich Zentrifugen, Rotina 420, Germany). The supernatants were filtered
through 0.2 μm nylon syringe filters and placed in vials for LC-MS/MS analysis.

The TTX extracts were analysed using Agilent Technologies LC-MS/MS analyt-
ical system coupled with Triple Quad 6,410, Degasser 1,200, Quaternary Pump
1,200, Auto Sampler 1,290 and Thermostatted Column Compartment 1,290.

The HPLC was equipped with Poroshell 120 EC-C18 column (2.1 � 50 mm,
2.7 μm) and Poroshell 120 EC-C18 Guard pre-column (2.1 � 5 mm, 2.7 μm) and
column oven maintained at 25�C. The mobile phase consisted of 100% deionized
water in channel A and 95% acetonitrile (ACN) in channel B, both containing 2 mM
ammonium formate and 50 mM formic acid. An isocratic elution was employed with
a flow rate of 0.3 mL/min at a ratio of 35% A and 65% B and injection volume of
5 μL.

The mass spectrometer was operated in multiple reaction monitoring (MRM)
mode, with the ESI interface in the positive mode using parameters that have been
previously optimized by TTX toxin standard purchased from the Laboratorio
CIFGA S.A., Spain. In the MS, a protonated molecular ion peak (M + H) + appeared
at m/z 320.1 showing a molecular weight for the TTX (319.1; Fig. 4). The spec-
trometer analysed two product ions (Fig. 5), and the transitions werem/z 320.1/302.0
and m/z 320.1/161.9. The collision energy (CE) has been determined in MRM mode
to increase product ion intensity (Figs. 6 and 7).
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For the calibration curves, a series of dilutions of the certified TTX standard
solution were performed using 1% acetic acid in methanol to provide six calibration
standard ranges from 20 to 1,000 ng mL�1.

The gonads, liver, skin and muscle tissues were analysed from the two specimens
caught in the Central Adriatic Sea in Tribunj and Vodice (Croatia) in 2013 and 2014,
respectively. Among the four types of pufferfish tissue analysed, the highest average
toxin level in fish caught in Vodice was found in gonads (48.7 μg g�1), and the
lowest average was in the muscle tissue (0.8 μg g�1). The average TTX concentra-
tion in the skin was (1.5 μg g�1) slightly higher than in the muscle tissue, while in the
liver, it was 30.6 μg g�1 (Fig. 8). Concentrations of TTX in tissue samples of
pufferfish from Tribunj were similar to those from Vodice for the skin and muscle,
while in the liver tissue, it was lower (average concentrations 20.28 μg g�1), but in
the gonads, it was significantly lower (9.08 μg g�1, Fig. 9).

Fig. 4 The positive mass spectra of TTX in scan mode, protonated molecular ion peak at m/z 320.1

Fig. 5 The positive mass spectra of TTX in product ion mode show two product ions at m/z 302.0
and 161.9
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Fig. 6 Finding collision energy (CE) in MRM mode for product ion 161.9

Fig. 7 Finding collision energy (CE) in MRM mode for product ion 302.0
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Fig. 8 TTX concentrations (average, min. and max.) in tissues of silver-cheeked toadfish
L. sceleratus from Vodice area, caught in 2014 in the Adriatic Sea
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4 Conclusions

Marine species are increasingly migrating out of domestic habitats to the new areas.
The non-native species can be introduced into new areas through a variety of vectors,
including shipment, canal constructions, aquaculture and fishery and ornamental
species trade, and in other ways of escape or release. The repercussion of invasive
marine species introduction can be dramatic and irreversible; disruption of the
natural balance through the biodiversity loss evokes various ecological conse-
quences for the ecosystem, in addition to detrimental effects on the economy and
human health. The toxicity and danger of consumption of such species is of great
concern as it poses a very high risk to human health, leading to death.

The population of invasive and poisonous pufferfish in the waters of the Southern
Adriatic (including the Montenegrin and Croatian waters) has not been fully
established, but research indicates the spread and expansion of toxic and invasive
pufferfish species through the Suez Canal.

Preventing and controlling the spread of invasive species and reduction of their
impact on native species and entire ecosystems is one of the biggest nature protection
challenges in Europe today. There is a need for early detection of the presence of
these species in the ecosystem followed by an international collaboration and sharing
of the existing scientific knowledge on their ecology and geographical distribution,
as well as education of fishermen and citizens on the health risk that they present and
how people may contribute to prevention of their further spreading.
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