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The toxicity of tetrodotoxin (TTX) in pufferfish (Lagocephalus sceleratus) from Mersin Bay in the
Northeastern Mediterranean Sea was measured using a mouse bioassay (MBA) and LC–MS–MS.
Pufferfish were caught by trawl fishing, longlining and fishing line from December 2012 to October
2013. Changes in the levels of TTX in the gonads, livers, intestines, skins and muscles as a function of sea-
son and sex were determined. The gonads of female fish were toxic in all seasons (>2 lg/g), whereas the
gonads of male fish were only toxic in the spring and autumn. The highest TTX levels in gonads, livers,
intestines and skins of female fish were 52.1, 46.2, 7.64 and 3.43 lg/g, respectively, using LC–MS–MS.
The TTX level in the muscle of female fish in winter was 2.83 lg/g but was otherwise below the toxic
limit. Consequently, it can be dangerous to consume pufferfish, including the edible muscle, from the
Eastern Mediterranean Sea.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Invasive species called ‘‘lessepsian” have migrated through the
Suez Canal into the Mediterranean Sea (Por, 1964). In particular,
there is concern about the impact of pufferfish belonging to the
Tetraodontidae family since they may contain tetrodotoxin (TTX).

TTX (Fig. 1) is a strong marine toxin (Hwang & Noguchi, 2007).
Although TTX was first isolated from pufferfish, it has been found
in other marine organisms and a few terrestrial species (e.g., newt
and frog) (Miyazawa & Noguchi, 2001). TTX is a non-protein toxin
that is weakly basic, colourless and odourless, and can be crystal-
ized (Woodward, 1964). There is no known antidote for TTX, which
is a powerful sodium channel inhibitor (Hwang & Noguchi, 2007).
TTX is thermostable and also cannot be removed by washing (Chua
& Chew, 2009; Hwang & Noguchi, 2007; Noguchi & Ebesu, 2001).
Thus, pufferfish consumption can result in fatal poisonings, which
are most common in Japan, Thailand and China, where pufferfish
are traditionally eaten (Noguchi & Ebesu, 2001). TTX was believed
to be confined to East Asia, but recent studies have shown that fish
containing the toxin have been found in other regions of the Pacific
and in the Indian Ocean and the Mediterranean Sea (Bane et al.,
2014).

TTX is a new phenomenon for Mediterranean countries as the
silver stripe blaasop (Lagocephalus sceleratus (Gmelin, 1789))
invaded the Mediterranean Sea. L. sceleratus has had negative eco-
logical, economical, and health effects in the Mediterranean basin
(Aydın, 2011; Streftaris & Zenetos, 2006). This species has
expanded rapidly and has now reached Italian waters (Azzurro
et al., 2014). The species was first recorded in the Mediterranean
region in the Gökova Bay in Turkey in 2003 (Akyol et al., 2005).

It was reported that this species was high in protein and had a
favourable fatty acid profile (Aydın et al., 2013). Nevertheless,
pufferfish may be a threat to public health if they contain TTX.
According to current European Union (EC, 2004) and Turkish regu-
lations, the landing, sale and consumption of pufferfish is prohib-
ited. Although this fish is poisonous, it is consumed in some
countries, including Mediterranean countries, such as Turkey,
Egypt, Israel and Lebanon (Aydın, 2011; Chamandi et al., 2009;
El-Sayed et al., 2003). Thus, TTX poisoning has been reported in
Israel and Lebanon (Bentur et al., 2008; Chamandi et al., 2009;
Eisenman et al., 2008; Kheifets et al., 2012). Additional poisoning



Fig. 1. Molecular structure of TTX (PubChem CID: 6324668).

Table 1
Length and weight of individual pufferfish samples.

Season Specimen Length(cm) Weight (g)

Winter # 1 67.0 3520.22
# 2 53.6 1879.12
$ 1 70.0 4128.17
$ 2 52.5 1649.13

Spring # 1 65.4 3380.79
# 2 47.0 1350.64
$ 1 59.4 2100.23
$ 2 43.0 947.26

Summer # 1 50.5 1647.42
# 2 48.0 1388.42
$ 1 68.0 2791.88
$ 2 52.5 1795.87

Autumn # 1 58.2 2145.03
# 2 52.7 1754.29
$ 1 58.3 2507.25
$ 2 57.6 2203.15
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case reports are available for Tetraodontidae species. However,
there is only limited TTX data for pufferfish in the Mediterranean
Sea (Katikou et al., 2009; Rodríguez et al., 2012). Thus, determina-
tion of TTX levels in pufferfish is necessary to determine if there is
a human health threat. There might also be an economic benefit if
the pufferfish could be processed and sold for human consumption,
when the TTX level is less than the regulatory limit. There have
been a few reports suggesting that TTX may have pharmacological
effects which may provide an alternative use for these fish (Yu,
2008).

This is the first study to investigate TTX levels in relationship to
season and sex of L. sceleratus in the Mediterranean Sea, specifically
Mersin Bay, Turkey.

2. Materials and methods

2.1. Tetrodotoxin (TTX) standard

The TTX standard was purchased from Biorbyt Ltd. (Cambridge,
UK). Standard solutions of TTX were prepared with methanol (Mer-
ck) and stored at �20 �C until used.

2.2. Fish collection, measurements and identification

The landing of pufferfish is prohibited by the Ministry of Food,
Agriculture and Livestock, Turkey. Thus, legal necessary permis-
sions were obtained from this ministry. The catching depth of fish
was between 45 m and 80 m. L. sceleratus were caught using trawl
fishing, longlining and fishing lines from winter in 2012 to autumn
in 2013 for four seasons in Mersin Bay. The fish were identified by
an expert in the department, of the faculty, using FishBase data-
base. Only sexually mature fish specimens were used. The weight
and length of the individual fish ranged from 947 to 4128 g and
43 to 70 cm, respectively (Table 1). At the time of catch, fish were
immediately placed in ice. After storage in ice, for no longer than
4 h, they were transferred to the Seafood Processing Technology
Laboratory of the Faculty of Fisheries, Çukurova University. Sam-
ples were placed in a freezer at �20 �C and stored there for a max-
imum of 3 months until extraction.

2.3. Preparation of samples and toxin extraction

Fish were initially dissected to obtain some dorsal muscle (care-
fully avoiding the gastrointestinal tract), gonads, the entire upper
and lateral skin from head to tail, gastrointestinal tract and liver.
The mouse bioassay (MBA) and LC–MS–MS analyzes were used
to determine TTX content. The official MBA TTX method in Japan
(Kawabata, 1978) was used for the liver, gonads and muscle. An
LC–MS–MS method (Rodríguez et al., 2012) was used to confirm
the levels of TTX in all tissues, including the skin and gastrointesti-
nal tract.

A 10 g portion of the muscle, liver and gonads were extracted
with 25 ml 0.1% acetic acid (Merck). Then the solution was homog-
enized using Ultra-turrax homogenizer at 2400 rpm for 10 min
(IKA T25 Digital Ultra Turrax, Staufen, Germany). After that the
solution was heated for 10 min in a boiling water bath (Memmert,
Schwabach, Germany), with occasionally stirring. The mixture was
cooled to the room temperature (23–24 �C) and then filtered with
Whatman 110 mm filter paper (Sigma-Aldrich, Lyon, France). The
residue on the filter paper was washed with portions of 0.1% acetic
acid. Finally, the filtrate and washings were combined and made
up to 50 ml with the acetic acid. The final solution, of which 1 ml
was equivalent to 0.2 g of tissue, was used for injection into the
mice.

The MBA were done at DETAUM (Experimental Research and
Application Center of Medical Sciences), Cukurova University. The
experiment on mice was approved by the ethics committee in
the university. Swiss Webster albino, male mice from DETAUM
were used. They were 4-weeks old and weighed 17–25 g. One ml
of solution was injected intraperitoneally into each of the 3 mice
and the mice were observed continually with a stopwatch running
for symptoms to determine the time to death. The mean death
time (period between injection and death) was used to calculate
the levels of TTX as Mouse Units (MU). One MU was when a 20 g
male mouse died in 30 min and approximately represents
0.22 lg of TTX. TTX levels in the pufferfish were converted to
MU/g TTX according to the empirical MU tables, created by Kawa-
bata, that give MU correct for actual weight of the mouse, if the
mouse was <19 or >21 g and actual time of death. Time of death
according to Kawabata can be determined by the stopping of
breathing.

Sample extraction for the LC–MS–MS analysis was carried out
by the method of Silva et al. (2012). A 1 g tissue sample of muscle,
liver, skin, gastrointestinal tract, or gonads was extracted with 3 ml
of 1% acetic acid. Then the solution was homogenized using the
homogenizer at 2400 rpm for 10 min (IKA T25 Digital Ultra Turrax,
Staufen, Germany), followed by an ultrasonic bath (Bandelin
Sonorex RK 100, Berlin, Germany) for 10 min at 100 Hz. Two addi-
tional homogenization (2400 rpm, 10 min each) were done and the
extract was centrifuged at 4500g for 20 min at 4 �C (Hettich Zen-
trifugen, Universal 32R, Tuttlingen, Germany). Supernatants were
combined and adjusted to a final volume of 7 ml. After that, 1 ml
of the extract was cleaned by running through a 500 mg/3 ml



Table 2
Sexual and seasonal TTX levels in different tissues of individual L. sceleratus (lg/g) by
mouse bioassay in mouse units (MU).

Season Specimen Gonad Liver Muscle

(MU/g) lg/g (MU/g) lg/g (MU/g) lg/g

Winter #Male 1 <10 MU <2.2 <10 MU <2.2 <5 MU <1.1
#Male 2 <10 MU <2.2 <10 MU <2.2 <5 MU <1.1
$Female 1 129.26 28.44 18.43 4.05 <5 MU <1.1
$Female 2 146.12 32.15 12.91 2.84 <5 MU <1.1

Spring #Male 1 <10 MU <2.2 <10 MU <2.2 <5 MU <1.1
#Male 2 <10 MU <2.2 <10 MU <2.2 <5 MU <1.1
$Female 1 14.82 3.26 <10 MU <2.2 <5 MU <1.1
$Female 2 19.75 4.35 <10 MU <2.2 <5 MU <1.1

Summer #Male 1 <10 MU <2.2 <10 MU <2.2 <5 MU <1.1
#Male 2 <10 MU <2.2 <10 MU <2.2 <5 MU <1.1
$Female 1 79.17 17.42 45.24 9.95 <5 MU <1.1
$Female 2 57.36 12.62 40.52 8.91 <5 MU <1.1

Autumn #Male 1 17.04 3.75 <10 MU <2.2 <5 MU <1.1
#Male 2 21.025 4.63 <10 MU <2.2 <5 MU <1.1
$Female 1 110.152 24.23 <10 MU <2.2 <5 MU <1.1
$Female 2 105.10 23.12 <10 MU <2.2 <5 MU <1.1
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C18 solid-phase extraction (SPE) cartridge (Supelco, Bellefonte, PA,
USA). The sample was eluted with 10 ml of 100% methanol and
diluted with the same solvent to a final volume of 12 ml. Finally,
each sample was concentrated by drying (Buchi, Rotavapor R-3,
Flawil, Switzerland) and re-suspended in 1 ml of methanol, and
the sample (100 ll) was filtered through a 0.45 lm membrane fil-
ter (Clarinet, Agela Technologies, Wilmington, USA) before LC–MS/
MS analysis.

2.4. LC–MS–MS analysis

The LC–MS analysis was done according to method of Rodríguez
et al. (2012), with minor modification. Calibration equation, corre-
lation, limit of detection (LOD), retention time and m/z >m/z for
TTX analyzed by LC/MS/MS were determined as
Y = 26050.51 � 135991.53, 0.9985, 0.01, 11.69 (min) and
320 > 302, respectively. The LC–MS–MS system consisting of an
Agilent 6460 triple quadrupole mass spectrometer coupled to an
Agilent 1200 HPLC system was used (Agilent Technologies, Inc.,
Santa Clara, CA, USA). The LC system operated with the ESI (elec-
trospray ionization) interface in positive ion mode using the fol-
lowing parameters: curtain gas, 15 psi; collision-activated
dissociation gas, 6 psi; ion spray voltage, 4000 V; temperature,
350 �C; nebulizer pressure, 40 psi; these parameters had been pre-
viously optimized using the TTX standard. This analysis was per-
formed by using Supelco C18 column (4.6 � 250 mm; 5 lm).
Toxins were eluted within the column with two mobile phases
formed using 1% acetonitrile; 20 mM heptafluorobutyric acid
(Sigma-Aldrich); 20 mM ammonium hydroxide (Sigma-Aldrich)
and 10 mM ammonium formate (Fluka) (pH 4.0 with formic acid)
(eluent A) and the same mixture, but with 5% acetonitrile (eluent
B) using the following gradient: 100% A for the first 22 min, 100%
mobile phase B for the next 18 min and back to 100% A for the
following 3 min before the next injection and flow rate was
0.4 ml/min. Column oven temperature was set at 20 �C and
injection volume was 4 ll. The MS was operated in multiple reac-
tions monitoring (MRM) mode, analyzing two product ions per com-
pound: one for quantification and the other for confirmation. The
mass spectrometer parameters were adjusted to obtain a signal of
maximum intensity and stability. For the MS optimization, the
sample solution was directly infused into the electrospray source at
a 0.2 ml/min flow rate with a syringe pump. The MS was operated
in the positive ion mode using the product ion scan with a cone
gas, 40 V; capillary voltage, 2.8 kV; source temperature, 100 �C;
desolvation temperature, 350 �C; collision energy, 3 eV.

2.5. Statistical analyses

All experiments were carried out in triplicate and the results
were reported as the mean and standard deviation of these mea-
surements. A one-way analysis of variance (ANOVA) was run using
the SPSS version 19 software (SPSS, Chicago, Illinois, USA) and the
Duncan’s multiple range test comparisons at P value of <0.05 were
run to determine significant differences.
3. Results

3.1. General

Two different analysis methods were used in order to deter-
mine TTX levels in five different tissue in L. sceleratus. TTX levels
determined as a result of analysis of MBA and LC/MS/MS are shown
in Tables 2 and 3. The most toxic TTX level was found in the gonads
and liver tissues and the comparison of results, of the two meth-
ods, are shown in Fig. 2. In addition, the results of current study
were tabulated with other studies related to toxicity of L. sceleratus
in the Mediterranean and the Red Sea (Table 4).

3.2. Mouse bioassay (MBA)

The TTX in relation to sex and seasonal variations in the gona-
dal, muscle and liver tissues of L. sceleratus were measured using
the MBA. Results are presented in Table 2. The limit of detection
of the MBA method was 5 MU/g (or 1.10 mg TTX/g of mouse) for
muscle and 10 MU/g (or 2.20 mg TTX/g) for both livers and gonads,
because of the higher concentration in the gonads. According to the
MBA, the TTX levels were in the order of gonads > livers > muscles.
TTX content in the gonads ranged from 14.82 MU/g in spring to
146.12MU/g in winter. TTX in the liver was found to be >10MU/g
only in female fish, only in summer and winter. Katikou et al.
(2009) reported that TTX gonads and livers in L. sceleratus from
the Aegean Sea ranged from 77.5 to 1090 MU/g and from 23.1 to
398 MU/g, respectively.

TTX levels in muscles were <5 MU/g for all seasons and for both
sexes. TTX toxicity symptoms were seen in the mice when the
muscle extracts were injected but no mouse died. Monaliza and
Samsur (2011) reported that TTX levels in muscle tissue of L. scel-
eratus was <2 MU/g. Similarly Simon et al. (2009) reported that
muscle tissue extracts of L. sceleratus did not kill any mice in agree-
ment with the current results, while Noguchi and Arakawa (2008)
in Japan; Dao et al. (2012) in Vietnam, and Katikou et al. (2009)
found <10 MU/g TTX in a portion of L. sceleratus muscle.

3.3. LC–MS–MS

The maximum amount of TTX in gonads, livers, intestines, skins
and muscle tissues using LC–MS–MS were 52.1, 46.2, 7.64, 3.43
and 2.83 lg/g, respectively (Table 3). TTX in muscle tissues was
found above 2 lg/g only in a female fish, only in the winter
(2.83 lg/g), TTX levels in the gonads exceeded 2 lg/g for females
in all season, although 1 fish was <2 lg/g, and for males only in
spring and autumn. TTX levels in the liver (of those fish analyzed)
exceeded 2 lg/g for females only in the summer and none of the
males were toxic. Note that the TTX levels in the livers of male
and female fish caught in winter could not be analyzed due to
instrumental maintenance issues.

The TTX levels for the intestines were >2 lg/g only for females
in the winter and summer (1 fish). Finally, the TTX levels in the



Table 3
Seasonal TTX levels in different tissues of L. sceleratus (lg/g) using LC/MS/MS.

Season Sex SN Muscle �X � SX Gonad �X � SX Intestine �X � SX Skin �X � SX Liver �X � SX

Winter # I 0.40 ± 0.12cd 0.43 ± 0.02a 0.43 ± 0.22c 0.13 ± 0.07a NA
# II 0.11 ± 0.04bc 1.04 ± 0.15b 0.15 ± 0.04b 0.67 ± 0.12b NA
$ I 0.57 ± 0.14d 35.02 ± 4.05h 3.32 ± 0.39f 1.20 ± 0.37cd 33.37 ± 0.89e

$ II 2.83 ± 0.92e 52.07 ± 4.60l 7.15 ± 1.33g 3.43 ± 1.13e 46.18 ± 2.06f

Spring # I 0.35 ± 0.14c 3.36 ± 0.37c 0.32 ± 0.04c 0.40 ± 0.16ab 0.00 ± 0.00a

# II 0.44 ± 0.15cd 2.24 ± 0.76c 0.92 ± 0.20de 0.99 ± 0.36cd 0.08 ± 0.00b

$ I 0.00 ± 0.00a 0.58 ± 0.24a 0.07 ± 0.01a 0.98 ± 0.13cd 1.69 ± 0.97abc

$ II 0.07 ± 0.00b 7.35 ± 0.16d 0.07 ± 0.01a 1.14 ± 0.23cd 0.13 ± 0.08b

Summer # I 0.00 ± 0.00a 1.40 ± 0.21b 0.11 ± 0.02ab 0.25 ± 0.06a 0.00 ± 0.00a

# II 0.00 ± 0.00a 0.60 ± 0.27a 0.10 ± 0.03ab 0.26 ± 0.14a 0.08 ± 0.00b

$ I 0.17 ± 0.11bc 46.64 ± 14.25ghl 7.64 ± 1.30g 3.16 ± 0.74e 23.83 ± 0.40d

$ II 0.00 ± 0.00a 17.30 ± 1.96e 1.27 ± 0.13e 0.98 ± 0.49cd 2.18 ± 0.21c

Autumn # I 0.23 ± 0.08c 30.70 ± 2.36gh 0.84 ± 0.19de 1.31 ± 0.66cd 0.40 ± 0.07c

# II 0.26 ± 0.06c 9.66 ± 2.52d 0.45 ± 0.23c 0.89 ± 0.03c NA
$ I 0.22 ± 0.12c 23.20 ± 0.22f 0.49 ± 0.16c 0.60 ± 0.20b NA
$ II 0.42 ± 0.16cd 28.41 ± 0.33g 1.00 ± 0.35de 1.54 ± 0.58de NA

Values in same column with different letters are significantly different (p < 0.05).
�X � SX : Mean ± standard deviation [n = X], SN: Sample number, NA: Not analyzed.

Fig. 2. Mouse bioassay (MBA) and LC/MS/MS results of gonads (a) and livers (b).
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skin were >2 lg/g for females in winter (1 fish) and summer
(1 fish).

Azman et al. (2014) reported that TTX levels of liver, muscle and
skin of L. sceleratuswere 24.7 lg/g, 30.0 lg/g and 0.51 lg/g, respec-
tively. The finding of liver and skin were similar with this work but
TTX levels in muscle tissue were lower than the result of Azman
et al. (2014). El-Sayed et al. (2003) investigated TTX level in 45
silver stripe blaasop pufferfish samples. Highest values were found
in the gonads, the digestive tract, liver, muscle tissue and skin, as
(converted from MU/g to lg/g) 752 MU/g (165.44 lg/g), 221 MU/g
(48.62 lg/g), 246 MU/g (54.12 lg/g), 127 MU/g (27.94 lg/g) and
119 MU/g (26.18 lg/g), respectively. They found higher levels of
toxins, compared to these results. It was considered that this
case was related to the sensitivity of the MBA. Dao et al. (2012)



Table 4
TTX levels with other studies in different tissues of L. sceleratus (lg/g).

References Sex Muscle Gonad Intestine Liver Skin NI Region

El-Sayed et al. (2003) # ND – 27.94 ND – 84.92 ND – 48.62 ND – 54.12 ND – 12.32 19 Northwestern Red Sea
$ ND – 14.08 ND – 165.44 ND – 35.42 ND – 42.24 ND – 26.18 26

Katikou et al. (2009) NG <1.10–10.16 17.05–239.32 6.31–177.65 16.12–87.53 <1.10–6.63 3 Aegean Sea
Rodríguez et al. (2012) NG <LOQ – 3.47 0.47–46.30 1.09–37.60 4.20–44.15 <LOQ – 1.40 3 Aegean Sea
Azman et al. (2014) NG 30.0 ± 1.84 ----- 0.51 ± 0.17 24.7 ± 2.33 ----- 12 East Malaysia waters
Current study (LC–MS–MS) # ND – 0.44 0.43–30.70 0.10–0.92 ND – 0.40 0.13–1.31 8 Northeastern Mediterranean

$ ND – 2.83 0.58–52.07 0.07–7.15 0.13–46.18 0.60–3.43 8
Current study (MBA) # <1.1 <2.2–4.63 ----- <2.2 ----- 8 Northeastern Mediterranean

$ <1.1 3.26–32.15 ----- <2.2–9.95 ----- 8

ND: Not detected, LOQ: Limit of quantification, NI: Number of individual, -- -- -: No Data, NG: Not given.
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investigated the TTX level of L. sceleratus by HPLC and found TTX
content in liver, intestine, skin and muscle tissue (MU/g) as 20.8
(4.58 lg/g), 119.8 (26.36 lg/g), 27.8 (6.11 lg/g) and 58.7
(12.91 lg/g), respectively, but they especially found high levels of
toxins in muscle tissue compared to our study. This can be due
to the environmental conditions, geographical differences and
feeding regime. First TTX content in pufferfish investigated with
chromatographic method was carried out by Rodríguez et al.
(2012) in the European waters. They investigated TTX levels of L.
sceleratus caught from the Aegean Sea by LC–MS–MS. TTX content
ranged from 0.47 to 46.30, 0.37 to 44.15, 0.32 to 44.15, 0.53 to 1.40
and 0.66 to 3.47 (lg/g) in gonad, liver, intestine, skin and muscle,
respectively. The results of this study are similar with our study
in terms of TTX levels in gonads, liver, skin, and muscle tissue,
but the TTX levels of intestine in our study were lower than their
study.

Noguchi and Arakawa (2008) reported that gonads of L. scelera-
tus were extremely toxic (>1000 MU/g), liver, skin and muscles
were less toxic (10–100 MU/g), intestinal was moderately toxic
(100–1000 MU/g), and this fish muscle was generally toxic. Many
researchers reported that highest concentrations of TTX level were
in gonads, following in liver, intestines, skin and muscle tissue in
pufferfish (Chua & Chew, 2009; El-Sayed et al., 2003).

Many researchers reported that the toxicity of pufferfish was
dependent on reproduction season, since the reproductive period
for most species of pufferfish was from late spring to summer.
Thus, toxin levels in the fall and winter season were the lowest
(El-Sayed et al., 2003; Hwang & Noguchi, 2007). However, Yu and
Yu (2002) reported that Takifugu niphobles and Takifugu albo-
plumbeus species did not show toxic effects in the reproduction
period. It was similarly indicated by Katikou et al. (2009) and
Rodríguez et al. (2012), TTX level of L. sceleratus species, caught
from the Mediterranean Sea, was higher in the autumn and winter
season. It is thought that this situation may be specific in the
Mediterranean and Aegean Sea. The effects of seasonal variations
toxin levels should be investigated with more scientific research.

The Minimum Lethal Dosage (MLD) of TTX for the average
weight female (50 kg) was estimated to be 2 mg (Katikou et al.,
2009). This is equivalent to 10 MU TTX per g of edible part
(Miyazawa & Noguchi, 2001). Because males and females cannot
generally be distinguished by fishers or consumers easily, fish meat
should not be eaten in the winter without prior testing. Because
the other tissues studied were toxic at various times of the year,
it is strongly recommended that those tissues never be eaten.
According to European Commission directive No. 853/2004, fishery
products derived from poisonous fish, belonging to the Tetraodon-
tidae, Molidae, Diondontidae and Canthigasteridae families, may
not be placed on the market (EC, 2004). Similarly, the Ministry of
Food, Agriculture and Livestock in Turkey prohibited the fishing
and the sale of pufferfish (Tetraodontidae) that might contain
TTX. These are conservative recommendations and with proper
supervision of processing, it might be possible to make L. sceleratus
muscle tissues available to consumers in Turkey, in the future, for
part of the year, although more data collection is strongly recom-
mended before making any such change. Further studies should
also focus on the gain into fisheries economy, as food, or a drug
for the pharmacy sector.
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