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Food poisoning due to ingestion of a puffer fish occurred in Nagasaki Prefecture, Japan, in Oc
tober 2008, causing neurotoxic symptoms similar to those of tetrodotoxin (TTX) poisoning, In the 
present study, we identified the species, toxicity, and toxins using the remaining samples of the 
causative puffer fish, The puffer fish was identified as smooth-backed blowfish Lagocephalus iner
mis by nucleotide sequence analysis of the 168 rRNA and cytochrome b gene fragments of muscle 
mitochondrial DNA. The residual liver sample showed toxicity as high as 1,230 mouse unit (MU)/g 
by bioassay and TTX was detected by liquid chromatography/mass spectrometry analysis, We 
therefore concluded that the food poisoning was due to TTX caused by consumption of the toxic liver 
of L. inermis. This is the first report that the liver of L. inermis caught in Japanese waters is 
strongly toxic, with levels exceeding 1,000 MU/g. In this context, we re-examined the toxicity of L. 
inermis collected off the coast of Japan. Of 13 specimens assayed, 12 were toxic, although the toxici
ty varied markedly among individuals and tissues. Because the intestine and ovary of L. inermis 
have been considered non-toxic, it is particularly noteworthy that these organs were determined to 
be toxic, with a maximum toxicity of 43.6 MUig and 10.0 MUlg, respectively. Furthermore, kidney, 
gallbladder, and spleen, whose toxicity has been unknown, were frequently found to be weakly toxic 
with levels ranging from 10 to 99 MU/g. Therefore, further study is needed to re-examine the toxici
ty of smooth-backed blowfish L. inermis in the coastal waters of Japan. 

I{ey words: puffer fish poisoning; smooth-backed blowfish Lagocephalus inermis; puffer fish 
toxin; tetrodotoxin; toxicity; DNA species identification 

Introduction 

Food poisoning due to ingestion of a puffer fish oc
curred in Nagasaki Prefecture, Japan, in October 2008. 
According to a notice from Nagasaki City*\ three adults 
(two men and one woman) ate a puffer fish which had 
been purchased at a market in Nagasaki city and 
cooked as "nitsuke" (stewed in soy broth) of muscle, skin 
and liver or eaten as "sashimi". Two hours after inges
tion, one man experienced neurotoxic symptoms, includ
ing numbness of the limbs, difficulty in walking and vom-

yujicd@kaiyodai,ac.jp 
*, Public Welfare and Health Department, Nagasaki City: 

Nagasaki City News Release (25th October, 2008), "An 
outbreak offood poisoning", 

iting, similar to those of tetrodotoxin (TTX) poisoning. 
The causative puffer fish sample is shown in Fig. 1 

(the photograph was taken by the patient before cook
ing). The fish appears to be smooth-backed blowfish 
Lagocephalus inermis from its morphological appear
ance. Smooth-backed blowfish are often found in waters 
around southern Japan, as well as in tropical marine 
waters of the East China Sea, the South China Sea and 
the Indo-Pacific. This fish is regarded as an edible puff
er fish species in Japan*2, because muscle, skin and tes
tis are non-toxic although the liver is highly toxic!),2). 
However, it is reported that smooth-backed blowfish L. 

Ministry of Health and Welfare, Japan: Director's Notice 
59 (December 2nd, 1983), "To establish food hygiene of 
puffer fish". 
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Fig. 1. Puffer fish sample which caused food poisoning in 
Nagasaki Prefecture, Japan in October 2008 

inermis caught in Taiwan contained higher levels of tox
ins. Harada detected toxicity of as much as 22 mouse 
units (MU)/g in muscle of L. inermis31

• In addition, 
Hwang et al. screened for toxicity of 25 species of puffer 
fish in Taiwan and demonstrated that not only liver, but 
also skin and testis from L. inermis specimens showed 
higher toxicity than those in Japan4

). 

Recently, unusual appearance of tropical fish species, 
including puffer fish, off the Japanese coasts and spo
radic food poisoning cases due to ingestion of these fish 
have been reported, possibly as a result of global warm
ing5

). In 2008 and 2009, puffer fish poisoning incidents 
involving green toadfish Lagocephalus lunaris occurred 
in western Japan6

). These circumstances warrant in
creased awareness of the possibility of puffer fish poison
ing. In this study, we identified the causative fish species 
of the puffer fish poisoning in Nagasaki Prefecture, Ja
pan, in 2008 by a PCR amplification method and the re
sponsible toxic principle by liquid chromatography/mass 
spectrometry analysis, and we re-examined the toxicity 
of smooth-backed blowfish L. inermis collected off the 
coast of Japan. 

Materials and Methods 

Materials 
The uncooked remaining samples of muscle, skin and 

liver from the puffer fish responsible for the food poison
ing in Nagasaki Prefecture in October 2008 were ob
tained and analyze.d for toxicity, toxins and species iden
tification. 

For re-examination of the toxicity of L. inennis, thir
teen specimens of smooth-backed blowfish L. inermis 
were caught off the Miyazaki coast, Japan, from 2001 to 
2010. They were immediately frozen, transported to the 
Laboratory of Tokyo University of Marine Science and 
Technology, and stored at -30t until use. 

Assay of toxicity 
The leftover muscle, skin and liver of the causative 

puffer fish were subjected to toxicity testing as described 
below. 

Other specimens caught off the Miyazaki coast were 
also assayed for toxicity. They were dissected into mus-

Food Hyg. Saf. Sci. Vol. 53, No.2 

cle, skin, liver, intestine, kidney, gallbladder, spleen and 
gonad (ovary or testis) after having been partially 
thawed. The tissue samples were minced with scissors 
or a scalpel and homogenized with 0.1% acetic acid. TTX 
was extracted by heating in a boiling water bath for 10 
min according to the official guidance of the Japan Food 
Hygiene Association7

). The toxicity of each sample was 
measured by bioassay using four-week-old male ddY 
strain mice weighing 20 g, following the above official 
guideline7

). The toxicity in the mouse bioassay was ex
pressed as mouse unit (MU) where one MU is defined as 
the amount of toxin that kills a mouse in 30 min after 
intraperitoneal injection. All the animal experiments 
were performed in compliance with the fundamental 
guidelines for proper conduct of animal experiments and 
related activities in academic research institutions un
der the jurisdiction of the Ministry of Education, Cul
ture, Sports, Science and Technology, and approved by 
the animal experiment committee in Tokyo University of 
Marine Science and Technology or by the corresponding 
committee in Nagasaki University. 

Toxin analysis 
Aliquots of the leftover tissue extracts were filtered 

with a membrane filter (DISMIC-25CS, 0.45 11m, AD
VANTEC, Japan) and ultrafiltered through a USY-l 
(MWCO 10,000, ADVANTEC). The resulting filtrate was 
subjected to liquid chromatography/electron spray ion
ization-mass spectrometry (LC-ESI-MS) for analysis of 
the toxin profiles as previously reportedS1

• Briefly, LC
ESI-MS was performed on an Alliance Zsprayl'~1 MS 
2000 LC-ESI-MS system (Waters, Milford, MA, USA). 
The analytical column was a Mightysil RP-18GP C2.0X 
250 mm, Cica-Reagent, Tokyo, Japan), maintained at 
25°C. Elution was done with 30 mmol/L heptafluOl'obu
tyric acid in 1 mmol/L ammonium acetate (pH 5.0) at a 
flow rate of 0.20 mL/min. The eluate was introduced into 
the ion source block of the ESI-MS detector and ionized 
in the positive ion mode with a de solvation temperature 
of 350°C, ion source block temperature of 120°C, and cone 
voltage of 50 kV. TTX detection at m/z 320, correspond
ing to the protonated molecular ion (M + Ht, was 
achieved using the selected ion recording mode. 

DNA extraction and peR amplification of mitochondrial 
168 rRNA and cytochrome b gene fragments 

Total cellular DNA was extracted from muscle of the 
causative fish with a DNeasy Blood & Tissue kit (Quia
gen KK, Tokyo, Japan) by the reported methodS). 9). In 
brief, 25 mg aliquots of muscle were mixed with 180 ilL 
Buffer ATL and 40 ilL proteinase K solution, incubated 
at 55°C for 1 h, and centrifuged at 20,000Xg for 15 min. 
The resulting supernatants were treated with 4 ilL 
RNase A (100 mg/mL) for 2 min, followed by addition of 
200 ilL Buffer AL, incubation at 70°C for 10 min, and 
then addition of 200 ilL ethanol. DNA was purified with 
a DNeasy Mini Spin column. The preparations were ap
plied to the column, which was washed with 500 ilL 
Buffer AWl and Buffer A W2 successively, and eluted 
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Fig. 2. DNA sequence alignment of the amplified partial 168 rRNA (A) and cytochrome b (B) regions of mitochondrial DNA from muscle of the puffer fish specimen responsible for the 
food poisoning, along with those of Lagocephalus inermis (accession number G61747), L. wheeleri (accession number AP009538), L. gloueri (accession number CQ461748), L. 
lunaris6l

, and L. oceanicus (unpublished data) 

A dot (0) indicates identity with the 1st DNA sequence. A gap introduced into the sequences to optimize the alignment is represented by a dash (-). 
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with 200 flL AE Buffer. 
Partial regions of the mitochondrial 16S rRNA (about 

615 bp) and cytochrome b (about 487 bp) were amplified 
by conventional PCR using primer pairs 5'-CGCCTGTT
TATCAAAAACAT-3' (16Sar-L)/5'-CCGGTCTGAACTCA
GATCACGT-3' (16Sbr-H) for 16S rRNA and 5'-CAGGA
TTTTAACCAGGACTAATGGCTTGAA-3' (L14317Glu)1 
5'-CCCTCAGAATGATATTTGTCCTCA-3' (H15149) for 
cytochrome b IO

). PCR was performed in 50 flL total vol
ume of reaction buffer containing 4 flL of 2.5 mM dNTPs, 
1.5 flL of 20 flM each primer, 0.4 flL of EXTaqT1>r DNA 
polymerase (TaKaRa Bio Inc., Shiga, Japan), 5 flL of 10 
X EXbuffer (+ MgClz), and 5 flL of extracted template 
DNA (1 flg). PCR was carried out with a thermal cycler 
PC-801 (Astec, Fukuoka, Japan). Amplifying conditions 
were 98°C for 10 s for denaturing, 53°C for 30 s for an
nealing, and 70°C for 60 s for extension (30 cycles). The 
PCR products were analyzed by electrophoresis in a 2% 
agarose gel containing SYBR Safe'l'!I! DNA Gel Stain (In
vitrogen, Carlsbad, CA, USA) and observed with a lumi
nescent image analyzer (LAS-4000 mini, FUJI FILM Co
operation, Tokyo, Japan). 

DNA sequencing 
Mter amplification, the PCR products were treated 

with ExoSAP-IT (Amersham Pharmacia Biotech Inc., 
Piscataway, NJ, USA) to degrade unincorporated prim
ers and dNTP. They were subsequently used as a DNA 
template for direct sequencing. DNA was sequenced 
with a BigDye Terminator v.3.1 Cycle Sequencing kit 
(Applied Biosystems, Foster, CA, USA) and an ABI 3130 
genetic analyzer (Applied Biosystems). To identify the 
puffer fish species, the sequences were searched against 
DNASIS Taxon V3.0 for Fugu (Hitachi Solutions Ltd., 
Tokyo, Japan) and the original database of puffer fish 
mitochondrial sequences in our laboratory at Tokyo Uni
versity of Marine Science and Technology. 

Results and Discussion 

Figure 1 shows the puffer fish sample (about 40 cm 
body length) that caused food poisoning in Nagasaki 
Prefecture, Japan, in October 2008 and was apparently 
similar to smooth-backed blowfish (Kanafugu in Japa
nese). In the puffer fish poisoning incident, a part of the 
uncooked sample had been kept. For species identifica
tion, aliquots of the remaining muscle were subjected to 
DNA extraction and PCR amplification of 16S rRNA and 
cytochrome b gene fragments. DNA sequences of parts of 
mitochondrial 16S rRNA and cytochrome b from muscle 
of the puffer fish are shown in Fig. 2. The nucleotide se
quences of mitochondrial 16S rRNA fragment (570 bp 
except primer region) and cytochrome b fragment (435 bp 
except primer region) of the puffer fish muscle were 
identical with those of L. inermis, but not with those of 
other puffer species of genus Lagocephalus, such as L. 
wheeleri (95.3 and 88.0% nucleotide sequence identity 
for 16S rRNA and cytochrome b, respectively), L. gloveri 
(94.9 and 82.1%), L. lunaris (94.2 and 85.1%) and L. 
oceaniclls (94.6 and 83.2%). The results indicate that 

Food Hyg. Saf. Sci. Vol. 53, No.2 

the puffer fish that caused the food poisoning is indis
tinguishable from smooth-backed blowfish L. inermis. 

Toxicity of the remaining samples of liver, muscle and 
skin was measured by bioassay. The liver showed toxici
ty as high as 1,230 MU/g, while the muscle and skin 
showed toxicity as low as 3 MU/g. Figure 3 shows the 
LC/ESI-MS results for the extracts of liver, muscle and 
skin. In the selected ion mass chromatogram at mlz 320 
for TTX (CllH 170sN3, 319.27 Da), the peak corresponding 
to TTX with a retention time of 6.86 min was detected in 
not only liver, but also muscle and skin. The TTX peak 
of the liver extract was estimated to be 944 MU/g, ac
counting for the major parts of the toxicity of the liver, 
although other TTX derivatives and paralytic shellfish 
poisoning toxins were not analyzed. The peaks of muscle 
and skin extracts were equivalent to only 1 MU/g. 
Therefore, it is most likely that the liver was the caus
ative organ and TTX was the responsible toxic principle 
in this puffer fish poisoning. The toxin in muscle and 
skin samples might have bean derived from the liver 
during processing and/or storage. This is the first report 
that the liver of L. inennis in Japan is strongly toxic 
with levels exceeding 1,000 MU/g, to our knowledge. It 
has been reported that liver of L. inermis in Japan is no 
more than moderately toxic (100-999 MU/g)2). 111. 

Hence, we re-examined the toxicity of L. inermis cap
tured off the Japanese coast. The toxicity of 13 speci
mens is summarized in Table 1. None of the muscle and 
skin samples tested showed toxicity «5 MU/g), support
ing the view that these tissues can be consumed safely. 
In contrast, liver, intestine, kidney, gallbladder, spleen 
and ovary were toxic, although there was a marked indi
vidual variation in toxicity. For liver, the highest toxicity 
score was 199 MU/g. From the standpoint of food safety, 

100

1 
TTX standard 

'%. 

o 2.00 4.00 

6.79 

be- i 

9.25 

6.86 

i ~i 
6.00 8.00 

Retention time (min) 

Fig. 3. LC-ESI-MS of the extracts from liver, muscle and 
skin of the puffer fish sample responsible for the 
food poisoning 

Ten-flL aliquots of dilutions of tissue extracts were 
subjected to LC-ESI-MS. TTX standard (10 flL) 
contained 4.4 ng TTX. TTX was monitored in the 
selected ion recording mode at //lIz 320, corre
sponding to the protonated molecular ion (M + H)-·. 
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Table l. Toxicity of smooth-backed blowfish Lagocephalus inermis collected off the Miyazaki coast, Japan 

Sample No. Date of catch 
Muscle Skin Liver 

1 Feb. 2001 <5 <5 199 
2 Oct. 2001 <5 <5 11.8 
3 Oct. 2008 <5 <5 49.5 
4 Oct. 2008 <5 <5 40.3 
5 Oct. 2008 <5 <5 16.5 
6 Oct. 2008 <5 <5 9.7 
7 Oct. 2008 <5 <5 <5 
8 Nov. 2010 <5 <5 185 
9 Nov. 2010 <5 <5 107 

10 Nov. 2010 <5 <5 58.7 
11 Nov. 2010 <5 <5 58.6 
12 Nov. 2010 <5 <5 34.1 
13 Nov. 2010 <5 <5 24.6 

Highest score 199 
Toxic specimensl 0/13 0/13 11/13 

test specimens 
Toxicity level 

This study Non Non Moderate 
Tani (1945) Non Non Moderate 

Not determined. 

toxicity levels of puffer fish are classified as follows: 
strongly toxic (;;;;; 1,000 MU/g tissue), moderately toxic 
(100-999 MU/g tissue), weakly toxic (10-99 MU/g tis
sue) and non-toxic «10 MU/g tissue). Accordingly, 
three of 13 liver samples were moderately toxic, eight 
were weakly toxic and only two were non-toxic. Because 
the intestine and ovary of L. inermis in Japan have so 
far been considered non-toxic 2).11), it is important that 
these organs were determined to be toxic with a maxi
mum toxicity of 43.6 MU/g and 10.0 MU/g, respectively. 
Although the toxicity of kidney, gallbladder and spleen 
has not been reported, these tissues were found to be 
toxic at a relatively high ratio: 100% (2 toxic/2 test) for 
gallbladder, 82% (9 toxic/II test) for kidney and 75% (3 
toxic/4 test) for spleen. 

In conclusion, the food poisoning incident in Nagasaki 
Prefecture, Japan, in 2008, was due to TTX and was 
caused by ingestion of the toxic liver of L. inermis. Con
sumption of a piece of the causative liver sample (just 
8 g) could have been fatal, being equivalent to the esti
mated minimum lethal dose (10,000 MU) of TTX in hu
manll. In addition, re-examination of the toxicity of L. 
inermis clearly demonstrated that intestine and ovary, 
previously regarded as non-toxic tissues, were toxic and 
that kidney, gallbladder and spleen, whose toxicity has 
been unknown, were also toxic, even though the number 
of samples was limited. The results in this study sug
gest that the toxicity of smooth-backed blowfish L. iner
mis in Japan coast has increased since the report by 
Tani11l. Further study is necessary to re-examine the 
toxicity of puffer fish, including L. inermis, using larger 
numbers of specimens from various sampling locations 
in order to prevent puffer fish poisoning incidents. 

Toxicity (mouse unit/g) 

Intestine Kidney Gallbladder Spleen Ovary Testis 

43.6 21.4 10.2 8.0 * 
7.0 14.4 10.0 
8.3 7.8 
8.6 29.1 12.3 <5 

<5 59.5 17.2 10.0 
<5 9.6 5.7 <5 
<5 <5 
14.1 17.7 

8.7 32.7 
20.9 25.6 

<5 15.0 
<5 14.8 
<5 15.4 

43.6 59.5 14.4 17.2 10.0 
3/13 9/11 2/2 3/4 1/3 0/2 

Weak Weak Weak Weak Weak Non 
Non Unknown Unlmown Unlmown Non Non 
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カナフグによるフグ毒中毒とカナフグの毒性(報文・英

文)

長島裕ニ*松本拓也 門山敬介石崎松一郎

谷山茂人高谷智裕荒川修寺山誠 人

食衛誌53(2)，85~90 (2012) 

2008年10月に長崎県でフグ中毒が発生した.中毒残品

の筋肉から DNAを抽出精製し PCR増Ip話したミトコンド

リアDNA16SrRNAおよびシトクロム b部分領域の塩基

記列はカナフグのそれと一致した.中毒残品の肝臓試料か

ら1，230MU/gの毒性とテトロドトキシン (TTX)が検出さ

れたことから，本中毒はカナフグによる TTX中毒と判断

した中毒原田偲体の肝臓試料からこれまでの報告を上回

る猛毒レベル(み1，000MU/g)の毒性が検出されたため，

九州沿岸で漁獲されたカナフグ13検体の毒性を調べた.

12検体が有毒で、，これまで無毒とされていた腸や卵巣も

毒性を示し，毒性が不明だ、った腎臓，胆のう， )j!早臓からは

弱毒レベルの毒性が高頻度で検出され， 臼本産カナフグの

毒性の見直しが必要と考えられた.

ネ東京海洋大学
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