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Tetrodotoxin (TTX) was administered to artificially hybridized specimens of the pufferfish 
Tahifugu rubripes and Tahifugu porphyreus to investigate toxin accumulation in hybrids and TTX 
transfer/accumulation profiles in the pufferfish body. In test fish administered TTX-containing feed 
homogenate at a dose of -400 MU/fish by oral gavage using a syringe (OGA group), the toxin con
tent (MU/g tissue) of the digestive tract rapidly decreased and that of the liver increased from 1 to 
24 h after administration. From 24 to 120 h, the toxin content of the liver decreased gradually, and 
the toxin appeared in the skin. On the other hand, intramuscularly administered TTX (400 MU/ 
fish) was rapidly transferred to the liver and skin via the blood, and only a little toxin remained in 
the muscle even at 1 h (IMA group). The total amount of toxin remaining in the whole body (% of 
administered toxin) was 31-45% in the OGA group, and 42-74% in the IMA group; the scores in the 
OGA group were generally lower than those in the IMA group. In both OGA and IMA groups, the 
greatest amount oftoxin accumulated in the liver (23-52%) after 8 h, followed by the skin (11-21 %) 
after 72 h. The TTX administration experiment, especially using the oral gavage administration 
method, revealed that skins and livers of 'torama' pufferfish hybrid are endowed with TTX-accumu
lating ability, but the muscles are not, and that TTX taken up from toxic feed to the pufferfish body 
is transferred first to the liver and then to the skin via the blood. 

Key words: tetrodotoxin; hybrid; pufferfish; Tahifugu rubripes; Tahifugu porphyreus; oral 
administration; intramuscular administration 
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Introduction 

Marine pufferfish of the genus Tahifugu possess a po
tent neurotoxin, tetrodotoxin (TTX), and frequently 
cause human food poisonings, especially in Japan]). Al
though TTX is exogenous in pufferfish and is derived 
from the food chain that starts with marine bacterial), 
the transfer, accumulation, and elimination mecha
nisms of TTX taken up into the pufferfish body via food 
organisms remain unclear. Studies to elucidate these 
mechanisms have revealed that when non-toxic cul
tured specimens of Tahifugu rubripes or Tahifugu ni
phobles are reared with a TTX-containing diet, toxins 
are efficiently accumulated into their liver and ovary, 
where they are retained for a long period even after the 
toxic diet is stopped2- 5) When TTX is intramuscularly 

administered to similar pufferfish specimens, it is first 
transferred to the liver and then to the skin via the 
blood, though toxin transfer to the gonads differs great
ly between male and female fish6-S). Nagashima et al. 9) 

and Matsumoto et al. 1O- 13) demonstrated that, unlike 
general non-toxic fish, the liver tissue of T. rubripes is 
equipped with a specific TTX-uptake mechanism, and 
using a pharmacokinetic model, they showed that TTX 
introduced into the pufferfish body is rapidly taken up 
into the liver via the blood. 

* E-mail: arakawa@nagasaki-u.ac.jp 

Among Tahifugu pufferfish, natural hybrids occasion
ally appear. Although some morphologic or genetic 
studies of these hybrids have been conducted 1-1. 15), little 
information is available on their toxicity. The current 
regulations of the Japanese Ministry of Health, Labour, 
and Welfare permit only the body part(s) of hybrid puff
erfish that are edible in both of the parent strains to be 
eaten, but toxicity data are required to provide a scien-
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tific basis for this decision. The frequency of natural hy
brid specimens, however, is very low, and it difficult to 
collect enough samples for toxicity assessment. 

To clarify the toxin accumulation ability of each organ 
and the inherited characteristics of hybrid pufferfish, as 
well as the transfer/accumulation/elimination mecha
nisms of TTX in the pufferfish body, we administered 
TTX to artificially hybridized T. rubripes and Takifugu 
porphyreus offspring, and investigated the toxin trans
fer/accumulation profile of the hybrid fish. In the oral 
administration method, in which the test fish are fed 
with a TTX-containing diet2-,,>, toxins enter the body un
der conditions that are similar to natural conditions. 
Long-term toxin accumulation can be observed using 
this method, but this method is not suitable for tracing 
short-term inter-tissue toxin transfer, because it is diffi
cult to accurately administer a single large dose of toxin. 
On the other hand, a single large dose of toxin can be 
administered using the intramuscular administration 
method(;"'S), but this has the disadvantage of introducing 
the toxin into the pufferfish body via a route that would 
not operate in the natural environment. To establish a 
new method with the combined advantages of both 
methods, we used an oral gavage administration (OGA) 
method, and compared the results with those obtained 
using the intramuscular administration (IMA) method. 

Materials and Methods 

Pufferfish specimens 
Eggs ovulated from a female specimen of 'torafugu' T. 

rubripes were artificially fertilized with sperm obtained 
from a male specimen of'mafugu' T. porphyreus, essen
tially according to the previously reported methods>. Lar-

f;ti{lfit~; Vol. 53, No.1 

vae that hatched from the fertilized eggs were reared for 
approximately 8 months with rotifers, brine shrimp, or 
an artificial diet, depending on the growth stage, Thirty
three specimens [body weight, 213±28 g (mean±S.D,); 
body length, 18,3 ± O,8 cm (mean ± S.D.)j of the artificial 
hybrid pufferfish (designated 'torama') (Fig. 1) thus ob
tained, which had the combined morphological charac
teristics of both parent strains (Table 1), were used for 
the toxin administration experiments as described be
low. 

Preparation of TTX solution and TTX-containing feed 
homogenate 
The toxicity of TTX purchased from Wako Pure Chem

ical Industries, Ltd, (purity> 90%, Japan) was calibrat
ed using a mouse bioassay according to the official 
guidelines of the Japan Food Hygiene Association lo} Le
thal potency was expressed in mouse units (MU), where 
1 MU was defined as the amount of toxin required to kill 
a 20 g male cldY strain mouse within 30 min after intra
peritoneal administration. 

The TTX standard was dissolved in a physiological sa
line solution containing 1.35% NaCI, 0.06% KCl , 0.025% 
CaCl~, 0,035% MgCI~, and 0.02% NaHCO:

l 
at a concen

tration of 800 MU/mL, and a portion was used for the in
tramuscular administration, The remaining portion was 
mixed with water and an artificial feed for marine juve
nile fish (Otohime C2, Marubeni Nisshin Feed Co" Ltd. , 
Japan) at a ratio of 50: 16: 34 (v/v/w). The mixture was 
homogenized, and the homogenate (-400 MU/mL) was 
used for forced oral administration, as described below. 

Fig.!. An a rtificial hybrid specimen of T. rubripes and T. porphYl'eus Ctorama'). 

Table 1 Morphological characteristics of 'torama' and the parent species'" 20) 

'Torama' 

Prickles on both dorsal and ventral 
surfaces 
A black blotch with white margin behind 
pectoral fin 
White speckles on dorsal surface 

Anal fin white or pinkish when fresh 
A yellowish line on each body side 

T. rubripes 

Prickles on both dorsal and ventral 
surfaces 
A black blotch with white margin behind 
pectoral fin 
Some irregular black marks on posterior 
dorsal surface 
Anal fin white or pinkish when fresh 
No yellowish line on body side 

T. porphyreus 

No prickles on body surface 

A black blotch without white margin 
behind pectoral fin 
White speckles on dorsal surface in 
young fish 
Anal fin yellowish when fresh 
A yellowish line on each body side 
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Toxin administration experiment 
TTX levels were quantified in 3 of 33 'torama' speci

mens as described below for the non-administration 
(NA) group, and the remaining 30 specimens were di
vided into two groups of 15 individuals each; the oral 
gavage administration group (OGA group) and intra
muscular administration group (IMA group). 

In the OGA group, a Teflon tube (outer diameter X 

length=3 X 70 mm) connected to a 5-mL syringe was in
serted from the mouth into the digestive tract of each 
fish as deeply as possible, and 1 mL (~400 MU) of TTX
containing feed homogenate was squeezed into the di
gestive tract. In the IMA group, each fish was intramus
cularly injected with 0.5 mL (400 MU) of TTX solution. 
Immediately after toxin administration, the fish were 
returned to a 500-L aerated tank. The fish from each 
group were kept in separate tanks. Subsequently, three 
specimens per group were randomly collected at 1, 8, 
24, 72, and 120 h after toxin administration, and toxin 
quantification was performed as described below. 

Toxin quantification 
Using a syringe precoated with sodium heparin, all of 

the blood of each specimen was withdrawn from the 
portal vein and centrifuged at 4,200 9 for 10 min to ob
tain the supernatant (blood plasma). After blood collec
tion, all specimens were dissected into various anatomic 
tissues [muscle, skin, liver, and digestive tract (includ
ing its contents)], which, along with the blood plasma, 
were extracted with 0.1% acetic acid}6). Each extract 
was subjected to the mouse bioassay according to the of
ficial guidelines of the Japan Food Hygiene Associa
tion JG). If the result of the mouse bioassay was below the 
detection limit (1 MU/mL), the extract was filtered 
through a USY-1 membrane (0.45 ~lm; Toyo Roshi Co., 
Ltd., Japan) and subjected to liquid chromatography/ 
mass spectrometry (LCIMS) analysis 17l, whereby only 
TTX was quantified, though the TTX standard used for 
the toxin administration experiments contained minute 
amounts of TTX derivatives such as 4,9-anhydrotetrodo
toxin and 4-epi-tetrodotoxin. 

Results 

TTX was not detected in any tissues of the three 
'torama' specimens of the NA group. 

Changes in the toxin content (MUIg or MUlmL) of 
each tissue of the TTX-administered 'torama' specimens 
during the rearing period are shown in Fig. 2. In the 
OGA group, a high concentration of toxin (10.5 MUlg) 
was detected in the digestive tract, into which the toxic 
feed homogenate was squeezed, and a low concentration 
of toxin (0.6 MUlmLl in the blood plasma, but no toxin 
transfer was observed to the other parts within 1 h after 
toxin administration. The toxin content of the digestive 
tract rapidly decreased thereafter, while those of the 
blood plasma and liver increased to the maximum 
(1.2 MUlmL and 6.1 MUlg) at 8 and 24 h, respectively, 
and then gradually decreased. Approximately 1.4 MU/g 
toxin was observed in the skin after 72 h, but no toxin 

was detected in the muscle throughout the rearing peri
od. In the IMA group, only a little toxin (0.2 MUlg) re
mained in the muscle, which was the site of toxin ad
ministration, and toxin transfer to the blood plasma, 
liver, and skin (8.1 MU/mL, 3.0 MUlg, and 1.1 MUlg, re
spectively) was observed even at 1 h after toxin admin
istration. The toxin content of the blood plasma rapidly 
decreased thereafter, whereas that of the liver rapidly 
increased to the maximum (7.4 MU/g) at 8 h, and then 
gradually decreased. The toxin content of the skin tem
porarily decreased from 8 to 24 h, but increased again 
from 24 to 72 h, and then remained at the same level 
(around 2.4 MU/g) thereafter. No toxin transfer to the 
digestive tract was observed throughout the rearing pe
riod. 
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Fig. 2. Changes in the TTX content (MUIg or MUlmL) re
tained in each tissue of the 'torama' specimens dur
ing the rearing period after toxin administration. 
Symbols and error bars indicate the mean and 
standard deviation (n =3), respectively. 
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Fig. 3, Changes in the relative amount of TTX [% of ad
ministered amount (400 MU/individual)] retained 
in each tissue of the 'torama' specimens during the 
rearing period after toxin administration, Columns 
and error bars indicate the mean and standard de
viation of total amount per fish (n=3), respectively, 

Changes in the anatomic distribution of TTX, as dem
onstrated by the relative amount of toxin retained in 
each tissue [% of the administered toxin (400 MUlindi
vidual)] , are shown in Fig. 3. The total amount of toxin 
remaining in the whole body was 31-45% in the OGA 
group, and 42-74% in the IMA group; the scores in the 
OGA group were generally lower than those in the IMA 
group. In the OGA group, the amount of toxin in the di
gestive tract was 30%, accounting for most of the re
maining toxin in the body at 1 h, It gradually decreased 
thereafter, however, and the amount of toxin in the liver 
became greatest (23-38%) after 8 h. Moreover, 11-12% 
of toxin was transferred to the skin after 72 h, In the 
IMA group, the amount of toxin in the liver was greatest 
(20-52%) at every rearing period, followed by the blood 
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plasma (10%) at 1 h, and the skin (9-21%) after 8 h, 
From 24 to 120 h, the amount of toxin in the liver gradu
ally decreased, and that of skin gradually increased. 

Discussion 

TTX was not detected in the three 'torama' specimens 
of the NA group. TTX is exogenous in pufferfish, and 
cultured T. rubripes or T. niphobles do not have detect
able levels of TTX!). The present findings confirmed that 
'torama·. as well as artificial hybrid specimens of T. ru
bripes and T. niphobles ('torakusa')8), is non-toxic when 
reared with non-toxic food under conditions in which 
toxic food organisms are completely excluded. 

When the 'torama' specimens were orally administered 
TTX by gavage, the toxin content of the digestive tract 
rapidly decreased and that of the liver increased be
tween 1 to 24 h (Fig, 2, OGA group). During this period, 
TTX was also detected in the blood plasma, indicating 
that TTX absorbed from the digestive tract was trans
ported first to the liver through the bloodstream, and 
rapidly taken up into the tissue. Between 24 to 120 h, 
the toxin content of the liver decreased gradually, and 
the toxin appeared in the skin. This indicates that a part 
of the toxin taken up into the liver was then transferred 
to the skin within a relatively short period. 

On the other hand, intramuscularly administered TTX 
was rapidly transferred to the liver and skin via the 
blood, and only a little toxin remained in the muscle 
even at 1 h (Fig, 2, IMA group). The findings that no tox
in was transferred to the muscle in the OGA group and 
that muscles in toxic wild specimens of T. mbripes and 
T. porphyreus are not toxic!) suggest that the muscles of 
the hybrid have little ability to retain and accumulate 
TTX, 

The transfer profile of the toxin to the liver in the IMA 
group was similar to that in the OGA group, but the 
time until the liver toxin content reached maximum was 
shorter in the IMA group than in the OGA group, In ad
dition, based on the fact that the toxin content of the 
blood plasma at 1 h in the IMA group was much higher 
than that in the OGA group, the toxin transfer rate from 
the muscle to blood is much faster than the toxin absorp
tion rate in the digestive tract and the toxin uptake rate 
of the liver. On the other hand, the transfer profile of the 
toxin to the skin in the IMA group differed somewhat 
from that in the OGA group. Namely, in the OGA group 
toxin transfer to the skin was first observed at 72 h, 
whereas in the lMA group toxin transfer to the skin be
gan at 1 h, peaked at 8 h, temporarily decreased from 8 
to 24 h, and increased again thereafter [toxin content of 
the skin at 24 h was significantly lower than those at S 
and 72 h (t-test, p < 0.01)]. A similar transfer profile to 
that of the IMA group was observed when T. rubripes or 
·torakusa' were intramuscularly administered TTX7),8), 
suggesting that orally ingested TTX absorbed from the 
digestive tract is not directly transferred to the skin, but 
is transferred only after being temporarily taken up into 
the liver, whereas intramuscularly administered TTX is 
directly transferred to both the liver and skin via the 
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blood stream. Subsequently, the toxin in the skin tem
porarily decreased, but began to increase again due to 
the beginning of transfer from the liver to the skin. 

In the IMA group, no toxin was transferred to the di
gestive tract, and in the OGA group, the toxin content 
of the digestive tract decreased rapidly. The digestive 
tract in wild specimens of T. rubripes and T. porphyreus 
is considered to be moderately toxic and weakly toxic, 
respectively'), but this toxicity is a reflection of how 
much and how frequently the pufferfish ingest toxic 
food organisms, and the digestive tract may have little 
ability to accumulate TTX. Although the TTX adminis
tration experiment with 'torakusa' clarified that the in
tramuscularly administered toxin is rapidly transferred 
to the ovary and in a large quantity, we did not examine 
the gonads in the present study, as those of the test fish 
were very small and undeveloped. 

In both the OGA and IMA groups, the amount of toxin 
in the liver accounted for the greater portion of the toxin 
remaining in the body after 1 to 8 h, and a considerable 
amount of toxin had also been transferred to, and accu
mulated in, the skin after 72 h (Fig. 3). Therefore, the 
liver and skin of 'torama' are considered to have the 
ability to accumulate TTX to a certain extent. In wild 
adult specimens of T. rubripes and T. porphyreus, livers 
are moderately to strongly toxic, while skins are moder
ately toxic in T. porphyreus, but non-toxic in T. rubripes 
in generaP). Even in T. rubripes, however, toxicity of 
several tens of mouse units is occasionally detected in 
juveniles (unpublished data), and hence it is unclear to 
which of the parent species, T. rubripes or T. porphyre
us, the toxin-accumulating ability of the 'torama' is the 
most similar. Actually, in the experiment in which TTX 
was intramuscularly administered to juveniles of T. w
bripes, the toxin was transferred to the liver temporari
ly, but accumulated mostly in the skin at the end of the 
rearing period7

). The test fish are assumed to have had 
an immature skin TTX-excreting ability or liver TTX
accumulating ability. 

The total amount of toxin remaining in the whole 
body was generally lower in the OGA group than in the 
IMA group. The difference seems to reflect the absorp
tion efficiency of TTX from the digestive tract to some 
extent. Matsumoto et al. 12) reported that the bioavail
ability of enterally administered TTX to T. wbripes at 
comparable doses (0.25 and 0.50 mg/kg) to that of the 
present study (about 0.4 mg/kg) was 62 and 84%, re
spectively. On the other hand, the total amount signifi
cantly increased from 1 to 24 h in the OGA group (t-test, 
p < 0.01), and from 1 to 8 h in the IMA group (y=0.5526x 
+3l.86, n=9, 1'2=0.5451, p < 0.05) . A similar increase 
was observed in the TTX administration experiments 
with T. rubripes'l or 'torakusa'S). Watabe et al. IS) report
ed that when T. rubripes was intra peritoneally adminis
tered [3H]-TTX, the amount of TTX in the gallbladder 
was greatly increased temporarily. The increase might 
be due to the temporary storage of a large amount of 
TTX in a particular organ or tissue other than those an
alyzed in the present study. This point, along with the 

toxin transfer to the gonads, remains to be elucidated. 
In conclusion, the findings of the present study clearly 

indicated that 1) skins and livers of 'tor am a' are en
dowed with TTX-accumulating ability, but the muscles 
are not, and so could be edible; 2) TTX taken up by the 
pufferfish body from toxic feed is transferred first to the 
liver, and then to the skin via the blood; and 3) the oral 
gavage administration method is an effective method of 
tracing short-term inter-tissue toxin transfer in the 
pufferfish body under conditions similar to those occur
ring in nature. 
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トラフグ×マフグ人工交雑個体に経口および筋肉内投与し

たテトロドトキシンの体内移行プロファイル o版文。英文)

王 俊ポ荒木泰一朗辰野竜平 ~rt，真也

i也旧光壱高谷智裕荒川 市多ヰ

食1年J誌 53(1)， 33~38 (2012) 

トラフグとマフグの人工うと約倒イ本にフグ71iテトロドトキ

シン(TTX)を投与し I与の体内移行プロファイルについて

検討 した.シリンジを用いてTTXif.:力11飼料を強制的に経

口投与 したところ， 241時間後までは消化管の~jJ~lft (組織

19当たり)が急速に減少しこれにH乎J;i'.;してJJl臓の君主量

が増加lしたが，その後は肝臓の訪:量がi斬滅するとともに.

皮への毒の移行が見られた 一方.筋肉内投与したj劾合.

TTXは血液を介して速やかにJJ-F臓と皮に移行した.各市1¥

位の蓄積毒量(投与毒置に対する相対値)を見ると.経口

投与.筋肉!大j投与ともに 811寺間後以降は JJFI臓が23~ 52% 

と最も多く ，72 時間後以降は皮(1l~21%) がこれに次い

だ

次長崎大学大学院環境・水産科学付l究科
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