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A Toxicity and Toxin Profiles of Xanthid Crabs Collected around
Nakanoshima, the Tokara Islands, Japan

Takefumi Sacaral 2, Shigeto Tanryama2, Tomohiro TAkATANI, Naoyoshi NisaiBori?,
Sachio Nisuio!, Tamao NocucHi* and Osamu ARAKAWAS *

Department of Science for Living, Shikoku University, Junior College:
123-1 Ebisuno, Furukawa, Ohjin-cho, Tokushima 771-1192, Japan;
2Graduate School of Science and Technology, Nagasaki University:

1-14 Bunkyo-machi, Nagasaki 8562-8521, Japan;
3Faculty of Fisheries, Nagasaki University: 1-14 Bunkyo-machi,
Nagasaki 852-8521, Japan; *Corresponding author
“Faculty of Healthcare, Tokyo Health Care University: 3-11-3
Setagaya, Setagaya-ku, Tokyo 154-8568, Japan

A total of 36 specimens of 5 xanthid crab species, Zosimus aeneus (n=16), Xanthias lividus (n=
4), Leptodius sanguineus (n=3), Daira perlata (n=10) and Eriphia sebana (n=3), were collected
around Nakanoshima Island, which is located at the northeastern part of the Tokara Islands,
Kagoshima Prefecture, Japan in May and July 2000, and their toxicity was determined by mouse
bioassay. Nine of 16 Z. aeneus specimens and all of 4 X. lividus specimens showed lethal potency
to mice (2.1-11 MU/g, 2.8-8.6 MU/g, respectively), whereas all the other species were non-toxic
(less than 2.0 MU/g). LC/MS analyses indicated that the toxin of the Z. aeneus specimens was
mainly composed of tetrodotoxin (41% of total toxicity), and 11-oxotetrodotoxin contributed to
the remaining toxicity. The toxin of the X. lividus specimens, however, was apparently not
tetrodotoxin. In HPLC-FLD analyses, no paralytic shellfish poison component was detected in
either of the two toxic species.

(Received June 1, 2009)
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Fig. 1. Map showing Yosegi and Funakura (@) in
Nakanoshima Island, Kagoshima Prefecture,
where the xanthid crab specimens were
collected.
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Fig. 2. Toxic species of xanthid crabs, Zosimus aeneus “umoreougigani” (upper) and Xanthias lvidus
“murasakihimeougigani” (lower), collected from Nakanoshima Island.
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Table 1. Toxicity of Z. aeneus specimens collected from Nakanoshima, the Tokara Islands

Speciemen  Place of Sex*l Carapace width  Carapace length  Body weight  Toxicity*?  Total toxicity™?
No. collection (mm) (mm) (g) MU/g) (MU/individual)
1 Yosegi F 51 36 36 110 390
2 M 45 33 28 33 86
3 M 46 31 26 27 69
4 F 45 32 26 27 70
5 M 45 30 22 26 57
6 M 40 30 20 2.1 42
7 M 47 34 29 <20 —
8 M 53 36 41 <20 -
9 M 49 34 35 <20 —
10 M 50 36 35 <2.0 —
11 F 37 24 10 <20 -
12 Funakura M 45 31 25 2.8 70
13 M 45 32 22 2.6 56
14 M 60 45 64 23 148
15 F 62 43 64 <20 —
16 M 50 34 33 <20 —
Mean+SD 48£6.4 34450 32xt15 3.6+2.8% 110+110%°

*! M=male, F=female
*2 Calculated as TTX
*3 Mean=+SD of toxic specimens

Table 2. Toxicity of X. lividus specimens collected at Funakura, Nakanoshima, the Tokara Islands

Speciemen Month of Sex*l Carapace width  Carapace length  Body weight Toxicity®  Total toxicity*?
No. collection (mm) (mm) (g) (MU/g) (MU/individual)
1 May 2000 F 17 12 2.1 8.6 18
2 M 37 25 17.0 35 59
3 Jun. 2000 M 36 24 12.0 5.6 70
4 M 39 26 18.0 2.8 51
. Mean+SD 32%10.2 2216.6 12+73 5126 50+22
*1 M=nmale, F=female
*2 Calculated as TTX
3a, 3c~3e). 11-oxoTTX LEEEX N IR ENRI, B HTHSTREEST.
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Fig. 3. Selected ion (m/z 290, 302, 304. 320 and 336)
mass chromatograms of partially purified toxin
from Z. aeneus

LC/MS' was carried out on an Alliance LC/
MS system (Waters) equipped with a Zspray™
MS 2000 detector, using a Puresil C18 (Waters)
column with 30mmol/L heptafluorobutyric
acid in 1 mmol/L ammonium acetate buffer (pH
5.0) as the mobile phase (flow rate: 1.0 mL/min).
As for MS conditions, about 20% of the eluate
was introduced via a splitter into the ion source
of MS, ionized by means of positive-mode
electrospray ionization (ESI), and monitored
through a MassLynx™ NT operating system.
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From 1990 to 2008, 9 food poisoning incidents due to ingestion of marine:boxfish occurred in
Nagasaki, Miyazaki, Mie and Kagoshima Prefectures, Japan, and a total of 13 persons were
poisoned, Their main symptom was severe muscle pain arising from rhabdomyolysis, which was
usually accompanied by the discharge of black urine and abnormal elevation of serum creatine
phosphokinase. Twelve out of the 13 victims recovered in a few days to two months, while one
died after approximately 2 weeks. Since the symptoms were very similar to those caused by
parrotfish “acbudai” Scarus ovifrons poisoning, the causative substance was considered to be
parrotfish toxin, i.e., a palytoxin-like substance. Epidemic surveys after the incidents in Miyazaki
and Nagasaki identified the leftovers as “hakofugu” Ostracion immaculatus. During screening tests
to clarify the toxicity of boxfish from Western Japan, 47 of 129 specimens (36.4%) of O.
immaculatus, and 7 of 18 specimens (38.9%) of “umisuzume” Lactoria diaphana were found to show
acute and/or delayed lethal activity to mice (0.5-2.0 mouse unit/g). Among the tissues tested, the
frequency of toxicity was highest in the viscera excluding liver (28.6% in O. cubicus, 33.3% in L.
diaphana), followed by muscle (10.9%, 5.6%) and liver (6.2%, 5.6%). From the above results, we
conclude that O. cubicus and L. diaphana inhabiting the coast of Japan sometimes contain toxic
substance(s), which can sporadically cause food poisonings very similar to parrotfish poisoning.

{Received May 18, 2009)
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Fig. 1. Leftovers in Case 6 (upper) and Case 9 (lower), which were identified as Ostracion immaculatus “hakofugu”,
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Table 2. Anatomic distribution of toxicity in toxic specimens of Ostracion immaculatus “hakofugu” collected from
Western Japan

No Place of Month of Body weight  Body length Lethal potency (MU/g)
collection collection (® (mm) Muscle Liver Viscera excluding liver
1 Nov ~Dec. 563 227 0.5% ND ND
2 200:; ) 875 206 0.5% ND ND
3 494 239 0.5%*F ND ND
4 220 163 0.5¥% 0.5* 1.0*
5 115 145 0.5** 0.5% 1.0%*
6  Arikawa Bay, 270 160 ND 0.5% 0.5%
7 Nagasaki Prefecture 130 152 ND 0.5% 0.5*
8 Nov~Dec. 358 188 0.5% ND ND
9 2004 634 235 0.5%* ND ND
10 205 153 ND ND 0.5%
11 455 195 ND ND 0.5%
12 410 187 NE NE 0.5%
13 279 178 ND ND 0.5%*
14 Shimaura Island, Mayv 2004 300 133 0.5% ND ND
15  Miyazaki Prefecture v 191 145 ND ND 1.0%*
16 Nov. 2004 267 168 ND  ND 0.5*
17 Offshore of Mugi, 237 160 ND ND 1.0%
18  Tokushima Prefecture 259 160 ND ND 0.5%
19 Jun. 2005 315 183 ND  ND 0.5%*
20 190 146 ND ND 0.5%*
21 317 168 ND ND 0.5%*
22 Dec. 2004 235 155 ND WD 0.5%*
23 603 216 ND ND 0.5%*
24 Apr. 2005 554 202 ND  ND 0.5%*
25 o ; 224 142 0.5% ND 0.5%
26 Jun. 2005 627 209 0.5* ND 0.5%*
27 395 180 ND ND 0.5%*
28 825 101~ 05* - ND © o 0.5%
29 153 127 ND. 0.5%* ) 0.5%
30 336 172 ND- . - ND 0.5%
31 Jul. 2005 117 123 ND  ND 0.5+
32 106 110 ND ND 0.5%*
208 142 ND ND 0.5%*
33 Offshore of
34 Shimonoseki, Aug. 2005 411 203 ND ND 0.5*
35 Yamaguchi Prefecture g 405 179 ND ND 0.5%%
36 302 159 05%  ND 0.5%
37 552 204 05*  ND ~ND
38 Oct. 2005 861 215 0.5 ND ND
39 469 187 ND 0.5% ND
40 288 174 ND ND 0.5%*
41 535 192 ND 0.5% 0.5%
42 Nov. 2005 89.2 110 ND ND 0.5%*
43 777 206 ND ND 0.5%*
44 Dec. 2005 668 198 ND ND 0,6%
45 458 178 ND 0.5* ND
46 May 2006 750 208 ND ND 0.5%*
47 458 184 ND ND 0.5%%

ND: Not detected (<0.5 MU/g).
NE: Not examined.
*. Delayed lethal potency to mice
** Acute lethal potency to mice
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Table 3. Anatomic distribution of toxicity in toxic specimens of Lactoria diaphana “umisuzume” collected from Western
Japan
No Place of Month of  Body weight  Body length Lethal potency (MU/g)
collection collection (8) (mm) Muscle Liver  Viscera excluding liver
1 391 163 0.5%* ND ND
2 Shimaura Island, May 2004 711 240 ND ND 0.5%*
3 Miyazaki Prefecture v 541 237 ND ND 0.5%%
4 272 190 ND ND 0.5%
5 Jun. 2005 439 235 ND 0.5%* 2.0%
Offshore of Mugi, "
6 Tokushima Prefecture  w\ar 2008 NE 133 ND ND L.o¥
7 : NE 178 ND NE 1.0%*
ND: Not detected (<0.5 MU/g).
NE: Not examined.
* Delayed lethal potency to mice
** Acute lethal potency to mice
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Neurologic Symptoms in a Dialysis Patient After Ingesting Seafood

CLINICAL PRESENTATION

A 60-year-old man with end-stage renal disease caused
by diabetic nephropathy treated with hemodialysis for
14 months was admitted to our hospital reporting
neurologic symptoms. The prior evening, he ingested
8 gastropods (whelks) harvested from the sea of
northern Japan (Fig 1) that were cooked in their own
shells. He went to bed as usual, but awake 6 hours
later with nausea, drowsiness, dyspnea, limb weak-
pess, facial palsy, and diplopia. He could not raise his
head or get out of bed. His medications include
antiplatelet and anticoagulant agents, isosorbide mono-
nitrate for angina pectods, and 1a-hydroxyvitamin
D, for secondary hyperparathyroidism. On presenta-
tion, he was afebrile with blood pressure of 149/92
mm Hg and pulse rate of 70 beats/min. Barre and
Mingazzini signs were positive, and his mouth opened
only 15 mm. There was no neck stiffness, muscle
atrophy, or involuntary movements, and Babinski
reflex was not observed. Deep tendon reflexes were
diminished in the lower extremities. Blood work
showed the following values: creatine kinase, 116
U/L; C-reactive protein, 0.10 mg/dL (1.0 mg/L); and
white blood cell count, 6.2 X 10%/uL (6.2 X 10°L).
Computed tomography and magnetic resonance imag-
ing of the head showed only chronic small ischemic TR = s
changes. Alfoughtis s vhoGdnotbaveend- T NPATeR alin T gt i poogrg
stage renal disease had ingested the same gastropods, patieflt ingested. gaston

they did not experience similar symptorns,

B What is the most likely diagnosis?

& How might the diagnosis be confirmed?

B What treatment might be initiated?
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DISCUSSION

B What is the most likely
diagnosis?

After ingesting gastropods 16
hours before, tetramine poisoning
was suspected. Tetramine (tetra-
methylammonium ion) is a natu-
ral neurotoxin that exists in the
salivary gland of gastropods of
the family Buccinidae, Neptunea
arthritica and Neptunea inter-
sculpta, living in cold temperate
seas.! It is a quaternary ammo-
nium compound that has an ace-
tylcholine-like structure that
stimulates both nicotinic and mus-
carinic receptors.? Tetramine poi-
soning occurs by consumption of
these gastropods without removal
of the salivary gland. A variety of
symptoms, such as headache, diz-
ziness, seasickness, visual impair-
ment, and, in severe cases, motor
paralysis and respiratory arrest,
are observed. Symptoms of tetra-
mine poisoning typically appear
within 30 minutes of gastropod in-
gestion. However, in this case,
symptoms of poisoning were not
observed until 12 hours after gas-
tropod ingestion (Fig 2). Tetra-
mine absorption may have been
delayed because of diabetic gas-
troparesis, resulting in the in-
creased time between ingestion
and the appearance of toxicity.

B How might the diagnosis
be confirmed?

Although measurement of plasma

tetramine has not been reported

previously, we applied the method

of Kawashima et al® for determin-

ing tetramine concentration in gas-
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Figure 2. Plasma tetramine concentration and clinical course of the patient.

tropod tissues. When the patient
arrived at the hospital, plasma tetra-
mine concentration was 2.16 ug/
mL. Measurement of plasma tet-
ramine is feasible and useful for
the diagnosis of tetramine poi-
soning.

H What treatment might be
initiated?

Without definitively identifying
the toxic agent on presentation,
hemoperfusion using an activated
charcoal column was performed,
followed by hemodialysis (Fig 2).
After hemoperfusion, dysarthria
improved and the patient was able
to maintain a sitting position. Af-
ter hemodialysis, he was able to
stand without assistance.

There is no specific therapy for
tetramine poisoning. In a healthy
individual, tetramine is excreted
rapidly in urine and symptoms
commonly disappear within a few
hours.? Excretion of tetramine
may be delayed, and symptoms
of tetramine poisoning sometimes
may be serious and prolonged in

patients with decreased kidney
function because more than 95%
of this poison is excreted through
the kidney.* Kidney failure in our
patient resulted in severe limb
weakness and diplopia for 8 hours
until hemoperfusion was started.
Intensive hemodialysis may pro-
mote rapid improveroent of tetra-
mine pojsoning symptoms.

When the patient arrived at the
hospital, plasma tetramine con-
centration was 2.16 ug/mL. After
direct hemoperfusion and hemodi-
alysis, plasma tetramine concen-
tration had decreased to 1.11
ug/mL and 0.38 pg/mL, respec-
tively. Tetramethylammonium ion
has a molecular weight of 74 Da
and thus low plasma protein bind-
ing,’ indicating that plasma tetra-
mine could be removed suffi-
ciently by means of hemodialysis.
In anuric patients, emergent he-
modialysis may be essential.

FINAL DIAGNOSIS

Tetramine poisoning.

American Joumal of Kidney Diseases, Vol 54, No 4 (October), 2009: pp 30xvii-oxix
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From October 2006 to December 2007, wild specimens of the pufferfish Takifugu poecilonotus
(93 females, 45 males) were collected from the Ariake Sea. Tissue toxicity was examined by
mouse bioassay, and tetrodotoxin (TTX) content in the blood plasma by enzyme-linked
immunosorbent assay. The relationship between toxicity and maturation was investigated
based on changes in the gonadosomatic index: December-March in females and November-
March in males, the ‘maturation period’; April, ‘just after spawning’; and the other months,

Irfi;&v:ggsd.;‘: the ‘ordinary period'. Toxicity of both sexes was high throughout the year, but sharply
Takifugu poecilonotus declined in April. In all tissues examined (skin, liver, and ovary) other than testis, toxicity
. Tetrodotoxin exceeded 1000 MU/g or 10,000 MUfindividual in many individuals. Seasonal profiles of

Enzyme-linked immunosorbent assay tissue toxicity differed markedly between sexes. In females, liver toxicity was high during the

(ELISA) ordinary period, and ovary toxicity was high during the maturation period. In males, little
Gonadosomatic index (GSI) maturation-associated change in the toxin distribution was observed. Plasma TTX levels
Maturation

were similar between the sexes (1.59-15.1 MU/ml), and fluctuated largely throughout the
year without corresponding changes in tissue toxicity. The percentage of TTX binding to high
molecular-weight substances in the plasma varied in association with maturation; the
binding ratio fluctuated at relatively low levels during the ordinary period, and stabilized at
a high level during the maturation period.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Many marine pufferfish of the family Tetraodontidae
possess a potent neurotoxin, tetrodotoxin (TTX). In toxic
species inhabiting Japanese coastal waters, the liver and
ovary usually have strong toxicity, whereas the muscle and
testis are weakly toxic or non-toxic (Noguchi and Arakawa,
2008), indicating sexual differences in pufferfish toxicity,
and that maturation may affect toxin kinetics in the
pufferfish body. TTX is originally produced by marine
bacteria and distributes over a wide variety of animals,

* Corresponding author. Tel.ffax: +81 95 819 2844,
E-mail address: arakawa@nagasaki-u.acjp (0. Arakawa).

0041-0101/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.toxicon.2008.08.001
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including pufferfish, gobies, blue-ringed octopuses, carniv-
orous gastropods, starfish, toxic crabs, horseshoe crabs, flat
worms, and ribbon worms (Miyazawa and Noguchi, 2001).
TTX is exogenous in pufferfish and is derived from the food
chain that consists of these TTX-bearers (Noguchi and
Arakawa, 2008). The transfer, accumulation, and elimina-
tion mechanisms of TTX taken up into the pufferfish body
via food organisms remain unclear. Various types of toxin
administration experiments performed with pufferfish have
revealed important information on uptake and inter-tissue
transfer of TTX in the pufferfish body (Matsui et al., 1981,
Watabe et al., 1987, Yamamori et al., 2004, Honda et al., 2005,
Kono et al,, 2008, Ikeda et al., 2009). In these experiments,
however, non-matured, non-toxic cultured fish were used,
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and the influence of aging or maturation was not considered.
Although TTX-binding proteins have been found in the
blood plasma of toxic pufferfish (Matsui et al., 2000; Yotsu-
Yamashita et al,, 2001), and may be involved in the trans-
portation mechanism, little information is available on their
distribution, seasonal variation, or functions other than TTX
binding. In our studies to clarify the roles of TTX-binding
high molecular-weight substances in the accumulation
mechanisms of TTX in pufferfish and the effect of matura-
tion, we collected the pufferfish Takifugu poecilonotus peri-
odically from the Ariake Sea and investigated maturation-
associated changes in tissue toxicity, as well as the amount
and forms of TTX in the blood plasma.

2. Materials and methods
2.1. Pufferfish specimens

From October 2006 to December 2007, wild specimens
of the pufferfish T. poecilonotus (93 females and 45 males)
(Table 1) were collected from the Ariake Sea (off Mina-
mishimabara, Nagasaki Prefecture, Japan), and transported
live to the laboratory of Nagasaki University. After blood
was withdrawn from the portal vein using a syringe pre-
coated with sodium heparin, each fish was dissected to
obtain the skin, liver, and gonads (ovary/testis), which were
then extracted with 0.1% acetic acid according to the official
guidelines of the Japan Food Hygiene Association (2005),
and analyzed with a toxicity assay using mice.

2.2. Assessment of gonadosomatic index (GSI)
GSI (%) of each fish was calculated from its gonad weight

(GW) and body weight (BW) using the following equation:
GSI =100 x GW/[BW.

K. Ikeda et al. / Toxicon 55 (2010) 289-297

2.3. Toxicity assay

Toxicity of each tissue extract from T. poecilonotus was
determined by a mouse bioassay according to the official
guidelines of the Japan Food Hygiene Association (2005).
Lethal potency was expressed in mouse units (MU), where
1 MU was defined as the amount of toxin required to kill
a 20-g male ddY strain mouse within 30 min after intra-
peritoneal administration.

2.4. Quantification of TTIX in blood plasma

The blood collected from each fish was centrifuged at
6000 ¢ for 7 min (4°C), and the blood plasma obtained
(200 pul) was ultrafiltered through a Microcon YM-50
membrane (cut-off 50,000 Da, Amicon). Phosphate buff-
ered saline (10 mM, 200 pl) was added to the residue, and
the mixture was ultrafiltered again through the same
membrane, The operation was repeated one more time. The
combined supernatant (low molecular-weight fraction)
and the residue (high molecular-weight fraction) contain
free TTX molecules (designated f-TTX) and the TTX mole-
cules binding to high molecular-weight substances
(designated b-TTX), respectively (Matsui et al., 2000). The
low molecular-weight fraction was directly submitted to an
enzyme-linked immunosorbent assay (ELISA) to determine
the amount of f-TTX. To cut the binding between TTX and
high molecular-weight substances, 0.1% acetic acid (400 pl)
was added to the high molecular-weight fraction (Yama-
mori, 2002), and then the mixture was submitted to ELISA
to quantify the amount of b-TTX. Preliminary experiments
demonstrated that 0.1% acetic acid or TIX-binding
substances in the high molecular-weight fraction did not
affect the ELISA results (data not shown).

Table 1
Specification of T. poecilonotus specimens.
Collection month Sex Number of specimens Mean body Mean tissue weight
weight (g) Skin {g) Liver (g) Gonad (g)
2006 Oct 2 1 198 24 12 2.0
é 3 21 24 10 2.2
Nov ? 3 273 30 16 4.0
3 3 227 26 14 13
Dec Q 2 176 21 92 48
é 3 210 21 94 21
2007 Jan Q 8 278 31 16 19
3 3 248 25 8.8 31
Feb 2 10 267 29 13 31
é 6 280 32 15 34
Mar -2 8 243 22 9.2 39
é 3 126 14 3.9 13
Apr Q 12 121 15 4.1 33
é 5 113 16 34 4.1
Jun ? 17 124 15 6.2 1.1
3 2 143 18 45 14
Aug ? 7 156 17 6.5 1.2
3 3 155 19 47 09
Sep ? 8 121 13 44 0.9
8 4 116 13 6.5 0.5
Oct ? 11 146 16 8.7 1.4
3 5 123 15 6.6 13
Dec Q 6 194 22 89 3.7
3 5 166 18 53 85
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