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Fig. 5. Reactions of agaritine and agaritine-COOH with y-glutamyltrans-
ferase (y-GT). (A) Changes in the UV spectrum of agaritine during the
enzymatic reaction. In the presence of sodium glyoxylate, agaritine was
reacted with y-GT and UV spectra were monitored at intervals. Sodium
glyoxylate trapped the free hydrazine which was produced by the
enzymatic reaction. (B) Changes in the UV spectrum of agaritine-COOH
during the enzymatic reaction.

agaritine contents in blood fluids. The higher values of
Cumax and AUC in Walton’s report may have been based
on agaritine metabolites. Another possible explanation is
that the differences may depend on mouse strains. We have
measured intact agaritine in blood and urine and analyzed
the pharmacokinetic parameters for the first time. Assum-
ing that the volume of mouse blood is 2 ml, the absorption
ratio of agaritine is 0.053%. Agaritine contents did not
change in the absence and presence of glucuronidase, indi-
cating that there was no conjugated agaritine in the blood
and urine (data not shown).

We next investigated agaritine metabolites. Agaritine is
believed to be metabolized to free hydrazine HMPH by
v-GT in vitro. However, HMPH was not detected in the
plasma and urine. HPLC analysis of agaritine-fed mice
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Fig. 6. Reaction product of agaritine with y-glutamyltransferase (y-GT)
in the presence of glyoxylate. Flow injection analysis was carried out. (A)
TIC of reaction product (left), UV spectrum of the peak (right), and mass
chromatogram at an mfz of 195 of reaction product (bottom). (B)
Reaction scheme. HMPH was generated from agaritine by y-GT and then
trapped by glyoxylate to form hydrazone followed by an azo compound
that showed UV absorption at 325 nm.

urine revealed that three unidentified metabolites formed,
none of which was HMPH (Walton et al., 2000). In the
presence of y-GT, agaritine was thought to be metabolized
to HMPH in vitro, which trapped by sodium glyoxylate.
However, there is no evidence as to how agaritine is metab-
olized in vivo and what compounds are produced. We
analyzed the plasma and urine samples taken from agari-
tine-administered mice using LC/MS/MS coupled with
PDA, and found that only one metabolite of agaritine
appeared in 20 min to 180 min in the plasma (Fig. 3C)
and within 12 h in the urine (Fig. 3E) after administration.
Both have the same UV spectra. Since they were only trace
amounts of the product, a complete identification could
not be made. However, typical "TH NMR signals related
to benzene-ring (6 6.7 and 7.0 ppm) disappeared. Even
partial structures of agaritine would be no longer kept.
Agaritine metabolites might tightly bind to DNA and
induce DNA damage though free radical reactions and
finally complicated products may be excreted.

Agaritine is a phenylhydrazine derivative that can pro-
duce free radicals. This compound may affect oxidative stress
to mice administered with agaritine. Thus, the oxidative
stress marker 8-OHdG was measured in the mouse urine,
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Surprisingly, 8-OHdG levels in the urine of agaritine-fed
mice nearly tripled in the 12 h after administration. After a
transient drop in 8-OHAG to the basal level over the next
48 h, the 8-OHdJG level increased again and stayed high for
11 days (Fig. 4). Although another marker MDA showed
no difference between the control and agaritine-administra-
tion groups, a single administration of agaritine induced
DNA damage through OH radicals for 11 days. Formation
of 8-[4-(hydroxymethyl)phenylldeoxyadenosine (8-HMP-
dAdo) or 8-[4-(hydroxymethyl)phenyl]ldeoxyguanosine (8-
HMP-dGuo) was reported in a simple in vitro system con-
taining DNA bases and HMBD (Hiramoto et al., 1995).
Therefore, we investigated these DNA adducts and was
not able to detect 8-HMP-dAdo and 8-HMP-dGuo in mouse
urine. Although phenyl radicals produced from HMBD
might react with DNA base in vivo, concomitant OH radicals
could mainly react with DNA base (Hiramoto et al., 1995;
Gannett et al., 1997; Lawson et al., 1995).

Walton et al. reported that radioactivity was detected in
mouse liver and kidney 120 h after a single administration
of ¥C-agaritine (25 mg/kg). Together with our results, this
suggests that agaritine metabolites may play a role in oxi-
dative damage to DNA.

Although the fate of agaritine after its administration
in vivo remains unknown, y-GT in in vitro is believed to
convert agaritine into free hydrazine HMPH in an indirect
manner. We confirmed that agaritine is degraded to a prod-
uct that shows UV absorption at 325 nm in the presence of
sodium glyoxylate, possibly an adduct of HMPH, within
180 min as mentioned previously elsewhere (Gigliotti and
Levenberg, 1964; Ross et al., 1982; Walton et al., 2000).
This UV absorption at 325 nm was not observed in y-GT
and sodium glyoxylate or in y-GT and agaritine or in
sodium glyoxylate and agaritine. In fact the absorption is
attributable to agaritine, In addition, this low-molecular
metabolite has two distinct absorption peaks at 292 and
325 nm. In a further study, we attempted to analyze this
product using LC/MS and revealed that HMPH is indeed
generated from agaritine. HMPH and/or HMBD con-
verted from HMPH by liver drug-metabolizing enzymes
may be potent carcinogens. Agaritine is a mutagenic com-
pound. Kidney homogenates enhanced this mutagenicity,
whereas liver microsomes alone did not, due to the low
v-GT activity of liver. On the other hand, the treatment
of agaritine with kidney homogenate followed by liver
homogenate strongly augmented its mutagenicity (Walton
et al., 1997).

We also have data that completely degraded agaritine
with heat in MilliQ water still retains weak mutagenicity
and that Agaricus blazei Muril mushrooms show stronger
mutagenicity than agaritine alone (unpublished data).
Agaritine and unstable free hydrazines such as HMPH
probably are degraded by heat. These results indicate that
another mutagenic compound may be present in Agaricus
mushrooms. One of which was agaritine-COOH present
in Agaricus mushrooms (agaritine 1350 pg/g dry), agari-
tine-COOH 24.8 pg/g dry in our data vs. agaritine-COOH
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42 ugfg wet in (Chauhan et al., 1985). This compound also
reacts with y-GT as agaritine does as we already showed in
the present study. Therefore, the mutagenicities of Agaricus
mushrooms are atiributed to agaritine and agaritine-
COOH, both of which can produce free hydrazines, leading
to the formation of free radicals.

In summary, agaritine was absorbed immediately after
agaritine administration and disappeared in 100 min from
mouse plasma. It was excreted within 12 h in urine. DNA
damage occurred for 11 days after a single administration
of agaritine. Our findings may assist with evaluating the
carcinogenic effects of Agaricus mushrooms in humans.
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Toxicity and Toxin Profile of Tetrodotoxin Detected in the Scavenging
Gastropod Nassarius (Alectrion) glans “Kinshibai”

Shigeto TaNIYAMAL, Yuta Isami?, Takuya MATSUMOTO?, Yuji NaGASHIMA®,
Tomohiro TAKATANI?, and Osamu ARAKAWAZ*

1 Graduate School of Science and Technology, Nagasaki University:
1~-14 Bunkyo-machi, Nagasaki 852-8521, Japan;
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Nagasaki 852-8521, Japan;
3 Department of Food Science and Technology, Tokyo University
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Minato-ku, Tokyo 108-8477, Japan; *Corresponding author

From September 2007 to January 2008, a total of 66 specimens of 7 gastropod species,
Nassarius {(Alectrion) glans (n=22), Bufonaria rana (n=11), Ficus subintermedia (n=10), Stellaria
(Onustus) exutus (n==8), Tonna luteostoma (n="7), Hemifusus tuba (n=4) and Semicassis bisulcata
persimilis {n=4), were collected from Tachibana Bay, Nagasaki Prefecture, Japan, and their
toxicity was determined by mouse bioassay. Among the gastropods tested, all N. glans specimens
were toxic, whereas no other species showed toxicity of more than 5 MU/g. The toxicity scores of
N. glans were very high; 48-2,730 MU/g (775%+615 MU/g) in the muscle, and 16-10,200 MU/g
(1,490+2,530 MU/g) in the viscera, including digestive gland. Interestingly, toxin was localized
in the muscle in 13 of 22 specimens, where the total toxicity of the muscle (725-9,860 MU/
individual) was 5.9-110 times higher than that of the viscera. LC/MS analysis demonstrated that
the toxin of N. glans consisted mainly of TTX, which accounting for about 60-65% of the total
toxicity. As for the remaining toxicity, participation of 11-0x0TTX was suggested. No paralytic
shellfish poison was detected in HPLC-FLD analysis.
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Fig. 1. Map showing Tachibana Bay (@) where gastropods specimens were collected.
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Table 1. Toxicity of Nassarius (Alectrion) glans specimens collected at Tachibana Bay, Nagasaki Prefecture

Month o . Shell Shell Body Muscle Viscera
pecimen . .
of No. length width weight  weight Toxicity*! Total toxicity*? Weight Toxicity*'  Total toxicity*!
collection (mm) (mm) (2 [(3) (MU/g) (MU/individual) (£:4] (MU/g) (MU/individual)
Sept. 2007 1 44 20 98 39 360 1,420 16 5,580 9,150
2 a1 16 7.9 42 1470 6,150 0.8 73 57
3 40 21 6.7 a1 494 1,540 14 36 50
4 45 23 85 36 491 1,770 1.8 1,880 3,380
5 43 21 88 48 591 2,860 14 1,980 2,830
6 42 22 6.6 2.7 1,200 3,230 11 4,800 4,730
7 42 17 8.1 40 1,970 7,880 14 285 410
8 43 24 7.3 3.1 542 1,660 L5 10,200 15,100
9 40 a1 7.7 42 2,370 9,860 1l 119 183
10 35 13 5.0 2.2 589 .- 1,300 11 41 44
MeantSD 4328  20+34 76%14 363080 1010£711 8,770%3000 131030 2450%3350 3,590+4,500
Oct. 2007 11 38 20 64 2.8 1,260 3,520 1.2 53 62
12 38 21 685 2.8 48 132 14 154 216
i3 41 22 86 36 862 3,070 16 3,850 6,120
14 35 20 53 ... 30 245 725 08 72 57
15 a7 21 oo 8L 22 307: 682 0.8 1,910 1,430
16 36 22 080 27 416 1,180 11 61 68
MeantSD 38+18 21+08%  65+L1° 284043 5231451 1540%1400 - 111038 1020%1570 1,330:£2,410
Nov, 2007 17 38 23 70 3.2 1,250 3980 - 14 28 38
18 47 23 737 00081 . 1,360 4,180 1.0 102 98
19 41 23 ‘847087 288 1,070 16 1,890 3,080
20 39 21 70 . 33 394 1,310 13 16 21
Mean+SD 4140  23:£10 74066 33+028 823%560. 2640£1,670 134028  509%921 809%1,510
Jan. 2008 21 46 24 9.1 45 216 ‘o716 15 113 165
22 41 22 8.1 39 336 © 1,320 1.3 17 22
Mean 44 23 8.6 4.2 276 1,180 14 65 94

*1: Toxicity scores were determined by mouse bioassay.

*2, Bold numbers show the specimens in which total toxicity of the muscle was 5.9-110 times higher than that of viscera.
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Fig. 8. LC/MS chromatograms at m/z 320 (a, ¢) and 336 (b, d) obtained from muscles of specimen No. 14 (a, b) and No. 5

(c, d) (see Table 1 for specimen numbers).

LC/MS® was carried out on an Alliance LC/MS system (Waters) equipped with a Zspray™ MS 2000 detector, using
a reversed-phase column with 30 mmol/L heptafiuorobutyric acid in 1 mmol/L ammonium acetate buffer (pH 5.0)
as the mobile phase, and the flow rate was set at 1.0 mL/min. As for MS conditions, about 209% 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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Toxicity and Toxin Profiles of Xanthid Crabs Collected around
Nakanoshima, the Tokara Islands, Japan
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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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= Xanthias lividus; 5 F 0 ¥ b+ & ¥ tetrodotoxin; 11 4%V 7 b o F b+ & 11-oxotetrodo-
toxin; KEEt:E 3 paralytic shellfish poison; fh# food poisoning; M # %% the Tokara
Islands
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Fig. 2. Toxic species of xanthid crabs, Zosimus ageneus “umoreougigani” (upper) and Xanthias lividus
“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*! Carapace width  Carapace length  Body weight Toxicity*?  Total toxicity*?
No. collection (mm) (mm) (2) (MU/g) (MU/individual)
1 Yosegi F 51 36 36 11.0 390
2 M 45 33 26 33 86
3 M 46 31 26 27 69
4 F 45 32 26 27 70
5 M 45 30 22 2.6 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 <20 -
11 F 37 24 10 <20 —
12 Funakura M 45 31 25 28 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 3450 32+15 3.6%2.8% 110£110*

*1 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*! Carapace width  Carapace length  Body weight Toxicity*? Total toxicity*?
No. collection {mm) (mm) () MU/g) MU/individual)
1 May 2000 F 17 12 21 8.6 18
2 M 37 25 17.0 3.5 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 22166 12+73 5.11+26 50%22
*1 M=male, F=female
*2 Calculated as TTX
3a, 3c~3¢). 11-0x0TTX ELEEINARAEWE, B HTHTREENEL.

HOoMARESE, v RCHT BRSNS TTX O 2
=T, o LC/MSHHicE i 2BAEY LoD 4 ¥
EHNTTX EASLEELTERERD LTS, 123MU
(BEHD 41%) EEExhi, T4bE, CORECE
S, TTX & 11-0x0TTX ToELAUFEH =D TR
Eio SOUBELHPATES T EiIc A, MELT, Ara-
kawa DR I X W AEEBPNBERARART Y V29 =h
Lid TTX ichni, EERSE LT 11-0oxoTTX BLU 11-
norTTX-6(R)-ol BAHEEHTH 3,
ChETHEEEBDY -7 EBT2EEN=3EOE
OxEEE, STX #ERSET S PSP THHI EMNHSN
TWaIAE, 5 EEEEO—MeMRIIR=HER
HEREETEARRRT Yy Y2y H=0BEOERN
TTX L 3hT\wa328, i, KEERZEN =580
EwRSE, Wb 80% MILEMNTTX Th b, BlRSE
L T 4,9-anhydroTTX % neoSTX, GTX1-4 2 b 3 hIC
a4, STX REEAFREBIShLIVWEV S92 S
DI ELFATEH=DEIROWTDH, PSPEXZE L
HPLCEEAIN AT - 124 ARSI 2 hlixhia
Motz LIzh-T, 1 20% OB&ENS TTX HEK

fh, A5y EeAxoEN=4@BEOHEMHRKRITS
WT b LC/MS #3715 5 THc HPLC BUOEMT 21T » 7243,
TTX %@ b OPEMO PSP RS RBRE S it - .
Hwang 5213, BEEL IV + 24 v ¥H=0OFERST
® 83% X TTX G, 17% MGTX14THHEMELT
Vw3, BSRRICBIT 3y AOERPEFRE» S, &
EHR L5339 FF=2DFS TIXHWL
PSP BG4y, b L WELR S EiEHMK L Hialko
FREE L RES QY AEEO 0L ZERS L RE
EEZOLONKE L BRITHEMNH S, ORIV
T, vELiy¥F=2EET5 TTX BRSO
5 &G THRERNTTH 3.

* o N =HEEN =, St ESHROMEEEPHIR
EMNBDTAEVI &L EHSIINBEE 5 FEF
B2, AENAEN L TANERIC L ET b0l
BAxhTLEANE, BoRFEPIVELCHESN
TWiEY, Chooh =055, BELV LEIEDY v
THEICERT 5501, PSPEBOFEKEL, BHT
E%ﬂi ‘: f& 5 D ‘:*\f Ll)~4). 6)~11), 13),23), 28)’ E Qtj;i@'ﬁ-
BEEEE B L, TTX ZA0BERBARSHEMNE
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Fig. 8. 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 209% 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.

Vw828 SEGFEEEARNOR(EBERELRONT
WADT, BARLESEHTC ERTEAVWY, HZBE
BELATIEF=IKHOVTS, TTXOHEEFEFTHRD
AhELT BT L Mc e CHELT AT HEEREV D

73

DEEHLNE, LbLEMS, YHFIHER v a7
SRS TRIBINTVWA LS I, BEBREOTIT
BOEREYONEHEDLBE, ThETEETH- 14
MINERETECELHD I3, $1bB, PSPo#E
FEhschy BRIMERC bHBEL 2154, EERcER
TEUELAYXT=NEEED PSPALERL, BhE
AR TR TETERY, t o ¥h=HEFES
=B % PSP ORFEMERIRLEET 3 LENDA
J.

F &
rASTIERZBICEBT AL v F ==
36 Bikovy e a2 BEERAELLLCA, VEL
AUEFZBIUASHF AL OEN =HEETH -
fz. IBOENE, ThE TLEEEETHEDD 2EE
H =M EET - TEVWLDTH -1z, —F,
LC/MS 72 & Ui HPLC 8t k b, hZBEY
LAY EA =B PSPHEARESENTELT, BREHD
WABE TTX TH B EMHO LT, D, B
REHOIFLAEE 11-0x0TTX HiEH B bDEIEESH
fz. 1, ASHFEAADEN=DESETHBI LN
HEAL 12, PLEOEEL» S, fZBEvELA VI N =7
SUIASHEEeALAYFH =, AREELEERES
AEThLEERL.

i 53

KFEETIHib, BHORERERTCHELL
RV EERERASERN S 1 738#%% RELER #
TicHiEERT 5. i, BRHERCIHHIVWEEVIE
RBE+TEN BAdiEse EioocdhEl K KER
g NS RER LD LT 207 E0RREAIC B
4%, KPIRGEEFSOHFERRERDEICES { TR
Bo—ifichy, BHRSMCERTS.
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Survey of Food Poisoning Incidents in Japan Due to Ingestion of
Marine Boxfish, along with Their Toxicity
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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 “aobudai” Scarus ovifrons poisoning, the causative substance was considered to be
parrotfish toxin, Z.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%4, 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)

Key words: />3 7 7 %88 Ostraciid fish; ~ 3 7 7" Ostracion immaculatus; 3 R X # Lactoria
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~a7 7BEEEE BUARBEERIESV IRV E
EE» ST HIEMMONTVAY, i, 431N
a7 & Ostracion cubicus DEREHEMH D 5 v 7 BHE
DRERS Y vy PBEESATWAHY, Zhlsios
BT 3RRRZ L, B “BRE 7 /' OthFEFAIF
2" O3 7 U Ostracion immaculatus, ¥ ¥ A X
A Lactoria diaphana 3 £ U4 + =% 7 7 Kentrocapros
aculeatus * WTFNIEFELHEL COHRTELL, &
horkESE EXEABEERERILAGERRENY T
i, ~Na7/7oBRSEREIEREE EREEE LTHD
FbhTO B4, 1990 ER»oHBEERLIC a7 S
HowAickaahE UT, »~a7748E) MERNT
FELTVWBYY, ZOIERIE T4 7 ¥ 1 Sarus ovifrons
thBic K LUTHY, BERREEEHE TS RHR
PERECREL hO5 NI 7 IEE2BTABENDY, B
HOEEEEOAME LT, 2oBEMMBERSY. L
MaT, REEEZHEIBODTCEELDHZORLEY I, &
BE LA S PHIBUKERICL >~ TORELHEL L -
TW3, ZOKHIBRKEDOT, FHRTRARTREL X
N7 ShEOEEREET AL L b, TORRAMILI
EvaTiiEHEL, DERESEES WOBRE DG
W AAGHHEBEE 3 7 VO EHMmERA 1.

BEAFE

1. PEEHEE

nag FShBEOEFRERETIEBBTIE LI,
2001~2008 FEiICHE L AEflico v TR, B HYE
B, &L < IZMFEFLEE > EEROBEYENLZNE
NORERITAENL TR F LD

2. #® E=

2003~2006 FEich i, DEREHILE TALEERE
HEENEBT 277 21 @ik EBREEREDTN N7
720 Bk I 2 XA 1481, EEBELEEpPT 2
7725 fftkE v I R XA 4 @Bik%E, hEERIEEEED
Huigh, TRLBLUOETEMT a7 763 [Eik%EE
Bl WThbRER BEBREEL, ~200T°THRE
Lic., 0, BHEERKhcREMREL TRV,

3. HEBROBAY

HEEHA, FE BIUOFBERRBRST, &5
B O BElREEYE 75% = # 7 — ) (pH 3.5) IC THAMMMIK %
m\MEL, YxFuz—-FAclilER BohiKESER
BE (2 g AEMESE/mL) &L1

4. EEEER
ZHBRASREEREEHELERY V7 S RERD
EHRL T -%, REBRICIIAIY ROBETHREMR 1T~
0gpeyREfAV. EFHBRK InLF2%23E

* B ARSI RN EEN (Bf0s8E 12824,
BAE 98 7 FolErRc>WTl, BEEE
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mey ZCEERARE L. ROT, RBREREREEKT
2.4, 8ERCERLLbDIC-E, BTy ARESL,
WHERLNE 3BT 2B L RIBO-Y ANRLT
BEARFRERERD. EhR, BRiklgXichowy
Z BAfT (mouse unit: MU) THRL, SAFREENS]
(B, 2, 4EDE&%FNFN05,1,2MU/g & LT

5. HPLC &7

—WoBEERco %, RV EE-TF b FhE
o v (tetorodotoxin; TTX) 34 % & L/t HPLC ¥ %
ﬁ -1z,

S B A 5 &0 i Myghtysil RP-18 (¢4 mm X 250
mm, BEEAFERDE), BHHEICIE 2 mmol/L~TF ¥
2N & vEAESE 10 mmol/L Y YT v & = v AEEIR
(PH 7.3) 2BV, ZOHuE% 0.5 mL/min & Uiz, FES
ORMFAZE I 3 mol/L KEBMLF b U v ABKEAY, b
# 05 mL/min T# 5 AEHKEBESSE, 100CT 15
SRR L, ARRE N BBLWE #EHE 381 nm,
¥ E 510 nm THRIEL 72
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1. BhEEY

a7 FhERLERIE% Table 1 IT/RY. 1990 &h 5
2007 LM TREL: SHDOERI >V TRI TIRH
£49~9 285 B, 2008 Il FEELILE ER9
i3, SEIOMEEY HETHEM AL, L. ThD
IHFIOBRERKIZI3ET, 7B 1 EMELLTV
SIS, EEEMNAHDY LHLEL, Tofl, BH
BT34009 EREBEY QZFEED &1L, UM
TORENEI->TWS, RRAER FH 1Y L3H6
3 clE~aTSEBEshTED, B2 TRERY A
N 7 ¥ Tetrosomus concatenatus DEJREHEAIEH L TV
3. %, BEROBEALHEFS BLUHER8EY 3
RAXA, BRTiE a7 rEEELEL. —F, Bfl6B
JUHFITREBELEUHATL2EOR~ELER
(hZFh2@kE5@E) 2AFL, BELTVLER
§E, s, BEOESHL L OBREENREN S, 7T
Nnaz FEREL K (Fig. 1), ) 2~8% 5 L OHEH 9
ohEREKEZ, VTN LFEEGTICGEVHITTOIRE TR
ANLLDOTH -, BEHETOLEMPIZ, ¢
TREREBEIRETHES Wi a7 ZFHIERLTY
1z, BEOBLACHBREITE FLRNEBERALT
B9, BERMBEIREORNICBELTVWEONES
PIEES TN,

BHTEETH-ER S ko %, MEMbHEETH
BAL 7B ELITICEE Y.

2007 48 § 25 Hic, RHEESILBRETREL /2~
27 FEOBNEFEOA TS R 1 XEEL 1.
B3 13 B BREEIEETERE 1A o E VIR
FEFAE LA, HicBET, F27 HickEELL —
%, 26 BicimiE Lz a7 SEOHRERBEERBIC
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Fig. 1. Leftovers in Case 6 (upper) and Case 9 (lower), which were identified as Ostracion immaculatus “hakofugu”,

BE LB 12040 11 BEERICHNE (ELHRE
B 22U, Byl n -k PREHPIF 7oy
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wwhay, SO M 2:8MRIET L. PER
FOBREEREINATVEY BEPLZOREDCIE,
5, BREEIRE bICY I AXA LEEShL,
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