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Toxin Profiles in Fish Implicated in Ciguatera Fish Poisoning in Amami
and Kakeroma Islands, Kagoshima Prefecture, Japan

Kentaro Yoar**, Naomasa OsHIro®, Seiko Martsupa®®, Satsuki SakucawaZ,
Toshiaki Matsuo* and Takeshi Yasumoro®

! Department of Health Sciences, Faculty of Medicine, University of the Ryukyus:
207 Uehara, Nishihara, Okinawa 903-0215, Japan;
% Okinawa Prefectural Institute of Health and Environment:
2085 Aza-Ozato, Ozato, Nanjo, Okinawa 901-1202, Japan;
® National Institute of Health Sciences: 1-18—1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan;
* Kakeroma Tokushukai Clinic: 7471 Seso, Setouchi, Kagoshima 894—2322, Japan
(Present Address: Tagami Memorial Hospital, 1799 Nishibeppu-cho,
Kagoshima, Kagoshima 890—0033, Japan);
® Japan Food Research Laboratories: 6~11—10 Nagayama,
Tama, Tokyo 206—0025, Japan;
? Present Address: Department of Welfare and Health, Okinawa Prefectural Government,
1—2-2 Izumizaki, Naha, Okinawa 900—8570, Japan;
* Corresponding author

Ciguatoxins (CTXs) responsible for ciguatera fish poisoning (CFP) in Amami Islands, Ka-
goshima, Japan in 2008 were determined by LC-MS/MS analysis. Ciguatoxin-1B (CTX1B), 54-de-
oxyCTX1B, and 52-epi-54-deoxyCTX1B were detected in Variola louti and Lutjanus monostigma.
The toxin profile distinctly differed from that of a CFP-related fish from Miyazaki, which mainly
contained ciguatoxin-3C type toxins. Toxin profiles were species-specific, as observed in fish from
Okinawa. The LC-MS/MS and mouse bioassay (MBA) methods produced comparable data, though
54-deoxyCTX1B was not taken into consideration owing to the lack of toxicity data. To improve as-
sessment, toxicity data for this compound are needed. A reef fish caught on the same occasion and
judged nontoxic by MBA (<0.025 MU/g) was found to contain low levels of CTX, indicating a po-
tential risk for CFP.

(Received April 25, 2013)
Key words: ¥ %7 % ciguatera fish poisoning; BEBMAZ O 7T 74— VY FLHEEMT LC-

MS/MS: YA bF ¥ Y ciguatoxin: <7 ZAEEHER mouse bioassay: 1 v 7 v 7 .T¥ 4 Lutja-
nus monostigma; ’3NF\% Variola louti

* WAL kent_yg@hotmail.com &
!Bk AR SRR T903-0215 IMRIE T EATF | IF 207 Y #% 5 (CFP: ciguatera fish poisoning) |33 i2% >
Poh BRI A AEBRIEM R T901-1202 WEEE®KTT KRR

il

K H 2085 THERCELLL-AERERE L, AEBRFEREFLL
CEVEESERELENN: T158-8501 HEA M EEX TRERFRROREERT. BRBETHL I ISV U
LR 1-18-1 (CTXs: ciguatoxins) (Fig. 1) X JEE A 4 i ¥8 =€ 3 Gam-

¢ IIETERAEN SR T894-2322 BIRERAEIEAN g
E?jcf$ﬁﬁﬁ$ﬁ 747;_1%}?%%: H b 52 B ?890—0035@ bierdiscus toxicus & Z DEBFMIZ X W EESh, EREA

TR R R R B T T BURTET 1799) MEPOARANEEWER I VEE - T/,

PHHEARARMAINTE Y £ — - T206-0025 FEBMSES 1o moBttaadE, BE F BRI L) EECR
Al 6-11-10 - X . N
CEFR: WML, Tooo-ss70 mimAmEHal 207, Tk CFPRAEMBUL, WATE #YU T B

1-2-2 SUA ¥ FEREDEN - BEWNETH 575, 4, b7
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R1
CTX1B <~ R  -oH CTX3C & R -H
OH o’ f
H
52-epi- /1\/§/ . f
54-deoxyCTX1B 1o %, ) H 49-epi-CTX3C ‘AO S H
H
H
B4-deoxyCTX1B . ~" R H 51-hydroxy /- R -OH
o' CTX3C o
H
‘ 2,3-dihydroxy N
CTX4A ~~ s H CTX3C m’ZZ?i:‘ RO
© R
w _ 2,3151 - " i -
CTX4B R H trihydroxyCTX3C  ro—{_~ | R -OH
o
Fig. 1. Structures of representative ciguatoxins
Table 1. Epidemiological data of three CFP incidents in Amami and Kakeroma Islands
Incident Date Location Foods . Spec1es*1 Number of Num.ber of Main symptoms
consumed involved consumer patients
1%2 Sep. 2008 Kakeroma  Sliced raw Variola louti 4 4 Diarrhea, vomiting, hypotension,
fish, fish soup bradycardia, dry-ice sensation,
fatigue, itching, numbness
%2 Sep. 2008 Kakeroma Sliced raw fish Lutjanus 1 1 Diarrhea, hypotension, bradycardia,
monostigma dry-ice sensation, fatigue, itching,
numbness
3 Aug. 2008 Amami Fish soup Lutjanus 5 4 Vomiting, hypotension, bradycardia,
monostigma dry-ice sensation, itching, fatigue

*1 The fish were from the local fishing grounds.
*2 Details of incidents 1 and 2 were reported previously™.

7 ) R T O CFPRA R, H#E TO Gambier-
discus BRI EROMRIHIRBIZZ & 0b, EURES
NETHEBELINTELZHIBTHLZOHLEEE T
63) Y —%, EWICBIT A CFPIZESEIRICE T 5

BTHEFELTCBY), ENMEELOEELRREE 2o
Twé 99 F72, AN - WE - UMNTBWT RN
BEBHY, F0% < I BGE - A I E A RN
52107180 s RETRAMSSEEICHTTOKR
??¥iﬁ%bﬁf{,ﬁﬁ%é N7 PHFF 412X 5 CFPHES
LTEY DD HsETd 5 WHE T CFPHEBIDBE
PHEEShTVS

APHEORKNYEOFERIT, TORERRZIEEL, F
itz d# %9 A CEETHL. VA7 IFEMTICIED
PEZELE L OETYY 2ABERE (MBA) 25RH &
NTw5Y, MBARZEORE (HW240g) 2LFELE
L, HEeREN, BWEEOSTLMEFHLZ E»D
RBBEOREFLEZEINTVEYY, ARTICppbTOL

NNV TEINS CTXs T 2 12 B TRHWRE L E
REAKD BND T L, FETIIEROE RIZENE
thrua= b5 74— - VFLEESH (LC-MS/MS)
BHVLRTETWSED Y Lal, CTXsiZAAHE
BRI METHH L, REUTHL-DEELR D~
Y7 ADEBFPREN L, SHIIZEEROATF - i
BHhBOCTHETH LR EOBEENS, IEMR ST M
HTETVRVREL AR RV, B, EF5I3LC-
MSMSIZL 2 v H 7 5HF —FaMiEzM%EL, CTXs 13
BNz T, G toxicus DSEEAT HEHLPRY 2 —F VK
SOFEITO—), FYECTVEEA BEEH7: 16}7j?ﬁ3‘
WKOWCEMPORE LS ZTEEE L2, Zhiz

D, MRS, EE B X URREY THEL - CFP
OREESZFEHL, Z0oEERICIEEE 2gE - A8
BEENSLERZHRELALY. —FT, ENTIEIME
B2 UEFN L CFPRAEML SN EEEBEER
BY 2B AV H T BERADEMAROFEMIZOWTIE
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HohEiERoTWRW

bbb RTH2 T, BREBOMEEKE TCFPA
BENICEWEETRELTWAZEZHLMILZ. &
SIZA B T2008EICRE L-ETFE2HMAICOVT, B
ZOER, BEAHOREL XUMBAILLY, HEAR
HIZHBEEOCTXsAEThAI L 2R LA 46, Zh
5DAEHFEREIZOVTLC-MS/MS I & Y FHK % T
L, FAECEESREBRICOVT ST EER L.
T/, FECERZKETERELZCFPEELNLEFIO
FEERAAZAFL, AEFRE MBABXULC-MS/MSIC
LA L0 CHET 5. ST SRE L7-CFP 3
HEIOBE%Z Table 11IRT .

ERAE

1. ARBLUREEE

2008E9 N IR ERRBEHE TN (NFt=MEB)
HRTHEESH, RBTCFPY OREE R 578515
Variola louti ¥l FHI1), £ v 575 A Lutja-
nus monostigma GGRE2, E#12), FH1TEHEHEM LM
RICEE SN AR (FEB83), BLXUIhs EREHT
R ICHEEE N2 X 7 ¥ £ Lutjanus gibbus 2388
(##h4, 5), F I T/NF )N Variola albimarginata (G
¥6), FF 7 F A ¥ F Y ¥ Aphareus rutilans (BE7),
F # A 71 < A Sphyraena forsteri 28K ES8, 9) O
WE AWz, 8612, FESACEREBR®ESED (BWEKXK
B) TEFTHEOERNL o -HEREBEOARE AV
(%10, F43).

B, AEICOVWTIE B 1B XU 22IEEFHEIIC
L0, R4~ 9B3NHBRICIVAELRE LY. B
EONFBELZIICH 2D TMBARE TS - 12843
BILUSEPFLICBONRAFL0IZOWT, BETFET
KX BaHAEETo . B#™ W CRLT, 225—%
W75 4<— (16SarLB LU 16SbrH) I2& I b
Y 7 DNAH® 16S rRNAB{Z T EH 55 % PCREEIIC &
DHIEL 7. PCREWZRERE FML 7 y—T VA
W& D IEERY e L7

%3, FAFEORIT 22 DEEMEZ I 7.

2. ® F

MEABRECTE MY, VZFNVIT—FN, 25—
W, NE¥EFOEREFEHA LS EEHEE X CLCEE
MIZIEAS =, e TV, TR b= MYV, EHE
XK, ¥BOHPLCHZV—FzHw, F®BT7TVE=ZTA
AR R L7z (Wb ABHISE T3 (b)),

ER BT, KA HE - g ® Shi:CTX1B,
52-epi-54-deoxyCTX1B, 54-deoxyCTX1B*, CTX4A,
CTX4B, M-seco-CTX4A/B*, CTX3C, 49-epiCTX3C*, 2-
hydroxyCTX3C*, 2,3-dihydroxyCTX3C, 51-hydroxy-
CTX3C, M-seco-CTX3C*, M-seco-CTX3C methyl acetal™
BIUOAYEIO—NEERLE 209B, TASUX
7 (*) URLERSRHUETHY, BREOKBEIENZ

Ehn, ENSTHAEERE L.

3. ¥YOASEHHER (MBA)

HEL0OFHAIZOWTHEY 2 RE L MBAIZH L 7=
MBA i3 & M AREIRS SR S 77 5 2 ORBEIC
#LTIT, HIBICHVAHARIZ120 g& L7z fhilidy
121% Tween 60 HAEBRIEKTI< VY g Y{LL, =
7 A (ddYFHR, FA, 17~20g B(HR)) ~EREARS
#%, 4PN TTARDMESEZTIMUE L.
MBADERIZH 7o TiZ, WBEEEBREMSETEYE
BEBROARREZ, COEBRAEIIE- /.

4. LC-MS/MS

AB1I~10DHRARICOWTHEBE Z AR L LC-MS/MS
It L7z, LC-MS/MS 3B 1 #e L THT o 72,

RBEBOFAH: ZRCOEMAS g2 BRAL, T
Y15mLTHRE T F A4 X, &5 8 (3,000 rpm, 10
min), EEADRMEE 2E#YEL A BHEE (1 mLE
T) 2V FNVZ—FN5mLiC & D 2B FEHE L7
I—FVBORMEIRE % 90% A ¥/ — V1.5 mLIZKER
L, "N¥43mLick5BME% BHEEZELMBYZE
7o. MM EZEEBIFV-XF ) — b (9:1) IZEBL,
V- ¥ A L Atk B InertSep FL-PR (500 mg) (2:@
W (4ml), BERAMTCTRMIEELL. REE2TL
b= FYVEEE & LT InertSep PSA (200 mg) ICEAFL
BmL), 2OWVWTAF /= 3mLIZXWHEHBLE. TE
P PUNMNBIORAY = ViZX DR Lo 5d %
B EE, FhFhAY 7 — V1 mLIZRAEL, LEIC
B LARL TR L L.

SWEE: 7VL Vb 7770 - B0 Agilent
1200 LC ¥ A 7 & B K ¥ Agilent 6460 + Y 7V HERLC/
MS VAT A&,

LC&MH: a8 PoEL D 2 &/MIL, »oERKEE
TOGWMEMRFL-EE, BRHMHOMMIRE, A6, &k
MEORBICLY, MEFY Y 7 AL EHHDHE
PRIRT AL BE L. SERICLTO&RBZHRAL
72, BEICIES mmol/L¥FBET v E=7 2B XU0.1%
(viv) ¥BeaECREKR A) x5 /—v (B) ZHw,
73%BH5H90%BE TLLHEY =777 Iy P&V
A5HERFEL. A2 TIVLY N T Y —HR
@ Zorbax Eclipse Plus C18 (2.1X50 mm, 1.8 ym) %
40CICHER LAEA L7, BEHOWEIZ 0.4 mL/min, 3
B OFEARITS uL & L7z,

MS 4. 4 # VIERIZ Agilent Jet Stream ¥ —< V75 Y
IV NI A= hI VTR RA IV YRR T L—A
4k (BSI) #Eicky, ¥493I v 7 MRME— FCHlE
BT o7z, BRI A—FIZPUTOLBYRELA. drying
gas (300C, 10 L/min), nebulizer gas (50 psi), sheath gas
(400, 11 L/min), capillary voltage (5,000 V), nozzle
voltage (1,000 V), fragmentor voltage (350 V), collision
energy (CTXs: 40 eV, gambierol: 24 eV). €= —4 4~
BTV A—Y—/Tad s bAF&ICF I TALF Y
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NWaTFiBRLZ Thbb, [M+Nal™>[M+Nal*
L, BHIEICm/z 7795 (FrEx1o—V), m/z1,133.6
(CTX1B), m/z 1,063.6 (M-seco-CTX3C), m/z 1,079.6
(2,3-dihydroxyCTX3C), m/z 1,061.6 (51-hydroxyC-
TX3C), m/z 1,101.6 (M-seco-CTX4A/B), m/z 1,117.6
(52-epi-54-deoxyCTX1B, 54-deoxyCTX1B), m/z 1,063.6
(2-hydroxyCTX3C), m/z 1,077.6 (M-seco-CTX3C methyl
acetal), m/z 1,045.6 (49-epiCTX3C, CTX3C), m/z
1,083.6 (CTX4A, CTX4B) & L7 #Bonizru< brs
LAY — 7 BE% CTXsBER L DLBICL Y EE L7
54-deoxyCTX1BIZDWTIE, £DOLYEKEFED A 4 1t
SR AL, 52-epi-54-deoxyCTX1B DMERE HWTE
2L EEGOBRETE (SIN>3) BIUEETR (S
N>10) #Ed, CTX1B & 52-epi-54-deoxyCTX1Bid # 1
210028 L 0.1 ng/mLTH oz, FOMOEEFITF
NFN0.05BLT02ng/mL & L7,

B R

1. BREOERE
BEFEFICLD, 100168 rRNAS P EB OE
ZEFI577 bpid £ v 7 ¥ 7 L ¥ 4 Lutjanus monostigma
(DQ784735) &—FK L7z —HT, REIFFHF TN
L7 % Lethrinus nebulosus & L TW7=2032, g2 L3
HEFH 581 bp (AB793299) k<717 % (AB793300)
LRI DERENR SN, T2, WME - BREHRORE
WadArsBEREEDS B Lkhor.

2. YOS
1007 AFMIZ 0.1 MU/g T 72 (Table 2).
3. & M
AEZ~9DHHIZBVWT, CTXIBBI U ¥z o—

VORFEBICERT 2 Y — 7 RS heds (REME~
0.06 ppb CTX1B# ¥ 5 & 'E B E~0.15ppb ¥ >~ ¥ L
OV HY), MELERFOME, STV N EROE
BRLONBESEBEE— 7 LOSBEFSTREE B o7z,
CFPOBRKRAERTH Y, MBATHEETH o 23081,
2% BLURB 1003 TH 5 CTXIBER M s h
7. UL, CTXSCH@ERH v Yoo — Vgl S
b o7z (Fig. 2). AP 1ECTX1BB & U'54-deoxy-

x10 2 Sample 1 c  x102 Sample 10
71 (V. louti) 71 (L. monostigma)
6 6}
51 . 59 a
4] 4]
3 b 3]
24 24 be
a 1 l 1] [M
5 S T L‘ e e L
8 0’5 6 7 8 9 10 0’5 6 7 8 9 10
% x10 2 a Sample2 x10 2 Standard CTXs
5 71 (L. monostigma) 71 (1 ng/mL)
=
= 6 6
5 5
4 4
3 b 3
2 ¢ 2{ a bc
" e A AA
0 5 6 7 8 9 10 0 4 5 6 7 8 9 10
Time, min
Fig. 2. Chromatograms of extracts from fish flesh impli-

cated in CFP in Amami and Kakeroma Islands,
and standard CTXs: CTX1B (a, 1 ng/mL), 52-epi-
54-deoxyCTX1B (b, 1 ng/mL), and 54-deoxy-
CTX1B (c). The sample solutions used for injec-
tion were equivalent to 5 g flesh/mL (samples 1
and 10), and 1 g/mL (sample 2).

Table 2. Toxicity and contents of CTXs in fish flesh implicated in CFP and fish caught on the same occasion in coastal waters of

Amami and Kakeroma Islands

Toxin content*? (ng/g)

Toxicity™!

Sample Incident Species 52-epi- CTX3C
No.  involved peae (MUlg)  CTX1B 54-Deoxy g‘ff'gfgiﬁ' CTX4A CTX4B CB,’FI;ZZ‘B type  Gambierol

CTX1B toxins™*
1 1 V. loutt 0.2 1.12 0.32 1.48 ND ND ND ND ND
2 2 L. monostigma 0.8 8.78 1.18 0.90 ND ND ND ND ND
3 1 Unidentified ND 0.13 0.04 0.04 ND ND ND ND ND
4 — L. gibbus ND ND ND ND ND ND ND ND ND
5 - L. gibbus ND ND ND ND ND ND ND ND ND
6 — V. albimarginata ND ND ND ND ND ND ND ND ND
7 — A. rutilans ND ND ND ND ND ND ND ND ND
8 — S. forsteri ND ND ND ND ND ND ND ND ND
9 — S. forsteri ND ND ND ND ND ND ND ND ND
10 3 L. monostigma 0.1 1.11 0.16 0.15 ND ND ND ND ND

ND: not detected
*1Toxicity was determined by MBA (The MBA results of samples 1-9 were reported previously

*2Toxin contents were measured by LC-MS/MS.
*# 54.DeoxyCTX1B content in flesh was estimated by comparison with its 52-epimer as a quantifiable standard.
** CTX3C, 49-epiCTX3C, 51-hydroxyCTX3C, 2,3-dihydroxyCTX3C, 2-hydroxyCTX3C, M-seco-CTX3C, and M-seco-CTX3C methyl

acetal.

*% Lethrinus sp. can be identified by analysis of 16S rRNA gene on mtDNA (AB793299).

20) )
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x10 2 Sample 3 (unidentified species)
2

AL

0o 5 6 7 8 9 10

Intensity, counts

Time, min

Fig. 8. Chromatograms of extracts from fish caught in
coastal waters of Kakeroma Island. (a: CTX1B, b:
52-epi-54-deoxyCTX1B, c: 54-deoxyCTX1B)

The sample solutions used for injection were
equivalent to 5 g flesh/mL.

CIXIBOEEXFHEL (FhFh1.128 X F1.48nglg),;
52-epi-54-deoxyCTX1B1%0.32 ng/g T & - 7z. FH B2k
CTX1B% ¥%E# & L (8.78nglg), 52-epi-54-deoxyCTX1B
B L U'54-deoxyCTXIBE B X Z h Fh1.188 £ U709
nglg ThHolz. AB10IZCTXIBEZEEHE L (1.11ng/
g), 52-epi-54-deoxyCTX1BH & UF54-deoxyCTX1B % %
NZEN016BLU0.15 nglg&H L/

MBA Tk (<0.025 MUlg) T&H o A E3~90 )
50 P4~V TIE, TRTORUENRES IR
TREXRBTH -7z (Fig. 3). —F, #HF¥ 34, 51ECTX1B
(0.13 nglg), 52-epi-54-deoxyCTX1B (0.04 nglg) B LU
54-deoxyCTX1B (0.04 ng/g) #Hl s hiz (Fig. 3).

Table 21K ARB O Y 2 HFMHS L O'LC-MS/MS 2 &
LEBRAOERERERT.

Table 3. Mouse toxicity obtained by MBA and calculated

from LC-MS/MS results
LC-MS/MS* (MU/g)
Sample  MBA* -
No. (MU/g) 52-epi-54-
CTX1B DeoxyCTX1B

1 0.2-0.4 0.160 0.023

2 0.8-1.6 1.254 0.084

3 <0.025 - 0.018 0.003

10 0.1-0.2 0.158 0.012

*I MBA results are shown as the range of toxicity obtained
with a dilution series of fish extracts.

*2 The 1.p. lethal dose levels in mice (7 ng for CTX1B and 14
ng for 52-epi-54-deoxyCTX1B)?® ? were used for conver-
sion of the LC-MS/MS data to mouse lethality. The lethal
dose for 54-deoxyCTX1B is unknown and so this com-
pound was not included in the calculation.

Z =

CFPOERMETH 5 CTXsld, T TILEERY F
VT EAEDB L UG toxicus 5 20 UL L D FEBASHESR
ENTBN?, HEREHEOEVH,SCTXIBSY 4 7k
CTX3C% 4 7IZRB &N (Fig. 1). ENTHRET S
CFP DR B E, MHBEBCRENLR P F T 5 BERMAMN
CTX1BEBRKDATH AN L, FHFBRIGRTHEES
NEFHEOERE 2o 7247 3 CTXCHEBATAR TS
D, FLEBEMTHEEShATHEORRE 2o/zAaw
A5 IECTX1BB & U'CTXSCHBR AL sh, ERN
THHIBIC L > TEMESHECR 2 2ERIDH B,
Shl, BEREB LM ERETRELZCFPOEREE
BaiE, WTFhoRH S CTXIBEBATH S Z L4 5
Melrol (Fig. 2). CFPOERE & 5B & OFH
i, MABEICBITLCFPEHFLEMNL TR i,
AvFr7x54 (F#2 10) EHEBLCCTXIBAEE
ETHD2OIZHL, NIy R Tldbd4-deoxy-
CTXIBOEER D H I L3 (Table 2), MHMERET
MRIN-AEBENLERARY L3 -1 5.

CTXs AR & N2 B BH DT LC-MS/MS % 5 MU
ZHE L7 (Table 8). MUBEIZER L2y ABREE
¥, CTX1B % 7 ng/MU, 52-epi-54-deoxyCTX1B %
14ng/MU & L7252 54.deoxyCTX1B i3l 3t 4387
HThHRWROBRA L. $72, MBATIXHEY % 258
BHFUC I VAR 2720, WELALBNIEOMED 265
K F COREGPEEHOZILELE. NS ETICLC-
MS/MSfE & MBAK £ % B L7 (Fig. 4). #AB 124}
IZLC-MS/MS TRl E L 723 7] ORI AMBA K 0 & FH
E—% LA BELIZOoWwWTE, MBAERIZHKL TLC-
MS/MSHEZ MR D - 7225, WEIZE D % > 72 54-deoxy-
CTX1BE&EFHFICE =D, FOEUISEEL-D
DEEFEZ oA RE1BLIU 10 MBAIC L 2HFHED
HBEH (FNFN0.28 X0°0.1 MU/g), LC-MS/MS THll
E-MBLENIIZAEETCHS (Fig. 4). —HT
AE LD 54-deoxyCTXIBR EIZAB 100H 10 TH Y
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1 52-epi-54-deoxyCTX1B

zCTX1B
«MBA 0.06
0.04
0.02
0.00
Sample 3
MBA (+)
2 0.025 MU/g

Sample1 Sample2 Sample 3 Sample 10

Fig. 4. Comparison of LC-MS/MS with MBA results for
fish flesh implicated in CFP in Amami and Ka-
keroma Islands

The inset displays a magnified result for sample
3. The MBA results are shown as the range of tox-
icity. The line at 0.025 MU/g indicates the detec-
tion limit of MBA for ciguatoxins in fish.

(Table 2), Z DMK ED S b 54-deoxyCTX1B D MBA
FHERANDFEGPRIBIND.

VAT IHEOMBAIIBWT0.025 MU/gl Eo#H %
FOoRFIAHANEE Sh b, SECFPOKK &
TolMAL, wWIhbZha K& EE -7 (0.1~0.8
MU/g). CTX1BIiZ ¥ # + & ¥ Y HoOHPTH HMAHHR L,
KFEFEHIRICBIT 5 CFPOTEEFRRFEND12THY Y, &
WOFEHFTH EEHELoTWD (Fig. 4). LA L%
5, 54-deoxyCTXIBEAHKDE NG N R AT NYT
S R oEEEIZOWTIE, [FKEIZ54-deoxyCTX1BIZ
LBWELEETHIENVLETHA ). SHOLC-MS/
MSHB L UOMBATHlZE L7z#H 0 LEE (Fig. 4) 7 5,
54-deoxyCTX1IBO~Y 7 AFILE LA HET H L, bl L
b 90 ng/MU A 5 9 ngMUDEZILY 95 5. CTXs D
< AFMEIZ DOV TIE, Yasumoto®™, #2112 2SiElic ik
ALTHBY, Y THRECHEALL Zhoofit
BEVRRIMEMLHHY Y, HHT LT ZARMD
WO EMERBONEBREICLI b DEEZONS. BT
DL T H, 54-deoxyCTX1BEEHE fi 13 KIRFE D & HLpE X
N2 DOPEPITIERLDOART, TOMHPHIEINS 2
O, 7R HE 2 BREE G ORERR & ORI E AT 5.

HHLICBWTRREMA GUR D) &b icEEINR
#3831k, MBAICBWTEEZRLZZ-OMEIZEINE
o7z, SEOLC-MSMSIZE Y CTXs%2&HT 5
eI L7 (Fig. 3). CTX1BiZ10 MU (70 ng) LA
FofEEIcEY e bicHhFHERD LT L IR P
R3O EEHETH HCTXIBE R IR 1D /9% &
(0.018 MUlg) THAHZ &5 (Table 3), 4[ED CFP~
DHFEF I VLD THobEZONSE. LMALAEN
5, MBAOMMBERIZHEL (Fig. 4), BERICL-T
FHMTEFHEEZF &SR TTHEEDEETE 2. R
31E, BETFRT ORI DN T 7 F L 3n5H L i

EENBHA, ThFTFTENTIE7 7 F% 1 FLethrini-
daelC X 5 CFPIRMER SN TV Wiz, SR
flifF e & EMRESLETH .

COHEFH S, hEMRAS B WIZMBABEORE T
CEHCTXsDMEH - MEXWRER I EFHLNERD,
RLC-MS/MS#EDOF#MEZMER L. 4E, LCE&HOH
FHc Ly, ARRBEHRORMWICE AEZERL, &
M EOEEENLIDMELZ. LALEYS, dHeib
BENPSHTHLI LD, FRFORFERLEMAETOH
B EROREWMRII O DB AL LTHEDST S
7eolid, AEHEE GO L OTEOR L EEFHE S L ET
HbH. Fiz, WBOLBH CTXsDAFIZIER ICHEET,
BHERELTOCTXs 2 TATAHEIEKRLIIETH
5. Z0O7%, BEMEOEGERERORER & S A O
MNAHRCEE NS,

SRIOGHD S, TEKE - MEHEREE LB X U
L DS B Tl gt L T CTX1B Hiiz kA CFP O KA
WETHBEIEVBHONE R 572, — /T, BIFRTIHA
L 72CFP D JE K13 CTX3CH B FEHTH LY. &
DMK D ZEHEIX, FOHRIRETH 5 Gambierdiscus J& i
MO RMOBENEZ ML 2D EHMEREINDL. T4b
L, WBENSEEE IS, TORELERTIE,
CTX1BIDHIERKTH 5 CTX4A/AB B IZREAET 5
Gambierdiscus BT AERB L TWwA EHEESINS.
N5 CTX4A/4B AW 8 @ F2 THEL % ) THE
MR E Y ® O KHIRICBE T A CFPOREME &L % -
TWbEEZ LN, BEREBOIFTINET S A F5]
BT IEHAL & LCHI SN D AP 2B 5 (M
SREIEERE) A3 B A%, HEHRIZ B VT H AIHGA DZEALD
RENTWAE®, F7:, AiERIEEHEBLTEY,
Z DM & ) Gambierdiscus & i TE 8 O R % 551
TWABIENMEESNS. CTXsHHE DR & 55 R
M & OBIRICERA 2 5.

HERGRBEALIC X BHEKIRD EF I, CTXs#EAH T
& 5 Gambierdiscus & il & HE O 43 A5 LK & IR T
O CFPEEAMMA R ITHE SR TWE 9 K
TR LG IS0 Db 5 MED S 2 i, MBA
125> TLC-MS/MS D Fasiii g s, CFPEK
HERHOGIIELBEAADZE, KL EFAOREERAER
HWEREOE=F Y VO REL Y, EREHIENOT
WkASHAfE s NS, FBAE, CTX3CH# & CTX1BH 4
FTHPMBIERINTE Y, GEFNHEEEZIILD
ETAISAMHFEIATVS, IS %2 - EHT 59
2T, AW CTXs ML ZH L 2 ICTHLEN DY, &
[l > LC-MS/MS 7547 TRz M ii&, 77 7 EEAEDOH
2 - MR S 5 Piik o itk & HIlTS 2 EE R EH 5
T BdDOTHB. Thbh, WEEEDSINMEIIHG
TRICTXIBIADTH AR TE 5. —HTEhlist
DI 515 SN0 AT 2REITB ES, ERNL
DBV THRE 2 #kfE L CTXs ML Z B 522 L Tw
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2008 R BEERBE TR L -AREEIGER Y
HENEIHFFIOIEMIIOVWT, EFEAIHEBIY
MBI N7 E R 5 7# O LC-MS/MS 12X 5
YHIEYVE (CTXs) —BSMORE 21772, EHE
DERE oAy Ty 7254 28BBIUNNITINS 1
B DT RTH L CTX1B, 54-deoxyCTX1B, 52-epi-54-
deoxyCTX1B i S L7248, CTX3CEHBFEAKIIE DO
Lo/, Thb 2B CTSs X, ZhFhifE
WHOWMBIZBIFAEBRELEBEL T —F, BiFRT
OEHDEFREAE CTXSCEBEEFTEEZETH Y, FH
OBV RTINS T2, LC-MS/MS THIEL-ERI
< AFERBR (MBA) #2R (0.1~0.8MU/g) LRBET
H o, LBESEE TR 54-deoxyCTX1B I & 5%
BEHANOBELHER N, —F, MBA TBRH# (<0.025
MU/g) #/RL72EHEA 1825 L MED CTXs 25K it
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