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> EF (arsenic, As): $ERBITET, Bf, K, TEBRUVXKICIESEETS

> EROHDE

1. BRERIRE, 56, RED=EDRRKE

2. EHBERLELEY
3. HHERLLED

REERLESED

Arsenic trioxide

Arsenous acid
(Arsenite)

Arsenic pentoxide
Arsenic acid (Arsenate)

As,O,
Aslll

As,O;
AsV

FHRERLESY

Monomethylarsonic acid
Monomethylarsonous acid
Dimethylarsinic acid
Dimethylarsinous acid
Trimethylarsine oxide
Dimethylmonothioarsinic acid
Arsine

Arsenobetaine

Arsenosugar

Arsenolipid

MMAY
MMA!
DMAY
DMAIl
TMAO
DMMTA
AsH,
AsB
AsSug
AsLipid
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> ERODBHEITIEEZRREBPLILFBEDENICIYELS.
IO RIZHEITEHEZEOLD,,
- As,0,:39 mg/kg
- MMAV: 916mg/kg
- DMAV:648mg/kg
- AsBe:10g/kg
> ERERESY>ERERLEEW. 3MER>SMER
> ERICKDEMERBEDIFZLALTEBERDIIENRE
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ERDENAEDEE

International Agency for Research on Cancer
(IARC, 19874F)

EEHICERZEERBAD
HRERIXBPETHS

:

EEBRMIHITIERDEDLAKE
[TEFZBARE TN,

BMETIVICKSEDS AR
MIFHE

B LEDBEMA A iHtA LD ERER
RO HEMETT
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iAsV iAsT MMAY CH,
I
HO—-As—OH
MMAL
cH cH cH
H,C— Aﬁs— CH, &= H,C-As-OH {&=== H.C- Ahs— OH
o o
TMAO DMAL DMAY
iAsV: arsenate iAsI: arsenite MMAY: monomethylarsonic acid MMAZI: monomethylarsonous acid
DMAYV: dimethylarsinic acid DMAZI: dimethylarsinous acid TMAO: trimethylarsine oxide

i3y Jme JOR A e
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EXRESVOBEMRICHITSEE

AsY As' MMAY | DMAY | TMAO AsBe
st +++ ++++  ++ + + —
%A + — ++ + + + + _
AfSER R — — — + + + + -

ZRRE
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0
|

DMAVD E M AEMER DK
(7‘yl~==‘ 1 Z R RN AERERE)

5 30 weeks

| | // ]

Initiation with five carcinogens

DMBDD DMAY: 0, 50, 100, 200, 400 ppm in the drinking water

Target organs of DMBDD (DEN, MNU, BBN, DMH, DHPN)

DEN: Liver, kidney; MNU: Forestomach , mammary gland, urinary bladder, thyroid
BBN: Urinary bladder; DMH: Intestinal tract; DHPN : Lung, kidney, thyroid

Enhancement of carcinogenesis by DMAY (v.s. 0 ppm DMAV group)

Liver ' ' '
sadder A8 AN A% 11
11
LI

Kidney
Thyroid
Others < &= = N

(DMAY, ppm) 50 100 200 400 5




DMAD BERt MR A EMH{ER DR ST
(Y ZERBEBERRNAETIVL)

9 :1 3? wks
S
Groups 1-6 Vv
(20 rats each) BBN DMA s 0, 2, 10, 25, 50, 100 PPmM
Animal: Male F344 rats, 6-week-old Tumor
Papilloma Carcinoma (papilloma + carcinoma)
3 p< 0.01
E * Significantly different from 0 ppm group
~ *
2 p< 0.05 —
o
) 2 — * p<0.01
2 ‘ —
) * M *
© p< 0.001
g — p< 0.01
2 4 _ _
‘© *
o' *
] |_| H
0o 101= ﬂ e |—| H [ ]
10 25 50 100 10 25 50 100 o0 2 10 25 50 100

DMA" (ppm)



DMAY DEEBLHE N ATEDRERA
0 2EBRINAERER)

I EEEESES—SS— — — — ——————__—_——————_——_—__—_____—_—_—_—_—.—~,

104 Wks

DMAY (0, 12.5, 50, 200 ppm in drinking water) |

Animal: 10-week-old, 144 male F344 rats

Macroscopic view of urinary bladders

Incidence of urinary bladder tumors

DMAY Incidence(%)

(ppm) Papilloma Carcinoma Total
0 0 0 0
12.5 0 0 0
50 2(6) 6(19°  8(26)"

% %

100 2 (6) 12 (39) 12 (39)

*: Significantly different from 0 ppm group.
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ER DM AR
(IARC, 20044F)

EFMICERIIERER EEF W=+ BDMAVD
MADERBERTAE < 3ptA LR

:

EHEREEFNDEBAA . DA, BERESAEDER
BE#RzR2OHHFMZET T,

BAANBERICERT 28 ABEREN EEINET L/ A —
BEUVT L E/IEYRGEDERERIESPITH T ERLMFEIE+45 THL
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7Lt/ ai—(AsSugs)

« Pt/ oafi—% BEESHEE> &
REOEREIRICZ{EEND o CH,

o R

0= AS -CH, 1
Y \Q/ CH;~As=0
% CNFETAsSugsTDHLDIZTDNTIEHEHEMN A OH
BN EERESNTET-

DAFILE127E DAFILT IV VB (DMAY)
< LML, AsSugsD KB DABIETD CH, - E;Hz o R CH,§
fERIZ DOV TIXBIS A TALY cHs Q om0
OH OH fcs&# ’
< AsSugsDKEBAHITHIRDIBZEMNZL, MIAFLEEAE RUAFILTFILOUEFOR
REORERHMOHE, FH, (TMAO)

REERETOTIREMEERFI-GLHE
RGN TELEVRRIZHS

20



7Lt /)EYE (AsLipids)

(o]

< AsLipids(Z. [ BRSO RRHILE cH20-&-R!
ET. BEDEN-ERENICEET LT L3
BEh3 N ore

» WESOBEABHONTNELO, o | cH,
ZDENEEERTICE>TULVLY H3 Ao\ AAANAANANAN ol Ase 0

% DMAY, TMAOD & AT BENS I NSO T

o UNLESD, ChoRBIBEARBRBETS -
J. ZOREMITDNTHRIZEE AL RE o ] o
ShTLVEL orio £ o om0

¢ MEORENGC REORAHOSHMY oo Lowovme o ompe THAO
S, AR E o CEEMEE R .
NEREL A TELNRRI=5H S

DURREE., RIEKFRRHLHVIXERINEE DAsLipids
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BRI E

1. BRBEIEYIZEENDAsSugsH LU AsLipidsDIH ED

R

2. BFEBEBMI-SThIERILENORE

3. AsSugsB LU AsLipidsDIEXE S DILES

4. RS T4TIZ&BAsSugsEHEBRIENE

tH i

WF22I8 H 5: AsSugs B &K U AsLipids D B % |

7K F

ERAHEHMED

LV RS MR

6. BAMECEEMRZALN-REESHEHER
1. BEGRBERICESIERDENAZEO-EURBEDIRVIER

EDRE
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MREE1-1:. BEABEESHEYMICEENSAsSugs. AsLipidsD it ix D gt

o ASSugslIZHRGILFREZ LY, BEREICEEIZEEN TS,

- BRABEICTEENDASSUGSDEE X+ HIZEITHNTULVEL, BERIC
ERENTWSTDAALED1DTHY . SEIOREDHEBRERELT =,

o FITMHEIZHEITEHVAANLDERMEHIEIIS5~49% &KLY,

« BEIZEENDASSUGSDRIELEEEZEITOHOIZIE. DAsSugsDLEHH
BEEIRSGWMEEMIZEFGHE R THLI L. ONMEENDEERE
Tl T REEENFONSIENBETH D,

- ERMHERZSHLH-6H. MEEDESITSEEL -,

. EBEEOMMEE L)L O—R B ORI 2
HTHHT XU EMNTESN ., RE R REL
T3,

- COWEHNERMEEYFTODTREEL DD,

- BRRREHCTHIERESRT B0, TR
L S—EEERERAVREET o1 o

alainata natwnr
1555 MIREEEDRRET IV
Kloareg et al.(1986)
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DhADSDERRH & DR E
100 mg of dry wakame seaweed 1 . ﬁiﬂﬂ%#wﬁﬁ

Add to 10 ml of 0.1 M phosphate buffer (pH 6.0) including gentamicin.
& Alginatelyase Cellulase
Addition of the enzyme (alginatelyase, cellulase). @ B B
Incubate at 37 °C, 6 h.
@ - +
Enzyme treated sample @ + _
Centrifuge (8000 rpm, 5 min) @ + +
> Precipitate
Add 10 ml of extractant
(0, 50, 100% MeOQH) and -
agitated for 15min. Repeated 3 times 2- m Hﬁ'fgy;@*ﬁﬁ
Centrifuge (8000 rpm, 5 min) 0. 50. 100% )(9/_)[/
«—— » OV,
Supernatant
Remove the methanol by evaporator (50 °C, 20 min)
Adjusted to 10ml with Milli-Q H,0

\d

Sample for analysis | 3 t%ﬂ)ﬂ:ﬁﬁ?%ﬂ“ﬁﬁ?ﬁﬁ:@ﬁﬁ#
HPLC-ICP-MS = E&{t&¥Hra~<cSLORE. ERIELEYDEE
HPLC-TOF-MS= kRIEEZDFEE
ZeRtteYEHETE, ICP-MS, TOF-MSO M AIZE A R[4 HPLCE 4
FHEMNTDIDLELHD o4




1. BRLBEHEORE

A(+) C(-)

A(H) C(H)

50um

A DERNEBETORYUTIL(A(Y) C(+)) TIXHMEN S EESN

RO RFENFELIRETRESNT=,

2. HitHEEORE

HHBEAR/—IVREICESMERMERDOEE

Percentage of acid digestion (%, Mean + SD)

MecOH concentration
AG)CEO) A(H) CH)
0% 225411 483+ 0.5
50% 218409 58.7+4.1
100% 28.1402 | 888+84 |

R LT N ADB R KL S T IL DS HTHE (25.50 mglkg dry) £100%&

LTEHE

BERLE(ICLOBERBHEOEL

Enzyme Eluted arsenic (mg/kg dry) :;:Z?;%fi;{
treatment Mean SD %)

A(5) C() 4.4 0.93 17.1

A(-) C(+) 5.8 0.14 225
A() CO) 8.0 0.18 311
A(H) C(H) 11.6 0.56 45.0
BRUESRPORERE

BHEIMHEINAOBRXIRIEY > TIL D5 #TE (25.50 mg/kg dry) &

100%&LTEHE

REFRHMHEBEARLEGo=EH

- BENE.7ILXUBR)T—E & EILT—ENIE

- HHEIE100% A%/ — )L

A(+) C(+), 100% MeOHEHH > F L%

EERREBAHSTICERTS
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DHhAGEDRERICH TAmBERMH EH

100 mg of dry wakame seaweed

Addition of the enzyme (alginatelyase and cellulase).
Incubate at 37 °C, 6 h.

Enzyme treated sample

Centrifuge (8000 rpm, 5 min)

3| Precipitate

Add 10 ml of 100% MeOH
as extractant and agitated
for 15min.

Centrifuge (8000 rpm, 5 min)
«—

Supernatant

Remove the methanol by evaporator (50 °C, 20 min)

Adjusted to 10ml with Milli-Q H,0

v

Sample for analysis

Add to 10 ml of 0.1 M phosphate buffer (pH 6.0) including gentamicin.

Repeated 3 times
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| MRIEE1-2: R AEEESHEMICEEN HAsSugs. AsLipidsD i kD ET
(v emmiaEsT seREANEEIREEETHE |

4.0

=) (

3.5

B9 BiEMONAHELUREHICETS
T7ILt/YEYRES (94%) ]7 BERBEZ. ThEh323+026pg/s (BE
I Z B) B E1£068£0.11 /e (RER)THY. B

30 L Pty
2.5
2.0 CODREFEDH>L, MEHICHENTIEF94%, F

L5 BERIZH VO TIEH84% A IEBIEERIEEMES
| - [T ht=,
10 As fraction - (6%) TMAO

T
JAB | THERMERB AR/ T RE RIS AT DFER . ABDHEIZ
v N\ DMAAE SUTMAOH EEHERILEMEL TR

Ilillénr:o
ek KBMESSUVESRE KBEHEES/ THER hn &R/
H 5 DORER i by i b iy

0.5

0.0

Concentration (ng/g wet weight)

0.9 v Ak YUY DFRAICHFEET HSERIT,

\q EIEA T N = |-DMA 2 A AsLipids# 3 U\ [

o7 7 £ /UEVRES (84%) TMAOE FAsLipidsEL THEIELTLNA.
0.6 /

0.5 1L

0.4 SV EHREIUVEEFICHEETS
03 A fencton™e (16%) E&. HAVEENSOKBEEEDE
0.2 o LM 5 ETAERDHERSHT (n=3).

0.1 NN FI?’/ A (BRI BT BRI 47 %, TEERIN S EAR-
0.0 | | HPLC-ICP-MS;%; /KA i@ 2 D ik,

Bex KBUBIVIERE KBEES/ THER R AR/ Folch® 7 %)

B 5 DBEFR R RE RIS 7 T 8B RIS 47 27



FREE2. ERBERYICAETNIERILANOBRE

N
(4]

As concentration (U g/g BZ4))
> > S

(4]

o

As concentration (U g/g E24 )

—_
o = N W h~ O O N 00 © O

| (@) TELT, I/ _ESLHRIHEN SIS T HER

T
L

AB

_( UK1~ -
AB AB
[AB ]
;4 ) & =& i

(b) 7L/ REL D, LEDRJAFIILT IV VFFIR

AR ESh SR AR

-

oy

TMAQO
_UR1 7
AB
s AB
AB
B " e ik 10 ik

(c) PILE/RE342Dth, LEZEDRIAFILT LY

o AEEBREEEK T AR

w
($;]
T

w
o

N
(&;]

—_
(&)}

AB

As concentration ( g/g )
S

—_
o

(&)

o

BT (4 4ains) \\ B (2o
FROBE, HEHLARE KBEESSIE, SEMIT

)| 2

T /RELODHDBEENS. LT-HA>T, DMAYTMAOIZ,

FEEE N ZARAEALIR| &Y, DMAAS HAsLipidst®TMAOEZH
AsLipids hMoFESN-EREIN -

l

FF g I IFET S=mREDTMAOE FAsLipids

ICIE, REFHH AN LR ECFRITEBREFIC

BREFE B F-NT-,

ROFAZEIT510 OB ICFELETHEFRIEEY(n=3)

(FeRERN 4T3  THER N &4 A fiR-HPLC-ICP-MS;%)
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As concentration (U g/g E24))
~
[&)]

0.05

(a) KBHEE S IFHET HERIEESW(EE)

/DMA\ J/ UK1>

DMA

AB

AB

AB

AB

%
| ﬂ/ ]

1.8%E (-30°C)

VEXT  SERERE 4 RREEEE T
%R BXGH

r—5%—(545H)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

DMA

(b) KBEESIZHFET HERIESY FERFEER)

DMA UKT

DMA

AB

AB

AB

DMA |

AB

|
1.74578 (-30°C)

2EKXT  SERERE 4REEEE T
FEE®  BX(GA)

r—53—(545R)

X2.

YA EBFICFETSERIEEPDRE
EBEEARICRIFTT, 1. T, 2. BXT
DRFEEIR, 3. HIEFIIR RO HNREE (3
B, 8LV 4. EREEBREOHISART
Iir—A3TcORF(5yAM. RS L)
2% (n=3).
(BRI ik, HPLC-ICP-MS;%; KiatEE 5
D%, Folch®A%)

ARDOFEDBI(C, BXOECHEEIZXY,
1. DMAIZAsLipidsh >EFEESN 5

2. DMAIXZ LB/ RELOMLFBINT-FTREES
BE TSI oT-.
(c) Eﬁ&hu#:ﬁﬁfﬁuﬁtﬂéhétimA‘%(,EJ#)

As concentration (U g/g E24)

DMAXTMAOIL, IHER INRAAEL
H[Z XY, DMAEHAsLipidst
TMAOEE AsLipids N SEEHEIH
- BETBEINT-

//
) DMA ) /

DMA /

0.3 DMA ||
TMAO
02 TMAO —
TMAO
0.1 —
AB AB e
0 |

VEXT  LEREIRE RRERE T
EfEEE BXGH) »—5—(548) 29
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R IEEH3: AsSugsDIBXE R D E R

— > TR
7Lt/ > 2 —OERRERE (EN) P
O AsSug328 A& mIZETh S
Me — As o_ 0 |(|) ||
4\;_2/ \l/\o —> Me - As—OH ——> Me —As—-OH
HO OH N|'e N|Ie

oxo-arsenosugar

thio-arsenosugar thio-dimethylarsinoethanol thio-dimethylthioarsinoacetic acid
(thio-DMAE) (thio-DMAA)
30



REB 4. R T1T7IZLBAsSugsE B HREBEMERPERKFMED HM

EHv24hi%

HPLC-ICP-MS%#. &4 A4 > X #aHh5 LPRP-X100{#

oxo-DMAE:oxo-dimethylarsenoethanol
oxo-DMAA : oxo-dimethylarsenoacetate
ZNBIEHPLC-TOF-MSHA i CTE E#MZ MR
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REB 4RI TAT7IZLBAsSugsE A BHREBEMERPERKFHMED H#N

R -YUR P ERE# = (ugAs/h)

4.0

3.5

3.0

25

2.0 1

1.5

1.0 A

0.5

0.0

THAERE BB YRPEF M E 5 EDTIIE)

unidentified species
Hoxo-DMAA
B oxo-DMAE
EDMA

PODCOLLERPPNSDPERN PPN FA PRV PRI T D P PP R HE PO P

EEA DR BERE (h) 32



2218 H 5 : AsSugs B LU AsLipids D ENinE AL - 21 5E
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