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WS R B O B2 (3 3C) @ Arsine is quickly metabolized to arsenite and then to
dimethylarsinic acid (DMA) via monomethylarsonic acid (MMA) in humans. The best
biomarker of inorganic arsenic (iAs) exposure is urinary iAs + MMA concentration. We
developed an analytical method that used HPLC-ICP-MS together with HPLC-MS/MS,
which could measure precisely an arsenic compound including the arsenosugar of seaweed.
A carcinogenic action of DMA may be due to the arsine radicals produced through
(CHs)2:AsH, which is enzymatically reduced from (CHs)2As-SG. Dimethylarsinous acid
inhibits not only formation of the normal mitotic spindle but cytokinesis and induces the
formation of multinuclear cells. Dimethylmonothioarsinic acid (DMMTA) is produced from
DMA by intestinal bacteria flora and DMMTA is an ultimate carcinogen in DMA-induced
rat bladder carcinogesesis.

S HRE R
(G : 1)
BT B 2% & g
2008 4 fif 5,700, 000 1,710, 000 7,410, 000
2009 4 4, 600, 000 1, 380, 000 5, 980, 000
2010 4-FE 3, 600, 000 1, 080, 000 4, 680, 000
EIEE
It
ww gt 13, 900, 000 4,170, 000 18, 070, 000

WRIEsraF - PR

B O - B - thabesy - fiiks

F—U— N BRETE - BR - REGR - BRLE I VA2 - MREM - A TF LT
3



1. WSR-S WDy 5
AR, b ORI DT FE DS HE 2 |
JeR I DL FEIE R & T O R DS
WA BN > TE T,

LM LRns, Ty rhag, Ele #
(iAs) IR &S5 O T L / k¥ (AsSugs)
OER 7 E, v M3k 72 e FLA W ORE
ZRITTEBY, ENENREBAY A7 DR
HERbd, £ TR S r—F L LT,
FEsEtge, SEGINFSE. Bdna T, in vivo, in
vitro COFHIFERMTZRBET 28 2170,
FNHERALTY A7 iz24T 5 2 &2

ROBND,

2. WEOBEK

DT Ny AFEEEE TR Vb, £
OFVETIEMAERRNZ S TSN TN D,
Ll RN TOZREETIHA OIS TY
W, ZZTT Y U HBROER G, B
#% &R RN TOERORRE I &I
ERAR

@ FH e BLEMRBE DR T FT
2 Db FHYHLXAE RO R & 3O JIE D
5. iAs &/ AF LTV U (MMA) O
AR EKBEFBREONSNSM A ~v—I—L L
THWLZ R TELZEEPLNITT D,
() WA A 23Hads 7 1 B il o %)
R e MR EFEERER HPLC-ICP-MS
SIFTEZBRE L. BARNER & RIEREE O
PR e SRIREEEE 2 R 5,
WEHEE: (v % ¥4 Hijikia fusiforme)
X iAs OEFENEWIZT TR, ek
AsSugs =5 ATV 5, AsSugs ITMFLEA T
AFNT T U (DMA) 2SR5,
DMA (3iF > B CTREMEDFEH SN TN D
D, WEERAEILD Y R 7 M & IEMECAT D 7o
(1%, 1As & Ak AsSugs & 9 2 MBI

D,

(B) PAFIT N UEEOETIR 3 i A T
Vb FZ(DMAILD OERFEMEA P B MIT 2,
(6) DMA DOIRENBAMEIZBIT DI AF LT L
VUK O FHRENE & EORENZOWTH L
AN R S

(MY AF T ) FF T2 EDMMTA) X
RBAMEE | BOHIRREMES R STV D,
DMMTA @ FEA R DR & | Tt b He
252 BB O TR 5,

3. WDk

WAV L HREFEETDY A 7L
i CHAE LT 7 Vs HBREFNZ DWW T, 1
15 L OURF O & FORER /T 2 HPLC-
ICP-MS #H\WTiT o7,

QR 7 TF 2D FFYHIRIC 5 4L
fETe 165 FLO Fehi D JR & AICEK 2 BREL L |
HPLC-ICP-MS T43#r L 7=,

(3) b FIERFEE 172 44 CEEIF i 46.5%
13.6 %) & xR, &A1 4 717 A(Dionex
IonPac AS22) % v C HPLC-ICP-MS %3 #t
ATV, A A2 BT 2% W= 5k L g
L7z,
WFROWERE L DF TR LA D% 2
B A2 ST LT, bt X THMR LIZE,
A4+ v 7 Ktk (DRC) £— KT ICP-
MS 2 X W #IE L7z, Ak,
HPLC-MS/MS CTOEA A E— REMHE
=Z Y T ETV, ERAXRYT—T 9 )
#rix HPLC-ICP-MS (2 L W 1T~ 7=,

(5)V79 4l Fi \ € DMATIL @ 4 {5 (B HE
SO KEE. ARpHOEIL, DRER%E
B LT, £, mEMlaon—4I -7 7
A UGB TRE T TR L,
(6) DMA 726 P A F LT IV DAERNAE
AR A HEET D L L blT, v T RIZVAF



NT N s b LIRS R O 54T 217
-7,

(N10 @ KENE SD 7 b2 DMA Z ik 1
#h- L, My o b FRE 2 HPLC-ICP-MS
TIRERNCHE L7z, 6 il F344 7 v hIC
FA<A T 2mg/ml Bk, 3 HR# 55D
BE. 72 LEFIC DMA(100ppmAs k) & & 5-
UERERNCRIE L7e, HUEME+DMA B, i
AWERE. DMA BRSO, SR b SRIRE &
BrdU Z f51EIC AR g sl 2 st L7z,

4. BFITRE
(1) BEIL 20 BN ATFEEZ K 2 T 3 Fif#fE
WZRIZR D&, RN EL L2729 34 B
AT RRE L. BRAARE L7z, AR, #i,
Mg, &, FFERERENRD b, @il s
4 WNLOFRIMERE ATV, BRRTERIZ, 5
A#&IC, REEICYEE Lz, mMiGHoRke &
BIIABERF S 244.8pg/L 1BBEREAY 97 1pg/L
Thoiz, HRERSH TIE, MiFR L OURF
Ty BN RS D 4 HH E FLEY
DR S vz, ABERE, Mg+ o b i
(ASIID . B (AsV) . MMA 5 &0 DMA
DIEIT, TNEN 45.8. 5.2, 17.9. 9.3pug/L
Toholz, AsII. AsV. MMA BT
L. £ 60 r9¥Ed (BHL) 13Z€h
ZH 30.1. 43.0. 96.3 Al TH -7z, —77,
DMA R EETHIIN U 7=, BBERE, SR D ASIILL
AsV.MMA.DMA DL, I E 4 384.5.
20.8. 547.4. 1816.3pglg 7 V7 F=rTh
ST, TNHORPRET, TORIET L.
BHL /X 15 HCH o7z,
QEEIK D jAs 1T RAEA 55 pgAs/L. HilH
73<0.5-332 ugAs/L CTH o7z, JERERIHT T
R D ASIIT. AsV. MMA. DMA O HRfE
EHRITE N TN 16.8 (7.7-32.3), 1.8
(<0.5-3.3), 13.7 (5.6-25.0), 88.6 (47.9—
153.4) pgAs/L Tholz, Tt/ XA

(AsBe). 7V 2 U Il S o7,
4 DO FEAMITEICEARA 22 BIFR A R
B, RFP O e IR & FH R
Wb olz, B RBEONA F~—T—
ELTRPD jAs+MMA Z W5 2 & 37]
BRThdLEBEZ LN,
) BaA A>T K& W= IETIE, 10 9
LA T AsBe, DMA, AsIII, MMA, AsV ®
TERERI AT N I RE T o 72, 172 A DR
AsV., AsIII, MMA, iAs & MMA O&# D
95% % A /Vi% 1.7, 5.4,6.2,12.6 pgAs/L TH
ST, Wi BBEEOEYFHNE=X) T
& LTD iAstMMA (25T, 95% FFRAE &
LT 12.6 ugAs/L ##2 L L7,
WEBTRIZE->THE LN 9 EtOfRE H
B (A-TAs) 13 37.1~118.6pgAs/g FLHRE
(DOW) D #iBH <, At S hi-ie &
(W-TAs) (T 18.4~81.0ngAs/gDW D
Thoto, K S Mi¥e £ (W-iAs)
D A-TAs (ZXT 2EIE1E 24.5-60.1% DHilH
ThoTo, ERGTIE AsV Ty TXTORER
5 8.9~70.5ugAs/ gDW DO#iH TR S 7z,
5315 408 D= AT VIRIY A F LT &
/¥ (AsSug 408) 1F AsSugs P TH b &
WE— 7 B E e, KA AsSugs
(W-AsS) @ A-TAs (23 2HE&1E 8.7~
27.6% LHEE STz, B UFRELH A-TAs,
W-iAs & W-AsS BTk~ TH 5.,
HPLC-MS/MS |3 HPLC-ICP-MS & ¥ &gk
IZ AsSugs # Ml L 7=, M b # X
HPLC-MS/MS TIFHTE RWATREMD &
%72, HPLC-MS/MS & HPLC-ICP-MS @
B R— g RIS O b #E b
W% IEMICHE L. AsSugs O % FH
TAEDITHNETH D,
(5) DMAIII /% 1.25uM DO T 4 {5k & %
BOBKREZBLFHE LT, ARDHEOELD
72324 E80T 2.5nM @ DMAIIL Tk b 4

B e

E



{BlEsNT, £ 87 7 F 23 DMAIIL
WE L= 3o —2 I -7 yad Y
VB TRIEINT, ThHbDZ D
DMAIII [ 1E DR FEATZ A 2 B 2 721
T, MRE S RHELE L. Mo
REFFET D 2 LRI S LT,

(6) AT IT N i DMA-GSH 2> b

FRCEZGITIER SN, ~ 7 Al CHEEE A
B x . DNA I % k4 5 e % 5 -

TWHZ ERH LN SN,

(MAET 2> 5 DMAR L O'DMMTAR R H &
7o HUEMVERI 58T, DMMTA®D R i
JEDWD MR BTz, PiAEYE+DMARE T

DMMTA®D JR i & Db 23 2 B4, Bt B
FeAmia o #aE MK L7-, DMMTAIL, DMA
BRI > MERENAICBT 5RRYE TH
LHEEZBN,

5. ERFEEKmILE
(WF7ERERAE . WFIE A S ORISR
ERNY)

GEaEams) (G444
(1) Yoshimura Y, Endo Y, Shimoda Y,

Yamanaka K, Endo G. Acute arsine

poisoning confirmed by speciation
analysis of arsenic compounds in the
plasma and urine by HPLC-ICP-MS. J
Occup Health. 2011;53(1):45-9. & 5 A

(2) Shimoda Y, Suzuki Y, Endo Y, Kato K,
Tachikawa M, Endo G, Yamanaka K.

Speciation analysis of arsenics in

commercial Hijiki by high performance
liquid chromatography-tandem-mass
spectrometry and high performance
liquid chromatography-inductively
coupled plasma mass spectrometry. J
Health Science. 2010; 56:47-56 77t f7
(3) Suzuki Y, Shimoda Y, Endo Y, Hata A,
Yamanaka K, Endo G. Rapid and

effective speciation analysis of arsenic

compounds in human urine using

columns in
Health.

anion-exchange
HPLC-ICP-MS. J Occup
2009;51(4):380-5. A mi A
(4) Kitamura M, Kuroda K, Endo G.
Dimethylarsinous acid disturbs
cytokinesis. Bull Environ Contam

Toxicol. 2009 ;83(1):15-8. & A

(Fa%E) Gr254F)

(1) [EFES s, MRS, BIEER, b=,
B, MEFEM DAL FIERER] & 0TI
BT HHEORET. 5 810 H AR A+

22011 4= 3 H 25-28 H, HLUHL - IEFIK

=

(2) [EIBEMS 5. ENA O R GL T EA R OMME
BHE-EE. 8 81 M H AfAESS 2011
3 A 25-28 H, LS - BIFnKS

(3) T HIEELR, i@ —, g —, SR
P, [BIEER . [BIEEWS 5. SR A F v
b FOBERNER L ZOBEIZET 2
in vitro EERCOMGE, & 16 L FE v
AT A 201142 A 5-6 H, )il -
YTV LT

(4) JMBAFE, [BIEER 1, L= R,
RN 5. MEPER) DAL RER & SR BT —
HHEORFLH 16 M e HF L RT T A
201142 H 5-6 H, JEJIlTHi - o 7H 1
7

(5) &)IHE, B, HFHE, BERSL, 5
Bk, b BRI S A O R KYE O K
R HHe BRI ATLE ) TFAT
N R DFEEREE O L O O
bt BRI R E B O R, & 16
BlEEY AR A 201142 A 56 H,
NN - T LT

(6) &)IH®m, B, MiLES, &HFE,
WS . DMAV % T~ MR
FPEZIRITH DMMTAV O#E]  {R#EHR
ORI KON, I B MIIC 52 5 5
O 5 27 Bl HARFERIEES.
201141 H 27-28 H. KWl « KBrEEE

Rt v —




(7) EIBEM . EEOREMNAY A7 A, 6
21 [Bl H A e 74 2010 4 7 H 34
A, 5T - AR K E EER R A&
it

(8) JIAZE, [EIBERS 1. Habib ML.A, [Lirffd =,
R, BlESE. R FF 2 AR
HFnE - b RHYHXERORFRAER]
b BRI OV T, 5 80 [8] A A A
2>, 2010 4E 5 A 9-11 A, & - [®
B 2 —

(9) FHEEAR, mkZE—, S)IEH 7, Bk
b1, BIEEMG S, (L= A F LT
A e FALAW O E . B AR
£ 130 4E4, 2010 4 3 H 28-30 H, [
W - M=y oy gtk 2—

LO)VEEA, &I, ILHEE, 5HE, E
BENS B, BUEC, EDH s, BEREIR B ERZ
(28T % dimethylmonothioarsinic acid
DR 5 26 [0 H ARFMIR P2, 2010
2 H 2.4 B, YT - SRS E 45

QO&)IHE, EEA, 5HE, BEGE, &
WO, . CATFAT L
Fi DARHHR IS O fEIA. 5 26 0] B ARFEMENR
HEL 2010 4E 2 A 2-4 H. &Rl - &
N SVA SR S

(12) F HEEf, (L=, gz —,
I, [BIEEMS S, IS 545U ATF L
E HORMEKNENRE, 5 15 Bl b FE R
T, 2009 4F 11 A 29 B, KB« K
B T 32K

(13 ARF 7z, FHEE, BT, Mm%,
b fd =, BIRRISS. A A R Hh T
LE TR e MR E
FIZReR] HPLC-ICP-MS 3y #7rikd Bl %
& HARNIERS b RIEREEE OJRF & RIR
FERLYEME O, 55 57 [ A ARRREE - ¢
e R4, 2009 4F 11 H 21 B, &
Wi - EELES

(14) BV L. A SBEUC X D b B R
FHRP IS, 5 31 A A ARGE S E S
2+ 55 30 [l H ARRRIR SR 2E #2009
9 H 19 B, Ml - P EERSES

(15)Shimoda Y, Suzuki Y, Endo Y, Kato K,

Tachikawa M, Ogawa M, Endo G,
Yamanaka K. Speciation analysis of
arsenics in commercial edible brown
alga (Hijiki‘HIjikia fusiforme) by an
HPLC-MS/MS and an HPLC-ICP-MS,
International Society for
Environmental Epidemiology 21st
annual Conference. 2009 4~ 8 7 28 H
Dublin, Ireland
(16)Suzuki Y, Shimoda Y, Endo Y, Hata A,

Yamanaka K, Endo G, Speciation

analysis of arsenic compounds in
healthy urine by
HPLC-ICP-MS for the evaluation of

occupational

human
inorganic arsenic

exposure ., International Society for

Environmental Epidemiology 21st
annual Conference, 2009 4= 8 A 28 H
Dublin, Ireland

QDT HER, L=, miEHF—,
+, BIERVGS. EERNERT DX F L
Ty RSy & LT ORRMLER DR
HL 5 20 MR ARE TR R, 2009 4
7H 3R, BEHEX - ETT PR
TV

(A8)ENARIS 7%, [BIEEE -, /INIEH,
B, v MRFE RO B KD
T2 TR b SRR R AT D PR R (F T
2SR, S 82 8] B ARPE M AT
2009 45 A 21 A, f&Ehf - 1@ E R
27

(19 EEEY . A ERKIGREWE DR Y A
7 i O FEE v R KO FEEWITHR
DAEHE Y A7 GOV C LU 79 [ A A
AR iR 2, 200944 H 1 H, IR
FHPEX « ERRFAET v N A

(20017, [BEEW -, MANET, $iRTZZ,
ANIEHL, = RS, [BIEERS 5.
PR GAs+MMA) il 4 F U 72 J8 36 P R
bt RRBEAAAE=2 Y 7 O/ H
14[E e FE AT T L2008 4 11 H 29
SIS - 87 K | = N o = R e ol GV
A




(2D F WA, $ARK 7, BIRER 1, /NIE
B SDEH -, I —, BEESS, L
TE=, v F e REEWORREN S
Wr-7rnt s v ai—oaadod LT,
# 14 Ble FI R T L 2008 4 11
H 29 B, FEUERESIX - AL R H 25 v
VINA

(22)Endo G, Hata A, Nakajima Y, Endo Y,
Risk assessment on arsenic in seafood.
[ERERE HE S L R Y 7 A 2008 4E 9 H
16 H., #k1rii « TERFRT

(23)Endo Y, Ogawa M, Suzuki Y, Endo G.
Risk management in occupational
health, EERGHEH S AT T A
2008 4£ 9 A 13-16 H., #k1-1i - TEERY
NES

(2 EIFES . BREEKXR R HN D O b R
EHE Y A FHEL B 17T RIS L AR
£, 2008 4F 6 H 11 A, M=l - A= [E
PR

(25)Hata A, Endo Y, Habib A, Nakajima Y,
Matsuda M, Ogawa M, Fujitani N,

Endo G. Validation of urinary total
arsenic determination and comparison
with speciation analysis, 2nd
International Congress, Arsenic in the
environment, 2008 4 5 A 21-23 H.

Valencia, Spain

() GF 21

OEEES L, L=, fEFF—; e, in
NI BEERENRTR). LT A X R
HERRAIEH, 2011, Mpp.588-595, 1800
QEES s, R, B | FHTHES—
2 - Rk~ = =2 7V WETHR 2 k).
FHIENAARFE Goaa i) . 2008, 236

(Z DAh)
R DR — D
http://kaken.nii.ac.jp/ja/p/20390173

6. WFFERE
(D7 TR E

[ElE 55 (ENDO GINJI)
KRBTSR « RFEPEE PR - Bz
ffFFeE &5 : 20160393
A etk oy

it &= (YAMANAKA KENZO)
AARRS: - P - B
MFgeE %5 : 50182572
A % (FUJITANI NOBORU)
THERERY: - RSB - B
gt % : 10156888
E# BT (ENDO YOKO)
ASEATBOE N 57 07 et ks - BAVE 57
Kbt - EEEPESEE X —FK
MroeE &5 - 50193438

(H21—H22 : B3t 114)
Sl BT (TACHIKAWA MARIKO)
AARKRS: « S - Hd
gt %7 : 90139098
M B# (HATA AKIHISA)
THERVERY: - faE I - Bh
fffFgeE &7 : 10433690

(B E T
TH FE (SHIMODA YASUYO)
AARRY: « KIFBESEFeR - % LR
FRRF P4
WEEFS



