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Toxic arsenic in diet and dietary supplement: metrology
research and development in support of current regulations

Lee L. Yu
National Institute of Standards and Technology (NIST)
E-malil: lee.yu@nist.gov

The United States has enacted a series of laws through the years to safeguard the
public health regarding commercial diet and dietary supplements. The Nutrition
Labeling and Education Act of 1990 requires that processed foods sold in the U.S. be
labeled with specific nutrition information. Dietary Supplement Health and Education
Act of 1994 amend the Federal Food, Drug, and Cosmetic Act and established the
frame work to regulate dietary supplements as food. The Food Safety Modernization
Act (FSMA) enacted in 2011 aims to ensure the U.S. food supply is safe by shifting the
focus from responding to contamination to preventing it. NIST developed suites of
Standard Reference Materials (SRM) for food and dietary supplements to facilitate the
implementation of regulatory measurements. Arsenic, the number one toxic
substance on the Agency for Toxic Substances and Disease Registry (ATSDR) Priority
List, is value assigned in nearly all of these SRMs. However, not all arsenicals are
toxic or under regulatory scrutiny. The Food and Drug Administration (FDA), the
Environmental Protection Agency (EPA), and the UN Food and Agriculture
Organization and the World Health Organization (FAOMWHO) have converged on
regulations and guidelines that focus only on inorganic arsenic, i.e., the sum of arsenic
in the forms of arsenite (Aslll) of arsenate (AsV).

NIST has been developing several SRMs certified for arsenic species including
Aslll and AsV for method validation and quality assurance in clinical, diet, and dietary
supplement measurements. Starting with the development of reference materials for
arsenic species in urine for biomonitoring measurements such as National Health and
Nutrition Examination Survey (NHANES), we were contended with the lack of
calibration standards, stability of arsenic species in the matrix, and the need to quantify
multiple arsenic species in the matrix. The calibration problem was solved if the
compound was commercially available. Sl traceable calibration was established
through the compound characterized for speciation and total arsenic using LC-ICP-MS
and INAA, respectively. For a reference standard, the stability of each species and
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the sample matrix must be evaluated. The stabilization of the reference material was
achieved when the stable condition for each species was met. The development of a
reference material for the measurement of arsenic species in apple juice was
undertaken in response to the regulatory guideline issued by the FDA in 2013. The
resulting SRM 3035 Arsenic Species in Apple Juice benefited from the prior research
of arsenic species in urine regarding the stability and the measurement of the arsenic
species. The value assignment of SRM 3035 was a collaboration between NIST and
National Metrology Institute of Japan (NMIJ) who utilized reverse phase, cation
exchange, and mixed bed ion exchange chromatography in the speciation
measurements, which was a fairly comprehensive reflection of arsenic speciation
techniques presently in use. In the development of a dietary supplement reference
standard SRM 3232 Kelp Powder (Thallus Laminariae), the high total arsenic contents
of the material at about 38 mg/kg was found questionable at best for use in assessing
the safety and health benefits of kelp. The speciation of the arsenic in the kelp was
evaluated via the extracts of the material. Arsenicals were identified based on the
MSn spectra and accurate mass measurement of the precursor and product ions.
Quantification of arsenicals was accomplished by INAA determination of arsenic in
fractions of the LC eluent of the kelp extract to circumvent a lack of arsenical calibration
standards. A procedure to identify and quantify the unknown species was thus
developed; however, accounting for the speciation of all arsenic in the kelp remained a
challenge because, as customary, only about 70% of the arsenic in kelp was
extractable. The challenge was more acute with a new dietary supplement standard
SRM 3398 Ginger Rhizome wherefrom 10% of the arsenic was extractable under mild
conditions. Potential solutions to assess the speciation of the non-extractable arsenic
will be discussed.
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Arsenic speciation in certified reference materials

Zoltan Mester
National Research Council Canada (NRC Canada)
E-mail: zoltan.mester@nrc.ca

Development of certified reference materials for arsenic specatiation have been in the
focus research at NRC Canada for over thirty years. In the presentation an overview
will be given on historic developments on arsenic speciation in marine organism and
the latest results on novel reference materials for arsenic speciation will be discussed.

Speciation arsenic in river water (NRC SLRS-6) and sea water (NRC CASS-6,
NASS-7) reference materials certified to contain low / sub ppb total As was performed.
Methylated As species at the low ppt  were observed using a HG-CT-ICP-MS system.
The analytical process and the figures of merits will be presented and discussed.

Results will also be presented on the characterization of suit of three
arsenobetaine-certified reference materials by quantitative NMR. We have synthesized
an arsenobetaine bromide high-purity standard of natural isotopic composition
(ABET-1) and two carbon-13-labeled isotopic standards (BBET-1 and CBET-1).
Assignments of the chemical purity and isotopic composition are not trivial in the case
of arsenobetaine, and in this study we utilized quantitative *H-NMR techniques for the
determination of the mass fractions (chemical purity). The isotopic purity of all three
standards was also assessed by NMR from the carbon-13 satellite signals. The
standards are non-hygroscopic, highpurity (ca. 0.99 g/g), and the carbon-13
enrichment for both isotopic standards is x(13C) = 0.99. These standards are designed
for use as primary calibrators for mass spectrometric determination of arsenobetaine in
environmental samples.
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Ji. PC TIIHFAKREZRERNEDIZEDIFEITH 57203, 2012 FOFAEREL T 50 44
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Changes in skin lesion scores from 2012 to 2016
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Four-year follow-up study on health status of the residents in arsenic-contaminated

areas alongside the Mekong River

Seiichiro Himeno?, Lin Xian!, Suthipong Sthiannopkao?

Laboratory of Molecular Nutrition and Toxicology, Faculty of Pharmaceutical
Sciences, Tokushima Bunri University

2Faculty of Environmental Engineering, Dong-A University

Skin lesions and arsenic concentrations in water and hair were investigated in
2012 and 2016 among the same study participants in 3 Cambodian villages alongside
the Mekong River where ground water is contaminated by arsenic. Due to the
introduction of water-supplying system or filtering apparatus, the consumption of
arsenic-contaminated tube-well water among the villagers decreased drastically
during the last 5 — 10 year. However, the scores of skin lesions in the study
participants increased during the last 4 years, suggesting the delayed effects of

arsenic exposure on the development of skin lesions.
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Dimethylarsinic acid (DMAV)72S, 7 v MMZBWTIERENAMEEZ RTZ & 2L
LTWD, £z, ZORPRBEIZ OV THRET L7oHER, BRI 2 &5 58 A
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20
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FEThHD Asd3mt DEEFFHBHUIZ DWW T qPCRICTHRETLTZRER. T v b~ 7 A3LIZ Abcee2
DA BRFEBIEMNR AR ERETHONTZ, T v FTIEZEOMICHERBEREH N 51
einode, RUT, w7 AT IASIT 58T Abeel, Aqp9. As3mt O BT BN
BT,

4 fhim

F v hew AT BEGIZE > TDMMTA BREASILTND Z ENHALMNIR -T2,
b FE O REEEEICKT L CT v B~ A L) @iz ib 2R Liza3, P DMMTA
BEIODMAMOIREILT > b« v VA THERZETIHAONRN-ToZ L, SHICEHE
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Comparision of urine metabolites of 1As!! and DMAYV in rats and mice

Hideki Wanibuchi Masaki Fujioka, Min Gi, Hirokazu Tachibana, Anna Kakehashi

Department of molecular pathology, Osaka city university graduate school of

medicine

DMAYVY, a main metabolite of inorganic arsenic, is carcinogenic to the urinary
bladder of rats but not mice. DMMTA, a metabolite of DMAY, has strong cytotoxicity
and clastogenic activity. Therefore, DMMTA may play an important role in the
arsenic-induced bladder carcinogenesis. In this study, we compared the urinary
concentration of DMMTA and other arsenical metabolites in rats and mice treated
with 1As and DMAV.

Ten weeks old male F344 rat and C57BL/6 mouse were divided into 3 groups and
treated with 0 (Non treatment), 100ppm DMAY, and 100ppm iAs' for 4 weeks in the
drinking water. In rats, urinary concentrations of arsenical metabolites, there were
not significant differences in urinary concentrations of DMMTA and DMAI between
rats and mice. Moreover, the altered expression profiles of arsenic transporters were
different between rats and mice. In conclusion, these results indicated that
differences in expression of arsenic transporters in the urinary epithelium may be
involved in the differences in susceptibility to the arsenic carcinogenicity in rats and

mice.
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F344 gptdelta 7 v MERMES K UFRICHET5 AT E LY
DMAVY® in vivo ZEREDEST

OFEFIES. BUR. W T MEMEWK, BHEH
RIG ST KRS BRESTIER 5 THTERE:

1 XL ®HIT

b RITEFICE SO EFBE PN AME THL Z ERIEFITLMBIATND
D3, EDOFN AT DOFEIZOWTII 5 & 725 T2, Dimethylarsinic acid
(DMAV)(% Sodium arsenite GAS'T) D EEIRRFY O —>THH Z LBHMHNTEY |
INETOHA OHIFET DMAY 237 v MBI A ZFHERT DT ERHLNE 25T
%o F72. Ames RBRIEIZ X D 1n vitro 28 FJFVERER TlX DMAV & iAsT T2 TH 5
D, Yt G R OB 2F R T ERME SR TS, L LR 5, DMAY
BLOHASI OFWET V& V- in vivo ERIFHEIIH G0 E 7> TnZeny, 22T
AWFZED BHY & LT ARAVE O HRE IR AR e 2200 & pObk U 7 28 LR 2 FEATh AT RE 72
gptdeltaF344 7 > M2 HWT, 7 v MEBERIE FE S JOWTFNE T DMAVY 35 X OF iAsT!
D in vivo ZEBJFMIZHOW TS 21T o 72,

2 Jik

B 10 IEHENE gpt delta F344 7 > b 36 ILa HIV 7z, FEERBHAAIF L 0 HELERE, 92
ppm DMAYV (50 ppm As)ff/K# 58, 87ppm iAsll (50 ppm As) K 5B 8 BEIZ AT
T I3 HMAEAT L, #MEIT-o72, SRk, VORI L3 K ORFIE L Y genomic DNA %
FY L, SRR 2T T 5 gpt assay 38 X OVKRKAE R A2 G2 Spi- assay & F L%
TV, BRFIEOFEOTE 21T -7,

3 AR

i B I R O —BERRBIC DT, MEALERE & bl U CRUREE 2 M H LV 1AsIT R 5-8ECH
ERAREAININ G 23R &l £ TH BT, In vivo B RIFMEABR ORI, RERER %
9% gptassay Tl BEDEARIR BBz CTITEELERE & ot LT DMAY & 5-8F 4 K OV 1AsT
BEREONT IO ERAEEE DR EREBIA LR o7, 70, FRRICHIBRIZ DN TS
HEALERE & LR L Ce R EGHETHERE®BIA LN 5T, gpt BInFDERANT |
T LAZOWT, ENERE RS X OWFIR CE L2 umat L7ofE R, BAERE L ik L TR E
IRBEFRANRYT N T DO BN o T,

RIEBZMHT 5 Spi- assay OfEF., MEALERE L L LT DMAVY #5815 KUY 1AsTI
FGHEE b ICERBE OB REZEDFEIAR L OBV hicb A bneinoTz,

22



L7273> T, DMAVE KL OHASII AN T v MEEBERIIEE bR 3s K OIS 3 L T in vivo 2 R
PRSI EDRHBNE 5T,

4 Fda

LI EDOFERIS, AETF IV T DMAY 35 L O AT 23T » MEDEREIE Rz 3 X OT
JEIZ B WT invivo BERJFMHEZ B S 72N 2 EBWOHTH LMol £, AU THED
NI, b BHFERREDABIRICI T 2 IEBEEMEIE AT O\ B2 SR 5 Ak
727 — 2 4Rt 5 2 LN TE T,

Evaluation of in vivo mutagenicity of iAs!l and DMAV in gpt delta F344 rat

Masaki Fujioka, Min Gi, Satoko Kawachi, Kenji Kumada,
Hideki Wanibuchi

Department of molecular pathology, Osaka city university graduate school of

medicine

DMAY is a major urinary metabolite of 1As™ and induced urinary bladder cancers
in rats. 1As™I and DMAYV are negative in in vitro mutagenicity tests. However, their
In vivo mutagenicity has not been determined. The purpose of present study is to
evaluate the in vivo mutagenicity of 1As™ and DMAYV in rat urinary bladder
epithelium and liver using gpt delta F344 rats.

Ten weeks old male gpt delta F344 rats were divided into 3 groups and treated
with 0, 92ppm DMAY, and 87ppm 1As! for 13 weeks in the drinking water. In the
mutation assay, point mutations are detected in the gpt gene by 6-thioguanine
selection and deletion mutations are identified in the red/gam genes by Spi- selection.

Results of gpt assay and Spi” assay showed that iAs™! and DMAYV had not effects
on the mutant frequencies and mutation spectrum in urinary bladder epithelium
and liver.

In this study, we examined for the first time in vivo mutagenicity of 1As™ and
DMAY in the urinary bladder epithelium and liver using gpt delta F344 rat and

demonstrated that 1As™ and DMAY are not mutagenic to these organs.
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Daily intake of arsenolipid compounds in the Japanese: Estimation
based on market basket survey

Md Hasan Al Amin !, Chan Xiong?, Kevin A.Francesconi?, Tomoko Oguri®,
and Jun Yoshinaga*

L University of Tokyo, 2 University of Graz, 3Nagoya City University, * Toyo University

Introduction:

Arsenolipids are lipid-soluble arsenic compounds present in different kinds of foods especially
in marine foods. In toxicological study, some arsenolipids are shown to be toxic to human liver
and bladder cells [1]. So there are emerging interests in evaluating the human health risk of
arsenolipids particularly in populations who abundantly consume marine foods such as the
Japanese. To this end, estimation of daily intake of arsenolipids is essential. We carried out
market basket survey in Japan to (1) identify contributing source(s) of, and (2) estimate daily
intake of arsenolipids.

Methods:

Atotal of 17 food composites, i.e., cereals, potatoes, sugars & sweeteners, pulses, nuts & seeds,
vegetables, fruits, mushrooms, algae, fish & shellfish, meats, eggs, milks, oils & fats,
confectioneries, beverages, and seasonings & spices, were prepared from 157 Japanese food
items which were purchased in Shizuoka city, Japan in December 2015. A portion of food
composites was freeze-dried individually and used for the analysis. Arsenolipids were
extracted by solvent mixture (DCM + MeOH= 2+1, v/v) from the food composites. After
purification, 12 arsenolipids were determined by high performance liquid
chromatography-inductively coupled plasma mass spectrometry/ electrospray ionization mass
spectrometry (HPLC-ICPMS/ESIMS) [2].

Results and discussions:

Arsenolipids were detected in algae, and fish & shellfish of the 17 food composites at a
concentration of 0.70-37.5 ng/g fresh weight. Figure 1 shows the chromatogram for the sample
of fish & shellfish composite.

0 HC 333 —NH, wash
1800 ‘] As(7)
o 1600 ‘

= FA391
= 1400 m HC 361
3 100 A | Fazga FA389 | Asl6) !

= o As(2) Astd)  As(s)
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Figure-1: HPLC-ICPMS chromatograms of the extract from fish & shellfish composite

Among the different groups of arsenolipids (AsHCs, AsFAs, and AsPLSs), the cytotoxic
arsenolipids (AsHCs) were found at higher concentration than the others. The concentrations
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of cytotoxic AsHC-332 and AsHC-360 in algae, and fish & shellfish were about 3.7 and 10,
and 23 and 4.6 ng/g of fresh weight, respectively. Another cytotoxic ASHC 444 was not
detected in any of the food composite.

Table 1 Estimated daily intake of cytotoxic arsenolipids (AsHCs) from food categories (ng/day)

. Cytotoxic Arsenolipids
Food categories

AsHC-332 AsHC-360 AsHC-444
Cereals <44 <44 <44
Potatoes <2.0 <2.0 <2.0
Sugars and sweeteners <10 <10 <10.
Pulses <2.0 <2.0 <2.0
Nuts and seeds <10 <10 <10
Vegetables <0.9 <0.9 <0.9
Fruits <15 <15 <15
Mushrooms <0.8 <0.8 <0.8
Algae 40.5 113 <3.3
Fish and shellfish 1526 305 <31
Meats <4.8 <4.8 <4.8
Eggs <24 <24 <4
Milks <1.6 <1.6 <1.6
Oils and fats <10 <10 <10
Confectioneries <8.9 <8.9 <8.9
Beverages <10 <10 <10
Seasonings and spices <3.6 <3.6 <3.6

Table 1 shows estimated daily intake of cytotoxic AsHCs compounds from each of the food
category. For the AsHCs and total arsenolipids (AsHCs, AsFAs and AsPLs), the daily
consumption of the Japanese was estimated at about 2.0 pg/person/day and 4.3 pg/person/day,
respectively. Algae and fish & shellfish contributed to the total intake of arsenolipids.

[1] Meyer et al,. Metallomics 2014, 6: 1023 [2] Glabonjat et al,. Anal. Chem 2014, 86: 10282.

EAMEERIEEYMO—BHERE : Y—45 Y bN\RT Y MEICKDHETE
Md Hasan Al Amin %, Chan Xiong?, Kevin A.Francesconi?, /NGEAA¥- 3,5 k% 4
LHURUK, 2University of Graz, 244 RT3 K, 4 BEER

NEEtE e LAY (As-lipid) PEEMICEENTNDL I ERMHNTWND, KITIZA
STV O OILEW P IR © 3 L A5 L~ L OB Z > 2 EnlE s,
WHENE L BT HHARANDY 27 GO REM#EE#R & LT, As-lipid Db &¥W L o—H
BIE B R BAHOREZHNE LT, v~—F7 vy bR 7y MEIZK AR
BHIEE & HPLC-ICPMS/ESIMS EIZ £ 2 04T 24T o 7o, 17 B anFED 43 Hr OGS S,
BB 2 BT As-lipid 23 vz, MilRBEEO S S 2 O RILKFER As-lipid
(AsHC-332, AsHC-360) O— HEE&EITZ, TN ENnB LZ 1.6, 041 ng/ NH, F72V
VHRER, MENERE &2 5 O 7o iR As-lipid BEEIT 43 ug/ AMMH TH D EHEE ST,
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BRECHERRUVIBEAMERICE TS AN oD ERSH

ORK ", &) B+ 0 B, i =2,
Bl W0, R s, iR B
TEERMERY: KRBT faRRE BLARTIERE, P AR SRS,
CEgE B = V2 o BB, RIERL ST BRI SE T

1 ZL®IZ

HEia I 7 v ) v a i — (AsSug) 70k U By R (AsLipid) 72X OFHEE
AP EEND, TNOOAKE FO—FIIENT Y AF AT LT CFREITHH S
NHZEND, ZOMRBEY AZFHMENEHE E INTWD, L LR LIEERMNDD
AsSug <° AsLipid OIEH K OO A B = X LIRS\, AHFZECIIyERN» S
Db FBRHICOWTHRZ1557-0 T 51 A (Undaria pinnatifida) Z#ZEREN & L, &
B IR K ORI T SR 21T o 72, 7o, e REHICBE5 T 25BN
A O bR TZ DO THET 5,

2 ik

PR T B A EEN LR e FET BRI LI T I A D ICP-MS 341 L W ke,
FEEMALIROTREEILATHIZE (Laparra et al. 2003, Almela et al. 2004) % Z#&(C
To7z. BHETIZ, KRELLZY I ATHEER K Z N 37°CT 4 RfiRE 21T > 72,
e U, 72 O RO Rl oy 2 & Lo IGIR 2 0 2. 30 7o MR L
Too ZRUCT VAL T A L DR EAT - 7% AR 2 W0 L 24 W% L7,
xR E U BN SRR o 7V 2 AERR U e, RGN IR BT 70 b S 3880 SR
Uil L7, Eeict 70 o 72470, e R EL ICP-MS THIE L7z, U A
DD b R G- 2 M OB RITIXIR A S — 7 o AR IE 2 VT2,
U A &SRR E U CHITE L i 2 b RIS HICBE ST 2 /Rt & 5 &5 2, B
EROWINER & WIN 24 FER% O > 7V firxige L Uiz, M@ DNA ofHIciE
Extrap Soil DNA kit Plus ZfffH L7z, 16SrRNA i&{5 1@ PCR Hilg, < —7r > AT,
FAFIPERR SR, REERFRMT XM OB MBI IC ZRE L 72,

3 AR

WER B THAU N ANTEENDHME FEI1L.30.2+0. 7 mg/kg dry (n=3) TH 7=,
ZOfEE 100% & L CIAHERAZ B Uiz, BB RN 4 B4 O b [BIRHERIT 13. 0+
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0.8% (n=3) . AREENFULAN 30 7714 T O RFEEH=RIL 18. 65, 2%, NHPIME KA 24
IREfEI 7% C O BRI ERIT 108 £2. 9% & 72 o 7=, — . BWNMEIERINY > 7 L Cld, 24
REf 1% O BRI 30. 8+£0. 6% TH - 7=,

WA S — 2 o 2B AR OFE R, 24 REE]Y > 7 )V ClX. Bacteroides ovatus
@ DNA A3 b 26 < Fett 41, #HEE DNA FERKEE O 61. 9% % (56D Tz, ZAUTIRWNTZE L
W ST DX Escherichia coli T, 5.5%Céh > 7=, B. ovatus @ DNA TGN HIE IR
ME#H OV TN D R S, T OMEEMIE 0. 8% &K< MO IGFNME E
RZE=R 5Y

4 &
B ovatus 13t MEWMEEICE END 7T Atk REHKEEO—FETHY |,

FEDOMIIEEIZ & E N D T NX U ERE ORMEZ RSO, Y v n — A D REER Z FEAET D
ZENREINTWD, 4l BERZ2EMEREIZRSV T, B MERRIE ORI

DD ANDDE REHEINDA B3, ZHUTIE B ovatus H3EEE- L TV 5 ATHE

PRSI STz,

Pk

Arsenic elution from brown seaweed in a simulated gastrointestinal tract
Yuki Otomo*, Momoko Hasegawa’®, Akihisa Hata!, Kenzo Yamanaka?,
Yoko Endo?®, Ginji Endo*, Noboru Fujitani*
! Chiba Institute of Science, >School of Pharmacy, Nihon University,
% Endo Occupational Health Consultant Office,

“The Ohara Memorial Institute for Science of Labour

Seaweed contains organic arsenic compounds such as arsenosugar (AsSug) and arsenolipid
(AsLipid). The mechanisms of elution and metabolism of these arsenics in the human
gastrointestinal tract are not clearly understood. In the present study, we observed the amount of
arsenic elution from wakame seaweed in a simulated gastrointestinal tract. Our results showed
that the addition of human enteric bacteria increased the amount of eluted arsenic. During 24
hours after adding human enteric bacteria, Bacteroides ovatus largely increased. B. ovatus, a
normal part of the human enteric microflora population, can break down viscous polysaccharides
such as alginic acid from brown seaweed. Therefore, enteric bacteria such as B. ovatus may

increase the quantity of arsenic that can be eluted from seaweed.
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S-dimethylarsino-glutathione x5 L=< D XIZH TS $EBF D
ERDERE

O wede L /bR onE 257 m)1 B2, SFEF B spp b2
VFHEREE  EEHIENT, 2 ESCBREIT BRETY A7 - RN 2 —

1. IL®IZ

b FITEEFEREOEHE LTE THREMEMEAYTH D, EikeFEThs =Mk bt
F (As0) XHEEAEM: - FIEAMERTEBENE A MR OTRKER & U CREE T & 10 4ELL E
i L=, AeREmLEYLE L TEEZ SN TW5, 3liv A T Uk ZLEW
@ S-dimethylarsino-glutathione((CHs).As"(GS);DMAG) %, it RILEMDRBIPRA L H#
EINTWLEA, ThETODEZAEFHEMPTHREESATLEL, —J5 T4 DMAG
VSRIEME T Ml ) o SIEOTRRIE L U CEBRAICIEBRAMTHOATIRY . HARTH ARFLEE
D 4H X0 HE IS ST, Lo LZ OVERBF R EII R TH D, LIAT,
Fex 1L DMAG E72i3d e g b U 7 A (NaAsOy iAs" ) Z~ 7 ARG L, &5
5% & 1 R OSMBOR e RIREZH T, BRE L THFORFIZEWNTDH
DMAG #GEETIIMi, IAS" B GHECIIFIIC E BN L ML TNDL Z EnH LM E
2ol, ElMiETTO v FEDOFEEREL HPLC-IICPMS THEGR L& 2 A, 5% 1 B
TR E HIZT AF ATV g (DMAY) L [E AR SO E— 27 235 &,
F- 5% 5D DMAG BERHZBWTH UV BITHA LI B2 BbNDRAED
FOE—I BMHE I, AR TIE DMAG Z#& 5 L7z~ R EF o v EiEE RS %
T 570, MAEFO e FOFEEZH LI L, FMET7 LTI ICER LR
{EEMOREE D Z [RET DI DI E2 T 72, X BIZ, EEr TR &7z e E3m
KK THDE D DEHRT D2 DB 5% 1 RFZICHILZ 1T > 72tk DlfER DK b Eik
JE &R E LT,

2. FiE

LA Dl O & B570
8 IR DOIENE C57BL6) ~ 7 A2 DMAG F721% iAs" 2 £ & & LT 05mgkg % 5- L 1 %
(DRI Z T 7215, K9 20mL OAFRRIEK CRHERT D Z LIk v blnziT->7-, %
DR & i 2 BREL U iR a8, FFISIEH) 0.1g 2 UEmsie & adms bk 3 Tl =Rk L.
ICPMS Ti b SRR 2 HIE LT,

2.7 U AMIER O v FEG R DFEIE
C57 BL/6J MMt~ o7 2B 21 2 8RBtk . 7272 Bl Dok L Ci s 28R L7z, 1%
A RPERRMEREZ EIR & L7z GS-520HQ 77 2 (Shodex) % FVNT 3 3471 THrER
(8~14 4y, 14~15%3, 15~1747) L7z, srBEICIE. TABER & LT 50 mM Tris-HNO; (pH7.4)
EERL. 7 L4 —T7 % 25°C, jitd%z 05mU/min & L7z, ZAENO5HEICE FE
B AR IE 50ppb (2725 X 512 DMAG Z¥shi L C 37°C T 1 I IMENR & 9 % HPLC-ICP MS
T ZEOFRER T 21T > 72 72 Proma®7 /L7 I UREX > M2 L ik
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DT NT IV ERE LI, AEOLEEITO, RO 21T -7, EHD
(E2ETARERIAHT I I 5 TSy U & IR CAT o 72,

3. R

EREATSTo~w T AL EREIT> TR T ADET R e RIREZ B L& 2 A,
WREIZIZ & A EZNH LI Te Z & D Blifas e b RIBEICIIT 2 iR OB 513k
T ENRIBE T,

F M EIZ DMAG Z WS L7326k Tld, @l LT DMAY, DMAG & [A] CAR R O v
—J BHER SNz, REEDE—271T 16~17 DB SN D0 ORHER Lz, Aoy
HIZEHENADIIT AT IV ERIESNTVWATED, Xy "R LTI LT I 2%
FLiz, TVT I UEBRELZMECENTH, DMAY, DMAG & [ URFif O B —2
DHER I N2, REED E— 7 TR SN - 1=,

a4, BB

YETEFEER OWE OFERN SR T O b RIREIZH T 2 RO G130 72 <. &5% 1IFH
THEHSCNZ DMAG 235 2 /040 STV D RIREMEDVRIB S D,

BRI E BOADA SN TND Z b, Mo e BOLHEREE S5 2
EN. HRRTR ORGEReEME, KEWER OB 2T 5 DICEES L E 2 D,

~ U ZMIEF O v FREE IV T, DMAG 1Z 15~17 4L O 43 iR A 134 A8,
MR RS S %2 L WD ATREMES /RIS T, T ORRHIFRIIXT L7 I > O
FACFEYS 528, MENS Xy FEAWTT LT I &2 BRE LIZIEIKIC DMAG ZHsin
L2 ZA, 15~17 DO =7 INEELIZE ZAML T VT I VRRICES L TV D
ZE DR TTE 72, DMAG Z RN UIME L7=% O g8 5 DMAY O B —7 OE &
ET AV TIVDOFEETRELLEIZENS, TATIVICHEETHZ & THERONIC
DMAVIZE L SN T LE D Z & ZFHO TV D ATREME RIR S T,

BRIITNT I VTRERT D 2 LI K DIERNA~DORE igdsh O PR E 58T L Cmtk
RN R AR T D7D E L TNE TN EE X TN D,

Chemical form of arsenic in mice injected S-dimethylarsino-glutathione S-in vitro and in vivo
Avyaka Kato®, Yayoi Kobayashi , Osamu Udagawa?, and Seishiro Hirano™?
1 Grad. School of Med & Pharm. Sci. Chiba University ?National Institute for Environmental Studies

Methylated metabolites of arsenic are implicated both in toxicological effects and medical treatment of
arsenicals. S-dimethylarsino-glutathione ((CHs).As"(GS);DMAG) which is considered to be an unstable
intermediate in the metabolic process of inorganic arsenic, is now under the phase Il clinical trial test for
Peripheral T-cell lymphoma (PTCL).We injected DMAG in mice and incubated DMAG with mice
plasma in vitro. We found that DMAG bound to albumin in mice plasma and DMAG distributed to
tissue 1 hour after-injection.
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EREE 2 /U E PML [EEIFRABIEIZE VT
R2EBARDEEZREILT S

OFHJIBEY « AR 2 - [REEGAE > « INkEHE M - /FRyRAE 14 - SEEPGE AR 1
L ESEBREERTIERT, * B R E SR A SRR, ° RO EE R R KR, ¢ THERRE

1. IL®IC

HF K OEFRG YT BRI ORE THY | £k % 7277 OWRBV AT O RO FER I Tn
%o — 7 CUAIE FANIED T F | fEAR - HAE A~ DB O hTH R MG (ZE ML RE)
~OVAZ PTG YEFIRE T 5 Z LD A ST 4 (Quansah et al. (2015)), LrL7
D5, JIF DR BILZ OFERIZR AR RS0 70 T I T o Ty, 3 & LTl &
VISR B b R I AR AT E B A s (APL) sk L TmbhTunbd, APL @
5 IK1E ProMyelocytic Leukemia (PML)? dominant negative /A T& 1 | Yu o (Re5 8 12
KXo THET S PML-RARaTH D Z ERFHILTW AN, #ik BEiE PML-moiety % 1)
IZZNENRE~NES ZENRBINTND, ZHETICHEA 1T~ T ADIFFEEITKT L,
fi b B SR SRR RIS 2 5.2 53, PML 2NEEEE L 72 ek OT 5 IS RifE+ 5 F &
WELTE L, AL X, IIFRECHE D PML ORFREHKFR 72 RTEZ (LA B 5
L L BT, PML OFEBLNGIZAT 9 FIZ LD PML OFEREIZ DUV TR T2,

2. Hik

FPRE & IR I B D IN T2 HE T D72, CSTBL/6I~ 7 APNE ) & BB ) intact
PRI S BRI D IR T B 5 Germinal VesicleSl (GVIR) % HiffE L 7=, KIZGVII%4, 20
FFfHl o MEMESHEFF TR Lo, ZHUC X 0 B AR OFEEE & 72 2 IR HAE L
7= GV-BreakDownJl (GVBDIR), =& AlHE7e L ~L F Ty # A HETT L 7= Metaphase 11
g (MIR) 2 =N Z 157, £7-C57BL/6I~ 7 A Z sifilHEIN &8 TH7=MIERI 5 LK
TEIRE L. HTREFHIN CT24REMEE R 7 5 F C2Mlafim 2 57-, PMLOJFTEIL, &0
T A EERE PR AIZ LV T 5 & & HI2, PML & M ERHE O 7L 2 B %
RYT 47 ar hue—e UCTEBMEZ B W, BRiAiliX, C57BL6I~ 7 A
2B ECD L7 KERE OB i & Gl s . AEERATE K 2 VTR L DAy A R
LTRATA RH T AW LI B FER ISR A 21T > 7o, PMLO FEBLENH] I
Invitrogenth:MStealth sSiRNAZ~A 7 v A > V=7 v a NEICEVIFTFN~NEAT S Z
CIE o TUTo 72, ZRELEIZBIT HAPMLO EE 2 LN T 572012, B4 30ERH
DOEF S TMIIR~EA LTz, — 1 CRKEENCRB T APMLOZ5- % 52T 5 72912,
PML siRNA%Z 7EA L7-GVIF % 78 A R ¥ = 2 5 5 — &l 4| 3-isobutyl-1-methylIxanthine
(IBMX) DAL T C— BHGVHNZRFF L7c, TRERIZIBMX A BRZE L, B 245 23 AT RE
IRAEMFIZEE U712 & BICITRFHES B ke L 7o, BRG24RFR] OB #K T, Mol
22« PO EHUARYL . (a-tubulin) 21T - 72,
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3. R

GV-MII JFF-DOENICB W T, PML IR EaEREZENT L 5 RRTELZ R LTz, 72, 2 Hifg
HIRIZ T, BTSSR O NIEIE. R IZRTER A bz, — 5T, KEFED
I BHRAE A th O BRI OB NIZIB WO TPMLIE, SCHkICZ< A HN5 5572 dottk @ body
AR LT, PML 232 B2 IC R BINHI L7224 B2 £ CImITRE Lz, — .
PML ZZFERTD GV HUZHBINHIL =LA ha— LEED 69.5%I25%tL . 25.4%D 73
MIl #IETHRE LTz, PML FEIMHIINCIL, =2 b — VO R AG ERL KT L, B/ Mg
FHSEIARCIN 1 DI THHIER DN E I S TOD X723 B ST,

4. BE

PML D R{ELB S « Jetafk O BB O D Z L. PML OFEIUMHNIZ LV #)
PEAATERRICEER T2 & A O D IR RN BIE SN D Z &2 b, PML IEIF1 D A
CARAI R g e fR B i A Z AL LR 2 RIET D TR Z 2 b d, IiF - Ricks
TPMLIE, —RICESHBITOD TPML EZ/MAE | 1972 dot IROMEE R EL TITAFEL TV
WEITHY, ZHETITHALNIT 2> TORWAEFEHIIE R A OFSRER A 35 AT REE 3B 2.5
N5, HiESEROI b BRPHIRAETERIC B L G2 0 F 2 KT 5 & REMIIFHIC
BWCH b EHEATEEZ AT 52 87 (PML 72E8) 28, JIRGEICKRT L CEE MR
HIEDTZAUCE S L TW D T SHSEARTER S R R & LTl e BemtE D EHW I — 7 v b
D—2 L7205 DR RIR ST,

[27 3Ciik] Quansah et al. Association of Arsenic with Adverse Pregnancy Outcomes/ Infant Mortality: A
Systematic Review and Meta-Analysis. Environ. Health Perspect. (2015) 123:412-421

Arsenite-binding protein PML promotes the proper spindle organization in maturing
oocytes in mice
Osamu Udagawa®, Satoshi Tsukamoto?, Takayuki Tatsumi®3, Ayaka Kato'*, Yayoi
Kobayashi'*, and Seishiro Hirano™*
National Institute for Environmental Studies, ?National Institute of Radiological Sciences,
Graduate School of Tokyo Medical and Dental University, “Graduate School of Chiba
University

Severe contamination of groundwater sources with highly toxic inorganic arsenic (iAs) has been
a worldwide concern. Besides carcinogenicity of iAs, recent progresses in epidemiology have
also revealed its non-carcinogenic effect on female reproduction resulting in increased abortion
rate as an adverse outcome. To understand the function of arsenite-binding protein in maturating
oocytes, we focused on PML, the well-defined arsenite-binding protein. We found that PML
localizes along the maturing chromosomes. Also, knocking down of PML in maturating oocytes
showed the impaired spindle morphogenesis, suggesting the role of PML in the proper spindle
formation on the meiotic maturation.
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HEK293 #ifa(Z &1+ 5 PML-MDM2 D#4fe & B EFEDES

I

OFBFiEH AR 12 « S BE L - ANARREEE 2 « /NARERAE 12
VENLBRBEMIEET, 2 TEERTFREE - BT

1. IXC®I

2MERTE B A R (APL) X, ProMyelocytic Leukemia (PML)® dominant negative
KCToH 5D PML-RARA OARFERNTHS Z &, div oK GV BHE APL Of
RNRPBOHND T ENAMBINTWDHA, PML BARITMGIER & L THEEL T
WHHDEEZ LN TS, PMLVEMGEET & L TE O —>L LT, PML
NESZEXT Y =P TEELTHE®MTHH D Mouse Double Minute 2 homolog
(MDM2)Z il L TWD Z ENFT b b, AFZETIE, 7/ AfREICL Y HEK293
AOMDM2 % / > 7 7 0 SETCHIIES S 512 PML &2 P88 S 7o i 2 FHvw T,
AR 3517 5 PML & MDM2 OREREZ fi#TT 5 & & HIT, H e BEORIEN 25 DO
JEZ B AE T B DUV TR 2.

2. Gk

PMLDONZEMIZZ LWHEK293fa, PMLZ EFRTIHEK293Mifd (HEKPML) % Hu»
7. F£7-. MDM2 CRISPR/Cas9 KO plasmid & MDM2 homology- directed repair plasmid %
HEK293 /i il | Z co-transfection L puromycin % i > T MDM2 knockoutZ @& ik % 1E L L 7=
(293-MDM2). HEK-PMLifid % F v T [RIERIZMDM2 D knockout = g A 7= 23 22 EAR 35
SR> T=D T, 293-MDM2#MIZPMLVI plasmid % transfect L CHIMZ#IE2 L=, =
OO Z FWT, HREMEZ I~ & & biT, #i e BROMIRLRE EM: 2 WST-814 % H
CTHIZE L7=, Pan-caspase inhibitor & %zVAD<>caspase-3 inhibitor T # % AcDEVD-CHO
FAAE TICH b BR 2R L CHIIR AR ZHRL L & b2, F I IRy U AEEZHN
Ccaspase-3/7i&E Mz HE L7=, HEK293, HEKPML, 293-MDM2ifi |2 #i & fi# (3 uM, 100
uM) & g2 U, AlIR 2 RIPARITEME & RNIEMEE 4y & 2 X 7 B Z Sy il LT, PML,
SUMO2/3, MDM2, p53D'EH), M oENElE Y = A X 7 ay METHIE LT,

3. fER

MDM2 % KO L 7z 293-MDM2 #i i1 HEK293 X° HEKPML #Aa | Z e~ I K& <,
FREE SR T & A ISR T LT\ 2, PML VI Z %8Bl & 72 293-MDM2 i Cidk,
fRBEFEANE L A S Z 53 Ml B XA b L7, PARICK L. 293-MDM2 il 1%, HEK293
<> HEKPML fifidic b~ e fgloxf L TR Vit Th - 72, 293-MDM2 #lifid Tix, ik
Fe DIRFEIZ LV caspase-3/7 1EMEDS H- L7z, UL, HEK293 X> 293-MDM2 #ifiuiZ 35
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WL, B B ORI caspase inhibitors DN R S oo K T
N b= AL OMBISE DRERE N E 2 Hivd, Hik BEZ T L7 HEKPML #ifu i,
INFETITHE L L 912, PML OARE L E SUMO L@z s/, MDM2 X PML
Z R EFBL LT HEKPML MIIZI W T DA, B e BEOERIZ LD RIPA AIIEMED AR
W~ LTz, 2602 & XY, PMLIEZ MDM2 & AN I BTk < A AAE
AL TERY it BRICEE L-HiiRics i) 5 MDM2 OB RZLIX PML O AREEL/ISUMO
RIZEFLTWD D EEZBND,

4. B

IR 7 CTdh D MDM2 O KO ~ 7 A IMAEESE (E55-6.5) THHIZHL b LT,
IHIEBIE - p53 2 KB L7-~ 7 A TIIMDM2 2 KBS HTHIEFICRET S Z L0 b,
MDM2 (% p53 KIFRICHR EIEMES4ZHIEH L TV A b0 EEZ 5N TWS, —F. PML
X MDM2 28132 Z LI KV EIHER 2~ o TidnwineExbhTEk, 2
IVETIT, M BRAIREE Lol T, PML 28 RIPA FI¥EMED b AR b~ & 20T
L2 EEHLMNTL TS, SHEOBZEICHBWNT, MDM2 23, PML 2AFRIEHL L T\ 5
HIRIZ BN T DA, HEBRIZKR LT PML &[AEED RIPA NA O b ZRLIZZ & X
v, HEEROBREICES MDM2 OEZLIE, PML OZLIZIEF L TWDH D EE %
bb, £7-. MDM2 % K48 L 7= 293-MDM2 HlfiiZ PML % 838 5 S B 7= 8 Al BEZE 72
MR LA R o= L0, £Emb Ty PML OREREIZx LT MDM2
DHHIEICER L CWD 2 L g SN 5,

Functions of PML-MDM?2 and effects of arsenite in HEK?293 cells.

Seishiro Hirano™?, Osamu Udagawa®, Ayaka Kato?, and Yayoi Kobayashi*?
!National Institute for Environmental Studies, 2Graduate School of Chiba University

We investigated effects of arsenite in HEK293, HEKPML (stably transfected with PML V1), and
293-MDM2 (MDM2-KO HEK293) cells. The growth of 293-MDM2 cells was much slower
than that of HEK293 and HEKPML cells. However, 293-MDM2 cells were more resistant to
arsenite than the other cells. Apoptosis was not the cytotoxic mechanism of arsenite in those
cells, if any. Most MDM2 was recovered in RIPA-soluble fraction. However, when PML was
overexpressed, MDM2 was changed from RIPA-soluble to RIPA-insoluble fraction by arsenite.
Modification of MDM2 induced by arsenite was completely dependent on the expression of
PML. Those results suggest that MDM2 and PML interact in the cells and PML regulates the
function of MDMZ2 and vice versa.

33



FIFRIEIZE YRR L F-ERMb/KBR L Sk bL 1B 3
RYTFZOUILT IR SAFTILOMERERE

OHfhesl —R8 1, BERW 1, JHILEIE 2
VENIRER S » TEABCEWIIEES, 2 B0 L3 M 5 R 224 - W LR

1 ZL®ic

KEEMEE T2 BEARECES EIIEET 52 L THROND Z T4 F 7T £
BCHERFENR RN G EMT 4 NV —T8 E OB B~ OIS AR FE S
TWb, 2DV FAFFNVEALZEMS L IIWERENZ AT 2k L EAELT5 2
SN K BT R A RIS E D 2 LNk D, ARFETIX, H OO LT
PRl K ERAL BRI 2R Y 77 U T 2 K(PAA) 7 7 A A7V OFRERICIRM L <
As(V)DWEM OFHRZIT N, As(V) DR AE T KO T M2 L D las 217 - 72,

2 FHik
2.1 LEMEINC X 28K LEREF PAA 27 7 A A7 L OFiH

FeCls /KiAIE & NasCOs KIEIR & A L CiREL L - B b KB L ekt % . Z8887K1Z
ST, TZUNANT IR, EXATZIUAT I RBIXOAULAXY TH/ig7T =0 A
KR RIE L, 0~1CE THEAZ NNNN-T b T AFILF L IT IUEMZ,
—15CT Wik « A S, B(L/KERLEREF PAA 7 7 4 4% /L (FeOOH 157 7
A A7) e, 15 DN 7 TSR 21T\, FLRE R & BV RIEIC W FeOOH
GHEZNET DL & LICEFHERECBR L,
2.2  As(V)WR A W1l iR

TR L 7= FeOOH #EF 7 T A A7 a W v T AEIZ AN, As(VIKIEIR &N %, 48 B
R E 5 SETREEZIToT2, £D%, WK O As RE% ICP THIE L7z,
2. 3 T ATk DR ER

L 72 FeOOH HEF PAA 7 7 A4 A7 VA BHEVBE ST 020 47, 6 mL
VI UVICED, v A7 uaFa—TROTITED pH 2 L= As(V)KEE % SV i
DH) 4 hL s LolcimEst, 77 AHO0 As(V)DJRE % ICP THIE L7z, Rk
DFEBRZE | BHEEETICES S8 PAA 7L (Gel F) 2 W TiT-7-,

3 MRBLUBE
3+ 1 FeOOH H£f PAA 7 7 A A7 MIZ K B As(V)W 5 -l

K- IINE(Cryogel A), FiRHFHE TR L7 Z 4 47 V3 LU FeOOH LY
D As(V) D FE G2 X 1127, KO As(VEBENMGRE LSRN L, B
FEDNE < 72 DITHEWVIR S BITFEITHEM L, S HICEBEE TREEN I HITHEMLT,
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T, SRR b & ORBIEERIC XD As(V)BRE DR EFPL L TV, FeOOH #*
H COLBICR L RR SN D, RiFRINEY 74 47 ik, GREFEZ 7447 0VE
KX O'FeOOH LB L 0 & As(MWAE B EWZ ERbhoTz,

3. 2 FeOOH £V T A4 47 NDh T Lk As(V)W &

715 BT K B S ORGE R A X 2 12, kRN & 5 FeOOH #5275
A Z47 W(Cryogel A%, WikBRIEH 1T As(V) 22 TWA L THY ., £ 100 mL @ik
As(VBFEENEITHE < iw Z D%, FRITEREZEEM LT, — 5. Gel F I, ¥k
WHET <IE AsS(VIRERE < 220 1D BTN Lz, 2 OmGE iR L ko7
As(V)@%é%a 34 53.5 mg/g-FeOOH T&H V. As(V)IEE 10 mg/L 23 1F 5 25

FERCTHoTm, INHDORERIE, 7 74 A7 VTN E E T2 FeOOH ki 112
£% As(V)@%é%a_ TR, WA SRR ORI TOEWIRERITHIS LTS L&
26D, £, BEhRS — BRI T EEMICELS o2 D, As(V)D
FeOOH ML ~DWAENLZEFETHITL TWD Z ENRBIND,

Adsorbed As [mgfg-FeOOH]
CiCo
=]

20
0.1 8V=3.84 l/h

0 20 L 40 60 80 o
C [mg/L] 0 100 200 300 400 500 GO0

Volume [ml]
B 1 R #NE &R I X S FeOOH
FF PAA 7 5 A A58 LU FeOOH L
4%:: £ 5 A&(V)U)[Jiﬁl -F ill]LT‘/]z

[%] 2 Rif-#EhniE FeOOH HE; PAA 27 5 A F4 4L
12k D As(V)D 4 Z 2l W A5 oo e th 43

Arsenic Adsorption Properties of Polyacrylamide Cryogels Containing
Iron Hydroxide Oxide Nanoparticles by Particle Addition Method

Koichiro Shiomori!, Misa Kurozumi?, Shioro Kiyoyama?

1Department of Applied Chemistry, University of Miyazaki,
2Department of Chemistry and Materials Technology, Miyakonojyo NCT

Polyacrylamide(PAA) cryogels containing FeOOH particles were prepared by
the particle addition method. FeOOH particles were observed on a whole of the
cryogel wall. The FeOOH cryogel successfully adsorbed a large amount of As(V) in
the adsorption equilibrium and the continuous flow adsorption experiments. It was
suggested that the FeOOH cryogel has a high adsorption rate of As(V) from the

adsorption property in the column adsorption with continuous flow.
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HEHEMAIFIZL S AsUIDE &K U As(V) DRERF

ORLE, EAER, FHinbie, KREEMH, HKE5HHK
IR R - TR

1 XL ®HIT

1990 FRITA » RN T TF v 2 2B W TR MM (0.01 mg/dms) 2z 5
HEE R K DR S TLCk, R T e BB HESREIC > TS, H
TR, TR TR O © ROFLRNEE L L TREERDH D, WEMZ T Z

(ZFRHE U 72 WE BT 15 3K 2 e i S S 5 2 BEFRWCE 23— iR 7228 | JLBR#%Z oD
EUNAREETH D Z LD, FREMAZ 7 ORDKRED /Ry FABIITHME S 720, £
7o, BEROWFEMEREIX pH ITREINLS 2D, mWREMNREZ R T T2 OITIZEYIKRD
pH JHEENMIE L 72 5,

T ZCARMIZETIL, Ny TR CTRA 2 W T2 R BIA R 5 Tho & FIHYIK O
pH fEIk T WA REZ BEBLT 2WAEME LT 7 =274 MIEH L, eELEWE
itz & S bk & mWEBMAOS BRI ZHAEDELZ LT pH OFELZ
I WKL T 21572, 2005 OWAEM 2 W TREFR T 2 W Rt 2 580 L 72,

2 FHik

WEPERRI - Co-Fe, Fe-Y IZILIGEIZ L 0 R L7z, XRD 4T1C & 0 R B L AN
D7 T4 MIRIESINTZ, B RWEERITTXITNYyFIETIT-72, WEHM 10 mg
(ZFTE pH IZFR#E L7= 0.1 mM b FIAEE % 15 ecm3 12 T, 120rpm T 303 K, 24 HFfEE
LI LT, AT VLT 4 NZ—TAhlltk, AT O FRE% ICP-AES (2 LV JIE
L7z, 72, b EWRERTHD Co-Fe DEBMMPLC) 2572024 pH O —4 &
AL RE LT,

3 MRBLOEE
Co-Fe 8L FeY 12X D As(TIDH L O As(V)We 75 @ pH #7714 % Fig.1 [Z/R7,

Co-Fe 1% As(ITI) % 5<pH<9, As(V)% pH<8 T 80%LL EWi7% L7z, Fe-Y % 7<pH<10
T As(IID), 5<pH<9 T As(V)% 80% LA LW g LTz, WL OREMERkL 1 & I O pH
T RBELRETED Z DRSNS pH IZEBIT D Co-Fe DERFEBMIZIH LIFTT
As(IIDI X O As(VW s D2 % Fig.2 1277, Co-Fe DZEEN A 9.8 1%, As(TIDH %
WIE As(MBWET 5 & Co-Fe ODFREBMIFMEF L, WEZD PZC 1TV T HIK pH
fil~> 7 b L7z, Fig.3 1% As(III) oW IZ&%IF 3 NaCl D% k7, AsIID)® 1000
IR D NaCl 2MFE L TWAIZH B 63, 4 pH SEIRIZ I8 TIRAERITIK T L2
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272, As(V) b FRROEBRAER DT T2, 16> T, AsIDF LY As(VIFBIL T2
T ONESERZTZM L T Co-Fe ITRAE SN EBRZBILD,

100 100 =
e -]
o %Pon O ° . &
80 | u] 80 | b "
Do P = B
- 60 f (o} — 60 } %
$ S (b) As(V) °
=3 o = . L
To40 } oCo-Fe Co40 ®Co-Fe
e Y BFe-Y ]
(a) As(IID) Ofe-y
20 f 20 |
0 . L L 0 I L L
4 6 8 10 12 4 6 8 10 12
PH,, pH,,

Fig.1 Effect of pH on adsorption percentage of (a) As(l11) and (b) As(V) with
Co-Fe and Fe-Y.

100 T ——y— 100 °
+ belore adsorphion
80 @after As(ITT) adsorption 0 | O 5)‘)8 g ®
— 60 @ Aafter As(V) adsorption (0] o oe
T 40 * 60 O
E ® = [
E 20} ?’0 . £
E - AL A . < 40 }  Owithout NaCl
E 1 6 8 10 1
(- T E
= 20 A . 5 | ®100mMNacCi
g -0 A .
60 A® 0
80 | A 4 6 8 10 12
-100 PH,
Fig.2 Effect of pH on zeta potential Fig.3 Effect of NaCl on adsorption of
before and after As(lll,V) As(111) with Co-Fe.

adsorption with Co-Fe.

Adsorption properties of As(l11) and As(V) using magnetic nanoparticles

Kaoru Ohe, Masaya Sugimoto, Amu Wakamatsu, Tatsuya Oshima, Yoshinari Baba
Faculty of Engineering, University of Miyazaki

Magnetic nanoparticles, Co-Fe and Fe-Y were prepared to remove As(III) and
As(V) from contaminated water. The nanoparticles adsorbed As(III) and As(V) more
than 80% from water in 7<pH<9. After the adsorption of As(III) and As(V) , the zeta
potential decreased and the point of zero charge (PZC) of Co-Fe shifted to the acidic
side. The adsorptions of As(ITI) and As(V) did not decrease even in the presence of
100 mM NaCl. Therefore it appears that the adsorption mechanism of As(III) and

As(V) using Co-Fe is due to the inner-sphere complex formation.
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O =, fE)INTD5 0y, WirsRh, KA
B EEMEE WEAT TR

1 [FLCHIC

3 MO L FHELT As(IN)ITZ OFEMEDO R S0 HEANIMI B TR - #1217 %
DOHHERRO N TND, THE THIRBSGSHEE LT, £ 77 07—
ERSDLD, BEOKRISCAFT D0 VAT BT AYENREL 2> TV, &
T2y WARRA T DO EZSHEE LT, KELeBERD LD, ZOFiEITAERER
TN U BERESEDVLENRH Y, ZEMEOEIZB W TIEN R I LTV,

HEOIX, ERBPFEORFEELELE LTHOLR WA VT A — el Th D 2,3-T A
NH T N7 R ) — )L (BAL)R E R EDBWER I EATH I EIZHER L, © AR
ER T BAL BT A — /LB DIEARETH D 23- VAN T T T rss ) — /L)
F A — L&Y O R EE TH 5 5-(3-Carboxy-4-nitrophenyl)disulfanyl-2-nitro benzoic
acid (DNTB) CHETHZ LD, ZORAKISIZEBWTAs(INEFsE5 &, £
DTS T TOFHINEA L, FICL Y e BREOLOOITNAIEE L 72D L HWiFE
N5, KHTIE, SHHOMAICHESE, 23-UA NI T N7 rsR/—)L L DNTB
WY ARA A DEEEZTIZWET LW As(ID D LT OGS 2 H 1Y
IZHRE R T TR R 2 WM E T 5,

0 OHO o OH (:|.|2
| |
N+
— 2 ~t s CH
As(IID)
(Inhibited) HS
HO CH,
2,3-Dimercaptopropanol DNTB Colored
2 FHik
FBHAK 3mL (2 1x10™*mol/L @ BAL 3mL 3 X T8 1x102 mol/L ¥ ABEEFEMEK 2mL, i
K 5mL ZNERIN Z 5, Z DIREVR 3mL (2% LT 1x102 mol/L DNTB /Kizi% % 0.02 mL

Nz 7-%, 412 nm BT AW E 2 H1lE LT,

3 BERBIUERE
FBHEEE |2/ U C DNTB & BAL ORAKIGSOATHNEMGT D Z & NEIE SN,
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Fig.1 |12/~ 3 XK 912412 nm 2B 1T DWW SEE Db 28 B S 7, A2 X 0 0.1~2 mg/L

O ASNDEENFEETH Y, Bk 08 —

B IZ35 1T B M HE (R 2515 8.8% , A

Thole, £z, KEIXLT 1~ T / B\\\

1000mg/L. D Y AEEA A M fFSE ] /7//0
THRIEEICEBIR LN -T2, ’,C

AIEZ, V7T o7 —iEL D b 2

EEDSE <, BIALERZR LIT Y AL A .. TS
DEBEZIT RN Enh, BSOS * wevelength ] °
EELTOERAMENEIFEINS, Fig.1 Absorption spectrum with trivalent inorganic arsenic

[As(lI)] =A:0,B: 0.1, C: 1.0, D: 2.0 mg/L

New type Color Analysis for Trivalent Inorganic Arsenic
using Therapeutic Agent

Atsushi Manaka, Haruka Tsunekawa, Saori Takamatsu, Masamoto Tafu

National Institute of Technology, Toyama College

Development of simple analysis for trivalent inorganic arsenic ion (As(lI11)) is desired
because of its high toxicity. One of the effective simple analysis of As(lll) is molybdenum
blue colorimetry method. However, this method does not have satisfaction sensitivity, and
phosphate ion interferes strongly against this color reaction. Arsenic hydride method is also
useful method under presence of phosphate ion, but, this method generate toxic gas in
procedure.

2,3-Dimercaptopropanol which is dithiol compound strongly bond with arsenic ion and
widely used for therapeutic agent for arsenic poisoning. Concentration of 2,3-Dimercapto
propanol is able to analized by colorimetric method by using 5-(3-Carboxy-4-nitrophenyl)
disulfanyl-2-nitrobenzoic acid (DNTB) which is color reagent for thiol compounds in phosphate
buffer. Under presence of As(lll), the color reaction is strongly interfered. Based on these
findings, objective of this study is development of new type of color analysis forAs(l1l) with
2,3-Dimercaptopropanol and DNTB.

As a result, absorbance at 412 nm was decreased with As(l11) concentration, and 0.1 to 2 ppm
of arsenic was able to be determined by the proposed method. The analytical result was not
interfered by presence of 1000 mg/L of phosphate ion.
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(pentose phosphate pathway: PPP) (28D 2 Bn 2@ EFEE L T\Wb, X h—RY
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T2 ENMBNTWVD A, #i e Bt & OBMRICOW T ST, Fix i,
BERFICRW T, HEE RN h—R U UK IZ B0 58 s FREO B 20 L, Mg
BHELZTRTZEZHLNILTWDA, b Mgz AWz EhE S Tuniavyy, AuFse
TiE, b MHERR THP-1 Milaz AV C, #ie Bt & 0 h— 2 U R & OBIfR
WZDOWTHERT L7z,

2. Jilk

THP-1 Mifa O Hi & FRIZ 69 2 &5 : THP-1 il % #f & B 17AE T C 24 FRRiES 3. Cell
counting Kkit-8 % F\ N CTHRIFRAESER 2 HIE L7-, Ht A PPP B [K -0 mRNA L ~L
252 558 Wi e BRIFAE T 24 FRERIRS2E L7 THP-1 M@ & RNA ZfhH L. PPP 4
HK 1D mRNA L% U 7 )L % A A PCRIEIZ X » THIE L7-, Hit A PPP Ba5# A
FTDENTE VNG X B % Hi e BRAFAE T 24 IRFfEIRGE L7z THP-1 Mz a1
% PPP DI AR MRS E K 1~ (Ribose 5-Phosphate Isomerase A: RPIA) X > /X7
BHL~VEHRPIAGURE W= 2 A X T a vy T 0 IR K » THIE LT,

3. MBI OB

HEENN F—R Y R RS T ORBL L NV RIT T RELRE LT &
Z 5. NADPH DREAEIZ B D 2 M b i) B PE BB 7 (PGLS 35 LT PGD) @ mRNA %
BLL-TIF e A ERBELZ T o Tz, — 7, EBERIZLE PO A #IZ D
% IEBRAL BRI E 57 (RPIA B KON TKT) O3EHL LU b BRTE A7 AR
TL7, £72, RPIA (B L CIE, HERMUBIC L > TH U R ELULNMETT 52
ELRER S Tz, FEBRLAVERPE O B U R — 2-5-1 VEEORIEMATH D D-V R—
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Arsenite suppresses expression of genes involved in synthesis of ribose-5-phosphate in
human acute monocytic leukemia THP-1 cells

Tsuyoshi Nakano, Tsutomu Takahashi, Yasuyuki Fujiwara

Department of Environmental Health, School of Pharmacy, Tokyo University of Pharmacy
and Life Sciences

Arsenic is a hazardous element that exists widely in the environment. Health hazards caused
by arsenic pollution of ground water have been issues of global concern, especially in Southeast
Asia. However, the detailed mechanisms that mediate arsenic toxicity remain unclear. In an
effort to identify novel mechanisms responsible for toxicity of arsenite, we have searched for
genes conferring cellular sensitivity against arsenite using budding yeast as a model eukaryote,
and found that repression of genes involved in pentose phosphate pathway (PPP) increased
sensitivity of yeast cells to arsenite. In this study, we found that arsenite repressed expression of
genes involved in non-oxidative branch of PPP, which is important for generating
ribose-5-phosphate in human acute monocytic leukemia THP-1 cells. We also found that
addition of D-ribose, a precursor of ribose-5-phosphate, to culture medium decreased the
toxicity of arsenite in THP-1 cells. These results suggest that arsenite might inhibit synthesis of
ribose-5-phosphate through repression of genes involved in non-oxidative branch of PPP.
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(H2S)72E > SH donor 3T HZEa WAL TWaE, 224 [, eMTEE(HepaRG)H
iz vy, DMMTAY BR5EIC LA BRI HOWTT Rb—2 20 FH R B IO D B i
ThHNAR—=PEFLITHGTL . DMMTAY O3 EICE1T D GSH D& ENC OV TEER
L7z,

2 Hilk
DMMTAY D E#EMFRBUZ IS T DM GSH D% 5-

HepaRG A2 1 mM L-buthionine sulfoximine (BSO)% 6 HEJALEEL CTHIMUPN GSH & %
K FEE72%% . DMMTAY % 24 FEfi] (37°C, 5% COo)MEFEL7-, MREE% ., Mla ATt
WST-8 % (Cell Counting Kit-8, Dojindo)is X UVMIE N ATP & o i iE (CellTiter-Glo,
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RN, ML GSH R E MR S 7=z iz DMA"-SG, DMMTAY 2R L7-L24, &
BIZT A= RIS DNA 77 =Sz, ZosE WInoLEmIZB W THE A
R—B 3T RO RN AT, £7-, DMMTAY IR IZH\WOCIE, ML ERIER IS, #1
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DMA"MZFWT, HAN—8 37 DIEFMAIZEA 520 A3 —E-8 BL U9 OIEHERIE AT
STfER, A R—E-9 IHMEX DMA", DMMTAY S (ENTHIM L7, — 5, A S—F
-8 IX DMMTAVY I&EZ IRF D A IETE L=,

ffC. DMMTAY OEb7e A HHEFE CAR T 2L GV DR BIZ OV THRFTT 5729
DMA" |25 L H,S % [FIIRFICBR R L= L 2%, DMA!" Ofiiia # it L O 2 — B iRk ib\?“
b HoS IZE il &AM 23 b i,

UL EDZ s, DMMTAY OFPEREIZI VT, AN GSH 3R 5 LT,
DMMTAY SO AR T 5 DMA" MEMER B I W TR ERERIZ R L T\woH e
DIURIBS T, AT, VAT VEE LA MO FEMERBUIL, [REhERE T4+ DMA" ©
H7257 DMMTAY DL A7 AR 23 % 5-L T, DMMTAY X DMA" 57257 7R K
— AT AT T D RTREME S RIS LT,

2% 3Lk
[1] Ochi T et al., Toxicol Appl Pharmacol 228 (2008) 59-67.
[2] Kurosawa H et al., J Trace Elem Biol 33 (2016) 87-94.

Metabolic activation associated with glutathione in dimethylmonothioarsinc acid-induced toxicity

Shimoda Y?, Kurosawa H*?, Kato K*, Hata A%, Endo Y*#, Endo G®, Yamanaka K*
1School of Pharmacy, Nihon University, 2Criminal Investigation Laboratory, Metropolitan Police
Department, *Faculty of Risk and Crisis Management, Chiba Institute of Science, “‘Endo Occupational

Health Consultant Office, 5The Institute for Science Labour

An ultimate substance in DMMTA"-induced toxic actions is estimated to be DMA!" that is
produced in the metabolic redox of DMMTAY. With regards to the DMA"' toxicity, the
apoptosis induced via oxidative stress has been proposed. However, the details are not fully
understood. The present study suggests the possibility of a new mechanism of apoptosis by
DMMTA".
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In vitro # & U in vivo TEAAHMA MDA-MB-231 [Zxt9 5
AsTETF RS U R VOEM - #RICKSMESENE

OF Jf', #k WLty = ', & FH, @k k!
UHORCERL R - RS - IS AR LR EE P P ETEREE TEsEER

1 Froic

IR AT R P OLEICB N TEILSHESNTVDERATHY , BENOIREODH D
BRI DBAFE NI KD BTV D, Arsenite (As") IZFIME - HEIAMESMERTE BB
PEAIMFEE (APL) ORI LE L THOWOND R, ZOEERIGHOIERAMmER X O
AHERIZE VIR TS, EHFETHLIHPC (SAE5W) BkOT F 7 R
v (Tetra) ZT7AHTaA FO—FTHY | FEIZIEV THIK THRIEESHHIIRIE &
LTEDLILTWD—F, BAMIICKT T 2 BMBaEH bilE S Tnb, £ 2T, A
ZEITELAN AFMAE MDA-MB-231 38 X OV DN AT T /MK 5 As' Bl K (N Tetra &
OOFFIC L D2HEBDIFR L, TDOA D= LER[DZEEHNE LT,

2 Hik

XTT B L O colony formation assay & FV>, HMIACHEFEINHIZh R 2 Mgt L 7=, FACS &
LDH 7" & A 12 & 0 il 5] & e 7 PR a% 8 2 BT L 72, Western blot 38 KU qPCR ¥4
2RV A— FT7 7 =B L ORI B 5 8 s 3Bl 2 7ML 72, MDA-MB-231
OHEMN A~ 7 ZAEPENITE Y As' (2 mg/kg) & Tetra (20 mg/kg) ZFLEILHIMEB
FOBHHT L A 1 IE, 11 e G U, AR IR AR - Bk E 2 G & LT,

BHEHME THOEEERE LR LT,

3 MRBIUEZR

MDA-MB-231 M2 351F 2 As™ Tetra BMALERIT X 2 IR B AT 22 3 MR /R ] 3 Bl
AL, WA OO L0 BHIRR/EH OHRGRD HivTe, Fo, A ML & L
i U, OF AR CI3iifa B N B 8212 B 5 p2l, p27 ORBIN LV M FEI N,
As' Tetra H « JEHERIZ L DA — h 7 7 U—0OFFE, Z L CHli AN L 2 /iaE
MENA— T 7 —A B EHX—THD wortmannin OF(E F CHFICIHI S ND Z &
DBl SN, SBIC, WEAIOHENR A~ T AEVEN~OEEIZ LV | Sk
LMHIRPBEIND & &I, TEGHE L IR GEREOEMIREIZH & 722 kT e
ofce LEDZ MG A Tetra OOF A GIL. S ATRIRITH T 5B LRIGHRIE
ThoHIEWRBEENT, o, MEAOHFIERSGIEMEIC, 4 — 7 7 P —H il OFHE
B LM A D arrest LT 25 Z L RB X BT,

44



Antitumor activity of arsenite and tetrandrine, alone and in combination, against

breast cancer cell line MDA-MB-231 in vitro and in vivo

Xiao Wang!, Mingjiang Yaol2, Bo Yuan!, Hideki Hayashi!, and Norio Takagi!
1 Department of Applied Biochemistry, Tokyo University of Pharmacy & Life Sciences.
2 Xiyuan Hospital, China Academy of Chinese Medical Sciences.

[Background and Aims]Breast cancer is an alarmingly common and serious health
concern for women worldwide and efficient anti-tumor drugs with low toxicity is
urgently needed. Arsenite (As!) has been used to treat acute promyelocytic
leukemia successfully, but its resistance and side effects limit its use, thus attempts
have been made in drug combinations to overcome these deficits. Tetrandrine
(Tetra), derived from Stephania tetrandra, has recently been reported to possess
tumoricidal activity. The current study aimed to investigate the antitumor activity
of As™ and Tetra, alone and in combination, using human triple negative breast
cancer cell line MDA-MB-231 and its xenografts.

[Methods] Cell growth inhibition was assessed by XTT assay and colony formation
assay. Cell cycle arrest and cytotoxicity were analyzed by FACS and LDH assay,
respectively. Effects of these reagents on the expression of genes related to
autophagy and cell cycle arrest were investigated by quantitative real-time PCR
and/or western blot. Xenografted mice received intraperitoneal once-daily dose of 2
mg/kg As!I and 20 mg/kg Tetra, alone or in combination, for 11 weeks, and the
tumor volumes and body weight were monitored every day.

[ Results and Discussion] Dose-dependent cytocidal effects were observed in
MDA-MB-231 cells when treated with various concentrations of As!! or Tetra, and
enhanced cytocidal effects were further observed in their combination. The
expression of p21 and p27 closely related to cell cycle arrest was upregulated by the
treatment of As™! and Tetra, alone and in combination. Intriguingly, autophagy
induction, and an abrogation of the combinatorial treatment-triggered cytocidal
effects by autophagy inhibitor, wortmannin, was observed in the treated cells.
Importantly, in vivo study revealed that administration of As!! combined with Tetra
resulted in a clear reduction in tumor growth in MDA-MB-231 xenografts without
no alteration in the body weight between treated and untreated groups. These
results suggest that combined application of As! and Tetra is a potential
therapeutic strategy in breast cancer, and that the antitumor activities of these
reagents are partially attributed to their capability to induce autophagic cell death

as well as the cell cycle arrest.
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Coriandrum sativum LEHERPDEHEREFYEIZL S
Nrf2 ;&b d L VE# = E TOMBEHER

OZFF I 1, P EA 2, HEMETS, A A 128
VIR RFEZRER R, 2O KRR A MBEER AR, PRI KRFERER e 22—
AT = VAV = 57 N

1 XL ®HIT

FRRNRT F— LM EN D Corianderum sativum L. (C.sativum, CSL) OIE[L, IH
RMOFEEHL, KM7 VT 2t e 3 5MHRAPOEL TR BRSNS, CSL filit
& (CSLE) 1%, 55 _tHIEMMAHEEERES L O =M b 7 v AR — & —HE 2 alFEIC il
T 5 72 O ARSI EHE R R G R Nef2 215 LT 5 L WO & TS 528, M
172 D R ATEMAICEHE CTH 5 AW TH 5. 7o, BAFZEEDLATHIEIZEHB N T,
AR AT LOIEMAL N R =i & 35 GASIID) OMfEEMEEZRET 52 2 RH L Tn
5. Nrf2 1%, =1z Azl 25 Keapl WEE W8I L VIER 23T 5 15T
5 Z b, CSLE HOBE T WEPAIEHAICEEREE 2R L, AEHEEZNT LT
MR — e FOmMEEZRET 5 EESND. £2 T, AFFETIE, CSL H 0 Nrf2 i%
AR5y 22 UPLC-MSEf##r ClRIE L, M —ffi b BTk 2 MinfRigE Rz ~4 2 &
ZHIE LTz,

2 Gk
MR ;& NAF2EIER Sk HepG2 i 2 iV /=, CSLE B X ONENIEH E 1/~ &
‘ﬁ‘é 24 FERIATIC MG A EEHIC A L=, CSLE OHHE L OV EL © ~ 5 il i
SRR v~ 7T 7 0 —ToBELTz. ENIEBE TWEOFE : CSLE 125
ﬁéﬂé 7VT e RE%AE DAIH CTihiE R kL UPLC-MSEf###T 217> 7=. Keapl ~DHl
EAER AN LR Keapl # v X7 HE~DHEEMiz 4 F o~ A IR
Tz (BPMVE) ICX VB L7, Nef2 i LB KOV FmZ L8 EORE : v R
Zo7my MEBXOY 7 AH A L PCRIEIZTHI L7, fiaz!E : MTT £ CTHIE L
7-. AjEAN b FEE OHIE : ICP-MS (ELAN DRC-e, Perkin Elmar t5) %\, E#
5 (Hirano S et al, Arch Toxicol, 2003) D JFiEIZHEVVT - 7=,

3 MRBLUBE

HepG2 #ili % CSLE (2R L72#E %, Nrf2 OFFMEEA R 57z, CSLE o> Nrf2
TEMEALR Y Z RET D720 :,CﬂE% BRI v~ N7 T T 4 =TI~V S
WZBEL, &0 mIC HepG2 MildZgEE L7 & 2 A, (ML T Nrf2 OEMHAER
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Ao, ZORREIFT 5918, TE2BRTIOSEIZS o, B Kﬁ’ﬁﬁﬂ?ﬂ/?t F‘
Wi & 4 F7D 2-alkenal & B & L7z Clo~Cia DR FEE D F /g 5)15575155%#%%?4&
BENTWEZ ERH LN o7c. EHIT, CSLE OMAUIZ IV TEE RS
% (E)-2-decenal (Cio) & (£)-2-dodecenal (Ci2) (2 HepG2 MRz IR L= & Z A,
MR EE IR FE KR 72 Nrf2 OFE M b K TOVHO-1 OFFE R F8D 57z (Abiko Y et al,
Agric Food Chem 62, 10936-10944, 2014) . ¥&iZ, CSLE 8 X OARIEIEBLIE T-9E 1%
HERE — il b B OBMEL BT 20 ENEMET L7z 2 A, CSLE B LUK ESLE T
YVE OFTLEEREIL, RHHEHE & Hofe U CHERE =i b R L DMt 4 A RSB L7z,
ASEOBmE S, C sativum 1%, Nrf2 {EMH{LHE 2 H 7 5 (B)-2-decenal <°
(B)-2-dodecenal ® & 9 72 2-7 )W/ F— L& HARFH & LTz RBEE D B 72 HEE O NN
EHREFYWEEGHT DM THD Z R gnoT-. £, K32 TH /= UPLC-MSE
fEMTHS KON Nef2 IEHALORGEHZ L0, HE T ONENIEHETWE RS ITHRET 5 2
EIFIRETH 5. Nrf2 OFEME(RIE, HHE —{h b FOMHE - RiCBE 545 FitEs+
HORBEZFET DL ENHMOLN TS, CSLE B8 L ORIBEBLE T-WEIL, AR5
K- DTEPEAL & U CHERE = Al b 3R OfE7E - St A2 (edE 2 2 & T, AMfa g 2 8
TLHONE L.

Nrf2 activation and protection from arsenite-induced toxicity by electrophiles

from Coriandrum sativum L. leaf extract in HepG2 cells

Yumi Abiko?!, Mai Mizokawa?, Ayaka Satomi3, Yoshito Kumagail-23
Faculty of Medicine, University of Tsukuba
2Masters Program in Environmental Sciences, Graduate School of Environmental
Sciences, University of Tsukuba
3Leading Graduate School Doctoral Program, PhD Program in Human Biology,
University of Tsukuba

We found that there are aliphatic electrophiles, which possess different carbon
number with o, B-unsaturated aldehyde moiety, such as (£)-2-decenal or
(#£)-2-dodecenal that can activate Nrf2 and reduce arsenic-induced cytotoxicity in

Coriandrum sativum L. leaf extract.
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ERFRETEERODRAKEY~NDEREZE(ICHT IHFVEDOEE

Of BH &, ARMIL, EARR, miEm, KK &
JEEVE By R RSB B o2 R Fi Y

1 i

IR BRBEANTHRIROBLED | Bix BT SORFIHE IR 2 5 & L - FRE IR LAk
MBERENTEY, TOREFELZIEL CAHAL TWH BERSH 5, FHEFRILHEO
BREWVEL, AELEOGAHBESRHERER GRS b3, 44 3 > 2(D. magna)<°
b A X (0. latipes) 5 D KAEAMITHKTT HAERREEBIZOVTHIHMETRETH D, FF
TR DOERER BT KIE, BU O 2 BN T — 4 X—2{L LA L TWa 23, HE
AL E e & OERREIZOWT, BRIICFEET 2 FIEIML S T2y, 2o X
D IRRPBL D AR BB BERAME A WS 9 51 iE . SBT3 1T 2 s o A b - Fl D 5 2 4
ST HMENRD D, AR TIE, A IV aRe AX B EH WL ELREOLEREY
BRI B W T A LA OB A et LTz,

2 ik

A IV aEHWDAEREEREIT OECD 7 A A KT A > 202 IZiE#i s T
WD IFHRICHEIL L THT W, HE0KBRSE 2 32 T T2 R OB S L 0 KR EHAB O RFERE (F
Bl vk BT L, ECso[mg/L]) Z 5 Ui L 7=, 3RBR/kIE, 1S06341 (it oo A TifHd
K AT I ET D) 2H L7, e A D E2RWDEREEREITOECD 7 A N7
A RZ A 203 IZFEH STV D IFEICHEILL TITW, [RERICE SR O PHEBERE;
LCso[mg/L] % it URFAf L7z, sBR/KICIINIIESR K & L7,

3 MRBIUBE
3.1 RREBREZHIAE 35 K OB AL B3 O 52 %
S NEDA A M T R
BRBOAA IV A RIEREICR L o0 captmbic i s s o p

P

TOEEHE S OB AT LI R % i i [mg-CaCO,/ L]
RLUTT, KR THFALEE LT gy KHTO 250 70
R B T bERE ECq, [mg-Metal / L]
EET 5 Cu(ll), Po(I)Tik, RBRESHipH ) . 0 0000
ER@E LRI o0 CTatEmERN KR poq) pp2* 132 0.28
THEMB AN, BT AU FEE LT Hl Hg?* 0.0028 0.0044
- LBt o SbIl) - 47 41
ﬁﬁ?émﬁm&m%kzwﬁéﬂkf ) ShOH): 50 i
LLBEZDND, TP TT =42 se(Vl)  se0,” 12 17
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fl & UTIEET D As(I), As(V) ST, BEHEE OB 2 1T L A 82T 7o Te, 70K
FIZ, =F L7 2 UEE (EDTA), = MY e fii2 (NTA). « </ _Fil% (IDA)
7 TR E W o TN LAY & S SR A L Cu(ll), Zn(IDiZ oW TA A I Vo
AMEFEOEIEN B SN2, As(V)R° Se(VI) D& T Atk mtEc i 22 22 bix A b
7o Tz, Cu(INZEL, EDTA Z5 L8R LAERA~OI Y IABENEDVTHEE 2L
L, As(V)R° Se(VI)iZ., KIHPTAF Y 7= & LTIFEEL TWA DT, S5
B FIEDEN~DBFCARICEEN 2o T2 b EX BILD,

32 KMZHAFT DT =A L FDE

AS(V)D £ A X% AkEtic x5 o, 100 [HE—E—e
Br, I 5007 =4 L FO I SV T A & o
L7z, KLIZRT LI, ZThooT =4 \?75- A
CHENIEET B L AS(V) DA S A

Ui Sh(I)ik LT RO 51T - 7 %’50 I

LA, AL EICT=FroTfFEIc & g |
D EMEREREE Lz, ATARY TS S (@ :Ezgr
AR E LTHEELTWD As(V)X Sh(lll) = Nl
DIKAEEMRNICT =F v F ¥ o V%%
SUTERMICROAERBIC, 7 & 10 20 30 40
= FEFAET DO EBEZOND, I Cl-, Br, I Conc [mmol/L]

77 = A RIS L VRN IIL D OEIAF w1 As(V)D & 2 & 7 ARk 50l
T oA HEOEMENEGRT S LB, Br, A7 D B2, As(V)Z TG 25 mg/L

Influence of coexisting compounds onto ecotoxicity of arsenic and other hazardous heavy metals
for fresh water organisms

Tsunenori Nakajima, Tsunenori Nakajima, Tomohiro Motomura, Takaya Sugimoto,
Hirokazu Takanashi, and Akira Ohki
Graduate School of Science and Engineering, Kagoshima University

Arsenic and other heavy metals show toxicities for freshwater organisms and the toxicity is
influenced by the presence of coexisting compounds. In this study, the influence of hardness of
medium, the presence of chelators and anion species on the ecotoxicity of arsenic and other
hazardous heavy metals for fresh water organisms was examined. The acute toxicities of As(l11)
and Sb(Il) which exists oxoanion species decreased with the presence of ClI-, Br, and I anion.
By contrast, hardness of medium and the presence of chelators affected to the acute toxicities of
Cu(ll) and other cationic elements for fresh water organisms, such as D. magna and O. latipes.
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OADEREEILOsPCS1IZ&->THIEIEh S

OB 120 BRIEA L, LHEBIE L SR 34 Oa)lRE !
VRN BRI, 2 TR A R RE IR, 2 e FAE TR, A IIRNER

1 ILC®HIT

A—T v 7 ARBRIIBNT, I ATEEN DB b RO RIEEE iR S .
2014 4E 7 AICKEKIE 0.2 mefkg (2. ALE 6 A 12 LK1 0.35melke 12725 = & ARUiE L
Too L LZKIZBE L CIE, B R OTEYRES IE K ORI O 72 0 O Efiii i 4 21T L T 3 4
#%IZ, TOREE CTOEERT —FITEONWT, BEELSIE TITF 570D E1T9 &
IR ETHLTD, 3 XD RIREDOKRBALITRZEAEE FVLHAOREL 5 2 5,

Texld, 2HEMOARL RO T LTBNT, av bl UEREND LK RRENEH
U< EFH U7z 28K (has-kmtl & has-kmt2) %334k L, has-kmtl | OsABCCI1 &1x
FTOERTHDZ L E2RE LT, 5, haskmt2ZEBKORKEE TN 7 74 Nro
F (PC) GERBIETD—D2>THDH 0sPCS1 THHZ LxZEXILD, LAKDOEFHR
HEFHIZH T 5 OsPCS1 OEREIC DWW THRNT L7200 T, M54 5,

2 Kk

has-kmt2 DJFKER T2 FFET D7D, ~ANZF &R LT F2 #EZF]H L T map-
based cloning #1T>72, Mz T haskmt2 DR ) b —rr v AZLTUN, [ifG R4
2R K s 7 (OsPCS1) Z47E L7, PCS &5 1131 RIZ 2 2 (0sPCS1 & OsPCS2)
FUET DD XA T4 77 rE—4—1 LIL35S 7V nE—4% —CHAERD OsPCSI
& OsPCS2 % has-kmt2 THBLI W02 ERZFER L, MR EITo 72, 8
512 0sPCS1 & OsPCS2 D4y FHREDE WA TR 572, KW Oz % R0 g
AW PCAHKT v AR BREIT ST,

3 MERBLUBE

haskmt2 77 ) LD — T T APREIWZ LY OsPCS1 2 3 HaED RN A D)o
7z D PCS ALy u /L fFla i Lzt 24, ZOERENITEEICREFES R
THY, PCS ODHFEICEETHD EEZ DN, FAT 477 uE—4—T OsPCSI
ERESETRIL, ZE~OEeBEFEPR Y LRI ->7-Z L5, has
kmt2 OJFRREIL -5 OsPCS1 Th D Z ENNAECTE T2, —J7, AL 7 ax—%—Hli
T T OsPCS2 # B ST RIT e FOEMICELR 2h 0T, £, T TIES S
M, 35S T uE—H —Hilifl T OsPCSI % @B S Wik, LKk~D b REFE
D UTe, Mz 5 R EERWE PCERRT v AR BRIZEBNT, OsPCS1 @ PC &
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REEIZH I UL LD b e BOFEEICL > Tl<FEINTZ, UL EOFEE., 2 2D PCS
D HH OsPCS1 N LZKD b RERIHN RO CTHETH D Z ERNbnolz,

OsPCS1 controls As concentration in rice grains.

Shimpei Hayashi'2, Masato Kuramatal, Tadashi Abe!, Hiroki Takagi?+*,

Satoru Ishikawal

nstitute for Agro-Environmental Sciences, NARO, 2Insititute of Agrobiological
Sciences, NARO, sIwate Biotechnology Research Center,

4[shikawa Prefectural University,

International criteria for inorganic As in rice grains has been decided to be
0.2mg/kg in polished rice and 0.35mg/kg in unpolished rice by the Codex. Because
several percentages of rice produced in Japan exceeded the level of As, it is urgent
matter to reduce As concentration in rice grains. We previously screened two high-
As rice mutants (named has-kmtl and has-kmt2 and presented that has-kmtl is
the mutation of OsABCCI1, which encodes ABC transporter responsible for the
vacuolar sequestration of As. In this meeting, we report that the mutation of OsPCS1

1s responsible gene for has-kmt2 and discuss its roles for As reduction in rice grains.
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N EFLOMTKERFRMEERDOEZETM : 5 2 &

OB EAHTER L, Jra#r s 2, B8 4% 2 Tue, N.M.4, Lan, V.T.M.5, Minh, T.B.%, Trang, P.T.K.5,
i E 7, Viet, PHS, HIBGE Y AHEANY
VREAIRST R BREG AL AR AR, 2 THER T - BE 70, SN KT - BUFER, 4 IR R IR IR
BR324 — (CMES) , °Research Center for Environmental Technology and
Sustainable Development (CETASD), Hanoi University of Science, Vietnam National
University, Vietnam, ®Faculty of Chemistry, Hanoi University of Science, Vietnam National

B2 v

University, Vietnam, 7 20 K5 - 22

1 [ XC»IZ

K OERIHEY I RE TR ERIEE /2> TD, Box 13, TNETICHET VT %
LT HE T KO RBYZ AL . b~ OIRFE FERR L R HTHE ) DB M, BT
DWTHDLNI LTz, — 5T b RRER ICL DD AT = X LD D FREE /25T,

AFRT— LT, TIWONE, IEE LS TR T BB ORIK TH D, ZOMEHT
XD, MR ERNICB T OB T 1 REFHI LN TE LT, 4R,
K7 70 —F M FWEN LD BT OHRIAA A~ — T — e E DY — /L LU TS
DD, ERDAZR T — LMFEHIZEL T, ZVETICEREML ~L TWNLD0 TS
WD, BEREXF G E LT ZE AN TIZE A L7\, 22 CH 21X, XM AD e E Ye Hilk
FERAERITIR PR AW L O 2 22 A L, Wi ORI A BT 528
TERBRTICLDERA~OEREEL AL CT&7-, ARE T, EEDYFETREL
=N T70 T — 2%, 8§ 2 MELTHRIET D,

2 BELBIUHE

2006~2008 4, ~XhF-LdLES - Red River Delta DEWICIUN T, # T /K E Hdli (3 R fR &
BRELLT-, 7B ARMFZEIX, BRKTFEFHmELZ B S OKRBIOREHEE O 7+
— AR BN TEMEL TS, BRI TRRHT, B KN SRR BER 2 et & —
(CMES) 04 ERBE3EL N7 (es-BANK) [ 2T-25 “CIRAFLT=,

H1 KRR EFRIE ICP-MS T, ENRFERLEGW) (e (As[IN]) . e (As[V]) . &/ AF
TR (MMA) AT VT L U (DMA) | 7 v /X% A4 (AB)) I% HPLC/ICP-
MS TENENERLT, ENRFOREHIL HILIC-MS/MS %AW THIEL, eERBLOE
FACA IR L O RREMRIT L=,

3 BRBIVER
ST ORGSR, AWFFEer GO H F/KPERPR AT, <0.1-502 pg/L Tholo, —HEBOHY
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TKD WHO OEERK 02 4 FEHEfE (10 pg/L) X DIRE DR R STy, #UH
WZIIRE Y THHZEN RS, o, #HllfE RO R P FLEWIEEIL 20.0 — 397
ug/g creatinine TV, BRAH/K P ERIEELENRH . DMA, MMA, 52 (As[I] + As[V])
REDIZIL, ZNENAE BERIEOHBBRIGONIZ, ZOZenn, #l FARDEMEZTL
T MU E D B FRBREE AVRIR ST,

ERRZE W AZ R 0 — LT T, 263 AU 180 B AR T 022808 T&T2, £
@ H T % . methionine sulfoxide . S-methyl-5-thioadenosine . fructose-1,6-bisphosphate .
phosphoenolpyruvate, indoleacrylic acid %, DMA, MMA As[Ill|EA ERADMHEIZ R LT
DIZHKL, AS[V]EIZIEOMBRZ R LT, F-, &KLl T ABC MU AR —4—RICHEET5
R FREIZL > THRICEBIL TRV, bR Ok - Jett~D B 53 RS,

Health assessment of residents from arsenic-contaminated groundwater areas in Vietnam
by using metabolome analysis: The 2nd report

Tetsuro Agusa*, Akifumi Eguchi?, Takashi Kunito®, Nguyen Minh Tue®,
Vi Thi Mai Lan®, Tu Binh Minh®, Pham Thi Kim Trang®, Shin Takahashi’,
Pham Hung Viet®, Shinsuke Tanabe*, Hisato Iwata*

'Graduate School of Environmental and Symbiotic Sciences, Prefectural University of Kumamoto,
Japan, *Center for Preventive Medical Sciences, Chiba University, Japan, ®Faculty of Science,
Shinshu University, Japan, “Center for Marine Environmental Studies (CMES), Ehime University,
Japan, °Research Center for Environmental Technology and Sustainable Development (CETASD),
Hanoi University of Science, Vietnam National University, Vietnam, ®Faculty of Chemistry, Hanoi
University of Science, Vietnam National University, Vietnam, 7Faculty of Agriculture, Ehime
University

To assess the health effects by As exposure, this study performed metabolome analysis in residents
from As-contaminated groundwater areas in Vietnam. Total As concentration in groundwater was
in the range of <0.1 - 502 pg/L. Concentrations of dimethylarsinic acid (DMA),
monomethylarsonic acid (MMA), inorganic As (arsenite (As[l11]) + arsenate (As[V])) in human
urine were positively correlated with total As levels in the groundwater, indicating that groundwater
is the significant source of As exposure for local residents. Metabolome analysis revealed that
urinary methionine sulfoxide, S-methyl-5-thioadenosine, fructose-1,6-bisphosphate,
phosphoenolpyruvate, and indoleacrylic acid showed negative correlations with urinary DMA,
MMA, and As[I11], while the opposite trend was observed for As[V]. Furthermore, metabolites
related to ABC transporter were significantly varied in residents from As-contaminated groundwater
areas, suggesting significant transportation or excretion of As by the exposure.
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1 [ZL®IZ

HE OIX, PEERRKFEO 7 LV—TE 1996 -6 HESHCRBMERFET RO 7 1 —
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Study on speciation analysis for arsenic compounds in rice

Takahiko Yoshidal!, Hiroshi Yamauchi?
1Asahikawa Medical Univ. and 2Saint Marianna Medical Univ.

Author group had been conducting field research studies at several villages in
China, mainly in Inner Mongolia from 1996. We established a cohort study in a
farm village near Baotou, Inner Mongolia at 1999. In where, residents exposed to
As at various doses for more than 10 years, then stop to expose by service of pipeline
water. We operated the base line cross sectional study at just before the start of
pipeline service with 132 volunteer participants from the residents. Then follow
up researches were conducted at 6 months, 1, 5 and 10 years after the mitigation.
Disturbance of peripheral circulation was improved early but skin symptoms
remission required relatively long period by the reduction of As exposure. In this
year we confirmed increasing tendency of malignancy occurrence among the
exposed villagers, so effective screening of malignancy on them is necessary.
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