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Development of the systems for objective assessment of

cutaneous sensation in elderly people
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Abstract

Cutaneous two-point discrimination is known to be impaired in patients with Minamata disease and is
expected to be useful as one of the biological markers for methyl-mercury intoxication. Therefore, we have
developed an automatic two-point discrimination measurement system that enabled objective and reliable
evaluation of the two-point thresholds. However, it remains still unclear whether the system is applicable or
not if a subject has peripheral neuropathy, which is one of the common symptoms in methyl-mercury
intoxication. Therefore the objective of this project is to develop systems which can assess the cutaneous
sensation objectively, even in cases having peripheral neuropathy.

This year, we mainly focused on following three studies;

1) In order to evaluate peripheral neuropathy objectively, we developed a new method which can assess
superficial skin sensation. Using a PC-controlled electric stimulation with button feedback system, we
measured sensory thresholds in 8 young and 6 elderly subjects. We found that individual sensory thresholds
could be reliably estimated in 2 minutes, and the elderly group showed significantly higher (p < 0.001)
threshold than that in young group. Further, we measured somatosensory evoked magnetic fields (SEFS)
using this system. We found that electric thresholds to elicit SEF waves corresponded with individual
sensory threshold determined behaviorally. We also established the method to detect meaningful MEG
deflections using statistical parametric mapping (SPM8) in order to determine the sensory threshold
objectively.

2) Since peripheral neuropathy generally causes glove-and-stocking type sensory disturbance, and oral
areas are normally spared, we consider detecting abnormal two-point threshold in the oral areas can provide
important information. Therefore, we newly developed a tactile two-point stimulator which is compatible for
MEG measurements and can stimulate the lip or tongue. Using this stimulator, we measured somatosensory
evoked fields related to two-point discrimination at tongue in 7 subjects. We could successfully measured
mismatch response (MMR) related to two-point discrimination. We also found that the MMR waveforms
were changed as a function of the two-point distances.

3) Since Minamata disease is known to cause brain atrophy in the primary sensory areas as well as
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cerebellum, we have started a new study to assess the cortical volume using MRI. This year, we made a
database for cortical volume in the cerebellum, primary visual, auditory and somatosensory cortices with 81
healthy elderly MRIs.
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Neurological symptoms of Minamata disease (MD) in

long-term-analyses

Yukio Ando?, Akihiko Ueda®, Masaaki Nakamura®

'Department of Neurology, Graduate School of Medical Sciences, Kumamoto University
“National Institute for Minamata Disease

Keywords: methylmercury, high-dose exposure, cellebellar ataxia, pediatric, clinical symptom
Abstract

Minamata disease (MD) was caused by ingestion of seafood from the
methylmercury-contaminated areas. Although 50 years have passed since the discovery of
MD, a few studies were available on the neurological findings in patients with MD in
long-term-analyses. Thus, we evaluated changes in neurological symptoms and sign of MD.
We also evaluated neurological symptoms modified by ages and various complications.

We evaluated 20 patients who were officially diagnosed as Minamata disease. The mean
age of these patients were 81 = 13.9. Five patients showed infant type of Minamata disease.
They had pyramidal signs, slightly ataxia, and loss of intelligence. Three patients showed
child type of Minanama disease. They also had pyramidal signs and ataxia, but had no loss of
intelligence. Twelve patients showed adult type of Minamata disease. Most of them had ataxia,
but had no loss of intelligence. Most of them had difficulty of walking, because they had aged
complications.
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MeHg™ IZ kW 7 a7 Y PEEN T = ) A4 FITBTDHE A I T ROFEDLS T A D
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Effects of low concentration of methylmercury on glial cells

Schuichi Koizumi, Youichi Shinozaki -
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Abstract
Activation of glial activation includes both neuroprotectve and neuro-hazardous effects. We
previously shoed that microglia function as a high-sensitive sensor to monitor changes in brain

microenvironment and, is changed into neuroprotective phenotypes in response to low concentration of

low low

methylmercury (MeHg™"). However, effects of long-exposure MeHg"" on microglial function remained to

be clarified. Here we found following 3 new findings. (1) Firstly, we established a long-term slice-culture

low

system of cortex of mice in situ, by which we could evaluate the effect of long-expore MeHg™" on the
neuronal functions. Using this system, we found that when stimulated for over 2 week, microglia changed
their phenotype from neuroprotective to hazardous ones. (2) We found molecules that could characterize
neuro-hazardous microglia, among which M1 factors such as iNOS, TNFa were drastically increased.
Exogenously applied TNFa induced neuro-hazardous miroglia. Inflammatory diseases or age-dependent
increase in pro-inflammatory cytokines might be an important factor that causes phenotypcial changes of
microglia from neuroprotective to neurohazardous under exposure of MeHg"’W. (3) We also found that a

decrease in both motility and complexity of processes could be biomarkers of hazardous microglia.
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A FILIKER (methylmercury) %% — U — K& LTV DG CE % 2003 2005 2014 % C
PubMed ZH W CTHFET 5 &, 143 5~339fw (253 THVY., Z0Hrbt M a7t 1
X720 60 NS 122 fRCTh o7z (B 1), “methylmercury” Z 4 > 7= #8Fa SUER TR 2 (288 hm L,
2003 LD EEHE LTV D, ZhUE, T4 OpenAccess sEDRFINEIE L TN D720 EE %
BTz, 2003~2004 FEE T FZxRE LIcgtid 4 BILL EAHER L Cuh/z28, 2005~2014 4F %
TA4EILLT T o72,2014 FFITIT ZAVE TIE 22 < A FVKERBEER LD 5 B P TRI L 7=,
FERIZ, “mercury” 2% —U— K& 0md 2 A<z, 209 B M EH-o o KEH
LD ER 1T 2003 4EREA T 40% CTdh o 7243, 2005 4F LIRS 35%LL T2 & Tl L, #FIC 2014 121
(AT TH LU T D) 133% E 2N E TORIKE o7,

AFNVKRE KD 7 = v —fgEHAE TR — MR E B A o = W/ NRRS L O — Kiad7)s 1998
~2000 FEI2H 0 YO ZHUTHEN A F KO B b RN BB DRI S Ry
SN, F7=. FE O 2002 412 New England Journal of Medicine 56 E T X F /L /KER D HBIIRIE
B 27 IS 23D ED T A F KON 2 BR 37, IE¥ORE< 1. 2008
IS A v WM ERBIIROBENERESH O, Too—GER LA LD A F LK
SR — B IEF Tz, A T VKRS T 2 B bR CE 2o kL ) iIclbh s 9,
— 55T, RS THIA IR — MIFERNTOR S X 91Tk YW, ChOEORERMICEY B b
H O DOMRRIEEIHET H A FVKBIIEETER2VMEFWETHY . B OMIZA T KD
t hDEBEELL ST MEINL 9, 7272, 20183 FOREARIZE T 5 KERIZE T 5 KR
%K) OFIR - B EZT PO b bR ETAMEICELAENTEZO0E LRV,

F1  TAFILKIR] BEED PubMed L DRIMDH#ER (2015 £ 1 A 24 BERE)
[N S
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

“methyl g
MEMYIMEICU 143 162 206 231 300 300 259 202 339 337 203 337

PYNSYiet D&

v hExtgl Lz
Sh g 60 74 67 75 107 111 85 114 117 122 97 61
RSO
HE (%) 420 457 325 325 357 370 328 39.0 345 36.2 331 181

« » @
mercury DA gog o83 1240 1327 1422 1504 1440 1575 1744 1776 1752 1763

B

| X L7z

]\%ZZT%& 7 361 374 398 440 456 505 435 510 534 528 504 235
OB

EE (%) 40.2 380 321 332 321 336 302 324 306 29.7 28.8 133
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2) AFILKEEICEAT HaR— FAEDOEEENM

T xu—ihEE A v VIRETITh L A FLKERD IR R IR EE IZ B3 B e TR AR,
2008 FEDY A + = W/NRIGERBEIZOMAIC L0 0 B8 n-3 24l RIS (PUFA) @
WEEEETD L. ATFVKIBOREMREEIIHND L OfmES T, Yok BTk,
D%, 2 OOHATIHEIT Tz s L, B Ot T\ 5,

B Jo0—#BH4ak— FAENSDRIE

Grandjean © DI 7 N—71%, 7 = v —HAEaR— MFEEZE L T, A T LKEBO MR T HRE
2 & 2/ N OV T EERE L CE 728, MHEDOSIIIRSB LA O SC L LT 7 fand
PubMed |28l ST % 2, 20 5 H0 3RICIZA FAKBI G ENT, RV E 7 ==L
(PCBs) &I 7\ UK e tafktt O OB, 7 = 0 —FBHAE 2k — B0 7]
W & AT A LR v ORI DICBET i Th - T,

FCMEPFER L DIEE D 1 D TH D A T VKERIT, FEEPE CHRRICER L KIEL ) 5,
— 5. WBEER MO PUFA [ZIMO I I BRAF R 88 % KIF T & OFEFEN A< MbL D L9 1lk-o
oo LTERo T, KERFEMEE & HIZ PUFA ORFBEZHFEZBE L & SN/ N
ENTLEIRNARSH S, Choi HIFMFHT ML & FEBLEE TR M A /L K ERIEFE &2V H > T\ b 7
= —FEOF LY 176 4 TR AT ) S ARE h ONSIABEHE XA 2 e L 2, 7 B0 S5,
EE), R, ZZM. RIS T 2RO RRE ) L OBIR ARG L7z, B Y T =T SiEH
37 A &~ (CVLT) OFEHIRIAEE (Zk) 1T A F A KE m < 2R DI 2R (B %-18.9,
95% 5 HH X ] =-36.3~-1.51) T ZBIRMABIE Sy, EEURSHT O IR T & L THRIER
BEZAND &, ZOBEMITS SICHE 72 (-22.0, 95%CI=-39.4~-4.62), &£ T /LT
MENAEATIREE 2 i L C b, FLIBMREDIRT (FEBEMRAR CVLT ORI AR OARRHRE I i)
IE A TV /K ERBEFE DI & B L 72 (-1.94, 95%CI=-3.39~-0.49), LI XV A FILKERIETED
NI 5 Z EDRNWE DT D70, n-3 BN Z UL VHlE L TEB LERH 5,
B, HERHRRIE IS 2 Ml ORI 9% 20 1822 R CRElE T 5 0 TRERIIRE < LD 5
FREMEN Y . EHLOLNBVOMNSHBIVE SNRIER B0,

ZIVETO A FAKERIFIEIL G R ORI LS O ORERE (FIFRFEEE) (TR B
HEVWHRED ETHRT SN TE 72, L LARE, HARKERD X SRR RIEENE
BRI ISR AT D &, Ax ORAEENPRE S BT 5, 20D EKRT, EBO AT IVIKEREE
B E OREEARRRATENC BT 2 O I TR, 20 L NEOBRFRROBEEIIRBH O O
EHET O THRELA A C D AREM S B 5, Grandjean S 13X Z ORI A 1986-87 FFAEFN DT = 1
—FEBHAES R — N ERVTHRE L 2, (M U@ s, HErR RSB & lan, Zh
(2 7 A O T O Mg - BEZH OKERIEIE (N=923) T - 7=, [EIF/H Tid, 7 mk i kR (N
= 694) TR LI AR L 9V BE A R L2y, R RGBT AELRADRE#EEZ R LT-,
HITHIET D Z LKV IRIEHIRTGE O BT EORBIXR - 7228, 20k 9 fiE i s
Z B BTV REEARIEIC L FHBBR AN/ Nl S S < 7 D, IR BUEIE AT TIE. AfEO
AF VKRR TRAEIE & FRIRER B2 SO DIBTERERHE IR & AT, Z OBTERERE IR
HORFERE L F-5EmeE LT, MRBERFICAERMAELZ R L, —FH, EHRDORATF
JVKERIRFR I, RS, HRZEM LR - FRICE T MR EIER L R Lis, Bl R DkE
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T LB BEIEHRZ BRI AN D DITHRE TR, 20O XD RGEITITI D BEE S 2
HunbhboRx IR,

Kim 51X, Fr~—27f7 = u—i# RO A 3R — MEM 514 4 OF — X (S [E A RET-ERBE (R
FEFRA DX RE 797 £ &M A2 T, W MLF L ORHAM T O KEIEIE DS - iz iT-7- 2, %

TR OBtk 2 . BT E 7L & 3 BAEIE AT (SEM) 12 K Y ZSH& IR 7- 4 G L C it
Lic& 24, FRMAKENREIINE 7 n BB AERBEDRH Y | BAER7R A TV KRR
XKML TV DIERHMATRSEZ L v s i OKERIEEE Cd o 72, REARL & s i ok SR B
EANETOEUMIET S &, BEET L0 b S, FHRME U U IRE CTRIE L2 AT
DO hole, INRFEIZIIT D A FIVKEBEMEIEH OFRE & U Tl KRR 2 Hv DB,
EELITRLVUVBELIVDR LANEZ L OMEEZER LIETNB W ERRZ, 7272, AEFRIE
Trw— 7 LEEORBEEHEO R HMHEET Y2 EE L TB I o TRy, MIRT VA v
WA H D KO ITHm S,

AFILKER, PCBs, A#E~7 v it &¥ (PFCs) 1304 5 b 5\ fitEd 2 #Eoy itk O B L 2 'E
ThY, HRBRLHER~OBENREDN TV, BER CITMEESICL Y AChAERED
DENNLNTND, LnL, BEWEOBRGERIC Eaﬁmﬁthfﬂ%’ﬁgn\@méMé

DOPEINTA SN TR, £ 2T, Osuna HIZERBI LW ICIRTE L7z 7 U T Zznn LIE
Mﬁ@ﬁﬁﬂ%ﬁ%&ﬁaﬁ%ﬁ&mf%é#fﬁﬂ&ﬁﬁé%ﬁ%ﬁ BRI B, B
H L 7RO KER, PCBs, PFCsIRFEIL Y = 10—t & D 38 AO T THIE L7z, 1 & bEiTiEE
BAZ X > TIN O DLFWEITIEIAN L TIRERE SIL TV e, it (ma—a 7 47 A2 b,
a7 FMEBEEE, T A hat oA 7Y TRHEERRMEE D, S =) MR R), FER
(TI7Fv. TAI, &?%y)@#ﬁﬁﬁmmm\mGﬁ%@%E%wib\:h%@ﬁaﬁ
IRDOIRSE L AT WG & OB 2 BB EUR AT CRE Uiz, 7 mkREM K SRR B 1T D fhE,
FERRR AR BAOBUA (T2 1gM) Ol & EOBENH 72, S 512, JRIEIMmoOKER L PCBs 1317
Z7F 219G EAICBIE L, FRYEM PFOSs (3517 7 F 219G L AR L7z, 2 b OERRI A
SR, BOPUARPRE(C P ERER IC e PRI TR S O 28 4RT, 1REE & IR HT
JFAFRPUA L ORI TSN b O TR 723, 2D DL MBI R D mtt 2 H
T HAREMEZ RIE LT D,

B Ao )LUNREERTRL S DHKIE

YA = D/NEIEENFSE (Seychelles Child Development Study) 33 & OV V238 SR EAF 5
(Seychelles Child Development and Nutrition Study) DAk E LT 2013 442705 2014 45 F Tl
WOMYLBREERENTND 20 =05 5 A F KB LASRICEE ST 222U T O 1/ T
HoT,

FEFIRICB N T, BRI REOMRE (HWAEKRE) ~ORHSMAREmIEEE (PUFA) XU
FIVIKEROBEAMRTE O EIZEE U TR fE7a 03 TV 7220y, van Wijngaarden & 13 A 3 = L3k
FECAF N7 8 230 4 O HERHATE & 4T4R 28 3 & HHER ORI H O PUFA 2T L O
PERFBE A F VKRB ZIE L, RO OBREBRELE ®, TEbovkil, iRk, R
RS IR RS AR O IER (BMI), REEALARRERIREE, HIENERL, AER T R
DOF M, (TR EGEEEZ & ORBEZ RIS D 12O BRI Z2 AV CTREST L7z, HAERMEEO
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2% 3,252 g (1,654~4,4509) Toh V| MEMEEIT 391 (34~41 1) Th o7, BIEHIATF
JVKERIETEFS O PUFA IR HAE IR ER & B AL DT, PRI & FERG BSOS ME— O TRIES T H
STz (B EEREROEWNESICHERKRERIZRE o 72), XY, 2 FLKERR PUFA @
HERHAE & ORSEM: 2 SR 2T LIS b e o 7,

B HEOD A FILKERBEER

MRS C ORI DIEFITE & L CL KERZ DD BB YME O 8% FH-~7= 77 F 5 Quebec Ml 0
A XA v hNRIEEGEN B D, Boucher H1x, PERZIEFTCTY 74— b L7z 94 NORBIN A
ENTROAFMZ LRI L, K, PCB, #, Bl Fa¥~FHxz 8 (DHA) ZHIE LT
. 6.5~11 » A IZHE L7250 C, Fagan Test of Infant Intelligence (FTII) & A-not-B i < ;
BACBLEDZL IR ST HORTTHBICHEZRE L THMERSE ST A b TlH,
IEREDMB) 2272 9 2 ALL T OFLIRITHR A 8RR LT TLE 928, 12 » AR TITIE L < B3
TX %> 3 LU Bayley Scales of Infant Development-2nd Edition (BSID-11) % % L 7= Y, & & 0 Jiff
LT B IZ DWW T EBEIFGHT 24T > 7ok R, ATl PCB JREE DS S WA 1% FTIH A O #F
BAHE M ME T L, BUREFRERICI T 250 KT & OB RIE S fv7c, WA K ER O il X
A-not-B FREDOS UK T & BhE U, FEITHEREDBIERIMEEE (precursor) (ZRE5-9 % L mnbil H1E%E
FUBEOIK FIZfRb o TWVe, BRFIIERIZ OV T FTH A OIEHRAABEEE ) O FK T & OBHA
RENT, —H . T OALTFWERERILRA - 555 - EEm O EL D BSID-Il OFGRIKT
WZBIR LT e o e, FRHNCEB] ORBAEREZ FEMICRET 5 2 Lok, FEMICR bk
W EFE LT E AU K9 2R RN 22 R A FRICHE T E DA B D,

Orenstein 5 [ k[E Massachusetts /11 New Bedford @ PCB {541 & % #Eir < (ZfEA TV D REE
LEEFENT-TFEH 393 4% VT, PCBs, AHMEFH R MM (DDE), A F/LKERDHR A Vi
WREE L MR EE L OBUR A MRE L2 P, WEREE, SEEE. 9813 Wide Range Assessment of
Memory and Learning (WRAML) % T, 8 (7~11) mEMFICEHE L, 4EfH 2OV Tix 100+15 » A
\CHEYEAL U7z, A LIS PCBs 13K < . # PCBs THLiGHE &Y 72 » O FHIEIL 0.3 (0.01~4.4) nglg
Tholo, REEESOBEZKEREITARE QMW 2B EEHADMETH Y . ¥ 0.6 (0.3~
5.1) uglg ThHotz, B 2D HKEN T E PRI LB OBEKIER 1 uglg oI LY BERES
JR1E-2.8 (95%f5 #H X [H]-5.0~-0.6, p=0.01), “F#&15Hm1%-2.2 (-4.6~0.2, p=0.08), = FhallEfFRIZ-1.7
(-3.9~0.6, p=0.14) (KT 2B%N & >7=, —J7. PCBsX°> DDE | WRAML fEfEDOWF N & b F
BRI A RIS R o7, DLEORERIL, A TF /LK G RS & /N R o a5

(L b, \EREE LoADHEEZEETSLOTH-T,

Kalish & 3K [E Massachusetts SN T3Ji L TV 5 HHAE 2 48— MFZEORET 1,103 FHIZxF LT, Ak
AU RO EER F & 72 %/ NEHIILEC RAE TR R A F Lk ERIE SR D B A R Lz ¥,
T EH D 325D DV MT 7.7 R TR - REBL O AER IR I BR KSR E O - (SD) 1
%240 3.9)nglg & 40(4.0)nglg TH-T=, £, FELNFEICHNT 3.2 i 5 VIE 7.7 5%
I OIS I 1345 % 92.1 (10.4) mmHg & 94.3 (8.4) mmHg Tdh 72, B DOBEMAFIE L7-%.
IEAR R M ER K SRIE BE & W I U DR O 1 £ 4 IHEI T & o BIBUIIAEF A & Thdvo
Too HERFHIO Ratp~FH o U a R Ul LB IR ORBREER S HI
PHEE L TH A FIVKIROMIE~DOEBIRENE D LTz, ULy —fekARERR
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D & IR L~ /K ERIREE Tl NRMEIZER & 5 K o IZE X v EfEim LTz,

Hsi X575 DR 83 Ml &2 X RITEMAAE 217\, S FARGEEN O KERI A F- /LK ERIEFE L
BB ORIR 2 T ~7 39, 3050, S35 BB I £ 4 FTfi 9 % 72 912 Bayley Scale of Infant/Toddler
Development (Bayley-111) 253 W HAv7z, FafEH OFRKEED R -21% 89.6 nglg. £7- 3L E
5. FHRIN, BIBINO A F VKRR FE 1345 % 1.96 uglg. 0.64 pg/g. 0.55 uglg TH Y. 3D 70%
DA REBRBLRET (EPA) O L uglg 2 Tz, AEZRIEOMHBENEE, FHEMBIO
R MOMTHEZ SN, 2D A TFIVKEIBL~VLE 1 &6 OB E EOFRENH Y | Bayley-11I
DRBEFEGREAOHEZ R Lz, LavL, IRIRHIKRIRE (BErhiKeE) 1T EL AR
B A RS Ao Te, LEXY | INEBHIOMZEITIA TFAKB LT LEKR Y X7 ER
LD MORASHEHEALZIRT S ELAEEMENH 5.

Basu © (& Early Life Exposures in Mexico to Environmental Toxicants {H/E = 45— ~ & W T, 4fh
348 4 (AEMARUBHISEARZ MO ik & i), R 825 4, AF T afiTROLMND L MEFEMF K
O FHEDOKI L~ 2T P, RGO A M KSR L~UL (26.8+5.7 1) (274 3.4 pg/L
Tholo, WHMKERIEE X 4.7 pg/l TH Y | GEREHOKEB L~V L FERBERE S > 72 (4
BRATH D 2 WIZF IO K L~V LITHEEZRMEREIZZR L), FE (10326 5%) ([ZBWTIE, 1
L B, RPKER L AUWTEE T 4 1.8 pg/L. 0.6 ng/g. 0.9 ug/l TV . FAEIZA B /AR
BHoT-, TNHDOTEL ORI OEEZKEEEEIT 05 uglg THY, +ELOREZKBRELH
BN DT, IEmo Y i, B, =3 v, B H Y720 OB EEHEITAA 4 3.1,
22, 05, 1.0 TH o7z, 23 WEM T O 7 HI LN FEHDO TR T 1D 5 H A KA HRE EPA DO H
A RTA4UMED 0.3 pglg 82 Tz, LEXD, AF T afiollms KO- 8 b OKREZRIT
KERE, AT FREOHREMEE Y & 3~5 55 < . KRR OSINHE D 29~39% D /KR L~ L7
EPA EYEE L 0 & LAl > TN/,

Carneiro B, 7 7 ¥V OHEE RO A KR & A T LKL~V %2 08 L, FBEix
B BIVR D T8 IR HD 2 & 2 Lz %, ffrh 2 FL KRR O F41% 3.6
ug/L THOKERED 41% % HDTEY | AOBEIE & FHBEGRARO LNT-DITK L, KD
59% % (5 7= MRS KGR (5.7 pg/l) 1. MOBEE & ITBIR L T\ iRio T, i 2 Tk
SRR I LA P L A~ — D — L LR BE L TEB Y | BHNRKEREEDO N, A~—T—L L
THAEF A FKERITA M TEBEMED E & il L7,

3) BAMNLRELTWLD A FILKEARDOHE

B bAEOHAER— FAE

AADE/ D A=A — MR TBREE L 7 &b ORFICET SItEA 27 1) & k=
A=Al THY, WE L BBUIEETEOP THRENERR LB I R>TW0D, RBELTED
DRI D ALHEE A # 7 ¢ (TALIRTTN D 1 EFE = A — & (R4 514 44) & ALimEE T O
KRB =R — | (4w 20,000 £4) @D 2 ©2H72 0 B IRHAIN, W, B2, BRLOX A4
FUUH, AT v BREEW . KIRFEOTFEWEIZ L /N0 AR R, Mg, 7L
F—IREZR & OB A TG 2 BB T 2002 4RIZBAG S 4, BB 1T R I/E L b7
W R EE DO KRR, AL BRI T OB 2D E N MER R OFE & e KR
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& OBE AR 5 B AT 2003 4EI2NEH B bz,

2014 FEDHFFERLEITIT A F VKR, KER & ARREBIC SO THET L3 2 - 72 7%, 2
LD BO 1T, adk— kO 2,062 4475 2003~2009 4E I HEIR 28~32 EKFICEREL S
iR =T VA a7 LR LEE (PFAAS) &Lt 24 o AR OIS & OBURZ AT L= %, w5
X, RN=TnAa NUTh A g (PFTIDA) B3 X ON—T A vy 70 /) A4 Ul (PFUNDA)
DR WRBBEEN T ZITIZB W THIEY 27 AR T L (%4, 4> XL 0.50, 95%CI
0.30~0.81 & A X} 0.39, 95%Cl 0.23~0.64), F£7=, Y-F /L ~FI /L7 X)L (DEHP) IR
XMW ER CHATEFIEDN H D Z ENMONTNS DT, 202 #o b MEYE 23~35 38 O RHAIL 2> &
DEHP O —RIR#M TH DT /) = F )L~F L7 XLk (MEHP) ZHIE L, £ 5o =
NS UF— (E2). TAMRTFrLY (T), RF AT (P4), A bV B, A=l Uk
K+ 3 (INSL3) il L7z, BHAIML MEHP (X T/E2, P4, A B B LADOEENH D | #5i2H
BTN DOEERHEICAETHoTe, ESHICTMEHP 24X 53358, BIRTP4, £k
B2 B B X WVINSLS A ERBUMEM 27~ Lz, JaEikH o DEHP BRER (X A0 b Y il &
TAT 4 HIROIZEEZIEIT D AlRetED&H 5 Z L 2R L7z,

HAb =R — MR T R BR BB Y (POPS) 38 K TN A FL/KERIT 2 iR U2 ~ s A= i S g
%L WORKE - FiE & OBIEEZ I 50T 5 72 IS EHE S, 2001 4 LD ek A BRAG LT, 2014
FEIZIE, Tatsuta H72Y 42 » AR 387 4 DR & i~ % 7212 Kaufman Assessment Battery for
Children (K-ABC) iz 924 L7- 8, IFF#5 i PCB 35 L U ORIRIE, /KR, #h2 I L.
Z0ObEEFEAEMD 9 HWHRIEY (CBs) ITHFRALERE (sequential processing) & 7R EIALERE
R (mental processing) 155 & A ERADOBEA R L7223, 2O K-ABC 1R ITHKEECIRE &
DORNCHBERBRE R E R o7, 723, 9ICBs DHE DB TH KM E AR L THLAE T
boT-, £, K-ABC fFald & RIZHA_RTH IR T <, 9CBs & K-ABC #5341 & OFZEHERNFAREL I
FRIZB W TORFEEFINCHE ThH o7, LLEL Y | MigILEEF (LAY (9CBs) O iR gk
Lo THEEINI HZ MR EINT, i, ZOFEBREMICE T 200 E 5 0E4s
DI FIz L7 B0,

B HHAED A FILKEBICEET EFHR

[E PN OFEWAfFZE & L C. Nakamura & DM #i3sg © & 2 Fuafik L B ACHIIT 032 5= itk | 2 e 5
%194 N (BYE 117 4, &M 77 44, 4 20~85 1%) DOEBEKIREAZRET 5 & & blo, KHap
AR (EHRE, MRI, M EXRAE) CAFRELZE/R L ¥, SSTHEEDH b
23 ZITOWTIEIMAFRER E & U R S IE SNz, T ORBE, BEKROFHEIT 149 polg
Th O MRERD BT 2 FIREMED & 5 TERME & =415 50 pg/g (WHO) % L[R5 A 12 A7
DT, BEKIREE A O A EHERE S OMICIEOMBRA LN, —EOERTIZA T
VKERD RGN DT (BKIT B TEEKERD 101.9 nglg), BEKERIRE & AR 2AMA
A & OB EBEIFGHT CTIZBEIIA BT, FlE O3 O RAER R & B L Tz,
M OKRERE & L AREIZEOHBENSH Y | KR L NI OHRISE2EN 1 K Th -

o AEIOFE TITA F/VKBRTEIC L D RIER O ENBIE SN o723, TOHBE L
T HoEOE L OFBEMERUC X o TAFLKEBEMEDSBHE (F0f) o TiEnnre i
M7=,

Iz
Ay,

®
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Yan & 1 E IR o B R A B 102 #7189 44 DEESZ A FOLKGME A A L7 Y0, kR
TR DA IR B M 23 44 C 5.74 (#iPH 2.21 - 15.0) pg/g. sl A 2otk 81 44 ¢ 3.78 (1.08 - 16.0)
ug/g, ¥ & 8544 T 2.37 (0.6 - 10.8) ngl/g T V) FHEZRR/KER5 nglg & 48 2 2 EIE 1T 1P 56.5%.,
BN ZME 30.9%, XD 12.9% CTh o7z, v/ m &Y ASNRHBEERICE > GAFAEXOLNLATH
D, SEEZKEREE L OFBEREOMB LA L TREN, Lo T, Ihb 0%z EEE»D
KEFEAELTWD Z ERYHO A FLKERREF L5 2 b,

4) AFILKEEEL U DOERK

AFNKIBEEL UV BLOE VALEWZ X —T — RIZ, AIEELBEISH 72T S i3
AR - WE L, HEEASCHEEEMEERICERBLCLEa— Lk, KilTs L, &%
WF7E, KAEBHLKIGDOERN L~V DT, BEEMIEEICET 2 invivo 28R, AR+, ~
TR Ty ho~OFEES CICET AR H 0 IHEEOME & LT, BEEEMNER T DK
Rt U OB EIEIE 2 8T L7c S ORIENR L o T D,

B EFHHE

Yamashita & (%, B FEOBIENZ W E AT D BARANDOE L > ORFIRNEE & KSR TE DO
REZ~2 BT, BREROBESFER 167 X (B4, &Mt 924) omfiktLr ., L/
FA v AFUKER, KR, RS REMIENTE (LC-PUFA) ZHIE Lz Y, H&H 71—
FIEINETOMIET, v~/ IS EEND A FIKBOMBRIELZ FFOFHOE L ALA

FMIKEIVCMFICHBITE2 LB ELVKIREE

1.5=
I:_.
. 1.04
=
8
O
(%3]
0.54
b B
" miElEN
Se-protein selenoneine serum Se
cellular fraction ﬁﬂﬁm*ﬁﬁmﬁﬁ
0.20+
category f-ime . -
0.15 LEARMIZ
. [J oor1(n=35) 1@ - F+LLTF(55 g)
=] 2 (n =54) 2~3[E(182 g)
= 0104 3(n=21) 4~5[E1(249 g)
T 4(n=52) 4HE(491g)
0.05+ Bl 5(n=9) w1250 g)
Il ——

InHg serum Hg

cellular fraction

1 Mean selenium and mercury concentrations of groups categorized by volume of fish consumption.
Concentrations of total selenium, selenoneine, and Se-containing proteins (Se protein) in the cellular fraction, total
selenium in the serum, methylmercury (MeHg) and inorganic mercury in the cellular fraction, and total mercury in the
serum were compared to the volume of fish consumption. The subjects were divided into five categories of the amount of
fish meat per meal: 25 g per meal = f-mass 1, 50 g per meal = f-mass 2, 75~100 g per meal = f-mass 3, 150 g per meal =
f-mass 4, 200 g or more per meal = f-mass 5. a-f, significant differences between the mean values (ANOVA).
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Mz L, BL XA &mb Lic, 2OEMIE, EAFTVDOT I EB Y ATF RS
o A XX = NVBRICE L VR BEN LTALFEEZ R D, ~AICHART 2280 b, $koRA
R L O BIEMT 5 L HEE SN TV D, AWFETIE, W2 7 Vil 7 A TRz ICP
BEONEITV, RIERFOEL ) $4 0 BXOE LV UVREL, AOBBBEENZWVER THE
W<, WL bARMERF O X FKBRE AL TV D Z E 2B 6T LTz, Riskhot

VUEH, EEKER, Mot Ly - KENREICITANM BRI E O BIRABERITERD b
o7 (K1), LEXY, NI EENLE L XA VIR ATFOKBOBHEEBICKE < E
BRL TV DD TR E EH STk~

KAEHETIE Karimi 5723, S EOBEMEE OFEW EWibitd New York e 77 A Z 0 K
M X AEAE R D I FKRSYE & & L o OfE N IE /e & DR BT A E L= 2, RFW R BANED
IRERAE AL 0D 242 78 58 B & BEAF Sk CUNAE L CRFHROBIEAHEE T 2 & IEXEHRI T O
. ANED D OB O TIIKBOREL Y — U BRI TH Y | BREEEOEFEWVD ML
F LA LS RS T, B 20T i O EE 23 & O T n-3 BN OB EGEIG 235 < |
Fio, B B O KRB A T A TR NFKEOBIEN S -2, mHot L
R0 n-3 fElila7e & O ARBHREEIIRBMOBENANFE LS BRDOANEHEVED Lo
Too TIDOREFRIT, AMEEREEO X A TR, KEREZROCEIGER BT b5
CLEERLBNBHBEED I AT R T 4y NaeEZ L9 2 THEHARERICR D L Bbh,
B KEEMICBTEEHENTHE

EERNOEH LIV &5 LIAFFETIR, Vel WadE, KSR EORAEAEY D
g « AR TKER « & L REEZFHASTCHRENROND D,

Guedes Seixas H1. 77 VAOMAVEREEICAERTH 7T 7 v (25 um BLLE), HRBEO T
PR, 2 FEOMBIEB KO VT O « iR O L KER, A TF VKR L~V % i
L=, 20858, e A A HTIEIFRT T LY, KEREERE S @57, A TV KEREE
X AP A2 DITIE VR STV D Z E R S, mFEERAY CIREERAEM O
PRd gz e RV IRMREE S m o Te, WOl - MRRIC BT L AIIKE LY EL
HTHD EBENRIEICH D . Fio, AR TH 2 REMIEREEA LI OfE X OB I2IXIZE
A LD A FIOVKERDAFAE LTz, T4 OF#ERH O AKSRIZ)T 5 A FLKERIIZFRI%E TH
ST, R CIXTARMERTRA T LKIERIED 69% CTH - 7-DIZxt L, A /LB Tik 18% & {Kh -
Too FEHOMFHBPEL V& AT UKBREITHERE L TR, For Ly - KEE/LLN 5
LTCTH, MKIRIZKTT 2 A FLKBOUEZIEDLLT —ETHoTo, 2D DORERITAEANTD
AFNVIKEBDOERRIKR L U BPHRNICAEN T 5 2 L ~DFREL 720 | A VT LD ERT
IXZ DA A=A NZERBNGH D LB 2 BN,

A VT DR D A F LKL~ DN TR, Zayas B b o &21{T>TEY | I~ A LT DT
ligiz 75 € 2 F A X LT ICP-MS & ESI-MS/MS 73479 % & | # A F/LKERD 60% 73 @5 EE D
IKEEPESYENCAFAE LT M, A FILKERO FE GG Hb B8 LDV 2T A VRIS H 5 2
EDUREI, MWL TIIANT Z/ n B VR A FLKBO FEEAE A & 72> T~ ER S N
HEEBEZONTE, T2, BLUVORAGITEL ) XA ELTHET LI ERHEN L2, =
D L ACEWH A TFIVKEROBERVIZEE 2T 2 R T O TRV EEBER LT,
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Razavi & 1%, HE BB EZVE #5 D 7 DO RKIZ AR 28 0KER, & v o MEIENIE (EFA)
LUV B, ERBILORBE LR L= P, 327 L AR OWNS SRR ORI E A FLKER,
Ly, oA ah XX (EPA), Ra~FxHd oW (DHA) REZOT5&, BL»
EIREBOENHIT 10 Z#RES A TEY | MUERVIEBED 44.2~53.6% & %<, D95 b EPA
12 6.9~125%., DHA 1% 16.1~232%% (i, ko mu 7 4 )valg DT T 00 N g
< 22Dk, KPR Y EIFHMNT 2208, SISO o' L2 - KRBV E EPA R
FIHMETFLTW ZENBIERENT-, B LTCWDIHEM T T 7 F o BOMREEN L, BLv
REZTHT 52 LIXAEETod D03, KERESCHENENREIS 2 THT 25 Z L IXTE R o7z,
A RTA T 5L, EOMOKIRE LKL XL ThHoTo, IKMOERENLTT T
7 N DEFTREEBENENT S E, AR L TWHADEEECIZENY | ATV KB
BRI RIETE L U BEPA OANMEDME T T 5 ThHh A H L EH LR~

Raimundo & 1%, FAR/LV b LD 2 EFTFOUESF CTEREL L 7= 22 w7 o O Offl, S4F . ALRR . Ui
BIROAKI, AFAKE, BLBEEZSF LY, av A D TRIALDOBRESH B IAET
Tl Z L7 < KEPHAIR, fLOIICE S FEINTWD Z &3 TURI Tz, S
D A FIVKEEEIGITEIRIZ LD 6.1~92% & S TH - 723, FIRaR DFIKER & A FIOLKERIREE 1%
WTHHIEOFERENH O | il & fLLIEROMHEBREN R bR oTe, EDlEEETHARER - Ltk
BB LELVBEIORIET, K- £ LYORAKIDTNLARLRT, I UL B TEAT
IVKERDFMENBIEIZE L TR THAH D EER LT,

T OMDAKAEEYE LT, Burger HIIKEREILELOA Z~T v 7 LTV Z 04 L
=, 2O REMAT T ADE L - KIEOFNLIT 19~38 DHIPAITH 728, AF~T v 72T
1% 16~330 L AEEARE <, ARMIC IV ARIZE R 72, RUSLGFICHRRLIEI e A4
TN I VDL KIBENICHEEENRH D B L VREOFICERDBRKE W EHE L,

Perrault I REOEBTZFIRT T 07 Mo ET HREEFT YT ADOKE L L EBIEIC
DONWTHRD T, 121 OB T T 7 b DL« KRB ZRE Lz, HHE~D N2
B2 AREREE 23 . RIEFEA T T A D X 5 72 RFOMPBMAIFEICZ K B2 RFTRNR D D &
J’i"\f’ 48)

ADNZEBT DEDEN LV DBHIZONTIE, R—T 2 Kb 24, B F2n5 1 HO#H
ERHTWD, Z05H, R—F 0 RO® LU RZHTT THEE O KGR HHICAERT 5 KE
a7 T4 T AY (BAKTE) 16 IEORafsF ORAKE, A F/LKER, &L % Kalisinska & 23HIE L
7299, SRR, A FLKER, BEHKEEE I LA 2,63, 1.92, 046 pglg THY, L
FEJEIX 0.54 uglg Th o7z, FEFEIRIED B4 70 KIS TITRAF TRVIKEE & BB TRKER E 2 F LK
SRIBFE N -T2, KR B L U B X OATF VKR - LoD/ ED -T2 (2.32 vs 1.36,
p<0.01; 1.98 vs 1.03, p<0.05), A~—F » RIZAERT KT, B & Ak, OBRMNFEEDOKE
LT 5 b RRKERITKRTT D A F KO EIGILFRRE Th o 7oy, B U U EEITEEIK <,
FETRKER - BEL T 20 ZBZADEVMETH 72, B LU RZHIBOKETIL, AR TK
SR 2R T DT ML O IR DK G E B2 | B L EFIHT 2 UAMIBI O A & BT
WAHAREMEN S D EEBE L TWD, FRFEMEIL—T1X, B Lo RZHIRICERT a0 T4
T A YOI - BT OSHEKE, EL U LI ONT B ETTo7 0, T - BEARIC B
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THHMFHROSHFER L RIS, 4, dEK, OBKIND K & KEREIXFR L~V Th-o
23, B U UBEEIIELS . KR - LU HIE 17 UEOEETH o, B LB &
NZRVIKBETIE, A TF KB LIZR LT, BIOERBETE N FEETL000E LvR,

Hall 5%, %7 % Saskatchewan JNOFJFIZAETHI I AT (#R) & 5 BATOW CTHiE I
T BRROKIE L PRI Z T LT %Y RO TIE, KRR, A FAAKID KIS A ks
EFIEH TR S AL, EOREIX AR ED LV EFRIETH o 1o, g O A FLKEREIS
1% 4.5~52% L EENRKE . WA TF/AERIC L0 BEKERICER STV D EHERI S 7228,
—HE DKM TIE, BELUDBRZ LTS EEDIDFEOZEIENED b,

B 5 - K- TEAOERSERHAR

ZNETOMFTHuang 5%, v aFa UFAIROFE TEL ) AT F =08 AFLKEE
SRS L7 A kT LB R L s L OVE BRI E MK R 95 2 L A L %,
FAFZE 7 v —7Tid, B, MiETicEEsn-E LU BEEZR~ND Z L2 L LT, H-i
%%ﬁm%@%ﬁ%%ﬁbtm ABFZE TR, B L AF A= (500 pg Se/kg IRTE), A F Lk
$R (850 pg Hg/kg (AHE) 2 ZNETNHEM T, FHEFAFHCY T a v F A ROFERE L, 48
WRERZ AP, Pl B e i (o7 12, 24, 48 BE#t:) oo 3FEOAHE LK (&
LI)VATA U AFILEL ) VAT A L, B AFF=0) L2 EOEMRY LK (4 ik
FO 6 ffEE L) ZEE L, TORE, BL ) ATF A= b AF KB RN G LI
AL, ML ) AT A U, B L AT F = B U UAREE SRS L, —
FIFClE, B U BMBE RSB L ) ATF A= U8 £ TIRT L, ABEEOERWE
L U IEREA~D de novo GRS A B LT, IFEIC IV T, A TFAKEBOA FLbizt L o B FIH &
NSNS, FHRMARKRT CTIE, AFVKBORMBELSTEL ) AFA=BETFL, 20
BRfLFPICiZE L A TF A= BN &, ERRREES IR L 2 A T = RN
L7z, BMECITEM - FRFOKGREICHD 5T, BEAHOE L - REWIRENE 20 4 1
DEY LRI SN2 L b, BIETIZE L AL DOTAL & IR < 3 L TSN HEE L
TWabo b, vadFa U A TEATUKBICRESIND &, EHERFTOE L UE
ReZHl L TIENOREL U L~V EHER L, B L OAMFRRIHIEREZ LV EDLA NTT
U=k LoTND EBRINT,

Olsvik H1F, #A AT T H T ((F) 1 10 WHEO A FAKRE ¥ Lo OREIEREIT-> 72 %,
BEGREIIRIFERE (FER). & L U WINAE (3 mgSe/kg (AER), A F/L/KEREIMNAE (10 mgHg/kg %E)
Tl s AFLKERFEIRFRINEE (3 mgSe + 10 mgHg/kg) D 4 FEE L. FADKED 11.4+£3.2 9127
SRR TR T 21T o7, £ ORER. A TFIVKEN L ST 2 FETIE, HﬁmmﬁVA
JV1E 1.5 mg Hg/kg RE TxREED 44 5L ETH 72 DITK L, B L LoV TWNTROREIZ B W
THRHE L DEEN 2 EUU T Th o7, R OKB L~ o HIIMOEE S KT E
TR ToN, ATFNKEEE L ORI ECTHEREE L VEFEAD L, AT I/LKEE 10 mg
Holkg & 10 R OIREEE G- CTlL, O - KB ICHEL B2 oz, IR ARG L
TeRER, ATFNKBE RV UONIGFT DL, BONDITNETF A~ F XX —E (GPXL,
GPX3, GPX4B %) [ZAZAAEANH B, ZNZ F A4 ARSI EN K ATV D 2 & 3%
SNz, Bl 3 molkg OFHETIE, M TE L AT EER X v b1 L ABRIREE A
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(FaAFH b)) BRIAT DARMENRS D LB,

Penglase HiX, B7 77 4 v v alffiiZSHEBR 13626 HEET, BV /AT A= AT
KR IREEEE G- L7 %, EBR T A T B Lo OHEE R 5 (R kg 2472V 0.7 mgSe) &
mEeh-ERE (R 10 mgSe), KERDOIKEE G- &#E ([ 0.05 mgHg) & it G-&#f ([ 12 mgHg) %& % 12
WT 2 X2 ERREHENEICIEV VR 5- 21T o 7o, SRET% 151 25 206 H A& 7o 4 2RI o M £ L fik
B DOREARZZEL L, IR EROKER, B L AREAGHT Lz, mitG T L URETIL, plif & N
T OKERIE 2R T S, ARt L oili@m b8l U o B SR, Jioe L R
EREREIZ LA Uiz, &L BB G CIIMRORESEFICHEL G2 o i, mkh
EHECIIPEIN )RS RE IR D AEAF T 3 LT, KR m G- B CHES oD A A7 & iR S FRE S,
TS O, BEL U ORERGIZE Y ZORBITREIND 2 LRI,

Mailman &%, #iO—#% 2 — kTl S 72 fRBEK R O A Y a A L X ZHit L U BRAIRINL T
FDERNKIREREOBLE TR D ER LT, EBUKIROHE ¥ L FREEN 1.6 ug/l BT
LB E OB LI BT, RERAAL ®PHg 2V BEINLIZ & 25, AOFHAF T PHg 2 /3o
7 KeKER & AFIBKERIEFEE ML 720 . FTo, T2 7 U EZ AU BERDO AL T AT LK
SRR L BEEIC R TIR T Lz, #i Lo BOB 52 K 0 K FKERIEE XL Lo 7248,
K B B BN D K SRR A 2 R S, AOATEROE LU BEIT KT L LUL LA
NFBAVIZA, & LU UINBEs 8 % T b AR A B X 2o 1o, Kk~ OIRRE O+
L UoBHIL, ATFNAVKBOEFREHEELWS L, AOAFERE L AREZED DR H D03,
FEHIMICE S L AR T 28 L BEROBEEA LAV EBZ 28NN H 5O CHEENLE
Thd Lk~

TP ADOE L OFIZOWTIE, Wang S35 L7z ), Lo LKA RM « ALE L7
FEE R E TR L C2EEOM (BARERE A T 1 B K) Z2F TARB - LK ORRAKER,
AT VKR, B UUREEZRIE Lz, KEEREE~EREEY LY Guglg) 2RMLZEAITX
KIHE RS 48% I L., EHICE L REZ 2 (5127 2 L RUKEIE 47%., A F/L/KERIREE AN 55%
FTHD L, SBREOY L RINTHERE LD OAEME KSR L X FLKERIEE N K & KT 5
L BT, MOBNEMEOMIEE ST 7 HEED | B DOKERE Y IABLEDFDT 52 &N
RIE ST,

W invivo RERHAZE

Truong &%, MREEZEITCME DT AT + E 4 7 U A 2O KEA F o Ll L BARnL
THEE L7 %), KERE L U RIFFRANEE (0.5 uM Hg + 6.3 uM Se) TiE, KERD A F AL S,
AFOVIKEPFEABNABEITIK T Lie, ZIROCERIKE L &0 2 Aa bbbt 7 v 7 4 — AFTC,
INHDOEMTIE Dde 1198 # L% - T K I UER-O- A FORBEER NI ST g o
EDNTRENT, D OEPITEEKEBO A TF KL ETHY | & L OFIELTEAMGT S D
T EiE, AFKEFEEEZET S ECTEEL BEbhD, KT L URRFRMBEEOMEEIZIZ, X #
W53 HEVEZ K0 ARTEPERL D HgSe R DAFEN TR O B, & U > OFMEEIER 235 7 L~ UL TEAHT
DTz & FH Ik~ T,

Branco H i, b I SRMBORE Td % HepG2 Al ~DKSRTINEER 21T - 7= %8, Hifakk~o
2 DMK ERTIN T, FILEEE THHF AL R 1 (Trxl) OFRIADEE T8, AF L
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IRERDIEINTIANZINHI A7z, 2 MIEHEKER & HiE L R O RIRER 5-C Trxl OFBLEIZE
7oy, ATF VKR EHit U U BORKRR G CIIREBOR TR RO, AT AKEOFEEMIC
FAL RFU R, ThbL, MR LE COEEEZMHERT 2SI Far R 7ROk
BEdE - U LEAENEET 2 2 RIS,

Moreno &%, ¥ 7 /WL (43Pl 2 AV CTHER L7 851ICik L 72T & DR —E L2V MEE )
DLV AFAH=2 (SeMet) 23 A F VKB EFEMEEZRBL T 20 E2 nEEE7 2 L7 2T
FE L7 %9, pL-SeMet,. L-SeMet F7-1% D-SeMet % 7 1 L FEEHIICHN L THEB &, Z0H%E
HIFNZ A F KR (MeHg(+)) Z N4 2 & | MG FRMARD SeMet Tl MeHg(+) Hh# 5-FEIZ
NEERF LT A REBXOBFEELEDOFELREMA A vz, SeMet FILERRE CILMifLH
D MeHg(+) L~V MK o 72 Z & 0B MeHg(+) DR AN E H2MEE S 7z & HEE S 472, L-SeMet
IZAKERD R A FNAIZEREES G- L7223, D-SeMet RiALERRE CIIEsHirF 2 p-SeMet 23& Hi S 4u72 7>
STDT, AFNEL AT AL (SeMeSec) X° L-SeMet (A S, 72 BREfEIZ ICIZIFHEH S
b D MR ENT, L UKREUEEWIIRIE S o o, B iR O R A D&
v ERBEDRM TITRIRED TT%RE LG TE R0 o 7olodh, RigH O& L U IKERIR 17
TELCTWEAREMED B 5,

FL/NEIIC A FLKERZ R A G L2 EBRICHOW T, LTSRS 30 8 %, Joshi
HliX., 7 v M TOAFNKBREFEIN O ELFIELERIEA L RIZR LT, FL— MIZIE
Vet 545 & BB RN B LN D N FEREIT-7- %, HESD T v Mz 21 A A F KR 1.5
mo/kg REZFEOEE L, FL— & LTN-TEF LT AT A2 0.6 mglkg (KHE, 72130 F A4
AL A h—)L 154 mglkg REE A4 5 HE, MERERE Lo, A TF VKB G i@@%¢m@%@
BikFBEESE, TADV T AT 7 X —F, "TFUATIT7—BOMHBREAL, if. B, KHTO
NEE LS DI & 7 2 F 4 EOIKT, kiUﬁ%%%WM#ﬁgﬁtO%V—kﬁ
YL UOBEMBRERELD L, BELUEEBIIN-TEF ALY AT A R0V F A A LA b—/L &[G
TH LICHET, 2D OKERIREERIC L 2 m B0 E TR BET A AL, A FL
KERITHRETE SN EOIRFEHIELE LT, ZoXrtr b — Ml OEAHERN L)
REFHT D AREMES R ST,

Mohamed 5%, 7 > FOJRIEHNZ A FAIKERAREEE (2.5 mo/L 1T v MEYR 1~21 H BIZHK
m&ﬁ)btﬂf%ﬁ&@h®%@ﬁ%ﬁ%ﬁﬁ%“ﬁbt“’%@#%E%ﬂé@vyﬁV\
LU URENRBELVARICE S, HICBHIHMRRE Ch o7, HA 60 HZIZ6-E Fr¥ sy F—
/NI (6-OHDA) #5456 &, AMBE/KEG O3 b — VRTS8 dfh, i, v
PRI R U2, BRIEHIKERIEZE T »~ b~ 6-OHDA B 58EClx, T b DR
I DI kA S EREIZ/Z2 572, 6-OHDA |2 X DR MR (NR—F v Y VERIER OFF# 72 L)
DATF VKB CIRIE SN D Z & AR ST, EHHRILEE (TAC) XA F/L/KER P 5t &
KHRFEC 2T 220 o 7273, 6-OHDA DB G- Cldsa EF L D A EICIR N L7z, 428 AT
D TAC L~/UFE L VIET » N CTRnro oy, I A FAKERRERE TlX TAC @ EA-13% 74
AHIZZR> THRO N>, IRIEHI A FAKEIRE TP IREITCHE LIV DRAF AT
AHHRE AR L, PR Z IR T S L REENRS D L EBELE LT,

Li 0%, 80KIZ0.01 mM D A FLKRERZUIN L, Balblc i~ 7 2D U /AR OH5E & NK Al
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MIBSREDS I S B 2 L 28 Lz 2, A F KSR NG OBICRBFCE LY« o — X h &£
WZIRINT 5 &0 AFAKREUTHI &R Z SN m BN ma o, BEEmAR 6, F
7o, B LU ORIFEE G X0 KERDMELEE L7 ROS (reactive oxygen species) FEAESC, HURR{LIER O
b DRI LOWEIRE DK T PHE S 7z, 'O L OMFERMEN O K& 4D S,
E 51T, BONOBEBERFIMEWEOTEELZ L LB L2V @m0 L2 &3, AKEDH
PRI R DR A b b L& ER B D,

5) BRELEEIZETSHKE A FILKIBOREERE

AN SE LTI IZIZ E R OKB A LT 2KBT v LT LERHNLN TN D, 5
JEig FE TR O ANBLESR LT 1,500 5 ADIEEE . 20 5 biotk & 7k 300 5 AREF L
TV, KKF~OKEBOBLHEDK 37%03 T4 0 /ILESLLITER L T\ 5 & HEE T
Do . 2 < OBVEED/NSURGHNLE OBREEE Y2 L CHR IR ORI R o fdt R e
B 2R - PR AAT o 7o R, ARG RAN IR FREIT IR > TV D Z E AT I o T2,
WZBSRILTEZEE & 2 D5, LU JEL OEHERA~OKEREFE N 2T, J5 1L JE Z iy 230])1]
TURDEE TIEA FAKBUTG R S 7o M EERIC K 2B ENRERE SN TS, 22T
< PubMed THF—U— K& LT “mercury gold mining”, “mercury mining” Z AJJ L. 2014 (2%
RINTFRLAERBE LT, B LT2im LD ) b/ NS LSO K EREE LN 31T DEIRIZ 1 5 K
FRIC K 2 BREEH Y I L OB BT 2 R A/ T %,

B /NREELILEDDIIREFLE EBEEZEIZDONT

2002~2012 FEDO BN R D &Ali& D 4 500 EOEgIx, = OB O EFSREF O G4 524
TeBEER LY BEE EETOEMPEICEN - -, BEEEEO/NEATL L TIEahic
KERT =V FT DiEZE TR Y KEOKENPMHEH S5, Secatore BT HFUITISIT D /NG HE
LITAPES N BEDENLEODDOIO b & RMOMEBREHE Lz ¥, FHYICL He4E
BIXERKBEIC X o TRAR DM, /INUWEASL L CTOKEREE EITEOAEFELMET L2 L0k,
TEROHEE ., EOMBEIL L EEEZFHEOT LD OFERN T L LTHY, KIBOMEES
FHE U7z, /NBUBEIEIL (ASM) FEEHUZ T 2B ILTOBDEFENE (D77 25— N4
720 OFIEFE) 1LREEE CTHIENR ROV, FTEBE O VHIBIIIR S | FEE O 2 HUg A
iz -7z (K 2), FRCRATIE, FEEHIDROREOAFEITE L, &0ftickd 25
EWHEATZ R LT, SRR TEE OHINIKF LTl Y, KEMOSDOAEEREZ D Lk
D bELS, 77, k7 AV B, 77V HIDIETH 72, 2011 R T 1,600 5 AT Y 1E

gmn YN eitic#ED > TR0, FR 380~

700 . i

£ oo 480 |y DEPEESN TN D, [RIHE

& N N A S

£sm| D ICONT b KR CHRED B 0 | BV

£

g o DETIFAKE DO EL FEm (K 3),

300

;_t :oo & 2 Number of ASM population vs Au produced,

: B 0 A by continent. The point for South America with

? . o o O high ASM population and low productivety refers

2 oL 4 - = = Brazil that has the largest ASM population in th
8 % e S0 o i so0 | to Brazil that has the largest population in the

Number of ASM (x 1000) continent characteized by a lower technological
< Africa DSouth America AAsia & Oceania level compared to other neighbor states.
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3 Ratio of Hg consumed vs. Au produced by
country per continent.

T VI X DRI X D /N B A FE L 8 H

o

e B K RIC X % TS YR LI B 5 AR T 7

Phitiopines 1 U, BROXHTITHZ, Odumo SlEr =7

) e @ Migori-Transmara Hilik (2 3517 2 T4 0 SEHT5 )

Tibaies om 12 & BBEHBIC SOV THE L, T Y 0 SEEIE

EE:_ 42 &S U % Ak SR OO BHEE o~ 0D B 78 -8Rk

Souts Africn WOFFEICHFE L TN Z LB b Lz %

NG p | R O K ER AN 11 (140 pg/kg). HEFREW (430

. Morm b nglkg) = L CRHL (Bhi%, 8,900 pg/kg) THi SH

: Mgﬁ o TW5, FEY Tl Y 430 pglkg THH | &

iy 115 400 pglkg T o7 (F2). £, Lol

— | O AR BUTE L B LR~ K SRR

__ B (IR - B IR DM > TN B 2 8 B B A LT

Botswana T b KSR AR & LTV RS

== 5 DK SR VLR MR & B LTI 0 L B O

: T =G CIIRBECTCH 7=, LLE XV, Migori-

é ey Transmara HU X B E OKERICTE SN TEY |

; Croni - = BRI < 1 WL 5 7 G HI o

Bl BRI O KSR R A B X 2 LT D L

i Ty U BB RO SO 72 0 O G B Ot & %
95 Mesico B ~xThp LIRS L,

0 20 40 60 80

% 2 Statistical summary of the Hg concentration (ug/kg) in the soil, ore sediment (tailing and river), lichen and moss

samples

Number Mean Median SD Min. Max. st Qu 3rd Qu
Soil 103 140 100 170 20 1,100 70 130
Ore 42 410 350 380 10 1,500 140 420
Tailing 41 8,900 2,560 9,990 200 31,500 890 14,560
River sediment 69 430 230 510 30 2,380 100 600
Lichens 45 430 220 430 60 1,040 160 670
Mosses 57 400 210 470 150 2,020 150 430

Nyanza 517 7 U 71 DALIE Z oW =T ITALE S 5/ NUAR K $REE (L E 12 > Rwamngasa D KB
T R OKERE L O e FIRE A B L ®, KE DKL 47.8+187 pgll TH Y, K
TR 33%7 WHO OFCEIAKIENE 1.0 pg/l L ETH U | b FiE 12%23 K FEHE 10 pg/L 28 2 T
BT, Ty P RDOBED KRR L 64.1£46.6 (8.3~167) polg L EIEETHY ., BFEL 225
+272 (60~1,120) png/g L ERERH S, LD v P SOBEI TR OKERRESS b R I~
EETH -7, T OKERIT 58.4+188 (5.8~1,759) ng/g. b i 3,941+383 (183~20,298) nug/g
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T v, Rwamngasa FHZAKERTG YIRS - TN D Lk~ 7z,

A > £ 7 @ Mollucas N Buru &5 Botak (LT 2012 #2423 A S TRk, &hitic KE
DK & ARERDMEH S 4L, Wamsaite ) 11R° Kayeli ¥ IZKERVEE - TEE2VE L TV 5, Male X110
VEOHEREY T OKRANE L, FEROMEE Y 27 L ABOREMIZHOWTHRE L %, &z
T DI DI SNzt o KRR X 680 mg/kg LLETH Y . HiFTo I O OHEFREY TlE 3.0
mg/kg LA LT, AT O OHEFEY) Tl 7.66 mglkg LA ETdh o7, )10 O HEREW) 1345 8 KR

IZHARFIH T D IBEOKIROFIGIEE < . F BRSO THEIE S 2 HEFEW 12 e~ <
ifbKERE L TRA LTS Z EZB LN LT, 202 LIFKEOEW S & RIS 5%
BEROTND, LR FEITHEE R REEHEM Th 5 & & I Mollucas MiEA > FZV?’O)%’%%
FRMTHH D2 LD, HlCHREF BTN RDO Y 27 Z{rz ., KEFEFTY &b S &
HIODOFREHBLDHZENPMLETH D b7z,

{LEF =7 Tl @85 L TKRERD 2006 4 F T S 41, 4 B T HHEEW) I OHEREY 1 DK R
JEEEREN T L 28 Laperche 5128 » THE S 72 ), 4 HIMMAHE =7 23415 5 >3l
(Approuague JI|, Comt& JII, Mana JIl, Oyapock JI) % %52 5,450 km @ 1,211 JITE s> O HEFEH
DIKEREZRE L, KEBGY~ » T E2AER LT, FERERHIEON) 21T 5 241 JIE SO H
BNy 7 7T 0 R (CEHIEEE) 13 108+42 nglg (B KIEFE 150 nglg) T - 7=, SErim g & I
SRR HU O HERE ) K ERIRE L IS B ENBD SN TV D, Ee&BRHIED 5 SO0
[ C & 4B M 2 FEERIE Mk DO HERS ) PR SRR EE DS ZERARBD b, T bITREDO SR
HIEENC I D KREOKBMEHEWFEL DO THD (X 4),

=i Global results for all five studied Rivers 3 et
2
27 b a b a a a b
- n=1211 n=105 n=385  n=254 n=255 n=212 n=241 n=242
N i ) J 4 Boxplot comparing Hg
E“g . . contents in sediments from the
8" i : ) . : gold-mined and non-gold-mined
fa B -]
-5 = = » streams (GMS and NGMS) from
&
£ 8 & the five main river sectors.
28 . I 5
N on s g 8
g | i RE. { = : o
L ' : — 1 i — i
s e R ==
o = = E i . T -
T T T T T T T
French Comté Maroni  Ovyapock Approuague  Mana NGMS GMS
Guiana River River River River River

SHRIL ST B D KRR TR O EREFHA 1T AR B HTI T TV %, Mostafazdeh & 131 7 > AL TEED
D 25~565% DAk L1 55 B 1644 % St BRI KERIRETE L D=3 T I VR IKIEHE O IMIE R K OYR Kk
SRISFEIC OV THE L72%, 164 1R BMREOMIEZ 2L THE Y, Kt TREND=v T
:V&%%ﬁ%%ito%@%ﬁ%%@ﬁﬁﬂ%¢*ﬁ%ﬁim&mzmméﬂ&ﬂlmmﬁﬁb\
F YR KRR AL 13123452 ug/l &£ 16+£7.9 pg/l T, IRER VTN L EFFIICAEICKE T L
2o THRBSO B i D M IR A ORI R 1% DAL FREICH B R ZBEEEO bRnole, Zhb0
FERITA T L ALPEER O EHE 1L 5 78 0 R KRR RIRFE A 2 TV 2 L 2R LT 5,

Ohlander & (%5 VU LI DAEHERY 22 A 80 I L HBERIZ & D 2 DD IANNT/INFAL D 1~6 - D3 % JHF AT
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ARERMEEE LT K B BRI H L7 ), A CIXFH 418 412, F b 288 ADEFRAIKERIEDE O
falbE, IETERKIRREEORIE, NDOHEHIBET 27 v 7 — MlREZITV., 20T L6 DOJNHIK
SRIFEZPE LTz, TUKERIREEN 75 R—t v X A VL EERTREE ZNLLFRED 2 BRIZ T, =
PAT 4 v 7 ARG CERIN T OB SN T (BERIZSHEIN T TR L C) fi#bT L7z, X
) 9.61.9 5% T, JTUKSRIEFEIT 0.13 ((F44)£0.11 pg/g (#iBFH 0.001~0.86 pglg) T 7=, 75 73—
B2 HAVE (0.165 pglg) ZHBZ %KL~ OTHHT BT 2 ERIE 713, FIRAKERZ TR Y
W, THRFOHR TS L TH o= (84~ XLk 3.49, 95%(5HEIX[H 1.23~9.89), X HiC
5 LA ZE CHTBLAMBYN N T 5 U EHEE L (B3 TE) < MBIl KR L~V g <,
MoKy XL b EETH o2 (F 3), LLbX v ISR T B KRR IXZ DT EE O
FIETh 5T E TRELZ KITTH LT, ThbORRIE, &-KMT ~ VI DIREEZEE T

TWD Z EEFRENDO NZEIZHE ST D DIZHEICLOTHA ),
%= 3 Main risk factors for mercury exposure above the 75th percentile (0.165 xg/g).

Risk factor Pre imputation’ Post imputation®

N (%) >75th Hg-

percentile Adjusted OR 95% CI Unadjusted OR 95% ClI Adjusted OR 95% ClI

Sex:

Male 42 (26.9) 1 1 1

Female 27 (20.5) 0.46 (0.19-1.10) 0.69 (0.37-1.28) 0.60 (0.30-1.19)
Fish consumption:

<1 times/week 15 (16.9) 1 1 1

1-4 times/week 36 (26.5) 0.96 (0.36-2.57) 1.58 (0.76-3.29) 1.57 (0.74-3.26)

=>4 times/week 18 (28.6) 1.16 (0.34-4.01) 0.79 (0.48-1.29) 0.78 (0.46-1.32)
Father working in:

Industrial gold mine 5(26.3) 1 1 1

Industrial copper mine 10 (18.5) 0.51 (0.07-3.92) 0.58 (0.12-2.79) 0.52 (0.10-2.58)

Traditional gold mining 15 (273) 0.80 (0.11-5.91) 0.95 (0.22-4.20) 0.78 (0.17-3.51)

Outside mining 39 (244) 0.71 (0.12-4.18) 0.83 (0.19-3.71) 0.82 (0.19-3.51)
Mother in contact with Hg during
pregnancy:

No 43 (21.8) 1 1 1

Yes 25(27.7) 1.10 (0.41-291) 1.35 (0.62-2.94) 1.03 (046-231)
Hg work in household and child playing
inside:

No 52 (206) 1 1 1

Yes 17 (48.5) 4.91 (1.41-17.03) 3.40 (1.28-9.07) 3.49 (1.23-9.89)

Descriptive data, pre imputation (adjusted) and post imputation (unadjusted and adjusted) logistic regression models with odds ratios (OR) and 95% confidence
intervals (95% Cl). N =288.

"Pre imputation adjusted odds ratios (for all variables in table).

2Post imputation unadjusted and adjusted (for all variables in table) odds ratios based on all seven imputed datasets combined.

A ETIEFRICE DS THY | R CKEBIERENRLZVED 1 > Th 5,
De Miguel & i bR DL 12 HIX CIEIEMIC RSB KIZ T O AW & ) Y
27 G L 0 B L= 70, U = 7 FiC j’%ﬂkfﬁ@@%% JEhE i7kfﬁf‘<ﬂ@'y)7(ﬂkﬁ' BB
DAFNIKEBEICTH 5, I EEIER EORANEMICB T 2BE T A — &% — X 2EFHAD
HBAFL, RERHPAMEOKEREIILRTORFET — % & iz, @@TEH&;:MZ HUIX [ T2
ERHV, 1HYEY 005 03kg TH D, FAIMFEOKEIEE I 0.026~3.3 ug/g (N=70) TH v, 550
AT DVEZESR O T K SR B 3k PR ~1 mg/m®, 261 47T 0D B4k 00 /K SRR 5 1 348t HH R B ~0.652
mwﬁ?%oto:ﬂ%iU27®%ﬁt®®%V&LT%4 S DOVERAC VTV S, 12 Hiig
R B AKERITTEY S - MBI EE L 72— gtk (HQ = [HEE 1 B HBHE] ~ [
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BUEHEME RI]) 23V 227 H 0 & &b HQ=1 UL ki 2 X A&, HRED 95 /—F > & A L
2 4~90 R LT (K 4), KEKBELZTLH56,. ETOTHQ N 1 ZBA T, 7~
VIT DIRBEEREE 2B W T, HQ X 2 #rmi<, 95 /N—tk U Z A LA 200 IZE LT (£ 5), 2
YET O/NBIEASLIL 2 R 2 =T ¢ BATOKBOARITINZ T, ARERIZIEG S - EE R
HREZ B SETWD, 1EESETKIET ~ LT L EREET HIEER BT EE L b -
DI EREEIEED 200 (5H 5 WFEZNLL ETh o7z, v 7 TIHILILEEE O 72 b T/
GHila R 2 =7 4 O—REHITH L THBIRIZE O LV OEH Y 27 Lo TWnH EEZ

bz,
% 4 Summary statistics of the distribution of Hazard Quotients associated with the ingestion of Hg-contaminated fish
Min. Median Mean pa9s Mazx. Std. dev.
Antioquia 2.1E-05 25 45 17.8 22.0 5.3
Santander 2.0E-06 0.6 1.8 9.1 11.3 238
Narifio 2.3E-07 0.5 1.1 44 5.5 1.4
Cauca 1.1 3.6 4.2 8.7 10.0 22
Caldas 02 2.7 45 139 16.0 4.4
Guainia 1.1 3.2 4.0 8.0 8.6 2.1
Vaupés 1.1 3.2 4.0 8.0 8.6 2.1
Quindio 1.3 43 48 8.7 10.0 2.1
Bolivar 0.0 8.8 21.5 91.2 116.7 288
Chocd 0.5 11.1 16.1 46.8 53.6 15.3
Cdrdoba 2.6 9.6 155 77.5 111.9 212
Tolima 1.0 33 8.6 55.4 71.1 16.3

& 5 Summary statistics of the distribution of Hazard Quotients associated with the inhalation of Hg in outdoor air and
workshops’ atmospheres, in mining sites of Antioquia.

Min. Median Mean p95 Max Std. dev.
Miner-smelters Remedios 93.4 130.6 1309 147.2 176.1 97
Segovia 136.3 168.2 168.4 183.0 2115 87
Bagre 20.6 43.0 435 56.1 793 72
Residents Remedios 7.7 12.8 12.9 15.0 18.7 13
Segovia 9.7 240 24.4 33.0 55.0 49
Bagre 12.0 214 21.4 25.0 30.1 22

Peplow 5% A U F L HFNE O/ N7 FHE O SEIRIEENCLE 5 BREEH ~ O /KER I K 2 fEkR
PEAR B F AT 9 % Apetina AT 562 B Wayana (12 & % & s L7 ™, Wayana O£ 1D
MR THEMNEEZRET H D DKEEL LD 2T, #6130 Y 27 B HlipFsE ¢
Wayana DM 23K ERIEFE I X DB BOAIEY 27 & R L, A BIOHFFE TIE A TV KERIRTE
TR O WM RN — d O PR A M T O IR R R CRE Sz, EEES
ROEIRET L., BETKERHEMEL XV Th oo T <Y VHIKOMOWSE & b2 [ L EITE
ZIRWNE DD, Zib ORI E N BEZP KR & B2 R~ T 2 L 2R LT,

Rodriguez Martin-Doimeadios & I3& 4 I D 7 ~ > 2 I R DM E O KSRL-A Y DT RE Sy
W EATOL T OAREEGLRBUC OW T Lz P, 7~ Y v TR O A tigi o Tapajos )|
THALE T 5 Itaituba D 5 & AKERIETE YLk o Belém O 1145 TAT L= FSEO B KER & 2 T
JVIKERZA3HT Uy AKERIBEYL D Heifi 217 > 7=, ltaituba O TIL 5 FEO AR (tucunaré, sarda,
pescada branca, filhote, dourada) & 4 fEfHDIEF A (aracu, pacu, caratinga, jaraqui), Belém D ifids
TIE S FEOABAEZIIET S &, OTapajos )1 OO A F /L KERE I TIFE YK O fa i
@ o7, @ltaituba @ dourada, filhote, sarda M fa Rl WHO Z2REHEC K ERIE EPA
DRLEANIEE Y IEEL D B CTH o 72, QMEHEKERREE O LS T A F LKL Hm L
T2, @ltaituba DR A O FHRKRRIEITIFIER UL~V Th o728, FEERAD LK

ERr
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SRR EEIXRF OfRE & & BHITHBAEIAICH o7z (R 6), AL DOFEITISHZ RN E=4Y
YT OEENETRTHE LS, ITT Y IR D KRETEICRT D T RIS BUN OiE 8 & Y

R=FrT25HDTHD,
%= 6 Methylmercury (MeHg), inorganic mercury (IHg), and total Hg concentrations (ug/g in dry weight (d.w.)) and

percentages of MeHg in fish muscle from exposed (Itaituba) and non-exposed (Belém) areas

Common name  Location ~ MecHg IHg Total Hg %MeHg
Interval Mean+SD  Interval Mean+SD Interval Mean+SD Interval ~ Mean+SD
Piscivorous
Dourada Belém 0.02-0.06  0.05+0.02 <LOD-0.03 0.01+0.01 0.03-0.08  0.06+0.02 75-100  80+14
Itaituba 0.80-8.47 32430 0.10-0.24 0.15+0.06 091-8.71 33+3.1%* 8797 94+4
Filhote Belém 0.06-0.14  0.08+0.03 0.004-0.03 0.02+0.01 0.07-0.16  0.10+0.03 65-94 83+11
Itaituba 026-2.74 1.3+1.1 0.002-0.14 0.05+0.05 027-2.81 1.3+1.1%%  95-100 97+2
Pescada Branca Belém® 0.02-0.14  0.07+0.05 0.005-0.03 0.02+0.01 0.03-0.15  0.10+0.05 62-89 77+11
ltaituba 0.04-1.54 0.6+0.6 0.002-0.12 0.05+0.05 0.04-1.58  0.62+0.62* 6597 89+14
Sarda Belém 0.10-0.17  0.13+0.03 0.004-0.06 0.02+0.02 0.11-0.19  0.16+0.03 66-96 86+12
ltaituba 1.00-5.39 22421 0.009-0.30 0.09+0.14 1.02-5.70 23+23*%* 0599 97+2
Tucunaré Belém” 0.59-3.92 1.7+1.3 0.008-0.08 0.05+0.03 0.66-4.00 1.8+1.3 90-100 9644
Itaituba 0.05-242 1.8+1.0 0.004-0.11 0.05+0.04 0.05-2.45 1.84+1.0 92-99 96+3
Surubim Itaituba 025-1.02  0.55+038 0.04-0.26 0.11+0.09 028-1.16  0.66+0.45 78-89 83+6
Non-piscivorous
Aracu ltaituba 0.03-020  0.12+0.07 0.005-0.03 0.02+0.01 0.05-023  0.13+0.08 68-96 87+11
Caratinga Itaituba 0.02-028 0.13+0.10 <LOD-021 0.05+0.09 0.02-033  0.18+0.14 36-100 84427
Jaraqui ltaituba 0.07-0.18  0.12+0.04 0.01-0.04 0.02+0.01 0.08-0.22  0.14+0.05 80-88 8243
Pacu Itaituba <LOD-0.04 0.02+0.02 <LOD-0.03  0.006+£0.01 <LOD-0.05 0.03+0.02 37-100  68+46

The number of individuals was n=5 except for filhote (n=>6) and sarda (n=4) from ltaituba. LOD was 0.0028 pg/g for MeHg (as Hg) and 0.002 pg/g for

IHg

*p<0.05 and **p<0.0lversus the same species collected in Belém

* Fished in Marajo Island
® Fished in Tucurui dam

% 1 Concentration of THg, MeHg and trace metals in different parts of rice plants collected at near Wanshan Hg mine,
Guizhou Providence

Concentration of Hg Concentration of trace metals (mg/kg)

Location (m) Part Total (mg/kg) MeHg (pg/kg) Cd Cu Pb Zn Ni Mn

0 Brown rice  0.16 +0.021 15+1.2 028 4+0.031 4.240.20 N.D. 16047 2440.27 18+ 1.4
Husk 0.58+0.073 046+0.054 0484+0.062 5.6+039 1.84+0.13 23414 12415 89+ 11
Straw 1.104+0.10 1.7+0.16 04740071 8.6+12 1.8+027 29438 154+2.0 94455
Root 10+£1.1 5.8 £0.60 1.5+£0.14 331306 14+1.3 64+77 42460 140 £ 12

500 Brown rice  0.21 £0.031 28+ 1.0 047 £0.041 3.840.24 N.D. 1814 2340072 131042
Husk 0.54+0.062 058+0.064 053+0.061 46+028 154019 18416 68+0.73 45+2.1
Straw 2440.083 204£0.050 06310053 414046 44L£0.64 21126 12417 42443
Root 15+1.1 9.34+1.0 244027 45433 25+ 1.7 91478 37+1.6 210427

1000 Brown rice  0.13 £0.023 30+£1.2 03210042 3.610.30 N.D. 18129 2314036 144+0.62
Husk 0.75 +0.053 1.24+0.081 04540073 5.6+051 1.14+0.071 25+1.2 144+1.4 56+6.0
Straw 1.5+£0.19 2.7+£0.31 05910044 484036 124011 24117 15414 564151
Root 234206 12+£0.82 26£033 294130 194 1.0 6l +63 334122 240 £ 22

Control Brown rice N.D. N.D. 0.10+0.011 494032 0.094+0.012 124+0.76 47+0.46 114+0.44
Husk N.D. N.D. 0.14+0011 674048 035+0.020 15+1.0 23413 50+3.8
Straw N.D. N.D. 0.10+0.012 7.440.62 059+0.041 17+1.1 30+1.5 51434
Root N.D. N.D. 0.14+£0011 46+42 7.024£0.69 50124 78423 160 £ 8.5

“Data are mean £ standard error (n = 4). Detection range: Hg, 0.002-10 pg/kg; MeHg, 0.5-10 pg/kg: Cd, 0.01-0.1 pg/kg: Pb, 1-10 pg/kg: Cu, Zn, Fe, Ni, and
Mn, 0.1-10 pg/kg.
THg = total mercury; MeHg = methylmercury: N.D. = not detected.

B KEBMHILUBEDOBREEFLEIZDINT
T El D EINE D J5 LK EREE 1L E D T3k R KSR L o TIER STV Z &b
NTWA, Li & 1305 ILAKEREE LU 2 351 2 /KSR DS BIC DWW Tl L7 P, Kokl
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ba SO ESR & OBMRS HIED % 4 7 L FRZRIFERIE L ORISR ZT, KERIC K D5
FEY R IZOW TR Lo, 9 KSR CRAR S iz LRt 5 bARRE D KL v
LA b %D 0T, LovL, MUKER, Y=F Lo MU T HERER-KER, KUK SRR 1 I
DIRE & FEARPE TR > T o, TR ORKERE L 0.17 mglkg £ L TH K3 '7A I 0.36 mg/kg
ThY, BIROEZFHEOTRRIELZBZ TR, FRIRO A FAKBIFIR, 3. Do EOM
DEFLT AR LRI B E o T2 (£ 7). ETATAIKER (MeHg) 1T L3N %*E% L TEZAK~D
BATSCAEWIRAGEREL D @ o 7o, R X 2 B HEBEE, 19— RI§$ (Hazard Quotient = [H
1 H RG] [ DB BRUEYEE Rfd]), Y — KA 5 v 7 & (Hazard Index) OfEHTIZ &0 71l
IRERFEILHIIK DK AV LTz & 2 DK, I RI T LA, AF VKD NFIA~DELY A TIETER)
URY LipoTRY, ZOHMROGYKEEITE N ORI DIENR BB TH D Litm>
iz

A X=T DHA R Y 7 AREGL LI O A R Y 7HCIIREGERE S5, 4 R T
BT HIR C 2 F BTG S U2 AKEREE (LI CH 0 . 2 ORT O OHEFE)C B K IR DO HEFEY)
DKERTEYZ ST Bavee S 25 L7= ™, KERHEEE (397 1| O HEREMIT Fe X THE KT O HEREY)
TIEL . ZOREEIL 0.125 mm LU T O%i T 16~110 mg/kg ((H4AE 29 mg/kg). 0.04 mm LL T ki
T 7~125 mg/kg (F 9l 35 mg/kg) T o7z, —J5. WINOHEREY DI IE 0.125 mm LT OHL
+C 10~610 mg/kg (1 J:fiEE 95 mg/kg). 0.04 mm LA F ¥+ T 10~440 mg/kg (FF9fE 105 mg/kg)
Tl o7z (X 5), N OHEFER) O iErif BEKSRIE, BRER L 7 HERE W 23 R /K LB L AT i L T B 72D
KERZEToHLA . SLAFRE, RIERTOSA e ERKERIRE B 2 bz, L L, RS- kER
TR & BRI O HEREY) O K ER B D BIEME IR D H AL TV 720y, BABLEIEIC X 5 BEAEKEROHE T
Xl OHEFEDIIR—TH Y . SREAKE, AAEE LA LIKER, R0 3HEETCH-7-, £
L CRUBIOK) 50% N IR TH Y, T OITBIERNTEMIT L > TRIAFTRE L 72D, A LR
TOHFREYF O BKENHE SNZNZORITDOT N TH o7, 500 FLLEOKEEIEEE O
FEdE A RYU 7T HHHOHERE A KERITE RSN TWDL Z ERH LN ol
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7272 8T AFNVIKERO B2+ 256 R oA ERRE (F51E) CRITUBRELIHMET oL &b

. PR EERHN 21T O RER OB 1T O 2 ENLEEN D, KT, B REM (HAASLE
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A FIVIKERDK SR E DS PE RGOS FERT . HDWITETRHIEOEE L L bic k&< Bkl 9 50
bThb,

—J7, BIEME L BICHEROBET — 2 2 H T 556, Zhb 2 DOREEZIERIT 572D
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HERE U728 2, EBRITIE, 2 ORI HOBEIREN G OND Z L1k (L OB ELE
W OWRFEFE RO LTV D A HIZBWTIL) EIcewy, £, BB EHARD 2 FEA
DOIFFESRIE ORI BN R O b TH BN 59V E T3 B & i IE YEAE S
T A S TEEBRERE L LT 1 DICENT 5 Z L AMES 2RI R 2 - N b A0, 4
%L RO RF 2 B0 R 2 E D, T b LB LIRS — AN, Fr— A Ciffr i ik %
WETDHRETHDH, Vel &b, “WHBHEEIIT 2 HW b RIKR” RS E2 85 2
ETEET T2,

ATFNIKEBOMIEREZEZ T ET HUEE TR, — T, AFAKELSN DR, BFR, v
He, RUKLE T = =)L (PCB) 72 & bARICHE L 25870 v L R R eafish
iz (PUFA) 7¢ SIS 2 WITEMEERICK T 2HPUER L LTRET L2 L 6N ENT
W3 MO T AR R — MR T, TRR S 14 5% CILRIEIR UARISEISIE & N T
D, BRDEMBIZEBONTH RO EZEN IR IR O X TV KERRETE & B4 5 LA S
7z 588)  F 7= Choi %, —HO 7 = o —# s HAE =R — MR T R A F Lk SRR R
DD PUFA 2B ET 5 Z LIC k> THICHL oo 2 E&2Mmii Lz ), Zhucxf L, Tatsuta
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ZNETORIE = AR— FRE TR, W2, B2 2R3 L THE CHARLBERRA 2 > T2
T OIS DUREWE N RIS =D, B HWIT R DR EE IS TR Db E 2

L= EHRITHZ N TE7< 2> T L% -7, Boucher & DOHFZE TIXMATEHR (2 L 0 B84
DA RI2 B 2 LR S 3, 5% OBE TR, BERBREELRAT 2BATH,
KRERZECHD Z L2 EM LT, DS 2 FWE 22 CTHIET D, 72V LE 2 Ol
ERERCTAERREE O —H 2 RAF LT ZebEEL BN S, I HICHETH & 5
DM CE D Lo &onDmELIB o &, HESNOFERICHULAREE 72 A 9,

Sgrensen O 1%, 7 = —ifSHAE TR — MIFSE T, 1~10 pg/L ORFH M F/KRERRE (H DWWk
0.2~2 pglg O HFERFREBLIESZKEBRE) 23 7o MmE L AERIEORERERF>Z L 2WmE L
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Abstract

More than fifty years have passed since the outbreak of Minamata disease, and there seems to exist
no high-level methylmercury contamination in Japan. Meanwhile, mercury is continuously discharged
from natural sources and industrial activities, but health problem of low-level exposure to methylmercury
among fetuses and children has not fully been resolved. For this reason, mercury contamination due to
gold mining is a worldwide problem especially in developing countries such as Brazil, in southeastern Asia,
or in Africa. From this view point, we provide an overview of epidemiological studies, mainly issued in
2014, on health effects of low-level exposures to methylmercury and mercury.

The following findings were obtained in this fiscal year: (1) Recently open-access journals increase
and the number of papers addressing methylmercury or mercury also tends to increase, which does not
always imply that there are a lot of papers to be of great value to readers. (2) The proportion of
epidemiological research among papers addressing methylmercury and mercury greatly decreased in 2014.
(3) A statistical method for assessing the toxic effects of prenatal and postnatal exposures to methylmercury
on child neurodevelopment was introduced. Hereafter, a statistical method for distinguishing clearly the
effects of the prenatal exposure from those of the postnatal exposure also has to be developed. (4)
Antagonistic interactions of selenium against the toxicity of methylmercury were demonstrated in aquatic
organisms and in vitro studies. In epidemiological studies, however, there is little evidence of the
toxicological modification of methylmercury by selenium. (5) Toxic effects of methylmercury and
mercury are of great concern to workers engaged in small-scale gold mining and smelting and to people
residing in the surrounding area.

These results suggested that continuous collection and analysis of published papers are needed to
clarify other adverse effects of methylmercury and mercury on human health and to find a key to resolve

contamination problems in developing countries.
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ATV IR R R B & AR & OBIRIRIRICE T 5 72 D A F AV KIREEMETE
BB 2 AN A D[R E & F FH BERE AT

TEMZEE KB T CRAER PRI ER 20%)

WMREE

ez ITHEEEILF A7 ) —= 7 24TV BRI LY & MM TR A F /LK SR
Pea 52 AEEE & LTHOXBI3 #[EiE LTz, WEEEDOKRFHI LY . A F/LAEN Z D HOXB13
ZNLUTCINF-a ORBREFHEST L2 ENALNE o7, £ 2T, AEEITHICTEM BT 217
Sz, TOREF, T3, TNF-a OFBBFFEICE D2 FERIRGR & LTMHN 5D NFkB 3 A F
JVIKERIZ Ko TR L S5 Z & ARl 7z, NF-xB OHERLIRFThoH RELAD /) v 7 X
X HOXB13 @/ v 7 #7 2 L [ARRIC A FOLKERIZ K D TNF- o OFBFE A3 L < #iiil 3 5 & 36
R A FOLKERMEZ G- 2 7223, WHEZFIHZ ) v 7 X7 SETHLELLNHE ) v )
U SHIGAELY b ZENLDOREN LA 5 2 &3> 72, HOXB13 23N C RELA &
FEALRWD MR ENT-Z E0vD, HOXBI13 X NFkB & O 5 2O difEA %2/ L C TNF-
a DFBFEL LA FVKRFEERBICES LT b b0 tEZbNRD, —F, EEEORE
IZE 2T, TNF-a & INF 2K L DR G ZHE T HEBRIRTF FTH 5 WPIQY Tilllfa 4 JLet
T5Z LI Lo TAFNKIREERTE IR SN2 0 n . AT KERIC L - THEBIFHE S
AUTHIRISMZ B S 4072 TNF- a 23 2 FOL/KERFEPEFE BUCBE G- L T 2 AIREPEASRIR S CTuniz,
ETAN, REEOKRFHZ LT, INFFa®D/ v 7 Xy Eiid) 208F 2 b TNFraBLOD
TNF- o FUR DB ~O UL D A FIUKEEZ AR T S0 LAV L7, Lol
A F VKGR CHLER U 7= Ml o558k P la bt 2 m IR 3 it S T d 2 E ndER S s
TS, KRFERET D 2 LT Ko TAF KRNI FEBERE MR D220 O 2B LD & D
EHIfFSND, —H. ATFNKBIZK > T U AR TRE AT 204 b A o7 EE LY
BfEICT A7, INF7 7 IV =B, X —uaAFx 77 IV —IZBTHETOYA NI A
YR FREICOWNWTIREA 21T o7 & 2 A, EREERE S 7z TNF- o 38 KOV IL-19 LISHT TNFSF8 &5
IO RS, ZRHDOH T TNF-a B8 XV IL-19 23 A F/LKERIZ K > TR R A ISR
FHEINDZ ERER ST,

X —TU— K AF VKR, B EBES T, Hoxbl3, NF-«xB., TNF-«

W 717
o BB CGRAERZERFBE A FER T
il CRAER PRGN FER 320

I WHEE™

A F VKRN T D IR M VBB R ERZE N B D L B R BILD D, MR ED 53+
BAEIIZ E A STV, Fix i, b MHOREREMEZ AWl Es A7 ) —=
VI RFERL, A TFNKEEZ I BE 52 DBBE T EHEFET S Z LICEHI LIz, Z0
IR B D R R PR B N 7 FOBMB T NEENTEBY, TAHDIFEAEITA
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FIIKBFENEICE G T2 Z LD RSN BDTH D, AWZETIE, 2 bBIaT O/ERE
AT 5 Z LIk o To AFIVREUTH DB MR ERE O 2 B3, AETHRS
NDRRIE, A TF KB FEBIEE OB R E S EBNT 2 & 3EIT, A F VKRBT & & ik
PEEFRBREORRICK T 5 BIEMEROMIICOET 2 2L L2  ZOASERITRE VY,

o ek
1. EH'EoHMHEs X O immunoblotting

6-well plate (= 5X10° cell/1.8 mL & 72 % X 9 |2 HEK293 fillfi 24576 L, 24 B¢, 37°C. 5% CO,
TH:E ., 200 pliwell D A FL7KER (20 mM) % AL 0.5 ~ 6 IR§fi], 37°C. 5% CO, THi# L 7=,
D%, A FRE L, 1B 1XPBS Twash L, Z®Df% 1XRIPAbuffer A 300 uL fl ., JK = CTHs
NG D E TNy T 4 7 HEITWVEI LT, & D% 15 53K ETA % 2 _X— |k L721&,
20,000X g, 15 57, 4°C Tizm.lr L, & D _EJf % whole cell lysate & L 7=, & ZIZ[FR&E D 2 X sample buffer
% Iz SDS-PAGE H ¥ 7' /L & L7=, Transfer #% @ membrane % blocking solution (5% A % 2 I /L
2. 20 mM Tris-HCI (pH7.5). 150 mM NaCl) (Z 1 B L B384 blocking L7=#% 12, —&kFULICR
L. ST 4 RfEILLEIRY L7=, Z D14, washing solution (20 mM Tris-HCI (pH 7.5), 150 mM NaCl)
T3al, RN 10 oiER L CiiE L-RIic, RPUARISR L 1 BRI Lz, £ 0%EY
washing solution (20mM Tris-HCI (pH 7.5), 150 mM NaCl) C 3[al, ZiLZ4L 10 srfifiEs L T
L 72112, Immobilon Western & i\ T3 &8, Versa Doc Model 5000 (2 & 0 & L7,

2. BB D5 E

1X10°~1x 10 cells {Z 400 puL @ hypotonic buffer Z iz . FlEZ [EL L, JK_ET 15 SR#HE <
w5, D%, 10 % NP-40 % 10 uL Mx vy 7 ¢ 7 Li-tkz.l (1,500Xg, 5 57, 4C) L
7o EFEZEVBRZ (EJE% post nuclear @4y & 9°5) fF 5721 v NI 75 uL @ nuclear lysis
buffer Z %, HFRLE (AEY 1T20 [E) L7z, KET30 A vFa— kL7, k&
#%izm L (15,000Xg, 5 4y, 4C) L. &5z kiE% nuclear iy & L7z, THHICFHED 2X
sample buffer Z i1 2. SDS-PAGE > 7 /v & L=,

3. ME~DTTAI ROEA

5 10° cells ® HEK293 #fifid % 2 mL ¢ D’MEM / 10% FBS (penicillin / streptomycin free ) T 6-well
plate (ZHEFE L. 24 Wff#], 37°C. 5% CO, THi#E#%. transfection complex 500 pL ( 240 pL OptiMEM
\Z Lipofectamine2000 10 uM % {84 L 5 /M= TA v F = X— K L7=1%.DNA 1 ug & OptiMEM
250uL ZRA LT borERbE, 156 SHE=|ETA > FaX— L THELE, ) 2IRIMLT, 6
[, 37°C. 5% CO, TH:#E#. 2mL @ D’MEM /10% FBS ( + penicillin / streptomycin ) C{&#a L .
24 BEfE], 37°C. 5% CO, Tii# L7-,

4. HIERRE

0.5% NP-40 lysis buffer (50 mM Tris-HCI pH7.4, 150 mM NaCl, 2 mM MgCl,. 0.5% NP-40, protease
inhibitor cocktail ) C#& & Z it L7=#%. DC protein assay kit A\ CTHE AE &4 T E%, wE
HE &N —E T, 05% NP-40 lysis buffer THIR L7z, & 52L& 3 [EIFEHE L LTV anti-V5
affinity gel %02 ,4°CC 3 B§LL LA > % = ~X— k L7z, Beads % {:i4+1% . beads & 0.5% NP-40 lysis
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buffer & T 30 uL & 725 X 912 0.5% NP-40 lysis buffer % il 2. {2 2 X sample buffer % il %
72, 100°CCT5 0 M#EA L, SDS-PAGE ¥ 7L & Lz,

5. RNA O Higft

5X10° ~ 110" D% 1XPBS T wash L7-#%. lsogen 11 300 pL % ¥RA0 UAHINE 2 ¥R <72,
% Z1Z2 120 uL @ RNase free K Z ¥R L 15 BEIAR/LT » 7 2 L T=RIE T 5~ 15 2 kE L 7-1%.
15,000 X g T 15 4yfiliz0r L7z, E3% 300 pL Z =X L 300 uL A ¥ 7'm /3 ) — L& i 2 CTHERENR
L7 H 0% 10 2y M=RiE THiaE L72#%. 12,000Xg T 10 s iE i Lz, EiEZFRZE L 500 ub @
75% T X /) —/L%& % 8,000<Xg T3 bLiz, ZniEdh o —ElvikKL, EFEZBRELLL
> b % RNase free /K CIEME L7,

6 . WHRE G (PrimeScript RT reagent Kit)

RNA 500 ng (2% L. 5XPrimeScript buffer 2 puL. PrimeScript RT enzyme mix 0.5 pL. oligo dT primer
25 pmol. random 6-mer primer 50 pmol & 72 % X 9 IZRSHK Z i L, 37°C. 15 4y IR B i %
TV, ok, BEREERIESHE 5720, 85°CT 5 MMIMEL L 7=,

7. jE& PCR

SYBR Premix Ex Taq % 5 uL,cDNA % 1 pL,H20 % 3.6 pL. 10 uM forward-, 10 pM reverse- primer
% 0.2 uL 9727+ 10 uL (ZFH% L. Thermal Cycler Dice RELA time system TiE#& PCR #1To 7=,
MRNA EIPERES B & LT RICEHEEN —ETHDHEH A6 TWVWS GAPDH
mMRNA % W CHEAE(L LT,

8. /v HZT PO A FIVIKERIZ R B s

IR A FIHS L. 25X 10° cells/2.3 mL D’MEM (10% FBS) & 72 % L 5 ISl 2 & bd., £ 2IC
transfection complex (OptiMEM 94 pL IZ[ UiEfa %2 % —7 > h 3% ZFfid 4 uyM siRNA % 3 uL
FOUM L, 12 uL @ HiPerFect transfection reagent # AiL7=t%. 15 0L LA v F a2 _X— | L7,)
WML 2,3 [EHREEM S E721%.10 SRR TA v ¥ 2 X— b L, Z20%. 2.1 mL ® D’'MEM

(10% FBS) %N, 96-well plate (= 5x10%/90 pLiwell & 725 X 5 IZiRAN L., 48 Ffi, 37°C. 5%
CO, TH; &%, 2 UM ~ 12 uM MeHgCI % 10 uL T2 L7z, S 612 48 K§f#], 37°C. 5% CO, T
Bede L7-t% B A LY B & L 10% Alamar Blue % ¢ D’MEM/10% FBS % 75 pL % 1 K9 2 IRef
37°C.5% CO, TH:# % w7 L — b U — & —CTHOEHIE L 7= (excitation 544 nm, emission 590 nm) .

9. FHMEPAEFR]F I TSP UL D FIIDS LD A TV IKERIZ R 2 sz ik

96-well plate {= 1< 10* cells/80 uL D’MEM (10% FBS) & 72 % L 9 [T M3k 445 % . 24 R, 37°C.,
5% CO, THi##%. 2 UM ~ 12 uM MeHgCl % 10 pL & . BFEHER S L < ISP RIKE T
ZAL 10 pL o LTI L7, & HIZ 48 e, 37°C. 5% CO, THi#E L7-f&. Mz I Y i
& . 10% Alamar Blue % & ¢ D’MEM/10% FBS % 75 pL % 1 249 2 B, 37°C. 5% CO, TH:#%1% .
WK L— F U —HZ—THEMHIE L7 (excitation 544 nm, emission 590 nm)

(fi 2R~ DAL RE)

99



BRI OB AR FAHLAH 2 AR 2 IO TEFZEIT . LR B s R 2 R 2 E B S 0K
REFIFRO—ERE LTEMLIZ LD THY | B LM Z AWEOMHEHEOHTNIC L 54
YW DOZIEMEOHRIZET DIEHREAET L, P2 IHEFERE CEELITo 72, BMERIZONTS,
WAL K FEN ERGALZE S ORKR LS T, ALK FICB T 28 ERRE BT 2 IR (21>
THEM L7,

I BFFERE R & B

(1) HOXB13 %41 L7z A F/L/K SRRV skt O fdfr

Foxix, AFNVKBHFEORBICKEBELHEZ D MR TEHLNTTH72DIT, siRNA ZF
M LT85 FRsgiE 2 B8 Lo, AREiZ e b ok HEK293 fifa 2 vy, 922,000 & siud e Ml
BT OHF THEEEDHIH] LT 55 17,000 Di#fs 7% SiRNA IZ XL > T 1 DT 2R%BMH L7=D b
2, oM (59 17,000 fE) D A FAKBICKIT 2EZ AL bDOTH DL, ZOHEEH
WA ) == I Lo T, FEIMHENC LV v MEFEMRIC TR A FOLKEEE A 5 2 5 EH
BLLCRESNZHLOOFIZ, #EFIC DNA FEA RA AL & LTHRET 2R ARy 7 AR
AL U EFTHERAE THD HOXBI3 NG N T (AR 23 FEI2HA) , HOXBL3 3o
AFNIKEREZ N ZE @O DIEREATHEBEZLNDN, ZTOMIEIZIZEA EHS TR,
T & IIHEARE OARBFIEIZ I T HOXB13 23R T A FLKERBMEHETRIER IZ DWW TRET L, A T 0
KERAY HOXB13 %41 L C TNF-o ODFRBAFHFET 2 Z L 2P b0 T 5 & LI Z OFRICHfasM
BRI &7 TNF- o 28 A FOLKERFEME ORI B 255 2 /- LT 5 alREME 2 /R
L7z,

AFILKERIZ L H HOXBL3 OIEMALEERE & LT, A F/LKERD HOXB13 DN ~DBAT A
HELTWDLHEMENRE 2 DD, &2 CAFEEIXET, HOXBL3 OMIfaN DAl G 2 5 A F /LK
SROE A HEK293 Mifa 2 WV THRET L7z, TORER. A T KN Z L T aVWREEICB W
THAILND HOXB13 DIF & A EDBENITFAE L, A FILKEITZ D HOXB13 DM N /341 =2
ZOLYVIHEZ RIFZ RN ERHBA L., 2D Z &vn, HOXBL3 (3N TR H 22D
BEREIZ L > TAFAKIIZ LD INF-a ORIFFZICEAL L TH Y . A F/AKEITHENIZIEBNT
HOXB13 ZVEMEAL T 27y E7213, MRRE I/ ET DO B E A ENICBAT S TY%ER
BHONTO HOXB13 & OA/ERZRE S5 2 L 12 X » THEEMIZ HOXB13 Z Gtk L T
WD AREMENRE 2 Hivd,

TNF- o ORBIFHEIZE D 5 ERIRER & LT NF-kB 2351 5L TV 5, il RO NF-«B (3 IkB
a EFEAT D 2 LT K o TEOTEENMH SN THIRE FICFEL TWD, L, gkl
HIZE-oT BaN) VERIbENTT 0T 7Y —LTHofREN5E kBall kX ~27 ST
72 NF-xB OENBATS 7V EEH L. NF«B IIENICBEATT 5 X 2127 D, ZD%, NF«B X
DNA £ kB EF—7 LTINS E L. BB FOWmTEIEHRIEIT I Z LA biT
Wb, EIT, ATFNKED kBa OMIEN LI 2 A EEZRFILTE 2 A, MldN IkB
a LoUL D A TV KERAERRF RN ZARAT L 72D 03588 D v, A FLIKERDS NF-«B Z G ML & C
WD ZEDIREINTZ, £, NFxB ORK 7+ CThHhH RELA % ) v 7/ X 7 E/c e 2 A AF
JWIKERIZE D TNF-a ORBGFHFENE LD Lz, ZRHDZ i, AFVKERIZE D TNF-«
DIEBIFHEIZ NFxB 235 L TWAHZ L AR LTS, RIZ, AFKIBIZL D TNF-a OF
BIFHEIZI1T 5 HOXB13 & NF«B & OBV Z#fiaf L7 & Z A, HOXB13 £7-1X RELA © / v
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7B AL TAFKEIT K D TNF- o OFEBFHENH S v, KA 2 FRFIC ) v 7 X0 v
LTCHHE2D TNF-a ORBFEOIHNIIFRD bzl >7-, HOXB13 235l T RELA &4
L7722 ERERRREIC KV ER S22 & vh . HOXB13 1L NF«xB L#EET 52 &7 <,

NF-kB & O H0DWHFEM 2/ L TAFAKENZ LD TNF-a ORBIFEICHEG LT\ L5
2 bbb, Fi2. RELA O/ v 7 X0 AR A FOVKERMMEE 52 7223, A FIVKERMEE
RTHOXB13 / v 7 X0 UHIBICIB W TCIZRELA R /) v 7 X0 ST H R D A F VKR T
OBIFERITIE L A ERD SN o Tz, PLEDORER S HOXB13 |% NF-«xB & O i1EH z2
LT TNF- o OFEBFHEL LA FAKEFEEREBUCHE L TWDL b0 EER D,

(2) AFNAKEUT K o TR S D A F /L KERFEMEIE TR K] 7

WEAEFE ORRFHZ BN T, Fex X TNF-a & INF 2B KL OB ZHET 2RKRTF K Th b
WPOQY THifZ MLEFR4 % Z LIC & » TAFAKBFEMENEZ SIS s Z 2 /HL, 2o
T EMD AT VKR K o THEFHFLE I TSN S 47 TNF-a 23 2 F /L IKER BT B
WZB5 LTV D ATREMEAVRIR SHLTe, £ 2 TAEEIR, TNF-a @/ v 7 20 3l A F LK
FRIBE ML 515%§%@%Lt0%®%%\%ﬁmﬁbf'mpa/yaﬁvy%@@ﬁ%%
RNZHEATHED R Y 6 SO A T A IREUESZ M2 7R LTz, B HIREEIZ IV T TNF- o [IAIREEEE 55+
DFRBLCHURFEA 2 TUHE ST D Z LT L0 Y0R8 %5L1wéﬂ W PEAE S
7z TNF- o 1 ZBEET Y 7~ Tt e EORIEMERBEZFHRTH 2 k#ﬁ%hfwé‘mFa%
I 7 E T LT BRIZERD DALTZ @D A TV KEREESZ T EH L1 TO TNF-a ORED
KENTZTZDIELEBHSETHDAREE LB ETE RV, 22T, Yar e F INF-a B LW
TNF- o LA DB ~DOUNMAHIILD A F VKRS M G- 2 D585 Gt Lo, £ ORER, AT
O HHILD A F VKGR ZEIZE A ERBEE 5 2 0o, ZOZ b, HOXBL3 %
ML TAFUKBIZE > THEESND INF-o 13072 < & BRI L ~UL T A F L KERS
PEDOHITRITIZ & A EBHE L TWRWATREMERE X bitd, LorL, TNF-a[HEAITH S WPIQY
DOUIHBHILD A F IV KERFFME AR L. HOXB13 / > 7 X 7 Ul T WPIQY ¥R L T
A FIVKERFEME DR H RN T EvD | TNF- o LIS ORI OE A S MiflasM it S h
T CAFAE T D2 RRITHER T 5 2 LI K o TAF KB FMEREICE 5 LT 5 aTREMEN
EZOND, T T NFBIZE > TREANFEIND ZERRESNTNDLIA ML Th
% IL-2, IL-6, IL-8, IL-12A L OV IL12-B DFEHLIZ x%wmﬁﬁﬁzé%@%ﬁﬁbto%@%
R IL-8 DRBLDHB AT NIKIUIZ L > THE S, ZOFEITHOXBI3 D/ v 7 X0 ko
T%L<m%éMKoL#L\me@#%%ﬁﬁ¢_KMLT%%@@x%wmﬁﬂﬁﬁmﬁk
N EFBENRDO N ole, ZTNHDZ e, Al &b IL-2, IL-6, IL-8, IL-12A BLT
IL12-B I35 MIA TO A FVKERFERBUZBE G- L T B2 b b,

WA, A FIVAKRERIZ L > TS AMERE S Fu, 2o, MR 2 R 3R O 2 A 7z,
MR 2 A F/L7KERTC 2 IR U L 7= (CHE A BREE U, FRFERR UK A Paig L 72128 LW EEHE
WA L CHEIC 6 IREfEES A8 L 7-BRoss A2 Bl L C, Z O THNZHE L TR W MiiE 2 15 2%
Uiz, ZORER, AFILKERTUEE U= I ORI ST E 2 R 2 E VA Lz, 20 A
TV KERILEEAR I ES 2R i 1% 100°C, 30 Zyf o mEC L v fifad 213 L A ER &l i ole, T2
By AT VKN IEHIIEES I P IIZ DB D A F VKRG L TND D, ZORED AT
JAREHTIT & A EHIRENE A R SRV ERER SN, TRHDORERNG | Mz A FLIKER
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TR 5 Z &2 8- T, Mlasmtte A4 2K+ BUIL > TEET2EAE?) SIS
HEhd &EEZLND AKRFITA FILKROMPEEHEMEREREEI IR Do TV D L EZ BN,
Flo, MRAEWFIIOSER ICHRRNK T TbH D, £ I THE, ARTFOREZHFELT, K
B R TIEFERRITTH D,

(3) HOXBI13 (Z L » THREGFL S5 BIs T HEOFRE

HOXB13 ITH G 1 & L CTHEBET 5 Z L 10 L » TAFAKEREMERBUCHE L TnD EE 2D
Nb, ERL7ZE 912, HOXB13 iF A F/L/KERIZ & D TNF-a 38 KOV IL-8 OFHFHEICEH LT
WA Z EDNHBI LA, 7 & BRI L LTI A B A F A TR DR B
IS L TWARnWEEZBND, £ 2T, HOXBI13 1T L » CREGFYE SN D HilliEs iR
EXITIT2DIZ, HOXBL3 / v 7 ¥ U Uiz AW T~ A 7 a7 LA T 21T o72, & DGR,
AFNIREUNT Lo TRELL D AELL B ER L2 B FEEOFIZHOXBI3 / v 7 X7 /T &
S TZEDORE EANEEICIH SN &2 16 FFEE L2, 25 DO#Es O H T HOXB13
S 7B AL K DR BER G N E O EAL3FEICOWTERPCR & WV TG 21T o7 &
Z A5, RFPLAA 3 LY OSM DFEBLD A FLIKEIC K o THHE E 4, HOXB13 / v 7 X 07 T &
S TEDOFEFENE LI SND Z PRSI NT, OSM Bz T IC L~ Ta—FahdF v
ARAFZFUMITILE 77 U —D—BE L TELCRE, R Sl W CEEREEZ R
LTWAZERFMBILTWD, BUE, ATFNKIBERE A aZEZTF L M L& ORERIZOW TR
FLTWD,

(4) AFNKBIZE > T U AP CHRELLAT LA S IA

WEAEE O~ T 22 W RGEHT LV . A TF KRS L - TR CRB AT 2504 R 1 v
ELTTINF 773V =@ T2 TINF-alt A v F—aAxr 77 I Y —IZ@ET 5 IL-19 BFEE S
i REEIX, ATFIKBIZ L > TR CTRELLH 3594 MU A VBEOSFFEZE L0 Bfg
2T 57D, INF77 IV —BILO0A X —aAFx 77 IV —Z@BTHLETOYA NIA 5
FFRIZHOW TR 24T o 72, C57BLI6 M~ 7 212 25 mglkg D A FILKERZ#E L, 1,3,5,7 H
BICKRMB L OV ZRE L C, A b AT (TNF 773U —2 18 i, A F—nA
X430 fl) OFBLL ~VOEB AR ATz, TORR, AT VKT K o TR IZIB WV THREL
FEHF YA R AL LTTINF-a B XOIL-19 LISkiC TN%%iﬂX}mlﬁﬂﬂméhto_
NoOHA NI A o FREOKEBEUS Olfgs (i, B 2B 2 BB LV 2l s 2
%Qmpakiouﬂg%ﬁv«»mﬁ%&ﬂﬁiﬁ%éh&wotﬁ\wwyskiouﬂﬁ
BB TS A TFAKBIC K DRBEFENBIEI NI, ZOENS, AT AIKERIT TNF-
aBEOIL-19 DRBLL L 2R RANC EH ST LE 265,

IV #E
ﬁﬁn;ioTJNFa@%ﬁ%%ﬂ%béi?ﬁ%ﬁﬁ?kLT%%M%NH&ﬁ%%wm
U L > TIEMAL SN D Z L 3 HER S, HOXB13 1% NF«xB L #5895 2 & 72 < NF«kB & D1
5Ol EM 2t LT1NPa@%ﬁ B XA FAIKEEMERBUZE L LT 2w Rethns
RSN, —J . EREOREIC L > T, x%wﬁﬁ’;of%ﬁﬁﬁéMT%m%’mmé
7= TNF- o 23 A FOLKSREEMERBLICEI 5 L T 5 ATHEMEDS RIR S TUN A8 AR FE DR EHE
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T TNF- a [ THIRLD A F ARG ML PR S RN LAV L7z, Lav L, A TF/AZKERTAL
B LU OB RIR P IS Em 2~ TR S TWD Z ERERR I b KR
FHRET D Z &I & o T A FAKEEIEIEBIREEMRN D22 A 3B 2 b D L HiIfF SN D,

728, TNF-a [T D A F UV KEURZ M 2R S22 ERNHBA L 0D, ~ 7 A&
TR L~V TORFHZI L > T, TNETIZHONTWAEERY A A V3 FROF T,
TNF-a 38 KOV IL-19 O A A F/LKERZ L o TIMFF RIS BGFE S D Z LR S, L
7oy o T, AF VKR L D TNF- o OIEBLH G Z I 5 NM2 T 5 2 L2 Ko TIHIERY R A F
KRR D72 D O BEE R FHN Y 3L D L Bbh b,

V. REELIEEOF

HOXB13 7% NF-kB & O] & O WFRIEM 2 L T TNF- o OFRHFHER LR FLKERFMET
BUZEAE LTV D ATREMEDSRIR S 7z, TNF- o 13HIAR o> A TV KRB ME 2 B8R S H 72000 2 &3
FIA L7223, A TFAKER TR L o fa OB B i ila szt 2 = T IR+ il ShTn s 2 &
DHER SN2 Z LD, Z OKF ORISR FHHA%I1C HOXB13 3 L O'NF-«xB 23B5- LT\ 5
AREMENE 2 BN D, £ 2 TR, A FILKERIC X - THITRSMT I S p A F L KRS
PEBATRIN 1 % A€ L CEOER ZMfICT 5 & dtic, [FR-OMasEE A #iEcsT 5
HOXB13 ¥ L TN NF-kB D& & 51T 2, £72, HOXBI3 IZ K » THIFEINLHBIm T & LT
[ S 4172 RFPLAA B LTV OSM & A F LK EREENE & D BfR, 36 LY A F/LKERIZ L 5 HOXB13
A L7Z TNF- o BEFHEHEICOW T LT 5 TETH D,
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Molecular mechanism for toxicity of methylmercury
and its biological protection

Akira Naganuma, Gi-Wook Hwang and Tsutomu Takahashi

Graduate School of Pharmaceutical Sciences,
Tohoku University, Sendai 982-8578, Japan

Keywords: Methylmercury; Sensitivity; HOXB13; TNF-a
Abstract

We have performed human gene screening using siRNA. and found that the decreased expression of
the gene for HOXB13 conferred resistance to methylmercury in human HEK293 cells. We have also found
that methylmercury induces expression of TNF-a,, and HOXB13 has an essential role in this induction.

In the present study, we performed more detailed examination on the mechanism and significance of
the methylmercury-induced expression of TNF-a.. We observed that NF-xB, known as a main transcription
factor for expression of TNF — a, was activated by methylmercury. Similar to the case of knockdown of
HOXB13, a knockdown of NF-«kB also suppressed the methylmercury-induced expression of TNF-a. and
conferred a resistance to methylmercury. These results suggest that HOXB13 participates in the
methylmercury-induced expression of TNF-a and manifestation of the methylmercury toxicity through
some kind of cooperative action with NF-xB. On the other hand, we found that a cytotoxic factor(s) was
released into the culture medium of cells treated with methylmercury. Identification of this factor will be
helpful for elucidation of mechanism of the methylmercury toxicity.
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A FILIKEED~DEEED MRI 12 Lk A8 H LITEVRE & ORI

TS i & ORERZPERZERRGRAOIeR TERERE  20%)
SrRATTEE O RE— (TERESCELRTE &R IR FRIE  20%)
(EAEMFIEE - D HEMFIEE T & 2 I FE )

MEEE

AFNIKIRDO~ 7 AP~OFEE | IFREAMOTRECIVEMN BT 2 M T& %5 MRI Tf#
Fri. FRpICATEN AR, RENE, BEREBRA, WIERELZIT> TIEROFMMEFIEE MRI B
RO EIT -T2,

T MICRERIA—VELEZ DEHERGERME LT, FHO~ T 20 1ABHZIZETT
% AF K10 mg Hekg) O AL % 8 i ICR 4 A~ 7 A liT-72, Z DOFMETIE,
MRI (2 x> THHE 2 BN OAIME, 5 3 MEOILKNBIE SN, FB4MWMEORKZT SIL1HE
MOFTETHLEBELZ TR o7, WHilEEEE (m—%—wy B, AERD HEE 2-3
A% HBIE S, MRIFTA & IZIEFRRICEEN A U,

WIZ, AT ILKER 4 mg Hg/kg % 8 D ICR A A~ A2 8 AMIZIE-> CHEHAKE Lz,
ZOFEBETIIMEOILRITEG 2 BN GBI SN, MEOIRE, F 4 MENZELZIT 7
W2 L, BHAERGOMRELEL L W, 2o~ AOKREBAIZ 4 EE D, HikED
BEd1d 53 B 2y H#lE S, MRI AT R COMOILREZR LT, EBEE-CHRERFNE L S 2-3#
MRI DR ATEE TH D Z E B RNWTE ST,

AZD ICR =7 A (81if) (2 A F /LK 4 mg Hekg ZH&E L TA A~ T R LB LTz,
MR DRI G 2 H B BRI S, BFE L, TR, 4 MENEEEZZ T RWERES
AR URELEDEBIIR OGN oTo, L UIEERBA, WilEBEELIC 3 MELEZE I,
FALY 2-3 HEFEEENTE, 2L, FCEFETHIICHLEDL LT, MAKREREN
ARIFAD SHEU EThHoT-FLEET D EEbi s,

4 B OFEEWY D ICR A~ U A A F KR 4 mg Hglkg @ A% G L7-HG, &5 2 H
Hé 4 HBIZ~ Y AO T EMEIC MRT O T1 & E#E LTy 7L ofn bz, FUSE
ETAFNIKBE G Lic~ 7 AOWEMEMS IS ZNET 5 &, 5 4 8 H T T REOFHEM
WCERENR OGN 2 HEIITEE LI N o7, 22T, MRI BIZX 25 T EEZHE
o7 F AL, BREEEO 2 BERNCBEINTZL Z ERRE ST, A TFAKERERE 4
WHO~w A b~ T &85 L, 40kHz T 24 BBEBERHEIEZIT-> ThHh o~ 2 B B
MRI #fg L7-L 2 A, TROTL S ZFALDEKTFNRAOIL, ZOFETHIENR T DB X
Nic, MOBFEO R OB LFYRAaEITI L, TR T=a—BrrORI B —V AL ZOHD
TV A=V AL BOENDFTRBAGIL, MRI > 270 BE & QRN RE I,

PLED X HICTAEFEOHZREICE Y, MRI Z W5 Z & T, fTEICHRICHEN R LR AT
IVIKRERBEG-SAFIZ BV TR DILRRC T O B 3822 Sav, MRI 23 @KL 72 A F /LK R
DODBRHIETH D Z LRSI,
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F—U— N MRI, AF/AKREME, TESRE, BRI, M

WRSNE . Al EE (RERPRFEGGEEFHAIIER ITER 28R Bh%0
miff el ORBRZFERZEHR S FHAOER M ER 2 E LB AT 2 4F)
A R UREBRFRAER AR AR AR 2R IR 1 4)
BH H—  (KBRFRFERERAER R PHE MR 1 4)

CZ

o> op» op

o

IREAS]:)

ZOMEOE R E LT, ITEOZKH MRI O kA3 H 5, FFICHEE T MRI & CT 12X
DI, BWOMNEEA LS o Th, L, KBRIEERHIZIIMRI & CT b £ LT
WP TeD T, AFVKBHFOMMONER & MRI FrOBE X, 1ZEACBER ST
W,

MRI (IFEREHTH Y | FA—EEOMOLE 2 RIIMBHT 2 Z N TE D, Tk,
D& A — 2 DRFZERBZE L & | ATENR T CRRIES 72 EORR 2 A2 BhEfH T TIT 5 2
LISEREL 720 | HTE R BWNEICHE OO S FIREED B 5,

FBRENY) % T2 FETH | A FAKERPEEZ MRI B % IV CTRENT L 7= BF2E1 3B 23 7a
T TICEM FERZ 5 O T AT ILKRERTE & PRMRFEEIC OV TR T =2 REFEL TWDHIC
H B 5 F . MRI Z VW CldEE ORI A B K LRI R TH 5.

Flo. AT AKBHREFEDOMZEIZON T, RIX VARG D72 < R HEA TV e,

ZOWZED HENE (1) MRI % MW 3R BEAY TR 7e A F OV KERTENMER HIEMES L D 728
MRI g & X F KRN A2 BEM T 2T — 2 2155 2 & (2) HEDMAEAT v A iR
JEE AFIIKPFEME L OBEZR~DZ &, D2RTHS.

HEY (1) O&IZ, =T AZHNTAFAKRENEC L D MOTEREECHENZE L Z ., B
WEZTZEFE MRI TRERFHIICHAT L. W C~ v AOTEIRE, EREREZ AT L TBZRT 5 2
LIZRY ., ENOOMAERERAMNT Lz, £7BK (2) OB, SEEITA FAKEFEEON
AE T LTz, WRAREIS, BMPPER T b N & OB 200 52023 2 KR 21T 9,

BREATBOME L OB E L TlE, IBEFASEX LTS MRI & FD A F LK ED
BWHZRIHT B 720 OB T — 2 BB oD 2 ERb 5, BMFERTIIH D3, Z ORI L
0. AFKEBEMEOR I FIEE LT, MRL IZEERACHIAEEIEE, TR Z0 &R
DEBTHRBIMOBEPMHTE L Z EARENT, T72bH, MRUZ X - T [RIERTZET
AT Z 5 ATREMEDSVRIR S 40, MRI 1342 < 7 L A FILKERFRMESCM O BRBE5 Yl B Tk O F HH 5
& LT, BREATBUCHIT 2 vl REMEN D 2

Flo, ZOMETIE, AOENL T A EEE FEEOBEMEICE L T, A cEERT —
B ufsh Z ERHFETE D,
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I MEAHE

m-1 #s
TRk 26 AEFE L. T 4 FEED A F L KEREY 5528 % Ehi L7~

(1) mHEAFNVIKERGIZ L DM~DED MRI 1T X 58 H

FEPEERT A=V EZT MO MRI TORT 21T - 7=,

8 W DA A ICR v U A& W, 10 HLUWNIZY-HLUL LD~ U AN T 5 A FLKER G
FF (10 mg Hg/kg i A #£5:) ¢, MRI g & @B ORE (m—% —nr v FRBR) & /%0
HINZAT 70 ME~OREIT, MEELV ORBEORSWFIETER(L L, EHIZ, 2D XD
(ZFRMEDS RS TRTRIE 2 A U T ing MRI & 7L Lok & B O RIE THigt Lz,
FEBRZ O~ T A% AV, IRERNKERIRE OWE & A FRROFFREMRA 21T o 72,

(2) AFKEBIC L B MEREMO MRIIZ X 2

REZE DA SN D FARH ED A FVKEER G- T TO MRI G ORRRFZEAL & fiftr LTz,

4 mg Hglkg D A F Lk H #5450 T, MRI #4 & k2 72478 BB 2[R U~ 7 2126 L
THEM L., BMHRBORIEEE T, Eio. KR~ ORBOHBE REET 572D 0%
RAEA~OISEJET H T T v —R B Y, m—%—n1 v RUSDOWL OO TEiER %
1Tolz, EBRGEO~ D AL, MAKERREORIE 1T 72,

(3) PEAEDOES
AZDICR ¥ AT AF/VKER 4 mg He/kg Z i A 45 L, MRI Hif§ & 178) 55 ORERFY
Elezehlzz L, kit (2) OERICEDAADORR LB L THEZHRE Lz, EREEO~D
A0E, BN ERIR EE ORTE AT~ 72,

(4) AFNAKIITE D FTEEDO MRI ¥ 7V EE LR, REZEL & oR
MO 4 ICR ~ 7 A2 4 mg Hglkg DA FLKRAEHA S L. 21H 458 E® MRI
> 7T EWEMERRER OGS A BE L CL BRRE O R LT ko MRI 27 /1000 B & T L7,
SHIZ, E4BEBO~ T XL, v UHR MR T F O ZHE L, T I
DHFELFIC R DT R =V ADBEE, =a—wr I/7u 707, 7A b A bEEN
D~v—Hh—% R TEIC X BHRYE, RIE~— T —mRNA @ real-time PCRIZX A EE
1To7,
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I—2 ZEBRGE

O—2—1 ~URADEEE AT NKEBES

ICR~UA (HAZ L7, AAT7THEEEZIT3HEE) (X, 4 V17— T, 12 FMT>DH
W4t (B 8:00-20:00) . 1RJE 26+ 1 CTHIE L7z, B (HAZ L7 CE-2), #KIZH HEH
L7z, 1EMDIEkD%, BY o7 (ZFH I8 #HNTATFAKBE VAT A LV DRE
W, XV AT A VR () oRrzih Lz, #5% &% 0.10 mL & L, 10 mmol/L
HAE A F VKR (BEHAES) & 10mmol/L LY AT A > (FhT7A) O 11 BREEK (A kv
WiR) %, B~V AOKBEIZEDE TV AT A VIR THIR L C, #5HE% 4 £7213 10
mgHg/kg D A F /K E L THEHFRT KD 10 RFOMICi b LTz,

~ A, BA (BAEELER) FodmE (ARG ER, B LOWRHERR) KE
WER L —%—nry FRBRZ M Lo, @RS ERIT, (85 SCBREH )5 K
L7z, HAM#EEER T, KBERZFTEHERZ Y v VB, VA v— 7l 77 04—
BR. Y FRRIEERBR ATV, A T K GRT & 5% 2 B Z &1, < U R & ORI
LT MRI #8517 > 72,

I—2—-2 MRI &

MRI #fg (1%, f8E SR EE) 155 0 MRminiSA, 1.5T 26/ L, 3=& LT T1 shiiEig
(TIWDZ g L, —Ho~ v ATl T2 5 EER(T2WI),  SRHoR % (DWID & #ig L7,
Wy, ~ 7 A3 A Y 707 REE (150mL/min 2.0% ) FC. EFRZHE L CHEERERAT
R % 37.5°CICHERF L7, #RfgI1%, WE 20mm O 7 A F 2 A V& EH L, 2D v L F 27
AAAE T a—EIZEY 7 U v 7 =90°, Field of view = 20 X 40 mm, voxel size 0.156 x
0.156 x 1 mm, [HFEH =128%x256 & L7z, £ —7 = AD/NT A—2TTIWIL: TR =500
msec, TE =9 msec, T2WI: TR = 2500 msec, TE =69 msec, DWI : TR = 2500 msec, TE =69
msec, bfE =800s/mm2 & L7z, £-A0UFIE 1mm JEE L, 11 KO FiEEWm 2 Rt L=,
AT EEGT T1 W 8[|, T2WI & DWI:4[H& L7z,

MR ARFEOWPEIZIE, 38D-flash ¥ —7 =2 2T T1 #iE %% 0.156mm = & (2R L 7= Eif
Tz,

R fEATIE Image J (NIH ) & O RealiaPro (VF A /X—3 v b AT A) AVl TR
~FOBEAZ —EIC L, BIREORIEEZIT -7,

I—2-3 m—%—ny Nk

ROTA-ROD/RS (Panlab, HARVARD apparatus, /31 A4 U #—F45) & H\ ., [Alf53L 4 - 40rpm
D 5 Sy OEHESEMEIE T, BT E TORMZFHI L7z, SERERREIL 300 & Lz, 21[H
DRENED 15 2 KD Tz,

I—2—4 7V v ik (beam walking test)

< A& B 15mm, £ X 80cm, 5 S 40cm DARDE (fF
BE) O LB ETECORMEZFR L, REHE
REfATIE 300 Fb & L7z,
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NI—2—5 UAY—r 7k
£ &X80cm, HE 40cm DU A — (RF— LB 20 FHMH) I~ REHELE, HBTFET
DR 2 FHAI L 72,

I—2—6 YFXKEKRH
iZJ 30cm, & 10cm, &S 15em OXEE (HBEE) O Fqi
DT —LZ~v T AZ AN, KT —L~OHAD % 8 4 MHIE
L,f:o TRTOT —L~OHEAEH L, 3EERE TR DT
(A T2 D EABIEN 6+ 2 E1E (B R EATE))
%XWKO3EML®bV~:/f@%K%MLRO

I—2—7 §arEMERRL (Auditory Brain-stem Response ;
ABR) &

~ U AIEREREER, FT X — (50 mg/ kg MEFENEE) CHREEL CREEHEICEE L.
%5 R OGHTEENC B AR A L, A E—2—ZWNEIC &0 S0 A5 %%Liib‘{ilﬁélﬁi
Lz (FHE), SHIC X 28R B0 2 MRS S ABR & 27 A (Tucker-Davis
Technologies) AW T. 7 UV v 7 HFEDOFEL L% 90db 225 0db £T5db T2 FiF7ens,
500 [EIFERE CRHAIL 7=, WX EHN TIT o7, FHEENMILY 7 F 7 =7 : BioSigRP
(Tucker-Davis Technologies ) % VN CTHEHT L 7=,
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O0—2—8 MWK EEDHIE

MRI HIE#%., SFHERFIC XV BR L~ 20 bMARH L, /MM, KK, #E. TE (7
J4) (280 43iF iz, 100 °C 24 B CIEE & L7FEIRIC, K% F LT A 7 TRE Bt 72 ikl
ez A, MEELZWE LZ, ZE 1000CT 24 R sEClEEE L, wEEEEZHE L
oo AKyEEIT, EE%E L THRELE,

0I—2—9 [EEOKRKESEOHIE

~ U 2D 266 EFSCRAFIRICZAL LEMSE, By b~ A2k 0 5 LEEL 45 L
DIV QAKTAHAM, ¥ L- 20 C ThiF L7z, Ml ZZAMERL A X 2 Bkt L, PBS 12 &
D BEiE: 20 CTRAF L7, MR, MR ORKERE &I, ENKERR AT o & — it
FEAP AR HL BT R R O LTS EICE 2 L, BRI FRotEIc LD flE L7

O0—2—10 AFEMHEOpEHRA
MRI HEDZIZAEMEZRH L CTEBICANTHRLAT AT B REE L, RSt 31 4950
BRAFGEAT IS O VR & Be a2 AME L T2,

I—2—11 =~y Hm MRI

~ 7 A2, 40mg/kg MnCle ZEPENTES L, £ 24 WE& ISR 2 I L 7=, BRI

TOBEEDE I, =T 4 ATV 2R —F—Tr—V EHOAE—H—b 40 kHz ORH K
EHEAESE, 24 R~V RAICHPED 2L TITo7, BEBEA VY RAa—FTE=F—LT,

PERAIE %, I—2—2 (CREL72HIET, BEK DS 1.2mm 2 &2 MRI T1 588 Dbtk
g 2 fij g L7z,

I—2—12 [MOGEHERERE

~ 7 AZA YV —(AET, 25mg/ mL) % 5mg/ mouse, 200 uL JEFENE S L CTHREEL .
JEH & Ol 2 BIBH L € A2 L=mICiE a0t A L, IFEREL Y i =& T, PBS 10 mL
L 4% RTARN LT VT e B Y CEEREENR 10 mL A& L7z,

114



i L% 4% 37 RV L7 VT e B Y CRRERETRIC 1B L, TO% 10% A7 1 —2AA
Y PBSIZ 1M, 20%A27 m—AAY PBSIZ 18, 30% A7 m—AAD PBSIC 1 BLRIE LIRE
JEZFE L, 7V A2 AT 40— (Alto, Ilmm H ) £330 b—2H (T =H%—_ C35)%&H
THIES, T, %o 3 228 /i), OTC =2 8w K (SAKURA) Ta#its K7 A4 74 A
ETHRE L7z, 7 U A A H » F(Leica CM3050 s) DENIRE % -20 C. #EHAIREIX -18 °C
Wty FL, 10pum JBIZA T A A LTe, IR & 705 KX 9 ICAT A R T AZNEF TR
DA, 1R R U 7o e LT,

HE Q44 : 2574 R7 T 2% PBSIC 4 3. ¥4 ¥—~~ FF U (A 25 43R L. 60 C
TR, 80% =& /) —1 53, =AY 5 55, 0% =& /) —/v 4 55, 995% =X /) —/L 5
. FULY 10 FINEICRL, =0T T r=a—afVEALL,

#O% Nissl Yt : : AT 4 K75 2% PBSIZ 40 4y, PBS + 0.1 % Triton X-100 (Z 10 4
PBS (2 5 %32 L. Neuro Trace Working Solution (Mol Prob, green N2148060) (Z 20 4y, PBS
+0.1 % Triton X-100 (Z 10 43 PBS(Z 5 732 L. PBS 1T 2 FfHJLL LW /=D B | Vectashield
TH AL,

TUNEL & : 274 K7 Z 2 EOUIF % in situ Cell Death Detection Kit, Fluorescein (=2 >
2)EHNTEFy b7 b a—UZht-> TG &, Vectashield TEA LT,

GIRHNIURR L AT A NI T A% 4% NTHRNLT T e R T153EEL, PBS T 5 4y
T 3 AP, 5 % YXMETT v F 7, 1 RPUK Anti-GFAP antibody (rabbit) (Dako
IS5324) * 721% Anti-Ibal antibody (rabbit) (FiJE#fi# 019-19741). 2 kHifk L L T
Anti-rabbit IgG Alexa488 (goat) (Mol Prob) % I\ CTiEVLETYeta L, Vectashield TE A L7,

A U KBS (BZ-9000, KEYENCE) # vy, Yotz Uiz,

0—2—13 TFEEDO mRNA B EOHT

~ 7 AZA YV —(AETL, 25mg/ mL) % 5mg/ mouse, 200 uL JEFENES L CTHEEL .,
iEFRSFHHLTT LA AT AP — (Alto, 1 mm H ) &£3I7 v b—2H(7 =¥ —_ C35)
ZHOWCTES 1 mm OUFICEW L, FRikz 2 A TR L7z, 772612 High Pure RNA
Tissue Kit (7 =) ZHW T total RNA Z it L. ReverTra Ace (TOYOBO) T cDNA % &
i% L7z, LightCycler (23 =) &, Thnderbird Sybr gPCR Mix (TOYOBO) % V>, [EEEEEE
K+ (TNFa) &. A % —nA%2-18 (IL-18)D ¢cDNA Z#HilE L CERE L7, &L, &%
> 7 v® GAPDH @ cDNA ®ECTHEL, 2> hbr— (L) ~ U 2D L A F KR
G20k LTHR LK,

(fi B~ DL E)

~ U ADEE, i, B WIE, TRERFEMW RSB, T SR E) S R E)
W e s A O3 K OMEE SCHUR &) | 3@ EBRIESE, 3 L OB O R O LIS
B9 2 iEMAS, EREMWICET 2 EOIERE, FREHIMEIL L TITo 7o, MRS, B EEtm=E
O 2 ZHEAT . ERANFICOW TR 2 50 THMEREZE S THA L., [H - RKFOHAE -
FREHCHEILL TS Z & 2 L7, B ERAZFF I L T\ 5, IRERF T, ZOMZEIZD
WCERR 25 4F 8 H 5 H~ -k 28 4F 6 A 30 H O/&GR AT, FEESCHLR TH Rk 26 4R DK
REZITFTND,
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I A et A

M—1 EHEAFVKEERGIZEDMA~DOEED MRI 12X 5
10 mg Hg/kg D A FIVAKIPAICR~ 7 2 TH A G- L, MOTHE & # B2 ka2 MRI HEif )
ORENT L7z, THRIOEG%, KN &g O KBIRE O E&ZIT o 72,

II—1—1 MRI g & Z DT
Control MeHg(10mg Hg/kg) Control MeHg(10mg Hg/kg)
N ER F7.2mm

E1 <HREO MRIT1 ®FEE

ICR AR YR (8AH) 12 BFEA0mmol/L R T4 ViEiK) (Control) E =& A FILK
fR(10 mg Hg/kg) #7HMERREL. 1 VIS VBT T T1 #RAEBEEFHRE L=,
IRIRA 51.2mm Z&DFIRAERETRT
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K1D Xk 512, BER)D +3.6mm. +4.8mm OEIREEE TR O AHIKE=., +6mm. +7.2mm
DOEE TR LN DHEIMEI, A FIL/KESLE CEHZE IR LTV, 49.6mmOEE TR N5
B4 =T, JERL TV o Tz,

M—1—2 MMEEREORRZE(
3D-flash > — 27 = A THRfE L7~ 0.156mm Z & @ T1 S@FE L Z VY, K48 O [ = W i fE
IZE X 0.156mm &/ CHEE (4~6 K1) 952 8T, MEEELZ RO (F, #HX),

N ES ARy
% 1.4 - =—+—Control ® 12 - =—=Control
£ 12 | —W—MeHg (10mg Hg/kg) E | | —m—=MeHg (10mgHglkg)
e L] i © 08 o
So08 E 06 |
Q 06 g 04
Q2 04 — ’
s, 0 3 02 —
% | | | ‘E 0 1 1 1
= 0 g
0 1 2 3 4 5 6 7 > 0 1 2 3 4 5 6 7T
Days Days
& LY
£ _
£ 0.4
© 03
£ i : =
S 02 F
S 7 —+— Control
S 0.1 | —m—MeHg (10mg Hg/kg)
& o
= 01 2 3 4 5 6 7
Days

B2 IORADKEFRBEORIEIL

ICR #R<T ™R (838H#) I & (Control) F1=IE 4 FILKEE(10 mgHg /kg) %EH
‘BEL, #5H. 52, 4,7 HEICERKNEOKIEEZRD =,

Conrol n=5, MeHg n=10, mean+ S.E, **p <0.01 vs O day

2 DX DT, AFAKEREE 28 HELRE, RN, 28536 == O AR IR KR A BISHER

U7z, EOPLREIL, TH H TRIKEIT 4.0 f%, FE3W=EIX 4.5 (5 Tho7o, FHAMEOMRMEIC
BRI o7,
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IM—1—3 MRI B3XOKGDEENECKLD, MIEHEORES

RIXF A=V a2 TbE, BEBELDLZENE N, MEENECDE, MRI @ T2 il
E Ty 7 TR 72 D, MAEFIEZIEOS A ITIEBORFRE B O > 7V L, ek
PEFRIE OSSR o 7 W Z b Lie v, £, BERMOKSGEEZEKSE D,

% ZC MRI BOEN &, KYEGEOWEICL > T, AFNVKBEFGHRETES LY TR
DRTFIEIZ SV THRET LT,

£, T2 RFREE & LR E EOWD Ok mEf (R T) 2T, FRICRT RN
FEL, BRERIR, MBS, /MM SRk S 7 VIR E 2 BB L U R R L bl LT,

BLERAND +4.8mm BERDND +7.2mm MRER2> H+12mm
KiigEE (T2) REE (T2
1.5
a1 z
3 05 - = Control 8 05 == Control
k= ) —8—)MeHg (10mg Hg/kg) = —=—MeHg (10mg Hg/kg)
1 1 1 1 | 1 0 1 L | 1 1 Il J
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Days Days
wwE (T2) ARG (T2)
1.5
2 by L_—=l===l===-—.
2 g 1
3 05 =4 Control 3 0.5 —&—Control
Che —&—MeHg (10mg Hg/kg) e —8—)MeHg (10mg Hg/kg)
0 1 1 1 1 Il 1 0 1 1 | 1 1 1 ]
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Days Days

3 T2 BEAEGROKERGIA S JFILEEDRREL

ICR AR R (8B [Z A% (Control) Ff=lEAFILKER(10 mgHg /kg) ZEH
#BEL. &5Hl. $£52,4,7 HEICT2 BAEREZHRE L=, BMEDO ST FILEEE
EHOHADL T FILBRETEI > TEELL, HERTEHRELT-,

Conrol n=5, MeHg n=10, mean+ S.E
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K i B2 (DWD) # S (DWD

0.8 08

%’ 0.6 L/.-\I—' %’ 06 p————— g

=) =] L
32 04 == Control = 0.4 —4—Control
502 —8-MeHg (10mg He/kg) g 02 - —m—MeHg (10mg Hg/kg)
0 1 1 1 | 0 1 1 |
0 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
Days Days
1 /5 (DWI) /N (DWID)
0.8 0.8
.E} 06 | ‘E) 0.6 F‘h@
% 7
504 S04
3 == Control e —— Control
g O-i I —I—DI/IeHg (10mg Ilig/kg) S 0-3 { +MeH,|g (10mg Hg/klg)
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 17
Days Days

B4 #EEEREEGR DWD ORKEMLIA S T FILREDREREL

ICR #R<Y ™R (838H#) I &% (Control) F1=IE A FILKEE(10mg Hg /kg) ZEH
‘’EL., &5, %524, 7 BREICHHBGRRAERZRE L=, BEHEDO T FILRE
FEBOHADL T FTILEETE > TIREL L., BERTEHRK LT,

Conroln =5, MeHg n=10, mean +S.E

B3, IR LT & 512, O MO T2 SAmig, SEGRHIIG & b, A T/ KEEE T 5
% T FNREOBEBIIR LRI,
WA, MDA OR Sy G i % T,

NG E &
00 . Control X5 KOKIEDOKIEE
— m MeHg (10 mg Hg /kg) ICR A AT R (8:8#) 1= iB8¥ (Control)
T8 g - _ - F1-15 A FILKEBA0 meHelke) % 7 B
S 60 - EAHSE L. MEKR. M. TEZED
S 40 i, BEICH . RBHOKIEE
5 L1,
< 20
= n=5, mean+ S.E
O I 1 I 1 _ 1 — 1
KB M TE (R B8
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BRI . KOG EES AT NVKERGIZ LA REBTA N1,
MRIY 7 /b, Koy G BEORPE T, A T KER(10 mg Hgkg) D7 H F# H 2 512 X 2 iz iE
DI R B2 D5 72,

M—1—4 MRI IZX% F EEZ#EKOREE ORI

SER2KFEE OMZEIC L 0 . 4 #E D ICR ~ 7 A2 A F/L/KER 4 mg Helkg % H3E#H 535
&L FEEZ#FEKO MRIT1 SEFAEERO > 7 FVEENREE L, £ 2T, SRoEHA&ED A F /v
KEEF GRMETO~ U AT EZEK (FR) O T1 ¥ 7 FAGREE R~

-
-

MRERAYS +10.8mm

s P (T ®6 TEMEESOTIRAEROHBEL
z - : ICR AR (8 #E) (< &8 (Control)
z 1 F71-1E A FILKEE(10 mg Hekg) ZEHEBE
Q
305—-4—%mm1 L. 581, 52 4,7 BEIC T1 s&AEE
—8-MeHg (10mg Hg/kg) EIRIBELI-. TEZBEEO SV FILEEETEER
0 ! 1 1 1 1 1 1 ] oo sS4 - & 3 n
01 92 3 456 7 DFERAD T FILEETE > TEELR LB
A& B LT, Control n=5.MeHg n=10.
Days
mean + S.E

FEHEREG~ T AT, —HOEKRTT LEEEO T1 &7 FA0bd e Eiskn S
23, iR (A F KBRS~ 7 A2 n=10) OFETIE, AFNAKEBIZE D7 roEnidd
MTHY, BEHIE L THEAIT R -7 (K6),

M—1—5 M4, B JIFiE. ko A F L KERIE
AFLKER 10 mgHglkg 7 BRER & GHO~ 7 A0 h, I (WREK) . Bl A/ L.
Mg & Ao TRAKERE BEE2HIE LT,

MR B 5 ik Jrliek IiIR73
Control 0.19+0.04 | 0.57+0.07 | 0.64+0.32 | 0.011+0.003
MeHg 10 mg Hg/kg | 63.3+4.5 176 + 21 105 + 27 53.9+ 11.5

AL pg Hglg tissue, pg Hg/mL

B OMEIE, 5 mg Hglkg O A FILKER 14 HEHRG% D~ 7 ZAOK s DK & & Uk
1) LEPLTW,
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M—1—6 HKELEHHLEr—%—ov FEREBROKREFZEL

(LN
45
a
\':_: 30 | L2 2 *:* _
2 o M7 IORKEDOREREIL
'g s ICR # XY R (88K IZ &% (Control) F
? | —#=Control 3 2
<13 A F)LAKER(10 mg He /kg) %5EH .
= MeHs (10mg H/ke) f i~ FILKER(10 mg Hg /kg) #EBIZS L. &
2 0 BEZAELT,
0O 1 2 3 4 5 6 7 Conrol n=5, MeHg n=10. mean+ S.E,
Days **p < 0.01 vs control
H—g—ny K72 R
300
2 250
- K8 O—4—0v FRBOHROEEEL
= fog ICR #2722 (8 BE) (< %5 (Contro) =
2 o | f21& A FJLIKB(10 mg He/kg) £EEH/S L. O
S -0 +=—Control —4—0vy FREBRZITo 1=, HIZIE 2 BDOFH{E
o 9 - E2 3
.ES) 0 +MeHg (110m1g Hgll/k 1 Eﬁ(a_"
= 0 1 2 3 4 5 6 7 Conrol n =5, MeHg n=10, mean + S.E,
Days *¥*p < 0.01 vs control

X 7.8 OXoiz, BAEDAF KR (10 mg Hg/kg) H5ICXL D~ 7 ADKELH, n—X
—1n vy NI HFEIEEDRITILZ. TATh&EE 3 HEMNLAERBVNR T,

M—1-7 EHERGEBROREE

AFNKEEEHE (10 mg Hg /kg) H A& 5 Tld, MEIERITES 2 BES, (KEOK T &
n—4%—uy NRBRIZK 2HETSRE DR TIE 3 HENOAERELE LTSN, 25
FEOTHERTS, KELBHHEDRHNOAFERKNIZENAZEN 2 HA. 3 BFENLALNT
DOTHIMELH Y, TRXTORENZIFRRICHEHNIZEEZ 5,

AFIVKERT L DM DIERIT, PIIKE &5 3 IME DA A LIV, 5 4 MEOERREITA I L
Mmool

ZO¥ELEMETIR, FREEMENZ G MRI 3 7L OBEEREEC, MEEOIKEIZR S
TRz,

KEBOME (MEK) ~DFFEREIT, %5 8 H1%LT63.3+ 4.5 ug Hg/g tissue Th o7,
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M—2 AFILKERIC X DHAME LD MRI (2 X 5BH

~ U ADORER T OAEOAMEE TR SN O RIEEGETHS 4 mg Hgkg O A F VKB
ICR AA~vD RZHEHKE L, Mo MRI FTiR & Bk & 2 TEhEER O % 5 o BERHK A7 & fif T L
77,

m—2-—1 MRI {4
SERR2BAEFE TS U7 & BEARHIC RS2 720, IRIK ISR L=,

M—2—2 MEREORFE
3D-flash > — 7 = AT L7 0.156mm = & @ T1 R AV, K180 K= B i
IZJEX0.156mm% 2T TR (4~6f) 52 & T, MERBEZERDZ (X9),

T % 3 s
=12 --glonftlm(l Hg/kg) = 08 Control
':E : oklg (4 mg Ha'kg e —&—MeHg (4 mg Hg/kg)
£
5 08 T e Tou = %%
- o £ 04 |
S 04 S
K 2
-2 8
5 0 = 0! !
>8 0 2 4 6 8 E 0 2 4 6 8
Weeks Weeks
B ARE
= 03 [ —e—Control
g —8—MeHg (4 mg Hg/kg)
= 02 [ A ]
4 o1 ICR #RX <R (8:A#R) IZ A (Control)
> 01 |
< Fi=lEAFILKER(4 mg Hg/kg) #EHZRS
E | | | | L. #3587, 185 1,2 4,6, 8 EEICERME
>® 0 2 4 6 8 0)1$*§%5}2&)T:0
Weeks n=>5, mean=+S.E, **p <0.01 vs control

A F UK E LB B £ CIIMEERBEOETITR b7z, 20 B LR, K=, FH3iK=
DOEFER MK FRICH BICIER L, EEOIERET, 8 B CRIMMEIX2.7f%. H3iKM=EIX5.6
fBECholo, Zhux, AFVKEREHE0N0 mg Hekg) THE G~ U ADIEKE 4.0f%, 4.5(% & A
EThotz, o, AT NVKBEAERE~ U A LA, FHAMBORBICITAEERREBITIA O
o,

B R G T 5 & NS, FINENIERT D E TOHEMN2A S 2 & KEL
OB, INEOJLRZR, FAMENILRK LN &2 PEBLENAZ N,

4 mg Hg /kg #5-& 10 mg Hg/kg # 5 ONEOILRKENIELL L TW DT, SEEOER L
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LTCTPEL TV ATFILKIRFRIAHERYS (6 mg Hg /kg. 8 mg Hg /kg) DOFEBRIIIT/2b/aho
77

M—2—3 ApE&EREICLD. MEEORET
WK IZH D Lol T2 iAW, JEBERFAmE I X FVKBRGICE D 7TV DR
IR BENTI I DN o 7‘:75) MR D F B ZHOW TR S EEZMNIE LTS BTN LT,

AR EE
Control
— 100 ® MeHg (4 mg Hg/kg)
R “0 10 OB LDKIEE

o))
=]

Water content
] He
(] o

ICR # X< R (8:EEs) [ZiAHE (Control)
F1=lE A FILKER(4 mg Hg/kg) % 8 B
ERREL, REXK, Mk, TEZEE
PiKtEE. BROSILICH T, KREE

#AIE LT,
EI ’J‘HMTE ( ':F’EZJ ){5% n=>5, mean+S.E

o

10T & 912, MOBEAL TOKYEREOLEBILR BN -T2, MRI 412 S Z (L3 727

Sl b EHbE T, AFNAKIER 4 mg Hgkg @ 8 EME H #5504 COMFEEO IR EIZ RS
j/l/fcﬁﬁ)o 71:_.0

M—2—4 {KREOKEFLE(L

KE
50
ff’ - W% ww ‘** o
% 30 | F11 <YORKEDOEBZEL
g 20 ICR AR TR (8:8H#R) I iAlE (Control)
> #=Control -3 4 FJL7KER(4 me He/k
M 0 o L. 8BARKEZREL.
0 2 4 6 8 n-= 5, mean + SEs

Weeks *p < 0.05 vs control, **p < 0.01 vs control

BI11 (R L7=k91c, AF KR 4 mg Ha/kg @ H&KE 4 #HENSIEBR SRS L TEH
EIRMREDOEN RS AL, BRRFHNZ ZETIRD o 7o, FERRITIE, KR GFIIERE ML 2720 |
RIS 5B IEIN Ut i) 72 7= O I BER D 22 BN KR DA R T o 72,

7R B25EITIE, AT VKERE 4 mg He/kg H3MEI% G LI EBRZ1T o7z, G &IX4 O
KIEZTH ST, TOFRMETIEL 8 MEINZHTIZ D A FIL/KEE G5-E S NEFR AT I L, I
BHREE OEREEIT AN o T,
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M—2—5 FflixOFITENFERR ORI

m—4F—uwy K7 A b

TN TFT AR

Weeks

. 300 300
w —~
S wm
= 200 ~ 200
E —
s £
2> 100 Control '; 100 ——Control *%
g Q +
5 : MeHg (4 mg Hefkg) ** s MeHg (4 mg Hg/kg) =
E 0 1 1 1 1 1 1 4{& 0 1 1 1
0 2 4 6 8 H 0 2 4 6 8
Weeks Weeks
DAY —n2 75 AR " TIUE—TFT Ak
100 % 10
wm
-~ 8 : aatSgag o
E =
o 50 - = 5 -
it E =
L:; —4— Control 3 —e—Control
8 —&~ MeHg (4 mg Hg/kg) > —&8-MeHg (4 mg Hg/kg)
<
S0 | 3o — | —
0 2 4 6 8 K 0 2 4 6 8
Weeks Weeks
YRR (EAEZ YFRE (ARHOTRTE)
50
" 100 ¢
.2 40 =
- ¢
G 20 N - o S
Ezo— §50*
5 | —
Z. o .. MIGH% (4 :mg ?—Igflsl:g) - = —8-MeHg (4 mg Hg/kg)
0 2 4 6 8 ’ 0 | 2 | 4 | 6 8

Weeks

K12 Y ORITEIEREROERHFLEIL

ICR #R<T ™R (88 2 iAW (Control) Fi=IE A FILKEEMU mg Hg/kg) #ERE
A—42—0y FEHER. Ty DRER. 74—y

EL.®&E5mLBEERER

AR,

TS50 —HER., YEREABREERELT ., n=5, mean+S.E, **p<0.01 vs 0 day

K12 IR NS Lo, BiREEsZHETsn—%—na v Nk, 7V v VB (beam
walking test) Tld, A F/L/KERFKG5EM H DA BITEZENKRE S, BAWICE S I REE(L




s LT,

B, EEEE S . MAERBIET DU A v — o TRER B A~DOBGIC KT DB D] 5 A
FIEENZPET D 7T 2 —ik B, EREEERRIEARIET 5 Y Tk O B F A TERER T,
A bR AT RAEAFVKBEE T AL OERE | A TFIVKEBEGIZ L DRI SR
HEhiehot, HREEBEZ/RTY FERE TORABEGRUR CIXRRER 220800 23 7 57228,
THILY FREREADINELIZ K > TEREATE B T 572D LIRS TV D, ZORBRTHIEE
Belh~ g AL AF VKL~ 7 AL OFEBITBIE I NI T2,

ZOFERIE, AREIOFE 5 E(4 mg He/kg 8 WMHE H K H)D A FAKTIL, ~ U RIIEB)EES)
DREE, R E T ~DORIGDEE, ZERIEEGER) DS, BREBE~OXEITELT
TWARNWZ EERLTWS,

n—X—nay RRER, 7V v VR CHIET S HaERL, EIERERE T HIR N 5546
HD, Lo LARENTESRE B R EB &2 SICEEBNAE L TWeWnZ &b, iiEERE O
KFIEMOEETE L Z EAREBINT,

ZE VB DIEIIEE OWEED — > TH Y . Z ZITAFAKBRIC L DHEN R NEN LS E DR
HEMTIRIBE~DZA—VEHE VAL TRV EHEETE S, ~ 7 A TR ITEN A F
NWIKEREEZZ I WEINTEY, SRO/BRITENEFE LR,

m—2—6 KA R ET & i o oD K SR i

FREREF UL TAFKBREZRG LRI 1 BEo~ D7 22V, KR, 15 ok
SRREZER LT, 7ok, MOMOEAL, Bk, iR EDY 7V HRFE L TWDH A, HEED
BIfR CARERE RN G Do Telo D, SENIRMEE & HIRE DT — % Dz RmT,

10

E s

£ E13 YYRKESEORBEL

%;3 4 ::_—;:iggzx ICR AR YD X (8:8H#F) [TAFILKER(4
‘;‘ o mg Hg/kg) ZEBESL., KINKRE

an 0 ! _ _ (cortex), & (blood) MKIEEELEE

0 2 4 6 8 L=,
Weeks n =3, mean=+ S.E,

13 IR LIZL OIS, ZOWESEETIE, 4 HHDEE, KWMEE, oS &IX—Eff
AL, PR ERERBNR AT A LT Z LRI I LT,

M DYERORRFEA L L i35 & 5 1 BB CRMEZEOKIREIL 4 ug Hg/g tissue
LEICELTEY, 5 2 BHOMEEHEVEDLL R o7ch, WMEITHRE 1 HH TIEa<IE
KET, 2 HEIZEODRERK L (X9, ZofERIE, ETMANICKEREREL T HENT
MENIER LT Z EZ/RL TN D,

T, MEOILKFIL, 4 mg Hg/kg O A FVKEEE 4 BLFE (X19) L. 10 mg Hgkg 7
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HREH S (X2) TIRZRFRE TH o720, KON XA 1L 7.6 ug Hg/g tissue (K
iR E) #%F X 63 ug Hglg tissue (MRER) & 10 EFEERZR S, MEOILIREIT, AT AKERD
M pg Hglg tissue UL EFFETIUT T TITH KT, ENLL BARSREN LR > THEDLLRNO )
H LR, 272 L, MENSIERT HREIX, 10 mg Hgkg HE5TiEHEEG 2 HEDH, 4 mg
Hg/kgTix 1 MEUREE, B EICKE UKFEL TV,

MARSYREIX, 4 mg Hglkg O A F VKRG~ ZATlL 0.6-1.4 ng Hg/mL &, 10 mg
Hg/kg 7H M54 D 53.9 ug Hg/mL D505 DIRRE Th - 72, BN KEEE O HIZ10%)
FRETH 72O T, MHKREREMERODEEDOIE S BRR L KELMZERHT 200 Li’biﬁb\o

M—2—7 ®HAMEFEERRORRE

AF VKSR 4 mg Helkg #AKGIZE D | MEOILRITHRSG 2 BEMNOBZES L, KERD
X 4 BENS, n—F—ny FRBRIZK 2 HREBES oML 5 BANSAHAEICRLNT,

NAKERE ElE, B85 1 B S 4 ug Hglg tissue YL EIZEL TE Y, T REPIZKEENE
L THhOIMENERTHE D ThoTo,

P DIERIZONWTIE, &5 4 WHELEOIERENK 4 fFTHL T L, F2H 4 MR
MALRNZ Ll AFKEEMAE (10 mg Hgkg) THE G~ 7 2 TRIE SN2 IMEIER
EHPIL T,

Hijkaﬂ*? I, KIMEZE T 7 ug Hglg tissue 2 & @A EHR GREO10DIRRE TH - 7=

MR OYERFENRETH -T2 LD, IMEILKITE pg He/g tissue FEE D KERDI~D
**afﬂik WL, 2L EAKEBRENRE L 2o THEL LRV O G LitZe, 72720, 5K
OFFIIE, BHETIZ 2 HE”D, 4 mg Hgkg HEHEKESTIX 1 @EUBRENS &, BREEICK
EKFEL TV,

MRI Eifg, K& ERIENSIX, BRICTEENA U 0D IREERBE S R0 o T,
7T B —RBICRBER R o T T e B O R A EE) 2B 54 D AR AR DB
EREEZ, ZOEGEETIIAEL TV RND ERRBE T,

SO EMETIE, MADX A=V %  ATFAKBERGZE S HEHICHE Lzoix MRI ©
Holz,

25 E D IR T, RESHIEINICEE L WG & (2 mg Hg /kg H3[EEE 8HEH) T

ERRE DYLR DI S 7z,

IREOFRERA LT, AFAKRBEORMIEL LT, (KEWY, BIEHHTS, MBI (0
FBRMEIRD 3 FiEEHET 5 &, MRI R0 bIRA R, (REHH T2 F A kRORE
PRRHTE D, b BRERRIE THD L EAL ) Th b,
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MM—3 AATTRANDAT VKPR G

M—2 &REUERSEHET, AA ICR vV AiZ4 mg Hglkg DA FNKBABEAEG L, v 7
ZM> MRI B TR S DMEOILR L | RE, m—%—n v FRBR RO R K & 7

Hr L7z,

M—3—1 MMEEEORREZE

3D-flash > — 7 = AT L7 0.156mm = & @ T1 @M AV, &8O K= B i
(ZJE X0.156mm% T CHEE (4~6f0) 9252 LT, MEAREL RO (X13),

B = ER e
G L5 —4— Control = == Control
E ——MeHg (4 mg Hg/kg) E —&—MeHg (4 mg Hg/kg)
< 1 >
=}
E :
=05 S
e —= <
s =
§ 0 5
> 0 2 4 6 8 g
Weeks
FARKE
03 r
== Control

02 - 13 *ARIVRDKEFRBEORZBEEL

M ICR *ZA<T R (8:8#) = & (Control)
' FlzE A FILKER(A4 mg He/kg) ZERAHZE
L. #&5d. %5 1,2,4,6,8 BRIZKMKE
DIEEZERDT=,

n=5, mean + S.E. **p <0.01 vs control

ventricle volume (mm3)
(]
et

Weeks

AF VK 2 AR, MM, 55 3 IMEDOEREINILR Lz, 5 4 IMEOEFEICRE 22
TR SN2 o7,

FA=w 2 (M9) LDsEh  k— K14 1Z7T, ZOFEGEMETIT. IREOILRICMERE
IR N o T,
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—— Control Female —4— Control Female
I

D= —@— MeHg 4 mg Hg / kg Female 7 3= —— MeHg 4 mg Hg / kg Female
% 15 [~ * - Control Male ke @ 1 = % - Control Male

E - O - MeHg 4 mg Hg / kg Male E = O =MeHg 4 mg Hg / kg Male _x
3 1 , A0 ||
E 7 #ooF 3

S 05 S

= O
£ o0 ' 2
g 0 2 4 6 8 g
Weeks

% 4 % —e— Control Female

= 05 ,=—#—MeHg 4 mg Hg/kg Female

E — & — Control Male

E 04 f-0o- MeHg 4 mg Hg / kg Male

©

5 03 | K14 <D XDOKNEERED L

S 02 & 5o M9 L UM13 DT—4%xEhabtr,

) o

< 01 n=>5, mean+ S.E,

)

g 0 ' ' **p < 0.01 vs control (female).

g ¢ < 4 o 8 # p<0.01vs control (male)

Weeks

M—3—2 XAAvUAKEORKRZE

K5I8 T & 912, AFKER 4 mg He/kg @B G 3 i H SIS GRE L L CHE A
REOHEDN RO, BIFICEITEN 72, A2 TIE, K11 (FICHEE) (oRTX 912, 4 8
HODABEREBRNRONT-OT, 220N 1 HFE EENENT,

=n EE
50 0 . (A=)
40 - N
3, p-a-tii g » .
= 30 ‘ T = 30
& *k &b
8 20 r D 20 -
=
= 10 L —4— Control = —a— Control
%’ —8—-MeHg (4 mg Hg/kg) € 10 ' —m-MeHg (4 mg Hg/kg)
m 0 1 | 1 | | | m 0 1
0 2 4 6 8 (0] 2 4 6 8
Weeks Weeks
K15 ARTIRFBEDORFLEL HM11 #ARYIRAEKEDOREREIL (FH)

ICR A AT R (8iEHEs) Z i&1E (Control)
Fl=lE A FILKEE(A mg He/kg) Z2EHIRE L.
ERAAKREFRTE LT,

n=>5, mean=+ S.E. *p <0.05 vs control, **p < 0.01 vs control
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M—3—3 ARwyROR—X—n v RRBROMKRFZE(

X116 (2T K9z, AF KR 4 mg Hekg HH &S 3 B EH N OIEER G L X THERR
REOWD BRIV, BRI EITIAN 572, AATE, K12 (FIZHEB) oRTXHric, 5 8
HOOHBERERNAOGNTZOT, AZAOHN 2 BRI EENBN-Z L2k 5,

a—Fuay K7 A o—F—noy K7 AR
300 4
300
— L]
Z —
— 200 | — 200
2 g
2 32
e L
% 100 | —¢=Control C;; 100 —4— Control o
E —8—MeHg (4 mg Hg/kg) L 9 —8-MeHg (4 mg Hg/kg) ™™
m L 1
o | _ 4 0
0 2 = 6 8
0 2 -1 6 8
Weeks Weeks

E16 ARIYURAO—42—0Ov FREBROBZFEIL 12 #RIHRO0—%—0v KiRER
ICR A RXRYDR (8A#E) 1= B (Contro)E 1= DEFEIE (B#H8)
[FAFILKEE (4 mg Hgkg) ZERHZEL, &5

AiERE®EE D—42—0v FEBRETo1-

n=5, mean+ S.E, *p <0.05vs 0day. **p <0.01 vs 0day

m—3—4 KR D K ER e e

BH 8 MHDAA~ T ARMZEDKIFEHEIL 22.9 + 2.4 ug Hg/g tissue TH Y, R U5
DA 2~ 17 % (6.85 + 1.8 pg Helg tissue) D3(EFEEE T o7, [FHED MK SR EE OIS
IZ. Yasutake 5728 C57BL/6N ~ U ATHIZRLTEY, TOFKNE LTAFINKBEDOR~DHEH
RENIMSA AD TS EN T2 &t LT D (LR, 2), BALB/CA ~ 7 A TIEIKEREFE & O MEIE
FRLNZR o722 (OCHkD) . ICR ~ 7 A 1XC57BL/6N ~ 7 A LAk OMEEZ=ENH D & 5 THh
%=y

M—3—5 RARATTANDATFILKEBEGFEROKREE

AFNKER 4 mg Hekg HHELHIZE D, MEOIEKITEYS 2 BENOBEIN, JEKE
TORGHM, SEREREFAAT T ALIIFEIRETHY . HEIBEZE S RD T,
REBADE v—2—my FRBRIC L HIESEET 3 BEANOARICALN, 26T,
FUEGEOAF AT ALY 1-2 BEERBEINT,

KIGZE DOKREREIT, 5 8 BWHTARITAD 3 HI1EE Th o7, KEBDCWHTHES
B ENBND RN A ADFNENDOIE, KBOLZFEELBEBERHDL00E Liviavy, LUK
FBPROFEINHEENR R ONR Do 2 LR ERIATERVEDH Y, A% bBEL TN,
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M—4 AFARPUCLDREFRE & MRI 7 /L OB

Rk 25 FFEEDOBIFEIC LV | FEEMO ICR ~ 7 A (4 i) 12 AF /KR 4 mg Hg/kg 438 3
m#EGT 5L, &5 2, 4 0B O T DEERIC, B3 72 MRI T1 580 E& O > 7 F A8 RS
iz, Zhud, FEBICEHRENZEENEE TN LE2RBLTWD, #5 6, 8 lH TIEv
ZFVOEIMITIFE Y . 2 mg Hg/kg O 3 B 5-TIX, ¥ 7 F L OHINTR B2 5T,

TRIFERMHRE CH Y | JHEEFIR, & N TOEFSHEORBMR EDORTHKELZ >hE L
HEMLTH D, Z 2 THRIBEMERMERSOL (Auditory Brain-stem Response ; ABR) # MW\ T A F
WKERZ G Lic~ U A DOWER 23~ MRI Fr b & oo B 2 fighr L 7=,

I HIT, FEBORT 2~ 77 58 MRI R0, ikt P9 eals, RIE~— A —mRNA O
real-time PCR IZ X5 EBETBEL LT,

M—4—1 MRIT1 SHFAERICKLD FEZERD S 7 FLVEBHOKRH
MO 4 B ICR ~ 7 A2, AF VKR 4 mg Helkg Z# A& 5 Uiz, #55R0FBIEE L
B0 T, EPESEOHELESLELETO MRI O F LEfEK T1 > 7 F L0820~

Control MeHg(10 mgHg/kg)

C—

A F IV IKER 5-HIT

Y/

52

=

Y

&5 4 M

=

)

456 HH

=

b 8 T

®17 TEMESD MRITI HHAES
ICR # XY™ R (4:@&) (ZiFE (Control) Ff=XAFILKEEMA4 mg Hg/kg) ZERREL
=BED. #5H]. %5 2,4,6,8 SHED T1 &AEER, E LOEKARICTEZEEHEZTT .

K17 1T L 910, AFAKEHEE 2@B & 4 MBI T EgEE (BREXX) o T1 7

VOB R ST, 7t e BEH ClXIFE ALY, SEBICITE -2 Ao o
T, EEEOERER L OBEMENR HNT-,
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M—4—2 FEROUE

BEMERMER S ABR v A7 A&V, R T X — VIR LT~ U A Z BB RENRIE S R R
EE L, B ROBEETICEMA A Lz, & HICHEIZE Y EREAE T 672V LE Iz A
v — 7 —Z [EHE U EMN A NE Lz, SFRBIMOBIY & ImE 2 M 18 1T,

X 18 ABR MFRELID ALK
LZTDRE

T ORAD ABRIZEWTIEFEHRES
[ZI ~VORMNERA SN D, FRIBEA
b, EBEREBEOE—V FTOHRIEIH
M EBARERMDIRREIL.

: 1.3~1.5 ms ; B (HR4#ER).
: 1.8~2.2 ms ; SRR
:3.0mst; EAY—T# (1B

: 3.8~4.2 ms ; SMAIEARE (18)
:5.0mst; TE (FiX)

< =2 8+ Hy,

M—4—3 FTEALyITadm—/ILRE, KRS OEEEOHIE
ICR A~ ZAD7 Vv 7 HEOHFRPLC L H2FREMEZRE LT, FIEL~1T90db 705 5
db O FiF 7235 500 [AIFEHE CTEEIL 7=,

v Worksheet Calculstor Help

Hsdl ezl Bl alwl £1R [vzly mla <2

Mode H

e
90db
85db

APZMen [4036K

WA=k Cewm [wa-smk | - RoComr. [ senp-Bosese . [DIEF-DaA = & 162
19 FREMAEEE
19 1R T L 0IS, BBEWFEL P TRINTE =2 XN Tho7z, €2 THOE—

L TFEHKEOVOE =7 DFEELJLAL vy akh—)L RE, AFI/LKER 4 mg Hgkg & 2 7%
WL 4 G LTz~ v 2220 TRz (1% 20),
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=0 .
% 0 O Control =
2 60  mMeHg (4 mg Hg/kg) |_\
= 50 |
Q40 t
w
2 30 r
<
) 20 r
e
o)
T 0
2 < 2 4 weeks
I '

20 BEULRILRLY D afk—ILEK

ICR #ARAY DR (488 (T8 (Control) Fi=(F A FILKER(4 meg Heg /kg) %EH
BELGED., 52,4 BEODBEELANILRAL Y Y 27— /)L K% sound pressure
level: db SPL. T& L 1=,

n=4~5, mean+=S.E, *p<0.05VS Control

DDAV v aR— b RiZAFUKERELGTIEE L0, FTREROV T AF KRR
4 ARG L2 W CTHERBEMARD HiL, LYV RERETRONERIE LN &I
Ihic, #5 2 E CIIARRENITIR o7,

WIZ, FE—7 OIFRFERD, EOMHENL E— 7 BOERF LR LT,

o 6 ad
% _ O Control r
E® m MeHg (4 mg Hg/kg)
o 4
5
25
2 2
=
2 M
el
< 0
2 4 2 4 2 4 2 4 2 4 weeks
I I I I\ A\

21 80db IZ&HFHBHHFHELDBE

ICR #ART DR (488 (Z7AE (Control) FEi=(F A FILKER(4 meg Heg /kg) %EH
#BEL. 52,4 BAEICABR ZRIELz, BRENCRFREMODE—V ETO
Bl (GBFf) #R&®7=, n=4~5, mean+S.E. *p<0.05VS Control

I ~IVOFHEFEN DRI A F KB EZEKG L THLLLRWA, FTEHROV OFHEFEENIE

AT IVKER%E 4 G LIZRECRAWTHEREBENRED vz, &5 2 HHE TIXEOERIZH
HEREIR N>,
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§ 4 F O Control

£ mMeHg (4 mg Hg/kg)

é‘ 3

ﬁ ) * X 22 80db IZHI+2EFHREMM

% F O

g 1 B 18 (SR LI-&FREMBHN O, I

2 Iﬂ V. -V, V-VEO#EERDT. n=
2 4 2 4 2 4 weeks| 4~5, mean+S.E
I-v I-Iv v-v *p < 0.05 VS Control

AFIVKERZE 4 HERG LIZFETIE -V TERROABERBEMNED bz, 1-IVIIZIEA
EREBRROEIT < V-VEI TORBRENEIIN L Tz, 5 28 B Tl EOBERIC L FER
EALIZR S22 o7,

PLEORERIT, AF VKR 4 mg Hglkg @ 2 B OGS TIIEREZERICEZ2IIRAONT, &
H 4B TIE,. TEEOATHEREMEE L DHEDORKE SO, FHR BN OIREDRIENE T,
TEOMEIZEENEUEFELZREBL TS,

M—4—4 -~ HUouim MR CEIE Lo T ik o2k

< H A A (Mn2h) (XM A @i L, MRI @ T1 5@ERE{G E G 7z 384
%o Mn2t [ IHNv T LA A (Ca2t) LR B 2R3 720, MMEOIREN A 72 TE
SEWIAEA, T1WEFHEGR EO> 7 SRR KRT 5,

~ U A2 24 Wi, 40 kHz OEHE (v hORRUK L D &V, U 2O HEAN) 4 Mot
THERZANE L, R Lisn~ o R L3kic, o~ 78858 MRI 28 L7z (BSAHXI),

W2 Licay br— =y AT, BREZHET 5 & FRRO~ 7 85 MRI &7
FOUVRBEEITHIN L, BRI L 2 T EoOMBIEE O TLE R Sz, A F/L/KER 4 mg Hg
kg % 4 BREAEE Lo~ v AT, BERBENRIC L2708 IT L A Ee | T RIBICEVE N 2
WRELTND Z LRSIz,

M—4—5 TEEOUR OREMBTIE
4 Al ICR ~ 7 A2, AT /V/KER 4 mg Hglkg #H H G L, A REEE L72%IC T Lo

IR (10 pm) ZAERC L., St b no it L7z,

TP, =2 - EBIRICEET S Neuro Trace Jefd T, FRO=o—a VAR,

WRRINVO EEED X512, R GREE A T VKRG T, = —a VEICEEIT 2o
7o HAAIHEAEY 72 Y @ Neuro Trace FEPEMAaE & L7722y, AEZET 2D > 72([0=3),

WIZ, TUNELJETT R b= A& I L TWAMIEZ TR0, T Ik Clidk A FLKEER 5
OEEZ)p DT, TR M=V RAZIEEAERB SN0 o7 (RMNKIV HE),

TEBEOUF O~ bF V) v —oF v et mito7- (RFEV), IOFWERENL, %7 0
— Y AROBTH D, 3 b r— B (vehicle) T, A FOLKEREEGRETIE, DT xY
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o— Y ARHEINL TV,

SHlZ, 277 7 ERRICHRIEHTE S Tbal &iEMHIET A bAoA FO~—T—Th
% GFAP OHiikEz Hn o it 217 o7 (IRAXIVI,

Iba 1 BEPEAIRERIC, A F KR GORBIIRONT, 27 a7 ) TORREICHZERITAD
niehotz GREKIVEEE),

TEHALT A ba A R &Yetad 5 GFAP Tix, 2> b e — L ff(vehicle) TIdiE & A E MR
TR SRV, AT VKGR T, 7V A — v ARROBBEGE N SN (RAFRVE T
BY,

M—4—-6 TFTEEOYA FIAOmRN AT

—HDO~ 7 AT, BIKEEEZITOTIC T A2 L, total RNA Z#iH L T real-time
RT-PCRIZCE > T, %A b A D mRNA EDOEHE) % AT LT,

w7 VT ER SN E TSNS A M A & LT, EEEEER T (Tumor
Necrosis Factor a, TNFa) &, A % —11 % -1 (Interleukin-1p, IL-1p) OmRNAR%
real-time RT-PCR TXk®7=, K23 (2T LHIC, 2 hr— il A TFVKBRGREE T,
mRNA BICHEETEO N7,

14 1 X 23 ThEEOYA +HA2D
mRNA £
ICR #RT R (488 (T
(Vehicle) F1zI& A FILKER(4
mg Hg /kg) ZEBHHREL. %54
BEHICTEZ#HEH LT totalRNA
ZimH L 1=, real-time RT PCR

OVehicle [2& Y. TNFa & IL-1 B mRNA

, @MeHg &R, vehicle [Zxtd 25 fH*T

TNFa IL-1B fEc#* L7, n=4

—
B N
1 1

(Fold Change)
o o o (=]

Relative mRNA Expression
o M B o ®

M—4—4 AFNUKBIZEDMEET & MRI &7 F /L OBEOREE

HEMTHD 4 D ICR ~ 7 A AT VKR 4 mg Hglkg ##H B G- L7z,

MRI ® T1 585> 7 F Vi, AF KRR E 2 E & 438 B2 T DESEECTEN L7,
ABR OWIETIT, ATFAKE %52 HE CHERORFIIBEINR o7 5 48HIZ,
TEMRAREREE D O b T ROFEHREMNDOBFEL VAL y v ad—/L ROFEREM UhSE
WO L72< 72 %) LHEIRFOREENR R Bz, 0¥, ICR ¥ U A A F KB 2L LIZBED
ABR OZBNHE SN TEY Tk 3) . Fex OAEIOFER EFJE LA,

~ AR MRI 2 W2 Z 8 X VBRI ) T2 T O RRIEE) O LD R H S 4L
Ted, AFNKEE ABEEEETHE. ZOFTRORIENRE LK T L7,
SRR PR BIZ LD . AT AKBEE 4AEBO TR T, X7 —2A0MNE 7Y 4 —
VAR ENT, ZD AT AKEEE 4B O T LBOFRERNETIL, ABR TRONZT
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I ORRT LBEE L TOWDWREMDR H D, 2B, 27 n 7 ) TRICIFRE EBHTES, 2

a7 UTHROYA MAA D mRNA BICEBNENELEESERDH S, TAR M=V A b
HENRhoTen, X7 =Y ZAREML T DICHEAD LT, =a—u VoL E PR S
TR TH D, THLIFARBERILIERZIT> T TETH S,

TEMICERT AHERREIL. ATF VKRS 4 BATRALAZN, MRIL (I2LA FETL &
TFNAOEME, &5 2 HE»OBRE SN, 21 MRI (2K V., BERERE ORIEFTZE )
FRETHHZLEZRLTWNAEDONE LIV,

7/,
Rz
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IV &%

SEBEOHTRIE, £9° 7 HCOEEERED~ U AR T D EAED A F KRR G T, BER
A=V EMIE %, ZDOMO MRITOMNT 51T - 72,

AFILKER 10 mg Hekg OmHEER &G % 7 BE{To72& 2 A, IIME L H 3 MEDOK
FEAK 4 fFICIER Lz, 8 4 MEORIHITE(L Lieh o7, IMEILROBFIC OV TIE, KAR
FEORBEE L CEAMIGERT 2,

B ED A F VKB G TIX, MEILR &R, iiEEEE &S 2-3 A H2BI3IEH
RRZBlZR S T,

Wiz, REEEHN L OSN D FIKED A FILKEE G 8T MRI @i &17->7-,

AFNVIKER 4 mg Hg/kg A& 5% 8 W To7o& 2 A, MEIEKIFHEG 2 HENG b,
b 4 WHEUREZ 3-4 5OIKELERY | GHEATFIVKEERE LREOILRKETH-T-, =
DG ETHE 4 MEOERITED) LR olc, A FVIKBOMNER REILE A &S O 10 4
D1 EFEEOERID ORENoT0, ZHUE, AT VKBOYEH & &5 5725, 4 mg Hg/kg 1#
ARGOHEIINT ALl Bbhd, BHEEOBEWVITMEAREI IR 5 £ TOHMIC
ELTN, MEOIERFIIFR U ThoTe, £, MEILKITIHTE > TIRNIZ A FLKERAEHE
LTWDLEITHY, KIBEEELNMEILROBRLER T HREFHETH D,

ZOERMED A TFVKEREGTIX, ETWEOILRAD 2 BEIZHED , TR E—2ITELE
4 BHMPBEEN DTN LIZ U, 5 1 H LRI HEE) SRR AR RS 2= 5 &
WIOERETH -7z, ZORERIT, WMOXA—TOEEICE > THNDIERN R D 2 & 2E%
LTWD DN, A=V &% DN EEHMELIHBRT 200, 5%F%E 2 @8, 5 Ho~
U A ZHI L TR L ThE7zuy,

MRI |2 L 2 OIERIL, BEBEEECEREBD L0 b REICBIE NS0T, TAF K
U L D EBEE OFIERTZWT ] 2172 2 WREMEA R STz,

HER 5% EMRI pr L OBEICOW T, JEEH 04 Ml D~ v 2% VTG L7z,

4 Wlin~ 7 A A FVKER 4 mg Hglkg @ HG L7 2 A, 5 2 H TiX ABR 1T X
DR R I S e o 7o23, 4 B H T, BEMRIOERE O 5 b TRETOH, FRENMD
BRFOEBIELEHFE LNV ALy Y al—)L FKOYIMR RN, T7RbbAFNAKENRGIEED
TV AOHWEREEIITERNF—F v hensrZEThHD,

~ R MRI 2@ L7z & 2 A, BERAMIZ S 2 T moMRRIEE) O LR B S 7z
D, AFKERO 4 IR EGTZOTFTREORIENRELART L, ok r el Lo,
AFNVKFFEE AEBO FETORZ a— AOQEME 7V A= AR Sz, ZhnbAF
JVKERPRE 4 W H O F RO RE R IL. ABR TR O FRORER R SBEL WD
AREMED B D,

WE O MRI ThDHT1 HMFREGET BTl FRIKO > 7NN 2 F kRS 2 #HE &
4 BRICBEIN, &5 2 BE CIETEEFEIIREINTHRVWO T, BREENEET S 2
HFANC MRI CFEOREMRHE SN2 212725, MRI CHE SN F RO RE SRR
LBET 5O ThHIIL, MRI IZXk - T HEREFE ORIEATZH ] 217> TWDHEFX2D01H L
ARAAR
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V fi

- AFLkERE R (10 mg He/kg) 1 H% 5Tk, IMRIER EERER T, WilEERE oK
X 2-3 HEDDIZERFFICARERE (L E LTI,

o AFIVKERIZ K DIMEDOIERIT, K= &5 3 MED AT HA LI, F 4 IMEDOEREIIZL L
oz,

« AFLKER 4 mg Hg/kg #HH &5 TlX, MEOILKIZHEEG 2 HEMSBER I, KERD
T 4 HENS, n—F—uv vy NRBRICX 2 WiESEEOREX 5 BENLOHFEICALN
77

c BHEDOILRIZOWTIX, 5 4 HELEOIERSE, EFANEICE LN R oW L
. mHERE~ T A THRINMEILR EERLL Tz,

* TT BRI o T T E D BRI O T RIECIE R (2 B 5 D R e O
BRELRIEEIX, ZOREEMHETITAE T TV RN ERREBI N,

- ABR OHIE TIE, AF /KR 4 mg Hg/kg #5 4 BB, BRI GERED O B TFEOH
WEMDFEL VAL v aih—/L ROFGEREN UhNS2 BTG LR D) LR
DIEEIEMN H ST,

*MRI ® T1¥ 7 F i, AFILKER 4 mg Hgkg HHA®KE 2 @H & 4 # B ICF LEHEE
THEMLT7Z, 7725, MRI #HWA &, FERICERENAONDS 2 BEERIC T EOIREN
Tz E bzbN-Z&IChD,

C VAU MR 25 2 2L BRI R 5 T EOMEEEB O FLE D R T &
L, TIUIA T VKR 4 mg Heglkg 25 4 AR TR T4 5 Z Laraniz,

F SPERIARAL U K Y . AT VKR 4 mg Hglkg 65 4 T, FREKCEK 7 B —v 20
B E 7Y A= AR STz, TG RIS BT D AL E & B2 T D AT
PR %,

C IRBLORRERE LT, AT VKREEORBIEL LT, (KERED . HHEBES, ABR
(K DR, MRI IZ X DMM=EIERE TR DY 7 F VRO 4 FIEZHKT S &
MRI (3 K0 & WG] T A FILKEROZER I TE DMHIETH -7,

- MRI Tid, EEHEECHEEREDNIEST DANMORFEZ L O LRARTH Y,
[FIERTRZWT) 21T 2 5 ATREVEA R STz,
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VI WRAFEJE LARE D 51

gk 27 4R

EBR 1. MRILKREZAE U D A F KR/ MG R X OEEEEORE

8 ICR ~ v A%, AFL/KER 0, 0.1, 0.2, 0.5, 1 mg Hgkg ## AL L, 1, 2,
4, 6, 8 HIZ MRI Oy, m—%—w v R, MANKEEOERLITV, IMEOILRST
D MRI & 7L OB BIE S D /MG EB I OESEEZ RO L, LERHILTLY
WG ECEREITH,

FEBR2. KGR IE O, NERE L EEHEEOHER

8 M ICR ~ 7 AT, AF LK 1720 L 4 mg Hglkg % 2 BERHRET 5, b0
HfEcix, EBEE B RELT S A U0y, MEITIERT 5, 0% 6 HE, KL &G
FICEHB L, 2 BMBEIC MRI Offtg, v—4%—u v R, KEFHIZITV, BEIER N EIE
AIREDY, —EMENILRT 5 & ETEECRBELB N OERMZRICLTEZ 200 E 5 9, fif
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Correlation of magnetic resonance imaging of brain with behavioral
disorder in neurotoxicity of methylmercury
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Abstract

Magnetic resonance imaging (MRI) is a noninvasive method that can analyze anatomical change of
brain in living animals. In this project, relationship between the time dependent changes of anatomical
lesions in brain and locomotor activity of mice exposed to methylmercury was analyzed.

Male ICR mice (8 weeks old) were orally given 10 mg Hg/kg of methylmercury chloride every day.
The lateral ventricles and the third ventricle were enlarged but no change of the fourth ventricle was
observed in MR image after the 2 days administration. Body weight and spontaneous locomotor activities
which were determined by lotarod tests also decreased after 2-3 days of the administration.

Then, the other group of mice (male, 8 weeks old) was orally administrated 4 mg Hg/kg of
methylmercury chloride every day. Their body weight and spontaneous locomotor activities decreased
after 4 and 5 weeks of the administration, respectively. However, volume of lateral ventricles and the
third ventricle in MR image were enlarged after 2 weeks of the administration. These findings indicate
that MRI could detect abnormalities in the brain morphology 2 or 3 weeks earlier than that in the body
weight or locomotor activities.

Female ICR mice (8 weeks old) were orally given 4 mg Hg/kg of methylmercury chloride every day.
Enlargement of lateral ventricles and the third ventricle was observed after 2 weeks of the administration,
just the same as the male mice. Decreases in their body weight and locomotor activities, however, were
observed after the 3 weeks administrations, 1 or 2 weeks earlier than the male mice which given same
amounts of methylmercury. Mercury content in the female brain was 3 times higher than that in male
mice after 8 weeks of the administration. These facts indicate sexual differences in the accumulation of
mercury in the brain and their motor activities.

Four mg Hg/kg of methylmercury was administrated in immature mice (male, 4 weeks old) every day.
An intensified signal in T1 weighted image of MRI was detected at the inferior colliculus after 2 and 4
weeks of administration. In the auditory brain-stem response test, abnormalities of the auditory response
at the inferior colliculus region was not observed after the 2 weeks administration but detected after 4
weeks. Damages of inferior colliculus were also detected by manganese enhanced MRI and histochemical
analysis after 4 weeks administration.

In summary, MRI can detect toxicity of methylmercury in mice as anatomical abnormalities in the brain
2 or 3 weeks before the abnormalities in body weight and locomotor activities.
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WCIEEE# L, T, 2N L, Dk,
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. S EBOMEMIEE v T,
merC-SYP121, merC-AtVAM3& s 1 D 7 J A
~OHH 2B LT mRNA OB & GH 72,
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merC-AtVAM3iE 1= - mRNA % Bl, Western

merC,
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GFP-MerC-SYP121 I #ll f € 12 ., GFP-MerC

GFP-MerC
BITD
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ZMEPIX 3 FE (CV2, CV7, CVI1) & L7
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LLRE D F2BR I AV 72 Y,

C10, CS17, CVI1 28T 5 MerC O3B %
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AKERIFEIZ DT, €10, CS17, CVI1 138
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CS17 1%, C10=° CVI1 12T, @ik
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B, C10, CVI1 LB ARR & IZIT RS O H M

ZARTOICK L, CSI7 IXBHAKLY HEW
EHEMEEZ R L, mIREOELE, Cl10, CS17,
CVI1 IR TEAE N ®EWERME
L, ZOHWTYEH CS17 BEWEMP A& 5
7= (Fig. 4),

merC

merC .



A. B. GFP-MerC
(pC3)

C. GFP-MerC-SYP121
(pC5121.28)

D. GFP-MerC-AtVAM3
pCV9’

Fig.1 Construction of gfp-merC and gfp-merC-SNARESs fusion
plasmids (A) and cellular localization of MerC and
MerC-SNARESs in suspension-cultured plant cells (B-D).
GFP-tagged fusion proteins were expressed in
suspension-cultured plant cells and viewed by confocal laser
scanning microscopy. GFP fluorescence images are shown for
GFP-MerC (B), GFP-MerC-SYP121 (C) and
GFP-MerC-AtVAM3 (D). Bars = 20 um.

A.

pMAC5

PMACS121.1

merC AtVAM3

promoter

NOS-NPTII

pMACV1
PMAT137
B. merC merC-SYP121 merC-AtVAM3
ol X 3
C. merC merC-SYP121 merC-AtVAM3
c5 c7 €9 _C10 C14 CS8  CS14 CS15 (CS17 CV2 _CV7 _Cvil
merC

Fig.2 Characterization of merC, merC-SYP121 and
merC-AtVAM3 in transgenic plant lines. The structure of the
DNA region transferred in the plant expression plasmids
pMACS, pMACI121.1 and pMACV1 (A). Representative
growth phenotypes of merC, merC-SYP121 and merC-AtVAM3
transgenic plant lines (B). Confirmation of the expression of
merC (C5, C7, C9, C10 and C14), merC-SYP121 (CS8, CS14,
CS15 and CS17), and merC-AtVAM3 (CV2, CV7 and CV11) in

transgenic plants by genomic PCR expression analysis (C).
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anti-MerC} 1 2 3
csi17 | «— 50kDa
Cv1i : 3 «— 50kDa
Wild +<— 50kDa
c10 +— 15kDa
Wild +«—— 15kDa

Fig.3 Immunoblot of MerC protein in transgenic plants.
Immunoblot analysis of the crude cell extracts (lane 1), soluble
fractions (lane 2) and membrane fractions (lane 3) of wild-type
(Wild) and merC (C10), merC-SYP121 (CS17) and
merC-AtVAM3 (CV11) transgenic plants were performed using
the anti-MerC polyclonal antibodies. The arrow indicates
MerC (15 kDa), MerC-SYP121 (50 kDa) or MerC-AtVAM3 (50
kDa).

Cs17  cvil Wild Cl10 CSi17 cvil
0 10

Hg (uM)

Wild  C10

250

200

150

100

50

Hg Uptake ( pg / plant )

Fig.4 Susceptibility of transgenic plants to HgCl, and
accumulation of mercury. Sterilized seeds of wild-type (Wild)
and transgenic (C10, CS17, CV11) plants were germinated and
grown in GMA medium plates in the presence or absence of 10
uM HgCl, (A). The amount of mercury accumulated in
wild-type plants (empty bar) and transgenic plants (C10: light
gray shading, CS17: black bar, CV11: dark gray shading) was
determined after 2 weeks culture on GMA medium plates with
various concentrations of HgCl, (B). The data are expressed as
the means £ S.E.M. based on four determinations from three

independent experiments.
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T 15 2 A 2 FH D TR L 72 6 . MerC
INERIC R BT 2 DIk L, MerC-SYP121
ISHERE I IZ . MerC-AtVAM3 (3 ld 12 &
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ENENREAT 2 ATREMEN R S 472,
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ERBMNTIEFLL, ZOHEMIKIZIBNT
MerC 255, BIfR &N 5 2 L BRIz
(Fig.2 & Fig.3), & 512, C10, CS17, CV1I I%
TNENAKBIZH L Tay ba—VIiclEE
WP ds X OVEREME 2 R L7223 CS17 3 e b
mWE SRS (Figd) 2 & X0,
SYP121 % VT MerC % A @ 12 B 7E{L L 7=
Tr7 A4 FLATF g m—3 g 0E, KELEW

-
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OEUICHE LT ThD BT,
A%, CS17 & CVI1 #X%ET 5 2 & T,
MerC % i Bl lEE & & B 62 [R) R LSR8 B3 5 Bk
EEM L. KEBOWH~DELY IAHD L5 &
W ~D KB OEEEIC X 2 HE 0% B i
L. KEEFIZOWTHRHT L2 TETH D,
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1) Eto K, Yasutake A, Kuwana T, Korogi Y, Akima M, Shimozeki
T, Tokunaga H, Kaneko Y. (2001) Toxicol. Pathol., 29,
565-573.

2)Hirooka T, Fujiwara Y, Minami Y, Ishii A, Ishigooka M,
Shinkai Y, Yamamoto C, Satoh M, Yasutake A, Eto K, Kaji T.
(2010) Toxicol. In Vitro, 24: 835-841.

3)Hirooka T, Fujiwara Y, Shinkai Y, Yamamoto C, Yasutake A,
Satoh M, Eto K, Kaji, T. (2010) J. Toxicol. Sci., 35: 287-294.

4)Hirooka T, Fujiwara Y, Yamamoto C, Yasutake A, Kaji T.
(2007) J. Health. Sci., 53: 450-456.

5)Hirooka T, Fujiwara Y, Inoue S, Shinkai Y, Yamamoto C, Satoh
M, Yasutake A, Eto K, Kaji T. (2010) J. Toxicol. Sci., 34:
433-439.

6) Hirooka T, Yamamoto C, Yasutake A, Eto K, Kaji T. (2013) J.
Toxicol. Sci., 38: 837-845.

7) Toyama T, Sumi D, Shinkai Y, Yasutake A, Taguchi K, Tong
KI, Yamamoto M, Kumagai Y. (2007) Biochem. Biophys. Res.
Commun., 363: 645-650.

8)Iwamoto N, Sumi D, Ishii T, Uchida K, Cho AK, Froines JR,
Kumagai Y. (2007) J. Biol. Chem., 282: 33396-33404.



FRESDERERICET HKERAH

1. [FC&HIC

I, & EEOSHRERRIC LY . REET
UToBBEEe s R & 72> T D Y FSEICR
Th, IO T U7 EEOER L THEEENZ LD |
TKERRER & o T RERME D BB R AT S LTV
B ERHLMCESNOOHY D LTRSS
ITHIERGED DIGY OB RS ST D 7,
FBE, FVERESICAERT DRI O, miRE
DRI, fa7e EAMR L Y, AERERICRUT
DIGGOMETAFER STV D, AR, FvRE
B0, BHITHRE L EEREZ L E LIARER
(23T DIRERD 3 A e 2 A T SE AR T B,
HbOET, KEOERESRELE2OND7 1Y
T = ADPREA T = A OWTIERAEI T T2
F b AT D,

2. #H#

BHIZ 2008 FEH 5 2010 4RI, RS, ARERE,
JEE A 70> D BB S AU T Akt 5 T, S HEB O
PR AR, EAERA S PR, TEHRRA 7 FE, SR 23 B, i
FUE 10 AR Lim, 7o, BEKE L S TIX
FE OB L AKERDZEE A it Lz,

3. FBREERE

2001 FFIZAESERE CRIBE & 72> TUWZRFES K
BT AV~ 27— ZDOBREER O HARD T
EIRE ORISR SN O 214 ng/g DW), %
D%, TR DOC/NE D RSO RIFEN S & I
FEDOKEEPRH S AL U32ug/g DN, ZDIFEALE
MERSRE G S QU Ve, ZOFFEEZIT, A
KEBLORMIDHIE T, FlE)~ O BAFHEEY)
FHEEM I 1T 2 /KERG A0 23T LT ot s,
~ U ANF EERE TR A ERE L QO DRI
SRR TN, SREERONT 72 EER O

18

O R R TR KRBT JRARITSERD)

W VKERRE R A B (" 1), 6N O5Hh»
51, RYINEE @ U AR R S T,

— 5T, RSB X IUNAR LD~ 77—
DAOILEIRE DOKERDGRD DAVT, EHAEMOfEHTH>
51, BERKEB LU OMEEEHCRT DR
Mg, WDIZED I ERER A K L TWH EE X 6
Nz, RGO =R A 2T & OHOFER, ~
> AN LD KEERE AR o T, —
T, AERIRERAIRRAT & WA E A Ve T
2 —F b, AR ISR R S <, S
DIZIIEMZA DT DAL DAL KERDY 534 LT
LGN H O (TR, Bl CEn2hvgEFLL
B LOENIRAE I ETE . DLEDOFERNG, WETE
~ =R HAKERE (EFE - i) DA
S RALRINIARA7 LG S AL, SROMEADFE -
N2, <bzxT, MEHBDORVRAERRIIBIT S
HKERE=H U o T DLEEIRENT=,

(AWFFEITEREE A HIERBRBEITICR S HEME Y RF-085
& RF-0908 |2 L » T TENLE LTD)

| “'.-..
pitvip
odd-tootl

Hg level

100ppm

1 VGRS OARERIZISIT H/KERMEOBERX]

51 ATk

D AUA - 5, BREERIARSE 20, 47-60: 2007.

2) Jaffe et al., Atmospheric Environment, 39, 3029-3038: 2005.
4) KRB, AFEBREE, 37, 72-85: 2011.

5) FEED, HER(EAE 45, 29-42: 2010.


imazeki
テキストボックス
講演３


REHEORBEEN A FILKRDE

Bz 488
'?/

\

MRBICKIF

~2 BIERRY I R & AN -EERIFRE ~

Ot &, YEREL, AREHEY B,
1. &x

> 3

BHREEAT DAL, A TF VKRR
R DB e L B D 2 NRE
Ens Y, BE, HROKAANDDOK 5~6%
WHERIBICRB L TR, ZOREBROEIN
T AREBAZNCROEERMEO—2TH
% 2, AFIOVKERIRETR & BEIRIE O BEIZ OV
TIE, BEIRIE O RIEZFFOKEHERICE
WTHPEEMRBESN TS Y, L L
BRI HR T D2 R & X F L KERH
PEREBL O FER 72 BAE 12 DV T & (T
TR0,

o

2. BW

ERET LVEMY (2 BRI~V X)) & H
WT, BERIFICAE O R L2 A F LK D
RN BT RBUC LT THEL I S 7
W29 %, Rz EDLZLILD, AT
KSR R 1kt D IR B R O SRS B o —
SIS BT R0 . ATFOLIKERBEED U R
PSS ARG LD Z E R
Do

3. A&
EREIMEB LA F VKRGS 4

oo 2 BIPERIFET L KK-Ay =7 A B L

C57BL/6J (BL/6) ~ ™ A2, A F KR (5mg

He/kg BW)  Z ., =[], # 6 @A A &5F
D

MREAEAR DO FFAM BRI A XIS L OATEN
(BITHRES) 88T 5,

R L e KRG E~ — B —IZ
FVEMIT D, 7 A bW A bk Glial

19

BoRigZ ([ENZ KR |

Prizocts (REAKRED) .
R (ri e NIRbdhsefs 0n)

Fibrillary Acidic Protein (GFAP),
VEDNEE
molecule 1 (Ibal),

N/
ionized calcium binding adaptor
~7 a7y — (D204
(class A scavenger receptor),

KSR OMIE « 4, R O, B g
Mg, PRk, FF Mk, kB B ARTRMARAR) 12
T 5w AR E 2 BB TEIZ K0 ET S

B

4. HR-BE

O EBREMEFICB T DBL/6~ T R &
KK-Ay~ T ADay ba— VEEOEHAEIX
FIEREE CTH DY BL/6 : 16.3 £0.8 g,
KK-Ay : 16.4+0.5 @), FEER#K T OKK-Ay
~ D ADYHEE(42.3+11.3 g) 1%, BL/6D
1.7f% (24.8%£0.3 g) ThoT-, A FILIKER
B B REDOKK-Ay~ 7 A%, BGBM%. K5
HEXOEEBDPBIEZ I, ERETROF
PIREIL, 28.722.4gTH o712, A TFILKER
B 5 REDOKK-Ay~ 7 A%, BEH-B MR % 16~30
AOMICEEENHD Lind7z (X 1),

@ AFNIKBEGEEDOKK-Ay~ 7 AL, 3
Bk TIRFIZ . TPCH 6 PE 23 14 i A8 &5 oD i iR i
WwERL,

@ ATFNKBELGHRBEZ, KK-Ayv T X
O I FHE K ER D S HIE1X9. 8£0. 9 pg/mlIZ
L7278 BL/6~ 7 A O I H 8 7K 88 o0 S H 1%
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1)WHO. 2008. Guidance for identifying populations
at risk from mercury exposure. WHO: Geneva

2)WHO. 2011. Diabetes Fact sheet N°312.WHO: Geneva.

3)Takeuchi T and Eto K. 1999. List of Autopsy Cases
from the Methylmercury-Polluted Area. In: The
Pathology Minamata Disease — a Tragic Story of
Water Pollution, Nakayama H, Sumiyoshi A (eds).
Kyushu University Press: Fukuoka; 226-282.

4)Yamamoto M, Yanagisawa R, Motomura E, Nakamura M,
Sakamoto M, Takeya M, Eto K. 2014. Increased
methylmercury toxicity related to obesity in
diabetic KK-Ay mice. J. Appl. Toxicol.
34(8) :914-23.
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RERESE DRI A FTBEIC T D720, A FILKER
MRBFEOER AN =X L2 ENIC L, ¥
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WCHFET 52 & ThH D,
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S THEBEZ T HENDTEREL. £ DIF
[ 57 1 DA 1T K 2 A 3 M O B I8 o FRE M
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3. AELHER
3-1. AFILKIEBHESMHICXT 5 ROCK HE

o 15 A
UL 0 15 38 #0608 A/l e 2 FH D 72 iR 2RI B
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ANCARR 2SR ICR 59 % Racl DOFHLUK
THYEM 2R3 Z &6 MeHg 1T & 2 kil 55
BVES AR EMEOREICERNT D Z &N
RBENT Y, ZoZEnn, KB Melg
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22

WL Db D&V I RFELE LT, ARk
BB LIOTR = ZMBEICES T 5
Rho/ROCK #R & IZ& B L7I2WF9E 41T - 72,
A T lX. Rho/ROCK &5 o #11 Il 7 B 28 4o
A F KX OB FERIZ BT MelHg 12X 5
IR Z B IR 5 2 & &7, Rho FHEH
ThD C3 FEPB LV RCK AEHRTH 5
Fasudil, Y-27632 (X, &5 n 2 A7
FEERITBWT MeHg (100 nM, 3 HIRFE) 12X
DR LT R b — o AR A
AEIZHIHI L (K1), &5IZ, Fasudil X
B EBRIZIB VT Melg (20 ppm #OEAK, 28
AIEEE) |2 K D %IBMERE D large pale ffifk
DK, BRI ME, % R D 28 fu 28 1
BROAF KB T T VI REAY 72 14 )
REZESWICHE L (K 2), LEofEi
2> 5. Rho/ROCK #% ¥ D 4l 23 Melg 12 & % ##
1% 22 oD A 2 /A AN 22 18 & BG4 L. MeHg 12
X DENRAEMEL LT A b — 2 2Rkl a5t
DB IR e Z E RSz Y,

Effect of Rho inhibitor on MeHg-induced
axonal degeneration in rat cultured neuron

MgHg  Rho/ROCK inhibitors Measuremen t
0 1 2 3id)

MeHg 100 nM  MeHg 100nM  MeHg 100 nM
Cltoxin 2 pg/ml  Fasudil 3 pM  Y-27632 10 pM

Untreated

MeHg 100 nM

1d

ad

Fujimura et al., Toxicol. Appl. Pharmacol., 2011
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Effect of Rho/ROCK inhibitors on MeHg=induced
apoptotic neuronal cell death in rat cerebrocortical neuron

MgHg Rho/ROCK inhibitor Measurement

0 1 2

3(d)

Slrlls'lﬂﬂrm‘,.'h.l hlrllBlDDnRLJd hir}lslmnkl,]«d
Untreated,3d  MeHg1000M.3d “rg teo iofml  Fasudil3uM Y-2763210 M

o - - - - -

DAP

1 EERARHIIC BT 5 A F L KR F
BB PER L OV AR b — 3 Z AR R B BE T %)
4% Rho FHE A3 K O ROCK BH. 2 &I o F

Effect of ROCK inhibitor on MeHg-induced axonal degeneration
and neuronal cell death of dorsal root nerve system in rats

MeHg 20 ppm, 28d

Control dil d

MeHg 20 ppm, 28d

Dorsal root
ganglion
(HE staining)

] Bar = 5 pm
Dorsal root

nerve
(HE staining)

Dorsal column
of spinal cord
(KB staining)

Fujimura et al,, Toxicol. Appl. Pharmacol., 2011

Effect of ROCK inhibitor on MeHg=induced hind limb
retraction in rats

Drinking administration Subcutaneous administration
MgHg, 20 ppm Fasudil, 3 mg/kg/day

|
0 1 2 3 4(wW)
=o— Control
—o— MeHg 20 ppm
—— MeHg 20 ppm
Fasudil 3 mg/kg/d

Dissection

ra w

Score of hind
limb retraction
-

=

o 7
Time after exposure (d)
Mean #- SEM, *p<0.01 vs basal by student’s Lest, n=8

14 1 28

Fujimura et al,, Toxicol. Appl. Pharmacol., 2011

2 AFIKBPHEFEETT IS DRE
PEFs L OB RATE) I %3 % ROCK BHZEH
(Fasudil) O fEH

23

3-2. AFIKIBMESHEITHT S GM
ganglioside B LU ZDFEEAXRDER
GM1 ganglioside I% TrkA B 215 M LT 5
TEBRHMBANTWVD, & 2T TrkA fR I 23 8142
LT WEREMZEET VM e LThHik
PC12 il 2 W T B Et 24T - 7o, REBRICZE
W, MeHg 1% TrkA pathway Z i+ 2 Z &
(2 o TR M e R B A LT AR R EE (100 nM)
THHRE M U SE (apoptosis) Z 5| Z L. GMI
Bz oFEhkThH D
MCC—257 I% 3 (Z TrkA pathway ZiEME(L S & 5
T &I & o T MeHg (T & % #f % 0w 52
(apoptosis) Z M|+ 5 Z LWL NI -
7= (X 3), &5HIZ, MCC-257 1% Melg 3 7
Y FETVIZEWNT /RIS T 2 iRk HE
B (apoptosis) 35 & UVHRFRIE IR (1% ] 22 72)
A TE D EDRPH LN -T2 (K 4),

ganglioside

Effects of GM1 and MCC-257 on MeHg- or K252a-
induced apoptosis in differentiating PC12 cells

1 MeHg 100 nM MeHg 100 nM
Control MeHg 100 nM v GAL 10 LM > MOC-257 100 "M
e - . g 53
Ed B 4 : i !:.‘ I ‘;:: T 4
" & -
g L - . ;“ - |
._ i 9 ’
. o - G "o s .~ o NN
252a 100 K252a 100 nM K252a 100 nM
Ll s sl GM1 10 uM _ + MCC-257 100 nM
I [ = I
L
~ e - i O °
4 » ¢ {
4 e
Bar = 30 pm

TUNEL analysis confirmed that 10 uM M1 ganglioside and 100 nM MCC-
257 significantly protected against MeHg- or K252a-induced apoptosis.

3 AFIKEEFHRET R b — v AP
FEIZRT 9B GM1 ganglioside 38 & Y MCC-257
DEH



Effect of MCC-257 on apoptosis in cerebellum of MeHg
intoxicated rat model

Drinking administration Sub inistration
MCC-257, 0.3 mg/kg/day

MgHg, 20 ppm Dissection

H&E

4 AFIOVKERHEET VBT HHEHRE
PEIZ %5 MCC-257 D 1EH

34, AFILKEBAHZEHFMEICKIT S Lithium
D 1ER

WM A T MR M E LT, Fy hKRIK
BB DA B B A AL (NPCs) 222 EIZ1G D
TR HILTZ(K 5), AL 2 W E R R I
BT, AF LK ERITHR O TR E (10 nM) T
Cyclin E DI BUK T A4 LT NPC O ¥4 5l & Hi il
THZEDHALNIZoT2 (K 6), 2Tk LT
Lithium ¥ GSK-3p#&PLEHE T 5Z2&LI2L- T
cyclin E DI REZBLIE | ZDORER . AT L AKERIC
&% NPCs DOHFEREAR T 12 Ll fEH &=
FTZERHALNT 2~ T2(X 7),

Identification of neural progenitor cells using
immunocytochemical analysis

Differentiation markers

Green:

NsCs:

Bﬁ):cz Vimentin -
DAPI NPCs: GPCs:

sOX2 + Mestin -

Doublecortin +/-
Green: MNeuron (matured):| Astrocyte:
Doublecorti NeuN - GFAP -
Blue: .

Oligodendrocyte:

ot Nestin -

Immunocytochemical analyses for SOX2 and doublecortine indicated
that the primary culture system was NPCs.

B AN I &= WY = 15 aWiet ik - Seiki8 i)
(NPC)

Effect of MeHg on the expression of cyclins
and their Cdks

Cyelin A [ S o = | ~—54 kbDa
Cyclin B [ - e ] +—55 kba
Cy:linb|----—w - |-—36kba

Cdk 4 [ wow o ww == | 34 kDa

Cyclin E - :2% t&
Cdk 2 ’______,._]-—sqkba
0 1 3 10 30 100

MeHg (nM), 2 d exposure

Very low level (10 nM) of MeHg selectively suppressed the
expression of cyelin E in NPC.

6 AFNKERIZED cyclinE OFBE T
1EH

Effect of Lithium on MeHg-induced degradation
of Cyclin E in NPCs

. = —53 kba
Cyclin E a‘.i-‘“ |'—47kDa

MeHg(W) 0 O 1 1 10 10 100 100 10001000

Lithum(mM) © 1 0 1 0 1 0 1 0 1

O Control

"""""" @ Lithium 1 mM

Each wvalue is the
mean+ SEM (n = &).
##  Significantly
I'"-_diffmm from
1 the Lithium-

1 treated (]
MeHg (nM), 2 d exposure ?T)G?): gromte

Cyclin E
Expression
(% of bos:l)»
858888
¢

Lithium, a GSK-3p inhibitor, protected against low dose (10~100
nM) MeHg-induced degradation of cyclin E in NPCs.

Effect of Lithium on MeHg-induced decrease of viability

in NPCs
120 L *
= r
§ 100 - --- - - i-phg----------
a O Control
& a0 B Lithium 1 mM
ﬁ 60 Each value is the
meant SEM (n=12).
E 40 » Significantly
a different from the
2 Lithium-untreated
< 20

group (p < 0.05).

0 1 10 100 1000
MeHg (nM), 2 d exposure

Lithium, a 65K-3p inhibitor, protected against low dose (10~100
nM) MeHg-induced decrease of viability in NPCs.

T AFNKBIZED cyclinE FBHRK T I
FOEFEEEIR FIZ%F 95 Lithium O /EH
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[ E OFEFITE N KRR Gt 72—
[ZRBWTK 10 4, B2 e Ml e s KON 32 8k
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5 Racl D 3w 52 L2 X - Tkl
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T, AFKERIZ L HH R 2 I+ 5 2
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AF VKR KD MREERIHI CE D 2 &
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H D MCC-25TIZOWTC DM FEEIT>T-, =D
il B AR EE A FLKER (100 nM) 2% TrkA #%
WA M 5 2 BT & TR A B A 7
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TV IR ERIT 2 108 0 e AR 2 %) 7 0 e o 2 %
W95 2 &2 BTz, SRR
JaET VT Dok PCI2 MIlEIZEB W T AT
JVKERIZ LD TR b — v 2L % fifl 3 5
ZEDNHL Moz, £72, MCC-257 (X A
F LR T T AT I T b /N R A

25

WZBIT DT R b= A Z 5 2 &
DiER T,

& BT Lithium 122U TR M Ja 1 k-4
LHERZEBRGS Uiz, A FIVKEBITM O TR
BE(10 nM) TF » MR &% L 7o mhik
RITSRAN I D FE A2 BNl L, & D A B =X A0
GSK-3B D& ML &t L 7= 85N+ CTH 5
cyclinE DEHELTHHZ L EZHOEMNI o7,
ZDOZ ENE GSK-3BDAEH|ITH S Lithium
IS AT VIR ER O K 4 B R 3 D 0E F A 4] 5
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A F VARG K D Mg G b 2 EH 2 30
il CT&E DT &, HEERMBRATERAG A2 vz
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5. BIAXM
1) Fujimura M, Usuki F, Kawamura M, Izumo S (2011)
Inhibition of the Rho/ROCK pathway prevents
neuronal degeneration in vitro and in vivo
following methylmercury exposure. Toxicol. Appl.
250,

Pharmacol., 1-9.

2) Tamm C, Duckworth J, Hermanson 0, Ceccatelli S
(2006) High susceptibility of neural stem cells to
methylmercury toxicity: effects on cell survival
and neuronal differentiation. J. Neurochem. 97,
69-78.

3) Fujimura M, Usuki F, Sawada M, Rostene W, Godefroy
D, Takashima A (2009) Methylmercury exposure
downregulates the expression of Racl, leads to
neuritic degeneration and ultimately apoptosis in
30,

cerebrocortical neurons. Neurotoxicology,

16-22.
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CNINNOICE:- (AN S X S Ne'sree e sepndont amine acis wansportr
EHEAEE LTV SRR RES ATV
(AFNVIKEIBI—T 17 2013),
4. #ER
B & 4.1 SBBRISH T BKBRY AABLE
RSB D, KRB 2 B 5 s BE LT _ToMik (B - T -
THED, %Lﬁ%’ﬁ#émiﬁﬁET WM - OMEEIR) 1S3 T L B AR
BT B KSR B e A HdR L 72, 7K SRIR 0 SA BB DB N EBD BT
RIS 51T B K ERIR 0 GA 2 B it k4R
7 & BFE 30 1%, 3 BRI T, B - e
SD 7 v k (o', 10 i) =H\i-, & FOEHERICEZN-T,
%1% ﬁ%%ﬁﬁb a7 - &
1752 L0k 0 RIS M & R L7, v, i ws wier e
A F LK ER (1*10011M) I 4 EEOREIT T .
B AEFAY (BLTF. GSH) . b L< IEy g
AF A (BT, Cys) LIEICHIRT 3 B i o
A ®an—hFHoLicky The s t
hofaEafERL, 8RLE, e ; :
FRBXA AT 2IEA () % : s
FIU . KSR Y SAZABELE BRI Y IA TR I £ :

e DAl % Michaelis—Menten =& U,

FEHT U720 T X TCORIRE37TCTIHENE L.
KER BT INBE AL & 7 ~ v LI THI
E L7,

44

Time after mercury exposure (hours)
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BRI A OEWIT & > TRV E Mk

o KREALA I RE U T 2 7% 37/ B 2
FAET 2. € OME DRI KB T
plasmid & % Vi transposon EIZIFFET 5
BEHE D 870 B A ORI EB AR 12 K V1%
B S AL B K R 4 A~ > (mer operon) (Z
FOXR SN D, WIS D KR (ng+)
XM BRI A TE T D KEBRE A ¥ v RV B
MerP (ZH5& L7-tk, PIRICFEET 2 KE b
T UAR—H— MerT IZ XV EENICERDY
AEN, VLHE I X —ETHD MerA [ZLDIiE
TEA, R (HQ) &7 v RSN ik
END, KBMPEFESRE ST AKE T

VAR—H —IL MerT LIAMIZE MerC, MerE,

MerF NFEFET 5, MerE 13 2 £ /K SR iy 26 7% 4
DN A F VKR Z . MerT 137 = =/LKER
EENENERET L2 ZENHLNIZIRTWY
VALl TRHD T AR—L —
DOEEEIZ OV TITRERBH L EANEZESI N
W5,

AWFIETIL, 4 FOKE N T v AR—H—
MerC, MerE, MerF, MerT O EREKER, 7 = =
JVKRER K Y A F L KSR k9 2 di a5 9E ML D
WTHHTAZE2HET S,

2. A&

Pseudomonas K-62 k@ plasmid pMR26
oK HIEAE T (merR-o/p) @ Tl
plasmid R100 Hi 3k ® merC % 721X merE,
PMER327/419 i % @ merF, pMR26 kD
merT Bz 2N ZhiEa Il T%
pKF19k vector |Z#H#2 % . plasmid pC7, pE4,
pF17, pTS M L 7=, 4 plasmid %

WK E XL1-Blue [ 'EHs#a L 7= MerC,

2 — (MerC, MerE, MerF, MerT) iK$R#miE
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OEMRARE. HEFIET LHERFEIEE)

MerE, MerF, MerT #fi#a x k%2 ER L . #i
MerC, MerE, MerF F721% MerT Hilkz 2
ZFHHWT, BIEFEMOEENIZKIT 2
1E% Western blot {512 XV it L 7=,

F 70, HEAG TR X RO B KR (Hg™).
7 = = )L KR (CeHsHg") J T A F L /K 4R
(CH3Hg") (Zxt3 2 it & OVE 0 A A
THiRT L7-, pKF19k vector % K% C
Wi L7ofkE s b — e LTHWE,
Hg®*, CeHsHg™ K& Y CHsHg* 12 %3 2 i3
Growth curve #EIC X V. Hg* K1Y CeHsHg"
0 GA B TR ST KU R ORI K D
CH3Hg" 0 A X S CH3HG % H W
TRy v FL—varhvrZ—icky
HE L7,

AT DN

/F'F

3. R
MerC, MerE, MerF, MerT #L#t 2 ¥R 12350 T
“T#ﬂ<%Lm%F%i%M%nﬁ%m
R OEE 2B W TR S vz (Fig. 1),
Hg2+ =5t L T, MerC, MerE, MerF, MerT
Bz kRiTay b — il RmER TR E R
KT L. HO* BV iAm &y A EIC B LT,
MerC }& O% MerT #i# x Bk O MR T & O
BVAHD EFHN MerE KOV MerF s x
RICH X T & CH o 7= (Fig. 2AB),
CeHsHg" (2% L C. MerC, MerE, MerF, MerT
M Z BRIZ 2 v b e — LR E N E 2
NARBITIKT L, CeHsHg" BV iAA &N H E
W ER L, 72, EN0 O IAHREITIZ
IZ A% CT&d - 7= (Fig. 2CD), CHsHg" lZ%f L T,
MerC, MerE, MerF, MerT #i#ft x #kid= v b e
— VI RER EN TR EICK T L,
CHsHg" BV AR BN AR EH Lz, 1T
%, MerC FH#E 2 BE DMK T & OV Y JA Z
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BO EANELVEETH -2 (Fig. 2EF),

4, B
M e PN ] 4y 2 43 ) L 7= Western blot o fiE
HEo, & Mer o378 13 BE

T5LEZ b7 (Fig. 1) ¥, MerC, MerE,
MerF % 7-1% MerT %> KIBE O Hg*,

CeHsHg" 2 OV CH3Hg" OV AL EIZZF N
Fnay b — Ll _AEEIC LR L

(Fig. 2) ¥, PL LD #5575 . MerC, MerE, MerF
B LD MerT 12241 Hg™', CeHsHg™ K
O CHzHg" #EViAte h T v AR —H—T
ok 7§§%ﬂ§§h7‘:o MerE @ CH3Hg"
EIEMHICOWTITWEEICH LN LD, K
fF3E12 & » MerC, MerF, MerT 7% CHzHg" i
ERIEMEZ FF O REME 2 #10 TH b 2T LT,
F 7. MerT (% CeHsHg™ HiikiGtE & fFro 2 &
DNEI B AL TUW =25, MerC, MerE, MerF 73
MerT & [H] % O B 58 P % 170 AT RE M 23 9] 8
TH LML oI,

A SR 25 MerE, MerF, MerT,
MerC Wi % Hg™, C6H5Hg+ J. % CHsHg*

DNRAF VAT 42— a VICHEHATESH
MR RIR SNz, O THIFEOR

MerC b H N BEMK T THLEEZD
iz,

1 2 3
pC7 w8 @ < onti MerC 150kDa
pE4 |- q <«— anti MerE 8.0 kDa
pF17 |- -l <— anti MerF 8.7 kDa
pTS - —l <— anti MerT 125kDa

Fig. 1 Western blot analyses of the four proteins. The crude
cell extracts (lane 1), soluble fractions (lane 2), and membrane
fractions (lane 3) of the transformant strains containing
plasmids pC7, pE4, pFl17, and pT5 were analyzed using
anti-MerC, anti-MerE, anti-MerF, and anti-MerT polyclonal

antibodies. E. coli XL1-Blue cells containing the plasmids pC7,

pE4, pF17, or pT5 were generated and grown with Hg(ll). The
arrows indicate MerC (15.0 kDa), MerE (8.0 kDa), MerF (8.7
kDa), and MerT (12.5 kDa).
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Fig. 2 the bacterial susceptibility to Hg?>" (A), CeHsHg* (C)
or CHsHg* (E) and the bacterial uptake of Hg®" (B), CeHsHg"
(D) or *CH3Hg" (F). E. coli XL1-Blue with vector (A), pC7
(M), pE4 (@), pF17(A) or pT5 (®) was grown, prepared and
assayed. All values represent the means of triplicate
determinations from three experiments. Values are expressed
as means = S.D. The asterisk indicates means that were
significantly different from the control value at the same time
point (*P < 0.05, **P < 0.01, t-test).
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1. &8 2. Ak
A F IV KER O i IV H 0 58 o R 28R A iR 2-1. &8 E
FEL7caA— FEIL, 7o —5EE T TSCD Tix, RIE N 5 L7z 599 # D £ Bl

HOENTER/NEREIR—FHE VDD
Lo TIZTIEH, 9ITLD TmIRENSRLE L
TEFEHE N Z M E T % Boston Naming Test
(BNT) # 2Nl S iz, HEREORHE B
MK SRR (PRE 4.3 g/e) @725

22T, BNT OESEMET L. BIRH A
FILKSRIBEBENHAEIROSERE NI E L

X T REER R SN, ZO/REND
MTi%%Wﬁﬁ®%%%%%#ﬁﬁéi
THWMARIEIECTH D Wb I iz,

AARNIZ, ATFAKBOFERIFEERTH
LENEESZRTH LG, WBEICE
DA TFNKBREDO RN B KOILFEYE
BREEICER LEZENRS SN, £
- FE IR I 1T 2 A TV IKER IR 23 HH
é%@%k%@%% E B A REET
5:&%5%&L“tW£:$—%ﬁ§
( Tohoku Study of Child Development,
TSCD) Y% TE 7z, A TIZ, 7 =
0—iE D LN TWD /N REE 3 R —
FNAEZS B, AT IVKIBIREE N L% 84
s AT k) ROSERNICKRETEEL
ML L& L, BRBREAZHNDZD
(2 BNT % H U, MR 2 Fi5 A L2 VA A o A 7K 8
B HMLAY (e 7 == (PCB) %
M, ZWERS 7 =v —f & DO/NEFE
Eak— FAE L FREROEEE W THE
PE A MR L 72,
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SRR LT, Bk HAERD
A 84 » HHEIC BNT 2 % L7, £k 84
r AR OFHAEICIX, 455 MO+ Rn&MmL
7= (BINFE 76.0%),
2-2.FAENE

BNT (3 1983 4 (2 Bf %6 S A7 SRR AE 1 2
ETORETHD, AROBRTH NIz
DAEHERNBRIRICEZESIELHDTHY |
260 MR IND, TOFHEIT, £
TR EZ R L, HIREER (20 7))
I EZE DG b X R IC T, 1556
I 0~60 R LRV BEADNEWVWHAICE
FEREI M E W E T S D,

2-3. EFREMEBRERE

Jips 45 i, 4 1 0D 8 K $R IR 7 RO I BEE
ffs 5 i PCB X B D fRAET A v~ N7 T 7
E%%*ﬁ’@ﬁﬂm L,

4 RKER

T b ORI, HAENMEN XS VT DD R
L7, MR OBGEIE I X O 13 B
FRAVE M I K DRI L7z, R IER
Atk 18 4 ARFICREBLOHEFRRE ) & W E &
LT
Matrices (RSPM) " % i L7=, A% 84
r ARERICHE RO ELZRE LT,
2-5. HEEH AR AT

BNT TH: 67055 & REE R & oo B
PRI AE BIFR Bk L OVE LR AT (Rl A
%) X0t Lz, #EEFALELIZIX. SPSS

IZ Raven’ s Standard Progressive
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version 20.0 ZfFH L. #it5F0A BAKYE
5% & LT,

RALRZERZFEE RN ERMmEE B S
(CAFFERT I 2 B L RGER & A T M L T

3. #BER

— X O i o 7= 375 FLORET % fiF AT D %t
Ll Lz, BB TOEABMES XV BNT
DFERERL, BELXLVER2ICRT,

F1 HRBFOEKEMS X OBNT D55

Average SD %

FEHOMER] (% BIE) 50. 7
HANERE (% 25—F) 48.5
PEIRR OIERE (% A) 32.5
IR OBERE (% A) 8.1
RSPM* D15 /5. 52.2 6.5
AR OIS E K (cm) 119.8 9.8
BNTOD 15 55, 29.0 5.8

WA A #h83. 4 A (SD 6.3)

*Raven’ s Standard Progressive Matrices

Fz 2 BgEL L

Median 5%ile 95%ile

Jigfars AR KSR (ng/g) 9.9 4.3 22.3
HHEERF DR B KER (ne/g) 2.0 1.0 4.2
TR ORI R IR BEZRKE (1 g/e) 2.1 0.7 4.8
JEHYIMPCB (ng/g-wet) 0.1 0.0 0.3

3-1. BNT OfF 5 & BREEFRIE & o BE
BNT O 1§ ml & W @2 5 1% & o B M
Pearson O & 3R FH BAtR ¥ & ¥ Spearman @
NEALAH BE A2 200 B Wi FT L 72 (3 3), Pearson
DEFHBERBOMRERLDL L. VT
A FHNCAH B R BEMEITR O b oo
7= —J7. Spearman O JIENTAH BALR L D 5 R
BHDE EAMARKEE E BNT O R E D
MICHEBE RAOBEMENRI N, 2
s 45 ifiL R 7K SR 0D IR BE A3 i ) 35 A IS BNT 0 f%
RBEL 2D LIRS D, —J7, HER

DR BEZBAEL L OFHER O 4R+
ZieKER & BNT 058 & ORICITA BB
HEITA LN 2o T2,

56

7ok JEHSI PCB Gl EE A E
M T B S e o 1=,

# 3 BNT O 5l L g 5 (HAHES)

Pearson r pfl Spearman p pfi

i . e A B
HHBEIR 0> R B BHR /K ER
A O 5 R BEER KR

-0.082 0.112
-0.078 0.131
-0.015 0.777

-0.109 0.035
-0.098 0.057
-0.013 0.799

Jigf s .PCB 0.086 0.096 0.100 0.053

3-2. BNT OfF 8 & BE D & 5 B K D st
BNT DR Rzt BA%., BEHEL IO
RAG TR Z ML & Ll EEYR 0T (T8
FIBAE) 2FElLE (£ 4), TORE,
BRBEEEIZONTIEWT LS A& 72 B
BB SN R0l WA, Eikd o
BRI 72 & ONT RSPM D15 45 TA & 72 B E
ﬁﬂ%w%mto:@&% BRSPS
REBERAKBIZOWTIX, HMAMESH T
BNT D% & OBIE MR S iuie o 727z
W, ZEILHEEICEE L, T SIS
L7,

# 4 HEE 5T

DR (ERHIR)

TR FER? 0.102 p<0.001
AL B pfiE
0. 034 0. 500
-0. 150 0. 004
-0. 128 0.010
0.030 0. 549
0. 247 <0.001
0. 065 0.219
J A Rk SR -0. 083 0. 099
i & 1L PCB 0. 085 0.100
RAGHEN « 7 A% —, Hiis, PCBOSHT#E

“Raven’ s Standard Progressive Matrices

+EH OMER]
HIAENERT

AR o O AR R
JEEAI o oD R R
RSPM* D45 5.
AR R

3-3. HZENENL TR R L 7= MR Hr i
HAENEAL 1 BNT 15 5 & BRI 28 e 3 &
T2 e, MAERNE 7, ZLE
MCHEMN L CTHEBIFOHIT 21T 72 (£ 5),
ZTORER, BT ORTHN LEESGE, K
AR K ER & BNT D15 5 & o I A o B
PENRSNTZ, — T, B —FUERORZRIE



DRI ExG L LT LIS & XS
FE L BNT D15 R & DRIZ ﬁﬁ&%@ﬁm%
SN oT,
# 5 HENUFHHT O (H AN TR R
#—71 (n=193) FhLIBE (n=182)
PR R 0.088 p=0.004 0.055 p=0.039
L B AEMeE (LB AEMEE
T &5 ORI 0. 034 0. 635 0.043 0. 566
TEAR o R R -0.177 0.012 -0. 067 0. 363
TEAR oD BRI R -0. 008 0. 906 0. 065 0. 389
RSPM* D15 55, 0.173 0.018 0.285  <0.001
WERYE 0. 121 0.112 0. 034 0. 666
R IR S -0. 161 0. 024 -0. 008 0.914
JIEs 45 1L PCB 0.072 0. 322 0.115 0.129
ZFOMOLHKEIER - 7 A% —, A, PCBOSYHTHE

*Raven’ s Standard Progressive Matrices
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AW I, IRIER#ICE T 5 A F KR
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WESEERANK T T2 Z &R,
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BEOREETIIHAEINRM D BT AT L
KEBIZSFERANCEEL RIT T EMNRE
nNTED ., *%Kfﬁfﬁﬁﬁi‘ﬁ%wéhto A
BN HERR TE R o B C B 5 B
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FO(HPER O R B 2R OK R o H o fl
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B G725 EKD RSPM OFETH 58
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GEICEHREAPET T DLWV MRITE
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SEhi-& &bl BNT 28 A F KB DOEE
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1) Grandjean P., et al.: Cognitive deficit in

7-year—old children with prenatal exposure to
methylmercury. Neurotoxicology and Teratology 19,
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2) Kaplan E., et al.: The Boston Naming Test (2nd ed.).

Philadelphia: Lea & Febiger. 1983.
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1. &%
BEORBEHEMERE L. BREFELT
L7722 MNP SIRIREOFYEIZLDIR
BBRTECTH D, T O HE O g
WL ITRRDMM - MR REENRES
o, Hlo, AR TERBERFR CHDL AF
VKR E RV e 7 = =/ (PCB)IT 3L
MREEE DD, EEZEOESWIREER IO
HLIR~OEGRBELENBREIND, WY
BOBEAREZEICE L T, M- HENRE
BNnd DH &9 DA (Bemis et al., 1999;
Roegge et al., 200)3 &5 —FH T, 4T L b
Z 95 Thwvwe T 5% %E (Widholm et al.,
2004; Coccini et al., 2006) & & 5, AIHEEK
FlX,. I ETICATVAKEEL PCB & DHE
ABRBEBEBICET M EED TE R, |
WEICRRBRE S8 roEENnNT-~ Y
A% DTN L 72 iR AT B IR B IC B
W, fHIN - BN R EETIE R, D
HLAE RO REENINRD LI
(Sugawara et al., 2008), % Z TARMNFIE TIi.
AFREE L, & FOREFEEL KBRS
D7Dy VT OREWI 4y & AW CERE R A
PED EV PCB % & 8 1= B B A 5 Yy
B (POPs) & O FEHIIR B R EE 2 1T\, FRfE
TENEREBICHO W THRE LT,
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2-1.BEHS S UHEAHOMER

BRI, RESIC XV ALy U THE
D 6 AR DM E & 571 4 % POPs /34T
EM LI, 2055, HREOGEWINE

3K - AERBHEEES) | REMAT,
FEERBIEY) . BIET (BHEERTR) . il GHER? - 4
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R E CGRAERS: « B « & -
B

i POPs Jil1 & L, 15 44 EE O RV % { POPs
M, RHEEBEE L CREMAEMERN Lz, fakt
%, AIN93G (R4 - LM, AV = Z v
FERE T¥EMA ) CHERSNDIREME
Wk RIZ, TR ENZY T 2 RE
BREEfEE Lin, ATV KEBORETE % Eh
T HHETITA T VKEBZEEFIZ Img/kg (as
Heg)lZ7e D X 5Lz,
2-2. EBRBOERTE

fTHR~ 7 A C57BL/6NCr (A A= AT /L
Yt ER1IBE) AW, EBREEL.
POPs MR D @K, A F /L KRR T O A D
B2, st EE (R :CL) . Ko+
A F VKR (CL+Hg), /& POPs (LP), {& POPs
+ A F )Lk $R(LP+Hg). & POPs (HP)., &
POPs +#* F /L /K4R(HP+HE)D 6 B % % & L
Too R VAR TR 2 KB L7 HPE R (£ 0 B
H ;PND 0),#% %L ] & s Bk U 72 #f 5L FF o
PND21 (ZRHfFZ& & v hCTfEHI L 7=, PND3
1 &72D 4-6LICe D K HICHBI &%
Tole, b, BWFERIT, HILKRFLY
AR A G CHE M L7,
2-3. BEZLATHERER

BEFLAT R ARk 1T, A% (PND) 7, 10, 12,
14,16 H BT o 7=, AEH, IRWBHE. H
SRR, RN, REEAE. BT, EE
B0 R B RS DR KOV
A ME(45°) DR BRI B A FE i L 72,
2-4. METHERHEER
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W E LS. OB S SHM 1T H3
BN —=2 7 %30 L3 % L7,
2-5. LT

fABHZ DWW THEARRS S #AKE. POPs,
Doy & FE i U7z, KR 138 st Rk
B W K BE VRIS TRIE L 72, POPs 43 4T 12
DONWTIE, MERRMOHENS, WThHER
KEE~DOEFEHHT E Lz, ~ v AR E D
POPs 73 #Tix. # PCB 2 D 60~70%FH 4
72D 15 FEORMEERICHRE L THEMLE
(kT G2 BRI #28, #74+#61, #99, #118,
#138., #153, #170, #180+#193, #187+#182.
#194, #196+#203), DDT & = O fEHMIZ >
WTIL, p,p’-DDE ICBRE L TH#Hr 247 > 72,
FBEREEL LT 2T 7 F % ELISA
FIZE 0 obr Uiz, b odricft+ 5 &
T-80°C THRE L7,
2-6. $EEHARAT

Bt L Al 3 2R O Bl Py O R AT B R
BRERIZOWT, B P RT ¢ v 7 ARSI
BELOSBIITIC LY BT 217> 72, Heat
FHAEKET % E LT,

3. R

-1. RSB

ARWFGECRE R L 72 SR O FEAR R 3 135 11T,
fiidl Bk R K R 33 L Y POPs JEFEIZ DWW TR
2BX3ICENENTH LT,

#1. kO ARy

. . N N il E . Ffrkea
mnt i et R e maevm mims e sy e/
O XEjh 2.8 146 48 L2 2.2 374
CLtig iNISR i t -
W pednn = B o9y 151 48 09 22 369
LP+Hg H<AAH  + &
W 2FA) — # 176 156 19 09 2.2 385
HPiHg  RAFRAY 4 e
T G ,
22, SRORASRLE
I R SRR
SRR B
(ng/mg-wet) (ng/mg—dry)
oL N.D. N.D.
CLg 0.88+0,01 1.10:0.01
Lp N.D. N.D.
LP+Hg 0.79+0.01 1.00:0. 01
Hp X.D. \.D.
HP+Hg 0.79+0.01 0.97+0.01
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#3.

i 5l DPOPs i s

CL/CL+Hg LP/LP+Hg HP/HP+Hg
(pg/g-wet) (pg/g-wet) (ug/g-wet)

PCBs Total MoCBs N.D. N.D. N.D.
Total DiCBs 0.00 0.00 0.00
Total TrCBs N.D. 0.00 0.01
Total TeCBs N.D. 0.01 0.18
Total PeCBs N.D. 0.02 0.38
Total HxCBs 0.00 0.04 0.89
Total HpCBs 0.00 0.02 0.37
Total OcCBs N.D. 0.01 0.07
Total NoCBs N.D. 0.00 0.00
DeCB N.D. 0.00 0.00
Total PCBs 0.00 0.09 1.90
Chlordanes ~ cis-Chlordane N.D. 0.00 0.01
trans-Chlordane N.D. 0.00 0.00
oxychlordane N.D. 0.00 0.11
cis-Nonachlor N.D. 0.00 0.15
trans-Nonachlor 0.00 0.01 0.53
DDTs 0,p-DDD N.D. 0.00 0.00
p.p-DDD N.D. 0.01 0.06
0,p-DDE N.D. 0.00 0.01
p.p-DDE 0.00 0.04 0.94
0,p-DDT N.D. 0.01 0.01
p.p-DDT N.D. 0.02 0.01
p,p'-DDE d8 0.00 0.00 0.09
Drins Aldrin N.D. N.D. 0.00
Dieldrin N.D. 0.00 0.06
Endrin N.D. 0.00 0.00
Heptachlor Heptachlor ND. N.D. 0.00
trans-Heptachlorepoxide N.D. N.D. N.D.
cis-Heptachlorepoxide N.D. 0.00 0.01
HCB 0.00 0.00 0.01
HCH o-HCH N.D. 0.00 0.00
B-HCH N.D 0.00 0.06
v-HCH N.D. 0.00 0.00
3-HCH N.D N.D. N.D.
Mirex N.D. 0.00 0.00
Toxaphene parlar-26 N.D. 0.00 0.00
parlar-41 N.D. 0.00 0.00
parlar-40 N.D. 0.00 N.D.
parlar-44 N.D. 0.00 0.00
parlar-50 N.D. 0.00 0.00
parlar-62 N.D. 0.00 0.00
Total POPs 0.00 0.19 3.97
2= — Bz 488
-2 HE - BRICEHT IEE

HERS L OFERICET 28R LK 4107

L7z, HP B CHELREBMHFB IV

=z
e

T HE

NBRIN, 707 7F L L_LOEKETL

BlEE S 72(P<0.05),

F4. HE - BR~DFE

T /MR HE POfRE] HR &IF
(%) [0) TR

cL 42 18 (43) 5 12 (67) 1
CL+Hg 34 14 (41) 6 5 (36) 4
LP 37 17 (46) 6 8 (67) 3
LP+Hg 23 12 (52) 5 7 (58) 12
HP 42 20 (48) 5 5 (25) 10
HP+ig 26 13 (50) 5 7 (54) 1

POFFIRF I YLIATE b 72 BT RN T2,
5

*P <0, 0

3-3. BEELATHERER

ERBRIEE O CHREF PR A EZEDN
S oik, IRk
DIE., WiERBETHSTZ, TDORNT,
BRICIRE B2 >\ Cik, CL 2% L T HP
BEORZEORBIENED Hivl,
3-4. HETHRAR

F—F T 4= R

1
EAN

HHENE, 1R

ENTANPSIPRAE VIO

e HICKRBICHEEREZITIR O DL
ST, EREIX, HETE POPs BB H o 7=
BEICELS o T,



KK ER T, vk EEEE S KX OB B R
EIZHRBRRETIALN -T2, 7T v b
T — A~OEFERFEIZEB W T, BETAT
WWKEBOBEBMN H > 125G ICEIENGED S
nr,

3-5. #aK 4R & & U POPs O i AR &

BN DRk RIS LY POPs IR E A £ 5 B
FO6IZRT, A% 0HEDOKIZ, AF L
KERBRFE N B D A1 1000-1600ng/g fij 4
Tholo, HEFLFEFOMA PCB & X ' DDE
BIEZATFNVKBOBREN S - 25 EICH

Blom<leoT,
#5. MR ERTEEE (ng/g)

ABRBCHLHEHEICBOTITBHELAY &
IRBENBEINTEY ., ZOXITHE
EXFFTOREN TR INT, BEITATF L
KL PCB OBEAERE N TlX, {+0 PCB
EMEN/HEINT 5 2 & & @5 (Iwai-Shimada
etal,2013)L TV DA, RIFZETHENR
235 . HP+Hg £f T PCB £ X O DDE &% »
ERPBE SN, ZHEOTYERE
NH-oTHE. TNE DOF~DOBITEN
TAREMENR B X biv, 5% E R D M1 %
BThD,

s BIAXE

BT AR CL CL+Hg LP LP+Hg HP

£ PNDO 0.3+0.6 (5) 689=18(3) N.D.(5)  953+105(5) 0.9%0.6 (4) 1028105 (4) . . .

ff PNDO N.D.(5) 1052320 (1) N.D.(5) 1606214 (10) N.D.(1) 1656=91(7) 1) Bemis JC, Seegal RF (1999) Polychlorinated biphenyls

[ PND21 ND(6)  2333£48(5) N.D(6) 2293441 (1) ND () 2433%54 (4)

ff PND21 4 N.D.(2) - 242£21()  ND.(6)  210£19(5) N-A. 196£25 (3) and methylmercury act synergistically to reduce rat brain
I3 ND.(3)  265+24(3)  NA. 18618 (5)  N.D.(3) 18324 (3)

fr o8 HE N.A. 10.8+1.8 (4) N.A. 13.2%+1.6 (5) N.A. 12%1.6 (5) . . . .
i NA. 93431 ) NA. 22434 (1) NA. 3.1 ) dopamine content in vitro. Environ. Health Perspect. 107,

Mean=®S.D. (n), N.D.; BHIBRFLLT, N.A; o378

6. BMPNPCBIS L U'p, p° -DDEJEJE (ng/g)

PCBREAMERDGE (ng/g)  p,p’~DDE (ng/g)

K% BT
HP HP+Hg HP HP+Hg
PNDO 167=61 500489 80+8.4 97+6.7%
ff 18042 213438 42440 5346.0%
PND21 BF | 255419 268433 50448 53+7.0
£ 9684188 1030+60% 213462 323+3.9%

Mean*S.D., n=3-4, *p<0.05, HP vs. HP+Hg

4, ERE

ARBFIEIE. B b OBREEREZ BT~
BWESEO LAV D7 T O E H
WT POPs DIREEREZMAEL . RIB1O
HICADERBERERDATF VKB LD
BHEBRBEZEICLER TS T, MO
WIS KO AEIC B T 5 IREGB®ED
PR E~DEEL, ~ U X &2 AV THRE
L72bDTh D,

T ORER., 2EMFEE TIEAFAKED
RS LI — T, BESCHEHH~D
BB 2 R L2 01X HP(E POPs)#ET
BT GE MR A N = X MIEARHTH D08,
HP+Hg #£ TIX HP BE CTRB O L v 72 AN
BINRN-oTo, RIFFRIZHIT L CEMES
#U7= Sugawara © D A FILKER & PCB OE

879-885.

2) Roegge CS., et al (2004) Motor impairment in rats exposed
to PCBs and methylmercury during early development.
Toxicol. Sci. 77, 315-324.

3) Widholm JJ., et al (2004) Spatial alteration deficits
foloowing developmental exposure to Aroclor 1254
and/or methylmercury in rats. Toxicol. Sci. 82,
577-589.

4) Coccini T., et al (2006) Effects of developmental
co-exposure to methylmercury and PCBI53 on
cholinergic muscarinic receptors in rat brain.
Neurotoxicol. 27, 468-477

5) Sugawara N., et al (2008) Effects of perinatal coexposure
to methylmercury and polychlorinated biphenyls on
neurobehavioral development in mice. Arch Toxicol.

82, 387-97.

6) Iwai-Shimada., et al(2013) Increase in accumulation of
polychlorinated biphenyls in mouse brain via maternal
coexposure to methylmercury and polychlorinated

biphenyls. J. Toxicol. Sci. 38, 689-696.
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