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F DO FERE L O Bone morphogenic protein 2b (Bmp2b) D FEHL & bLig L7z, #OWFIEDORER., 19D
T, B LVOMRTRINAEL L0 FEMTFRRELA G b, —FH, ZAAX ORI, O LD

SHEND A AL b AR LG KPITERVINEF RN FET D, £ T=RUAX T LRERIZLT
BN Uiz, TOFER., A XX TOFEAEIZBNTIE, 00 DOMERLVE U ZFIROFEITIE R 2
HEOFRIEITH Y . Bmp2b ORBUIIER ZelfEiE L 0 LR E2VH L7 (WFREHRESIR).,

Yo BV — W EREAITIERT - B PR R - ERaER B ki RAgER
Mt FFEE En@eBEtL L oRFEMEICLD, WX TLARYDOI LY = O
ZiE L7z (FEBSJ., 2009), #EHFHEEM O UL b =0 OIEIL I E TRED R RAIOHREIZ
2%, BHEEMO AN =03, R2OT X VBN LER SN TWDN, RYDOH AT =203 30
BOT I VENOERIN TS, 2 @7 X VBRDL2WVCHEr0bLT, X aoyn adfiE
IR OTEMEZ B35 2 2V L=, FEfE. FEdsIoRLCh D,

WEREOT DA DINY =V ZRIERO 7 a—=0 7 37> Tnb, 2oL (M) o b
U —EWAEE AR ok ki FNEER BERERBIE L L OLFEIFRICK VED TV D,
SO b= RO FE BT I (LK B A 78 e 32 B it 5% D S A sE ik 288 & o S [RIF5E
IZEDIT-o T D, BITE, B KICBIT LIZROMESCBIEICBIT 2 vy b = U S RIKO I % fif
W chd, KE, KRKFETHIETED B AEBMFEETRETDITETH D,

2) HRRGYEBEHFNBICHT 2 BHBOLEICEATIHR : RBOYOIZAN-BET

oo azZEoETE LT, WA RLVE EOEFIEMEYE OB 5 EH 2.
ZDIEDSEMEZMNE L T D,

AEEITEBEFEHA T —a UTXIE ) IMNERES 2 MIRIAICm T -Ef 7 —~ & LTRSS,
ZOWGFIZEET D FEBREIT - C& 72, FHERTEHAY e a2 HV., BHAE Y 0 aOBFEMIE R O
B OTEEZ mAE Y 720 CHEIHET 2 HiEE2#7-I12Bi% L7= (Biol. Sci. Space, 2009), £ 7-FH FHk T
I, AT F=C B EEROERICOWT O 5, Z OBFRIL, FUXER SRR T O ARERE Z 2
B L SR RFOYI IEEL SR L OILFMIETH D | 2004 F0 Dkl L CTHIZEL TWDHT—~Th
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% (J. Pineal Res., 2008a), BEIZ. [EWNFFFFILESH (JP Patent 4014052 %5) TV | B KEFFFT %
HEFTH L, 612, "AU— (BF) O TIELLIIAT F=VFEEROINERET v M R
WK Ca®T v MIBITDRELFME L, ZO/RE IVEMEZ v FBIXOMKCa® T v MIEBWT,
AT F=VFEEREROKRE TS LICXVEREN LR 5 2 L 23HBT L7z (. Pineal Res., 2008b)
L7eRoT, ZOEWIBEROBFREE LTHETHD, b DORHEIX., Korea-Japan Joint
Research Project Symposium THF (#fFafiE) L7z,

FTHEBEEAARZERZEE ST —% 0 7 7V —T DR %), ST KT aand
HHAND & AE AT T 2 IS B A AT Lo, AL, FriZ. BIFRIRA LV E AATHT 20 IZ D0
THRHT LTz, ZOWFFRIE, A—A KT U T D ALK KFED Prof. T. John Martin & RMIT K% Dr.
Janine A. Danks, HURERMFRFOIREEZ Bz, [FRFO WM SRz, R LR 0 AR 2
2. RRFB LR, BB RFZOFAIEAZR & O®RFEMRICLVEDTND, ZOMHED
RENS, LTFTOZ ENbhotz, BIFREALE T b EREECETEIFMBREZIEEL L, K
T E AR 2 TEME L LTI ELT 5 Z & % in vitro K OV in vivo THAE L7z, S HITH IFEMAL TH
BLLTWB U RToh D Receptor Activator of NF- k B Ligand (RANKL) EiEHMdicH D L7~
—T& 5 Receptor Activator of NF-k B (RANK) ® mRNA I HEIHFRIBARLVEICEY ERT 52
EPHIB LTz, ZhbOpRIE, BAFIHAEADR AL OFHEMHA VR T LTHEE L,

T, Bpt & oMk E =T, BEEOFEIC X AR T 2 0B 2T L7z, & NOF
PrOWBRIAEH STV D E IR (SAFHS: Sonic Accelerated Fracture Healing System) D (Z
KNTHDEREET 77 v vayaazibfle LTHOTEN Lz, ZORE, BEMIaOIEM%EN
RN L. BIFMEOIEMER B Lc, S OICARFEEX, &L RFAEMBFEmEE 4 —Bn 5%
BRffi Rk o> VA E B HERR & mhn — BB B L OILRIDFZEIC L U TV 2 A L PCR & FIW T fift 247 -
2o TORER. BEMIO~—D—CHLI2HT 7V KOBEMETF LT, BHFEMEO~—I—Th
HDAARTHIINT L ORELN EFT 52 LN L, BEKRITEONTICIXREET . BFORMIZ
ERT 2, B LICBOREICBEEEAMERT 2720, BICIZZOREDIRPBOONDL, v =
O MR &R E MBI REICHAET 220D, Uvr 3B ERICHT 28 0OREL T 2 EE
WEWETALTHD, vraltWHIFOETLVERWT, BEEOFEEER M
GeneChip |Z X VT 92 TETH D,

3) BHEEICEHTITR

BIRK PRI 20 IR 2 O B)IFn—#d% & o LRIt L0 . 2R EHERILKFEE (PAH)
DOWNZWREAER 2T D, ZBRAEFRRILAKE (PAH) BT LA BRELOBRBEIZ > THRL T
KA SN 2 EBHAERERED —2THY | TOHITIER Y [alE LD X 5 5
IBERFEEZ AT 5 DRL, £z, PAHHITFEMICOEEN TR Y 1997 4 1 HIZ AAETHAE
Licu U THEES 0 —F A M5 OB EFESR T, il L2 KEOEMIC K DMFEARR~D
AN ST, UL, EWMEEER CHRE L-ABIEN AN S cRmEI T nE TR, B
TG YK CHHME L 7= HERIC SN BB I N T 5, Len-> T, AEICKIETEMOEE TR
TR, BRHRECHD ZLEHEIRBLTWEN, TOREMFIIAHAOEETHL, £ 2
T, 7w aZzHnT PAHBEOFIZHT D/EMZ AT LT-, U 1 3 d in vitro DR5EE R THHT L 7o iE R,
KA PAH (P450 (2 & 0 U &7z PAH ORGHPEY)) OWNZMIRELIEM 23, PAH BIF LD b2
& DRE S vz (Life Sci., 2009) . BUE, & KT8 As 1 EBR N ER O B 3= =Rz & m iy — B # &
O HLFRBFZEIZ LV | GeneChip fEHT 21T\, R LT CTH D, 2D DOREIL, Busan
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Symposium in Pukyong National University & ) JENESYS-POMRAC-Kanazawa University Joint Symposium
2009 THEER (HfFHEE) L7,

FUZF X (TBT) (. M - I 2 BEHEIR O 285 <72 HAT S REIZHEH
SNTETWETHY . FITPTHAIE L TRIEBEHZ AN THEDNLTE L, ZRICHEA L T L &
(ZHBJEICHERT L 72 TBT MR A IZIEH LTV D WO IR AARTH HE S TR Y | BARLBIZE N T
H TBT IRV MEEICIHRINTVD, &ilT. JWNRFPERFFR AT RIS RIS 513, TBT
FEA S NI ENREOERRNICHAIET HZ E 2B LT Lz, invitro D% (Bl 21X, v a adE#ER)
TiE. TBT (ZEFMIaOiEEZMmE L, BRERE LI 23, LarL. invivo TERYT S & TBT
OIERNFT £ 5, B3E 5 <, in vivo TIZ TBT #f& % > /327 B3 TBT &#5& LT, TBT OfE# B 5
LTWDTREME D @V, £ 2T, TBT & TBT fi& # /37 B2 RITEHIC AL T, TBT O 3l
OIEVEMHIEM NV A X 2 — SN2 02~ T2, TORRK, TBT KaF o7 HEel it Ang &
TBT OIEM RS, B MIOMBIER N R o ote, T D DRERIT, HAKEFSKT
RERXHARREFEE AR TRE LI,

(EEEEMZHEMEDE]

B2 A ZARMERR P CldlE EAY) ORREMIE O O EEMICET 2R 2T o T d, Zihub
O FE TIHAERRRR L OEGEFENRTESIHO LN TV D, TR AR T v o2 B XSO
MWHHET VT, AT =T £ TED,

1) TovFrviavEEY (A TR OMERETIVORIE

SRM O~ L 7Y HEMI D DNA Zit L, ~A 27 797 74 MEEE AV TR O e Bl & R E
LCW5, BHERREDMER T A X O BIR D HEE AR & MEE R TR > T ARG T CrEfR# 2 L L 5
% &9 Size Advantage R DRRFEZ 1T > TV 5, RFEOEM OIS A XX ORGHO T TTF
HMENDIH A XEFIFE LTz, RO~ LY HEMOMEERY A XZEHFROEM L TR D,
GIROMEHEY A & FET 2720121, AR A XL BRI OEGRE MDD Z ENLETH D, H
DBFHRINI R EZ BTN E T HZ LN TE L7280, A XL BHERBPOBURIIE S 2 b,
HEDGE . CEX OB ZRE L. TN E I BIER Y & A AOBREERT HIVLERND D,
B BEMIC A BN DR A XDiE V% Size Advantage (i TRt T, 2 ORFUTIZIER
AESNTZZ L1272 %, ZHAUTERBUS (ESZEREMZEITARREREM) & oFEFETH 5,

2) $ERBFEEFMIYASMOEI L TrOEFTROLEBEWE

FUB AR & = O MBI O ATE B O i 21TV, BEMGEIREOMNT &5 LW ERERICH 9 5 i
JERRE BT DI AT T D, MRIFLEZOMBHETH S, 200041 H 8 HM~H 1 H2BE
TA—A N7 V7 Catsverarodigks iTo, 2Ty ITII NI IS aE TR TS
ODRBEERZENTOWARETH D, ZHITHHEHE TR AR EARTEEE) SHMEHEER (&R
REPRFBE A REHAAZER) & OLFEMETH D,

3) BERTHEHOHIRBEOELETILORE

YA RAIL anN ) HvAI AT, BHERXOERICET 258 E21T>o T D, I v~vh~
A& an) v AIFEHECTRILMXCTHREFMICEFT LTS, I P XIFTAZREAE
HTHLN, AN T~ AIFEFEAMEHEPRE L TEFMAEMHEICRY 52oH D5 Z L2 /Ao,
—RIZHFEARAMEITERTE 6> 12 OFFERFSND D, 6> 12 OREFTH H LRI T TIXAFEME
PEDOEEIMRATE D Z ENELETANL THRENTND, aN ) HvXIDHETHDLZ LMD
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Mo TEIZ, §>12 THHEMAMEOMEEIMRA, BEARSMEMEORHEL AU I8 5 EBH5MEICH
T HEBE T ILOHE L Z OMFEEBET> TV 5D,

4) HEEEREAASAEXITELZTOMBRORBELIRICETIHE

FAIR FERIRBBIHEZB IR0, ZHEEPRRTThHoTHRER7 v —EHEZERL
MEFRFT 22 EDRRETH D, SFNEBREBEIHIZ L > THIJIOHFTED X H 125545 LT 5 D)% fif ]
T 57208, [HEEZHENTCED0F~— I —DBUETHD, v~ 70V T 74 MIMEEROTRHD FTEE
e ORI~ — I —Th b, BELSA I e XEOMEFITO~A 7 0TI h~—7
— %R LTS, ZOWFRITTIRESE - RGN (ENLREVEITARBERTMN) & okFRPFIET
L b,

5) BeEigic s HKBEMEYOE SR L £ 0L

REE HIUEL oD B Tk HBEREREAE 2 A L. 240 O O Hulg i bhie 36 KON B EEL S 2 512 K UE
TRERM AT > T D, 17 DETO BRI 72 53 A -AICB VT, &F 64 B 251 FE O /K [ B RE
FEW) DI FEGk S ATz, 53 MR OFAE LS IR T L I0F & EHHMDB A LN, RO /Ng & IC
1550 [ S5 B i O ARR IR I LB EL T B 7280 ARITEENC K- Tol &l 2 SN 2 Bl R E Tt (&
D) NWTIEETWAZ ERTREND, LLARD, R, faidm,. PIVER #1572
CUTIN TR OB WA K E K, ZOFEE., MoOFRAH & O OENN T > & D LAV
KONz, SRITERTFECE BB &2 M 2 SO A L, M s N oL S 7 —
vEENLEAZML O DERBEE OEBELZH LN L TN,

6) EEILMIIZI T D Medinilla |R 8 BOBRTE - HEDFHH

1996 £/ 5 2001 4EI2NIT T~ L= 7 « B3N T30 (OB (L AR TIT - 72 A R E iR 5
DO—HICELTE D FLOAEED, BEEAR TIIRBEOFTHE/ARZ LW E b 6T, £
BT DY DL < 1TZE OBIEENCHABR 2 FEHME L R~ T, AR TIZ, /A% U F D Medinilla J& 8
FEOBIREHB L OVEIH N ) H—Z2 LT 5720, BATE - FiEE&IR, BokE, HREL OFRH
BRI DWW TR T, ABFIEONEIL, 5 57 Bl B ARERFSS (2009, #&N) THRE L, HALRE
FFED Tropics IZHB#EH SN TV D,

) MABREEYAXORE - KHEICET 54 BEHHRE

MR ARTE E Y0 F DR - BHEICEIT 278 21T > T\ D, “IRIMERIEZEH T2 B3I F Dk
RHRIE & BHHERIE 2 i3 5 7201, BT & OBIE (b - REV A X, B - R A X, 7
>/ rY—%) | BIHRR N ET SN ER (R A X, B EE, T, HBRSEME, S
i 72 L) CBRRE ERE, RERER, RIEWER, BAETHRLE) OBKREHAG
MTT D, 2009 FFREIL, FAAMOREE, FHEME (100 #HIK) O~—F2 7 RO TR 21T
7,

8) MEKHEMF T2 OREHERICET 5 ERBFHTIR

HER T 2= ) OB ORI Z O S L7milii 217> T\ 5D, F 22U OBJEIGENC (TFE 7258
L WA EDOIEL COMEILT DRBEIANALND, T2V (IAOER GEHE. WEENERE
728) OIRVUTIS U2 BHEERIE A B > TV D EHERI S LD, S HICTF T2 VT Z LSRR TICA
BT DD HERPHIREN REEBEHODL W EICHERED N — K73 b 5 L HEHEN S,
FHEECHAE 21T CTIRELEBIEL, 32 ) OF BJH, REEH, KEOHWZRER YO BIF%
I BLMNIT D,
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ERBBEEHAEAZTERRY

(B REH #5287

EMPAE T DEN T4 R BE PR RE 2, T L~UL TN, BinF1lER & O Fik & Bl
THZ LTk, THRNBLEOBIERTS. Zhn oG on 5 B4 e E R, BmEs b
17, X OIS THHE A ORI 72 E~NIEH T2 Z LIk 0, HERERBE DR 20 NFEO REEE
HERFICERT 22 L2 HIEL TV D, BIRRIZIZEL N D X 9 R8T —~ IZ DWW TR 21T > T\ 5.
1) ZBMEFyy - BEEMEEZICK 58S LFEPEDO S RLE

VAR, TR bTF X ITERIMRI CERET5 Z E TT UV (GEMEERFETE) A AT D HENH S I
oo TWND. ZDOT Y IWITKEIETIZIET IR L2MEE L2 WA, 2 O USEIT D T <
Bex I b2 WE L OGS T 5 2 EDBHERINTND. RIFEEETIIZ O LT ¥ > ORENIZEE L,
W78 EICAEET D EFEME (B 2 1 TBRE R VT RO 4 E WS T 5 EH I
L COREBEMILEIT > TV D BIRMIIE b F % > ORmEITH 4 724K 1 (DNA, L& 7 % —,
Pk &) ZEMES S, WIHFROAETEOBIRMKE, S OICBERREIC X 55025
L COMFEEIT-> TN 5.

2) BT/ T/ RO LBEEBMZME LEFRMLAR

ARRZEE, TR LT & Cefill) ([CBE A2 RE LRAERT2mBEOOHT VA NEHIRO
DABIFIIEHT A Z 2B ET D, BAMRERRICHE#HRT L2 X786 LL<IX DNA 451
e LT (b TF ¥ o R A ER L, ZORAER LOBNILY AR EZ T 5. EoEBE
PR X o TRl S v 5 MIRSE 2 fif T 9 5.

3) BERIUBECEYFT /XX ITICEIE RS Y FMRBARIERE S AT LD

AW BT THR AR E LB & LE RSN GNC ST 5 ) IR BB R 2%
EYVAT ADDS)YD T T v bR —LAEIREEEST D EICH D, D7D HIFII AKI O TERRALIR L
LT, BEWANKIISET DT 7 A X(50~100 nm)D VR Y — L %&ERT 5. VKR Y —LAEFmITIE
S AKBIE 2 R R T2 & L X B b D WIS HUR T E AL FRICERT T D & TH AR FE R
P ST, S HICBERBRIC L 2 REEMHEERZERY ~—OMERICLY VR Y —40
NEME M SES.

4) NAMRZERNICEBT IBESE DNA ST (7T27—) OER
@ﬁ AIRNO DNA 1T 2 EEREEEZ L CW0D. L, ABFZETIE, MxaiiEamy, AR
Wk L CTERMEZ > —AREHD DNA 23+ (DNA 7 74 ~—) &%t LRAT2Z 2 A E T

5.Kﬂ T, DB TENTIECEI ST, PAMIEZRREOICEHKT S DNA 77 % ~—%
#L, EHICHEENTZDNA T 72 ~—0O0N ARk 55 a2 b+ 5.

5) SMHEEZNABRBIERTI 70T E LTRVWAKRAARBRIATLORR

[ A3 AR I3 D TIRER SR ZRRECTH D Z & D, ARBFETIX, BEKMEMEZ2 23 AUMHER ~ > v
CELEFENABER RS v VT IR — U A7 AOBEE AN E T 5. B 7 4 A AECHLEEE O [
k) TAECHERME) 2R+ 28T, BB AR EERREICRBLSETmnNAMEY V7 g
N AR~ TREELEY) o TEREE ) CikeE - S 2.

6) KRERNAATRADOMENFIAZEBLEBTRE S T VBKICK HHI0E

RERNA T AL NAFTH ) — N EICERT HBRICHEE R D00, Ern—2R%E>TWH
LEESTREME ) 7= b r — AOMEMEETH D, EROMBLFI 2 TIEICE D KEREA
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RO Y 7 )l — AR EOREEZBRNE LT, TO, LBERICIVRAET LTI LEE
i — ZADFESAEE D DEDOH DA F IR BRI TEEREI LTS,

(E

==
=
=13

BHEF]

By B OMFEIE, THER) 2% — U — NICHEEMRIRE, N1 AEEMRAEMEE, M7 7 T =
T—H, RU—TRT 47 AT NN ZAEOMERETHS. o, & MNEY OEBFBREOHE &
BWER Db & TOAEMKPETM, o FAEWTE)»OBE T REBEOHEY & 2RI OWTIF{TLT
W4T o TV 5.

BRI EEH B 22 75 & TRt X H1c72 5.

1) ~A 78 ) TERBEHINCLD2EBET Y > NEBRE ~OAFIEHH

2) $HEIR~ A 7 niER T v — 7 DM AR BRI O BIERORL A DR FE DR H

3) IR~ A 7 uR T v — T OMRE S ORI

4) PRk ~A 7 v T 10— 7 OIEEERE ~ DG H

5) SZEhREARIRIEE R 71T K B AU B iR ANl 58 1 O B 58 B S

6) BIET 7/ F 2ax—F DIV AT — (2L H8E « 7 A IVAREEL~DIGH

7) HEMEIE A S — I TIREIEIC BT 2 RAINE > A T A OHF5E

8) BIEAICIS T DA i Sk 8 2 SR B9 2 AfF 4t

9) AWM K D HIAY AKIE O 5R 2N R B D AF5E
TFRICBWCERHB DWW CHME L HAT 5.

A ol

1) Y4 VBSTERBRGEMLIBEET)  FERBRE~AOHR

ARFZEIE, O TEREEENCE LSRRI Y2 LET LA BED~ A 7 afb S L—F 7
— 7 HMERRE L, BFEESEICBIT D MEREERINC OV T EZITo72. ZOMRICLY,
IEOEBRAETH D 5 TEIREERENZSEE 7Y o NEROMERER T~ BRE IS, Bl
7E, 100um LA T O Je gl 1 H40 C O @ 8 AR L O WS o Kk 2 BRI TRETH 5. Z 0k
firik, 7V > MEROREDHZ TR, MR XEAMEIC/ D 1 CHONSERER, /2o
RSB LS ORE~OBEANATRETH D,

2) BRI A IV OBETO—TONABRREEDHMEMATOREDRE

HER~A 7R T u—71%, ¥ 7 v I MOSRICA Y VT EESIEIIRERZ T MRt
) T I OBAFH 7 e —7 Th 5. IRIE, EX20mm, fE250 um D& T I v 78 THY,
75um* 7 um O K& IOER T oY 2 euic, FREREEZSGET L7 TicF U Y 3E
EFRE LAA—A N T U vy UOMRE LTS,

REMEORE T- D FFE IR B A T T~ B O FE AN > 27 AT, DRI O I 0 7= D BEMEMR 7 % (&
PITHEA L, SMBREARZEIIN URENR & 72 5. BEMROEE, IRER 2 HIET 5720, BIEHh 1
DIRN~DIENS, BEMHERRLFOIRE, DMz T 2 0ERH Y, S HITIElEOERNICIEE LT
N D BEPERSCRL T ORI A L E & S b

RN CREMERL T2 T~ 2 5k L LT, — BRI N OBSIERL 1% & TR TN ORESR O 2L &
HT 22 L THETELAZERHLNILE. 20k, B/IVE, GREY YOS EE
Va2 EHREEIC L IRBEOBA 7 0 — 7 2ER L, BENOBMERL T OREOHEEEZITo 7. FEBR
FERICLIE, FEGRICHEE L7 L BV RE LB & B HplT 25 2 L2 /L, BMERORE
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0.03 % E COHEENFRETH > 7.

3) BHEET7IVFa1I—3DNNANT—IZLBHE - 91 ILVATFEE~ADER

AR Z WU NRE NI BE A - Ik S 5 &, BE O/ S X@nigEs, mETLH. 208842 X v
Er—va e Lidn, RERSAVART —ZRETLH. ZONRT—ZHECT A LV ADOREIZHN
B, KX, ¥y bET—va v ERATAHEOICBMET VFaxz—X X N =) X —D
FAEBEBZRFTHE LI, ME (KIBHE) RO TANA (FLAXT77—) OF%E, RIEH
CDOERZEENSDNA L~ LICHhT- 0 BE LTz,

AFZETIE, F v © 7 —3 a3 RAEEOEMEBEIER, B A b BRENREREBCR LR &, BRE)RRH -
RENEWR BB LD VA NVARIEECERZIT, F¥y T — 2 3 URAEEOEEEREE 20
RN T DT 21T o 72,

ZTOFER, UANAREEEFERICBWNT, ¥ ET—32 g URAEEOREIMICHAI LT AL
ALFEL DA L, £ 60 0B OBEENC L D IFIERRICUVA NV AERNEEALTE 2, Sy ET—va v
RATEE O KEEAL~DOEIENRENTZ. 22 TC,F v BT —v a URAMEOREE R EZ BT 5
T ETUANADRIEMAL LV BHFEIC /-2y, THUTIREBERE S K& < 72 513 & HARE/Y 72
DICRETDIXFYET = a VORABHENEL, "LVART—ICEEENLIVEECROND K
Il oTeldbThdrEBEZOLND. £, KIBEEZRAWZERN D LRMICEENTEZL 0
SN oT2, 26D G, MEEZHWRWEBIEET 7T 22 —Z D/ ANRT =12 L 55
B VA NVAREEAENFRETH D Z L #H LT L.

4) BEMBHBNANR—Y—STFRREICETEIHDHENME R T LOBHAE

HEINEIG A = — I TIRFIEIE, B T OB ERAZF AT 2 OBV AT LA THDH.
DRI EE OHIHE D 7= O BEVERCRL T 2 (RPNICTEA LT tg, AN S EH K f= 150 kHz, ARHE B =
10-30 mT Z XA GEIINS 5 2 L L0, BEERIR DS EAN S VT2 50 D BINR S 5 8 OFEREE T H
Z. WHETIX, AREO OMMBJE O BEIEMRLF DIREE, MR EDORIERH Y, S HIZ@BMHRLFIZH]
M3 2 & EEOEMROFREERD D, BFIZONWT, MBSV r—%af L (Ty 7 U4
— %) OB, kT 2 A VER (ER 8E8 A, BEE BT V) T THRFLE. a4 VE
WRIZONWT, RIEEONE (A D HHE d=1520cm) TOBKRBEZmLS T 5720, BEARIUK
o aAVERE L.

5) XFRBERICLKIMNAFIERADIEEZRIZET SR

ARFZE1E, AVRRERIC X AHIR AFNWER OHATRIZ SN T, 20 Br 72 S TR S0 A% A D Fl S,
WARDOIER A=A LIZONWTHRF L TWD. BERADIBRIZIBW T, iR 2 /eI Bisic
B9 & CEOMEAZB LN AR EELIE, HEAZEO L, BIERZRET 2080 RE
BIENHENL CTEDAREMERH Y, EBRICHEZBEL TRF LTV,

b ¥

(HZRIE 5]

NFERESE T [H) 2055 E LT, TS 3T 2 A MR = 72 I3 AR O T AL - (15
FOSIZBET 2898547 > T 5. £70, JIFRBREE~OFER-CHIIE O BUE % Y62 & 0 JEREE A FHA5
2T OBRRAFIE ZWAT L TIT - TV D, BT, UL E R 01557 iR & B HERIE T BB
HEEBE~NSHT D2 ZE2HEBELTWD. ERFEREOMEIL TR0 THhoH.

1) NERBIC K SHBERAREICEAT 5HE
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HAHFRIE TR TEBNC L DB~ FREN AR TH L0, HEEDKREER T2 R"E WD & HE]
RThs. 22T, H~OBZINKIZL VAL LHIUE D THEAOT £, Ik EERICHEE) %
T5Z LR LICEEFNCHIE T 5 FiEE2IRE L. ZhE T, BEBET v Moxh UAREZE A
L, BEBEICIVSISEISND2BERDDAREICLVIH SNGED Z L 2BMERIC I VR L
T& 7. BUE, HIRERICEE SN ERMREEY 7 OFBl% RT-PCR 2 AWCIHRSZ LT
[FEED BN Z L0 @ DRI OBRREEIT> T D,

2) W FEFRBICKHGEEREICET HHR

WARE oy % B e FUE IR T D A MHRENE, B0 JIFRATTIZ L0 NEICHE Y K L OO TRE) 2
BT D, BEMICBWTIE, ZOOTHFERIRATTENRITIC &V B O/ A fI S 0 iSOG & &
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Yorinao Shitaoka and Noriko Hasebe :

The age determination of the tephras erupted from Mt. Sanbe related to paleolithic sites as key bed
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bl sz RLZRIEE T KILK (57 7) 1%, ZoMBIZEIT 5 IHAwEREYaE
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FEM IR O IRFBIESW BT 2 fafE 2 TN ENEERB L TWD LB X 6D, F VYA MR
fAFN7e kL R e~ A N OF BN EEMICHEFE Y RFORIFIE 2 KL TV 5, & LTI b ORI
WX, TR TCEEHMCELE LT Caxgle, DEVMELZKI L 3 2OT 02X 0L, REEEL
MEVIRSETZBED Ca BH BEMIHE L 52 5, o TRBIEIEM T O Ca 5 H RITHEREY IFFO IR
FRHESE BT DRI ICXE L, 7 7 A7 I BT DKM OEEHFHE T L LEEZHND,

4. Lo

< IREBIEIE A G DI L D HEREWIX 4 DX A T2 I N,
 IRERESEAL A B o I HER Y R IS B T 2 B OfaFI I X 0 IE S vz,

* MHC EBCR A VA R OFI(MHC O&RkE), REEREDI LY A FOREEAY, Ra<vA b
DA BEIIHERE Y IF IS IS 1T B KL O faFn i 2 K LTz,

- HEEM T O RBIESEMICE END Ca OEBENL, 7 7 AR T DWIKALOZEEIC —F L T
Wz,

5| I SCHR
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EINAREANY A NDEEfEEE

TAME - mEENC
'T920-1192  &RATARET AR KFRFR EREHEVFER
2T920-1192 &RTARMET AR KPR D AR E 4 —
MUNEMOTO Takashi and FUKUSHI Keisuke: Solubility of monohydrocalcite

. (ZL®IZ

E A RBP4 H(CaCO;H,O:MHC)IZHE I CHE K ERBE I 81T B BUAR D HEFREW 1> & Wi
NDRIEH NS T LG TEH H[1], MHC IZRHEIZ Mg™ A 4 MEE L, & pH, & CO, il Fn
DEERR SNV KB RIFICB W THODICAEKR T 2 Z ERHM BTV D[], MHC OBEFEE L ZvE
TIZ 2 FIHAE STV %, Hull and Turnbull [1]1% 25°C (281 2R 2O\ T, KIRREHE W log
Ksp =-7.60£0.03 & #& LT\ %, —J5. Kralj and Brecevic [2/IZ=ENFEER TH L L 72362 H U log
Ksp=-7.15 L ¥ L TH Y . Hull and Turnbull [1]iC X % #4 & DFEA K Z W, %7~ Kralj and Brecevic
2R B O FEARAEPEIZBI LT 15-50°C CTHIEZ 3B 272 > TV D23 MHC DA HEFR S LT
DWIRKDOA A AFEMITRES DN TV DOEME LY A EITELS, RRIZEBIT H MHC DA%
MIATE D LD TRV, 2 TAIZE TIZHI/KOIEEHFE CTH 5 5-25°C 1281 5 MHC DIRFRE
ZHMHIL, RRIZEIT 5 MHC OERSHEE2ERT 22BN ET 5D,

2. k& BRI

AHFFE T AV D MHC 13 0.06M CaCly,0.06M MgCl,,0.08M Na,CO; DR AR % 48 HEfH] 25+0.5C T
MRS, AR L7 BREBIRE EROBEL TN OTHD, HGONTWEE LS E L% AR
REMR S H DL T OEBRIZH W 72, W, A RGERUEFO ) K X R HT(XRD; Rigaku, RINT1200, CuK, 40kV, 30mA)
225 MHC DA OFIITERD HAL TV,

Ak L7z MHC % T FBRIE FE(5,10,15,20,25°C)IZ iR D 7= 0. IM NaCl ZFFEMRE ARSI A, diiE
CO, HAZERNTAT U U7 L, GBI Z R LR’ D pH ORIE Z1T - 72, 723 MHC OFRZE(L% 1
42 HBYT 0.2-,0.8mM O Na,HPO, Z AN L7z, &k pH MIEIXT ¥ % /L pH A — % (DKK-TOA,
HM-21P)35 L O 7 A EAR(GST-2729C) % V>, F2Bk & & 12 pH #EE AR (pH=4.01, 6.86, 9.18 at 25°C)IZ
TEMOBKIEZIT>7-, pH X MHC Z{RN% 5 0 Z Litsk L7z, pH BN —EICE Ltk BBz L
£ 02um 7 A NE—IZ XV EESEEL., A A7 a~ 7T 7 4 —(TOSO, 8020) TigfH D4 Ca®',
Mg e BE DIE . XRD (2 CEHH QIR E %247 > 72, MHC OESEEERNE MHC OB IGR() & %
DEEEARQICE > TEREIND,

CaCOyH,0 = Ca®" + CO;" +H,0 (1)

Kype = appop-@uo )

IREERNIIRQICHES & JE LT CO, 0 E, & Ca¥' MgZ7 BEA A 7y 3T A —& L LTEE
Lz, WD Ay = —3 g U FHEIZIE The Geochemist's workbench [3]% FH V7=,
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3. MR & B

3.1 BEAREETE

ARFFETIT - T2 2T OERKIIZ L 0 LERREE N2 T D U VBRI 2% U CE ik
BB Toho7h, XRD FERN O SH%D MHC OZEE ., U BRI O ERITHER S e nroTe, 2D
ZEnD, R THE OGN FERERIX MHC OBEMREL ~T &2 bivd, MHC OFZE(LZR < T
DIZEHIM U T2V UERITFEBRSEMHIZ W T MHC OERERICEELY LTS /22 ERHR I T,
1 ICAREBR TR ONTIREOREEE Lz MHC OB OB Z R~ IRE DR > THRE
DO T BN R S 7z, 5°C | 25°C IZB W CIRERITZ N - 7.71£0.02, -7.66+0.02
THYHEBENRBD b,

3.2 MHC O#EJ) 7S
MHC OV iR FEFE OIRERAFIEIL 5-25°C OIRERHICB W TR TRENT,
log Ksp = -6.99-200/T
#1722 5. MHC OEMEOERER S EH = 2L F—AG"), = Z L —AH%)., = Fu bt —(@AS)Y)
XENEh

AG) =-RTInK , =43.71+0.07kJ / mol

AH" = RT*(01n Ksp /8T )=3.8+ 0.4kJ / mol

AS) =-0AG? /8T =-134+1J / mol-K
LHEI SN, Ca¥T, COY. HO DE)T — Z (4155, MHC OFEMEARLH = %L ¥ —(AG)), =
YHNE—AH)T v b r E—AS)HITERER,

AG) =-1362%1kJ / mol

AH{ =—-1507.9 £ 0.4kJ / mol

AS® =489+ 4.7 / mol
RN,

3.3 JEATHRSE & D kg

L IZHRATIIZE R L OARMFFE T B 472 MHC OEREE . MHC O HEZE STV DK DA 4
IR EMEARE O E U TORT, M5 ST D IIKITIARNISE TE b 7 MR AR I % L i fafn
RigL 720 . RERBREEICEIT 2 MHC OAERIIAMIE CTRIED > 72 E O L Lz MHC OEMRE
T TX 5, AW TH Sz MHC OEMEFEERE T 25°C 128 T log Ksp =-7.66 £0.03 T& YV | Hull
and Turnbull [1]IZ £ > THE STV 5 log Ksp = -7.60 + 0.03 & 1FIE—% L 7= 2% Kralj and Brecevic [2]
WL THESNTWD logKsp=-7.15 LlT—E Lo Tz,

G SA
4. =]

ARBHFIEIC IS D MHC OFEREEIE, IR OB > THIN L 3R O EEARFIE L 5°C 25 25°C
OIRFEFRPBHIZIB VT, log Ksp = -6.99-200/T RSN, ZDLXDANZEN T A —H (X
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log IAP

-8.5

-7.5r A b

AG) =-43.71£0.07kJ / mol . AH? =-3.82+0.37kJ /mol . AS} =-133.9+1.2J/mol . ToH>7=,
"MHC DZERD A ST DMK TARNIZE TH S 72 MR IS L Tl fafikE T - 72,

5| I 3CiR

[1]Hull, H. and Turnbull, A.G.. (1973) Geochim. Cosmochim. Acta, 37, 685-694.

[2]Kralj, D. and Brecevic, L. (1995) Colloids. Surf. A, 96, 287-293.

[3]Bethke, . (1998) The Geoochemist's Workbench Release 3.0 A User's Guide to Rxn, Act2, Tact, react, and Gtplot
[4]Atkins, P., and Paula, J.D. (2006) ATKINS’ PHYSICAL CHEMISTRY 8th edition.
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B Nam Co, (Li, et al., 2009)
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1. The solubility of MHC
compared the previous works and ion

activity products of lake water as a

function of temperature.
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KEGEERET VT IZLDBAE Y ~DIT R & DTFH

KHEE - mEEN
'T920-1192  &RATMMBT  AIRKFKFERE HRE 2R
2T920-1192  &RATAMET  ARKFE H AU B 78 > & —
NAGATA Takahiro and FUKUSHI Keisuke:

Prediction of iodine adsorption on oxides by surface complexation modeling
1. IZLOIT

3 RITFRBEARVE O S & L CTERICHRADHMEREFR CH D, ITVHRD
RZIIFRMRIE, FRIEERE . MiEE L o @ERELE 5 X 2 L, HERFE o3
UHEPERICE VR TI VRERZIENE LTS, o, BEEEEDTIZE TN
%R (T 221570 T3ROS E 3 7R (DX, MRICHEER Z L 56 MR~ F )
BESNTWAIBHETHL, Loz &L, RBERETOI vEOEERM N LE L
INTWD, REREIZEWTI URITKICEFLIRETBITL, OB, B{LET
WRBIZIS U T3 b4 A (IR UEEEA 4 (10;7) & Vo o —flifzA 4 v Dfbs:
ERETHET 2. @R @R KBRICIE. BT 201 4 ORAEICEE R KE
% .7 L (Sverjensky and Fukushi, 2006), FFiZ#k07 /L X OEEL#)IX ZPC(Zero Point of
Charge) W@\ 2 Enh, S UREWETDH I & TBITEENIELZ XD Z ERMbR
TV % (Whitehead, 1984), L2>L723 6, BRL~D 17 KON 105 OWAEIZBET D 58135
Dip L RONTZEEFRICK L TIR O AKE ST T LA B O 2 72 i
TWe, X, BbMEEIZWAE T DA 4 OFEGEREGE L)X, WaE%ORENE
RIAFA F 2 & DN AE DAV EL 52 DEERKNFTH LA, 1, 10, EicKHEb
FHRITRE SN TR, REEEICK T 23 v REOBITREZ BT 5720121,
JRWVKE ST CWRAEZER) L REEFREOSMZAONCT LI ENEETHDH, KM
$E1RE7 U > 7 (Extended Triple-Layer Model (ETLM: Sverjensky, 2005)i%. W5 815 % gl
%@%ﬁ*%%k@f%ﬁ/@@%%%ﬂﬁmkLTW%$@Em OO FETH
v MERWVAKBE SR TA A OWEZE) & KL FRO M2 THT 5 Z L8[ TH
50%_T\$ﬁnfikm%§ﬁ“®1&0mg DY E ORI 2 BT — 4
Z BETLM (Z K o TIT 975 2 & T, BRx RIS T T ROV 10;~ DY EZEH) & Rifi{kF
DA FIT 5 2 & &2 BB E L7-, Nagata et al. (2009) Tl%, ETLM (ZEES W THFE
AIZFR D B AL D WS & AR b ~D T OWE THIET V2R LTc, A EINIE
b ~D 105 W TRIET MBS DR 2 HET 5,

2. FEER A
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AAFSE CTlx HFO(Hydrous Ferric Oxide). «-FeOOH, vy -Al,O3 W AR & L CHW -,
BRI O BRI 2 D 7o 0T, SR 25 T NaCl BEME AK(0.01, 0.05,
0.1 M)IZxf L, 25 COEMEERFERK T CHRAEEHEEREZITo72, X, FBIH~
D105~ DNy FWRAEFERZ SMEERFHK[R TO I/ a—7 Ry 7 ANTIT o 72, FEBRIT,
4~10 @ pH #iPH, 0.05 ZTV0.1 M @ NaCl 2, 1 mM D4 10; 2, 25 ‘C. HFO %
WE13 0.5 LTV g/, a-FeOOH & DYy -ALO; Z W 7235413 5 OV 10 g/L O[FEIHK b
DM T TIT o7, HONTEABAY OREENR &L AR LD 10, BERLZA
F v OENL A AW E % BT X D ETLM 12 L - CTREFT L7,

3. fER LB

3.1 HFO, «-FeOOH, vy -ALO; ~® 10; W 7525E)

Ny FHERIC L - TR BTz pH Z %L L7-(a)HFO, (b) a -FeOOH, (c)v -ALO; 2 X
5105 WAEE%)ZK 1 0K RITTRT, EORICBWTS pH O & LITWaE &0HN L
TN ZEDBHERTE D, ZHUHR pHIZ EBLY O FEKFEIEN FIZHE L, ADEM
ZH D105 BB SN TRDL72HTH D, X, NaClIRED 0.05M & 0.1 M DEFICH
T 10, WAREZHE S 2 &, [Fl—0 pH, BEHRILFEHFIZIH T, Sk & b RE =N E
EF CRREZR L, —iRIC, B bR imIx UEERE S UBEICRE Sh - NBsE K%
T D4 A 0%, WFET A4 AL o TRENEFE SRS, 7 F REN
B L CTHWEBRBNEL L WAEEEE L 5, — 5, FFBRERMICEE LSS D55 FHE
SERETER T A A F 0T, IEA T I Lo THENLEINL -, 54 F U BEED
HIMZAENE 'NRAD T 5, 280 EREITICTEW T, 10y KA Ebm R I
LINESAZIER LT\ 2 L AHERI S5,

3.2HFO, «-FeOOH, v -ALO;EMHIZIT D 105~ DILFFE 554 D T

X 212 B3k & 0 B L7z 105 OWRERE & 2 Otz AV CFll Lz pH, A A
REE(NaCl J2HE), 42 105 I 2 BE% & L7-(a)-(c)HFO, (d)-(f) a-FeOOH, (g)-(i) v -AlLO;
ECIBIT D 105 DALFEFES A 279, K 2(a),(d),(2)1T. 7N TG EBR 21T - 1B ORI S
PED—>TdH % NaClIREEAS 0.1 M, 22105 IREEDS 1 mM DRME N TORMmm RIS T
% 105~ DAL FERES A, X 2(b),(e),(h)i, NaCl#RE % 0.01 M2 TS 720534, X 2(c),(D),(1)
X2 10; IEZ 0.1 mM I T 72O 0427, HFO IZBA L Tl EBREGAME T Omik (X
2@ THMESER DR IE Y pH S TR VEIS TIELE L. EEIEEAKAS pHY LIF T
pH O & RGN L, P~ CERARE L 7202 Z EPMRTE 5, A A4 Ui
DD LT=E . NESEROFGIXEIL L WA EBEEAD T ENKRE 2D 2 & DR
TED, —hH., & 10, RENED LIESGE, NEBEOFSNREL 2D 2 LR TE
%, a-FeOOH & v -ALOsICRIL TH, A AL 38E DRV RO T HE N K E < 7
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0. 2105 BEORDICHEVNESMAD S5 KE L 725 105 ORELFFE SN TS
iz, Bt CoNAiz i L CH5 &, HFO, o-FeOOH. vy -ALO; DJEICNIESEAD
FENNSL 20 HESHEADOTFENRREL 2D 2 LR TE 5,

3.3 B ~D 105 W75 DTl

Born solvation BEFaIZIES < LM ~D A A L WE OV ELRITFHER( )D& —

W BEISCRAMRAH T B4 D (Sverjensky, 2005), iR THEH L7= HFO, «-FeOOH, vy -ALO;
D 105 W5 M EEL & Sverjensky(2005) £ W 51 H L 7= KBt D75 8 2. (HFO:1000, «
-FeOOH:15, vy -ALO03:103)D#i¥ A 7 v v kL, #BEEIFEZIT-72(X 3@)MNEEEA, (b)
NEEEER), SMEIRER, MERIC, RMEDOEWEIFERI RSN, #oT, ZomEF
EMRE WD Z LT, FBERSBEAN OB LCIE, 10, W FilE S a T30 7 HE
L% 2 LAY, BUREMOME (IAMNESEARIZLL~NESEERDO T NRTH DL Z & LD,
FEEOBROEEDIEE, NESEERBER SIS 2D, Xy, K2 TRENTE
£ O ICHBIBERDY HFO O X 5 72 @ W iE R DR TEBALE 720 | SMEISEAD v -ALO;
DX BRIRNFEEROBRLY TEIL L 725,

FRO L DI L TTR S 72 105~ DO FEEBAEA IE LW D) Z gD 57212, Rex and
Martin(1983) THIE S % a -Fe,03 ~? 103 A& & & Szezepaniak and Koscielna(2002) T
D y-ALO; ~D 10, WA A, T S35 e Sz AV CREFT L72(K 4), K4 D
B RILFEATFE D EH 10, WAEZEE 2R L, &1L o -Fe,03 O Tl 105~ A5 A E 4K
(logKssoma+ 103-=4.6. 10gK(>50)010+=9.9) & v -ALO3; D Tl 105~ W75 P15 B £ (logKsomo+ 103-=4.3+
logK-50210+=9.0) & JHWTHEHA L 72 Tl 10, WA ZE# 23, M4 lREND £ 91, Tl
L7 BT & EREEZ L<HHRLTRBY . AFEOTHIET VO RS E2HRT 5 Z
EMTE T,

4. £

* HFO, «-FeOOH, vy -ALO; @ 105~ A& D ETLM f#AT 7 5| 105 135 B 1 K IR
BT UL SMEISEHAR(EIZ 7 L 7o B bR & # RV IR ) & NBIEEA(FR b D&
e BIR T SRS L TR 2 BT 5 2 L VR S LT,

*HFO. a-FeOOH, v -ALO; @ 10 Was e sz bl 5 2 & T, dkx RIR{L @ 10,
TR A P E SR T 5 AT,

- SMBESEIRIIA A RENMRNGRICTFENKRE L 2D . NBEBERIT A 10 IRE MR
BEWTFENRREL D, X, ROFERORICIIINEERO TGN RELL D, &
WIEEROBIEMITINESERO T ENRREL 8D,

c THIE T 105 WaE Al B4 %2 V7= ETLM (. Rex and Martin (1983) TS 415 o
-Fe,03 D 1053~ W75 f & Szczepaniak and Koscielna(2002) T X415 y -ALO; ~D 105 W
EEr LSHE L
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Variations in A"C of POC in Waters from the Upper to Lower Ishikari River

Seiya Nagaol, Masato Mikami’, Takayuki Tanaka’
' Low Level Radioactivity Laboratory, KU-INET, Kanazawa University
? Graduate School of Environmental Science, Hokkaido University

3 Aomori Research and Development Center, Japan Atomic Energy Agency

The dynamics of bulk particulate organic carbon (POC) discharged from rivers is important to understand the
role of rivers in global biogeochemical cycles. We have been investigated dynamics of riverine POC at the
Ishikari River system, which is 268 km long from the source to mouth and a drainage basin of 14330 km?, in
northern Japan. The Ishikari River has two peaks of water discharge at spring snowmelt and autumn rain events.
For better understanding the origin, forms, and fate of POC, it is important to study the characteristics of riverine

POC because of its heterogeneous mixtures of organic matter.

This study reports the variations in A'*C values of POC at three observation sites from the Upper to Lower
Ishikari River during spring to autumn in 2006. Riverine suspended particles were collected with a single-bowl
continuous-flow centrifuge. The organic "*C measurements were performed by accelerator mass spectrometry at

the Aomori Research Center of Japan Atomic Energy Agency.

Variations in A™C values of riverine POC are different from each station. In the Lower Ishikari, the AYMC values
were —260 %o for the spring snowmelt season, and —148 ~ —122 %o for the normal flow condition. On the other
hand, POC of the Middle site shows opposite variation trend. The POC had A™C of —47 %o and —148 ~ —122 %o
at the spring snowmelt and low water discharge, respectively. In the upper Ishikari, the A'*C values were +19 %o
for the spring snowmelt season, but —148 and +208 % for the normal flow condition. The variation range of A'*C
value is in the order of the Middle < Lower < Upper stations during spring to autumn. These results suggest that
the sources and supply processes of POC from watershed are different from the Upper, Middle and Lower

Ishikari River.
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Spatial distribution of A'*C values of organic matter in surface sediments off Saru
River in southern Hokkaido, Japan

S.Nagaol, T. Irinoz, T. Aramaki3, K. Ikehara4, M. Uchida® Y. Shibata®

! LLRL, KU-INET, Kanazawa University
2 Faculty of Environmental Earth Science, Hokkaido University
3 AIST, Geological Survey of Japan

* National Institute for Environmental Studies

A variety of geochemical approaches have been employed to define the mixing ratio of marine and terrestrial
organic matter. The simultaneous use of A'C and [1"°C values adds a second dimension to isotopic studies of
carbon cycling in surface aquatic environments. This study discussed the effects of the flood on the spatial
distribution of organic matter at shelf region on the basis of the A'C and [1"°C values. Because transport of
organic matter due to flooding is important for the dynamics and flux of organic matter released from terrestrial
environment. The surface sediments off the Saru River, southern part of Hokkaido, Japan were collected from
twenty sites with a grab sampler in August of 2007, one year after the severe flood in 2006. Suspended particles
of the Saru River were concentrated with a single-bowl continuous flow centrifuge in August 2007 and 2008. "*C
measurements were performed by accelerator mass spectrometry at the National Institute for Environmental

Studies.

The A"C values of organic matter in surface sediments (water depth of 10 to 39 m) off the Saru River range from
—665 to —77 %o. The silt and clay sediments have A™C values of —240 to —77 %, but the sandy sediments ranges
from —665 to —388 %o. The A'*C values of particulate organic carbon in the Saru River are —292 to —247 %o at
normal flow condition. The sediments with fine particles deposited by flood events have organic carbon with a
mixture of young and older organic carbon. Therefore, these results indicate that surface soil with younger
organic matter is deposited by flooding on the sediment off the Saru River and/or freshly produced organic

matter in sea surface is deposited after the flooding.
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AAWERIC IS 5 P Ra & 'Ra DEAE A D> b H T MEKTEBR
Sh bR BINESE FmEE . REEN L NS,
ERwdh | e AR
'T923-1224  A)IRAEETIFIGNT &K 8 A ARSI 78 » % —LLRL
2T 236-8648 HPZS) AR ARSTATECE NKPERR S BFZEY » & — f ok PERFFZERT
3T 035-0064 FARWLT e OTTHENT B AHELERL 7R B[]
Inoue, M., Minakawa, M., Yoshida, K., Nakano, Y., Kofuji, H., Nagao, S., Hamajima, Y. and

Yamamoto, M.: Vertical profiles of **Ra and ***Ra in the Japan Basin of the Sea of Japan

(X T ®HIT]
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2 (<150 m) IZ & 0 BT 2UE L DA 5 T D, RIEAKITHIBIRS ) < W K0 a5
REHK L TWDD, ZHOHERICE D FE INAHH TKIERN 300 m LLTFIZ, £FEOMEREIC
Lo TR SN IKIRO H AR B A K E L CERBMEERZ K LT\ 5, Ra [RNALARITZHEK TIZELT
LCWATh, WAEERD b L—H—L LTHETH 5, ABFIETIE 2 Ra, **Ra JEEE OFAE S Fi
O EAKOHEREZ RFES -7,

[BURF & EBR)

WEKEUENT, 07 A8 E LA B\ C HAYEZ: (SY07 ; N41°02°, E138°10° 5 /K% 3700 m)
T 148 (4 50L) feH L7=, *Ra, Ra OHIEICIE, KAy 7 7T 00 Ry fEziEm Lz, Hl
TE{EIT Nakano et al. [1] ([ZFEL VY,

ERES|

P20Ra P13 )E T 1.5mBg/L &K< . FEEA KR (1000 m LAZE) Ti 2.3 mBg/L IZ L& L=
(Fig. 1b), —7F. Ra i IZH AW AOEETIE 1.2 mBg/L & &<, B & & HICAMITHD .
T EAKE TIEEX—E (~0.1 mBg/L) &72-7= (Fig. lc),
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Fig. 1. Vertical profiles of a) potential temperature and salinity, b) 6Ra, and C) *2%Ra activities of

the SY07 water samples from the Japan Basin.
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(Fig. 2), 2000 m DPW A
3
T EA KE D 2°Ra, Ra &3 1), 2) PoRa, v (')

TERDLEND, V() [22Ra],, (Bg/m?) {}

V8[**Ra]p/dt = [*Ra]ov)v + Fa6S — Sm?)  4F By/mly)

[226Ra]Dv . [226Ra]DV7»226 1) botton: sediment
V[ Ralp/dt = [**Ralasstyy + FazgS — Fig. 2. A simple two-box model for the delivery

of 226Ra and 22%Ra to the DPW
[***Ralpv — [*RalpVizs  2)

[V; FEBEAKE (m’): [P°Ra], [**Ra] ; *°Ra, *Ra & (Bg/m’ (= mBg/L)) : v ; IEAJE- LHHE
HKIE L TESEA ARG OIREIEEE (mly) : Fase, Fag ; WEEEHEREM 5 D *°Ra & **Ra DA 7
T w7 A (Bg/m?ly) : S ; HEEOER () : Ae, A 3 BEEE (1/y)] (FAH& D M+U, D 1%, BA
JE+ B E A KRE B X OV N E A KE)

*°Ra, *Ra JE DN EFIRIE & UE  (S[7°Ralp/dt =8 [*Ralp/dt=0) T 5 &,

AP Ra]iru).n/Tw + F226S/V = [*°Ralphy =0 1)’

A[zzgRa](MJrU)-D/ Ty + FaosS/V — [PRalphasg =0 2)’

T.ﬁﬂ({% JJE%‘:F?%{_’TW (* V/V) (Y) [226Ra] (M+U) - [226R3]D = [226Ra] (M+U)- D~ [228Ra] M+U) =
[228Ra]D:[ Ra] (M+U)- D E‘g—é & N TW ifﬁ 3) L0 ﬁfﬁi% roj/béo

1/t = {azs[*Ralp—Faze/Frashaos[ > Ralp}/ {A[226Ra](M+U)-D_F226/F228A[ZZSRa](M+U)—D} 3)

H AV IEHEREY O V) —F o 7 FEBR TR 7= 2°Ra/ Ra . (Farg/Faos = 0.92) . 1R G E+ L EA
AKIER LT EBE A KJE D 2°Ra, ®Ra DA >~ kU — (PRa]peu) = 1.83 mBq/L; [***Ra]p = 2.47
mBq/L; [***Ra] vy = 1.08 mBg/L; [***Ra]p = 0.11 mBq/L) % 3) ICfOAT B &, 100 4E &\ 9 DS
Ho D, WHREFEEE 100 YT 2 &0 EEAKD TEEAKBIZIEAL TV D k BERbID,
T ORERIE, R, B KRR LV R S U EA KB O MR R (100-200 yv: °H [2]; "C [3, 4];
PLI5) EFEIEAR,

2Z3CHR : [1] Nakano, Y., Inoue, M., Komura, K.: J. Oceanogr. 64, 713-717 (2008). [2] Watanabe, Y. W.,
Watanabe, S., Tsunogai, S.: Mar. Chem. 34, 97-108 (1991). [3] Chen, C.-T. A., Bychkov, A. S., Wang, S.
L., Pavlova, G. Y.: J. Geophys. Res. 100 (C7), 13737-13745 (1995). [4] Kumamoto, Y., Yoneda, M.,
Shibata, Y., Kume, H., Tanaka, A., Uehiro, T., Morita, M., Shitashima, K.: Geophys. Res. Lett. 25,
651-654 (1998). [5] Suzuki, T., Minakawa, M., Togawa, O.: Geophys. Res. Lett. (2009) (submitted).
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L, BB IND EHEESND. FHEMT T, BREEANL D 60 %DFEEIZ L 0 b (BEE)
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Bryan, N.D., Jones, M.N., Birkett, J., Livens, F.R. (2001): Anal. Chim. Acta, 437, 281-289.
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Uranium in acidic mine drainage at the former Ogoya Mine in Ishikawa
Prefecture of Japan

Masayoshi Yamamoto,'* Aya Sakaguchi,” Hisaki Kofuji’

"Low Level Radioactivity Laboratory, K-INET, Kanazawa University, Wake, Nomi-shi,
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035-0064, Japan

Nowadays, radioactive disequilibrium (i.e., activity ratios among nuclides that are not unity) in the
uranium decay series is a quite common and well-investigated phenomenon. The **U/**U radioactive
disequilibrium is still of interest in connection with hot atom phenomena, and the extent of this
disequilibrium has been used as a tool in hydrologic investigations such as water circulation, mixing of
water masses between various aquifers and geochronology.

We found high **U/**U activity ratios of around 13 in acidic mine drainage (pH: around 3.5) from
the former Ogoya Mine where is ca. 20 km from the LLRL. Generally, anomalous ratios of >*U/>*U

have been found in neutral water samples
weathering (dissolution) of aquifer rock is
suppressed. Therefore, the appearance of
high 2*U/**U activity ratios in water
under the acidic condition is a striking
feature, because the ***U/*"U activity ratio
is considered to be near unity if the
dissolution of rocks is accelerated under
the acidic water condition, which makes a
better understanding of the processes
controlling high ?*U/*U activity ratios
scientifically very interesting.

In this paper, we measured uranium
isotopes in mine drainage from the former
Ogoya Mine in Ishikawa Prefecture, Japan,
and in surface waters from its surrounding
rivers from the viewpoint of radioactive
disequilibrium in the uranium decay series.
Based on the measurements, we discuss
probable processes controlling the high
*U/PPU activity ratios in acidic drainage
from the mine.

The results of the **U and ***U
concentrations and their 2*U/**U activity
ratios in water samples are summarized in
Table 1. The ***U concentrations in the
water samples varied widely from
0.0036-0.78 mBq/L with a factor of about

obtained mainly under a reducing condition where
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200. Higher values were found in the acidic water samples from the pithead (A) and leakage (B).

Mine drainage discharged to the outside environment has been generally divided into three
categories from the viewpoint of water quality: (1) acidic water (pH: 3-5) of Ca-SO, type including a
large amount of iron; (2) mildly alkaline water (pH: 8-9) of NaHCO;-SO, type; and (3) neutral water
of Na-SQO, type. The drainage from the Ogoya Mine is probably category (1).

It can be interpreted as given below. Immediately after the drainage flows onto the earth’s surface,
its pH is about 5, and it is acidified to pH of 2-3 rapidly on contact with air. Pyrite (FeS,) is dissolved
under the reducing condition, and after contact with air, Fe’ is oxidized to Fe’", then a brown
precipitate of limonite is produced, and then the water is acidified strongly by the oxidation of S to
SO,* By taking into account this interpretation, underground water in deeper layer of mine drainage
seems likely to be neutral and under reducing condition. The acidic water may be limited only in the
upper part of the water

in the pits. If the Table 1 Uranium isotopes and their activity ratios in water samples
underground water in a Sampling point Sampling date pH Concentration (mBg/L) Activity ratio
. :asU lMU
deep layer is made
idi Th isot . (A) 06.04.03* 36 044 + 004 872 + 021 138 &+ 1.0
acudic, 1sotopes 1 11.28.02 37 062 + 002 807 + 0.19 130 + 04
rocks are expected to be 08.09.95 36 075 + 003 10.8 + 0.4 143 + 09
dissolved t 06.19.95 is 076 + 008 10.5 = 0.8 138 + 1.0
1ssolve 0 some 01.13.94 3s 0.78 + 009 957 + 0.67 123+ 15
extent, a]though this 1is (B) 11.28.02 36 059 + 003 826 + 029 140 + 0.7
lati In £ 11.24.02 4.1 027 + 002 270 + 0.10 101 + 0.7
speculative. n fact, 03.20.02 43 035 + 004 367 + 0.14 105 + 1.1
although we tried to 10.13.94 37 057 =+ 007 7.73 = 0.80 136 + 12
. 06.02.94 38 050 + 005 771 + 056 154 + 1.1
detect Th isotopes by 11.24.02 69 028 + 003 076 + 005 269 4+ 025
using water samples of 10.13.94 5.6 0.18 + 002 067 + 007 3.66 + 0.39
. (D) 11.24.02 6.6 0032 + 0.003 054 + 002 168 + 1.8
170 L from the mine (E) 01.13.94 7.1 0022 + 0.005 029 + 0.03 136 + 32
pithead, the detected (F) 07.03.95 72 00071 + 0.0010 0.030 + 0.001 417 4+ 033
. 06.02.95 6.7 00036 + 0.0014 0.019 + 0.002 536 4+ 091
concentrations were 11.30.94 6.6 0.0060 + 0.0011 0.024 + 0.003 3.95 + 0.88
very low. The 234Th 01.13.94 7.0 00056 + 0.0009 0.022 + 0.002 3.93 4+ 0.59
. . . (G) 11.24.02 6.8 0.083 + 0.003 0.17 % 001 2.01 £ 0.15
concentration, which is (H) 11.24.02 54 0063 =+ 0.007 0.11 %+ 001 1.69 + 024
expected to be ejected M 11.24.02 7.0 0022 + 0.003 0.069 + 0.006 3.15 + 051
) . ) 11.24.02 6.3 0021 + 0.003 0.065 + 0.006 3.17 + 0.55
dlrectly by recoil due to (K) 11.24.02 6.4 0.11 + 001 026 + 0.02 242 + 027
10.13.94 59 0050 + 0.008 021 + 002 409 + 0.74

the a-decay of **U, was
a similar level to that of
80U, The respective concentrations of *°Th, a daughter nuclide of **U, and *’Th werel00 times
lower than that of its parent nuclide ***U, and one order of magnitude lower than that of **U,
respectively, although the activities of ***Th in rocks sampled around here were nearly the same as
those of **U. Thus, the existence of excess >*Th relative to 2*U could not be observed and Th
dissolution was found to be very low compared with U, indicating that deeper water of the pits was
unlikely to be under the acidic condition. Under the neutral condition, Th hydrolyses very easily and is
rapidly adsorbed by the surface of surrounding mineral particles. High >**U concentration may be
attributed to the preferential leaching of >**U produced mainly from such ***Th adsorbed on the surface
of the mineral particles. It seems to be reasonable to assume that the acidic water flowing from the
mine pithead is from only the upper layer of the pits, and its high ***U/**U ratio is attributable to the
deeper underground water under the neutral and reducing conditions.
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A% BT BRREERICH T 2 A OERRIN  HIET 5 Z LN HEETH D, AR IIROIE SIS
ONWTOT—=ZIEE < DN, BREDPRRDHMEETOLRAMOER, SR OV T O
[TRTEHRETIT AR, £ 2 TARBIETIE, BARIZERIT DBHR OB TEIC BT 2 AR KE S A =D
SRIELSIAT & & IS, KR« ERFENLARLL, BEIERFEZHIE L, A OFR - 2fRROUCEI L TR
A U7z, E7o. BILEEDN G| & 23R RO GRS RUIR LA~ OB ORHE & O TG L7z,

[ERH - 528k ]

Mgt 7 4 —n Ke LT, EWRGIL, KR, A)IRERICEIT 2/ TIX 0~30 cm F TO 1
Z. @Il 0~80 cm £ TO RO AFT/A, 5 em OEERHIZ, 2FEKSE (TOC) A 8%t
FOMTER. AHEMD 6 PC L 6 UN Z RS, AMC ZILEEEESITE. PCs By AT b
0 A N TCHE L., GRS T, ARRIEOMIKE, BEEM, ANTARH Gk, Zik) o
FHRCHEORIAIT2\, RERZ2E 21T o7z,

KR TOFMIIED TOC FHEBOWUEFRERZ K 1T, FHRICHT 5 TOC &4 &I3kKE
DOETEE 0~5cm T 6~12% L E <, FRBIZHEID 1.0~9.5%F T LT3, LD FRIZ 0~5 cm-5~10
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WDIIZ X OB —24~—23% F CTrEi< e o7z (X 1(b) ., HARO I HM T TH D18 AR
Hid, 6 PC A —27%RIETH Y . Kk & OO HHEERE & RO RIS OHFEKRLETHD LR D,
O+, FHIE, KO FETIE 6 PC 3@V MEE R LT-, £ 2 T4EIE, TOC EH&EE 6§ *C o
BN AT DN 7 i L D 58 A 10 RV RS £ OO L7 RIS DWW THRET LT,

Bl TOC &A §1E 0~20 cm T L. 20~50 cm Tl R%FEE TIHE-ETH Y. 50 cm LIET
IEE OV L7=(1X 2(a)), — A7 RT3 TOC S &N, ZEND FREIZHT Tha 1245
DITHA, FISMNCR D, 6 PCIZE LTI, 0~20cm TIHHIIL ., 20~50 cm TlE—19~—22%0 & &
UMEZR L, 50 em BIVE T L72(X 2 (b)), AR HEAH O 6 PC 13, AEE DL 2N EIT,
TIEA~TS LHINL, HAEETE LD X ) RES i E & D, C DRENS RS -7 C 4
RTIE, 0~5cm T—222yrB.P.& W I BEEBROEEZ R TEZ /R L, 5~50 cm (Z73M7F T 520~5400yr.B.P.
FTHRAITHML TWA720), 0~50 cm £ TIEAMAR HEORALR EN2 0 N2 5,

E LD D g 50~80 cm Tl 6 "N 23 6%okk . 6 °C 23 22%olh &5 BAR Y + S
Lz, Ko, SIUOSKEEL, BR7 L Thom s, B HiornHEE~ L ER
LTWo e THD VR D, Ziud, TWBNHAZREIZL VIRAIZERE L, ZHUTHE D A DE
BOREZ 72V ) TREMENRE 2 Bbid,

HHFHZAICHE S TOC AR, § PC ORI Z LROKM, HIEM, Sk, Zlmbk Cigt
L72e 6 BC I, &S T—25~—30%0 & 258 LT A8, THHIFIFHZ RIS kST 2 & 95 225 B g mix
O BN T, EEM., Shlikk, ZEARD TOC GA L. 0~20 cm TIEIFE—E T, FOfEITHEE
MDD 1.3%0>HEEID 2.7% % Tha @ ieoTz, Zhiv, RO THFRIAZL T, Ai%RSE
FERET DA< Z EVRB ST,
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Toward the solution of radiation dose assessment to the residents living around the former
USSR’s nuclear test site: laying stress on Sarzhal and Karaul settlements
in the southern area

K. KAWAL', K. MINO!, S. OIKAWA?, T. IMANAKA®, M. HOSHI",
A. SAKAGUCHP, K. N. APSALLIKOV®, M. YAMAMOTO'

'Low Level Radioactivity Laboratory, Kanazawa Univ., Nomi, Ishikawa, 923-1224, Japan
*Marine Ecology Research Institute (MERI), Shinjyuku, Tokyo 162-0801 Japan
3Research Reactor Institute, Kyoto Univ., Kumatori-cho, Osaka 590-0494, Japan

*Research Institute for Radiation Biology and Medicine, Hiroshima Univ., Minami-ku,
Hiroshima 734-8553, Japan
SGraduate School of Science, Hiroshima Univ., 1-3-1 Higashi-Hiroshima, 739-8526, Japan
SKazkh Scientific Research Institute for Radiation Medicine and Ecology,
The Kazakhstan Republic

Over a period of 40 years from 1949-1989, the former Union of Soviet Socialistic Republics
(USSR) conducted more than 450 nuclear explosions at the Semipalatinsk Nuclear Test Site
(SNTS), Kazakhstan. It has been said that several hundred thousand peoples who were living in
settlements around the SNTS have been impacted by long-term low-dose radiation from the
close-in fallout. Considerable efforts have been devoted to investigate the consequences of
radiation exposures to the residents living in the area, particularly in villages contaminated
heavily by fallout of the radioactive clouds. Since 1994, we have also investigated the
radiological situation in and around the SNTS, and measured long-lived radionuclides such as
1¥7Cs and plutonium (Pu) isotopes, mainly for soil samples from various areas.

From the detailed soil sampling around Dolon village affected directly by the radioactive
plume associated with the 29 August 1949 nuclear test, it has been gradually clarified that
residents of Dolon received a radiation dose in air around 0.5 Gy.

In this paper, to obtain a more reliable estimation of radiation dose to residents of Sarzhal and
Karaul villages contaminated mainly by the USSR’s first hydrogen bomb in 1953, many soil
samples up to a depth of 30 cm were collected along a line perpendicular to the supposed
center-axis of the plume in 1953 and _______
their Pu isotopes and '*’Cs were pene
measured. Based on the measurements, (Paviodar District e

we discuss the spatial distribution of e arehatO? D 8 :
the close-in fallout from the 1953 test. e | pyes y® m:-; Ao
Furthermore, we present information & tiat. )= e

on the neutron-induced radionuclides me ke Rl ey T

"?Eu and *’Co which were detected in : e Dcl.’.:en | raie 2l Sagehal

some soil samples. o] T
The  distributions of "'Cs [ : =
inventories are respectively plotted in RS | < Albulak
Fig. 2 for Sarzhal and Karaul as a
function of distance from the supposed
center axis of the radioactive plume
from the 12 August 1953 hydrogen gjo | [ocations of settlements in the
bomb test. All data are as of the date of  Semipalatinsk historical cohort
measurements (2007-2008).
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Positive and negative values on

15000

the abscissa correspond to the 137 —
distances from the trace ‘g - o :g‘;m:::lr‘:?rg;:m ':::n,
center-axis toward the i oo | i
directions. > . Ege Sarzhal

In Sarzhal village, although € o %% .
the inventories of these 2 b 0,° *%: o0 .
nuclides vary largely, overall, E banl o :;%’\ Seee e .
peak-like distributions similar  § ) g 8o i, 0°u:; ope’
to Gaussian function seem to 0 °.0 "% i o ° . |
be observed for both *’Cs and g e . ¢ s W 1

239.240p,, Distance from supposed cloud centerline (km)

Their maxima are
near the supposed center-axis.
It is probable that the *’Cs and

239290py inventories at the 15000 1370 —
center-axis are around 10,000 T . ° Individual measurement
) . E ® Ponit average (Geo.mean)

and 2,000 Bg/m~, respectively, B
and in the village where were = Karaul
located at about 5 km away E ° §o°
from the center-axis, 'their § 8000 | o © OO 0o °
inventories are, respectively, E % %E 8.%9

. 0 %4 o °© 8o
approximately 5,000  and o o g ® oo oo g
500-1,000 Bq/m®. ° . 8 %) gﬁo 00 © °o §

On the other hand, in Karaul -10 5 0 5 10

village, although nearly the Distance from supposed cloud centerline (km)

same distribution pattern as the ‘ S o ‘ ‘
37Cs and 2°?*Pu inventories  Flg. 2 Spatial distribution of *'Cs inventories for soil
samples collected from 38 locations around Sarzhal
and Karaul villages. Average values (solid circles) are
plotted as geometric mean.

found in Sarzhal was observed,
their levels seem lower for
each maximum. It is probable
that the real center-axis where
the plume passed is near the village several km away from the supposed centerline. The "*'Cs
and 2***Pu inventories in the vicinity of the village are 5,000-7,700 and 200-400 Bg/m?,
respectively. The »°***Pu/'*’Cs activity ratios in Sarzhal and Karaul vary in a wide range from
0.1-0.6 and 0.1-0.3, respectively.

Neutron-induced radionuclides '**Eu and ®“’Co were detected successfully by using extremely
low-background Ge detector installed at the Ogoya underground laboratory after simple
chemical separation. The '**Eu contents do not vary so largely, ranging from 120-184 Bg/m?,
while “°Co contents change in a wide range from 268 Bg/m” in Tailan to 23 Bq/m’ in Karaul,
with increasing distance from hypocenter. It seems likely that the “°Co found is attributable to Co
which is contained in materials used for the hydrogen atomic bomb, the iron tower and so on.
These data will provide useful information on the efforts to estimate radiation dose to the
residents living in Sarzhal and Karaul villages.
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T. Tokunari, S. Nagao, T. Suzuki, M. Yamamoto: Investigation on transport of suspended solids from
Satoyama to Satoumi : a case study in Nanao, Ishikawa Prefecture, Japan

1. prEERELEN

HATIZE R L 0 ILRHEEHEOEESL E LTEHENRTE D . Wb 3 BHINREEIZN S
ZRALTERT I AXDOFICL o TEPRBESHE: - HHINTE R, LML, IEFEDO—K
FEXEMERFEDRPIZEY ., TOX S REBEOMBFEPHL R->oTETEY ., HINTITEMEES
N=Fbk (cEERk) KM GREER) 2L TW5, BEEKIZ A REAR E TR A8t 3%
DTN DMET U, By LEERIB SR T 2 TR SRR S LT 0 5, BEmIZOWNWT
b, HEOMBALSE E THRAIL T ABIAHE SN TED . K
BRBEDK TR HIBREROE MO [P BREI N TS, i
)”Téﬂzlﬁg;‘?é ke B o)ﬁé%iﬁ@ﬁt%ﬁﬁz XoTkxabntns EERIER
=, HifEOFHEIED DT LE B b DR it RIz X R,
B ERRNDEE LTS Z LIINHHTH 5.

TDX I —HOBREEILEE X B ITEE)I-EE DR <SWE
EEZHRTILERDH S, LErL, ZhHDOMRIZSHTITD ek
NBED IV TEE R EPME O LTV, AR TIX. AJIIRERTTITHEET 588K
JIDEKBIZHB T B BREZILD LRBENRITTRELZMT 5 ‘ ‘
=1z, BUEDRE LA SRR B Ol R T-O BRI . i Figl- Location ofthe study area
SHEEE P L—Y—L L THRETTBZ eilAhl. mt e L
ML ¥'Cs Jy ¥ *Ph,, TH V. $EHIZ YPb DO BB TH 5 »Ra LHEHEH TRV D%
BT, ThHIEIRRPHERLEAEAE L, iz HEERRE O Lk <o G FYmi 7 T as L
TRBIIHE LW ERHMOENTWAED RO RZ2REF L L —Y— & LTHIHAT
&5, HREHZOWTZINDS 2 KEHED T RERLE & OVETRELL P'Cs/*Pb,, 23R, EREIROKE
MAERG L.

2. FUBHRI B QN EBR 1k

REARNARIE. KEASLHERDBEPEAL THBREKR)IAT L. HEEEHEMCAH DL W
DOEANNND HRER ENT VB, ZOHEKRIZTB T, B4k TR & & 2 55 2k, AKH.
FCHEH « MRS TRIED HIEE 20~25cm FEE £ TO HEGH 2 Lz, £/, BERJIIAR &
BN ETRT DREARNhEE & N TENENRHER ) Z BRI L 7=,

IS DFFHE 100°C TR L2, T 2mm, WORHERS I 1mm OFRIZA T =D %)
AL U IERS U 7o 24 FEBRMERE D Ge AR T v AR T MV &HIE L. 'Cs ) OV 'Pb,,
Em LT,

REARIIT

3. WL ER

*Pb,, DEEN AT ARG R E Fig2 1ITRT. SFE LEOME ML O VT,
Fig2(a)(b)d & 512 *'Cs Jo O *Ph,, A& 20cm FEIZH T > TNB Z EBWLPITR o T2, LA
L. &Ehk & BEEMRDO X 51T TIlE 2 MREDIREICKERENRSNT, FiT Cs/*Pb, IZDW
TIFHAERHPEANTH > 2. TOERKE LTIE.

REPIRK & BEEM TR RN KR ERBE VBN &L HEWIETREFHBEERES N D
DT, PTHHBOMRKETIZAA LT IPEETIZEREZ NS,

AKH 32 7 Tk, Fig2d(e)d X 5 iz HERaLIz L D ¥Cs e O °Pb,, #2E DI & hit 517
DOBPEALDSBEE T HL S 3L, ZHUzHH LT Fig.2 () X 512 ¥Cs/2Ph,, b AbhFEE & 0 KU Vil

_97_



137 210
zll:ll:pl,;'e:t (Bq/kg) 137g (Bgkg) Cs;' Pbex
0 200 600 200 o 20 40 &0 80 100 00 ©01 02 032 04 05 06

O - 24 0 0 4 P
e (a) = b} = (c)
E 10 10 10 -
T s . 15 4 15
—a— R | R B S
20 - - EFIES EERFL 20 4 20 -
—o- SRR S
25 - 25 25
210pp_ (Bg/kg) 1370g  (Baky 137Cg f210p,
0 200 600 a0a 0 20 a0 &0 g0 100 00 01 02 02 04 05 06
& ; ; il ; . ; . =i : ; ; ;
(d} (e) (f)
5 5 - 5

E
= 10 10 10 -
i ;
P : 15 15 -

20t —— AR R TR 2kE 20 105 ol

-0 - AEARN R TE ki EEm
25 25 - 25

Fig.2 Depth profiles of excess Pb-210 and Cs-137 from soil : potencial sources of suspended solids

FoNTz, FHTHEEH R 0-5cm 2B W Tl TRV 27 LTz, Ph, AT KA B
HEANEERL TSI L, PCs EREPHMEDOHKIBRER TH D BIEDOKE PRI L
TW3, fit-> T EHTIZEBIZBN T *'Ph,, DUREEHHINITHE < Cs/*Pb, A3 K D K
lizm L7 EHATE D,

WRHERED) & A O 1245 FZ Fig.3 B XU Table.l 1277, WIKHEREMITh O Z N5 2 RO
REIR 1T AR O KNI HARZE L KL, WIMERYARPETH D Z L6, BITK DR
EDTRBEZ > T2 RSB Z DD, FROPEREHTED Cs/*Ph, IZONTHLET
Lz L (Figd) & 25, WANIITIRERS? D FiE TTHIIKRE KED SR> DTk
L. RERJIIAHE T Lk TRV REIRIE L AME b iz, REARJITA R TIRIEFE D & BB A
FTHERPLAONLEZ L6 HEHEKE» LOR G2 X VS RFLILBEZD
N5, H D5 VIFFHRAMHGIICRES N TV D IE & EBITHII S SR+ & TIRERRZR > T
LT LBEZLBND,

o, AHETSH SREAR)N i TERIR U RIRHERICBE U T B REIRIE « i RESRIE Lb
L HIZREARN EROM L IZFE—B L TV, Ko TARERLEZ 11 ARIZBWTIE, AWk
Kpidr 6 DFGHREWAIREEDE Z DD — T Tt sl 5 K H 2 b OFEA D ZERY
TRBERGIRIT IR > TWIZ TRENE & & D 728 #EIRFAYIC AL 258 5 T & TKHD b DR -t A % flf
L. & D@ DRGHICRIRER - OB RE 2 5l 3 5 AR H B

Tablel. Results of bed sediments and surface soils

2[0Pb ]37CS 137CS/210Pb
(Bg/kg) (Bgkg) (x10?)
S h 559 + 11 75 £ 1 14 £ 0
PN N :
@ W“Hﬁ . =2 490 + 17 51 + 2 10 £ 1
777 £ 27 73 £ 3 9.5 + 0.5
159 + 7 75 = 07 48 = 0.5
PN
BARAJIT 207 £ 6 50 £ 04 00 02
m 69 + 4 46 + 03 6.7 £ 0.5
L e 72 £ 9 56 + 0.5 7.7 £ 1.1
§ = I ==F 69 = 8 45 + 07 65 + 12
a1 169 + 12 12 = 1 7.0 £ 0.8
Fig.3. "”'Cs/*'"Pb., activity ratio(x10™) ) |226 £ 8 85 £ 06 37 + 03
of bed sediments 223 £ 9 79 + 0.6 3.6 03
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Uranium and thorium records in the Holocene high-resolution sediments from
Borsog Bay in Lake Hovsgol, Mongolia

K. MINO', A. SAKAGUCHT, S. KRIVONOGOV?, A. ORKHONELENGE?,
T. NAKAMURA®, K. KASHIWAYA®, M. YAMAMOTO'

'Low Level Radioactivity Laboratory, K-INET, Kanazawa University, Tatsunokuchi,
Nomi-shi, Ishikawa 923-1224, Japan

*Department of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima
University, 1-3-1 Higashi-Hiroshima, 739-8526, Japan

3United Institute of Geology, Geophysics and Mineralogy of the Russian Academy of Science

“Institute of Geography, Mongolian Academy of Science

>Center for Chronological Research, Nagoya University, Chikusa, Nagoya 464-8602 Japan

6Department of Earth and Environmental Science, K-INET, Kanazawa University, Kanazawa,
Ishikawa 920-1192, Japan

Climatic changes occurring in central Asia have been recorded in
lacustrine sediments as variations of indices such as diatoms, pollen
particles, water content and chemical fossils (Fedtov et al., 2004;
Prokopenko et al., 2005, 2007). Among these indices, trace element,
uranium (U) has also been noted as one of the most important
chemical fossils (Edgington et al., 1996; Goldberg 2008).

Lake Hovsgol (elevation 1645 m), the largest lake in Mongolia, is
located in the Baikal Rift Zone on the southern fringes of the East
Siberian permafrost zone and it is connected to Lake Baikal through
the Egiin River, a tributary of the Selenga River. These features
promise a sensitive response to regional environmental changes in
East Asia. It is, therefore, of great interest to study sedimentary U and
Th and their sedimentation behaviors in Lake Hovsgol, considering
the unique aqueous chemical conditions such as high salinity and
alkalinity, and past changes in lake-level and other factors.

In this study, an attempt was made to understand the U depositional
‘pehgvior as a lir.1k to the further possibility (.)f U serving as a climatic Fisl Map of Lske Hoyssol
indicator. A sediment core (BB03) was obtained from Borsog Bay on  showing coring sites BBO3.
the eastern shore of Lake Hovsgol. By taking into account the BB04
core (7.2 m length, already dated by '*C) which was

previously taken near where core BB03 was obtained,
. . N o
the BB03 core is expected to retain records for about o0 sedimentation rate
. . 0.08 cm/
the past 10 kyr, during the Holocene period, and to be | o \
. . . . . a
characterized as a core having a high sedimentation § \ . Secmentztififale
. b .13 cmlyr
rate (ca. 0.1 cm/y). The concentrations of U and Th S| >
. . 5 O Toc
isotopes (**U, #*U, #°Th, *’Th) and some major <k A Plant recidue
elements (Fe, Al, Ti, etc.) in the sediment core BB03 # Wood fragment
1 14 1 1 1 1 1 1 1 1 1
were measured along with C dating, sediment oL po = o - L
composition (organic, carbonate and biogenic silica Depih ]

: : : Fig.2 Downcore distributions of the conventional "“C age of
contents, etc.) and grain  s1zes of whole sediment TOC, plant residue and wood fragment. The shaded areas

particle and mineral. indicate a layer with sedimentation rate anomalies.
The "C age for TOC was 2.5 kyr BP at the surface
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layer, and 9.0 kyr BP at the lowermost layer. Small age differences observed at depth ranges of 87-177,

1 =
3 =

504-802 and 981-1061 suggested the 120 H
occurrence of some climatic events that /
increased the sedimentation rate. These events ‘00

were tentatively estimated to be 0.3-0.8,
3.5-4.0 and 5.5-6.0 kyr "*C BP by subtracting
2.0-2.5 kyr as the regional reservoir effect
from '“*C ages for TOC. The **U/”®U and
#0Th/**U ratios during event periods showed
a trend to move closer to equilibrium,
indicating that a large amount of terrestrial 0
matter deposited rapidly.

The discrepancy of the depth distributions
between “Th and Ti or Al suggested the E izg-3 .The depth _meﬂes of **U, *Th and
existence of authigenic *’Th in sediments. Th in bulk sediments.

The authigenic **Th fraction estimated by

using Ti as the correction index for F 7120
terrigenous component was up to 80% of 5 Auth Fe .
the bulk concentration. The existence of -
authigenic 2°Th would have a serious
effect on U-Th dating for lacustrine
sediments.

The downcore distribution of authigenic
U estimated by using Ti correlated well
with that of bulk U in sediments. The
apparent distribution coefficient ("Kd"®) i
between dissolved U and authigenic Fe at oYL B B RN I I E
present was estimated to be 10°° (log 0 200 400 D:g?h (em] 800 1000 1200
(YKd™)) = 5.5), suggesting that the
coprecipitation with iron oxy-hydroxides
was the main cause of authigenic U.

The U concentration in bulk
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Fig 4 Comparison of authigenic Fe and authigenic **U.

sediments was more likely to be ey

controlled by dissolved U, the amount 4500 }

of precipitated iron oxy-hydroxides and o

UKd™. If the "Kd™ values have been 2 2000 | =

constant, the U concentration of bulk . -

sediments could reflect the intensity of =5 1s00 |-

chemical weathering of terrestrial rock. ,';'5 - &

However, considering the instability & 1000 |- L

and variation of “Kd™ under the u\;s - § #

conditions of Lake Hovsgol, further 3 oo = i *

interpretation of the variation of U in T ey T S

sediments will be needed. - : LB -'T'q-.- |‘.-. IJII . ?ﬁ"‘:‘.wl
0 200 400 600 800 1000 1200

Depth [cm]

Fig.5 Product of YKd™ and Uy, calculated from
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Radium isotopes in Na-Cl type groundwater from the Japan Sea side of Japan,
Central Japan

Junpei TOMITA', Taijiro FUKUYAMA', Keiichi SASAKI?, Seiya NAGAO',
Masayoshi YAMAMOTO'

'Low Level Radioactivity Laboratory, Kanazawa University, Nomi-shi, Ishikawa,
923-1224, Japan
*Department of Cultural Properties & Heritage, Kanazawa Gakuin University,
Kanazawa 920-1392, Japan

Radium isotopes, mainly “*°Ra, in groundwater have been investigated worldwide from
various viewpoints such as radiation exposure and behavior of Ra isotopes at oil- and
gas-fields, search of uranium deposit at underground, Ra isotope contamination of drinking
water (Vengosh et al., 2009), and natural analogue study related to radioactive waste disposal.
Anomalously high *°Ra concentrations over several tens of Bq kg™ have been often found in
brine and saline waters from oil-and gas-fields worldwide.

In Japan, **°Ra contents in groundwater have been measured from 1930’s, and many
studies have focused on the survey of radioactive springs or analytical methods. However,
detailed and systematic studies on Ra isotope transport into groundwater were very scarce.
Recently, with the development of more sophisticated drilling techniques, various types of
deep groundwaters have been obtained from deep wells over 1000 m in depth drilled in
sedimentary basin and coastal areas. These groundwaters are commonly characterized by
Na-Cl type groundwaters with intermediate salinity (ca. 1-36%o) and are considered to be
fossil seawater in origin from the stable isotope signature, which makes a better understanding
of the processes controlling ***Ra concentrations and ***Ra/**’Ra activity ratios in these
groundwaters scientifically very interesting.

In this paper, Ra isotopes (**Ra and ***Ra) in Na-Cl type groundwaters from Ishikawa,
Niigata and Toyama (Himi) prefectures, where
are located in the central Japan and face the 10000
Sea of Japan, were measured together with g
28U and *’Th contents of rock samples
(vertical borehole rock, rock from outcrop)

)
-
Qo
o
=

=

collected from each area. Transport behavior gf
of Ra isotope into groundwater was mainly § 100
invesigated, based on *°Ra concentrations and & i
228Ra/***Ra activity ratios in groundwaters, i 10 f ‘ & Bk
and ?°U and *’Th contents in rocks F ] i | ® Niigata
measured. ! ; i | ® Toyama (Himi)

Groundwater samples were approximately h.g 10 100 1000 10000
neutral and their concentrations of total Ra-226 (mBq kg)
dissolved solids (TDS), vyhich.were deﬁned Fig.1 Relationship between **Ra and **Ra
here as the sum of major dissolved ions, contents in Na-Cl type groundwaters

ranged from about 1-36 %o. Relationship
between “*°Ra and ***Ra concentrations in
Na-Cl type groundwater samples is shown in Fig. 1. The concentrations of ***Ra in the
groundwater samples ranged widely from 1.8-2143 mBq kg™, and higher *°Ra concentrations
over 1000 mBq kg were found in some groundwater samples. Activity ratios of ***Ra/***Ra
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in water samples varied from 0.32-12, and were similar to or higher than ***Th/?**U activity
ratio (0.12-2.3) of rock samples. It is worth noting that groundwater samples from Himi City,
Toyama prefecture, showed high ***Ra/**°Ra activity ratio as high as around 10, most of the
groundwater being from 1-3. Such high ***Ra/**°Ra activity ratios in the groundwaters are
rarely seen.

Radium isotope are supplied into groundwater by multiple processes; (1) decay of
dissolved parent nuclides (Th isotope is considered as insoluble element), (2) weathering
and/or dissolution of aquifer rock, (3) a-recoil at water-rock interface and (4) desorption
reaction at water-rock interface.

For old groundwater, weathering and/or dissolution of Ra-bearing aquifer rock would result
in the lower **Ra/**°Ra (***Th/***U) activity ratio than those of host aquifer rock due to the
difference of their half-lives. On the other hand, a-recoil process would produce the same
*2%Ra/**°Ra activity ratio in groundwater as the **Th/?°Th (**Th/**U) activity ratio of host
rock. Desorption reaction at water-rock interface would reflect the same ***Ra/**°Ra
(**Th/?Th and **Th/*?"U) activity ratios in groundwater as those in rock surface. Thus,
a-recoil and desorption reaction are considered to be dominant processes to explain the
measured “**Ra/*°Ra activity ratio in

4
groundwater by assuming no retardation of & aliili
*®Ra relative to **°Ra. Recently, some © Niigata »,
researchers have pointed out the existence of o * [ L2 2T . %"
surface coating enriched in Th isotope at 4 o c%; oqc;
water-rock interface. It is interpreted as £ % k 00 %. e
given below. Thorium is extremely insoluble g; C? 20
element. Thorium isotope ejected into = ‘e o% o
groundwater by weathering of minerals =4 & o %;, 9
might be rapidly precipitated onto the © 2
surface of aquifer grain due to their 0 ) .
solubility limit. Radium isotope produced by 2 3 4 5

log (TDS), mg kg-'

Fig.2 Relationship between *Ra and TDS
contents in Na-Cl type groundwaters

the decay of such Th isotopes can be ejected
easily into water phase by a-recoil and
desorption reaction. Thorium-232
accumulated in the water-rock interface, therefore, might be acceptable and possible source
leading ***Ra/**°Ra activity ratio in groundwater towards higher level.

As shown in Fig. 2, **Ra concentrations in groundwater samples show a increasing
tendency with increasing TDS contents, indicating strongly that **Ra concentrations in
groundwater samples are much more controlled by adsorption/desorption reaction depending
on salinity (Kraemer and Reid, 1984; Sturchio et al., 2001). If this is a main process leading
2°Ra concentration in groundwater towards higher level, higher production rate of Ra isotope
by a-recoil would be required. According to the equation by Kraemer (1981), such condition
can be readily attained if the layer of higher specific activity of Th isotope is present at grain
surface. Since half-life of **°Th (7.54 x 10" yr) is short compared with geological scale, the
activity of »°Th of surface coating might be supported by U isotope (***U and ***U) in old
aquifer. Therefore, both salinity in groundwater and distribution of ***Th and **°Th (***U) at
water-rock interface are considered to be very important for the transport of Ra isotope into
groundwater.
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: Study of characteristics and behaviors of dissolved organic matters in river water at ‘Satoyama’ in the Noto

Peninsula, Japan
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Nobuo SUZUKI', Toshio SEKIGUCHI’, Honoo SAKAKE?, Yuichi SASAYAMA': Calcitonin in Ciona

intestinalis suppresses osteoclastic activity in the scales of goldfish.

ANY F= T2 DT X h O S, WLV TIEIHRRIRO CMildr b nw s, BEIT
DOFHEE TIX, BERE VO NDMEBRENPLRIMINDHRLVEL THDH, BV b= 3 EHia
OIEMEZIHIT 2R H 2 2 L1k, —HBOBFHEEY (MILELK OE) TIEHLMMThoTnD (8
A, 2005), — 77 BEHHEEIDIZ BT LY b= UMM S Tu % 25 (Sasayama et al., 1991) |
MBMEE O N> b= OEEIX, ZhETHEIN TV aroT,

HNEATULARYDYT ) 270l MR T LT, BEZT LA RYDERYT J MMERINH LN
mole, ZOFHRERKIZLT, &ii. (M) o N —EWAEERFEFRTOEN b0 7 v —71%, #
A LARYDOANY = DI ERE LTI, ZOXTF NI E TR ATA L THY, C
KIGOT L N7 ) o T7 2 MMEL Tz, UL, BHEEMO LY =2 L3820 30 #
DT I VBPOLRHRIN TV, B OO =B RN L TWD COS-7 fifldlc, Z o~
F REEH SEEMEE, SBE (10° M) TRWEE FOB ALY b=V ZREREEITHEA LRy, 107
M CTLDOIERRHALNIRNDT, HX 2T LA RYOINY = PNAERIEEEZ AT 5 DIERHTH
Lo AEAATVLARYDOHINLY = ZREOEINBEN LD 7V —FI2 XD IRES N TWDH,
COS-7 MfSE TORBUTKM L THBY, WX 2T LA RYOINY = NEBEEE BT 25080
IR THD, B hOIy h=2 (identity 25%) LV ¥ 7 DI h=> (identity 34.4%) D5
MAZZTLARYDOHINLY =B THDEDT, DT v A VAT AERHWZTN, X2y
LARYDOAINY h=r OEBERZE LI CE 2/ BERS D, 2T, X2 LA RYO
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MEEE LT ¥ a (Carassius auratus) (X A K 50-80 g) &Mz, ZaHDF ¥ 9 & MS222
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Z®Ovr % HEPES (20 mM) (pH7.0) R OBIAWE (1%) =&Teki# (MEM, ICN Biomedicals Inc.
) WMz, BEZTVLARY LY b= OFMIBICT2ERHZ vy b= L g LT,
FERIREIL 15CT, ZRENOANY F =V OREEZ 10 M 205 10°MIZ LT 6 KON 18 Bl L
T, WA VLARY EF Ty b= OERZBIT LT,
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et al. (2009)D FIEIZHEVY, Ty b =2 ORI 5 D 1EH 287,

EBR2 W F AT LA RYDOINLY b= OFFEMAIC T A EA
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AT L ARY LYY = OFFEMI KT AR 2@ L,
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i D control - Ci-CT - D control . sCT
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Figure 1: Effects of Ciona intestinalis calcitonin (Ci-CT) (A) and salmon calcitonin (sCT) (B) on osteoclastic
activity in the scales of goldfish.
*, ** and *** indicate statistically significant differences at P < 0.05, P < 0.01, and P < 0.001, respectively,

from the values in the halved control scale. The results are expressed as the means = SEM (n = 8).
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Suzuki, N., et al., Life Sci., 84: 482-488 (2009)
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Comparison of the mRNA expression rates of the androgen receptor, estrogen receptor B, and bone
morphogenic protein 2b in dorsal, anal, pectoral, and caudal fins between normal males and females in
Japanese and Thai medaka (Teleostei) and in sex-undeterminable individuals in Thai medaka

Arin Ngamniyom
Noto Marine Laboratory, Institute of Nature and Environmental Technology, Kanazawa University, Noto-cho,

Ishikawa 927-0553, Japan

The Japanese medaka (Oryzias latipes, Teleostei) is a model organism frequently utilized for
experiments in various fields such as reproductive biology and the study of sex determination. The
medaka was recently used as a sensitive bio-indicator of exogenous active endocrine chemicals. In
the genus Oryzias, males can be distinguished from females by the secondary sex characters of fins.
The dorsal and anal fins of males are usually longer than those of females. In contrast, the pectoral
fins of females are longer than those of males. Papillar processes are present on the anal and
pectoral fins only in males. In addition, leucophores are well developed on the caudal fin in males.
In males, the numbers of papillar processes on the anal and pectoral fins and of leucophores on the
caudal fin increase during the breeding season. The Thai medaka (Oryzias minutillus) is widely
distributed in Thailand. This species inhabits shallow ponds, ditches, and paddy fields. The
secondary sex characters of fins in male Thai medaka are similar to those in male Japanese medaka,
and the dorsal and anal fins are likewise longer in males than in females.

In this study, we sought to clarify the molecular-biological background of the secondary sex
characters of fins between normal males and females by examining mRNA expression levels of the
androgen receptor (AR), estrogen receptor (ER) B, and Bone morphogenic protein 2b (Bmp2b) in
the dorsal, anal, pectoral, and caudal fins in Japanese and Thai medaka. In addition, we examined
how these genes are expressed in the fins of sex-undeterminable individuals of Thai medaka by
comparing the expression levels to those of normal males and females.

In males of the Japanese medaka (Oryzias latipes) and Thai medaka (Oryzias minutillus), the AR
expression rates of the dorsal, anal, and pectoral fins were higher than those in females. On the
other hand, in females of both species, the ER  expression rates of the dorsal and anal fins were
higher than those in males. In sex-undeterminable individuals of Thai medaka, however, the AR
and ERP expression rates in the dorsal and anal fins were intermediate between normal males and
females of Thai medaka. In the Bmp 2b expression rates, there was no difference between males
and females of Japanese medaka. In contrast, in Thai medaka, the Bmp2b expression rates in the
dorsal fin of sex-undeterminable individuals were lower than those of normal males and females.
Therefore, it is clear that, in both Oryzias species, androgen and estrogen regulate the
sex-dependent characters of fin morphology. In sex-undeterminable individuals of Thai medaka,
the low expression rates of Bmp2b in the dorsal fin are evidence that those hormones are necessary

for the adequate expression of Bmp2b for normal development of at least the dorsal fin.

(RBFFEIE, RKFERF e 3 AR A SER MR85 Arin Ngamniyom F O 13m0 D — B &
L TiThii)
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Yuichi SASAYAMA', Mitsugu KITADA? Akira TAKEUCHI’, Tetsuya MIWA®: A few findings regarding a

peanut worm collected from the bottom of the deep sea of Toyama Bay.

EN (1ZLL<B) B nbhd T T LA ROEMIZTF4 % 5 2 720D%, Linne T/HNIRKEZE
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Sterunwurmer DERTH D, R LUINFFEIC L > TiE, BERBISHWVFER WL 2 Icb /x5 2 &
NI X peanut worm & VN9,

Alal, SRR 21 FERMEFA AR A [N A S— KV 7 ¢ v ) FAEEM (NT09-16) 128\ T9 H 11
H& 12 Ho 37°17.0°N 137°40.0°E }2 1} 37°02.6°N 137°08.7°E @ [ DIV TENAZFRN 1400 m B
L ON1500m OUFIE L 0 G5 3 EIRD A > A BERE STz (Figure 1), 215 13K & T 12 em, 5 cm,
3em FRETH D, LHkZE 5 & population O HFLNTHHTHAZ L WEMWTH B 53, & b idH i
DOFEO FeHFEH SV, W ONZ ARG - FIRIEIC 09 5, IR 5000 m 2> S EBOFENH Y |
FRPEOFE XA & AR CHEEN H 5,

SEOF T, A7 FRY 5B Hol & FNTHC, EANC 1 ER2S 5L LI IREE TR 22
STEONZXoNTTH D, AHEOEINEOENDL L THLMNTETHZREREE CREBITIEF I D70 &
HIWr S 7, BREE SN ERZITITANK 218 Lf(ﬁﬂ:“%@ﬂé"éﬂm FO@E, FEROBLFELTH-
7-DOT, FAYVDOREBRITND EHBINTZ, Ry vid, BRE FOMbKENZ O HH T
REVFELE LIRWHKIEN %2 LT ATP 215 T\ 5%
ZENRbhoTWE, LER-T, ZOEEIT ST
MO BEPOBBICEVBRIZZEZIZELTELED
DTIERL, ZZTHEIELTWHEETH D &k
ENb, bH 2Tz TR FTELE HEITRED
3 OB TIROFNBH I N, D 3 fE{K
NDE—FETHL0ENE, BIE, FATHD, S
2, ZO3EETRTUICEZ 05 mm L FOHRED
FTR AR OE R L EHAE L TWDOR RO -T2,
WALENM O TREPED BV, — T, Flbld, AR Ay
MEREEDORE R, FORYERBRELE L TEMEL T
LE 9%, PCB°H R U LEDOEEGYOFREEH)
e L THEAINTEBY, L ERORFIHNEE

nTns,

Figure 1. Photograph of a peanut worm

discovered on the bottom of the deep sea

of Toyama Bay.
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AN E LG LHBKIETIOR I L2FEICONT
IR A
T 160-8582  HULHERHTfE X (F T, BEMERBAT R REEREIEE - Z—
Kazuya KOBAYASHI: Macrostomidae (Platyhelminthes, Macrostomida) from Japan: Description of two

species of Macrostomum and Bradburia living in seawater.

RIEE PR I BT 5% A8 H (Macrostomida) 1£~ 27 17 A2 b~ A8 (Macrostomidae) ., R VU =
~7 1A h< .58 (Dolichomacrostomidae) LT, 27 12 X b~ AF (Microstomidae) O 3 F7»5 7
Do —RINCWVDD LTI/ RA MY LIEHEWVWI DI/ R A MY AROEAEL WD, v /v A b
~ DK, VUK, WIKICEER L. HERAYIZIE 100 FLL EOFERFE STV D, I —r v EEEK
Bi~ 27 1 A b~ I Macrostomum lignano V%, 775V 7O b OHARINTINZ T, JERIFIZ D 220l
fadk (K92 755 THE) ., EERICENT A 7% A 74 (8920 HE) &0V )5 Fa i > T2 (Ladurner
etal,2005), ZHLDORIL, 77TV T TIINEETH - I AR ELBIZ T OMLZFF L. M
lignano W3- €7 NEM L LTI SN TWD, — . BARTIEL, A~ v X h~ AORHEN
6 MIZEHREHDLDOHT, WK~ 78 2 b~ AOREEHITRIZD STV, ABFETIZ, TF
2T A RN —RBLENL L, BARNSET VEW L 20 551K~ 7 0 A b~ A EEHT D
ZExHEHBE LT,

A~ 7 0 X b~ A0k, BIBREY (Interstitial organisms) Td 0 . WS LIE DRI+ DRI AL
LCTW5b, BB OREICIL, #5620 G EDOL DT T2 PNEETHY . B
JE U THIENEZ D (Ax, 1966; Anderson & Black, 1980; F*E3ZHI, 1985), HEHOM LD X 5 ITRE
MFFUETEOLNTWOIHEIT, Ay vaTEE, PR EZIETREL TRETE N, REE
MOLINTERZ LN EOERT WA LRNBLETH D, £ T, KIFETIE, EENPEEL
ToEAOKIEZ B Uiz (%52, 1988), AARKHNL Y 7Y 7 Uiy <oUe Z2 i AOKIE TRBR L |
BoNEMBEMOFIC~ 7 B A M~ AREENTODENE I NEFE LT,

[75i£]

1) MR - JE DL

WD - JEDEREUL, Table.l @ 4 AP 12 M5 TiT7e o 72, — R, WkEi~ 7 0 2 b~ AF7RK
R EHF T L DN Z N ERH LN TW=D T, BRI E L T2 5 3] A0 RF O g &
AT, SHEOFRHK 1 cm O - 62 FTREIMN -7, SER L7 - Bl =— 18I A

- 110 -



. R LD HEMR L. TR AOKIEIZ W,

2) 1 K OK 15
FB160um OF A B Ay v aziiotE

BEL, BEEHIOmDYy— Lot —h—

Table. 1 Sampling data

EL95cm,. & & 16.0cm DT 2AF v 7 8o M % H

\ZHEE 1.023 IZFAEE L7 ALK (m—k~<U

Date Localities Sites
10 May, 2008 Turugisaki,MiuraPeninsula, Kataya-1 35°08'31.24"N
Kanagawa 139°40'14.50"E
Kataya-2 35°08'31.24"N

25-26 May, 2008 Noto,Ishikawa Tsukumo Bay-1
Tsukumo Bay-2
Koiji

Hanami

Hane

Oura

Hime

28 Sep, 2008 Toba,Mie Sugashima-1
Sugashima-2
7 Nov, 2008

Ajigasawa, Aomori Akaishi

139°40'14.50"E

37°18'14.76"N
137°14'28.38"E

37°18'23.87"N
137°14'21.34"E

37°27'58.86"N
137°14'36.12"E

37°17'19.09"N
137°07'00.76"E

37°18'02.37"N
137°10'30.84"E

37°18'01.90"N
137°11'21.85"E

37°17'46.30"N
137°13'01.31"E

34°29'04.48"N
136°52'36.27"E

34°29'04.38"N
136°52'31.68"E

40°45'38.11"N
140°09'32.07"E

REI-SEA) #7= L

BN, HEHEIC A 7 — o & D TEE L 72 Vb <o e

L EORICEEEOE, o ki, AFoF A e Ay vaflilEZEKIZLT
#9500 mL A7z, ¥Abeie o bz

JEfRZfRA T, —KFETHWO N BOKILCTYER L7z N TH#/KOK—IL50% O i, KK
SERIZIRT =D BT, YRR D Vv — Lo B — B — 2T T & - B & SRS T CBl

3

2= L7,
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3) @WHEHIE

B EE W - JEORBHOREAZE L, 3 —w v/ ~F M. lignano DFMFZ AL LT
€ L7z (Ladurner et al., 2005; Egger et al., 2007), #E/KIZ A TyEKZH v, fAEIREF20°C £ L
Too BRIZITEEREZ G 270, 1| I —E, ALK OZHIES LOEBROIRM AT e o7z, Bk
FEWITLUL T OFNETER L7z, 600 mL A LiEK, 1 mL#&# A (100 mL (T 20 g Sodium nitrate, 1 g
Sodium B-glycerophosphate, 1 g EDTA-Fe, 6 g Clewat 32, 10 g Tris, 20 mg Vitamin B, % {&fi# Ui E2 C
pH 7.0 ([ZFH%E L7=.) . 2.5 mL A% B (500 mL (Z 7 g Sodium silicate Z¥&fif L7-,) ZiRA L7=H &
MR T 1000 mL £ TART v 7 L, EEEEERIKICEER 2 AN THIEAT T, =7 b—21 3 U &
LERICEWZ, 1 7 A TEEIEA T 50T, ELEN LZS D% 4°CITRF LI,

[ 5]
Table.l] TR UTZVBID « BB~ 27 2 A h~L BN A2EWA ., ZiHEE-1 & GEERRT I

THEFR CE 7o, HEMICHTIE Z Miura-2, 24 % Noto-4 & FEOY, [AIH A COFHA 2 Mkt L 7=,

1) Miura-2{Z DWW T

2008 4= 5 H 10 H OFETIE, K500 mL OJEH S Miura-2 13 30 PUREFR T X 7z, AFHEITIPNR
PR TED, FBRITO» O THIIIIREATH D L HIlr Lz, 2008 427 A 19 A OHLET
13,49 2000 mL D75 Miura-2 73 39 VLR T X 72,2008 4- 5 H 10 HITEAE L7 K &t~ T,
BN RESHEOLHERTE L, BEF IR, Vv — VIRIZEADIT NIRRT E 1,
Z OINE M. lignano Db D L HALL L T - (Egger etal., 2007), FEIIfRA 1 R TSE L7233
HEZIIFET CHATLE o7, B DR T, KIESCHERE 72 & O S 03 E B & i I25E )
WRWVICHEL LT, 1 B bHERFCTE 20y o7, 2008 47 H 19 H OFEMAKIT, HEAIT R
LTCRBY~Z A M~ OFHEL 725 copulatory stylets («=2R) LR TE 7=, LFEHFIEE D
Dr. Schirer L. (A A X «+ N—F/LK) IZHELTH B olzb TA, Miura-2 (THIFYECALIE THER
ENTWD M. pusillum (L L TW5 2% (Faubel, 1977), FEREMIICIEWWNREZ S ALNDHED T &
2ol

2) Noto-41Z >\ T
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2008 £ 5 H 27 B O TIEL, K 1000 mL OFfd 7> Noto-4 |% 71 VLR T & 72, Noto-4 I%
Macrostomum J& LRI U<~ 27 10 A b~ LAFHTB T % Bradburia J& D Td %5 & Dr. Schirer L.IZ
KV ¥IE ST~ Bradburia J&1X Z AV E TIZ B. australiensis & B. miraculicis @ 2 FEDS I E I T
HDIHTE 5 (Faubel et al., 1994)

Z D%, 2008 47 A 29 HOHLETIE, 2000 mL OYFERSH 5 52 PLdD Noto-4 e T X 7=,
L2xL. 2009 41 A 20 B (%) 8000 mL D#Eb) . 2009 452 A 17 H (% 4000 mL DY) . 2009
3 H 25 B (83000 mL OfFERS) . = LT, 2009 4= 6 H 15 B (K 2000 mL O¥FERY) OFFAE TI,
< Noto-4 DR TE 7o 72, 2009 4 7 A RITEEL L 7259 2000 mL DR IZ Noto-4 25 4 VTfE
WTE T,

Noto-4 |%, Miura-2 O K 9 IZHFFEE T, HH T TR Z i3 < BRERPERITHER T
5, LonL, fEOEEENE L TOW2RVOPEEL TV HRTFRBREINR, MRE LT, W
B AE DBR THLIWREICIVRAITNEL B o T EOEFREE &1LV 2 R0 B
BETH D,

(£ 9]
AWML TIIARFY) & 72 DA~ 7 0 A b~ A2 FiA% L L7, Miura-2 1% Macrostomum sp..
Noto-4 X Bradburia sp. T 5 & HIE STz, BIEITHELCTE o7,

AEE AT K BT HEEV BT JEAT 2008 R FEEBIAFFEBI R DEEBIIC K v 1T/ bz,

51 TR

1) Anderson, F. and Black, L. F., Mar. Biol. 17: 637-638 (1980)

2) Ax, P., 1966. Okologie und Biologie. Veroff. Inst. Meeresforsch. Bremerh. Sonderbd. 2: 25-65 (1966)
3) Egger, B., et al., Dev. Genes Evol. 217: 89-104 (2007)

4) Faubel, A., Senckenb. Marit 9: 59-74 (1977)

5) Faubel, A., et al., Invertebrate Taxonomy 8: 989-1007 (1994)

6) Ladurner, P, et al., J. Zool. Syst. Evol. Res. 43: 114-126 (2005)

7) GHESTHI, BOT & E0AEE L0 E. HEELE (1985)

8) %7751k, Intersticial organisms (or Mesopsammon) — ] BREN#) D 75 BEIZ D T— (1988)
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¥ vH <RI Lan) He XITBT BRERER D LB

EAREA L ARt - SR - KT —HE 2
'T920-1192 & RMHAMET AR KRR B RE P 2E R
27920-1192 ARTHAMET 4R KSR B ARUEEREM T o ¥ —

Yoshimoto A., Kimura K., Kasagi T., and Kinoshita E.: Estimation of the fertilization and reproductive

success and breeding system in Viburnum wrightii and V. erosum (Capliforiaceae)

1. [FC®HIZ
R D BALERF I & hi . hEw L8 (B & OBMROER (EWER) 2L > THERE S
TH Y ( Rathcke and Lacey 1985 ; Kochmer and Handel 1986 ; Haman 2004) . BHAERHAE H . BHAERRGEHA
IR AEPEICRE B L T D (O°Neil,P. 1999) Wbl T,

SRKFRINHXIZIZI P~ T~ AL an ) v XINFRFICEE L. 4 APAICHEZIZT
W, EOHAHATANC TN T XAINEEED D, FETORINZEY . BEREREIZZ A3
NEH 2SO0, WEOBEDNAF 2% 5 FHF iR TH -7z,

ZEAEX B OB KRELS b o Tnd &b TWws (Loyd and Schoen 1992,
Thompson 1998 ,Schoen,D.J. and Brown,A.H.D. 1991, Goodwillie, C. 2001),

FIT, OB ZI VP~ an ) v AIDOREHEXEZHGNCT L E LT,

2. REHE

GRKFRLHX T, IY~H~vXILan) v XI0RET =/ vy —fik L EHERZIT-
7o

PIEY =/ v o —AIE, R 67 2 LICBEDIRIEZ 5 BPE (0: 5%LL T, 1:5%~25%,2:25
~50%,3:50~75%,4:75%~iif{) ThH S LT,

ARBLSEBRILLL T D 4 JLEE % 4T - 7= ( Open-pollination , cross-pollination, self- pollination,
Auto- pollination ), ZFEERIZEDIL7=IEF (Open-pollination (%, F&R<) 1E. AiH - TENITZE L, FHEhk
DEIZIET L, BB TH#IZ, 7T L7, BIER T 3R OIET H72 v O RFEOFKRFR
R E U, EVET (BB T 2 208M%) 277 AF v 7 Ry F(5x5x5 em)IZiF & | FEHFHE
BRaiToTc, BFERND, SEFHTD OB ZHETE LT,

3. MBRLEE

fE7 =/ vv—

SAEMEL. A AMMICI Y~ T~ XINRICHAMEZEG L, 4 T3 T~ X1, BYE
Bt L7, 2FEOBMEOE RV ITK 1 HEM, BAEE— 27134 ATz (K1), 2FEOBHE
BB E > T D ATREER B D,

RELRRE
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FNENOH L)L THAERK T 3 % O REDRAFRZ I LT,

IV A RAIL3EME LA BEFERZHIETFE BBBFAEFIXT LA EHEE LR o7, 2k

10— UAEF O AFRIL, il B X2 OBRGFREIVARIZE N1, ZOZ b, v~~~

AIFAEARTEETHDH ENVZ D,

AN ) v A, 2y b r— VB ORAERITRE B R ETF ORAFER EABREN R Mo T,
ﬁ%ﬁ% MAEFF ORFRIT, BEHEEZHOBGERLVARICEP T2, ZOZ NG, any i

S L LTI, BEMAEMETHL M NE W, £72. a3 hua— L EFRIE. FEE LN,

HEHZSHETFITHE LR o722 &0 b, fETHDIIE, R RX—F —DFERRARTH
55WK50LWL\Zﬂ/ﬁvxli\@W%#%Oﬁ(ﬁlﬁ)ik\Zﬂ/ﬁVXi@pm%ﬁ
m <, SHEMOER - BT, KA BT, ZOEHBE LT, 2N T XIDFS TO.1LL
TOEEDR 50%~T76%d -T2 Z ENHELTNDLEEXLND, ZNHLOEEKIE, v~ T~ X
. BEAMAEOBETHD E WA D, TDIEDO AN ) <RI D 24%~50%DEAKRIE FS 73 0.1
Fo R ZnbofERIE, BRMEMEOEIETH L L Z D,

AL OIEFE O THE TR O RBLER A T H FZ RSN KDL, AFEMAMEICBEITL T b (Igic et
al2008) LWIHRENH D, AN T~ X I OMEMEOEEEL, BERFMEMENHEL, BEME
PENEBATLCEL LA D LN TE D, BEANMEGMEOBRIL, HIRH 72 B D A REFHY R
MWIZELHE 2 TETThA A,

# 1  Frequency distribution of fertilization success in the self-pollination experiment

N, the number of plants examined.

V. wrightii V. erosum
Fertilization 2005 2006 2007 2005 2006 2007

Success N=12 N=140 N=37 N=12 N=33 N=32

0 0.33(0.32) 0.49(0.25) 0.57(0.23) 0.08(0.68) 0.18(0.33) 0.16(0.38)
< 0.1 0.58(0.41) 0.44(0.37) 0.41(0.35) 0.42(0.56) 0.58(0.44) 0.56(0.51)
< 0.2 0.08(0.61) 0.02(0.15) 0.09(0.50) 0.06(0.76)
< 03 0.03(0.55) 0.08 (0.40) 0.03(0.56) 0.09(0.14)
< 04 0.05(0.32) 0.08(0.34) 0.06(0.36) 0.03(0.30)
< 05 0.03( - ) 0.06(0.32)
< 0.6 0.08(0.73) 0.03(0.27)
< 0.7 0.25(0.64)
< 0.8
< 09

Mean FS in the cross pollination experiment is given in the parenthesis.
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BERAESER YR =22 AW RT v FT YR = 2T ADOEE

LR S = S A/ =1 I

'T920-1192  ARTAMET  SRKF
2T920-1192  &RTARMET AR KPR D AR E v 4 —
Shinya KAWABATA', Kazuaki NINOMIYA? and Nobuaki SHIMIZU? :

Developent of novel drug delivery system with ultrasound-mediated thermosensitive liposomes

1. &S

DN PARIRIED —DIZHIB AFI & W T AL 22RO IR
ERHDLN, BWERIC L 2BEFE~OAHENKE N
ZENMEE o TWD, ZHIEHOEOII A
Fl 2 DS AR SR E ST D021, I AFID
KEFRGENVEL 2D | BRI L THIE
HALTCLEI>=DOTHD, ZOMBEEMRRT D7
DI, FIARNZ R I AR D ATk E S
BDHIERRARTHY, TOHELE L THEARE
HBodibxz B LeHl- FikimThr Ko7

ZFYNRY — 25 K(DDS)Z LA L - 1B,

FHONABREELE LTRSS TS, Ll
e D DDS IR TlL., BRIZIB W T+ 72 1RER)
RBrEmsrZ ENRREEE STV,

A, £V &R CTEIER O D 22 Dk iR R
DDS /G & LT, - HBEH -/ &L oYyile x
NE—ZFHALEBBRY AT AERB AR
DDS JEIE & A SH-EURA v FHR AAI
BV AT ANREINTWDS, ZOWBEBRY AT
L TIERER D DDS 5% & i L ¢, Ol = x v
F—IZ Lo CTEAB RN R END . QAN H
ZZERIRICHIE C & 5, O@FKANZh R A K L2 il
BTEDEVHSTFERH Y, X0 BNAYITIHER
A ZSLNEDS TX | JERBEN D ATRIE D Al BE
LB,

AW T, ERBEA 2N ABEEZEE L
DDS 76 & U CEE R ES DDS OR§EE %
HEE T2, Fx BTN EAET B
TWF v EF—3 9 KD RETIRIEE BRI
HEE L7z, £ ZClREIGSELES o T 2B LY
Y — N ERL L B PR IRE D SR A i A RE
[ZOWTEHI L7z, F 728 U 2B iR &
Y R — LD in vitro TOHIELEIEIZOW
THRET L7,

2. B
21 YiRY—L

UARY—n&X, ARER > THD Y VIREIC
Ko THERR & v, NAANZ KR 2 & SRS — 4 15
(7 A T HEE) TR S N5 /NEIRTH 5 (Fig.1), U
R =K F Y VT E LT, OFENIFE
A ETR L PURMERMEV, O~ 2 RIS/ N

5THY | FEAMEAHRICATA D, QLA THREH
Shd, @FFHLZT TRBIEFREGEHATE
B LWV TERRBET 6D,

Liposome

Phospholipid

Hydrophilic group

A

Hydrophobic group

Fig.l1 Structure of phospholipid and liposome.

22 RELEMHESF
REISEMNE ST L1, HDREICL > THE
EEZDESTEV D, ARIE TIEBUKME TKRIZE
it B H, T PRES SRR FE (LCST) & FRIE L DR
FELL 72D EHUKPEL 700 R L L CTHM - IL
B D (FHE BB, Fig2 IOk 271, 2
DOIREREMES 7 T 2FH LT, IREIREHEE
MUV RY — 22452 L TE, N
MO EREIC L > THIET 2 2 E R alfE L 7
Do

Hydrophilicity Hydrophobicity

Fig.2 Phase transition of thermosensitive polymer.

3. EE&

31 BEREMES FEMHIRY—LOER
ABFIECIE, BERAICIEET DT v U
T EERIT A 7012, VR Y —ADFEREIZIEE
ISBEMEE S F R EM S B e, £ Y VN
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'Z(DMPA:DPPC:Chol=10:40:50(E€ /L }))20 mg, i
FEIEMEE Sy 2C15-poly(NIPMAM-co-NIPAM)20
mg |2, FEAIET NV E L THEERETHS 10 mM
HNEA VIR 500 ul ZIREG L, ZihE 4°CT3
BEER R 2 FEPRT% | 12043 BE(20000 rpm, 40 min,
5CHT Lo THEHE L. RNED I LA v & RK
IS DSBSy T EREL, vk AS BN
WLEREREES S TEMY KXY — A
(TSP-Lipo) & %7,

RESEEE S T OEMZMfERT 2720, 71
I AFa_X—H & HNT 25~42°COHPH T
15 3R U7z, IR, st~ A4 7 e L—h
J—XZRNT, Bt A O ETHEE (Ex:490
nm, Em:520 nm)Z H{IET 5 Z L2k 0, EEIC X
2 Nl O F s IE 2 5FAM L 72,

32 REGEEESFEMIKRY—LOBEERIE
i
SEA Jis B RE D B A

U R Y — LI % PBS T ODsy=1.0 & 725 &
AR L, AR L7 1 ml 12 PBS 1 ml %
E BTN, 35 mmdish (2N L., 8 (1 MHz,
100% Duty k., 30 sec) % {L & @ 8 & (0.1 ~0.5
W/em®) CHH Lz, BE%, wft~vs7nrL—
MU —&%FWT, Bt A v OEE i (Ex:490
nm, Em:520 nm)Z {IiE$5 2 & T, BERICLD
PN/EL) O s H E 2 AT L 7=
A 952 R IRE 0D S RS oD I i

PBS2ml # 35mmdish (2N L., $—F A —%
% dish OIEEFIZE >y ML, BENLETHET
o, BERNZEL-Z 2R L, BENHA
MHz, 100% Duty k)% {£:& O (0.1~0.5 W/cm?)
THES L. FRETBRAGHEDNS 120 sec £ T 10 sec 14
IR A JE LTz,

3.3 Doxorubicin ABBERAIBEERYRY—L
DEH

ARFZETIX, PIBSAAIE LT RIssEE L 0 3¢
ENTWAET FUT V%M 10 2 vz,

% 9" Doxorubicin(DOX)10 mg % A= FER /K 5 ml
TIAfR L. 2 mg/ml DOX J&IK 2 /ERL L | AR
U UNEE 20 mg, HEISEMER DT 20 mg 12, 2
mg/ml DOX &% 500 ul Iz, 4% 4°CC 3 K§fH]
¥R 2, HEe. 3.0 2BE(20000 rpm, 40 min,
250N K D% 3 ATV RNED DOX &R
Bt DR IS B oy 1 & BrE L, DOX W&
BRI EH U 7R — A(TSP-Lipo) & #5372,

34 BERBHEHOKRE
B RN X > T L 72 DOX &
VERL U 72V R Y — LIRETR & AR B A K TAIR

L., 35mmdish iZ2ml N4 5, 2D Lx, UK
Y — DR ICNE STV D DOX I 20
uM (ZFRHE L7, BE (1 MHz, 100% Duty k., 30
sec) AT B DIRFE(0~0.5 Wem?) THRE L7-, WM&
#% . =0 BE15000 rpm, 20 min) L, _EE A O E
JE A E (R E 50480 nm) L. M EAR2 S i L
7~ DOX BEEZ R DT,

£ 7 BRI oD i 4 155 500

4% 10° cells/dish & 72 % X 9 (2 35 mm dish (2 2 ml
T OMNREIR 2 R L, 37°C. 5%CO, T 24
s L7-, Baetk., BrLVisHiicRH L, @8
¥ (1 MHz, 100% Duty k., 30 sec) & L& D R0~
0.5 W/em?®) THAST U, 24 FREE 8 U7z, B5a% 24 W
Mt DA Z N Y S 7 —Ye | L0 HlE
L7,

Zao—H% A b A MY —=I2X % DOX DEEI

4% 10° cells/dish & 72 % X 912 35 mm dish |2 2 ml
T OMIREIR 2 R L, 37C. 5%CO, T 24 K
fIEEFe L7-, Fasth. B L WIEH(Y R Y — 20855
TR 2 D BE L, B A EZ I BNt  B5H 1 ml
THRENEZ 2 ml IR LT, 20L& VRY— LK
HEIKICHNAEL STV 5 DOX JEFE T 20 uM (27
& L7-, #E I A 1 MHz, 0.5 W/em?, 100% Duty k.,
30 sec CTHUT L7z, MSH% 30 min & 60 min, 7 =
—H A hA—=F—Z AV THIHN~R YA
DOX &% & & L 72(Ex:514.5 nm, Em:550 nm),

35 BERAMBISERYRY—LRD in vitro TD
hEEHR

4 10° cells/dish & 72 % X 9 {2 35 mm dish |2 2 ml
T OB ZFERE L, 37°C. 5%CO, T 24 K
EEAE Lo, BE& %, BT L WESHI(Y R Y — 208 %
W2 oy BlE L, BV A Z BD BRIt B 1 ml
TEHE)Z 2 ml BN Lz, Z0LEURY— LK
EIRIZNE STV D DOX BT 20 uM (27
7o, B A 1 MHz, 0.5 W/em?, 100% Duty kb,
30 sec THAS L7, FRSHT% 60min (2 PBS(-) T 2 [A]
Veygr Lo LWERHE 2 ml R0 L, 6 e[ ES 28 L7z,
Be% 6 Rl o A fIask A U X 7 —Ye
LOHEELR,

4. BRELUER
41 BREGREESSFEHIRY—LOESR
YESL L 7= TSP-Lipo (ZIREINEVER 701 2MEAf
SNTWDOINEMER LT, TORR% Fig3 IR
o WEENENER S &2 W LYESR L 72 TSP-Lipo
TIZLCSTR7SO)2BARIRETHINLEAL DI
HMER SN, S OITRENE < 72 D1k,
TN A COBHITHER LT, L, BEIRE
PEE Y T AMERT STV e U iR Y — A(Lipo) T
W, FACE IR LZHAETHoTh A
YOI R LNz, U EORERENS, fE
$ U7z TSP-Lipo (ZIREEJSENE S 57 F MERE S
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Fig.3 Release of calcein from liposome with
increase in temperature
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i L7, T OfER % Figd 17, BFEES 0.1
W/em? D4, TSP-Lipo. Lipo i) & HIiZh 1t
AORMITIFEALER N>, LrL 0.2
W/em?® LL_E O RS2 X - T, Lipo & bz L
T TSP-Lipo B A0 A ORI K LT
D ENMRTE D, F BRI O S 2
L C TSP-Lipo D figH=ITH K L T\ 2523, Lipo
D FHERIE IR TREE D TR 1T K o TH =AM K
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EEEBEREISE L. Nama il 325 2 &7
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Fig.4 Increase in release of calcein
by U.S. irradiation.
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T K DA RISERR 21T - 7o BRE SF F Tl
TR O AN EVIREE 13X B/ L7228, IR o

IRES LCST IZET S Z L ideho7z, LLEDOfE
BB BEIRBHIZ LS TSP-Lipo 205 ONEY)
ORI, ¥ BT — 3 VNI IVEEERICER
END AR ERBIC X > T, IREISE S5
FTOMEBBREZY, VR —LABRELZLEE
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Fig.5 Temperature of solution rise
during U.S. irradiation
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R 80% Lz Z &t @R EI LA
Z W= B R &[R4 DOX % N4 L 7= TSP-Lipo
IZBWTHIREISE R FRMEfiS L Tnd &
Ez2bNb, LML, It A  rOERZRTITH
A OBHN RNy > 7 Lipo 726 HH)
30%DH A R b i7c, S HIZ LCST LR D 37C
THNR L7284 6. TSP-Lipo & Lipo D i} THJ
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Fig.6 Time course of doxorubicin release
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DOX WELHEF WIS AR Y R Y — A~
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WTCRHME L7z, £ OfEHR% Fig.7 1277, *HEO
W/em?) I ZAA 5% %2 B89, REI+ 0 112 30 sec
@ L7 —7ThHH, dish IZIFH 2 uM D
DOX Mg STz, U AR Y — ABRERIZNE
S TW5H DOX #REEIEAK 20 pM 72D T, 10%7D
DOX ITEBHEHZMH LA THLIRHE L2 &I
2%, BEEREE 0.3 Wem® £ Tld DOX D &I
KERETIR NS5, 0.4 Wem? Ll ETIX
TSP-Lipo ®J57% Lipo & H~_TH) 2 uM LA E£<
DOX 23 figHi L 7=,

AT 11 R S B3 oD SR e 8 5 2
R AINE HepG2 (25X 2 5 I B O ffa 8 15
BHEAZ DWW THERR LT, £ DR R % Fig.8 127”7,
IR0 W/em?) 2B 5 % & B9, I8 70 ki
30 sec ME L2/ NV—7"ThH D, BEFEEN 0.1
W/em? %2 0.2 W/em® TIEHiiE o A 17 RIZIEIE 100%
Thy., MlIEFEI N2>, LL 03
W/iem? U FEOBERSEICB W CTAEGFEROIK TN A
ST, 0.5 Wiem® THRERBH 21T > 72854 T
HAETERDBK T0%TE ~ 722 L e . BBETREE OB
TRIZ K > CTEFRPBUHIIZIKR T T 5 E0) Z &
2o,

U EORERNS, BEEABIEER Y R Y — A
RO in vitro TOPEZENRELT 5 72D O BRS2&
f£:% 1 MHz, 0.5 W/cm?, 100% Duty k. 30 sec &
L7z,
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Fig.7 Effect of ultrasound intensity on doxorubicin
release. U.S. was irradiated for 30 sec.
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Fig.8  Effect of ultrasound intensity on cell viability.
U.S. was irradiated for 30 sec.
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Fig.9 Flow cytometric measurements of DOX
uptake at (A)30 min or (B)60 min after U.S.
irradiation.
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hEEZLND, LnL, RUEDICHEFEE
M5 L 72 Lipo+U.S. Tl Lipo @ & A ]\77Ak§
7o TNz, ZAUD OFEHRD G| Lipo (ZH &}
%%ﬁof%IﬁX@ﬁ@Lﬁ#ﬁ@f% &l
72 < \TSP-Lipo |28 I RS 247\ B4 7% 60 min
T%®M@&k%mfﬁﬁ ZHBAEN ~ DOX % JiY
VIAEFREDZENARETH -T2,

45 BERRBEERYRY—LZRD in vitro TD
nESHRE

e b PUEBS D B HIAE C & 5 40 T CHE I
BOSERLY 7R Y — A OPUEE S FIZ OV TRET L
7oo FEHR% Fig.10 12”37, K 6 Rk T
TSP-Lipo+U.S. CALE T % Z & Th b @ W HLEE
hH %7~ L7z, Lipo. Lipo+U.S.. TSP-Lipo TiXH
80 ~85% D AEfF R o= DIz x L T,
TSP-Lipo+U.S. 134 60% & A 1FR 1N KIEIZIK T L
72o ZAUiX TSP-Lipo+U.S. Thx b ML NIZHL Y A
Fhiz DOX BENE o772, TR F—Y AR
HONITHHEE S FL, B3 6 REfE] &\ 5 FWIRER T
BWHESE SRR GO EB 2B 5,
FHELWA D= X ANTHLNE iﬁofu\fmvbi‘
OARF IR SETL ) R Y — A E R RS 21T
5:&Tk$®[mx%mﬁf%é\®mmbt
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5. Ml RBEmEAIC L AESRICE - T,
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AW L > THR LN R EZ LI TFIZRT,

1) BERASERS 2 v U 7L LT, UK
Y — 5D JEFRE IR B &y T & B L
TRFEINE RS TEA ) R Y — A OfERLC
L L7z,

2) W%LthBK@EA%V%JT/ NS
TR Xy Nao it EHETE 5
: L EfRE LT,

3) EFREAIC L 2NEYOKHICIE, FrE
T = a YT VEEREO [T R E ES-
MG LTV D A[REME S RIE S Tz,

4) FINAKI RX VLY UEmEAE ALY
RY —LNEERL | WEE U 72 838 OS2
YR —ARD invitro TOHEIMEZHER L
776

Et% . BEIREISER Y R Y — KR D in vitro
TOPUIEIBD ROV TEEMIZR A 1 = X b % fifhr
TOHOMLEND D, £z, L0 BERPRIBEL AT
T B OOHA & LT, ERLL 7B s
BRI IR — D~ H— 7T ¢ v TEEBE &N 5
VBN D 5,
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Cell-SELEX (£ A7z & MR AMIIIZX9 5 DNA 7 7% v —D&EK

GHEE - CH

'T920-1192

23920-1192 &R i MET

—# 2 EKRER
IR T A4 [T
SIRKFER A ARMEREM e v ¥ —

BRKF

Kazuhiko KANEDA', Kazuaki NINOMIYA? and Nobuaki SHIMIZU? :

Selection of DNA aptamer for human hepatic carcinoma based on cell-SELEX

1. #E

DANTHARNDHCRKOF L& o, HAR
ANDKIZ DI NNRATEL 2o TWVS, L,
BUEDS AR 2 B 225 BRI L £ 72 S
TV, TOFKDO—> L LTHRAMME EH
A ZFBT 52 EBRRETHD Z ERFT LN
bo ZOMBEERILT DD, DAL Z FE
BN T 2 E R LE L SN TWVWD, Zh
ECTERMEE L THAERES AN TE T,
L U BT 72 Uk 245 5 12132 < ORER, TR,
BENVIE, X =7y MRREIND &V 7= [iE
RBB 5, £ THFE, fukIcRo 2 4EKmE &
LT 7 E~—BEFEBEINTNWSL,DNA T 4~
— &Ik, FRRMICH F AR T D single-strand
DNA (ssDNA) TH D, T ETIZ, kxR
ELSKERT I VB licktd 27 72 ~—N0
SELEX(Systematic  Evolution of Ligands by
EXponential enrichment){£ & 9 FiEIC LV @&k
SNTW5, T, Miglict3 57 7% ~—0i
Pz & LT Cell-SELEX & W) FIENREBER SN
776

AAFFETIEL, & MRS AN T&H 5 HepG2 #llin
RIS D DNA 774 ~— DS % A
)& LT Cell-SELEX{EIZC LW DNA T 7 X < —D
B EITo T2,

2. HiR
21 DNA7Fa<—

b HWE A R BT 5 ssDNA % DNA 7
TR — LIRS, B 2 ARSLIRIE T T E LB AR
Ex LD DNA 0+ ThHhDHN, Thid —AREREE
T B2k AT, SN R 2 — R
oy ML B AW INT y RIS ORE & 73T IR
g%z & 5 (Fig.l)

ZDkEX IRNARREEIC LD . W A R RAICER
HTDHEEZLNTWVWA,DNA 7 7 ¥~ —DIK
& TR SNIIKAF L CW D DT, DNA 7 7' ¥
~— O NS IR A A 2 H 2 EIlT KD
[RICTFEL., Bim ETiEdbods3WEICRT D
DNA 7 7% ~—NERSAIRE & S b TW\b, £7-
T~ —ZiE, (1) B pH OZ{RITH T 5%
EMENIEFIZEN TS, (2) PCRIEZHWS Z

T X 0O E N FRETH D, (3)
K& AL SER N FIRETH D & W\ o T B 2 £ -
TED., BADOBKICIEFEA~OISHN I T
b\éo

&%Gatgfo 5 Kg;,a tgto &g‘,a tgto
ategooge® 2 atogooee” Patogooge® ®
o
2830850 I 98505503, 0e508505,, &
3 SL} S “eppgyF “eog(F™
“engy?
tat a 3, [e)
atgctggr? Ez E‘- 3":’5&" 0
t
J1eogeooforiooeror™ 3 g9
o
o chtaggtag , . g_%
“lagtct’ @ Le
14}
& e

Fig. 1 Schematic drawing of various structures of
DNA aptamer.

2.2 Gel I-SELEX %

SELEX ¥ &1L, 70 F AlH &2 FH>T & L
SSDNA 7 A4 77V —=0b X =7y hEiEAT5
DNA 774 ~—71F 128K LT DHFETH D,
INET, MRIZKTT D DNA 77X ~— % #15
THEXITE, ¥—F v e LTHIlBDEY X
78 % M C SELEX ENTOITE T2, T4,
Cell-SELEX {E & FEIEN D, X —4 v F & L CHllliE
HIRZ A WD FESEE SN, ZOFEIIEHE
KD SELEX k&b~ (1) W 37 B OGN
DA (2) MIEEFmICHFET Dk~ ey X
JEDOT TH v —kFRRFICEETED, 3) B
MiEE LRSS T 27 S~ —ERE T
EBRLWVoTREND D,

3. EBAHE
3.1 ssDNA D{EH
AWFFETIX., 50 bp DT v & LAfEEEZ S D
N50-ssDNA (95 bp)&x 7 4% I ssDNA 74 77
J—& LTHWS,
ssDNA OERLT, ITFTOFIETIT>72, £7°.
SRz B A F A& L7 Reverse 77 A ~—%
AW T PCR %17\, B4 F fEHG double strand
DNA (dsDNA) #/E#5 5%, iz, 7B (EH
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7 yu—RAE—X & A F U MER dsDNA &
S b — XFHIZ dsDNA Z [EE(LT 5, %I,
NaOH /K ik % 1z dsDNA [ D 7k ks & 2 Bk L
EAF U EMEN TWRVWAIO ssDNA %2771 %
B, BT %, (Fig. 2)

@ Biotin

2 widin
~

'\_/U/\—@O);

Fig. 2 Separation of ssDNA by streptavidin-coated
sepharose beads.

3.2 DNA 7 72 < —M&ik

Cell-SELEX £ Ci Mg T#5A &) T'Wash)
Majyz ] % 1Round & L. Z @ Round ## VK3 Z
& T HepG2 il & K FRIIZHE ST 5 DNA 774
~—%Z#EKT 5, Round ZHEHIHI|ZH AL T Wash
FrEE LS L, XA O DNA 77 4
~—DOWEEHET, £/2. DNA 77X ~—0DFf
A ESE 5720, 8~11Round O BRLARTTIL,
t MEWFME AW T X —k LT a
%417 - 72, Fig. 3 |2 Cell-SELEX {ED—H D %
R,

Counter selection

ewi w4
e *.GZJWVV o
Randlci)gr:assDNA N r\}’/' Y& 8R~11R
DAmplification '
1~ Y\
ﬁ\ j‘ 1Round
NS

(@Elute Bound DNA

k‘

3Wash
Fig. 3 Schematic drawing of Cell-SELEX process.

(@Binding reaction

3.2 7T —EH

Cell-SELEX #&(ZBlIY & 417z ssDNA [Fi#Hk S
i ax, £, HFx REREES O DNA 77
Hw—MNRELZIRETHD, T LT, TOHX
72 DNA 774 ~<—%, FNEIED FF8E o
TWheEBEZLND, £Z T, KIFEZHVTTA
s —=227%{T\,DNA 7 7 X~ —DOHHE 21T
ST, FLTHEESNT- DNA 7 7Z~<—|ZoWn
T, V=7 I KV EIEES 2P E L., Web
o5 —4~X—2 mfold ZEH 325 Z & T,.DNA

T B — DO ERRAT 24T o T2, iR
WX, TO7 72 ~—0ORINB LT S ¥ ~—%
VIR LT VSIR OIRIREE . 74— T 4 T RO
ErxzANT5HE, BEIWICEDORE TR RER
VHikEZY I 2L —Ya VISR VITENn 5D,
HEFLEL ) & S S O 1 ) % I, Cell-SELEX £
WY S 72 ssDNA #4358 L7,

3.3 DNA 7 74 = — D ¥4 BEET il

Cell-SELEX {5 Ci##k %, HEES 172 DNA 77
X —ZOVWTHEREREAM 2 B e B, 7 e —3
A PA—=F—%H N T{T>72.DNA T X ~—D
AL ~DRE A B2 #9272 8 FITC (Ay=495nm,
Aem=520nm) THEIAEAM L7 DNA 7 7 ¥ ~—% A
WTENENDERITV,DNA 7 7 ¥ ~—0D il
~OFESBAEYEE L L TR LR L 7=,

4. HREEBE
4.1 ssDNA O 4E&Y

TEY Uit T rr— A —RIC LY SEEX
N7z ssDNA [ZoWTHRY T 7 VAT I R VE
SIKENZ L0 R L7, Fig. 4 L0 7 BV &R
7 7yr—AE—XICL Y SEEX LT ssDNA 28
Ry T4 7zavsrhbue—EeELTHRLE
N50-ssDNA (Template) & [F] UE S 128 RO
BEIN, ZOZ L LY, dsDNA 225 BHHD
ssDNA NHESZIZBE, FUNTE TWAD Z & AN
D BT, 95bp Th DX T D ssDNA 23 160 bp fF
PTIZ N RPHER SN 7= DX, ssDNA 2 ESIR T
172 SMFF N AIEZ TR T 5720 TH 5,
DElkozZ Xy, SEIHAWEFEICEY,
N50-ssDNA #ilF T& T\ 5 Z ENFED bz,

@O N50-ssDNA
@ products
@ flowthrough

Fig. 4 Cofirmation of separated products by
streptavidin-coated sepharose beads.

41 DNA7 F4<—mREik

ARIEERTIX, HepG2 Mifd % R B8k 3 2
DNA 7 7' ¥ < — %3847 5 7~ Cell-SELEX £ D
Round % 11Round 7o 72, £72 DNA 7 7/ ¥ ~—
OFFEM 2 EXE 572D ER e ML B
WTHh o Z—k L7 g% 8~11Round DR
DFE 4 BT - 77,

4 Round % Z[AIY & 7= DNA 7 7 % ~— Dk
BERTAM A2 H CBEMEE, 7 u—H A A —F—%
W AT o 72, Cell- SELEX {ED MW= T v &
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2 ssDNA 7 A 77 U —(N50-ssDNA)% ORound &
9%, Fig. 5 £V HepG2 #lifid CiX. Round % FE 12
HATHALTHENRE SN L TWD Z & B L D
Lhhot-, -, EF b MFMAETIE, Round %
AT HEOLTRE OB R 5780 7= (Fig. 6),
ZDZ &5 Cell-SELEX 15D Round ZHHA25 |2
ONT, T 7 X~ —0 HepG2 fllfa -~ K5 BN A3 6]
FELTWbEEZ NS, £72 Fig. 57°5 7 Round
DI Cug TR EE O ERFT HIZ 72> TN AH T &
RGN E 572, 24X 7 Round F T T, HepG2
HIIIZH 5 DNA 774 ~—0NRIER VAT
TV /=728 7 Round LARE TIER X 728 {b3 Lo 1
ol lFEZ D, LEDZ & XD,
Cell-SELEX {£® Round ZHEH#a%5 Z & T, HepG2
Al S RIS T T T —REK ST
W5HZENER SN, 7 Cell-SELEX #%*
11Round 179 Z & T, HepG2 #fziZxt9 2% DNA
T TH = DHEME T TR IAT T ERTET
Wb Z ERbnoT,

~
o

Cell number [ -]

10° 10" 102 10°
Fluorescence intensity [ - ]

Fig. 5 Flow cytometric assay for the binding of the
each round aptamers with HepG2 cells.

70

Cell number [ -]

AndArnde

100 101 102 103
Fluorescence intensity [ - ]

Fig. 6 Flow cytometric assay for the binding of the
each round aptamers with human primary hepatocyte
cells.

4.2 7TRA<T—DHEE

TA Jua—= 7k oTr7a— vk L7=F»
L. AS BTN ONT Y — 7 2 L D R
Bis % R L7 (Table. 1), &fED 82% @D 37 ¥
T VDL DO ELH T & o 72 (Group 1), Z D 37 ¥
TNDOEHIOENL, 1 BLNHLOTH 2 HHED
HEWTHoT, 2D LiL. Cell-SELEX @ Round
FERDIRL, E¥e MFMlez N Th ¥ —
YL/ varEiTo7-Z & T, HepG2 it & Hi 5
PEDOIRWESIZF L7z DNA 7 74 ~— (3K &
. FEMEOEWESIO DNA 77X ~—71210 N0
BIEEINT-0FEEZOND,

Table. 1 List of selected aptamers for HepG2 cells.

AT HE BB A 28 LTz 45 30 T L2 DN T,
FOVEEELZY I 2L — g X VN LT,
AS BTNV EEE#EEIC LY ET A L. 6 A
oSNz, 1, 2 HEOFE L2y Group 1
ZEEECOMET S L 3FEEABOIICSES R
72 (Fig. 7)o O DEN-T- A-1 ZFEHEL L TH
9% L E CFEEO DNA 7 7% ~— LBl (&
(CHERERCH OFE RN D Z ERHBH L, D
ZE kv, BREEYODT R
ENWTH-ThH, TOMECEEDOTEFIZ L - T
REXENEAL T D AIEEMEDN B D Z E B SN -

—o

Fig. 7 Secondary structures of aptamers (Group 1).
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Fig. 8 Flow cytometric assay for the binding of
the selected aptamers with HepG2 cells.
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Fig. 9 Flow cytometric assay for the binding of the
selected aptamers with human primary hepatocyte
cells

4.3 DNA 7 74 <= —D#EEETH

42 THEEA SN 6 BEOT 2 ~—DHF T A,
B. C. D, EZOWTHRERMN 1T > 7=, Fig. 8
X0 A~E O£ THDNA 77X ~—"T, #LiE
NI UHANTAT T —LlEMLTWDZ L
ﬁ§ﬁﬁuﬂu éhﬁ_o 11 Round k H:i)( L/f\_. T i A
D TiZ, i&hk%b:f;b\fi%&f;otﬁ: B. C.
ElZoWTiEh 3T TIEH A5 11 Round £ Y b
FHFREE DN GINE WD FERIC I o 72, F R M
[kt LTk, A~NEDETHODNA 77X ~—T,
FGURLTAT T —EDOETR LT, Fov Vv
YerREE & 72 > 7= (Fig. 9),

LEDFERNS . 11 Round B IZEIN S iz
ssDNA 7> HEES 72 A~E O DNA 7 7% ~—
IZIEH & NP2 8% 5 2 & 72 <. HepG2 #ll
B 2 B RIS LTV D 2 E D HEND BT,
F/- HEET A2 L2k Y 11 Round X 0 BEMED
SRV DNA 7 74 ~— A TE 5 ieErdH 5
CHEHI L TWW=2Y, 11 Round X ¥ HAREMEDFRN
DNA 7 /2~ —3EETHZ LN TET kbHE
WFRE DN DO TH 11 Round & ITIFFEIEE &y
IFERIZI o7z, T3, Table. 1 Z R CThd &
91T Cell-SELEX #:% 11Round T-72Z2 &1k
DNA 77X <=M D& iAE 11Round #%
WA 4077 ssDNA DI & A E U, & L
SIS ThoT-T-0F e¢EZ2 NS, -,
45T DOHR T, 111 23— P L ED RN
2727 —7D ) 11Round & 1FIX[FEE D H %R
L7=Dix, Z/v—7 D OHEESIA PCR 2LV
IR SIS WESITH - 72720 FEBEIZ 11
Round & IZ[FIN & 377 ssDNA D TIEL < fEEL
TW/ZNPCR CTHEIIBEL TAZ n—=797o7= 2
LT, TOEIENBEY Lizizd i LHEHIE N5,
F/-TN—7 B, CH A LY HOTNTEEIRE
DB LT =013 Lot Bld 51 o0& Tk
WEIE D IPIZ AL LRSS D IF9FE > 72 O TiE 7w
MmEHER D,

Cell-SELEX {£IZ2 X V| HepG2 Hifa % Fr 11
T D 5 FFEHD DNA 772 ~—% 5925 2
W TE, ZLT, 0O 5SFED DNA 774
~— DRI ERETDH I ENTE T,

5. #8
AW LD EONTHRZ LI FITRT,

1) ssDNA OAERY T k% #esr LTz,

2) Cell-SELEX % 11Round, IEH & FAFHIIEIZ X 2
o E =L ‘/a Y& 4 [HfTH Z & T,
HepG2 AR Z R BWIZFRFRT D DNA 7 7 ¥ ~—
DR ZRKTHZ ENTE T,
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3) Cell-SELEX #£IZ[HIUN X417~ ssDNA #E A6 45

TN EEEE L, RS A TE LT, Literature cited

4) AR S fe 45 o TV R ERLA], IR 1. Z. Tang, D. Shangguan, H. Sui, K. Sefah, P.
2k 6 EIEIZAHFE L., FORN® 5 FEIAIZ O Mallikratchy, H. W. Chen, Y. Li, W. Tan. Anal.
THEBERE A 1T o 7=, & DFER HepG2 Ml % Chemist., 79, 4900-4907, 2007.
BRI T DN T I H~—%/FHZENT

X 2.J. Tanga, T. Yub, L. Guoa, J. Xiea, N. Shaoc, Z. Hed.
= Biosensors Bioelectronics, 22, 2456-2463, 2007.

- 125 -



TiO, 7/ biF & BEEABE 20 LS ATBEIED in vitro B X OV in vive 5EAf

REAE g —2 - HAEH?

'T920-1192
23920-1192

BRTTAHEET &RKE
BRITARE SRRTFER A AR EN e v 2 —

Shuhei OSHIMA', Kazuaki NINOMIYA? and Nobuaki SHIMIZU? :

In vivo and in vitro evaluation of sonodynamic cancer therapy coupled with TiO, nanoparticles

1. 8

Sefilfit & LTI ST D TE-ME T Z L(TiO,) iR
WL SO HUK M & WD S TR EN S S £ S E 085
TR &N TS, ARIFIEE TIE TiO, (THT & FkS
THE, HERETHDHE Fuxi /TP h/L( - OH)
DERMEES L, RGERL AR T 722 L1 LA
IR FEDRENEOND = & AE LM (TR
F B IBEWAMEE (TIO,/ USIER) » £ 2T, 23
falzst L CHRBEOIER D 5 L5 2. TiO,/ US LD
D AR~ DN DWW TIHRET AT o 7, £l2, B
TR CIIEFIC L 2EEHOMERH T b b, Zh
IR ER Zofiaic bk s, BT 0 E
RFER E S TND, TDOT-H5hE K < 3E1% B
DIHIIEZESHH Z & (Drug Delivery System : DDS)
NARA[RTH D, £ ZTDDS DESIG, BT ILH
R L LT BRTFR T A L ADRF O RN
TH D preS1/S2 Z L /XVEIZHER Lic, THE TOW
FeC, BT NH LRI ETHD BARRFR D A LV AHK
2R (preS1/S2) % TiO, T/ ki Efid
%2 LT, FFNE 2 R R AOICERER 9 DR - OREEEIT K
LT\ 5 (preS1/S2 [EE(L TiO,) o

AKFFED HE9IIAESE U7 preS1/S2 [EEAL TiO, &
T, in vitro COEFED /UMIEIZ33 5 AR SN R O
eI LOZ OEOMAT, S HIZ in vivo TOD A
~ U AT DRSS R AR5 2 & Th D,

2. E
2.1 Ti0,/ U.S. 3%

TiO, 1B K - Thbil SAUEMEmFERE A B E S5
Z BN TWD, TiO,/USIEE L, £ 0 kT
A ATBER AR T 5 & imOE b1 b o bR
(O HWAETHZ EEZFIH LI HETH D, ZO
AISH L, BT Z A HIEPICEY A E T4,
BEHE A BT 5 2 LT, EEARE RS T &
MWTE B EEZLNDFigl),

Fo, A S L Co b T ¥ idhiiE m r oL F
— L LTINS 2B L5728, T VIV D%

AN TERNSE B RTRE e RIS TOAH Lo Z 572
WeEZHDH, Lo LAIETIRET S TiO,/ US.
BIZE D TN ERESTIE, BERR E ok
HIEAL 720 T < MlamAR O IR Z ) T H IR
DAMRE L 720 | FHREEA 2R ARRIEZ R TX 5,

cavity collapse

U.S. irradiation
cancer cell

H20
Schematic illustration of TiO,/ U.S. method.

Fig. 1

2.2 BEF#HI A ILRTIOAA—F

B BT A N AT _Ra—F %, B RUFR AL
AMSTAIWVAYT ) KNabpd UToah e &2 o R0 s,
18 EHROIFE —HEEE BITEX R HE UTIFEL
EAS 100 nm OHFZERIT- 2T LTZ DT H(Fig.
2), T DORLTALT A IV APAKEE O~ &\ VY
TR Lo b MEICERRIED 7202 & B3 BN
o CWND, ABFZETIX, 2D BRIFFR 7 A /L ADAF
HIMREERE & 737 (preS1/S2) % K & fn -1
ZAERERZ WTIERLL . Wb T & ) ki
Wi L7-, £ B BFR VA VAT Ra—70D
Oy TSR 2t Dl & R B CRRFR T 2 0 I
X 5 T LT AR ONa BB 703K & 1k
HZEMARETHD EBEZLND,

Lipid membrane

N Recognition site

1£§Ejm&“6m

Fig.2 Hepatitis B virus envelope.

L protein
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3. =R
3.1 Ti0,/ U.S. iEIC &k AHRaiaEshE

4x10° cells/dish 12725 X 912 3.5 em dish (2 2 ml 95
HIRSRIEI 2 B L, 37 °C. 5% CO, T 24 HFfEFER L
770 D% TIO, T2 0.1 % (W/v)D preS1/S2 [ E{L TiO,
Z200pl WAL, & 51237°C, 5%C0O, 54 FC 6 HFiH
BiaE LAY A E 70, H58 08 AUl TiO, 22 Bt
VIAERET-%, BEERSZITo7 (8AIE | MHz,
FRETIREE 0.1 W/en?, FRETEFR 30 sec), Dk, B
W RRAE RN 96 Witk & CoEMaEA: h Y S
TN—RBIZ KDLz, Fo, ZHUtEVHlao

SREZEA b A BRIERE A FVCBIEE LTz,

3.2 #ARATE A H = X LDEHT

FRFEIX T AR b—2 2, 27 m—3 20 H 2 DD
ANZABMIEVEZ D EEZLNTEY, BAGKE
~DIHZE B THAET R = A2FERSEH L
NEFE LV, & Z T TiO,/ U.S. 355w FFREHZ 7L S 1 5 i
FEA T = AL 24T D 728, EREE RO HIET
B AR U C TIOy USIEZEA L%, I b
Ay RYTHEEMOET, oL, KoV IEED
JRIEZAIZ DWW TR 21T o 72, Fig3 127 AR h—v &
BELOFR7 B — 2 ZOHEAIZ DN TR T,

Apoptosis

Change of nucleus Intact membrane

S0
@

DNA fragmentation Apoptotic corpuscle

Pyknosis Fragmentation Secondary necrosis

Necrosis

Mitochondrion swelling Loss of
membrane integrity
hd

00 Qe

Normal state Reversible swell Irreversible swell Burst

Fig.3 Scheme of apoptotic and necrotic process.

3.3 HNATHVREFAVRESGSRE
PEB R ARG 5720, X— RK~v U Ak MF
igihs /v HSKHife. HepG2 % #44if L | xenograft model Z1F
B CEBREIT- 2, ~ MU A0 & IR & 1R
A L, AIREERAE 2 5 X 10°~1 X 10 cells/ml & 725 X 912
FHHEEL, X— R~ DR (5 k) OF PRI FICES
L7, 91 » At EEORRE RS LTz, ~2 X
NES = "YU T AE 1 mg/lEOYREE CREVENIZ#
G425 2 L THRREE ATV, 0.1% (Wiv) @ preS1/S2 [&H7E

{ETiO, Z NEBFAALIZ 100pl A LTz, 865- L C 24514,

I 3T COKMENIC~ 7 ADEEHIN 2R L, B
$E1T 72, TiO, #5588 L OMEHE A (B 1
MHz, F8EE 0~2.0 W/en?, PRSI 30~60 sec) &1T
SRR AZ0HE &L, 38/ week DB T TiO, D
B LOWS 217V, AR L OREAIE L,
FESHATRT 12 X (B X (ER (mm)) X VW EH Lk,

4 BHRBLUER
4.1 Ti0,/ U.S. %I &k AfHRaiEEsE

JEIEEC 1 MHz, 8% 0.1 W/em?, FREHERRE] 30 sec
FUETHEEREZZNENRFN LI 2 A, EOMMIuRE
THRFEZND 12 R E Tl oA BT
Ronpinolz, BERRE 21T 5727200 Offu#E©
1% 96 Wit £ T b o— b &[RRI IER ISHaEL
DAHETE L TN D DKL, preS1/S2 [EE(L TiO, & Ui
U 7= HERGHE CI38 S RS 24 HFfETD DR 2 (S
BENRENBNSAD T, T ORWFITHE 238 5
KL, 96 FEfI#4 DR T TiO, / U.S.JECHLE L 7=l
BT = > h o — VD 1/2 FREEE£ T Lo
L7227 oT=(Figd), ZOEBRE Y | TiO,/ U.S.iE% i
L 7= HEREL  V RmAa s RN RS B, & DR F T
MARET 2 L IR L W Z & 2R Lz, &
B RRE 2 1T - 72720 Tl R & el % =
EIXTERDPSTZZEND, TIO,/ USIEIZ L~ Tl
2 HIRHR SNSRI T I IR L D B 7o B 3
RNEEZBND, OF Y TiO,/ USiEE A - ilX
AREIEE 7R ST K A WERR e B S A 2 T T AR
HIRFEIZ R 572D TiX7e <. OH 7 U172 Eofby
FEOBALIERIC L v 52 = Tl 2 O iEZ Lz
EEZLND,

O [Fo=Toz(,Us ()
—— TiO2 (-). US (#)
30 —A— TiO2 (+), US ()

a
(=]

-
(]

] 24 48 72 96
Time course [h] Fig.

\iable cell concentration [1 05cells / ml 1
o

4  Effect of TiO, / U.S. method on cell proliferation after
U.S. irradiation.
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FREOFEREIZEI L CiE, FRINEE Clatfami/s &
BRI NT EOMIEEECTH 2> b — L L [REEORE
WRlrpot-, —J7. BBE 24 B ClE TiO, / US.1E%
i U 7= A RE IS MR C d 5 HepG2 23 dish 2
5 HIBE LA NI DR 0MBER S U= (Fig 5).

(A) : TiO2() U.S.(-
(B) : TiO2(-) U.S.(+
(C) : TiO2(+) U.S.(+)

[

Fig.5 Alteration of cellular morphology
at 24 h after U.S. irradiation.

4.2 #RA%E A Hh = X LDFEN

PUTIZ TiO, / U.S.yAiw IR L & AU 7= AEAE A 1 =
R L OFNTHRER 2T,

I by RY THEEMOEK T T har RYTEN
< OBLDAEENT B AT TEE/REEZ R L
TEH, 201 ODBRTHR =V A~DOE5THDL,
k 2y RV 7EEEMN O T IX IR 7 R b — o 2 HJH#]
DEETRIL Vb T\Wh, £Z T har KV
T BN O T 28603 JC-1 2 TR L, <
ORGSR, EE RS 1 BRI G 7 AR h— v Ao
ST F T H DA NEDBIE S IUL T D, % 6
OB CTHBIZET D = & R (Fig6), 2 F D A
FEERSAE TS | B S 6 BREIOBICT R h—
VANBIVIILDDH EEZDBND,

TiO2(+) U.S.(+)

TiO2(-) U.S.(-)
Fig.6 JC-1 staining of HepG2 at 6 h
after U.S. irradiation.

BRD%E MINANT R b — A ZFES DV 7T v
EHW LT, MIRPN TN D 7 1~ F o OFEEDS

B2 D, 7 ua~F o OBEIIRENZS &IN5 ARE

WR O A B L &N 72 I THNE T d D DNA K
Frib7e PR TERSIVER L T\ B2 b5,
FE T 4% T RN LT IVT E RIZ X - THilla 2 [EE
L. 4,6-diamino-2phenylindole(DAPI)|Z & - CHifaiZ %
Y LB Z T o7 2 A, HERBHE 6 K6
BND 7 a~F o OESEDHER TE | ZDOBI5T 24 I
R IZ S BIZHHEICHIEC X 7=(Fig. 7).

TiOz(-) U.5.(-)
Fig.7 Nuclear condensation cells at 24 h
after U.S. irradiation.

oV ANMEEDRMEZEL U CNEE ORI E
V) phosphatidylserine (PS)2SfaE HIC@&E T 5, Z D
PS 1 ZH# a3 Annexin V/ FITC 9% Z & THih
THIENTED, £7o, TAHR M=V ARHEITTHIT
OIUREDZEMENZAL L, AR OB 355 C X 7200
propidium iodide (PI)23ZZi T % X 912725, Annexin
V//FITC, PI % AT E YA 24T o 7o R, B
5% 24 FERRIDBPET U U AFE O RITEZ{LIZES PS D
AR E~DFEH A f 35 2 & AHPRIZ(Fig.8), & 5
IZ PLICK o THYAE NI Z &9 B IE% 24 FEH T
X7 R F—=V AW DOAT =T Th D Z LN E
o7,

Annexin Vf FITC

TiO2{-) U.S.(-) ﬂDﬂﬁﬁS{ﬁr

Fig.8 Fluorescence microscopy images stained with
Annexin V / FITC and PI.
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PLEOFEF S TiO, / U.SIEA A U= Mfuftix, ¥
TIPS 24 B E CORICER % 72 7R h—T A
TFNEREET D2 LR, OF DRI AR b
—VRAERFELUTMER, BRAICEIZED LB X B
Do

4.3 ANRATHORERAWHEESE

TiOy/ U.SIEIZ & DU R ORI L Ui 724
TR S ORI 21T T2, DU &2 5
ZH7D |~ U A& OIEFHATE ORI & FRAE &
T5HZ Ty AOMKELBRE LI ERRE R 2155
Z EMRHERT,

FTIIUDIZ TO, / USIEIZ L HPUIESZNR 2 et
T 5728, 1 MHz, 1 W/em?, 1 min, Duty 3855 & U 9 eft:
TSR 21T - 72(Fig.9), 2 E TOHZE T~ 7 A
EALZ6 LT 0.1% (wiv) @ preS1/S2 [E EAE TiO, BiF-D
BT < ERRICKHT 2T B D T & ARk
BLTWA, £ZCTar br—1L,TiO, () US. (+), TiO,
HUS. (1) &V 3DOFMTHEBREIToTz, 2 b
a—/L DR T, BFERGE & IR E <20 )
1 AT FEBRBRIERE D 2~6 (5 £ THE L=, F2BR
REEL T, BEEAREL - KELELHIZHEZD
2, 2 ha—/LORTh HEREEOMEEHREIZIE
LOXNELNDZ LD, ZOREDOIXL DX (HHE
hEL LTIHRAD EBEZOND, BEERIHORELT
SR TIE,. 2y hr—LOR L FEECEEDR EN
MR SN, —7. TiO,/US.iEAEM L% Tid6 It
W4 JCD~ T AZBWTEGEORE M Shiz, o
F0 ., BEROLTIIIEGEOME 295 2 &3
KRN, TIO, / USIEAH T2 Z &2 K 0 HulEgszh
ERBND EEZ LD,

TiO, / U.SJEIC L 2HUEEZNR R S NT-D T, i
2RI RS SR ORET 24T o 7o, IRETIREEAY 0.5
Wien? DEr, 2y hr—L DR LRk, BRI RE
UHUEEZN R 2 a5 = L 1Tk e h > 72, 1 Wem?
DY, 4 VL 3 JLD~ 0 AT THEFHARE -5
PR S THVINT D 2 & AR LT, 2 Wiem? DA, <
U AINEBRT TS L < 13 LEROBH TR
AREL 7o 7n, ZAUE, TIO, ki &S AOR LT
Z LIk aEmMENEN O TIHARL . BIZ 3 EE WD
EHEEE DD 2 Wiem?, 1 min &) 9 B SER ~
T AT &S THFITIRIT TH - T2 D R 4R 1E L =55
LIZEEZ N5, U EOREENS, FREERE 1 W/em?
M~ AR L TA R LA S 7 < BB O E ] 2 7]
REICT D02 RERE CH D EEZBND, DI

PSR C OV TR AT - 72, FREMREE 1 Wem® D
ST CHRETR 2 30 sec (Z&MG L CHRET A T o728
25 3 EH 2 JED~ T AU TBEO R DMH] &
N7z, Lo LHREEER 30 sec &V 9 S/ Ciddziro
T IWEBDBD RN O FUESI R B D LITE VI
720, OFE Y HEHE T 1 MHz, 1 W/en?, 1 min, Duty i#
e il 7o RN G CTH Y L I b A EICIEE
IRETTEEZBND, RIFRRTIHELGOMES
P95 Z LIXTE D, JESHIE 2 52 EIR S
HZEIFTERWD, Mkt L CRET DZ0ERH D
EEZBND,

100 [Zo5e] 020 US.()

90 |9 Ne2
B0 [=rMo3
70} |TrNod
60}
50 F
40t
30t

Relative tumaor volume [-]

0 5 10 15 20 25 30

Time course [day]

100 TiO2(-) U.S.(+)

Relative tumar volume [-]

Time course [day]

100 M =3 TiO2(+) U.S.(+)
8.0

80 r
70
80 F
50
40
30 b _
20 p-—m= =~
1.0 e '

Relative tumor volume [-]

Time course [day]
Fig.9 Anti-tumor effect of TiO, / U.S. method.

Condition of U.S. irradiation : 1 W/em?, 1 min
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5. #E
AW L - T, LLFORSERE DAL,

1. FREHREE 0.1 W /em®, BRI 30 #5C TiO, / U.S.
EEEA U 5A . MlasEms) 2 a4 5 2 &
T Z ORI % 24 K5 5 FFH O
LEBITHERT S,

2. MlaOEREELEBIE LTIz & 2 A TiO,/ US.iE%E
W U7-HIRE Tl HepG2 AMHEEREA 2R\ 1538
IR DT MBI T D Z E N TE T,

3. X bhay RUTEENMOKT, BOBKE, EoY
VNEE D JRAEZALOFRITIZ LV | TiO, / U.S. %5
BHC R DD IR GHE L T R b — 2 2RI
ERT 5,

4. BHFWEE OB TIINEGEOREZMHIT 25 2 L1k
TERON, TIO, / USIEA A2 = & CTHilis
BHRDBLND,

5. 3 3 [EIOMEE CEEFIRIRR 21T 2 50, FRERE
1 W /em?, FRESBERE] 1 min 235072 FRE ST H
%,

In vivo DFEERTlI~ 7 ADMEIREIZ L HENKE
W s, PUEENIR 2B T DIIE S BIZEI TR A
HWOTER D D, SRITENEREOFGE LT, &
FRD> 5 TiO, 7/ bi % % 5- U HIRIRERkRE 72 & 4 5%
L<FARDMEDR D D,
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FHEIMBIEITRIT SRR FNRZISH L
B B D RFT o3 Al OB 52

RSN ImAh s AT R
B H AR BEA 78 o & — AR (R RE FHIIAT 55 51 Y

Magnetic Field Distribution Control on Induction Heating Type Hyperthermia Therapy
by Using Flux Concentration Effect
K. Fujii, S. Yamada, Y. Ikehata

1. [ZTL®IC

AR O—FEIZ, BRI 2 EBR L L THW D FHEEMNE N A /X—H— I 7 &0 S 1GRIE T
ZEEN TN DO, BEMERR 1% W 235 BRI RS R AT INRIZHE L T\ 523, S HICNER R %
EF B, EEERCBEREEZELTHREOUBREITINLERSHS. LnL, BUROFHEN
LS TIE, RERICBT RGO AMZBIET 5 72 OISR EAR LTV 5,

A CIEBUIR OFENNEIEIC B 2 SRt OB R O EE & U TR R@ICEH LT,
LA AR Zh S & VL B R NS K D B E O /it oA HEEH Th 2, KUTRT K 9 22 UHEE
WIZAY v FERITDHZEICED, @BHROBANDAY v MZXVESH, HREZRNLDITTTH
STRBIRIIAR— TR > TRRZRND L 212725, WE~EMNEE ZTZRERIE, A—r N~
JNRRER 2358 L, A—/LNICHEREE Z IR S EHRT 5, —F, SRA2RN 2 IMERIE, Bl
RETHMEL, WFEICB T 2BEREEZRD S5, ZOMKEEORM, ko020 1EH %k
A U CTHERIDRZ R & FE 5,

AT, BERDCRIRZISHT 2 2 Sk 0, BEIERok 7% & T B AL bR ok & 45 &
LKL DRI EZRET 5, ZOfMITIEE LT, FHEIEE T VE RO IR O 53 4
A 24TV, WA EE O, IEIEh RIS OW TRl 21T > 72 D T T %,

2. WA A TE R BRI O R & FHl T T L

2.1 =AM LD EROEE

FENMRIECHND T 7Y r—2 & L TORRE = A L O HICIE, $4000 VO @ EESFIMN S 1
TWD, D), aANVEFRICITRERNEC S, KA 100 kHz~10 MHzE THIIN$ 512>
T, MMEOEMAOBEERIZEY, AEITHAT L, FEIMRETIE, KERERIZBWT, FHEMKE
Kl OB LWL EORBENBREINTWD,

FHENNRE CIIEREICAET 2B ROEELBHT 2720, K& A VO/MIZ, & 2REMR
BT RTIUIR LR VWEBRICH B,

Flux by eddy currents
Peqay Exciting flux @ Flux by induced currents l Exciting flux @

Conducting plate ‘ Hole Eddy currents L 44,
Slit

1 BEARU AR DR K2 UyVEReEROBRIE R = A
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‘/ Coil type 2+ Plate type ,’ \’

flux concentrator flux concentrator

Magnetic flux density B [T]

i
-120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120
Radius r [mm]

X 3 WERIRAR & BRI = A L
OB U FE 53 AR O PR

2.2 BRI = AL

BIEZE, KU R TREFUAER T2 <, K2RV v Ve AW BEERNEA 2 A v E A5,
BEHRUCHR I =2 A VT, RIS X » TIEBIR I 2 < FEEIMNEAET 5, ZOFEEEROM X
Y YOI E S TEZDZENTE, MREPONENEEZ D Z LK > THRAINA R &
BTV b,

U VHBIIRIR ARSI ELT-DICHOONEHRTH D, Vv VREBAIDGH 214 VOt
A E LCTHWD Z LISk, MEIRES LD, BRI & el U CREDMRR S D &5 25
no,

AN AR & RGN AR =2 A /W DWW TRERIRZN R I K D il E R O i 217 > 72, & DGR
IEKIBIZ AT X 912, BEREE QMBI RN E T L DB E S AITIZIERETH 72, o
T BRI 2 A V2 DT H BRI R S AFIEEE ORI T R 2S5 D Z L iR STz,

2.3 WRNAKTET 7V r—4

B4 Jihse = A b EARDO BN 2 A L 24 A L7 3B S INEIE I B T 2 BERIURIE T 7 7 —
B s, BRI 24 i, SMSERDARERFE A NV Th D20, BENCHIBRIZZR W, £0D
7280, BERIANFAC L DR OBKNEGEHOBENES ThH D, oA VITERREIIESE S EDH 2
CIXREETH D0, MARIUK A VIZEKE A VDT, BERPRET TR aA VN LELDE
RIZH LTy — A RELTOEEBRT D, BEMICEESEDLZENARETH 5.

2.4 FHEINEET IV

WA E DS Z1T 5 I2h - > CHEIMBEET AV Z8UE LT, K5ICEE L -FEINEET L
DR 27T, FBEIMEETT VL, i A LET L, BRIEA A v, st —F a4 sk
STHR SN TWD, JIEX, BERICGRAaA VE T2 me L, st —FaA/ V2 BE+ 52
LT XY, WA = A Va6 KON T OREHE BE 3 A 2 8 UGS BE D158, Bfilgh R 2 5F
filid %,

Distance between exciting coil and flux concentrator L

Exciting coil

Exciting coil
N Flux concentrator
I ] [ T Datum surface
Flux concentrator - - -

T 3D Search coil
£
Magnetic nanoparticle E £ 7 Punching board
: A = e

l /, ‘Pitch 7mm

Tumor |

Concentration area Shielding area 400mm
to Oscilloscope
B4 BERDCRBT 7'V r—4% B 5 FHEIEE T L ORI
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3. WE IR BN K 2 e o B D sy i 3 A il 48 D ZF AT

3.1 WEARIDURH = A VO i sME DR E

AR 2 A 2B W T, SHARRED i b 2 <, AR ZIREN TR L 2 DB OR 2% E
T 570, BHRINKHA A LVONMEEFBERBEEOBRICOWVWTHRR 21T 72, fREX6IIRT,
BIEEENR K L 72 DREHRIE 2 A L OARIL240 mmilTfE TH 72, T ORITFIE = A L OIR L
IFIFE LV, SRR &S Z < 72 DREARIEK = A LV OANRILhiE = A L OAE & % L1240 mm
ThdbI ENgholc,

3.2 TG FE D Jy T 43 A hllAE O REATG

3.2.1 WL = A /U8 KON 5 1833 U 2 WA FiE oD HE I sh

2240 mm, PIFE120 mm D BEAUL R 22 A L & O CREFE FE O SR AT o A il 2 470, BRI R
F oA Vs KX O T2 361 2 MR B2 O 58 ds KX O 2 R OGN 21T - 7o, BRICGRH =24 v
WL BF DWEHEE FE A 2 AT\, 13 57 ORGHES FE 53 A0 & I8IZ A~ ¥, BEARIURH = A W fFIZ BV T,
RGN = A /L O NEE120 mm D FEIIZ B THI14 % DREHRE FE OB RN MR TX 72, — 7,
PEBRS & AR 0O [ O FEI S 35\ T o K 40% D REHE FE DO il Zh R iR C& 7=, F 7z, BRI
TA VI FITBW T, R D 58940 mm O FICR H = A VI B IR BE O AN E £ - 72,

3.2.2 s U B 0D HE TR AE S 0D 5 ) Al P

WA AR 2 A W DSBERIN AN R A MEFF LoD, BEITE HHHRIZOWVTORME AT > 7, #iR
ZKIZRT, R =126 mmOLGEIZE W THAINFIR D ERIZKDNLTNWD Z LR ERTE 5,
ZORER LV BHRNCGRA 2 A VOB E ORI = A L OPNEE & BRI =24 L OO FI
TEHOND Z LR TE T,

L L, BB DB WEL 2 /MR Lo oBE) ©X 2810 mmTH 5.

- 133 -



Flux by induced currents

@,
Exciting flux @

B 10 BEREIEREAUNHRH 24 v

(x10%)

_ (x107%) E I [
= ~ N z 8 P\ &—— Layered type
E flux concentrator
2 8 =
« Y »6f b \
%: __——6_—\ g‘ &\ Normal type
g 1 3 . flux concentrator
= . Coil only P % o 0Inl ~
£ X | I/ = Y
2 \ Layered type Normal type 5 2t
53 2r =]
ﬁ, flux concentrator flux concentrator %D
s L g P R =,
-120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 0 20 40 60 80 100 120 140
Radius r [mm] Z axis z [mm]
11 BERETERLARIAR I = A VBT D 12 BEEREAHRINRH = A ViETICB T %

3.3 BRI = A /WIC L 2 1R O HE iR

B10IZRT R D ISR 2 A VO WNER & AMNR A B EIRICHERR T 5 Z LI kY, BRI R %
BN & 2 MBS AR 2 A V2 BUE L, ST KON F 2T 2RI R & 384l L 7=, B
J& PR AR A = A VAT 3 O B o B8 FE A A 2 (K11, 3 7 DRG0 AT % [XI120 8797, BT TR A
KA A NVAEFFICB O TITEFEE & ik U TR RS 14 % Lz, —F, #filzhFi3260%HA L
Too EHIZEBWTIE, EEEENSH2(5080 mmE CTHSREIRAILRT 5 Z LN MRTE T, £, B
JEFCRE AR A 2 A VX, EFICBT 2 IHZRIZD T 500, mHICK T 2 BRI KIC
KLU THDNEHL Z LR MRRTE T,

4. FEim

FENNEIE BT, BERINR 2D 2 W 7o e B2 O AR I 24TV, RGBS o g ids L O
HZN DM 21T - 72, BEARUR A =2 A I K DR FE O B8RS L OMMHIzh 0%, BEAI A =2 A
VLB W THNIE K Z L3RS, BRI = A biE, #10mm#E £ o Bl e & 1T
FNRAEMRE L OOBEI TED 2N 0hoTo, ZOFELY, BRSO ICH L CTHIR
NHaANVBNEHTHD Z LRI,

EARINAEH = A L OWNER & SR 2 BERBIRICHER LRI AN A v 2 0D 2 Lz k- T,
S TERE AR A 2 A L & e U CL 1 5 IS ) D BRI FE OB R RN N4 5 2 L AR S T,
BEFE TR AU AR = A V1, BRI =2 A JViE 512 381 2 e R O BRI & I K3 % Fiko—
D& L THMHMERRD b,

B 1N

(1) 1.Nagano.et.al.: Development of a portable cancer treatment system using induction heating--- A new
weapon for killing the cancer---, 2nd Kanazawa Workshop, WAVE11-P15 (2006).

(2)  BIFT, fl: WEFHEEN S  MARDCRTUER A 7 L 2O% R, B ARSI A5, 16, 351,
354 (1992).

- 134 -



KAMAEBEZEEBL-BIXBRABOMELERRERNTICRLIB (R

£t 7 R= A VNP N W i b 3
B H AR BEATT TR & o & — A (KR RE G 2 351 P

Magnetic Fault Current Limiter with a Nnoble Magnet Arrangement and Its Operating Analysis
M.Kitazawa  S.Yamada Y.lkehara

1. 1L ®HIT

TETEOM L P ERICIARRN S O0H Y, St bIEMA TSNS, 72, @RI, 1
g FIRREH H HRR L L T D, AT, IFERBEIEEIAE S0 BB BN CEA S5 78 836
BIROZEREDEITL TR Y, BRI L ET T LVRERICE O TN D, ZokkRHIzH b,
BESRMOLEERL, BUHRROREEZED, 5% BBURL EOBR RO b TEY, ZIUIRZ 5RO —
DL UT, FHIEA R HPE R 2 BRF 3] LRt 2 hig 3 2 BRYT, HbEEmmS R (FCL :
Fault Current Limiter) OBH¥E - #5823 T TV DD,

ZO—FiEE LT, RERERGEAITIZKABA ZBOTHRA LT B AR & &8/ TR S IV D 58
EZ R ORK KRS ST 52, 2 E TRIEEFED A LD 72 DTS 9 T BB IS K
TV ERHEINTNDY, A TIIRABABLE OETIZ L D RAEEFEOLEIZ OV THRE LIZD T
WET 5,

2. BMRXRRBOIIERE L ERFEHR

BIREEL00 V, MEEILI0 ATRZ BlMGT DIERERERHLM T D2 kKVARROD 78 &% B
PRIt A HfE LTV, RIEEE, KUSRT KO ICRENICESNEAL, K213 T RITMERRZ &
Bl 5, 772035, BERIOIELERE TIZTE2720/0E L, BN TEMHBER Lo > ILne NTIEK
ERAME R, WFEE R 2 BRI INH T 5, REEIRIERR ORERIE, B3I A R0 i R AN K ARG
FERfBEAL, EAMIZEFEEZ R TRODICERE B NTHETH D, oI RIEIEM 21551213,
IKABEANZ &0 IR O OB FE 2 7 ISR E TR 28 ERH D, £, KABRARNIC
WAL d 5 TEROELELE /NS T 572D H R OREHREE & 42 K& < LHREA~O R O i
ANZHT 2 0ER B D,

Z OBEARRE O OBERK 4 O X D TKABA ORKEE BIZIEL : TR & Bl O 2RI 72 i
SAEEME (TRl - ) DR L7 DA, RAIRIEHHIER BN TV D ELH TEIET S
DT, Ritar OBERIZKA TR SN D A OBEEME (Tt « m8) Lo P (BEREER)
LD, RDHIT, EEIZZOEWMEAP 2 FOICEET 22 &0, PR

RAPRIEAR ORFHIIR S HET DY, Fio, KATD A g1 ZBRFERR & L TR W RE R BER DR IUig %
AL, KBREREL Ve, & O TREAMBHZ LD,

Vi = NOAG (1)
NITER, oA THD, F7z, AUIRIREERE L TEIMELIGD 2 BB OIREZ =< L, Rifigs
& oAl O IS TR 1o & D TIRADIL Y L2,

NI, = AU (2)

- 135 -



Normal

b
g
CT e Zault
— Znormal
""""" d -hine i S M
‘ Losp | [lineli r‘f=0. 1Q Re

1 PR &AH A B

2 RIS D& BRI

X3 Rt a4 & & I E 1] HS

E Main core 1 |40 10 I
g (overall) ;i -4 .46 é .4 .4 .4 60
z r
3 Permanent Ly B, | B,
= + Main core -
§ ,I < (outside legs) 2
z ;
Ed 190 o | | I e
= Operating point ,’ é‘ wwwwwww h
= b . I
< Main core ol
oon a0 = - } -
= 7 | L
Faulr curent ity e = |
region L : L
P
Y i . §
0 ="
Flux &
Ad
e \ 5
4 R 5 Reltik 6 B

TRbb, KAWAIZL > TRWLEE TRET S 2 LI REMHENM 45, 22T, KAR
ADORLEZ AR L CHRHEEOEM N ZRELTLHILEE2E 2D, KSITRT LD ICH RIS AT
% IKNWAT 2 STICHLE L, K61 TR RUREME & K AR A CTRIBICART K 9 IThl & K ARA D
“HE (av, an, L h) B ST OBKEE (B, Be, B, B) ZARERIEICL > THENT L7, KA
WA DEREa=20 mm &9 5 &,

a¥@ﬂiﬂ=%SL5=£SL5 ®)

a a a
B, B) ROEFHZEHE-IRTOTELICOVWTHREES M EBN L-HBRZRSITTREY . X8n
5, MEEFoicfaf LTk, TRFEMOBREE bR RoTWD, STIRITKABA ZBLE S
L IR VKA LB ODET HHBAREL R, IV EWEBAOPET TS,

10,
30 40 50 50 40 (30 60
.
w0

i

B
= g
190 ol “!""'" il 110
- .
| | s
. &
W,

7 B L7 IR

3. HMSRARRBORELSHFHE

3.1 BERE R piias O BAE

(AL R AL 0 T IR 100 V, [0 57 10 AR CIRE % Bl ih 4 2 WA IR T s e L 7=, Bab
2137 A B ERERT : 30ZH-100)% HW T, KABA IR A Y LA Z W, gk L,
SHEZRTIZR L, BRKEZ RN AT, BRICIEE M 150E -,

- 136 -



3.2 EWEMEEIE, [RiGHEHE, [RIERERE
WO, FAE L2 IRFL 2SS EMERRNTIE O (ICEME L TV D02 iR T 5, FEBRIZK10DH| T #E IR
VWTVe=100 V, =60 Hz& L CAMENRLEZ B S & TR IR o7, @ ENERE & BRIEENER: D &5
ERE A X1, 121277, BEEERFICIZREHO A I b b T EROMIZIEE A EHEL L,
FRIEAREEIE &/ SV, L L, BRIEENMERFCIZEIREIE DX & A ENRITEHRELE & 72> T v [Riids
Lo TEEZAM LBERZME LT D, WIS, BRY#ORIEERR % BRIERE & Q)i L v EF%
LIRS T 725

A = honfel/ Lwithtel (4)
D2 DR TIRIiAR Z 72, 22T, honfa BRI 72 L DOWGE OEIFKENR, A [RikgsdH O O
LA ORIEERTH D, RIFE & RIEEREIZX18IZ7R T, K13ORFRHNEX, K20 X 5 ic+m7%
PrABRFFEICIEZ R > TRV, 925 AHEDNLRIBICKE AR~ 7 L TWDH Z ERbhd,
F 72, BRFEER A IR EO ST S EF L, 25 AT TANB55 I EFTELTWI Enb,
R ETAT D Z L TEBEZIMHI L TVD Z ENHERTE 5, KISOMREHEME T2 2R RTMERED
BONTWRWHERITAIEA VX7 2 AHFRDORE Th 5720, RIEEN 282 T Rk
MEBEBENRKEL LT, BRAICKELIBRDIOTY Y —FREENPEHAICS W ENEZBND,

| ~ =g
=8 A
SRR,
100V
VY S = > Nweguis] s TSy Q'jz@
9 BRI A AU SN e Nl
: Hogrontcn [ Sm— : ‘ -
< 1N 71N / AR .
o W 2 T R —
&, A N A Y e O N -
@, AN Wi 5o T
- . Fed [
s, A s I
b N A woL W
g;’i’/ QAY/@ s @: X, ey
thm wzm
R 5 ETHEGO Z RER T2 RO TR 2 B TR
120 ‘/ :5 L VfCI
4] e
Era 7 / 4 e 3
H / ol FCL (300 turns) 5
%ﬁo s J 3 = V+® _ 9{
& > ] 100V, 60Hz >
/ / 25 S_ 9
30 4 // 2 R ‘
R P14 s I2ER[E

13 PR, BRI R

- 137 -



150 -G 2 200
2100 2 e .

4 5 S > 50
o' 50 o0
£ DA/ G 1 g
RN p—; W 5
e z : e : : 5o
F150 M e y o
& =100 |-
—200 Baso
200 30 E'E%’
150 s

0 -

S\Il‘.'U V, /\‘ < 150 =
e / ! ] S [
Z T NN / i o % s
& s, A N % ‘}\ 0.040 0056 0= B -
100 [
150 e s b ot 20 g |-
200 Loty S0 -150

g

X 15 MRy EE - MBS EEIY (@ EEED) & BRITEINE)

\ / \ [iX \ i Vg / 5 —~
\ ) A - I s
z ,: . /. obr. T A N

Fifiit{a)
(ZBE (b) G EAMEZENIZR 0.2 13K

EIBHRFIC B Y (FMOEERE © 21 v F R

it

4. HWRABRRB|OBBFATIHFE

4.1 BEGETR R O BN R

R AR s D EERRIEMERED —D & U CTHBEN A L FSERA RN & ZITBRIFICIRE L,
FRIGAREEE AN K & < 72 0 Bk 2N 2RI F CHIH] U s R 1E # 1 30 e Tl R B IC R & 72 < T
2B 720, BRI OREISER M Z R T 20l E— 44— Eob b rAMEHBELTH
i BAME A L2 K140 EBREIE & Az,

NHEEE ST & X OIS EWRTE & 1R OMEE A - B0, 200 & X OFHFEAE - [BIEK O
BRRFE R 2 K15, 1612737, LA Z L L CH FMEAE - [BIEICx L CIRIEE BT 1 X ms LANIC
FEAEEABEL, HBEBEREZMHELTWD, L, A v TFREAFEOARTO L BIREED
MO ZEARIZ K > THERIED & EFIREA~BATT 5 £ TS 2RI AMN ORI X - TREHK
NEALT % 7= O BRI E FAIRBEICR D720,

4.2 RERATRiEAE OBEELE - FBIALAHRHE

A - BRI (A A v FHRA - AR, WIEBE» O EFEE~BITT 57200 5 RIS
DNTAA » FEARFOEIEL O & EFIREE TICEFT LREMICOWTRE Lz, REMRTD
RELULTHEAR - BRLEHIZHEL2 ITRELZEEO/BREEXNTRT, FHREAE - BIERE LICHE
Foe BOUFELE HICEFREE CICEL L LERELEO 2 AMREE CHFIREICEIFTX 5,

HHOREA, FIEERE (R A v FEAN, BB OEIREEDAFAA090° D & & D J)FRE A M O
2 & B EEIREEE CICE T AR O AREEIZ DWW TIL8IT R T, F T8 (a) 7 b (R Ea )N 8 & B F
O IRRENME~BITT 5 & X AMOMMEEIZE > TRATHHI2 nsTH Y, BIFEEDLEHIFRE
TRRIEEME~SBITTE 5, F2X18(b) & A5 L@HEIE~EITT 2 & ST MAR, HNEMHEARIC

- 138 -



Lo TRELEFRIEICARD T TORMOBEVRH LD, AL v FRFEASND & X DOEFREEDN
N EDETH > THEFIRRBIZ/AR D E TICHRKTH36 msFEETH D Z NS EBIRELED " JHHFRE
THFHIE~NERTE S,

R IRIEEHT ED L O AR TH > THFEMNIAE LFEERBIEINLD & BEIREEDTO %R
AFERAH LEKERAZ 30 AFREE TIH L, SHIRE CERREICAY, FERZIIRKAT
b EBIREE DO2JR HIFLE THEIRIE~BITTE 5,

A e 1 q 2

%
\ - il
o785l ..., i SSE1 OSUR ROPS| TN (RN Y T R S -

0.75
e = 15
s o i o T— 3 \\ i
505 h a 5 ] : & 05| - ; |
[ ’ i i & i \:\

o R B

D swwommmoac ) MorRASOSRREDGEC) 24T OO EREEDHEC ) AAYF RABOBRREOHAC )
AR BT 7580 21 FPRABRTERN O 2ICHE R A B PR 2180 PSRRI 208
(a) HHOEER (b) =FiglnliE 2
17 S ey ] PR R R R AL AR R
b kL
PR BRGE AR O IRFEMERE DO 1) L& BHE L, KARCABLE 2 8 L x

NOBIEI SV THIRE R O CRA LTz, Z ORR, BEEOKA uﬁ;é\\
Rt 2 AV CHARSME & 24L& FIC B HIIRO 7201 LI KA S -

BEARLED B S22 0, il e TR 2 EH T E T, T e
DRl PSRN % B LRI SR & B L, R - Bk N
BACOWTHRI Lz, £ OME, BHBEREERSEELIS <, [ ==

BREBITIEE A LI SN0, [RIEERIIEBRBEEDIZTE AL A N A S RN DR 3
BRI L, kX A R A S9S0AMT £ TIIBITX 5 = L AW ‘ |
ST, \\\*
RS + BRTCRAFNED H#I25 AGHTA & BRTCEIE & Bibh LA 3| .y
PIRFRIED BRI E < 72 T2, R BRHE IR FE R B D 5 K025 A = \577\\
I IRFEIE & B kS LB ARG O A AKX < e T, £10, BIR | !
IR TR O BIISEBEC OV TR LIz & 25, FHEd: - AREAR o ——— :
REDIIHELLSES L5 RbOGSAMMFASNT Y, FhRE =
B 1L BRI SR SRR E AN K & < 72 0, [EIRETEIE B0 L, ek C b7 o o
R 00 2 1 B L B MERE A B TR~ 1 B ek 5 = D 18 BIERER RIS AT
N N o FRE

B 1N

1) H. Shimizu: Current State and Trends of Fault Current Limiting Technology, /EEJ Trans. Power and Energy,
No.125 (2005)

2) H. Nakamichi, K. Yotsutsuji, S. Yamada, M. Iwahara: Numerical Analysis of the Core Dimensions of a Magnetic
Fault Current Limiter Assuming a Practical Design and Trial Production, Journal of MSJ, Vol.30, No.2, pp.
282-285(2006)

3) K. Yotsutsuji, M. Kitazawa, S. Yamada, M. Iwahara: “Loss Consideration of Magnetic Fault Currrent Limiter”,
Asia-Pacific Symposium on Applied Electromagnetics and Mechanics 2008(APSAEM2008), (2008)

- 139 -



Low-Invasive Detection of Magnetic Particles inside Human Body

Sotoshi Yamada, Chinthaka. P. Gooneratne, Makiko Kakikawa
Institute of Nature and Environmental Engineering, Kanazawa University

ABSTRACT

Due to its biocompatibility, magnetic fluid or nanoparticles have been used inside the body to
deliver medicines or to act as self heating agents to kill cancerous tumors. The estimation of magnetic
fluid inside tumors is critical in hyperthermia therapy. We proposes a unique GMR needle probe
fabricated for the purpose of confirming the presence and location, and estimating low-concentration
magnetic fluid inside the body, in a minimally-invasive way. Theoretical analysis is presented for
detecting and estimating magnetic fluid weight density in vivo. Experiments are performed initially to
detect magnetic fluid in trays with embedded cavities followed by detecting and estimating magnetic
fluid inside agar cavities simulating various-size tumor by the GMR needle probe. A methodology and
experimental results are also presented for analyzing magnetic fluid distribution in cavities. The
results show that the GMR needle probe sensor has a high potential to be used in clinical applications
such as hyperthermia therapy, a kind of cancer treatment.

INTRODUCTION

Magnetic fluid based hyperthermia has the potential to be an effective, non-invasive cancer
therapy with negligible side effectsl. Magnetic fluid is injected into the affected area and an external
ac magnetic flux density is added to exploit the self heating properties of the particles. Temperatures
in excess of 42 °C destroy tumors(apoptosis). Currently one of the main problems associated with
magnetic fluid hyperthermia is that the magnetic fluid spreads inside tissue after injected, reducing
its content density. Specific heat capacity is directly proportional to magnetic fluid content density.
Inaccurate estimation of magnetic fluid content density gives thermal under-dosage in the target
region which often leads to recurrent tumor growth. Hence, it can be stated that the quality of
magnetic fluid hyperthermia treatment is proportional to the accuracy of estimating magnetic fluid
content density in vive?. The purpose of this research is to develop a method and appropriate tools to
estimate magnetic fluid content density in vivo. The key feature of this research is the fabricated novel
giant magnetoresistance (GMR) needle probe. The GMR needle probe is designed in such a way so that
it can be inserted in vivo in a minimally-invasive way to detect and estimate magnetic fluid content
density.

NEEDLE-TYPE GMR PROBE AND METOD OF ESTIMATING MAGNETIC WEIGHT DENSITY

Giant Magnetoresistance Needle Probe

The fabricated GMR needle probe as shown in Fig. 1 is unique in the sense that it can be applied
inside the body in a low-invasive way. The needle is fabricated from a compound of Aluminium Oxide
and Titanium Carbide (Al:Os/TiC) and has a diameter of 250 um and length of 20 mm, where 15 mm is
available to be inserted inside the body. The novel idea of the GMR needle probe is the GMR sensing
area (75 nm X 9 pm X 4 elements) present at the tip of the needle3. The Wheatstone bridge structure
design of the GMR needle probe allows it to measure the magnetic flux density inside and outside a
magnetic fluid filled tumor simultaneously, since one GMR sensor is at the tip (which is inserted into
magnetic fluid) and the other three sensors further up near the connecting pads (which is exposed to
the applied flux density). These distinctive characteristics allow the potential use of the needle sensor
in a variety of clinical applications. The small signal characteristics of the GMR needle probe at 100
Hz are shown in Fig. 2. The sensitivity of the sensor is approximately 13 pV/uT.

Method of Estimating Magnetic Fluid Weight Density inside Body

Relationship Between Relative Permeability and Weight Density of Magnetic Fluid

The magnetic nano-particles are assumed to be uniformly distributed in the fluid and cylindrical in
shape, where the height equals the diameter. Furthermore, the respective relative permeabilities of
nano-particles and liquid are assumed to be infinite and one. The permeance of an equivalent
magnetic path through magnetic nano-particles and air is estimated and hence, used to obtain the
equivalent permeance of a unit volume. The relative permeability is then derived from the equivalent
permeance of a unit volume. Considering magnetic fluid as a bulk, the relative permeability % is, 4
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where yr= 4.58 (W-35 sample — Taiho company) is the specific gravity. The magnetic fluid volume
density, Dy, is a volume ratio of ferrite particles, while the weight density is the amount of ferrite
particles in 1 milliliter water (gFe/ml). Eq. (1) shows that the relative permeability is proportional to
Dy and Dy but independent of shape or size of magnetic nano-particles.

It can be seen from the electron microscopy image in Fig. 3 that magnetic nano-particles have a
cluster structure. It was then assumed that it is also uniformly distributed as shown in the spherical
cluster of the model. Since there is space between the particles, the space factor of spherical magnetite
was considered. Equation (1) is then written as,

u =1+4D, /',
@) !

’

where y/.= hy, (space factor of spherical magnetite, 4s=0.523). In Fig. 3, the calculated results
were obtained by

Eq. (2) while the experimental results were obtained by measuring the relative permeability of various
magnetic fluid weight densities using a vibrating sample magnetometer (VSM). It can be seen from the
results that the relative permeability is linearly proportional to the magnetic fluid weight density.

Weight Density Estimation by Measuring Magnetic Fields inside and outside a Magnetic fluid Filled
Body

Figure 4 shows a uniform magnetic flux density By, applied to a tumor that is injected with
magnetic fluid. Magnetic flux lines will converge at the fluid filled tumor and the magnetic flux
density at the center of the tumor B, can be expressed as

Bl(:gfz*BO/{l+N(,u*—l)}

where NV is the demagnetizing factor of the cavity. By substituting Eq. (2) into Eq. (3), the difference
between magnetic flux density inside the magnetic fluid filled tumor (B1) and applied magnetic flux
density (Bo) can be expressed as [3]

§=(B~By)/ By=(u ~D(U-N)/ " =(u" =1)(1-N) (1" ~>1)
=4(1-N)D, /7, )

Equation (4) shows that the magnetic fluid weight density can be effectively calculated from the
difference of B and Bo. While the change ratio of B and B is directly proportional to the magnetic
fluid weight density, it must be noted that the shape of the tumor has an effect and thus influences
differential magnetic flux density.

Evaluation of Error due to Variatioal Shape of Magnetic Fluid Filled Area

Magnetic nano-particles are considered to be uniformly distributed in a spherical or ellipsoidal
cavity. However, when magnetic fluid is injected into the tumor during the medical procedure, fluid
may be concentrated near the injected part. Thus, the exact shape and the size of the area are difficult
to predict and the density is not uniform. Therefore, the relationship between the shape of the cavity
and the accuracy of the estimated value should be considered.
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n =An

It 1s assumed that the density of magnetic fluid is uniform with the shape of magnetic fluid filled
cavity. Consider the errors of Nand Dy as follows:

D,=(D)+4D, , N'=(N)+AN

v

where D, N)are the expected mean values, and AD and AN are errors. Given that the tumor
has a spherlcal structure (V= 1/3) we assume the 1nJected area can vary between N = 0.25 (long
ellipsoidal, aspect ratio s = (long axis b)/(diameter a) ~ 1.4) and N = 0.5 (flat ellipsoidal, s~ 0.6). The
shape of the mean value N>= 0.375 and corresponding s = 0.864. Taking the aforementioned <N>
into account and substituting equation (5) into (4) we obtain the following equations,

AD AN
) ©) . AD,

s1u3) @) (V) (D,)

It can be seen from Eq. (7) that the maximum error is 20 %. In this research, experiments are
performed with cylindrical cavities so the magnetic flux density is not uniform inside the cavity.
Therefore, the position of the sensor is important. Even though the sensor needle is inserted at the
center of the cavity, it is assumed that there could be some positioning error within a spherical area of
5 mm diameter. Then, by numerical analysis we obtain conditions for the shape and diameter of the
cavity which is within the 20 % error limit (Vat any point in the spherical area should be between 0.25
and 0.5) as shown in Fig. 5.

=0.2 Gf  (av/(N))

DETECTION AND ESTIMATION OF MAGNTIC FLUID WEIGHT DENSITY IN VAROUS CAVITIES

Estimation of Magnetic Fluid Weight Density inside Cylindrical Containers

The experimental setup is shown in Fig. 6. The tip of the needle was placed at the center of the
Helmholtz-tri-coil, which supplied 0.1 mT magnetic flux density at 100 Hz for all experiments.

Magnetic fluid of original weight density 40 % was thinned by mixing with distilled water. Plastic
trays with embedded cavities (s = 0.625) were filled with thinned fluid of various densities. The GMR
needle probe was inserted as shown in Fig. 6. The GMR needle probe was then used to estimate the Dy
of the thinned magnetic fluid, by measuring the applied magnetic flux density (B = 100 pT) and the
magnetic flux density (Bi) inside thinned magnetic fluid filled cavities simultaneously3 4. The
experimental results are shown in Fig. 7. The figure denotes the relationship between Dy and the
change ratio of magnetic flux densities. When the cavity is thin and long (N = 0), the relationship
shows the upper limit. The demagnetizing factor N for an elliptic body depends on the shape ratio of
the cavity s, as shown in the figure. For spherical shaped cavities s=1 and N = 1/3, and for flat shaped
cavites s = 0.5 and V= 0.527. It can be seen from the experimental results that Dy is proportional to
change in magnetic flux density and the results fall between theoretical lines for long and flat
ellipsoidal cavities.
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Detection of Magnetic Fluid inside Various Cylindrical Agar Cavities

To simulate the situation of detecting magnetic fluid inside the body, cylindrical agar pieces
(simulating tumors) were injected with thinned magnetic fluid of various densities and immersed in
potato starch, which acted as a reference medium. The diameters of the agar pieces were chosen to be 4
— 14 mm (s=1, N=0.33).- The needle tip of the sensor was inserted at 10 mm intervals hence, to the
middle of agar pieces along the length (225 mm) of the magnetic fluid filled cavity tray as shown in Fig.
6. The change in signal corresponds to the difference between the signal obtained inside the magnetic
fluid filled agar and the reference medium (potato starch). It can be seen from Fig. 8 that the GMR
needle probe can detect magnetic fluid injected into agar pieces with diameter as low as 4 mm. Figure
8 shows that for a given weight density of thinned magnetic fluid, the change in signal does not vary so
much between the four samples (since s and Nis the same) and that the signal is proportional to the
weight density of thinned magnetic fluid. This means that even though the size of the cavity may
change (sand Nare constant), the signal will only change with Dy, thus verifying Eq. (4). Furthermore,
detection of magnetic fluid in samples with diameters as low as 4 mm shows that the GMR needle
probe has a potential to be used effectively as a tool for detecting drug coupled magnetic nano-particles,
in targeted therapy for tumors.

Estimation of Low-Concentration Magnetic Fluid Weight Density

Since the GMR needle probe was used to successfully detect magnetic fluid inside cylindrical agar
pieces of different sizes, experiments were performed to accurately estimate Dy inside cylindrical agar
pieces. Experiments are performed with the GMR needle sensor to estimate Dy in 18 mm diameter
agar cavities (s = 1, N = 0.33) since, to provide adequate heat to kill the tumor without affecting
surrounding healthy cells, Dy needs to be confirmed before and after treatment (to check remaining
density)5 6. The GMR needle was inserted at the center of the 18 mm agar cavities and, B and By were
measured simultaneously due to the bridge circuit design of the GMR needle probe. It can be seen from
Fig. 9 that Dy is proportional to the change in magnetic flux density and agrees well with theoretical
results obtained based on ellipsoidal cavities. Concentrations as low as 0.145 % weight density could
be successfully estimated.

ESTIMATION OF VERY LOW-CONCENTRATION MAGNETIC FLUID WEIGHT DENSITY

Since, for very low weight densities the percentage change in magnetic flux density is in the order
of 1/10,000 and distribution analysis requires super uniformity, it is imperative that the applied
magnetic flux density is at least 1/10th more uniform in the experimental area. A Lee-Whiting coil was
designed and fabricated to produce a uniform magnetic flux density (fluctuation < 0.001 %, 0.1 m along
the axial and radial direction from the midpoint). The experimental setup is shown in Fig. 10.

- 143 -



14 mm (s=1)

6 ) . 10
i Aspect ratio of f.1\1/5 afnct]n{c (Ij']g]dl 4 7 - E
< H .| cavity:s=b/a  s=o0 ,N= illed cylindrica == =1
AL o, | ominstbe s N0 e B B :
<[ .- b :
s : .- - .- 0.035 : :
? H - - a . :
2 0i6 e :
54r’ R e . 0.0304 _____._.. . L S o ..0.029mV
o |04 ez * * D —0814% & (Average signal)
=1 02t . o = o
2 |l - Z 0.025
I ey *. - 5=1,N=033 =
EH - 20.020
ol £ 0.016 mV
= 2f 5=0.5,N=0.527 %0015 B (L Verage signal)
s = 5 . .0012mV
% | . ’ @} 001 A (Average signal)
= . - .
5] - —
S g : ¢ f=100Hz 0.006 mV
o ¥ S @ - - €------- o ... o.. !
0 = ‘ 2 ‘ ‘ ‘ ‘ 0.005 D = 0241 % (Average signal)
0 0.5 1.0 15 20 25 30 3'5‘ o L R ——
Magnetic fluid weight density, D_(%) 20 40 60 80 100 120 140 160 180 200
-

Position (mm)

Figure 7: Estimation of magnetic fluid weight Figure 8: Detection of magnetic fluid inside agar

density in tray with embedded cavities. cavities.
4.5
' 0w concentration magnetic fluid §= @, N=10
4 7: ‘: (< 1%) estimation inside agar P
H - 7
I P s
S 3.5 of -7 P
DY 0:6 /// -
Z 2] s n-033 %
% 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 (.9 -
2 2.5 : 5% PS . .
2 : e M agnetic fluid
RS 5L // filled agar piece
] P (s=1,N=0.33)
) 7 5
) - B,
E 1. // ‘ Needle sensor
) R S P inserted at the g
g Ve ¥ center g
5 -> L =
0.5 ¢ 2 Experimental results
, ‘ i',-(s‘:l,NZO.%S)atIOO H‘z S pm
0.5 1 1.5 2 2.5 3

Magnetic fluid weight density, D (%)

Figure 9: Estimation of low-concentration magnetic fluid weight density.

Cylindrical agar pieces of d = 18 mm (s = 1) were injected with very low- concentration magnetic
fluid (Dw = 0.03 — 0.2 %). The GMR needle probe with a sensing area of 75 x 45 pm at the tip of the
needle was inserted to the center of magnetic fluid filled agar cavities. The differential magnetic flux
density is in the order of nT in the experimental situation. The bridge structure of the GMR needle
probe measured the differential magnetic flux density simultaneously. Experimental results shown in
Fig. 11 indicate that the change in magnetic flux density is proportional to Dy. However, the current
limit of estimation has a good possibility to be influenced by the construction and coiling errors of the
Lee-Whiting coil. Shown in Table 1 are the error percentages at 0.02 m in the axial direction if the coils
or diameters are altered by +1/2 mm.

CONCLUSION

This paper describes a novel GMR needle probe that is utilized to detect and estimate magnetic
fluid weight density. The unique design of the fabricated GMR needle probe is especially made for
application in vivo in a low-invasive way. A theoretical basis is obtained for detecting and estimating
magnetic fluid weight density in vivo based on relationships between relative permeability, weight
density of magnetic fluid and magnetic flux density inside and outside a magnetic fluid filled cavity.
An experimental setup (including a novel GMR needle probe, Helmholtz tri-coil and Lee-Whiting coil)
and procedure with agar injected with magnetic fluid to simulate actual clinical process was developed.
Experiments were performed to detect and estimate magnetic fluid weight density inside a variety of
mediums simulating tumors, using the GMR needle probe, with the long term objective of estimating
in vivo, especially in the area of hyperthermia therapy, a form of cancer treatment.
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Table 1: Analysis of error percentages due to coiling and construction.

Coil number +1 mm (%) -1 mm (%) +2 mm (%) -2 mm (%)
1 Distance 0.007 0.007 0.015 0.015
2 Distance 0.008 0.008 0.015 0.015
1 Radius 0.0037 0.0037 0.0075 0.0075
2 Radius 0.006 0.006 0.012 0.012

0.40

— — 5= © N =0 (Theoretical)

0.35 s=1,N=0.33 (Theoretical)
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Figure 10: Experimental setup for very low-
concentration estimation and distribution
analysis of magnetic fluid.

Figure 11: Estimation of very low -concentration
magnetic fluid weight density in cylindrical agar
cavities.
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BRI E R A LT D 2 ERNMbNTEY . BRERICE W TERRKIC X 55K RIEE )
NEFSERBTHHEN TS, F-EKIIIT, BETFEMBOBIERSa 5 — 47 VR L O
HRARICEEESE D Z L ML TW D, —RIICESANL T, 5Ll & o BB 2 E s
IACY S G AV-F/NEN %kﬁ@@ﬂ@ﬂ&ﬁiﬁﬁéﬂfw@w — 0. B 3BEEET © Mok
F B KB OB AR ELSH L b A DROBLKHBIC L VB SND Z L 2R L

72D, FTHAIE, 20 A RELHEOSDRICEH L, TN AR T TR E A 2 2
L 5 A E RS %mmmﬁé EERFEM U, RO B, /A XBLKAEOREREAET O
REE I & O IRAGIT b9~ 2 RE RN 5 & SR A0 22 BB AR &l 2 Z L IC RV REET 5 2 & T
H5,

2. FEBRFE

2.1 REEHAET~OBEXATK

BFHEMmAE I Ma T —4 0 2R PHEK (W 20mm X L 16mm X t 2mm) 12 1X10° @ (1600
cells/sponge) #fd - 15& T 5 2 & “C“ﬁ_&-_’m’%:%% LT, BAEBEERET v aNICEMi S & H I
BEL, 272 L AROREMRIC %’i%l WMAE 527, 728, BAEENEICEME P RICAE LR T
JF A1 B BRI N G- 2 f‘oﬂé Lo, BAEFOmMmEEZ T 7 VAT o —IZETE L, K 1ICAKRSE
BCHWEESHE Y AT LE T, %%7 N—71%, OControl £, @JE AR HAE, @ Noise HIHL
FED3HEL L7z, Control BE CILEMA LR T v v 2 [T E LIORECERINENEZ 5 2 TIch& LT,
Q@OBETIX 1 ms DRI 2 FF O R E & 20 A (BIHE T 0.625A/ m*) OEBER L AZ ST SEh
Mo UJE % (2Hz~500Hz) THhH 272, —F5. Noise #IIEAETliL, AIROELK UV ANE X% 50Hz
N5 500 Hz OFGE LRI CTT v X ACHBT 2 X9 WCERE LS 272, AR E O & LT
500 Hz #[X 2a (2, Noise #IEH OB ZX 2b (2T, BERANKIT, FEZAXvEA 1B 1E, 3
%Fﬁﬁ'ﬁ‘if:o

22 TAHVMKRAT 7 X —F (ALP) J&EMEZEAMR

BRANC X DB HAE ORBME AT 57212, 553% 3 B BICHAE 20 H LT ALP i& 1T
i %17 > 72, ALP ?%@%Wﬁﬁ&i\ pNP (= b7 =/ —)b) HWEIRIZHESE, AL Z 7 84720 D
p-NP BEZ D HEMICELVEHN Lz, 722 OFFEMER CTlI~ v R GAZE A ST O B 2 M AR i
(MC3T3-El néﬂiﬂa) Z Tz,
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2.3 AJRAGEEH

23 A OBERYIMICIE W TERFAETOAIKICEDE =2 Y & 7 24T, BRI O A KA IR ER) R
ZEMEL7=, AIKAbE=4% 1V > 7%, TR LED &7 4 R XA 4 — K (PD) ZFIH L=/
PRI LV IEMIENIA TN, BEEOAKILEINATERELY -V O Ca g F &b L T EEE (1
REEE) [CX VB LY, 2B, ZOEBRTITAKIRICEN-OREETFMEEZANTEY .
ZOMMIE SD T > b (M, 8 HE) OKBERBIOHE L VERRL-MERMRE ML L
T, 728, AWMESHEEEE L CTS500Hz 0L D aEFE LTHRAHLE,

3. fERB L OB

BN & 87 B8 T2V @ p-NP & (Control # D -2 CTIESL) ORI TO KA [¥ 3 (2777, Noise
FEI Control & EE~ 13% (p<0.001) MM L7z, JAMIRURPEEEICI W TIL 2 Hz, 333 Hz, 500 Hz
ZERE Control BEE DA EZEITA OGN o T, F-. FWRSHITEEE & ki 5 &, Noise #flL & D
JAMIRRIERE L W b EVMEA R L, 2Hz, 20Hz, 333 Hz #fE HEEN RSN (p<0.01), LLED
R, A XBLAESNE I BRI LD LRI EE AT ORI 2T 2 L 2 RE L
TW5,
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3 ALPIEME (BNLZ > X7 824720 @ p-NP &) (28T 5 8 AR AL
& A XRNERED LR, ** p<0.01, *** p<0.001 v.s. / A A FIFERE

41TAIRILE (Ca @A B JOMREE) ORBZEHIMICMH - Zlbzrnd, 2 TORICE W TR
BICEE S AIRALEDOBMB AN OO, BELEHEE 7 HEH L0 HBEET Control BEL D HEWVA
JRAGEE 277 L7c, HEIZ, Noise BEIZIWTIEET#E 8 H H LAKE T Control #£ L W A B & WA IKALEE 3B
3N Tc, —J7. 500Hz #ETiX Control #E L DFEZEITIZ LA ER LN oTz, HiEREH (23 A
) 2B HEHED Ca A RA4 LB % & Control B (1.26mg/cm3) 12~ 500Hz #f (1.35mg/cm’)
TIE 1.08 fi#. Noise # (2.35mg/em’) TIE 1.87 5 & 22~ 7=, FAIREE TiE, Control B (22.34mg/cm’)
(2~ 500Hz £ (23.38mg/em’) T 1.05 %, Noise # (33.0lmg/em’) T 14815 & 72 o7, LlED XD
(2, /A RESHNILE R ORI L 0 bEEEFATOAKILEZRET D L A/R S, ALP
IEPEDORER & FEROMR & e~ 7c, 5%, MMFEREE 1. 7. 14, BELU 21 HHIZBT 250N
FWLHEEOETEHB TH D, EOREIB W THEEMMORKE & & HITAKILEERE A B 5D H
WO LRI PHRLTWD Z N0 D, K2, Noise HEOBEFICEWTIVEETH-
Teo /A REKALOF FH M O pEbds LR IKIEED RIZIZ, /A RPEIBITE 05 &8
By & AR OHBUBHENBR L TV D EHER I D, R ZAUCEE LT, Miaofliizx 42
BUBAL® & RIBUREE O UK MO D Z > O BHF T EBEAREEEZFH L TV D LB BN, AH=R
LRI ORELLETH D,

day7 day14 day21
407 37
—O~Control
©
o 251 -+-500Hz -E'
530' mE --Noise 8
()] % 2 4
S |E
220 ~ 15 N
o S 11 3
x 8]
5104 ®
S O
0.5
3
0 0 ' ; - ©
0 7 14 21 z
day in clture
4 FAEFOAIKILE (Ca &4 %EE L OHKE
) OZAL. * p<0.05, ¥* p<0.01, *** p<0.001 4 BT OEG
v.s. Control
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4. #5

AL TIE T B a T — 7 v ARV L M L 0 A L - BB AR T A REXIL & 5 B A
Wa b 2. WREAS 72O HARO ALP G & AR OfEEN R 2 g U7, £ oRER, A HaH
WMED b A ZRPET ALP DNIEPE(L S 4L, FloaKbAMEE STz, DLEX Y o X E
g ORISR KL RE S B D EN D D L imS T b,
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T. Fujihata, M. Kakikawa, S. Yamada

Effects of extremely low Frequency Magnetic Fields and eddy current on Potency of Anticancer
Drugs Bleomycin

1. [FL®IC

RS E RFM R C R L 2R EZ T Z LI L Y, AR~DIEHOELEELLSED

EWVO NS D B 2L, S T RCBWTHRARIY AT T F 5%, BARICIRET S L
VAT TF DRI ANIEMIRDN AN EREINTWD, o, INETIZEFELIEIAAZTY
77—V EAWEERRICELY, BIRAFI~YA F~A 2 C & 45mT, 60 Hz @ ELF %8 % Of
MT 5Lk, DNAHEN 2BIELEEEL 2 A LER. F7-, KBHEZERGSL L L
G, FIDnAFI~A b~A LV CRBIOVATTF UVITBWTIRMBERABREZEZ AT Z 22X Hmn
AFIDOVER S B U, Z OR/E B R IIBR T L 7= TR ORR B E KA Th - 121 —77,
RER EOERGFHEIIAHATHY, MAT, RERMBRZRERET D EICL > THBAAOIERN
BI500nE 0 A=A LU THEEP STV,

T IT, RMFRETI, 7T vA~A v OEAEmRELZ RS, RBEKRFEORTZI1TY. £z, A

B =X LOEIADT-D, RHFHBERICL > THEIND I TEMOEEBIZ OV THHNEZIToT-.
2. MBARMERICEIT A RFHABREORLEAMA L

21. RRMRRLEEE

(1) ZRVERES R A2

AWFZE T L7- 60 Hz 3B RS A E 2 1 1 123, BARAERE T, UTFRELZ AV
ZFOERLOFETEICS F RO X v v F 2R, T 27 VA — A 2B ULRRERE L. FEBREEE
N OGRS A 2 5H L7 f5 5, KT 54.5 mT, /N T45.0 mT TH Y, 15O 10%LLHN
Thoto. Fi=2, 77 U NI —ANEIIFTEOLB LA MWK TRAET 2O ZELZRET 572
W, HREE T -EREOKEMRR S, EREMANOKIEEZ 36 CO—EIZ LT
2) 9TE\E_l,{fﬁ%/’i'g§¥ﬁﬂﬂq&]}lufﬂﬁ%i%%

ARAFIET, 5 TEIROLEIIMICIBWTHEH L7 60 Hz AR AREE DO X 2 12777, X
212BWT, oA i, oA L OHROEL 1.66 mm(ElDELL 1.6 mm), B 252 ¥ —DHL D
ZEETFTO72T9A4 FaTIZ®BELTHD. £, aANVORBIH LT, BEAFE L TARERICE
Wi 7Ze Y F—brEERHL, HEREEEICL-T, 77 IV Ar—ARNEFERIEHZEICLY, FE
BREEIN DRI A 36°CIZ L, aA VORAEGH SET-.

2.2 STERRAA D y—LOER
ZEMEINC — R 7R ARV T TlE ) TEMBE DO K& S0, RICHHT5. 2o Z &1 Maxcell D5
BRANOEIHTIENTES.
J =—omfB (2.1)

I, JIFDTEREE, DIFREER, HI38, SIIREBA OB, BIIMREETHD.

TOZLEEMAL, AFRICBNTH 3 0L Ry Yy —LEERLEZ. Z0ovvy—LIiZBWT, 3
DDIEN D 5. 3I2BWT, ENENDHE% Inner ring, Middle ring, Outer ring &9 5. Ak
R IIBEAEE A 50 mT, JEPHEE 60 Hz TiTo 7. HERIE, KBEEZEETLOOEETH
5 LBIHRICIZ 1% D NaCl 2 G A THEY ZORENEILHDH LEZHILD. 1%D NaCl DEFEHRIT 1.6
SIm THh 5 Z ENno>Tn5h. BEOFEMEEZXQDIZIKAL, % ring ® 5 FEBIREEOFHF L O
Inner ring & Middle ring 35 X T Outer ring DLbZ A3 2.1 1777, % 2.1 LY, Inner ring & Outer ring
IZBWT, S TEIRBEDENPRKN ISHEETERNTZ ENahoT.
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i Mﬁc‘,ntql area
LA

sk xperimental areaps

1 60 Hz 28 Jfifis S o8 A 3% 18 2 O TR 60 Hz LRSI AR LS 1

Inner ring Middle ring Outer ring #£ 2.1 &K ring 2B D EIRE LYY
Average of current Ratio to
density[A/m?] inner ring
Inner ring 3.77X102 1.0
Middle ring 27.1X102 7.2
35 PEIGEEIMMA L ¢ — L Outer ring 57.3X102 15

2.3 fJbAFEI

MBAFNT LA~ A 2 IBAMIBRNOERA A2 (Fe++) LA L TR O DNA Z 8likrd 5 2
L2k -oT DNA OFERIZHETS. 2LV DBAMBOBEEZ DD Z ENTE, FIBAERN
Bonsl —%, 5 PEBREETMAOTSAANIE, T TITHIUC X 0 /ERIBTRAI 52372 A
TIFUEMGEH L, VAT ZTFURTTTFHEEHTHY, T FHALEIIN ATEEIZE W TIA
{fEbI TS, ZOFTHLIV AT ITF IR OBIALELN TV IR ARO—FETHD. VAT T
F AT AL D DNA $HIC28ERE A5 Z LIk DNA O - IRBEA2LET 5. 2k VA
MO A IED 5 Z LN TE, FinAERZELN B,
2.4 XKBE (Escherichia coli)

AR O R ERE LT, KIBEEMFH L., KIBEISEEY A 7 VvnEL, v P2 AHIIE E F
BEICHIDRAR T LA~ AL Vv BI OV AT SF R EZ T 506 Th 5.

AWFFETIX, W3110 & JES595 &9 2 DO KRGHE 2 H L7z, W3110 13 KIGE O CEAR T
HD. ZHUTK LT, IES595 I DNAEE B FD 1 D Th D recA Z N LHICRIBEEZHDTH Y,
DNA B LT, BEZMEORmWKETH 5,

2.5 BNRARIOHBENERIZB T A ABROEENMA X

P AHNDOERNZ 31T 2 AT G E DB 2 F T 5 56, KRGW o2 e s LT, Hin
AR & AR SR TR & 0P L7254 (Bxposure) & FLAAID & CARFiBEFRE % R L nWigae
(Control) & &I+ 22 LIS XV XM ARBEORBELIMT DI LN TEDS. KIGEOK% ik
THEOINIKRGEOEEZ BT H2LEND H0, RFETIEZFOODOFELE L Cag=—7 v
T AEER AW, FIRARI RS LEbE, an=—T oA IETERELE, KBEEOARERE T
B35 Z LIk, AR OGN AR AR L 72

3. iAARIOHMBERERICEB T3 RBROZE A EHER

31 MBAFITLAIAIL VDR FHROEENTERLR

TVUA~vA T OREEIX3, 6, 12 pg/ml TITo 7. BERSMIE, BEAREE 50 mT, JH#H %L 60 Hz
&L, BRI 1 RFE CTIT o 72, £ DFE, 0.5 FFfH & ICIERERIREE (Control) & W25 IREE (Exposure)
DEEEE 25 i Tl ran=—7T vy A ETERIL LAEZITo 2. FREICB T D2 KBEOAE
FH OB b2 4 1R L2, RBRER RO AEEHEIL 6 BIOEROFETHDH. 7T 7 O
VRS S EE IRFRE] (Control [ X528 RER), HEfhZ B8/ 1 ml 720 OKRIGHEOAEF K E LTS,

0.5 FFfff BICBIT 2K IEEICEIT D Control OAFEIITX T 5, Exposure D EEH O TFTE
(Exposure DA FH/Control DAEEE)ZZNENFHEL, T LA~ A v ORE 3 ng/ml TiX 0.89 %,
6 ug/ml TIE 0.79 %, 12 ug/ml TIX0.61 {5 &7 ~7-. Z 2T, MtFMICHEERENHDLONE TH
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WL DR LTRER, TV~ A U DBENG6, 12 ugml IZBWTHERZE (p<0.05) iR 5
7o, ZORREZS &I, FHEMBELROZEREZK S ITRT. K538 T &9 TR L0 it
PAFIORED 1.2 5 L LIz, £, FHEMEOT LA~ A o OREDKFITRD Sieho
7z,

3.2 5T ERDEEREHER

VAT T F U OREIL 2.5 pg/ml TITo 7. RUEEES SRR 50 mT, A% 60 Hz & L,
IRERRERIT 6 BRI CTIT o 7. 2 OB%, 3 K Z & ICIEWIEER (Control) & BEFMEFE (Exposure) DA
EBOWEZAT > 7. FRERIZI5 1T D Control DRI %5, Exposure DEF I D AF{ELL (Exposure
DAEEH/Control DAEFEE)E FNENERE L, K6 IZRT. 77 7 ORfITRRH, i3 AEEmEoF
Rl E LTWD. 6 FEHBICB T 2 AEFEBOFELIT S ing &b 1 KV /hSL< o TEY, Ky
DR LY AT T F o OEHRHER LT,

Z OHIRPZRBETIC L > THEEIND O TEIRDEETH 20T DOV TR L 725 RI22n T
WKARD . FEHM VA, 2 D0 ring OFRER O EFHBOFIEH(E DL B —FH D ring DAEFEH A 1 & LT
BED 9 —HOHF)E KD, Control & Exposure DE DFEL A BT 5 Z LI X 0 5 TEIROEE
Ze A L7z

6 FfH B 123517 % Inner ring DEEE % 1 & L7z & & ® Middle ring, Outer ring DA E D fFAE b
BB LU Middle ring DAEFE# % 1 & L7z L X0 Outer ring DAEFBDOGFIELEX 7IZRT. 7T 7O
$EE VERER], M IR O R E LTV A, Inner ring & O LEZIZ IV T, Middle ring k Outer ring

ICBWTHERAZRET D22 LICL T, AEENEA LI, Z0ZLhb, RIMRREICL LA
7T F OB EMEER OB O TEIIC LD LW O EHmN R iz,
4. %tnlm

TRARNT VA~ A T AZB N TR OB CHRFEEERD 1.2 5 L5 Lz, ZoEH
BT DB ABIOREOIKRGFHEIIRONT, BEOHREEZEEZ DL, BINAKIOIERIZEIT 5K
TR U BT AR DR E DIRAFIER RN Z ERRIBTE 5. REKRMEN 2V E W) Z &L, fF
KERRICH T 28, BFICL o TORGEOEWVICEGBRIBET 22 LN TE 500 Ltk

10

—+—BLM 3pg/ml
~#-BLM 3pg/ml+MF
" —4—BLM 6pg/ml
—=BLM 6pg/ml+MF
——BLM 12pg/ml
——BLM 12pg/ml+MF

B Inner ring
B Middle ring

o Quter ring

Number of viable cell { X 107 cfu/ml)
Relative titer of colony forming unit

0 02 04 08 08 1 12 [} 3 [

Reaction time (h) Reaction time (h)

B 6 4 ringlZHiF5am=—TFEK

24 SHBRBECTOT LA~ A L0
] AZ ks g % ~A T DR

BIRE ISR B AR B OB

r

HBLM only

m CDDP only
m BLM+MF

B CDDP+MF

Rate of increase the potency of bleomycin

relative titer of colony forming unit

Bleomycin concentration (LLM)

Invs Mi Invs Qu Mivs Ou
B 5 RBAICE DT LA~ A D 7 AR O% ring TO B R
TR 58 =R
% BLM : Bleomycin < CDDP : Cisplatin MF : Magnetic fields
MF : Magnetic fields - 159 - In : Inner ring Mi : Middle ring

Ou : Outer ring



/277%/®ﬁh PEAERNC 31T 2 S Fhs RN RIS 5 5 TERL DK BIZ OV THFET 21T -
o, ZORER, RBEFIC LR AFOIERO LTS FEROEE DL EEZXOND. T2,
ZORER I ZIRESIC X 2B AR OER O LEFICBWTL, 5 —EU LD FERIFEIN
LMNEDDEBEZ B,

AL, MOFIBARTHERET 21TV, ZIREROZEN EOHIRAR THRERD DN R ED
BAETORENDD. Fo, R K 20N E ZICHBEE 5 AT D00, A= 5O
EDDLVENRD D, AENE, KOIRNBRFDBARRCA D =X LOMHAEZ B E Licles), FiEY
AITNANRNVKGEEZEHA LR, SR%RIEIKBECHEONZT—2 %% L1, b MEFEME TORGE
1T 9.
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