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FEHL O A A &850 L 7= (Oda et al., 1999),
it VT T UKL OH B RFEKIZ, T
nyr7arA RAT7 A —E (L Ry 7 R
RS XD 1) OIEMH O] &2 A

T, AV AV UZREDY bz Rt L,
PI3 ¥+ —tE & Akt ZIEPE{L L. PEEEA
GLUT4 Ofifai~D%®) (k7 Anlr—
2 2) ZARET S LI XV BEBUA L RES D
(Shirahata et al., 2001, 2007), ZiL5H DK
X 2 BBERPET L~ U AUZHE W THitHE6E R
E AW T 5 (Gadek & Shirahata, 2002;
Osada et al., 2010), /K31 7K Hi 3k D B fifE oK
IHERITET L~ U ZADEREWFHET S (Jin
et al., 2006; Kim & Kim, 2006; Kim et al.,
2007),

1HY7=0 20y "D VT FUKERA
72 411 JER O 2 BUREIRF A CEE4FER, 71.5
F) D 45%IZFB VT, Ik L HbAle L ~Lid
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ME XY BWHIRIC D72 28 O%ICITEIC
BFL7Z, $72. M=z zxro—L, KHE
VAREH (LDL) ¢ V7 F=vRELAE
WK T L7z, 2L T, m&EE Y AEA'EHDL)
LUV R B ’J:‘%'r L7z, KO RWHIR , v7
T UKERATEGE L SE I BREOHE
ML= (Gadek, Li, & Shirahata, 2006;
Gadek, Hamasaki, & Shirahata, 2009), F1[H
HHRERET O —TIERE CiThh o4 —
7T UBRIRRBRIZ BT, 65 B OBEIREE &
50 B O EEMERE 2 2 » ARMICHZY 1 R
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SR T L, 51T, 92% 0 @ fiE e o D
ME kY 7YY Refa b xArm—/ER
HEICIKTF L7 (Osada et al, 2010), F7-.
29 B> 2 BUBEIRIE B O S R EIE R IR
IR 705 48 [ T 02 o 2 A [ TN 2 i e © S &
iz, THH7ZY 1Y v MO HBEKEKE 6
# AEH Lz & o+ 8-OH dG (RN D
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2008), = HIZ, 2008 - 11 A X5 2009 4 9
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U NE, BIREB(LIEEE. RKRE, 3L OV 7T
METR EDEIZB I DA E R T RO b,
PIAZRY v 7 v Ra— L3 Bl Dtk
EN R DGR S 1L 7= (Higashikawa, Kuriya,
Noda, & Sugiyama, 2009) , E&RFRER CTix, 1
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7o

BITKD Z O fth D 4 B ) B e
BRI DA iy RS

EALIZBT 2RI O HERIZIB W T EM DK
P I W TR 2 3E &9 5 72 O il 72
IGPERRSR L~V (R L AR 53708 2 W it
Rl 72 UL OIEEREFRIT & b ICAFHIM 2 B
METDEVITMNIEBIN TS (Brewer,
2009) . Fx I FEMETRNEIERSE 2 FRET
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EEHHAABICER T2 2L aWME L
(Yan et al.,, 2010), SEMFETKF OB DAE
FHIHAE & 2 Z IS E T KFE 1 Tl
72<, ppb (10 EHD—F) L~ )LOHET /
KL CThHDHIENRREINTWD (Yan et al.,
2011), BB R E O [T RF M EMERE R 2
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1999), F7o. HMED AT i A P B R
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FLWEMEREE (ROS) HEFIELTOKRRUVIRILS/HFEEAEETKDE
R#FF

ROS IHEAI & L TDE LA DEBEFZRIHERE

MR (ROS) 13~ OfR{bA b L A IZRE L2 WKL DORIR & 7D Z LR b T
% (Jomova & Valko 2011), Hayashi (1995) 1X&#IZFE~ OFEIIxT 5 EfEE T K(ERW)
DUGENRIZER L, KESFE2EHALEEMRIOKDE, BN TEEBREEZHET S22 LICL-T
iz DR ESET D V) KR Z$2"8 L 7=, Hayashi and Kawamura (2002) % 1985
F D 2000 HFFE TORNAT > T THIOBRBIZITE SN T, BIRETAKNLUTO L S 2% <
DEFICHR L CEHEDRERT L2 WME L - BERF ISR T 5 MbEE & Hi{b~E 7 n e

(HbAlc) fEDIKT 5 FEIRPITEEIAIZ 31T 2 HIE MG B O U ; U3 1T D IRBBIEDOIK T ; I
TP BT 31T D ITHERE . ITFEA R OWT R 0 ; B+ RGO dGE L JENL a2 T
a— b, SIE, PELER DA EDOSE ; 7T LT —IE, 7 ME—MHEER, mELXOTA
FLAOYUGE ; BOERE, BRI, 28 7~ =7 A, X—F = MEBERH, 7o—r
. TR R 2% K O IR R D s 5 TR O MRS . P M QSR MEIE 5 0t

EFOITEAT MY U LR OB L0 EL I D EARE K & KB K R OB RTRE 72 AR
BRITUKOBMARET VR E LTHW, BEEEITAKDA B F eIl W CIEERRRTEOHEEZ R
DNA o {biEEMHIN R A2F>Z & & OIZHEA L7~ (Shirahata et al., 1997), =D#% . Fx
(X AR AR IE T AT BRI CA RS 2 IR SRR DNMR AT 2 D& BT D72 D12, Ny FROER
o3 fRAETE 2 IV T NaOH il O M K VAR S n 2 EREE TR Z 4F AT D 2 LT LT, #E
DTN —TIERRIIEAT o E =0 AR OBEMIC L0 ER SN 72 EMRIEITT/K A DNA, RNA &
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QS o TB B bEENORET D 2 & 2l Liz(Lee et al., 2006), F&x 1ZFE % OFIFIZK)
LTHEDREZFFOE SN TWVDLHADHHREKRKKD RA YD/ VT F KR EDRKEK

(NRW) 2NEMRITTK & FRICEZMIENO ROS Z2HE LPERFIREZ RT 2 2WmE L
(Li et al. , 2002),

KFERFEELEMETA

KOBLRROMBIE T, KFED FIXEME R CTAER L, BBFEy T X mEm A%+ 5 (X 1A),
El/\(Pt) LR TOONENNKRE D T EERT DD, A& TA X LT ¥ U EBRBELL O

IRFEMEE A SN VWD, K 1B IZRT X951 &@maAW§ET =N R

v (H30+) WEF LRI L, HeO EWag Sz H R -(Hae). (H3O0" + e- — H20 + Haa).
TFNw—AT v FEMEND) MELND, 290D H e DHEEMOFREZBEHL T (HE
T Dl (overflow)) . /KFE N A He@, (2Hwd > H2 @, ¥ —7 =V AT v 7 LMEIND) %1ED
ZENTE, HBHVEFH @ DEET 4V~ —AT v 7 TELEHFEFEMGEL (Hao + HsO
T+ e —>Ha + HO, ~AMuT7AF—RT o7 LI ENS), Ho W AZEV HHT, Haa @
—EB X BRI R S AL, W S L7 KR Hana B0 L7 KB 2 1ED, KFR 71X
A XDBPSNWEDIIZEAETRTOBRBIZRE - WKkSh b, ki, BMIZBITLZI60
IEHRIEN T Ea—F I ab— a3 EIC K> THRIZEEY] S 47z (Otani et al., 2008),

KIEK D DVITRIZI R T KA ER (B 21X, 100V) T EXNfT 2 L&, Km0k (A
N7 JEDK) IFHEPMERN DI, KB DK & Betigm & OMOIEFITHENE TG (~L L
RV IE) IZIZE A EDBERPNY  BERE RO ES & R o 7R ) 7o iR St ) IR R A TR
T5, MONBEBROFT, TXTOMT OKFEAAY) EIXTAAL A ITIMHEERZBE L, &
W % 779 (Hamann et al., 2007), {ESLE % O BRI\ EFREETH Y . KFET /A
TG TWD N IKFET ) ST OVIEFRERLGAETIE 3 RE LANICTE IR L C L % 5 (Kikuchi et al.,
2007),

SRINTF I HFEIRTINANKFEEY DESIEFHI L EK

BRI A DI X TNAFT L EEATND, ZOLIRIFTINA A iTEmER ETES
WA TNVRFIGETESIND, BN I R 7 /VEFITECHMREL, S3xT0F k1655
WEIRTINTF ) 7728 —2ED (K 1B), EXULFNRETIZI R T NVT JRFH DV
XTNT 7T ALY —EERT 5 — 72 515 ThH S (Watzky and Finke, 1997; Aiken III and
Finke, 1999), H&., &, NT YU LRNRNT U LD L) oA I AUEIF DR JE A A 3R
GVCBERIFRTNT /T2 L, BOE (BRI TR S o @ BT/ R TIEEER])
KPNWZLZENZHBT DN TE D, BRESNTZ IR T AT 2R FIIREICRIESh, IXT
AF NI DN, TOMBE T HZHOI LIZL > THWELEETRT, LEERNo T, EXETLT
ANF—EZIXTNT RA O TREMMEME KPR SN LEZEZXLZLNTED, &
BT RT3 < OIEMHAREFR F A2 BT 7e), KTOREBEZEMNT LI LN TEL2LTERY
bR E) A R T,
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DIETICHE L2 L 512, 1mM @ NaOH BEREZ A& A v ¥ F ¥ U EMmafEx -y 73
TI-2008 BR/NREER Z i~ T, 100V T 2 FEMEX S fE L7 (Ye et al. , 2008) , X 1C (/R
T X oI, ERETTKITFHEER G T T A~ E o (ICP-MS) 2 W72 fi##r T3 0.19 ppb D A
EhEHATNZ, 10V v MVOEMFRTTKEE—Z ) —Z KR L—2—T1 U v MUIZHERE LT,
s S - BME T KA S T8 10,000 Z /L k> ORRAAEEEClE®R L7, FEABES (>
10,000) i 12.04 ppb 4%, A4y (<10,000) (X 2.16 ppb ODHEEE A TV, Hifd
B BAMBIENTIC LV ELBEZIZ1INS 10T/ A—MLORESOAET /K TE2ELTND
e BENER ST (M 1D) . HE&ET /R FIXHSA vy X TF X BN OEHLIELD LB X
bz, M2 T L5118, AAET /b 3L M 72 fiEgbin 273 (Hamasaki et al.,
2008) , A&F JkifIFA—N—FF T RPALZ—E (SOD) ITILEid D A— =4 F T KT
PANEEEERE R L. (BT R0 2 HREEH ks = 5.03 x 107" Mls1 TH Y, SOD D
Ks=0.7-16x 108M1s1 Tho72) ., A&T /R TORENEZBETH L. AaT / ki1 ROS
HETEMEDRHEIT — A R AI O Z N LV ENTWD 2 ERRB SN, A&t /it E
e ZNEF Ay (ks >1010 M1sl) LRERICIRELS B Frf LI Vv zilELlz, B
F R & o Tl S 7z HeOo SRFUSD ks EITH 104 TH Y, X T—¥DZh LY 3
KRV, A& 2 RiF1E 108D A4 — 4 —D ks 6T He oy 7% H IR FICIEMEAL L7z, H 54L&
L CERT 2B bW EIC L AECINEAET R OFE T T 100 4 —X — O ks fE Tl
ENd, BIZHFEPBEFRFZATHDL L&, A@T /T IXRewE o B Bk aRiET 5,
LU S, ZD ks HIZ 10004 —F—TH W @Em< 2, ®iFT 5L, AT /RT3 m
M7 HREZ FFORWHIMLME CThH D B2 Db, B ATRE R EMLE T KITFE 2 O I X 7 L)
JRIFEEALTEY, TUOMEHEBBEFEWEEME LTERT 27210 T He IEHEAKL T H
AL LTHHE L TW D AREMED B 5,

&R R OKFEIFRIRE L CRHAIZZ DERZ5IWTVWD, KRR IO TSz
DI, 1FEAETRXTORRBREFEICAVIAL, @RAKFMZIKRT D, @BT /hF13%<
DKKRIR T HIFET D Z ENMTE D, N T U0 LKREW T OKFIRILEHEE B ol
&7z (Findilay et al., 2010), 737 27 A F ki OKBEMEIZ AN TP A1 ETY%7-9 0.5H
ThHDHEREIN TS (Yamauchi & Kitagawa, 2005), 2.0 7/ A— LD KEIDOHET /
FiF1301F "2 H VLT O He BE T CTIEAS 1R 4729 01280 H 2Rk 5 2 & 2581
X 7= (Isobe et al., 2003; Kitagawa & Yamauchi, 2004), Ca2* & Mg2td X 9 7@ A 4 1k
A ZFF> TWDHA AT EmL ST CaHe & MgH: @ X 95 72 I x 7 WVKFELWIZ72 5, CaHe
& MgHz 3R &2 IZKICEET . KBS T 234 S5 (Tessier et al., 2004), EHEREED I R T
NWKFAL S K TR AIZKFE S T HRESHED (Fan et al., 2011), [EMFE R BICIXZE&EOK
FIRTBFE L, FEHRTKTICIBETOKFE S T BHFE L TWD DI, EffEITKN
flix DIRTNKFENMDT /R E2EZ AL TWDAREERH D (K 1B),

KRBT AKIZI RIANT 7 RFEIRITAKRFLEY ZE L
EFEICAR THDLEELLNTNDENL DO RIKRI X T IVKBPIFEL TS, 1985 FI2% R
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SNT=T T ADN)L RKITFE A DIRKZIRET 5 /14K > T\ b & ST % (Stephens,
1910), AF ¥ =2 F 7 a7 KiE, 1991 RIS, fix ORKROIEREZHET L LIrAbh
TWVDR, ZTOKIZOWTORFRRBEIRIZLA LRI THRY, £ 300 A — FLOHET A
BIHETTWD RA YO/ T T 7KIE 1992 FITHBICARLKTHDL Z LB RVH S
(Gadek and Shirahata, 2002), HR> 712K o> THI FIELS DHIRAZE SN D HAD H HKEKD
RS2 KD D 2 &% 1997 HFICH L ITAWE Uiz, AEREKE 2 T F v KA HRENIE
PERRSEFE AV £ 2 2 L 3GE &z (Liet al., 2002), Fox (XHQNIEERRFERE A ETE 5K
K& RIRE LK (NRW) EIERZ LT LTz,

ZALTIL, R RRIETTAKITHIRN OTEMRE R 2 ET 2 Z LRk DEA I 12 FiED
FRIC LY, BA— PV OERS OHUT & FFEE O DOMAENH 5000 A — FLOERS OHITFIZ
BELTWDLZERHLMNE o1, 2RO OMAEMITERREBOEADT XL F—IT Lo THl
TARPNETSINTERT D He =mxAF—Z2FA L TEETNDHEEZ LN TWDS, He (k)
2 COz (TERLIRSE) ERUG LT, CHs (AX ) LAKREFEAETD (TRALRFEER), CHs (£
2 ) 1% S04 (WilE) A A2 &S LT HeS (ifkkFE) & CO 2 PEAT L (BREEHEER), HaS

(fifb k&) 1L NOs (fHEE) A A4 > &S LT N (BHFEHR) & S04 (Filg) A A4 %EAT D

(RHERYEREL) . Z D X 9 7Ab PR 2 i © IUAE 3G AR A & WETH . U T 28 - ER e R D A2
METH D EEZ BN TS (Martin et al., 2008) (fiE DX 1 &8), HTFEI L HkAET S
NTZRIRBETARKITED L) B T ORBTRNNX—2RFFLIEIRT VL EFATOD G Lk
VY, Hiraoka et al. (2004) [LHEME LKL OV H HRFEAKDFEEIEIEIC DWW THE L2, 2
D DKRDIEMER Gy & BDITKFEHT AL ANF DT LA F20Z1E, & PORFEBRICHH L7z o
BT AIEBREREEEESEZ UET 2 RITBD N2 o7 & #E L= (Hiraoka et al.,
2006) ,

Langmur (1927) 1%, KO FBKFERFDOKEDF~OFREGEZMIET L0 BEEL b &
W K EZETeAKRFEAT A Z mRINE L TR 220K R A DO A% E LTED L, KFEFR K
FOHTICERIND L XORBICEFIH LI AKFE N—FT2RH L7, T HDHERITEHIX
)= E (1932 ) e H LI, NHORFICAETH D LFELLN TN RFRAZ DT
VWG OEFRT KO ) KB OIFIEIZHS T, Stephanson et al. (2002) 1%, &R T
K#E (He) AR LIEARR Y (H) #HWT, FilloNs - a7 erfbahizont 2
X AXY KT (U KT L) AL, EOI ) T KFEA D BOE O K
TIRAIZE RY RAF Yy (A FAKBAFY) T D2 L am e, HHITELEDTY
HKRFE Pl EEZ R 2 2 IEMEREEEER A FF> 2 & 478 L 72 (Stephanson et al.,
2003; Stephanson and Flanagan, 2003a, b; 2004a; 2004b) , T, ¥ U W /KFZE\L@ D Hiie(bEE R
DIREZ EHSHE L Z LIk o UIFIEES 23755 3 2 1TEER Th 2 W RFE (CCld) 1%L
TEREENR N RT Z LA STV 5 (Hsu et al., 2010),

HFARC IR, KEKRE OHIIREN TV DRk 72 I3 T VK& &0 e RIKIZZE DT/ K
+% & ATV 5D (Wagner et al., 2004; Wigginton et al., 2007; Handy et al., 2008), J&¥[H /)&
TSR &R E ISR A O CTECBIK R O 2 R (Rl 0 MR 1 & ERTE O F )
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WBIZE STz, BOBbK OKIEK) FOAFRIF50E 7-10 x 108K 1/ ml THDH EHEINLTND
(Kaegi et al., 2008), S 52, HOHFEDORKARKIIRERLDOL Y I I X T NVET JRTELTEL
TEY | ZHICWE ST~ A T AKFA UL o THEREIEME %2 7~ 7 (Kimberly et al., 2001),
AT 2 0RERH LM, ZNETCOERMINTZT —XIZ LD L KRBT LG %
ME5FT2IFXTAFT IRTHDLVIEI R TNVKEDEELZ EDNRBRIN TN D,

BILKD BLETEM(ORP) & AR DHE

FrOFHRIZBW Ty b —GEMS 2R THEEO — O)NIAREITR B ITHMNT 5 HE
EROTEY ., T_TOEMT, =F VX —2HET LI LICL> T, = bt —2jd s,
HHZRLX—Z2GTND, BIOREBIZH EMI=RALF—IZEATHT, BRFEARZALTH
Do EMNIENZIZTREBITRDTZOICHH 2 DT E 2 REICEA TV D, BILETTEAMIT
HEIROEFMEN,ED 5 VITEFZBEORNZRT, ETFORDVIC, KFEDHDLWITHEEIET%
[FIARIZE T SUS R OBRAL ORI 9 2 E N FRETH D, WK “"*ﬂm@ﬁaﬁj 4 AR
Anbind, KPP OEWEN AE&EMRELERISERZ L, E%i@ﬁ%@ﬂbéﬁ‘é?ﬁ\ HBHWN

BT 5, ZORISEBRETERE (RUBLE) BREAET D,

TAANE RO L DRI TV OB W E IR FE R+ & it LT IRV B IR T EAL
D ZRT, LU0 6 | BLE T BN OEIZ TR L E O B EALICHE > TIREIC ERT 5,
NEZERABRTRICE TR D E & 5 WV T e EME (Fetxo b)) & LTERT
LEBOFME L PEA L, ASBEMERE CIEFITHEMRONELEZ ¥ 5, BLETEMOME
3 pH OEIIKAFT 2, f, Mg, FoK MR, R, B2, R, BEW. KEY K OFEL O
W R BB D R 138 ST B OB L A C R LR T AL L b R CECEIICE L TV D

(Agustini et al., 2001; Okouchi et al., 2002) , Okouchi et al. (2002) I\ ER (L= SCENMAE
o Ly ANEOEREIERL Ui TAEKK] EWOBEERZRE L, KFEEEKIT, KFESF1H
GEMICE T EZMET 572012 - 200 725 - 800 X U AR/ hOFED TRV ORP fEZRT, A7
IR & g e AL & ORIIZEMRB RN H 2 Z L b KIS FINEMRETKOAD
PR RITCEBAAEIC TS L TWD H D EE 2 bb (Shirahata et al., 1997), KFE55FITH A{kiT
£ o TR SR G IR DN D 7o O BMFE LK OFRLIE TTENMEITK B LA 5,

14 AR 2 O CER L S B E 25 & CHIE L 72D B 1 REEK LY VT F U KO ER{bE

JLEALAEIEAY +200 mVAEEHEKFZEMEM~OMIER LOKE) THY ., KESFIXEAL TN
Wy B DR BITHEEEFRE S NN ED, 2D OKOEEEIZT D B OWIRIE
VAR BRICER T 2R L I ARIC L D2 b0 TR W EHESN D, Fx Tz
BALRIEREE ORENMRN 2D, RRBITTKICEEN TV D ATEEEDOH 2D EDRETHEI X T L
TR F OBRLETENESOFENRHETERNED EHR L TS, L -> T, BkiET
BAEITE ST K DOEFMETE 2HE TRV EEZ TN D,

BRETLADZ~ 2 X2 B
T ANRY N VTR DO KFERER L KOS %2 B L T 5 (Walrafen, 1964), #AiEE/KE T
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MU T LR E OB G O N EBRREITTKD T~ o AT NVIXER G HRRTOK &
72 0 B7e 5 T b (Pastukhov and Morozov 2000), & D A7 ~LhDn | EEREETTKF T,
WREIZ2KEEA A (OH) 2K 0 B TIHVKERS (O H-0) DIFRIZFHFSG L TND L&
Zbhb, 2O EF, BRE K GH0) 2EE~OERE T OKMOIZOI, FHRZRIC X
HIEOEBEFBMMELZ b OB EPERREF LR TEL2L VW) 2L aERT D, Ty AY
RNV RV — 28 AT KDL D ATREME A B,

BFLWIEHEBEIEERE L COAFESFDIEFERE

UL, KFEST (FTR) Be RaF I VUL A ZoF A NI4T VW% R R
DO EHEICHETE D8 LWIEMBREBHEATH 5 2 L2V HE S (Ohsawa et al., 2007) .
ZROBEEGIAER SN TV D, FIZIE, KFETAIFA ORALA - L 2B EE T LB
OIER ZWET D (FILE L CHIERDOMEE : Ohsawa et al., 2007; AFlgfEE : Fukuda et al.,
2007; LR M- 45 E : Hayashida et al., 2008; BHEIC L - THl & Z SN2 OB HEAH
kDR : Buchholz et al., 2008; AW OIXEEFEME ML : Cai et al., 2008; {5 {E3 : Nagata
et al.,, 2009; /X—F > Y %5 : Fuetal, 2009 ; $1U A ORBIWEMH : Nakashima -Kamimura et
al., 2009 ; HATZ% : Kajiya et al., 2009 ; ZEMHMIUMAE : Xie et al., 2010 ; & MU 585 H ifn
54t . Chen et al., 2010a; —f#{LkFE T 5 : Shen et al., 2010 ; AMEMMNEEE : Jiet al., 2010 ;
#REEGRE © Domoki et al., 2010 ; Fht#RBG## : Qian et al., 2010a ; AiOBAEIZ L > THI E 2
Skl / HERESE . Kawamura et al., 2010 ; DlEEM / HEHRESE © Nakao et al.,
2010a ; MUHEEIC L » CHl =i Z & -ffb A L % : Schoenfeld et al., 2011 ; BE{L A L %
L - CHl & Z SN HiE : Kubota et al., 2011; NF-xB 23592 i3 : Huang et al.,
2011a; #FHEEM — FEHREE  Huang et al., 2011b ; Jfii[AfEf4E : Kawamura et al., 2011) .
Fo. EBEMRICBWTHEEREGERE RS (MO Fee RIFURZ T Lz 7 F s
TFEREHS ¢ Ttoh et al., 2009 ; o {LAEEBEME MY - Kawasaki et al., 2010 ; w7/ 1277 —
Mg CcoO—mbELZPEL  Ttoh et al., 2011) , — 5., KFEH AL EE LK OEE O FA R OKER
F-BMT v hET K L TRHRO TN 72809 #i5 & 5 (Matchett et al., 2009), R L
SKFESFHTLAKR OKFEK) IZETTLVEHORE L ORRLA N L ABEREBERASE L (7
RIUREAE /v 779~ RIBITDHT7 7 a— s MERkEE{VAE : Ohsawa et al., 2008 ; /¥
— %V UIRICEB T AR - Fujita et al., 2009 ; Cai et al., 2009 ; &5 w12 %92 itk
7 . Zheng et al., 2009 ; Hitif85 : Mao et al., 2009 ; /0Mig « L% A X2 b : Suzuki et al., 2009 ;
DRSS : Sun et al., 2009 ; H&D T/ 3w A REAKFEKIZ LD T MO HEFEIME © Saitoh
et al., 2009 ; fHiR{R#: Cai et al., 2009 ; MEELE# © Oharazawa et al., 2010 ; 12 PEREAH B e
£ : Cardinal et al., 2010 ; Chenet al., 2010; fMOFCIEMKAE . Liet al., 2010; F#E48%E . Chen
et al., 2010b ; &% : Chen et al,, 2010c ; fFi&EZE : Liuetal, 2010 ; VA TV 12 Lo T
FIEEZ SN — A7 RIE: Xie et al., 2010; ffifR#: Zheng et al., 2010; BUH#B57% . Qian
et al., 2010a ; 2010b ; #JE : Zhang et al., 2010 ; Z{b{EitE~ 7 A ; Guet al., 2010 ; El&E
=2 : Shingu et al., 2010 ; Hi 7 A DO EIVEA : Kitamura et al., 2010 ; fifif5 % : Sun et al., 2011a ;
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—MefbRFE e Sun et al., 2011b ; JNK & NF-« B iEMHALO#H : Wang et al., 2011 ; F&i&
PESERE : Lin et al., 2011 ; ffi55 : Fang et al., 2011) ., 7=, b FOFfEx Ok A b L %
RIBIER A YGET 2 Z & ST s (2A805R)N « Kajiyama et al., 2008 ; BPNAMEIZ &
BIRFPERIIKT B HZ—A U v 7 ORIFEIEPEZE © Shimouchi et al., 2009 ; A X RV v 7 fEfE
B : Nakao et al., 2010b),

FLHD L, BEOBENOKIEDFNETNVEMIZEB N TIILA MLV ALZBET 2 Z LI13H
HThdeEZOND, LL., BEMICKIZTTKESFOZEBZHOVTOREITD RN,
Wood & Gradwin (2007) IZX > THMINTWDL L2, KFESTLE XTI VI NLOK
SR EEEEUTIEF /NS W | KB DN EEER F 72 1 X BRI LB 4 12 d v TIEPEfE 3R
EMHETHONEIDERLNIT LI ENRROHNTNS, Sato et al. (2008) 1, KFEEE
KB IZHBIT DA —R—=FF L FEAZSZ E2WmE L, HODOMEIT. KESFVE
BEReXT TN ESNTFRUFTA M TA MEHEL, A—"—FF T FROEBLKREIL
HE L2\ E % Ohsawa et al. (2007) 12 & 2 EAI O & —E LRV, EH DR RAITTEME
R 2 HET 21T & MBI 1T 2 KT FOREMEST E 5D TIERWME WD BERN 1
I TWD,

KFEGTIEXERSTERS &, MEKFP CHRIEL O _BILIRFBICOWTELFELTWD, T
s O IMRITEL ppb DKFE T HEH A TUWD (Ohsawa et al., 2007), KHFDOKFEHT A (431) O
AR X5 C 1.6 ppm (800 uM) FRETH 5, MRS N TV DHEEREIC L - TEL L5 EfF
BETK7 EORH P HEZ K FE B E KX 0.08 ppm 205 1.6 ppm DKFELD & & A TS, KFEf
k%7 v NOBFOHIZ AN L & 35 HOOIRO MR FIZ1E 10ppb (54 M) DIKFES T (160
Foid) B &7z (Nagata al., 2009), Fujita et al. (2009) 5%, BMOMREKRIZIBWNT
KFEDTERET D22 EIETERPS72I2H 00D 53, 0.08 ppm (40 uM) DIKFEY T & Te/K
FR—=F VBT AV T ADIEREZRETHZENTEIEWME L, ZoRIL, KEST
DMERNT 0.5 ppb (0.25 uM) LA FOIEFITIRVRE TR ZRT 2 L2 RIB LTV D,

MR IIKFEE 7T BREWE & L2 2R E TH LI TW R WMERIZER I MFET 5 AR
YR D, KFIRA LIKFERFORMOEBRBIE 2T 5 Fu 7t —8 &8> T2 KEME
IIAEDNGE AECTLEDKFZEEED 3 2 & 225 (Neale, 1988; Urita et al., 2008; Urita et al.,
2009) . WP ELOBIECTKIEN T5 2 T T NMBEWEDO—2 L LTS TnD Z LMK T
HIND, FEEE. ARITBWTKEIZ L DM A BET 2 MBN O L ORI S FET 5
DTHHAIN? THNETDE A, BESFZERITHEALI L TR, BiMmEREE, 26,
MR 78 £ OFfix D& b OB ITREER K OB A F LA LW FERSRAZILE L TRT, K
EFRFHGR HIF)IZEEZR R & U ARRERIED b M 2 (R 3 2 L FiPH OB s 1 2 TE P
5, HIF i3, =V 2o RzFr MENEMRRER T, 7L/ AF200 v hJ v 7 xR
guryusry—8, =Rt UKRONO GREEFE LT SO TAMO LRI EOEE DB X
Z 2 %%l LT\ (Manalo et al., 2005), ® L ~)LiL, fldNgEEE b —ChHd 7l
e Ry 7 —8 (PHD)IZ X 5 HIF O4 s X > THlfE S v T % (Miyata et al., 2011)
PHD (XY A7 1 RS O HEEM M O R LR TR IT KA L CTE D 2B biE TP 7 o~
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NRIETHD,

Nuclear factor-erythoroid 2 p45-related factor 2 (Nrf2) 1ZZEDOHELWE A N L R E{E T
O FERER 7238 BL L RBUFEZHIF L T D, Nif2 132 < 0PI bW EBEE 26 L TnD . 7
NEF AV (GSH ) EGR., INETFA AN AXTHE—8, T4 L R UiETiiR, T4
R¥o v, SAFFTV VU RFT L A—R=FF T FPRLEZ—E, WFTFT—F | TALETFH
v SHEBEESR. UDP-Z N/ nr NI URTx2T7—8 ~NEAT T KGR, #k
fas, EAROME, k., L1268 77 7 YV —24 (Jung & Kwak 2010), Nrf2 7EMEIEER (L
A BNLRIZBTHMANLY Ry 7 2 E4 37 Th % Kelch-like ECH-associated protein
1 (Keapl) IZX o THflicsT\%, Keapl 28 Nrf2 (Zf5A LT, Nrf2 O~OBIT %R IE
T %, Keapl 13, VAT A VIZELH /37 TH Y, Keapl D A/NT7 ¢ KU VERH FFlZ Cys273
& Cys288 HEENMEMiSND & & v I BONIEEEDOEENR 5, &Mvaz@I@@1
DILEEEDO AL ZFHE L, Nef2 20T 5, Nref2 [ 3I~BAT L. Sl b B)S & sE i
LT R LEZZ OHBIEWE A b L 2B 2IEMHLT 2, Keapl [T 2T A D] jt«lj(HbOD
ALz L CEE A P LA LBREEA ML RAICRUGT DIESZ X V7B TH D,

PHD & Keapl 21z, #il2iZiX NF- ¢ B X protein tyrosme phosphatase ® £ 95 72 %< DL
Ry 7 AEZW S NIV BERD D, ZNDDX X BEORERIT D TNY AL T 4 RfEE O
KA LTSRS O Z I Lo THI S T g, AL T o Fﬁ%é\ﬁfﬁi kL6 Fosg
BRI BED~1]3DEGHRICEAELTWD, ZOFICEERT 7 ATBWTH.LH R E
Z K72 LTV 5 DI protein disulfide isomerase (PDI) T % (Fatahet et al., 2009), L K
7 ZEFEMEZHAE L TODMIEA =X LTBEL MDA LR ERERMIZEBL TS, /b
JaR(ER) A k L A%, unfolded protein response & EF SN DG 7 F N3 D WITETT A b —
VAVTFNDR|EEELE, BONOREBATHR T o R LTWD, XU HED
PTrOERIL Ry 7 ZCRESEHFETL2OT /MaEA bR & IEA b L2 OBIRABLEEZ 5]
WTW5 (Santos et al., 2009), /NMEKIZIE T D ANV T ¢ RS DL, ER oxidoreduction
(Erol) family ®/NMaffAa L7 e U AF X =PIz Lo Tt X5, Erol BN¥ /378y
ANT 4 RA VAT —E (PDD) #Mfb L., SEIEPDI BN mror7v b srrivmic Y ANVT 4 Ry
A5, FRALIRRE & HERFT 2 72012, Rrol 23, PDI ~0 YA )V7 4 Rifsf & oy IREEFR O T &

G Lk #R &2 LT D, > T, Erol IEMEAV/ M RER LA b L A DETER 2R &
2%, Erol OWBRIEMEZIIC LD ICTEMER T +— Ry 7N B L., Zh o Oigoh
B, REES AV T ¢ REERRL T, RFTAZ2ERLIR TOIREE & OBIFRIZIV\ T Erol OfilifiyE
P B % B 2 DI D v 27 A4 L Toh 5 (Tavender et al., 2010),

B OB HT 0 72727113 PDI & Erol OWBFAMRIERNT A — N T N—T 75k
KEZREETETEZBET LI ANV EEOES Y L= AT AL TGREIS LTV D, IFK
MDA BN TIIMBEDEMEBCAI TH L Lo I2Bbihd 3 LnL, BIZIE7 v AVERED 50
IHERER O L 5 R0V LR DB BIROFEITRINTE 22wy, BURIENZ &2, Mifld, £ L
THEEKIZBITDMAND, TAINVEVBEE, Fa7zn—L ke Y I UKo X9 285
B BEERDEBAEIT D 2B ORRICHEIRTE 2 Z E BRI TV D (Margittai et al.,
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2009), N-TEF AL AT A URE UL 3 FNTANLVT 4 RiEGESWIL, IL-4 > 7 %24k
X% 2% (Curbo et al., 2009),

HIRA AN BRBE O FR ALY 7o PEBDI MR PRI 31T D FER IR T e L IIRE S Ble o T 5,
MR N BR B2 12 3 W CHRUIE Y VRO RRALETTEBNLN Y AV 7 o« NG DR Z HIR T 25 D% L
T, BALA e MIRAMRBRIZ D AL T ¢ RIEGICEATRE X VR0 B E A TN D, IEHERRFECIE
PEZRFFE A PERR T 2 MM (L A o A T 203 e ino iz b IREMER L & % v /37 BRI
2720 MilEEZ L7263 TH A, MROEB{EA ML AEZHIRT 2 5 2 TR & ffast o
W5 TOHBALWE OWRMEHRNEZE L 725 (Filomenaet al., 2008),

B x NIIKFE T OB FEIIRERE 2 SIS MRAET 5 72012, Hy/ 02/ CO, DIRA H ABEE T CEY
MR DRI R 2 PRI T 58 LW AR IEE 2 B9 L7z, Fox 13KFES T2 Nrf2 8510
EHELEN L CA—=N—=FF L RORLZ—E, WHT—F, IV ETFF NI F o —EZ
LTAELF T T =B - 108 Rt EREOBIZFRIALZFET L2 L2 /AHELE
(Shirahata et al., 2011),

TEMERRFR RN EAIDH 20T L By 7 ZHIEEAIE L TOKRESFOERBEEIC OO TN D0
DOFEEERD D, (1) BLETHEREZBET D2 LN TE DKED FITxT 2R EOZHFEN
FHETHON? (2) KFE/H 1%, NADH . NAPDH | FAD 7 & &L [Akk, BB L LTI
22 BINDBAETEER DT 200, (3) 1GMHKHE OKFERF) BDAEKNTRET /K10
fil L EH CAEE SN, BREER T LTEIK D02 (4) KFEHTN, Bz Tt b
ALY 7 V2 T 2 & 2 VI OFIRR L E O LR OFI#E Z T LT, Ml L Ky 7 AR5 2
ZHET S D0, (5) KEFEN/PAEAETCOETY L—E& Erol, DPI, Nrf2 X' Keapl ®
K%V Ry 7 RESZMEY X BOSREEE AT 52 LR TEX D00 ?

INHDOFTRTOMBIZIEDNT, Fox lTRITAKO IR EREIEZ T L 95 216 MHKE
FTF RETKE (X 4) ##Z2 L T3 (Shirahata et al., 1997, Shirahata, 2002;
Shirahata, 2004; Ye et al., 2008) , ZR7REEIK & BLR RIS K - TEMRITKIZEZ D Z &0
TE %, BREITKIZIZL OKFEZTFEIRXRTNANT I HiTH2ER, BERTRVX Lo THEAL
ENTBELTRNT —% —FFICHERF T2 2 L T& 5, BIEE TKITRTT R —%kH L
Tt AROLEEBREIKICRED LR SN D, ZOZ N, BRREITKPAERZ RS 20ER
HMTHL00b L, RIREITLKIZ, KEDT. IRXTAT 2R FHDLWVNEIRTT R
KFEAD DD T2 b THIF OB A DBETT RV — 2 REF LK T AW RSN D, KEE
BAKEBILIATAEAKGEILKOHGIZE E D, BIUIGHEO R Z 38K, HiiR LAl
EBREAl (TaAx o H ) O OMREE R OIERD AL RI DO /RT Ky 7 AR %
SR DL & LCOH LWBHEEE A2 B B < b o &b b,

SCHR

Agustini, T. W., Suzuki, M., Suzuki, T., Hagiwara, T., Okouchi, S., & Takai, R. (2001). The possibility of using
oxidation-reduction potential to evaluate fish freshness. Fisheries Science 67, 547-549.
Aiken ITI, J. D. & Finke, R. G. (1999). A review of modern transition-metal nanoclusters: their synthesis, characterization,

23



and application in catalysis. Journal of Molecular Catalysis A: Chemical 145, 1-44.

Buchholz, B. M., Kaczorowski, D. J., Sugimoto, R., Yang, R., Wang, Y., Billiar, T. R., McCurry, K. R., Bauer, A. J., & Nakao,
A. (2008). Hydrogen inhalation ameliorates oxidative stress in transplantation induced intestinal graft injury.
American Journal of Transplantaion 8, 2015-2024.

Cai, J., Kang, Z., Liu, K., Liu, W., Li, R., Zhang, J. H., Luo, X., & Sun, X. (2009). Neuroprotective effects of hydrogen saline
in neonatal hypoxia-ischemia rat model. Brain Research 1256, 129-137.

Cai, J., Kang, Z., Liu, W. W., Luo, X., Qiang, S., Zhang, J. H., Ohta, S., Sun, X., Xu, W., Tao, H., & Li, R. (2008). Hydrogen
therapy reduces apoptosis in neonatal hypoxia-ischemia rat model. Neuroscience Letters 441,167 — 172,

Cai, J. M., Kang, Z., Liu, K., Liu, W,, Li, R., Zhang, J. H., Luo, X., & Sun, X. (2009). Neuroprotective effects of hydrogen

saline in neonatal hypoxia-ischemia rat model. Brain Research 1256, 129-137.

Cardinal, J. S., Zhan, J., Wang, Y., Sugimoto, R., Tsung, A., McCurry, K. R., Billiar, T. R., & Nakao, A. (2010). Oral
administration of hydrogen water prevents chronic allograft nephropathy in rat renal transplantation. Kidney
International 77, 101-109.

Chen, C. H., Anatol, M., Zhan, Y., Liu, W. W., Ostrowki, R. P., Tang, J., Zhang, J. H. (2010). Hydrogen gas reduced acute
hyperglycemia-enhanced hemorrhagic transformation in a focal ischemia rat model. Neuroscience 169, 402-414.

Chen, C. W., Chen, Q. B., Mao, Y. F., Xu, S. M,, Xia, C. Y., Shi, X. Y., Zhang, J. H., Yuan, H. B., & Sun, X. J. (2010b).
Hydrogen-rich saline protects against spinal cord injury in rats. Neurochemical Research 35, 1111- 1118.

Chen, H, Sun, Y. P, Li, Y., Liu, W. W,, Xiang, H. G., Fan, L. Y., Sun, Q., Sun, X. J., Wang, Q. (2010c) Hydrogen-rich
saline ameliorates the severity of L-arginine-induced acute pancreatitis in rats. Biochemical and Biophysical Research
Communications 393, 308-313.

Curbo, S., Gaudin, R., Carlsten, M., & Marlmberg, K. —J., Troye-Blomberg, M., Ahlborg, N., Karlsson, A., Johansson, M., &
Lundberg, M. (2009). Regulation of interleukin-4 signaling by extracellular reduction of intramolecular disulfides.
Biochemical and Biophysical Research Communications 390, 1272-1277.

Domoki, F., Olah, O., Zimmermann, A., Németh, I., Toth-Sziiki, V., Hugyecz, M., Temesvari, P., Bari, F. (2010). Hydrogen
is neuroprotective and preserves cerebrovascular reactivity in asphyxiated newborn pigs. Pediatric Research 68,
387-392.

Fan, M. Q., Sun, L. X, & Xu, F. (2011a). Hydrogen production for micro-fuel-cell from activated AleSneZneX (X: hydride or
halide) mixture in water. Renewable Energy 36, 519-524.

Fang, Y., Fu, X. -J., Gu, C., Xu, P, Wang, Y., Yu, W. -R., Sun, Q., Sun, X. —-J., & Yao, M. (2011b). Hydrogen-rich saline
protects against acute lung injury induced by extensive burn in rat model. Journal of burn care & research 32, e82-91.

Filomena, G., Ottaviano, B. S., Diane, E. H., & Joseph, L. (2008). Redox regulation in the extracellular environment.
Circulation Journal 72, 1-16.

Findlay, S. D., Saito, T., Shibata, N., Sato, Y., Matsuda, J., Asano, K., Akiba, E. Hirayama, T., & Ikuhara Y. (2010). Direct
imaging of hydrogen within a crystalline environment. Applied Physics Express 3, 116603.

Fu, Y., Ito, M., Fujita, Y., Ito, M., Ichihara, M., Masuda, A., Suzuki, Y., Maesawa, S., Kajita, Y., Hirayama, M., Ohsawa, 1.,
Ohta, S., & Ohno, K. (2009). Molecular hydrogen is protective against 6-hydroxydopamine-induced nigrostriatal
degeneration in a rat model of Parkinson’s disease. Neuroscience Letters 453, 81-85.

Fuyjita, K., Seike, T., Yutsudo, N., Ohno, M., Yamada, H., Yamaguci, H., Sakumi, K., Yamakawa, Y., Kido, M., Takaki, A.,
Katafuchi, T., Tanaka, Y., Nakabeppu, Y., & Noda, M. (2009). Hydrogen in drinking water reduces dopaminergic
neuronal loss in the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine mouse model of Parkinson’s disease. PLoS ONE 4,
e7247.

Kyota Fujital, Toshihiro Seikel, Noriko Yutsudo2, Mizuki Ohno2, Hidetaka Yamada2, Hiroo Yamaguchi2, Kunihiko
Sakumi2, Yukiko Yamakawal, Mizuho A. Kido3, Atsushi Takaki4, Toshihiko Katafuchi4, Yoshinori Tanaka5, Yusaku
Nakabeppu2., Mami Nodal.*

Fukuda, K., Asoh, S., Ishikawa, M., Yamamoto, Y., Ohsawa, I., & Ohta, S. (2007). Inhalation of hydrogen gas suppresses
hepatic injury caused by ischemia/reperfusion through reducing oxidative stress. Biochemical and Biophysical
Research Communications 361, 670-674.

Gadek, Z. & Shirahata, S. (2002). Changes in the relevant test parameters of 101 diabetes patients under the influence of
the so-called “Nordenau-phenomenon”. S. Shirahata et al. (Eds.) Animal Cell Technology: Basic & Applied Aspects,
Vol.12 (pp. 427-431), Dordrecht, Kluwer Academic Publishers.

Gu, Y., Huang, C. S., Inoue, T., Yamashita, T., Ishida, T., Kang, K. M., Nakao, A. (2010). Drinking hydrogen water
ameliorated cognitive impairment in senescence-accelerated mice. Journal of Clinical Biochemistry and Nutrition 46,
269-276.

Hamann, C. H., Hamnett, A., & Vielstich, W.(2007). Electrochemistry. Weiheim, Ciley-VCH Verlag GmbH & Co, KGaA.

Hamasaki, T., Kashiwagi, T., Imada, T., Nakamichi, N., Aramaki, S., Toh, K., Morisawa, S., Shimakoshi, H., Hisaeda, Y., &
Shirahata, S. (2008). Kinetic analysis of superoxide anion radical-scavenging and hydroxyl radical-scavenging
activities of platinum nanoparticles. Langmuir 24, 7354-7364.

Handy, R. D., Owen, R. & Valsami-Jones, E. (2008). The ecotoxicology of nanoparticles and nanomaterials: current status,
knowledge gaps, challenges, and future needs. Ecotoxicology 17, 315-325.

Hatahet, F., Ruddock, L. W., Ahn, ., Benham, A., Craik, D., Ellgaard, L., Ferrari, D., & Ventura, S. (2009). Protein disulfide
isomerase: a critical evaluation of its function in disulfide bond formation. Antioxidants & Redox Signaling 11,

24



2807-2850.

Hayashi, H. (1995). Water, the chemistry of life, part IV. Explore! 6, 28-31.

Hayashi, H. & Kawamura, M. (2002). Clinical application of electrolyzed-reduced water. In S. Shirahata et al. (Eds.)
Animal Cell Technology: Basic & Applied Aspects, Volume 12 (pp. 31-36), Dordrecht, Kluwer Academic Publishers.
Hayashida, K., Sano, M., Ohsawa, 1., Shinmura, K., Tamaki, K., Kimura, K., Endo, J., Katayama, T., Kawamura, A.,
Kohsaka, S., Makino, S., Ohta, S., Ogawa, S., Fukuda, K. (2008). Inhalation of hydrogen gas reduces infarct size in
the rat model of myocardial ischemia-reperfusion injury. Biochemical and Biophysical Research Communications 373,

30-35.

Heinekey, M. (2009). Hydrogenase enzymes: Recent structural studies and activce site models. Journal of Organometallic
Chemistry 694, 2671-2680.

Hiraoka, A., Inaba, H., Suzuki, E., Kasai, K., Suzuki, H., Shinohara, A., Shirao, M., Kubo, K., Yoshimura, Y.. In vitro
physicochemical properties of neutral aqueous solution systems (water products as drinks) containing hydrogen gas,
2-carboxyethyl germanium sesquioxide, and platinum nanocolloid as additives. Journal of Health Sciences 56,
167-174.

Hiraoka, A., Sasaki, S., Yamada, T., Shinohara, A., & Chiba, M. (2006). Effects of drinking water product with anti-oxidant
activities in vitro on the blood leveles of biomarker substances for the oxidative stress. Journal of Health Sciences, 52,
817-820.

Hiraoka, A., Takemoto, M., Suzuki, T., Shinohara, A., Chiba, M., Shirao, M., & Yoshimura, Y. (2004). Studies on the
properties and real existence of aqueous solution sytems that are assumed to have antioxidant activities by the action
of “active hydrogen”. Journal of Health Sciences 50,456-465.

Hsu, Y. W., Tsai, C. F., Chuang, W. C., Chen, W. K., Ho, Y. C., & Lu, F. J. (2010). Protective effects of silica hydride against
carbon tetrachloride-induced hepatotoxicity in mice. Food and Chemical Toxicology 48, 1644-1653.

Huang, C. -S., Kawamura, T., Peng, X., Tochigi, N., Shigemura, N., Billiar, T. R., & Nakao, A. (2011). Hydrogen inhalation
reduced epithelial apoptosis in ventilator-induced lung injury via a mechanism involving nuclear factor-kappa B
activation. Biochemical and Biophysical Research Communications 408, 253-258.

Huang, Y., Xie, K., Li, J., Xu, N., Gong, G., Wang, G., Yu, Y., Dong, H., & Lize, X. (2011). Beneficial effects of hydrogen gas
against spinal cord ischemia-reperfusion injury in rabbits. Brain Research, 1378, 125-136.

Isobe, Y., Yamauchi, M., Tkeda, R., & Kitagawa, H. (2003). A study on hydrogen adsorption of polymer protected Pt
nanoparticles. Synthetic Metals 135-136, 757-758.

Itoh, M., Hamada, N., Terazawa, R., Ohno, K., Ichihara, M., Nozawa, Y., & Ito, M. (2011). Molecular hydrogen inhibits
lipopolysaccharide/interferon c-induced nitric oxide production through modulation of signal transduction in
macrophages. Biochemical and Biophysical Research Communications 411, 143-149.

Itoh, T., Fujita, Y., Ito, M., Masuda, A., Ohno, K., Ichihara, M., Kojima, T., Nozawa, Y., Ito, M. (2009). Molecular hydrogen
suppresses Fcepsilon RI-mediated signal transduction and prevents degranulation of mast cells. Biochemical and
Biophysical Research Communications 389, 651-656.

Ji, X., Liu, W., Xie, K., Liu, W., Qu, Y., Chao, X., Chen, T., Zhou, J., Fei, Z. (2010). Beneficial effects of hydrogen gas in a rat
model of traumatic brain injury via reducing oxidative stress. Brain Research 1354,196-205.

Jomova, K. & Valko, M. (2011). Advances in metal-induced oxidative stress and human disease. Toxicology 283, 65-87.

Jung, K. -A. & Kwak, M. K. (2010). The Nrf2 system as a potential target for the development of indirect antioxidants.
Molecules 15, 7266-7291.

Kaegi, R., Wagner, T., Hetzer, B., Sinnet, B., Tzvetkov, G., & Boller, M. (2008). Size, number and chemical composition of
nanosized particles in drinking water determined by analytical microscopy and LIBD. Water Research 42,
2778-2786.

Kajiya, M., Sato, K., Silva, M. J., Ouhara, K., Do, P. M., Shanmugam, K. T., & Kawai, T. (2009) Hydrogen from intestinal
bacteria is protective for Concanavalin A-induced hepatitis. Biochemical and Biophysical Research Communications
386, 316-321.

Kajiyama, S., Hasegawa, G., Asano, M., Hosoda, H., Fukui, M., Nakamura, N., Kitawaki, J., Imai, S., Nakano, K., Ohta, M.,
Adachi, T., Obayashi, H. & Yoshikawa, T. (2008). Supplementation of hydrogen-rich water improves lipid and glucose
metabolism in patients with type 2 diabetes or impaired glucose tolerance. Nutrition Research 28, 137-143.

Kawasaki, H., Guan, J., & Tamama, K. (2010). Hydrogen gas treatment prolongs replicative lifespan of bone marrow
multipotential stromal cells in vitro while preserving differentiation and paracrine potentials. Biochemical and
Biophysical Research Communications 397, 608-613.

Kawamura, T., Huang, C. —S., Tochigi, N., Lee, S., Shigemura, N., Billiar, T. R., Okumura, M., Nakao, A., & Yoshiya, T.
(2010). Inhaled hydrogen gas therapy for prevention of lung transplant-induced ischemica/reperfusion injury in rats.
Transplantation 90, 1344-1351.

Kawamura, T., Huang, C. -S., Peng, X., Masutani, K., Shigemura, N., Billiar, T. R., Okumura, M., Toyoda, Y., Nakao, A.
The effect of donor treatment with hydrogen on lung allograft function in rats. Surgery 150, 240-249.

Kikkawa, Y. S., Nakagawa, T., Horie, R. T., & Ito, J. (2009). Hydrogen protects auditory hair cells from free radicals.
Neuroreport 20, 689-694.

Kimberly, L., Lloyd, P., Wasmund, W., Smith, L. & Raven, P. B. (2001). Clinical effects of a dietary antioxidant silicate
supplement, microhydrin, on cardiovascular responses to exercise. Journal of Medical Food 4, 151-159.

25



Kitagawa, H. & Yamauchi, H. (2004). Hydrogen storage in metal nanoparticles. Kagaku Kogyo 55, 954-959.

Kitamura, A., Kobayashi, S., Matsushita, T., Fujinawa, H., & Murase, K. (2010). Experimental verification of protective
effect of hydrogen-rich water against cisplatin-induced nephrotoxicity in rats using dynamic contrast-enhanced CT.
British Journal of Radiology 83, 509-514.

Kikuchi, K., Nagata, S., Tanaka, Y., Saihara, Y., & Ogumi, Z. (2007). Characteristics of hydrogen nanobubbles in solutions
obtained with water electrolysis. Journal of Electroanalytical Chemistry 600, 303-310.

Kubota, M., Shimmura, S., Kubota, S., Miyashita, H., Kato, N., Noda, K., Ozawa, Y., Usui, T., Ishida, S., Umezawa, K. et al.
(2011). Hydrogen and N-acetyl-L-cysteine rescue oxidative stress-induced angiongenesis in a mouse corneal
alkali-burn model. Investigative Ophthalmology & Visual Science 52, 427-433.

Langmiir, I. (1927). Flames of atomic hydrogen. Industrial and Engineering Chemistry 19, 667-674.

Lee, M. -Y., Kim, Y. -K,, Ryoo, K. -K,, Lee, Y. -B., & Park, E. —J. (2006). Electrolyzed -reduced water protects against
oxidative damage to DNA, RNA, and protein. Applied Biochemistry and Biotechnology 135, 133-144.

Li, J., Wang, C., Zhang, J. H,, Cai, J. M., Cao, Y. P., Sun, X. J. (2010). Hydrogen-rich saline improves memory function in a
rat model of amyloid-beta-induced alzheimer’s disease by reduction of oxidative stress. Brain Research 1328, 152-161.

Li, Y. —P., Nishimura, T., Teruya, K., Maki, T., Komatsu, T., Hamasaki, T., Kashiwagi, T., Kabayama, S., Shim, S. -Y.,
Katakura, Y., Osada, K., Kawahara, T., Otsubo, K., Morisawa, S., Ishii, Y., Gadek, Z., & Shirahata, S. (2002).
Protective mechanism of reduced water against alloxan-induced pancreatic B-cell damage: Scavenging effect against
reactive oxygen species. Cytotechnology 40, 139-149.

Lin, Y., Kashio, A., Sakamoto, T., Suzukawa, K., Kakigi, A., & Yamasoba, T. (2011). Hydrogen in drinking water attenuates
noise-induced hearing loss in guinia pigs. Nueroscience Letters 487, 12-16.

Liu, Q., Shen, W. F., Sun, H. Y., Fan, D. F., Nakao, A., Cai, J. M., Yan, G., Zhou, W. P., Shen, R. X. Yang, J. M., Sun, X. J.
(2010). Hydrogen-rich saline protects against liver injury in rats with obstructive jaundice. Liver International 30,
958-968.

Manalo, D. J., Rowan, A., Lavoie, T., Natarajan, L. Kelly, B. D., Ye, S. Q., Garcia, J. G., & Semenza, G. L. (2005).
Transcriptional regulation of vascular endothelial cell responses to hypoxia by HIF-1. Blood 105, 659-669.

Mao, Y. F., Zheng, X. F., Cai, J. M., You, X. M., Deng, X. M., Zhang, J. H., Jiang, L., & Sun, X. J. (2009). Hydrogen-rich
saline reduces lung injury induced by intestinal ischemia/reperfusion in rats. Biochemical and Biophysical Research
Communications 381, 602-605.

Margittai, E., Csala, M., Mandl, J., & Banhegyi, G. (2009). Participation of low molecular weight electron carriers in
oxidative protein folding. International Journal of Molecular Sciences 10, 1346-1359.

Martin, W., Baross, J., Kelley, D., & Russell, M. J. (2008). Hydrothermal vents and the origin of life. Nature Reviews
Microbiology 6, 805-814.

Matchett, G. A., Fathali, N., Hasegawa, Y., Jadhav, V., Ostrowski, R. P., Martin, R. D., Dorotta, I. R., Sun, X., & Zhang, J.
H. (2009). Hydrogen gas is ineffective in moderate and severe neonatal hypoxia-ischemia rat models. Brain Research
1259, 90-97.

Miyata, T., Takizawa, S., van Ypersele, de Strihou, C. (2011). Hypoxia: 1. Intaracellular sensors for oxygen and oxidative
stress: novel therapeutic targets. American Journal of Physiology 300, C226-C231.

Nagata, K., Nakashima-Kamimura, N., Mikami, T., Ohsawa, 1., & Ohta, S. (2009). Consumption of molecular hydrogen
prevents the stress-induced impairments in hippocampus-dependent learning tasks during chronic physical restraint
in mice. Neuropsychopharmacology 34, 501-508.

Nakao, A., Kaczorowski, D. J., Wang, Y., Cardinal, J. S., Buchholz, B. M., Sugimoto, R., Tobita, K., Lee, S., Toyoda, Y.,
Billiar, T. R., & McCurry, K. R. (2010a). Amelioration of rat cardiac cold ischemia/reperfusion injury with inhaled
hydrogen or carbon monoxide, or both. Journal of Heart and Lung Transplantation 29, 544-553.

Nakao, A., Toyoda, Y., Sharma, P., Evans, M., & Guthre, N. (2010b). Effectiveness of hydrogen rich water on antioxidant
status of subjects with potential metabolic syndtrome--- An open label pilot study. Journal of Clinical Biochemistry
and Nutrition 46, 140-149.

Nakashima-Kamimura, N., Mori, T., Ohsawa, I, Asoh, S., & Ohta, S. (2009). Molecular hydrogen alleviates
nephrotoxicity induced by an anti-cancer drug cisplatin without compromising anti-tumor activity in mice. Cancer
Chemothrapy and Pharmacology 64, 753-761.

Neale, R. J. (1988). Dietary fibre and health: The role of hydrogen production. Medical Hypothesis 27, 85-87.

Newton Editorial (2001). Another world spreading underground. Newton 21, 92-99.

Okouchi, S., Suzuki, M., Sugano, K., Kagamimori, S., & Ikeda, S. (2002). Water desirable for human body in terms of
oxidation-reduction potential (ORP) to pH relationship. Journal of Food Science 67, 1594-1598.

Oharazawa, H., Igarashi, T., Yokota, T., Fujii, H., Suzuki, H., Machide, M., Takahashi, H., Ohta, S., & Ohsawa, I. (2010).
Protection of the retina by rapid diffusion of hydrogen: administration of hydrogen-loaded eye drops in retinal
ischemia-reperfusion injury. Investigative Ophthalmology & Visual Science 51, 487-492.

Ohsawa, 1., Ishikawa, M., Takahashi, K., Watanabe, M., Nishimaki, K., Yamagata, K., Katsura, K., Katayama, Y., Asoh, S.,
& Ohta, S. (2007). Hydrogen acts as a therapeutic antioxidant by selectively reducing cytotoxic oxygen radicals.
Nature Medicine 13, 688-694.

26



Ohsawa, I., Nishimaki, K., Yamagata, K., Ishikawa, M., & Ohta, S. (2008). Consumption of hydrogen water prevents
atherosclerosis in apolipoprotein E knockout mice. Biochemical and Biophysical Research Communications 377,
1195-1198.

Otani, M., Hamada, I., Sugino, O., Morikawa, Y., Okamoto, Y., & Ikeshoji, T. (2008). Electrode dynamics from first
principles. Journal of the Physical Society of Japan 77, 024802-1-024802-6.

Pastukhov, V. I. & Morozov, V. P. (2000). Raman scattering of light by the electroactivated water. Optics and Spectrometry
88, 35-37.

Qian, L., Cao, F., Cui, J., Huang, Y., Zhou, X., Liu, S., & Cai, J. (2010a). Radioprotective effect of hydrogen in cultured cells
and mice. Free Radical Research 44, 275- 282.

Qian, L. R., Li, B. L., Cao, F., Huang, Y. C,, Liu, S. L., Cai, J. M., & Gao, F. (2010b). Hydrogen-rich PBS protects cultured
human cells from ionizing radiation-induced cellular damage. Technological Radiation Protection 25, 23-29.

Saitoh, Y., Yoshimura, Y., Nakano, K.., Miwa, N. (2009). Platinum nanocolloid- supplemented hydrogen dissolved water
inhibits growth of human tongue carcinoma cells preferentially over normal cells. Experimental Oncology 31, 156-162.

Sato, Y., Kajiyama, S., Amano, A., Kondo, Y., Sasaki, T., Handa, S., Takahashi, R., Fukui, M., Hasegawa, G., Nakamura, N.,
Fujinawa, H., Mori, T., Ohta, M., Obayashi, H., Maruyama, N., & Ishigami, A. (2008). Hydrogen-rich pure water
prevents superoxide formation in brain slices of vitamin C-depleted SMP30/GNL knockout mice. Biochemical and
Biophysical Research Communications 375, 346—350.

Santos, C. X. C.,, Tanaka, L. Y., Wosniak, J., Jr., & Laurindo, F. R. M. (2009). Mechanisms and implications of reactive
oxygen species generation during the unfolded protein response: roles of endoplasmic reticulum oxidoreductases,
mitochondrial electron transport, and NADPH oxidase. Antioxidants & Redox Signaling (2009), 11(10), 2409-2427.

Schoenfeld, M. P., Ansari, R. R., Zakrajsek, J. F., Billiar, T. R., Toyoda, Y., Wink, D. A., & Nakao, A. (2011). Hydrogen
therapy may reduce the risks related to radiation-induced oxidative stress in space flight. Medical Hypothesis 76,
117-118.

Shen, M. H,, Cai, J. M., Sun, Q., He, J., Sun, X. J., & Huo, Z. L. (2010). Hydrogen as a novel and effective treatment of acute
carbon monoxide poisoning. Medical Hypotheses 75, 235-237.

Shimouchi, A., Nose, K., Takaoka, M., Hayashi, H., Kondo, T. (2009). Effect of dietary turmeric on breath hydrogen.
Digestive Diseases and Sciences 54, 1725-1729. Digestive Diseases and Sciences

Shingu, C., Koga, H., Hagiwara, S., Matsumoto, S., Goto, K., Yokoi, I., Noguchi, T. (2010). Hydrogen-rich saline solution
attenuates renal ischemia-reperfusion injury. J Anesth. 24, 569- 574.

Shirahata, S. & Hamasaki, T., Nakamura, T., Abe, M., Yan, H., Kinjo, T. Nakamichi, N., Kabayama, S., Teruya, K.
Anti-diabetes effect of water containing hydrogen molecule and Pt nanoparticles. BMC Proceedings, 5(Suppl 8), 18.

Shirahata, S., Kabayama, S., Nakano, M., Miura, T., Kusumoto, K., Gotoh, M., Hayashi, H., Otsubo, K., Morisawa, S., &
Katakura, Y. (1997). Electrolyzed-reduced water scavenges active oxygen species and protects DNA from oxidative
damage. Biochemical and Biophysical Research Communications 234, 269-274.

Shirahata, S. (2002). Reduced water for prevention of diseases. In S. Shirahata et al. (Eds.) Animal Cell Technology: Basic
& Applied Aspects, Vol. 12 (pp.25-30), Dordrecht, Kluwer Academic Publishers.

Shirahata, S. (2004). Reduced water. In Characteristics and Application Technology — Application to the fields of
agriculture, foods, and medical therapy (pp.33-45), Tokyo, N.T.S.

Stephanson, C. J. & Flanagan, P. (2003a) Antioxidant capacity of silica hydride: a combinational photosensitization and
fluorescence detection assay. Free Radical Biology & Medicine 35, 1129-1137.

Stephanson, C. J. & Flanagan, P. (2003b). Synthesis of a novel anionic hydride organosiloxane presenting biochemical
properties. International Journal of Hydrogen Energy 28, 1243-1250.

Stephanson, C. J. & Flanagan, P. (2004a). Non-toxic hydride energy source for biochemical and industrial venues: ORP and
NAD* reduction analyses. International Journal of Hydrogen Energy 29, 459-464.

Stephanson, C. J. & Flanagan, P. (2004b). Differential metabolic effects on mitochondria by silica hydride using capillary
electrophoresis. Journal of Medicinal Food 7, 79-83.

Stephanson, C. J., Stephanson, A. M., & Flanagan, P. (2002). Antioxidant capability and efficacy of mega-HTM silica
hydride, an antioxidant dietary supplement, by in vitro cellular analysis using photosensitization and fluorescence
Detection. Journal of Medicinal Food 5, 10-16.

Stephanson, C. J., Stephanson, A. M., & Flanagan, P. (2003). Evaluation of hydroxyl radical-scavenging abilities of silica
hydride, an antioxidant compound, by a Fe21-EDTA-i 2-hydroxyterephthalate fluorometric analysis. Journal of
Medicinal Food 6, 249-253.

Stephens, G. A. (1910) Modern miracles of healing. British Medical Journal 2, 654-655.

Sun, Q., Cai, J., Liu, S., Liu, Y., Xu, W., Tao, H., & Sun, X. (2011a). Hydrogen-rich saline provides protection against
hyperoxic lung injury. Journal of Surgical Research 165, e43-e49.

Sun, Q., Cai, J., Zhou, J., Tao, H., Zhang, J. H., Zhang, W., & Sun, X. —J. (2011b). Hydrogen-rich saline reduces delayed
neurologic sequelae in experimental carbon monoxide toxicity. Critical Medicine 39, 765-769.

Sun, Q., Kang, Z. M., Cai, J. M., Liu, W. W., Liu, Y., Zhang, J. H., Denoblec, P. J., Tao, H. Y., & Sun, X. J. (2009).
Hydrogen-rich saline protects myocardium against ischemia/reperfusion injury in rats. Experimental Biology and
Medicine 234, 1212-1219.

27



Suzuki, Y., Sano, M., Hayashida, K., Ohsawa, I., Ohta, S., & Fukuda, K. (2009). Are the effects of a-glucosidase inhibitors
on cardiovascular events related to elevated levels of hydrogen gas in the gastrointestinal tract? FEBS Letters 583,
2157-2159.

Tavender, T. J. & Bulleid, N. J. (2010). Molecular mechanisms regulating oxidative activity of the Erol family in the
endoplasmic reticulum. Antioxidants & Redox Signaling 13, 1177-1187.

Tesier, J. —P., Palau, P., Huot, J., Schulz, R., & Guay, D. (2004). Hydrogen production and crystal structure of ball-milled
MgH2-Ca and MgH2-CaH2 mixture. Journal of Alloys and Compounds 376, 180-185.

Urita, Y., Watanabe, T., Maeda, T., Arita, T., Sasaki, Y., Ishii, T., Yamamoto, T., Kugahara, A., Nakayama, A., Nanami, M.,
Domon, K., Ishihara, S., Kato, H., Hike, K., Hara, N., Watanabe, S., Nakanishi, K., Sugimoto, M., & Miki, K. (2008).
Extensive atrophic gastritis increases intraduodenal hydrogen gas. Gastroenterology Research and Practice 2008,
Article ID 584929, doi:10.1155/2008/584929.

Urita, Y., Watanabe, T., Maeda, T., Sasaki, Y., Ishihara, S., Hike, K., Sanaka, M., Nakajima, H., & Sugimoto, M. (2009).
Breath hydrogen gas concentration linked to intestinal gas distribution and malabsorption in patients with
small-bowel pseudo-obstruction. Biomarker Insights 4, 9-15.

Wagner T, Bundschuhb T, Schick R, & Koster R (2004). Detection of aquatic colloids in drinking water during its
distribution via a water pipeline network. Water Science and Technology 50, 27-317.

Wang, C., Li, J., Liu, Q., Yang, R., Zhang, J. H., Cao, Y. -P., & Sun, X. —J. (2011). Hydrogen-rich saline reduces oxidative
stress and inflammation by inhibit of JNK and NF-kappa B activation in a rat model of amyloid-beta-induced
Alzheimer’s disease. Neuroscience Letters 491, 127-132.

Walrafen, G. E. (1964). Raman spectral studies of water structure. The Journal of Chemical Physics 40, 3249-3256.

Watzky, M. A. & Finke, R. G. (1997). Transition metal nanocluster formation kinetic and mechanistic studies. A new
mechanism when hydrogen is the reductant: slow, continuous nucleation and fast autocatalytic surface growth.
Journal of American Chemical Society 119, 10382-10400.

Wigginton, N. S., Haus, K. L. & Hochella, Jr., M. F. (2007). Aquatic environmental nanoparticles. Journal of
Environmental and Monitering 9,1306-1316.

Wood, K. C. & Gladwin, M. T. (2007). The hydrogen highway to reperfusion. Nature Medicine 13, 673-674.

Xie, K., Yu, Y., Pei, Y., Hou, L., Chen, S., Xiong, L., Wang, G. (2010). Protective effects of hydrogen gas on murine
polymicrobial sepsis via reducing oxidative stress and HMGB1 release. Shock 34, 90-97.

Xie, K., Yu, Y., Zhang, Z., Liu, W., Pei, Y. Xiong, L., Hou, L., & Wang, G. (2010). Hydrogen gas improves survival rate and
organ damage in zymosan-induced generalized inflammation. Shock 34, 495-501.

Yamauchi, M. & Kitagawa, H. (2005). Hydrogen absorption of the polymer-coated Pd nanoparticle. Synthetic Metals 153,
353-356.

Ye, J., Li, Y., Hamasaki, T., Nakamichi, N., Komatsu, T., Kashiwagi, T., Teruya, K., Nishikawa, R., Kawahara, T., Osada,
K., Toh, K., Abe, M., Tian, H., Kabayama, S., Otsubo, K., Morisawa, S., Katakura, Y., & Shirahata, S. (2008).
Inhibitory effect of electrolyzed reduced water on tumor angiogenesis. Biological and Pharmaceutical Bulletin 31,
19-26.

Zhang, Y. F., Sun, Q., He, B., Xiao, J., Wang, Z. N., & Sun, X. J. (2010). Anti-inflammatory effect of hydrogen-rich saline in
a rat model of regional myocardial ischemia and reperfusion. International Journal of Cardiology 148, 91-95.

Zheng, X. F., Mao, Y. F., Cai, J. M., Li, Y. H., Liu, W. W., Sun, P. L., Zhang, J. H., Sun, X. J., & Yuan, H. B. (2009).
Hydrogen-rich saline protects against intestinal ischemia/reperfusion injury in rats. Free Radical Research 43,
478-484.

Zheng, J., Liu, K., Kang, Z., Cai, J., Liu, W., Xu, W., Li, R., Tao, H., Zhang, J. H., & Sun, X. (2010). Saturated hydrogen
saline protects the lung against oxygen toxicity. Undersea Hyperbaric Medicine 37, 185-192.

28



The biggest underground biosphere

()
o T COp
=
Z Hpo |
2 .
é . / A Hydrogen produced by the reaction of rock
= co?nrgngds (mineral) with water is oxidized by various
3 oxidizers such as carbon dioxide, sulfuric acid,
G |Oxygen | NOy | nitric acid, iron, manganese for chemical
respiration o f mi : . d d
respiration of microorganisms in undergroun
biosphere.

Lithotrophic organisms eating the earth

| Land biosphere | | Sea biosphere |

’Underground biosphere |

Underground biosphere

Ny |
A S04
Nitrate
respiration m
HyS
COy
Sulfate
respiration S04
CHy
Co, Hy0
respiration
COy
LW ]

Natural reduced water may contains
mineral nanoparticles and mineral hydrides

+— 5000m —m

[Rockenergy | Rookat gt sustaining hydrogen energy underground.
Mantle

RO 1. HTAEWEICK T 2KBOEE, MFOLRED XD B0, HKEDOKEETL
TKFESFEIEY T, #IF 5,000 A — FLETER LTV EL OEAREEMIKES T %
EFERERRIZ L o TAZ | fifbKkFE L BRI T L5, HOIEOM T AKIZIZI DOIRT LT/
ki & IR TNT IR KRB EZ AL TOVDLAREER S D, 13=2— b FEOFRL DK %2 —H
{EIE L7z (Newton editorial 2001),

29



