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(B&9] X b3 R F7EFEERITTEEEEEME reactive oxygen species (ROS)
DREFETHS, @SMEICREESNELAIITIRI a2 R 7 ik ROS 2N
U, BIEX P LAWK BHIROEEREDRRE LS WHREND S, FFET
3. BEBETRIETTI I RUTBEFIBICKVEELEEINS ROSH1 R
CHMARIITEEETOBFERITLE.

(7] 1. BAKEEEIC L D BIE Y Ko T TOMIA ROS £REHIEL.
SPICRITEFREREEZOREZRF L. 2. ROS O—HTH 2 EE{LK
FH,OIMA DA DB WANERABEEEZHBEEICLDAM A V53 WFESR (Static
incubation #%) . RUMEGRFERIZ TR L7, 3. HO0, B REEFEO—D U Il
TINFER3-U VETE ROFF—+ (glyceraldehyde-3-phosphate
dehydrogenase; GAPDH) {EMETT RO RHAEMICE A 28R L1,

(BR] 1. YURXA 2R ) —<HFKK. MING HZICBNT, BIRET R UER
B 15 0 SHIFN ROS 238U . —B{KT L/2% 48 R#LARICEUEMY %
“HEOE-I ROz, TOROS OEMII a2 R FHEHEFRICK > TELIZ
Ml =iz, 2. MING MR OBEE < T 2 S REBICBWNWT. HO, JBEKEHRIC
A2A) 3WERHFHL. 50 M U LI THEREENA SN, BEEYUAESKE
IR BFERERICBNT 50 uM HyO0, 131 > A ) 2 E—H W EFEITHH L
7zo 3. MING6 HIFRIZBWNWT, ®BET RUHERU H,0, id GAPDH & ZHif L .
AIFEOHIHIEI a2 RUTHERICKDER N, E/z H,0,13 GAPDH &b
THROT R eRS 82,

(#3#] MINGHIIBICHBWT, SMBETFUBICEDI MY R TETFREREN

L7ZROSEAEMEINL TWz. ROSO—ETH 2 H,O, i3 E kM ICMINGHEE K&



VHEEER DA KBNS DT RURIREEA P2 mEMH L, BE<TT 2
Ko RETE—HIBEzHERICIH L. ZOBFDO—D &L TROSHGAPDHZ
Mg DAIREMENTRIRE N, DLEXDBRET R UBBRERICA S N5 8 Hilg
BREA20O—REL T, 2 b2 RY THRROSOBENRRENZ.

Pk, AHETIET BUBREEL ) D HwE—HOBEEICI ha 2 R7H

K ROS &L, TOFEMZFD 1 DAGAPDH THDH I L&RLT=,
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Summary

Postprandial hyperglycemia is one of the early events observed in type 2 diabetes.

Pancreatic beta-cells exposed to hyperglycemia produce reactive oxygen species (ROS) from

mitochondria. Because beta-cells are sensitive to oxidative stress, excessive ROS may cause

dysfunction of beta-cells. Here we demonstrate that mitochondrial ROS suppress glucose-

induced insulin secretion from beta-cells. Intracellular ROS increased 15 min after exposure

of MING cells and human islets to high glucose concentration, and this effect was blunted by

inhibitors of the mitochondrial electron transport system. Glucose-induced insulin secretion

was also suppressed by H,O,, a chemical substitute for ROS, in a dose-dependent manner.

Interestingly. the first-phase insulin secretion could be suppressed by 50 mM H,0, but the

second-phase was not in perifusion studies of mouse islets. H,0, or high glucose

concentration suppressed the activity of glyceraldehyde 3-phosphate dehydrogenase

(GAPDH)), a glycolytic enzyme, and inhibitors of the mitochondrial electron transport

abolished the latter effects. The downstream metabolites of GAPDH were decreased by H,O,.

Our data suggested that high glucose concentrations induced mitochondrial ROS. which

suppressed glucose-induced first-phase insulin secretion, at least in part, through the

suppression of GAPDH activity. We propose that mitochondrial overwork is a potential
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mechanism causing impaired first-phase insulin secretion in the early stages of type 2

diabetes.
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4. BE—&

ANOVA: analysis of variance

ADP; adenosine 5 -diphosphate

ATP: adenosine 5 -triphosphate

BMI: body mass index

BSA: bovine serum albumin

Ca; calcium

CCCP: carbony! cyanide m-chlorophenylhydrazone
CM-H,DCFDA; 5-(and-6)-chloromethyl-2'7"-dichlorodihydrofluorescein diacetate, acetyl
ester

DMEM: Dulbecco’s Modified Eagle Medium

DTT: dithiothreitol

EDTA: ethylenediamintetraacetic acid

FBS; fetal bovine seline

GAPDH; glyceraldehydephosphate dehydrogenase
HBSS: Hanks Balanced Salt Solution

HEPES: N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid
KRBB: Krebs-Ringer Bicarbonate Buffer

MING6; mouse insulinoma cell

Mn; mangane

NAD: nicotinamide adenine dinucleotide oxidized form
NADH: nicotinamide adenine dinucleotide reduced form

NADP: nicotinamide-adenine dinucleotide phosphate oxidized form



PBS: phosphate-buffered saline

PMSF: phenylmethylsulfonyl fluoride

ROS; reactive oxygen species

RPMI; Roswell Park Memorial Institute

SOD: superoxide dismutase

SU: sulfonylurea

TBAP; Manganese (I1I) tetrakis (4-benzoic acid) porphyrin
Tris: tris(hydroxymethyl) aminomethane

I'TFA: thenoyltri-fluoroacetone



S5HEREEN

5- (1) 2 BUREIR IR DR

BAOENC BT B HERFOFRHRITBE 40 FBIC 50 FIT@ML. Zo@nEiIe
HREOPTEIMNTHS. /e, ERABFLIBEN 690 AN, TOFHEE
BH5E 1370 AANEHEREINTBD. 40 R LD 10 AIZ 1 ADTHERREELZE
THEEZLNTWS, k. BRAFECEHTIMNOERFIIBEZED QOL 2F
L<EFETIH. BRANERTHRICATENTEA I NS BEKITER 11,000
%, BREICKHICESBERIIN 5,000 BLxh. ThEhOEREKEDOE 1 i1
Elxole. BERRBED 95X EEZ HEDTNS 2 BFRFORBEICITEEERF LR
BRFMEET S0 BRFOFREEMOERIIIEFTHOKRKICLZER,
FEEHRE T, TOHRLLTORBRERKEZIMhbo TnE I ENEMEINT

Wb,

5-(2) 2 BIFERSR DB

2RIBEIRIBOREICIIA AU VEREETOA > A EGitE &M S D
AR DHUWAENKRLBEIGTED O TWAN, TOWMEFIKRLZERETFE
RERFIESLTHS (1), BREOREBEBICBVWTA A VEFENE
BIDLEBHIREIEZA AV B ZIES B TMHEZEFRILLISETEIN. Z
DRABTERMAET D LHRAARIUENECERB L A5, T oICEMEETNEHE
PREBIEE VWDNDIBFITK DA AU HERRA A OG- b EEEL.,
KA AU AEHBEEICL &P MESEREE SFENSBFZMTLT
A AN VWA EERELT I ENFLGNTNS,



(A) BzEF

BERARZHETEEOL EKRIZEEANTH S LEBIT. MO TREARED
ZNWERBTHD, BRFEBEFORGREZSTTSE. 0D 2 HELUNORIEIZ 40%
M5 50%DHETERFRVREEEING, —IIHMERETIE. 2 BERRFO—HR
MA0%MN5 90%. 1 BBERETIL256%55 50% TdH S (Krollewski et al. 1985,
Barnett et al. 1981, Newman et al. 1987),

LA LBERBOP THEDORRERTIHHAL TNLDOR2EDK2~4%TH
D, TORIZIEERE CHECEEEERERZRT MODY (maturity-onset
type diabetes of young people). BR#EEEERTI I RUTHEERTFRE. &£
BENEEOERNA Y DR WERTA A VBETFREPEEDOI AU
BHMZRT A R DEZEREBETREZENS S (Fajans et al. 1987. Ballinger
et al. 1992, Kahn et al. 1976, Tager et al. 1979, Given et al. 1980). 2 BU¥ERNE
. INSORFEOHRGTFRENEASINRL, FRTFERECEDSEEHTHS,
BOK ZDOIIREETFIREMTHRRERES TS ELEORNEEBIT T NEREBRK
ZHRETFTHD., INSORFAEEL. I SITRERFHMND S EHERFNRE

ETDHEEALND.

(A) BIERETF
BRABEEEBERORKXOKRBTHY. TOREIEFTENEEDL>TW
B, RETEEDBEANIERFRERY 30%L BEAENTORERLVEL, TL
DBEEEFITMA TR D EFEENEOREICES Bz EEAO5NS,
B e & 172 2 BUEERE D 1 KT HHICEE Y 2 KAEER R R Diabetes Prevention
Program (DPP) TH. 75g 7 RURBEBHARICTHERE LZHIN AT RE
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N, BIOGEFOHRIZBIERFEBFROSEREBMIE T A TAZ A1 INVDOEIT L DEH A
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LT, £ETE%NESH (BiC 150 20ES). BB 25%K. AED 7%k, £
THAREARTFIVZ 2 1700 mg/E)EWINMABEE, ENAHE (O bo—
WVE) KA TERBOREREZAMAEICHE L2, BIRENVWIEIXZHOPTDH
S EOERFRABEZ KBS VDT, EFEEHEREH TH 7. TOTENGD,
EEIAR., sh0)— - EEHE. BREAEORBRFNVWNICERREDOFRE &

L TWBEMMEZ D (Knowler et al. 2002),

5-(3) BAEA 2 BIBERS DR

HEOBNEICHT DHERFBEOEML 5-Q)THRRZXL DI, BEFERIETRE
BEOBK{ticL D ZEMEHaIN TS, LALRAEOESEOR IR F—E
REZDLABADLDDH D, BNSEHSN TV IEHOBREDN 60g/HE
RICOKICHEN 2/3 EBETH 5.

I5IZ. EEONFHEATHKRETIE BMI 30 A ELOEERHEIZIEZERD 20% LA
Lizaohn, HRBREELHRENIOBERBEHETHD. —HRVETREER
HEIEAOD 2 BUTFTEEmDTAHRL. ZEINZFEHTHD, ERABEIIBT
ZDIHEOBE. BEOREELEBELEL EW.

—F. AR HWEIKEACHURTART. RUEERMETEA A
CERELESB>TWS (B 2). £z, T EUBICHT A 2R I RIEHXK
EACUNTELLIARRET. KEATEEENE LFHTHEARRORET X
D HUNELS LRLTWAIREDADST, BAEATIE 75 g 7 RUEERR
BRTERMERETIRS 5. BFE 1 BEETEEEZRTESNT. BEEERORE
4)XU>%M@%6#K@TLTm50ﬁtE$Af@%ﬁ%ﬁ&Em:&#5

A DAY AEHHIIEBNBRETHD EEXZ LN TWS (DeFronzo et al. 1989,

12



Sato et al. 2002),
ZODEIDICEICHRFE TOHHXREESHETIEIE LS FOREIZIRZ>TWS, HF

ADERFDOMERICHZ> TR D LIEBFEADFHZSRATBRHBLETDH S,

2
I 30 [
= ! — == XEAA
9 25 /o/d\ BA& A
- / \
A / \\‘\
15[ # T~
“ // e
10 1 /—o——\
5 [
0 \ ! A
10 15 20 25 30

ZERERRIMPE  (me/dL)

B2 HAA. KEBAICBITSA R EHEOSH
ZERERFDMBE LA A DR MERT .
HAERADVKRBEA LA DA DHWBETLTHED8ON 5.

(DeFronzo et al. 1989. Sato et al. 2002)

5- (@) BRHIBICBITB A A RWAANZX L

3ICHEBMBEMASDA A A WDADZ A LER L. T RO 2 B
REEA (GLUT2) k&> T#%ah. /) aFr—+t (glucokinase; GK) 72 &
DEBEZRERT) VBILEZITENECEBNERIND, ERENLEINE VBN
2 PO RYFIGEEN. TCAHA ZIVIKED., BEFRERICBWTATP ELE
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AR WD AT ZX A
O

O
ad— Kir6.
ZIVa—Z O O o o iré K,
¥ X
/}b:#—ﬂ-— bisr B i A

I
b ATP/ADP
* o'-o¢ ®

™ ®3 BEBHRICBVWTHY N I—RIZGLUT22A L THBAMICER AT, YivaF+—
CIELDRBESNBEROKISNTIE, RN E VBT TREINAZEINICRY
T DTCAYA VI NEIENDRZDVBATPERICEE TH D EEZONTWED, ZOMICHE
BRTELEINBNADHANADHY ¥ MLEMALTI RIS RUTZAEIEN2EDH 12X
UGB ETH B ENRINTWS, 2 IR 7P TELAINATPIZATPES
HKF vy 2NV EHBELBEOESEEB LT, DIV ILF vy RIVEROLUTHERANS
W ITLAFTOMHAT B ETA R U 3iERL (Secretory granule: SG) DB E)
RLIVYA b= AKBEOZCaBRZHEDTFERBL. 1AV QWNELBEEZS
NTW3,

A R AR AR EET XY CouStThbhiTWwaEIE. MRS IV
I—ZARBNTLEL TNDBEEZI 5NN, TOEESATPEEDIZ. EFLERTREM
EERENEEIN, BMEA ML AW RHIRICEERZEE -6 THRENEZEA SN
5,
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ENB, O ATP T ATP BeEMHE K Fy RIVEM#E L. BMIEEORSE. Ehik
7 Ca F v %)V (Voltage-Dependent Calcium Channel; VDCC) ZBAL. #
faR Ca?*d LR ZH7- 5T, L HIlEAN Ca2id- > AV 25 MFRKL (Secretory
granule: SG) OBEPILI VY1 M~ XL B Ca RZHFFERIBL. 12>
2 W ERIET 5, UL LIEEEBHIBICBNT ATP GARICIIEERTEES
015 NADH 8 NADH > v MMVEALTI b RO TAEBENDRZREBAAY >

FWICBHBETH B ENHEEIN TS,

5- (5) 2 BIBERM DI B MO RER £ DR
BHIUABSKEZGRBETRUBICRETS L, BER 2 7XVHBED. 5 2
WCE—2 &2, 10 FETITERTT SR COBEREE—HEowE. THils
EREHDUWSEDEND, TORBRT A URINET RUEERFIRRY
CERESELEEICD., FARDFO1 X)) DERELZSRICODRO NS, 28E
RIFBHICBITEA A UHWEEICE, 1R S MOFRRETEL
DEDRBER > A VME. ERENETLTOA A VEGROETIIELS
AR UBRWFREEV S ZHBEOKEMND D, LTI XY 3B FED

BBICDOWTELMICRRSE Z & &T 5,

(A) G >R WA RITREBITETT 5.

20 ERICHE% 75 g 7 RUBEHRRROBENESNLHOMBEL T AU >
RISHB & A VEERE : (BFE 30 201 >R VE-AFHIOT A
HE) / (B 30 HomEE—ARETOmEE) CTRITLAE TS, RICER

FEERBHET, ERFERED 10 EFNITIINIT > 2 > HWERFR-NTHER,. £
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DBREITETLTNE, DWICRERFERELEEHS. FEROBEAITIKRAE
BERE B UKPDS (United Kingdom ) IZBWTHRED TWSB, ThbHb 2 BIER
RO BHIBEEEEIZHEICITRE TN TWEY, TOREEIN 2 BERKERET

HEEALND,

(B) ZERERFIEED LR ICHED FIHI > A 2B DIEER
ZOHHA > A ) HUWITDNWTIE Bruzell 578 20g O 7 FUBOEEFFEEZE

BAWTEARICHEL TWa, TN & 2 84 R ZEIER I 0 8 E ZMNZER.

ZefERF MBEAS 100~114 mg/dl &Wo ZEH T, ZNLLT D MEEEE > 7 EF O
LT THD. 114 meg/dl A EOMBEEOES TRA > A 23 E—HI3TE
IKHEL TWeEHEETN TS, ZHEMERREEOEERICEREAL T AV

CHWME—MNEA L T T EERETS (K4) (Bruzell et al. 1976).

90 [
80 [
Ze 5 OB o BE S
70 —+—79-89
' ——®="9g)_99
,% -
T; 60 \ TTATT100-114
=0 I ST 115-149
gl i X 50-349
~ 40
2
y 30
-~ 20
=
e 10
0
| ] | ] |
0 15 30 60 90 120
B (40



4 20g DT RUBEBEZBIRMICKRELZBomEEL A CBEOELE, %2
JERF MBS bbdR U7, IR MEDY 100~114 meg/dl DETTTIZA R Y >4
WE—MIZETL T3, (Bruzell et al. 1976)

(O mEI> bO—IVICE BT > AU X3 WOEE
BRAEEBEFETEIETEREL. AINFINTLVTE, 1A R ECXDERKR
MEEI FO—INIX>TA AN 3 WE—HITESTHICEET 2 EW D HEN
HB. THDWVT, EFoEDELEEBFIRP AT TN, [ BHllEDkE
Bl WO BENHRAIENTWS, ISBESMERET TR >R 2 WNE
ICHIB S NKETH DIHITIEA 2 XY D ERPTWHREZN S,
M. EHMORIBICL D SR - SN BVRONEL RS, MEHEEEEICEELT
B 2 EIC KD BHIMA RS MR SRR END DA A G -
SWHEET S5, CHUTEBEE LI X > THENRESENE U SETORETOEAE

A2 BB REIIEBEL DB EE2RBELTNWS (Vague et al. 1982).

(D) 7 RUBLSOT T MMREHE

ERFVHOWRETIRT RUBIIHT ARISIIET L TWER, ENLS O 5
REWE., FIZETNVF= o0V aFL /=), B VF . ZAINEFZNTU LV
TELEITHTBRISIET RUBIIHT ARNEEREFINTHARYL, JZORRE
HOBREEEOERFREOREZEIIBNTD, AKTHL, JOXIICESHED
A 2R HWARRIET ROEBIRICEC 200 ETHD, 1 AU 2k
BICBWTT RYEOREN S ATP BEZHE K F v ) OM#EX TOMICHEAE
DERENBEET S EEA5NTWS (Deckert et al. 1972, Palmer et al. 1976,

Varsano-Aharon et al. 1970),

17



5-(6) 2 BUBERFDIK BAREEICHE TS I NE TOIFE

CNET 2 BERKRICBIT 2 HEBEECRFICOVWTRA BRI zINT
. INoE TEEHE CWDSZEETREINDA. WIhoREFICBNTD
BESOERRICBTOIESMEOLEEZRZA DD THS. UTIKZOFEMEE
ED5,

A 1R EBETFREERET
CNETIHRHETIN T v b gk R B MEIC L 2HET, FHERHFERK
BIIBWTDM AU VEGREFICEAA) > T0E—5 —EHOETAES L
TWBEHEINTNDS, TOREELTT R VEGFORERFTHS
PDX-1 OEWMETLTBD . ZOEEETHAAC ) > mRNA ETFR1 AN
CEREOERTIZ. OWTRA DAY HWDETICDRNS EHAETNTNS
(Matsuoka et al. 1994. Kaneto et al. 1999), £DMIZHFHKOBMBEET I TS
NVaAFF—FEETF. 73 VEBRFREKBHIFERNECTFHORROE T,

51 A) ERDETZELTENIHEDREINT NS (Laybutt et al. 2002),

(B) BEBMBOT R b— R

1 BISERBIC BT DS REBRED—D & U THIMRENTY »/NBRRKIEMY A
RAAICEBTRI— ZAOBERBESNTNSA (Stasis et al. 1997). X
D2BEBRFETINVICBNTHELHBICT R ANHBHINTWNS I &AW
EINTVS, TOBFO—D &L TEES MBI > XY 25052 Ffe AT R
THRICHBEANTLERT 2Ca DR SAREINTE D, FIT/NEsEH 5 DCa* K

HoOBEEREFHIN TS, (Oyadomari et al. 2001)
18



(O) BEVIRRBEREET IV

Laybutt 512 90% IR S v h 2 AW TEHIMEIC L 5 B HIIEE RS L T3,
90 % KYIRRIZ L D BRI B AN RER BHIRICBNTT RUSEIREET >
AV CRWICEERSTTHD 2 BEgREE (GLUT2) ZvaFxr—+H. I ba
PRUTZ IOV CEBKEER. EIVECBINEFS S —YEOEET
HEEBETL TS ZEMBREIN TN, ELRFICZOETIVICBNT BHIED
SHEBFEIC AR R R 2B RAF Tdh 5 PDX-1. Nkx-1. Pax-6. BETA2/NeouroD.
HNF 2 EQBEFRHABETL TV, T, IS5 0BETFREDVKTIZ. BR
MENLSOT RUBEHRRNEMGTL I LICLDmEEREE{T S 70U RTICE
oTEﬁkbtout;D%ﬂﬁ%h@%ﬁ&#&ﬁﬁ?%ﬁ&ﬂﬁ?é:tK&

ST RHMlEREZIIHTH I EZREL TS (Laybutt ef al. 2002),

5-(7) 2 BPERRIRIC BV DI B Hifa DB

AR DK DICERRORBEBEICBNWTA VA VEFMENEET S LFE LR
31 AN R WEFESETHEEZERLLLD T30 ZOREERTERE
T LN ABMENECHERFERS. TORERBIESE L TET FUBEREER
EOEL, EpMEEDEN. SKEROEMENE TSNS, THUTDWTLETF

ICHL SRR S,

(A) 7 RS EEREEORL
MRS T RBEBE A >R UMEEORRIZ S FA-TERHIN EET
REDOMEDT RUBEBEL 5~6 mM RIcH D, BRRIGRER 15~20 mM &
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1o TWh, LML, R EnEICBENKBMRIIZD S FA-—T28E
EIZCT7hSERLHBENHD. TORKR, EFMEICL TP X ERIE
WBEODDEETH D ENDREN, RFITA2R) VIKFIEOREICTREINS,

DEDRAUTRIUMBETEIVESDI DR DRSNS EDIET. MBEO#R

2T TNWADTHS (Henquin et al. 1994),

(B) ¥ B #fgE 18 m

i B AIIZIT—MITEEDOE Z D ICK W EEZ SN TNWSAY, HIRCEHE M
D 2 BEERRICBIDZA A CHEOHEMTH L TEOHEERMLI>D L bH
ETHD, EBRA R EHIMOETINITATHS IRS-1 /9 I TTRITX
TREZTDA R VEFEZRETHDICSIREOERNBER. DEVE LM
BOBMMEZ > TWa ZENHSENT NS (Withers et al. 1998), EzRHICL
TFoLETI—DREICLDERRA R AR %R db/db XL
FLDRETL > TERBA A ARG IEZRT ob/ob YUAHE T REDEM
ZITIETINEZREL TS (Zhang et al. 1994, Yoon et al. 1988), 45
DETFNEMTEIZOREHEEMITED, A AU R WEBEMSE. EFLED

HEEZfT-OTW3,

O SKRBEHEDEM
INETIRBREBEELELRVMRTHIEINTNED, BEFEIORICRZER
B|ENRNDONARIN TS, KAMAEERNICHEEIZAN TR/ >
(STZ) ZANTHERKEE L STZ YUARKETREOITRARBNT, HDIMNT
HHHPFEEEAREL VFELMMEEED. SKEROBMPRELZLOBEND

20



%, ZHNUIBMREBEICLET A JHBABICH T SRBEHEELLESZA T

WTHAD (Yelenaet al. 2001),

5- (8) BIERE
(A BERDIKHDHIER

ATk U7z sttt 2 0 &5 s ifle iR EORFIC DLW TO®RE L. 8BS
MEEPERFRNEBICBIDREFREDELPLT R — ZDFEBTOVWTRAL
ZHDTHY., 2RERFOFEERF VD KD BRENTR L B0 8 MifaF
EOBEFZHRNTHHOLMEBEMTESND. 2 BERFEORETH OB SN S5I1EH
MENECDETICHBHIRICELSZRENEDL IR LD THENERT 24
BENH5,

(B) pkEH & RBERDOBEEFT — A EMEE S BEEREE b2 o T AREME—
QHERRIIZETFEGICOMNDS T, [ 5- G)DXS723LE L 7z gl
FERFEZRTOTHAI N ? TOMEEBRT B0k & U TRBERERE SHERA D
REBBICBVWTHBMBEICHNZMENDZ ML ANKBOHEFICE > TEHE
BEEZZHES5LTNEENDIEZARTESND LAY, HRCHRICT >
2D ERFMENGEET S EEBMIIIEFTLEERDLDEDES DA A 25
WHBRLLNE, ZOMMET RUSENERELTSETE LM AU A
AR VEESIDLEROT RUEBRHEAL. 1 VA VR WERELTWS, 7
Rey#iEI ba > RYUTZHAAY OB NADH O TEROAEN. TCA B 7))
%ﬁ-’é"%ﬁj—%%b:;o‘tﬁﬁtén R#Ensd, ZOBA R 3 WERY ATP &

FIEs - FEMEEEZME (reactive oxygen species: ROS) HFEEEINS, INET
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ROS @2 A, BilRkEE L, R, BAEFICESLTHW 2 TWS, Z0 ROS A3
HE B AIREIC D E/-MREEEEICEW TSR H 5,

5-(9) 2 raCRUTIBILEHNEREL

2 IV RYTEREZMBEOMEPA/NEED—DTH Y. EBRRBHE LU TR
B CEEDRH D, RSIRT LK DICEERY) VEERIEI Fa 2 R TREICEE
THEEHE] (NADH-CoQEER). #EAK I (aNVBE-CoQBEILEER). #HEK
M(CoQ-¥ Mo O LACEILEER). HEKNY - br O LCER{LER). EEHEV

(ATPEREER) OS5 DOESHEHLIVBREINTNS, TL T, AR, TCA

YA 7V EX ORI NZNADHB XL UFADHLZHEE & LT ATPEERL TW3,

LAY DBLIZ Z O X S ICEMMERFIOVERI RN F—ETHHATPEELEL
TWaH, TOBRICBNT, EENFHFTICBVWTHRICEEYEL TESHEIT.
BLUEF ) D EESHEIOMOD 2 B THIRRZHET 2 A—N—FFY1 BN
EEIhDIEBH5oNTNS, 2 haY R 7IEMENTEMERICLERSE
DIFNF—EERTBEEDIT. RABCA—N—FFT1 FEWS5#lflaPDNAZ

BEITLMWEZHELLTLE D,

3]
o



BrFOHRh

0, Rdtenone

BRi=ER

® (CCCP)” ' RO R

ADP+P—* ATP ADP+P—eATP ADP+P— ATP
s X bharRUTEFERER

5- (10) B BHIMLIZB T BIEMHEERIRE S AT A

EENTIZEETRRZ MO > RY RSN L ORISICE - THEMRERSE. 7§
MER TS OMNRBRENKET BN, ZTOEREIETLHENZE TS5
{tn£<Hs (K 6). TNSEAYI—E. INFFAI)NFFF—E. R
—N—FF Y1 RTALY—Y (superoxide dismutase : SOD) EFTH B, K
BB TIIZINSHIBILA L AF NI EORFEEMMBOMAE & L L TES.
DD BHIEMNEELR N RICHEFTF TH S AREENUAIL DIE TN TN S,

(Grankvist et al. 1987)

TWVIFF o RNAFI 55—

l
T 1
SOD NhE5—t

6 O, - ZH<BRB~y S



5- (11) 2 BIERBICHBIT DM/ ESHEICBIT DEIA b L ARERF

BRABETIIEIRA F L ADTIENRD 5N, INIESERAEGHEDREE - &
BLEZCHETSLHEINTNS, FEETIKBAE SN TV HHIRAE/LR b
VARERFELTE. D RUF—IVREFESRY =2 UBEREECESE
IZRESNADPH DETHNEMEEEREERTHELI/NITFA LV Ry I AT1 )
EEETS, 2) JurA  FF—EC (PKC) EHEMICKDBIFRYIN—EA2HE
Hilkah, 7ORS TS5 REOTUEIC K DIEHERNERSI NS, 3) HLE
H (AGEs) DAGEsZARICHET I LICKDIEREENEREIND. DAEA
AGEsOHHERNTH 2T < ) EYOHCELIC X DEERBRENER NS, 5)
HREAN DOEMEEEREBETH S A —N—FF Y1 FPALF—F (SOD) H»AGEs
WCEDEEEN, BEERETAB IS, R EMREIN TS (Wolff et al. 1987, Hunt
et al. 1993, Giardino et al. 1996).

—%. BISHBRET RUETTRADONL HMMAEEERN, S a2 RY
T ETRERESEOHEEACHLBFORM. F23SODPHRILBEAE-1DE
PRBEARTHREND ZE&2HicHkE L2 (Nishikawa et al. 2000). 85
DOFHETHREPEEEREEZIHT 2 &, SIFEICk 2R 4 — VBT, PKC
EHEL. MiIlNAGEs EHGEORBEENEREL TS IEBHEL, I hAVFE

U7 BT RERBREERROERRSHEICBIT2EEZ2EB LI

5- (12) AHAEDHRH
— 2BERFORRICBITBZI I RUTA—N—T = {RE—
LLEICERAT 2 BERFOERAT. KRR/ ETOLEE. ¥ A M
FROREEE. S b2 RUTICBTLEEBREEELBEA ML AICHT DES
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MidolEsEtZ 8 E X, 2 HERFBORERBRICE T 5B MEREOMMELD

BFELT I FaCRUTICEILBRGERERBOELEALEINICLDET RUE

11

REMEA DAY DHWDEE EWIEERHIEIUL T, TDDREMEA ) >
SWDTTENERINZRELERE T RUBRBICTHEHKL, S b RUTH
RIEMEREEENEOE T THEINT 20ED., ELRELESHERENT RY
BINEEA R W, BICTHEA DR D HWOE—HMILEREL 3 50
KDOWTHE L. SSIKEBEA ML ZAOA A DR UERIIBITSENDFIC

DWTEELE,

[\
W



6. EBRATE

6- (1) HIfaREERIE:
MING #ifgid 25 mM 7 R, 15% FBS, 50 ug/ml 7 > > EMATES I
Ny I« B — )V EEEERR (Dulbecco’s Modified Eagle Medium: DMEM) 2

T 5% CO, . 37°C O CO, SR TREL-,

6-(2) YUAMSRSDHEER

HEoRBEEEIINETERESINTVEIHEICETOEEZMA T T2
(Sutton et al. 1986).

7-9 EEHOHEME CD-1/ICR Y URX 2 TFNIT—FI)VFEE. 2ml/kg 727
& —)VEEENEAICTE SICRBEZEML /2, Ef% 70% 1% / —)V THER. E
FEUBEL. SSICHEEMRATAEDICHBREE FICTHRIBELL. STEE
ZHERL. TOBEZBRICTHEBRARTRRLZ. BBZLAT520ICE
DR ERANCESILTEE L. FMUTHEEZFABEOKESHEMRI OFEEL., Fal
M5 T BN HET T 276G $#HEEEICEALZ. 0.5 mg/ml I35 F—EXI1
ml ZEEIZEAL. BELLEEZHEHLZ, ZOBZMTLAE. 50ml =0
Fa—T7IBL, 0.5me/ml IF5F—EXI 2FIZ 10 mlNA. 37COEEREI
T 15 HHBEIERNSES KERABEOKEESHE&EHEI L. 4CTD HBSS IZTH
fEREZEFELEL, BEoRESZ2SUHEHEME 1,500Xg. 4CT 5 oEMEERL &,
Z DB AC DN > 7 ZFEER (Hanks Balanced Salt Solution ; HBSS) 30 ml
EMAFROFEICTELMLET A E Vo kBEEZ 2EEVERL TS F—EXI

ERELE. FOBIKEME 5ml O X MYy 7 (Histopaque) 1119 (SIGMA)&
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REL. IbmlIZANFa—TIiZBLE. RWT 2 ml O Histopaque 1077 %42
WICENWTENMSE. BEICHBSS 2BRICEVWTER S T TAERBZIRENE &
fERIL 7, Zh# 500Xg. 10 4D LL T, Histopaque 1077 OBICHFET S
BESREENAY—IVERy MITEIR L. AEO RPMI (Roswell Park Memorial
Institute) #JnX Histopaque 1077 Z¥&# - frEL /=, HEEK S KEIX 5.6 mM
7 R, 20% FBS. 50 ug/ml ampicillin. 20 ug/ml streptomycin %X 7= RPMI
IZT5%CO, . 37°C D CO,BEEEBIT T 24~48 FfeiigE L -8, HEBERPIIRE

TORKEHMERET DK IREDBERy M TEY 77 v 7L, AL,

6- (3) b NS REDHH

b S KB B 1Y Gissen KZ® the Islet Transplantation Facility i3 W T
MBS Nz, PEIIER 8 AN LARNICIE S ARICTIRO tHanZ.
B, L MESREZRAWZERIILIT OMIEA ROS #IFE L FRDFGIEICT. HKEAD
REDZ_a—I—ITIVN—bT AR 2 REBRKEVF ¥ —Prof.

Michael Brownlee OEEB=EIZ TiTH /= (Ricordi et al. 1988) .

6~ (4) RIS HEEE &M reactive oxygen species (ROS)HIE

MING #ifa % 96 X7 L — MZ 1 well B0 2X10° EfigE. dUEELLT5mM
TRUEEEE DMEM ICT 24 FFRIIEEL 2%, fEREL T30 mM 7 RUEEE
& DMEM IZT& 512 0-96 Krfg2 L =%, MM ROS #lEic#t L7z, £/ ROS
EEICBITIZI IR Y OBEEERFL/HOER T, MING #lgb L UH
Bt MES KB ZFROMUEORICHEE U THEEK ] BHEHA ; rotenone. &

K I FHZEA : thenoyltri-fluoroacetone (TTFA), Bifk#%# ; carbonyl cyanide
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m-chlorophenylhydrazone (CCCP). #ifgPI#HiEE (LB EIZE : Manganese (1)
tetrakis (4-benzoic acid) porphyrin (TBAP)D#FE F. JEEEFICT5mM b L <
& 30 mM 7 RUEHE DMEM IZT 3 Befligae L/=%. Mifam ROS BIEICHEL /=,
RIB# 7%, #MAE% phosphate-buffered saline (PBS)IZT 2 E¥E#EL . ROS D#
K*7Oo0—T7THS CM-H,DCFDA (Molecular Probes #£) (B2t 485 nm. =%
535nm) % 10 uM inA 30 735E%%. HUOPBSICT 3 E#EE L TR DELT
O—7%REL. #EKER Fluoroskan Ascent FL & Ascent software &AW T
HIMEA ROS BEZHIE L/z, ROS BEIX MING HIfgIC B TiX 0-100 uM DBELA
BREOH,0,ZH#HLTRIELRLZAY > F— FERICTEOREZREL . Bt
MESRBIZBWTIE S mM 7 RUBEEREHTO ROS gz bo—)L &L

T L /= (Nishikawa et al. 2000) .,

6- (5) BAEEICE DA A 3 INEIE

T ROBEISEMEA R D REBHEEICK D1 A VBB (Static
incubation i) K TINKTOREICETOEEZMATITo/Z. 1welld/zh 5
X103 DL ZE 24 /KT L — M/ MING fifg. /i3y 7 vy L7 15
BEOEEY I AFEIKREEZA WL, TNTHOMIEIL 2.8 mM 7 RUEZED
Krebs-Ringer Bicarbonate Buffer (KRBB) #A#& 300 ul IZ T 60 735##. H,O,
(0- 200 uM)Z &30 2.8 mM 7 K753 KRBB A#K 300 wl i T 30 &R L 72,
X512 H0, (0- 200 uM) Z2&T2.8mM &L <IX 25 mM 7 FUH#EH KRBB &
#2300 ul T30 iEEL. T LEEREL /-, MING Mg TIZ L% 50 fFICHR
L. BB AKSKETHREROZZ T AU VHIEIHLEZ. 12RAY VR

EREIZ = A&EICED Ab E—X1 A > T3 Fv b GUHEZE) 2L
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TiTo 7. MING6 MifZIicBNTIE, 25 mM 7 RUBEIIHT 51 > A W ER
&2 D H0,BETH 2.8 MM 7 RHICHT B4 > 21 VA% 1 & LEBED
Z1{tZE (Fold increase) ICTRLUE. FEBEYIZAEIREIZBWTIE. HO0,
FEETTD2.8mM 7 RUBIIHTEA R 23weEl ELTELXD H,O, B
ETOD2.8mMBLU25 mM 7 RIBEIZHT 51 > R >437% Fold increase

WORLZ.

6- (6) B RBERER

HERERIIHEER QMBBLETYIYASKEEZAWE. Ev 77 v 7L7E 150
BOBEEE~ Y XES KE% pharmacia I 7 ALICEEL. 50 uM O H,0, £7213 100
uM I — REFEEOEET. EFEEF T 2.8 mM 7 RUEESH KRBB BiKIZT 40 4
HERL 7212, 26 mM 7 R UBESH KRBB BIRIC T 20 5¥ER L /2. EHROK THI 10
FEICRKKBEN 10 uM £RDEDITTURIT T3 REERIKICINA /2. EIR=E
B 200 wl/min &—E RS . HEGRARIL 2 43 3B Z1T Fraction collector Itk - T
Fa—TICEHREL., EREFTOA DAY V& ERRERABKICAD E—X1 AU > T5

B v MCTHEIZE L7 (Motoyoshi et al. 1998) .

6- (NZUENTIFER 31U VETE RROs F—=F glyceraldehyde 3-
phosphate dehydrogenase (GAPDH)#I5E

BEfv U2 SKE% TIFA. CCCPOEET. FEAETITTSmMHLIL25
mM 7 R &4 RPMI1640 12T 48 Bl L=, 50 uM ® H,0, & 100 uM
3 — REFESIZIEEATHT 30 iR Uz, MR 2L T DAk DRIEBAFEEIRIC T

BEEE L. 100,000Xg. 30 #HIOZLOAEEC TRABLERS 2FREL. LEOHMRE
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BESZHEL. LBOEREBEZFEEL T 5ue = GAPDH fEHRIE A RISE
100 pliThnz T. #FEFEEE Fluoroskan Ascent FL & Ascent software & Wy
T ERE N/ NADH O (b 355 nm. #5% 460 nm) Z#lE L . GAPDH
EHELE. E&EBTIIHT 2 GAPDHERIZ. 5 mM 7 RUBEE T OIEHEZE 100%
EURFOMEMIEMREE L TR L (Heintz et al. 1982, Tao et al. 1994) .
BBINIR=ZA6 Y BIZDWTEIZIINI—A6 Y VBORIGK THICI IO
—AYZEAVAS—EEMADIEIWZE>T, VI F—A 1,6 EX) VEEIZD
WTIERZUVENTZNTER3I Y B+ ROFI TR VEORIGKE TRIC
TIVRS—FEEMA B EICX>T. RARL/ —IVEIERIZDWTIZE)IE
CEBORGHETHRICEINE VBT F—EEMAS I EITE> T, EHIT2HRAFRY

Y VEIZRATRL ) —)VEIEEBORIKRTIRICL ) 5—E%2MA 5 &I

Lo TEDREZREL T,

R B AR AR (BT HR D TELBR
Potassium phosphate (pH6.4) 20 mM
EDTA 0.5 mM
Leupeptin 2.0 uM
Antipain 7.0 uM
Aprotinin 30 uM
N¢tosyl-Lys chloromethyl ketone 10 oM
PMSF 30 uM

GAPDH J& #E#I%E F RIS DO B
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Tris/HCI (pH 8.6) 100 mM

NAD 1.5 mM
DTT 3.0 mM
Sodium Arsenate 5.0 mM
Glyceraldehyde 3-phosphate 1.5 mM
Cytosolic Protein 5.0 ng

6-(8) 7 R R EY OHIE

7 BB RHREEY ORIE T MING #ifgZ AW TiTo /&, 100mm T4 via
IZTC MING 2% 5 mM 7 R 7458 DMEM 12T 24 BifdEE L 2%, 25 mM
7 RU$ (normal control) . 25 mM 7 REE 50 M H,0, HL <L 100 WM 3
— FEFEROHFEE FICT 30 7EEE Lz, #ifaz 4C o PBS Tie#H#&. 0.6 N @i
FE 1 mlICTOEL, Uo)b k0 FEEL ZHlEER S 2 70,000 EiE. 30 £ FE L
BL. LBOMERS EEDE, ZOMERSE 5N KEHIAITTPHS
~6 IZFE L. 3,000 HEOEMERL. 0 EEZREE Lk, BRIEIZLETT OREE
RER 1 OREREREEMA. #ICNEST Fluoroskan Ascent FL & Ascent
software ICE B EAAERIEICL > T, £REI N7z NADH b L <13 NADPH % #l
F (BhE)E 355 nm. #Jt 460 nm) T 5FEL > THREAMDREZRELZ

(Bergmeyer et al. 1974) ,

NADH B :
NI ) —NT 3 -EEEE KR (pH8.0) 0.2M

MgCl, 0.4 mM
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KCl 0.2M

NADH 1.0 mg/ml
NADP#E#IR :

M)Ay ) —=NT I -EHEEEEIK (pH8.0) 0.2M
MgCl, 0.4 mM
KCl 0.2M
NADPH 0.5 mg/mi

v RS URMEEEEK :

E RSP UHE (pH9.5) 0.4M
g , 1M
EDTA 5mM

%1
HETHEH RIGHR

NADPE&K 80 ul. &% 50 pl. H,O 50 ul.
ZNVaA—X6) 8
JNVa—ZA6V BTt ROy F—+ 0.5u

TIVA—X 6 V) VEBEDORIGHK TR
IWVIh—X6V VB
TNVaA—R ) EAVAS—E 0.5 u

JVENTIVTER 3 UVE+ZEROF TR
WV b—X1.6
) BORIGHK TR
EXY) CEE
FIVRT—t 0.5ul
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IV 7 I T K 3 [ NADH #E@E#& 80 ul. ¥k 100 ul.
JOBE+CeROFy (U033 ) ETE RO —E0.5ul

7T h) B MIF—A)EEAVAST—E 0.5u

2-TR A 7R BARL /) —IVEIE S EDORIGK TR

R AT T/7—% 0.5u

RARIL ) —) ENVEEDOREK TR

EIVE B EIWECEFF—E 0.5ul
. NADH #%#&#& 80 ul. ¥l 80 ul. H,O 20 ul.
EVE VB ADP (5 mg/mbD 1 ul.
BT Rros—+E 0.5
b B2 hREEEER 100 ul. &B 50 pl,
FLEE NAD (4 mg/200 wl) 20 ul,
AHTE KOs F—+ 0.5l
6- (9) #atLEE
. 2 BEOREICBIL TIX. Student's t-test ICE > THEEEZREL . p<0.05LL

TematFNERED D LHB L,



7. EBRER

T-(DEBETRUBICEDI O FUTEFRERZNM L2 ROS BEA

MINGHlIfA Z B IRE T R UBE T THEELZBHED. MEAROSEEDLELIZDN
THRET L7z, K7TAIGRT &£ DIC. MINGHIIEE30 mM~7 RUSSICEE T 2 LMlEN
ROSEEEVIIMFMIRICH BRI L /. 6FFRIEE, 24FFMIRICII—BEREZIRIWKLL
7208, 48R L D BUE BEARBIMAERI N B 3K &L D b ERB OB RE
T RUBBRENHEAROSARIFTEEERIMLAKER. K7BIRT L 51230 mM
7 RUBERELISSRICISHBEAROSOA B EMMARR I N, A R/RBMIK3FEH
BETHRRHLZ.

RIZC LR DERITTEHIBET B HERE 3 BRI THIRRMNIZEM L 72ROSOFEAE
BFERAI PO RUTEBFRERTHLINENERFT D0, BEFEOI R
)7 BT GERMHEHR (rotenone, TTFA. CCCP) *HIfaNHEE{LIALIZE (TBAP)
DR ERFIL I,

KIBAIZ/RT & S ICMINGHIAZ %230 mM 7 R 58I 3R HIgE 9 5 S MR AROSAHY
B, ZoK30 mMY FUSEEKRBBAKRICKIZRT DRI IR
TEFEEREERERMT S LICX DHiAAROSEMIIE&ICMH SN, K
8BIZRY & DIz MEEEK S KEICB N THMINGHIA & F#RkIC30 mM~T K73
BRI HIIBANROS &N . ZOZRIITTFA. CCCP. TBAPIZ k> TRER
I & Nz,

NS ORFFITHRET RUBCBREINLEBMICBNWT. MENICHEAL
BRI T RUBMERERICTRSEIN, 2 a2 RUTEFEERITTATPER
PITONBBICROSHEAIND Z &, IO ITERET RUBRERISHD

L

4



>

ROS concentration (uM)

M)

ROS concentration (u

[—_—| 5 mM glucose
i 30 mM glucose

i x
3 6 24 48 72 96

Incubation period (hr)
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H
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15 30 60 120 180

Incubation period (min)

K7 MINGHIRIZBIIAE VN O—AEHROSEEDIY A LI —X
MINGHIfE Z FilE & U T mM &IV 31— R 2 DMEMIZ T248:/]

BEELUEE. 0-96FFRI30 mM 7T RUHEEEDMEMIC T3RFHIEEL

2o TNEMEAROSHEIEIZHL -,

#P<0.0556mM )N O—REMTOEELHBRLTOEEEZ.

35



W

ROS concentration (%)
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K8 MINGHIfI kU EEEr FSKREIBITSI I RY TEFRERMEE
RWE TN 23— A EHROSEAICKIFTHE

MINGHifE B L BB NS KB 2L E LTS5 mMZIIVO—X &80
DMEMIZ T24M5Bz38 U /=8, i & L Trotenone. TTFA., CCCP. TBAP
DFEET. FHFETICTS mMH L LIE30 mM 7 K& B DMEMIC T36EH
BE. TN EHBAROSHIEICHL =,
*P<(0.01., TP<0.001 FNFN30mMPI)L I —XBEHMTOEREEEL
TOHEEZ.
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THEULDBZEZRET B,

7-(2) 7 RUBEREEA AU O HWITBIT BROSOER

RIZT ROBEREHEA 2R I BIT 5 HIl@NROSOFR EKF L7z, K8A
BIUHEBBIZBWTAWZ ba Y RUTEFREREFANLT RUBGEEME
WROSOEMZHET B3 TR, I baL R FIZBITBATPERBIMHIT 5.
T RUBERRE SN TE U SATPIZENBEDVATPREZMEK T v 2V OMH 2130
HETDHT RUEREMEA A DHWERICBWTERERI VI NS FTHED
T. NS5O P RUTEFRERERBFANIAC AU 23ITBTBROSDR)
RERFATHIIIABEYTHS. TITERET RUERBRRBICLSI I RYT
HRROSOREE L L TH,O,Z AW, ERMIENS DT RUBGEMES >R V45
WIZBITBROSOENRERET L 2.

B A I MINGHI S % £k < 72 IR DH,0, (0-100 uM) DEFTE T . JEFE Fi122.8 mM.
30 mM 7 R U2 S VKRBBAIKIC T30 HEE L THEBRPIZHWENTZA A
D2 EERLE.KAILRT & I, H,O AT FICTMINGHIAEIZ2.8 mM T K
FIZH L300 mMT RUBETHRBED A 22D > wsEmER Lz, JOREERRS
IZHk 2 IR IRE OH,O,2 R INY 5 SIRERFIEICT R ORISR EEA > 2 23 UhH
flEhn, ZRUI50 uMEL EICTHEEASMGITH o /2.

MINGHIfE & EOEBREZ BT AET KBICBNTIT> LR ERIBIIRTY .
BB A S REIEH0EFEETICT. 2.8 mMY RUHIcH L300 mMT R
THRITHEDA > A 4N & 5 Uiz, MINGHIRL & FEKICH,O X BHE< 7 A S
KENS DT RUSEREMA > 2 AW EIBEREEICHH L. 50, 100 WMIZT

FOMHEHIZFEERDBOER -, F£/22.8mMT RUBRIIBIT 1 AU 23U
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Insulin secretion

o

Insulin secretion

3 r [ 1 2.8 mM glucose
B I o5 mM glucose

m *
2 2f :
(4]
o _
£
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RS _

0

0 10 20 30 50 100
H,0, (uM)

8 L
@ 67
3
© 4| * ,
S X
£ *
2 %i
= g

0

0 10 20 30 50 100 200
H,0, (uM)

X9 MINGHIE, FIZEHMTIARIEEICBTET RUBEREEM ) >
W
53\2.8 mM 7”7 R85 % & TKRBBAK300 uliz T6031&# %, H,0, (0- 200 uM) &
£12.8 mM7 RUBEAKRBBANK300 ulil T30 E#E L7z, & 5ICH,0, (0-
200 uM) Z2E$2.8 mMd L <1325 mM 7 R U B&HKRBBIFK300 uliz T304 15
#FBL. ZOLBEA A HFEICELZ.
*P<0.05 HyO, B ERWNERLOFEE
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H,O,I3Z8 Lo %,

FBEOH,0,RXT R AFEREOBEOHEES 26T I E0H 50
T3, ZITR8DERICBWTHEALZH,0,0HIEEREZRT 520, H,0,
IZHREE L7ZMINGHIRE D b U N T —REZT 57245 0-200 uMOH,O, 2 E TH
RAEFRIEVWEROEN 7, ZORRZTSERAWE X S BLENEBEDH,O,
BT RUBREEA >R WS TR ICER 5 0% HMIlRBEOBEEIC XS

ARV OREOL D BEEDOBEZRIZTRARENDINI EZREL TNS,

7-(3) XUAESKREERWERER

RICBEER ARSI REZRNWT, 7 RUBREEA >R CHWEEICKRIZY
ROSOZBZHERERICTHRIF Uk, HOIEFETIIT. EREDT RUERBRES
2.8 mMM 525 MMIZAT v 77 v 7S EM, GEET RUEICRIEL TRIEIZ
E—J 2BRT2E 7w E—BRD LAEBITECHICRET 28 _Hawh 5
BABEZMEDA ) UaWBBREINE (K10, O) . BREWEIZ. TR
BEEZX YTy 77y 7T 5HE1& 050 uM H,O0, 25N L /=& TOERERICZT.
BE—HOT AN CHWMIIERICHFI SN T, —FEZHIC DLW TIRAE BRI
MRSNEM->T7z, (K10, W) . MIN—T L BERDRBEITIO MO T YR
T2 RICTHRIEL 72D, FREDA AU 3nRd s,

NS DFERIE. 50 uMDH,O,d 7 RGBT > RV > 5 WDE—HN k%
FEICHGET 2 0E_HSWANOMERIRIIDBRNWI & FEANKZINT L TE
KB R RWNEEZZIIRNWIENS, D 2 HERRBIZHBIT 1 >
A 3 MAEDRFENEREEH,CICXVEREINSG Z &, BITH,0,0Z/2FI

ATPRZMKF v RNV E DB ERICMNBET S 2R 3 WEHIZHHENWIEE
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10 uM glyb

50 uM H,0O, or 100 uM I0A
2.8 mM glucose 25 mM glucose
T

140
L .
£
@120 |
B2,
> # %
2100 |
5 -0~ control l
25 80 & 50 uM H,0,
O B
2 -4 100 uM I0A
-
= 60 [
(@p)
£

40 L8 br0mds

20 L

OVV AN NN WA TN N NN SN SRR NN NN AN (RN NN SN MR SR N N
10 O Time (min) 10 20

BI10 MEFRERRIC K D BAEHE S RBIC BT DROSOZFR ‘

50 pMOH,0, 721100 uM 3 — REFE OFE . JFHFEF T2.8mMT R
PEEAKRBBIAWIC TA0ERR L 7. 256 mM 7 R EHKRBBERIC T20
DERLTz. RO THILOAIZI0 WM ERB DI TINRI I T I REHE
FICIA /2. *P<0.05. #P<0.001 zhzha> bo—JL &L TO
BFRE



RELTNWh3,

7- @3 a2 R T HRIE MR RAGAPDHIE I R IE T RIR

K10iIC TH,O,DIEM S FINEBERMS I P R TEFRERIKEET S L
MWREBINEZENS BHERBRO—DTHHELEBIZI a2 R TADNADH
A DEBIZHSGAPDHIZERH L., T CTEBY U XK I KE % AW TGAPDH
BT BROSOBREREF LIz (K11 .

5mM7 RUBHERE FICTHEZE U ZMINGHIAZIZ BT 2GAPDHIER£2100% & L7
BE. 50 uM H,O,FFE FICB W T DIEEII64% F TCGAPDHEN ZE T & 8/,
GAPDHHZE# Tdh 5 I — REFEEH 100 uMDBE TGAPDHIEH 250% . TR T =
B, £7/225 mMT RU#iH68%F TGAPDHIEE 2K T B4, ZORTTFA.
CCCPEWH =X PO FUTEFRERMEEEZHRMNT 5 L26 mM7 RUHHI K
ZGAPDIIEHE D MIHIFNRMFZRITHEL Lz, IS OMBIIABET RUMick
DELCHEI PO R 7HKMIEANROSIE. GAPDHIEHZBEETH5HERL TW

%

7-(5) T RufERRAHWEY ORIE

H,O,\ R AR I RITTEELZFICRHFIT5290. H,0,°3— FEFEEFETIC
BILEEROPHRHEMEERL = K12IRT L D12, HO,®3— RERERIC
EoT. 2-KAKT &Y VB RAKRI/—IVENE VB EIECBEWS T
MRFERIZBWTGAPDHE D O TR OSHKEEY L. LBZRVWTRA L TW .,
LaL., FEECRULTIIVG h—26) 8. 7V h—X16ERYE. Utk

WINTEeR3) VE+TEROF TR Y DEEE NS ZGAPDHE D RO
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120 | I
100 | ! *

60 |

T LN

GAPDH activity (%)

0 NN
@0 O @0 @0 \;9 OQ
Sa SO & & & s%)
R . S

K11 GAPDHiEH#iz%d 5ROSDENE

Bt 2 5 RBIITTFA. CCCPOEETF. G TFIITS mMb L <1325
mM7 R 8% & HRPMIIC T48I/IE#% L7z, 50 uM®DH,0,&100 uM3 — REE
BIEROREI0ONOBMA SNz, BEEEIAECHD XS CHIELE,
*P<0.055mM 7)) I—ZBMTOEEL LB L TOFEE, #P<0.0525
mM 73— ZBMTOEEE L TOFEE
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Glycolysis Glucose Metabolite concentration (% of Control)

ATP <
w 50 100 150 200

ADP GK v
Glucose b6-phosphate

\ 4
Fluctose 6-phosphate
ATP —£
ADP<= v

Fluctose 1.6-bisphosphate

o

Glyceraldehyde 3-phosphate
+ Dihydroxyacetone phosphate

ADP GAPDH S greeradereertarnnin e
gz%»f 2-phospho glycerate _':I "
NADH
Phospho(enol)pyruvate #
ADP ' 4 ,
ATP pyruvate ' # | ] Control

M B 50 M H,0,
i acia
Mitochondria * p <0.05 vs control

# p <0.01 vs control

(15 R RPRERHYITH T HROSDEIR
MIN6#EfEIE5 mM 2L I — X 2SO DMEMIC T24R M E L2, 25 mMT R U8
(normal control) &350 uM H,O0, HFETF. EFEETICTI0HMHER SN, PREH
WSS EICHBELDICHREI N, *P<0.01, #P<0.05 3> ho—)L&th&L
TOREE



MUMRHEEMIS. 7 O— 26U EMNEBIML TW/=D%EBRWTH,OZ L > TELMN

RO5NEMo T,

7-(6) I— FEREEN T B UBISENA A AWl E A 5%E
EZICGAPDHOMHEARTH 5 I — REFEEN T RUBIRENE 1 >R U 22 iEE
KEASEBERRERIIBVWTHRN L,
KODrZ O—ZXRMIA T VTR TELDICI00 uM D3I — FEEEEIZT > XY >
BWDE—H, BZHEDIETSEED, ZOZBLIIEERDOTIIRN 7,
ZDZ EFH,0,IZ & 5GAPDHOMENZ 7 RSB > X 1) > s OB

D—DTEH BN, TOENMIBENFFREETDAREMEZRIRL THD,



8. B

O BT 2 B RFE OREBRICH TS K s MilRr209iE{LA I ho
PRUTICELBRBIEHEFREOEEICLDOM. X TOEHBRFENT R
BEISEEA AU 2500, R TAEEA AU DRI OBE— M EREL 5 5H,
TLUTEILAMVADA >R 3 HMEFCB T 2ENTTRATH N Z2H S

352 &THoT=,

8- (1) BIRET FUEIC X 2HIFAROSOZEL
INETISEMOBHREY R UERELT2RMD-Y R — AN DREHHIAA
ROSZEMESBHHRITHEEES v PESKBIIBWTHE SN TN 54 (Matsuoka et
al. 1997, Thara et al. 1999, Tanaka et al. 1999, Kaneto et al. 2001) . 4 EO#E
B HINEICBNT, 1653 &S ERRMTE IV — R K DHIAROSAEINY

B5EVNIRYIDOEETH S,

FEIBREN Z SICHIIEAROSIZTHEMEICHEML 2. XTI B HifZICHB
T. BRET RUBAOERBOBENCU/Zn-SODRI NI FF 2 )IN—FF 51
ROXSBHEB{CEROEHEBNIE2FENRESINTNS (Oliveira et al.
1999) . ZOXIBRHBCBEREROIENTRET K UHRERONRM. 24FFH
T—iBHEICROSHRA LI EHO—D5d L, —HLaybutt & iSEBH BERERR
BMEETINT Y MZBWT, SBET FUEICKL 5Mn-SOD®Cu/Zn-SODFEE
IIBEANDHZ ZEEMEL THD. K> TEHIRE T RUBERENRRRMIC
B R EROSEAENEEFFZEIZ X DROSHFRDEMNE LED . HOHINEAROSHEMN
LT bDEEDNS (Laybutt et al. 2002) .

INETICOBAEMARZRCERERARICIBWTI FaY RUTEFRERLD
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ROSHEASINBBIIHREINTBD. —BHELTI FA RUTEFEERN
AEMIKHETICTROSZEAT S LBFB N TE/z (Nishikawa et al. 2000,
Ishibashi et al.2002) . UL UXXEX ERIDEZR D TI>E S MICBNTI ha >
R 7 HRROSHEIRE T RUEICE > THENT 5 I L 2B TFREROHERZM
WTEHGEA LR &RV, DFE D EFHERIMINGHa R E MESKEIZBNWT,

IHUCBHTROSHI OV RUTHRTHEEZHRELLELRD,

8- (2) ROSIZEL B1 R U EE

RICHRET RUBICL > TRELZMIEAROSH T R UBIREMRA > X >4
WICHBEEZENEDINERFLZ, INFETIZH200-1000 uMD #EE DH,O, 5%
2 har ) TEOBSERATP/ADPH.Z A X ¥ 2B & o T B M bERER:
EEBHLL5THSHEIN TV (Maechler et al. 1999, Krippeit-Drews et al.
1999) . LML INSOHRE LITEN., AR TRE D KIRED50uM H,O0,D%)R
ZRF L. TORHIT. 1) SEOERICBNWTMINGHIIE THRA LU /=HlZNROS
1324.4+2.1uM & LLBRHKIREE TdH > 72F. 2) Anderson s D, EIC K % &in vitro
T200 uMOH, O A BRENEHE LI N TN EEDRE TH 5F (Anderson et al.
1992) , 3) 200 uMDH, 0,13~ 7 A B MMk Tdh HINS-1HIAIC B W TIRBE Y
RIBEICBNWTA DA DR WEEMEIEIENHEINTI D (Krippeit-Drews
etal. 1999) . T RUBREEA ) DHWMETRIRD A DR ) i ERET
LE[HEMEMNH DHE. BRETH D, DX D200 uMLLEDH,O, 138 B Mgz BN TIE
FENRRETHDEEZ SN, TOXILBEIBEHOI MM T B
FEDMIRBISBRAE 21X U & T Bk 4 R BRICEREZ 5 XA HHENENE X Sz,

S EID#E R TIZ50 uME 100 uMDHLO,DHBEFIZ T R BB > ) 3
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ZERTZETWAED., 20uME30 uME NS T=L D EBETH T RSB >
AV WRET T EMMAREEINL, INSDOHEREENHE T THLNLLD
TRHEERR LX)V DROSH T RIIBBIGEMA 2 A W ER TS BB 5k E
RLTWA, |

AMETEBICHET T AR S KEZANT T RUBISEHE > ) sk
ZRE L. 7 RUBGREEZEEA 22 OB~ WD B0 uMODH,O,
KE> THEIRHMFEIENSEFZRUZ. 7 RUBEIRBAIIC AR T LT E
THBTIRITTI RIZKTBA 2R HWRIRIZS0 pMOH,0,ic & > THE
SN oTz. INSDEREROEFRIIT RUBICEEDA X)) YN T
ETTA2NANFINT LT EICHTBRIGEEZRZND EWD ., 2BERRKEOYIH
RO ENDERIBRGBRLE KT S, 2O EI3#IC 2 BIRERBEOVIH DM B #ika
BT, SIEICBREINLEBMMRNIC TEELENZROSIKE>THELE
NSAREMEZREL T3S, 2EHERFOREREZEICBNT. 1A RGN
HIR U725 510 B MR IZREMET AU U oWITEICE D e EELTEHLD
KB EZEZA NS REMET X ) WTTEDR. KB AMBICITEE LD biaE
127 RIBEMHALUTATPE EHICROSEEEL TWA LHRIINS, ZOI b
> R 7 HEROSHT RUFHSEMEA > AU D BEHONTND R T v TICE
EEHLEOLTE, MK TRUALK D2 2 BIFSRFICFRNRT RUBREE1T >

AV CWEEN SIS INEARENS .

8- () ROSIZE B 1 AV U WEEDEF
RBICT RUBEISEMA > 2 DHWEETEES H0, DERNSFIIDWTR

BMliz. INFETITHEIERA FLAPEAELD BIZDNITHRED H,O, 0 AR
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T TCA YA )V DR, BRI P EBLICBEETSEHE. S a2 FU T ATP
BREME K F v, faNCa?t, 1 > ZA) % PDX-1 LN ZEARESYOE
— I —ERIIEEBZEASENMRESIN TS (Tanaka et al. 1999. Yan et al.
1997, Brodie et al. 1987, Maechler et al. 1999, Krippeit-Drews et al. 1999,
Hyslop et al. 1988, Chatham et al. 1989, Goldhaber et al. 1989, Zhang et al.
1990) . Chatham SIZEEES v MPOEHICBNWT. HO, BAFVFF—ERT 3+ X
74 T7NT hFIF—Y, ENEYFF—E JINI-X6 U ETEROS S
—E¥Tld7x<. GAPDH OESZE TS E2EEHEL T35 (Chatham et al.
1989) . —H2BBERRICBIT BT RUBILEEA D RA) D HWOREITT R
RIGSEREEINDIHEOSTANFINT LV TRIIKET D1 A 50
BETHIENS GLUT2 & ATP EEZHE K Fr RV OMIKEETHLEZISNT
W3, Mertz 55 %7 TCA Y1 I N TRBHERORENT FUBRERED 1 X
VDR T FNVICBNTEETHHEREL TS (Mertzetal 1996) , &5
IZEto 5 TCA YA 7))V Ta< NADH ¥+ MIVINT RUBEIREMET 2 XU 273
BEETHLHEBREL TS (Etoetal 1999) . ZOEFIVICBWT GAPDH 137
BRICBIZTIERNTNTER 3 VEMAS 1L3EXATx AT 47Ut VBN
OfEZ G TR, T I RUTARDAENS NADH OELITBNW TEERK
FEFEL TS,

INSOWEEHEIAMRTHRET RUEREROK SMREICBITET AN
SR DOREEIZ BT GAPDH 28 H,0, DIERSFFIZ/2 2 D TR WA L HE
Uiz, TOHRE. SBETRIHICL > TEEASNAZI PO FYTHEROS K
GAPDH #EHZHIHT 2EE2RLER. ZHid H,0,1& > T GAPDH O FiiRD T

ROEHRMRBEDNRI L THSENSBXFEND, LML TFRIIRLT
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GAPDH &0 & LD T ROFEHMAHEY OBIME IV I—X 6 J VEZRNT
ROoEM>Tz. INSORBYOBNARD SN ->72BHEL T, Du sid
7 2 KEIRME BSEHIAE (bovine aortic endothelial cells: BAECs) 2B\ THEIM
BN PO Y 7HERROS OEEEMENL T, ANFVYUY I REPL 2.4 &iF
HEEE B EHEL TS (Duetal 2000) . AU EMNFEBMICHEZ 2125
MLV =6 U CBEEIAF VY I URERICEN 2208 an
S TN B B, FDMIZH GAPDH O EFICIZVIVE h—IVERICES &
BRI FERICESRERMNSNTED., BLAr272T Ry
BERRAHEMII TN S DR EEDONLZREEND 5.

BBE T RIES H,0,1C &% GAPDH EHOMESI RIS RNICHEER L
NADH > v ML ZFITHHE L. ZIUT5IEHNTI ba 2 RUT D ATP G ZH
e 5, T HO, ZAWEZERERIIBWTREINZ T X IS IE
TOBFO—DEEZSND, FRFATIHA A > HWE—HHE & ITHBHICES
FRIZX L T 50 uM H,O, D2 ZIZ D73 > 7=, GAPDH EHIE—HHIHI s T
b, BBET7RUETTEEINTLAHIENICBN TR, BRET SBREMTICX
O TA P AY UHMEZHIC 272 ATP BRI N TN D RIHEENH 5,

GHE. 2 b2 RFUTHERROS BT RUREIRENE”T ) o eRETHI &
EARULEN. IR BMREZEMECHRET S ik DELCKHERRNEEA M
AT B T & in vivo T BHIRAD T B ISR EMA >R e RE
U TiiisEaE R % OERITIHIRNCE < FIREHEZ7R T . FEBIT Kaneto SI3HEE LA
ZBEIRETAHZIET2HERFEOETINEY TH S Goto-Kakizaki T v MZH
WTHERR OFREICHIHIAYICEI< B2 ®|E L= (Kaneto et al. 1999), & 51

STOP-NIDDM &5 2 KBREFEICBNTD, T RUBORNZEESETER
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BOEZMHT D a7 NI —EREE (THNF—R) A MEEEEEHD
BEOERFNOERZHAOSES L|EL TWWD (Chiasson et al. 2002), T D
BETTHNA-RZERAMEZIHT S0, TOMO—BEBInE TRET
% ROS 292 &V o/ B HINEIREDFE RN DERBEZHIHI U 7z &\ S ATREHE A

H5.

50



AT BNT, SHIRET F UM BMEICBWTI a2 R 7k ROS #
ERRINSEBEARLE, & 5ICEBE ROS T KB > 2 U S5,
I Z DI Lz, 2L TA7< & b2 OHIBIEFO—IIZ GAPDH 7%
HoEbicksEEZSND., 2 hI2RYFTA—N—U =7 3MEGEET OHH
CAELTED. Tt p MIMERES 2 EERAREOIBEDREL > Tih 5

AJREtEE R L 72\,
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