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1.1 BE{LARL REEAL

WAL AN ZADRIK L7256 55 FREICIE, 7V —FT 1/ (free radical)d5 X ONE P FE F2 F (reactive
oxygen species, ROS)2 #5012, Halliwell 5%, 7U—F B /AZ- DWW TLL FOIDITERIL T
20, 17)=F 0%, —ELL LR EF 26 TR FH LU FTHLE, 7V—FTh
VTR F T, EFRIRFEOEVEEIE 2L TRETHL, 7V—=FV N5+
Tl ARIBAPMUOGFNEEF%E 1 HEOHIReAI LT DI R E TIL R UG
K20, KFEZVIN H GLHELEDORY N, 7V =TV N O E A Z NI

BE VT O/ THRLEMART TN THY, 7V —F7 VOB GO 5y
T30 HERETHZENLRMGETHIEN L0, |

—J7. H)IBIE, ROS ZLL FOIINCTHHL TDA, TROS X, 1EHED @\ EEEFEDORRFF T
HY, ZV=FVRNWEIRTTANFRIZGZESINDD, TV =TT A HSNDb DI, 18 O
ey ChdH HIEMECO,), A—/S—FF LRIV INT =4 (A—r3—FF R, 027).
ERaF LTV AVHOY), IRE A~V A XLV TTIW(L00Y), TAaxi L7V (L0, —
L ZEFRNORETHNDLW, IET VI TIE, LK FEH0:), —BHEHEFEFE(0y)., ~IV
21‘%‘\/%4’1\74’1*(ONOO')\HEEEFH/\/V%%“/F‘(LOOH)\ WHLIE 2 (HOC), 4 (03)75
ETHHW, |

ROS D96 7V—=FGVAND—FETHHA—/R—FF L ROERN TOERMEREICOVT,
Chance HIZEA FDOIDNTBERTNDO), TRA— =A% RIE RN THIIIIN= R 7 OE
REEREITB VT, DR L ST DB T D2 L ST R AE LB EH TH D0,
AR =2 R T COE ARER UG, ROS FEAE, B OWIERLEE 3 SOV, Fig. 1.1 12
T, IR RUTNETITE T OIS LB LT, AKFAA U DIEFFEIZ R A TSI, ATP 23
FEAESINDO), FERIZ VIR ANTZiEFR 5 D%<IE BERE IV CIRiESNEIZE>Tl
BIETTS, KPEKSNDO, L LERSE 7= THKITIIZRL T, —HITNIEOE 12X
VBT BTSN, A—R—FF L RINERT 20, |
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Fig. 1.1 Iha  RUT7 TOEAARERICBITDA—/I—FF U REEA LHIRRLEESE Mn-SOD

FNOIE, B AR ALIT— AN AR O TRL BUR EHURR LR 0D 3T 2 A3 L, Rl
(AEWTIRRE | EERSNDHZEARL TWAH®, —J5 Harman 73, 1956 F- (27U —F Y VT dD
AT LD BN Z TN TLUR, BB LA A& AL O B DGR S TD 7, BR{E A

ZIIMERIZES 72 ERNZEA LD FEZRFIR &35 2 HVTRY, M2 EH 725K N TD ROS
OHINNRC, MG E . BLOWERERE E ~0 ROS OB ENHESH 5028, £ M{biEE

BHNBLZIETDIEBHESNTODE), DNA FOBETHLTAF T T /o ik
{bESTTHR T HILEY DNA 5 8-4FV-2-FT 4% 77 /2 (8-0x0dG) T, AfED
DNA (bl HE~— I — L L THIDITND10, F7- DNA H10 8-0x0dG 1 X ZERE RAETFHH T 5
D, s~ AD KA I D 8-0x0dG %, P~V AL T 5L M/ kA T L
R L DR, BT ISR WD TREEM T DI EDRINTNDLD, Fo| B#TZY T,
DM, PG, PR W THEIN 3 B ZE D RSN TNDEM), EBI2, Elii~ T AD M CRELA)
DEINF 52D HME SN TNDHY, FRE AR ZEFREO BT, OB B W TNERIZ -
7= ROS OFEMANLEERE R 2RI -9 D 2 EDVRIBE L CTODIS1, FE e | M3 TR 28 1
R THDLT VI NA~ =7 CORBEARN ZAD B 535 ST a08),

—J7. AERIZ ROS ZWHET PN EZ AL T D, B, R LB R A— R — A%
R AL —F(SOD)iE ROS DO—FlTHHA—/R—F XL REidfglt/kFEEmRFE IR TD
(Fig. 1.1), ZEMRIZIX, ROS I12L - TALT 8-0x0dG (ZXDHFEIRZE BEFFAE ATk T-DIE1E A
BIFET D, A7V AT REREEE REESE L CTIE, 8-0x0G DNA 7' U=27—+¥(0GG1),
8-0x0dGTP JHEEEFE(MTHI), L0 35" exonuclease (APE2) ZENH T B, BRIL AR A5
DN EHE TH LN KN OERL AR AR Z O DO HIER(LEE R B 1EREE )
HERE A R L AR RTIR SN D LR N ORI T2 TITLBL TE 72
I2BHEZZ BTN,



1.2 GUlR bR dhpk oy & E AL 1E

HAZIZUO LT DRI m It a x| EREPHE AL, (LS RBERE A RS T2
EDFREL 72> TOHCY, BRI, @l 03 ETE OB (QOL) A MERFL . FRFE LI ATE A B<57®
D MR OIEM | | T/ B R ln L )55 O Tl z /NS T 57D DOk 25 H 721 T
WD, PRIESOBLEND, BICKDEAHIEZN R A~DOHIFF & E- TR, MR MBIIED
MEPERHE R L T 5D,

BT (L. DD I, LA AL EALOBIRITEEE THY P LIER 26 58 B EUL
AREBZLND, B HROFELE D EL UL XV, RV T =/ — v a7 AR A
VF AT b WP AT B — VEPZET HNLH®), JREMEE Z ThHE#I B I, AR
THREANVAFVNTUANEIILOET DTV =TV NNERISELTIV AN EHRSE DL
X0, BONE XV E TV (Ia~ )X VT NNEIR0 | T —F Y I XA D
IR ABHIEL TV @Y, R Ece 43y B VW, IREAIVAF LTI EIITD
ETHTV—=FVHNVERIET HIETHE DTV IIVEESND, $To, FROOE I E T390
VX, BX C O EWE I LV E X EICHASND®, B4 EILLD TV H Ll
DFEM7R0 THEREC OV T, FEARSOSCIRASFELG), B 430 E OB RUT, B E LR 8
BALATE—)V PBAFEORBIZKH L TEN THLIENRESINTND, F- B4 ED
BT, N EBIROB AN A~v — T —DOEDEL TEITF LN TNE®), —J5 | HiER LAl
OEBUL, ERNTE XIS E FVHNVINLE S E 2 HASEHILET, B4V E OHERLIE
Mz ERSELIENHE SN TNDE, Eiz, FilRLAHERUZ LD B O ATREMEIZ DN T
HIRARBNTNDDD, ZOINTHER LA L, RN TER LA AT L CHEBLIEZ AL,
AERNOE XL ZIICD ETHIBICE O TAEREZ A 752800, Pl bR I LR
FRB XU TREDOT2D O R BB RS E L THRCKZ IR S TR | MR
QOL [f] EOEEINSHIFFSITHE),

1.3 VoaRy 7=/ — L O3 L OV B RE

AL D—FETH LR T =/ — VL, Silie R VEEZH 357 =/ — VLG O
I THY, N BICERad o L 2 Ll B OB DL ERSNDLGD), R T =/ — /LT
BT, TTRIARIE, 7T oM T =D (A=) AFIV_F AN, V2= 7 aR A
R(7 =/ — VR E OSBRI S, Vo3 ( TR TR, Rosaceae, Malus sp.)i.,



ZOREIR) T = /) —VEEHTHREMEO—FETHY, RAITRLIEE BB IOV &)
ZOREYO—D>THDHO0, Vo T BEPITL, Sl FEHIC K> TRRDN, AT =/ — VT
K 0.1%WWFREE G N TNWHEL 3D, Yo IO EFRRI T = ) —/WIT ey T =V i THY,
(—)-TEATHREAX(H)-ITHR N2 0T UL EHERELIMELZLLY, ks, Tur T =
FLIx, 7ar U b T =V VO BRI T CINBA T 2L I T =V A AT DD
DDKFRTHHCY, VT (Malus pumila Mill.)D AR BF(GNR)NERY 7 =/ — Lk sy O Al L
72U GRY T 2 ) —(AP)E, 7 a7 =V U SA(PC) R EHEEL T 65%FE 5 A TEY, PC 13HE
BB L ORE B R DD B ORDY, Yanagida HIE, YA APEBRIm~ b7 T7 4
—Z T AP D4 &0 A& BT LTZ(Fig. 1.2)3%, F¥(Camellia sinensis)H FDR) 7 =
=L, b T H AL —NEGCG)%ED KD B THERR S DN, AP 1T EIAL 2 &
L ED PC &5 7, VHEA 1T 4~5 BARCThH-o7=(Fig. 1.2), —JF7. 7 RU(Vitis spp.)HE 1
RORVT =/ —/E, T a7 b T =D B TeNCO AP LD 5y F- I NI — TR o
THEY, TRIELE S F(EEAE)ENRZ N DICR LT, Vo LS5y F (IR A B (R
£ oTo(Fig. 1.2), I4F, VoA PC OB —pl ST 3 5B ST D | 4 &K
PC D H—R 53 57 BlEE NMR FRATIC LA IE IR E 2SI QD0 Eie | DY = Ll ik
PC DAL G 3 AT OFHIEDS 2 Rt LC Z W THERSI TN LY,

EMEIITD ELTMEMICE TNDRY T =/ — )V OBESREMEIC DWW i, RN THUBR L /E A
AT HIENHRESIL TN, AP OFRALTENEICOWTIT, FiBRLIEIEDFRIE L 72D
SOD £RIEPE®D | B L OESE T VI EE(ORAC) % in vitro THEFRL T D), AP 3L T2
®ERT 1y 7= PB1, PB2 @ SOD ERIE ML, SOD FALULA#D BUK-134 L~ THEET
Ho7-(Fig. 1.3), £7=. AP, 2 Bk 7 1L 7= PBI, PB2 ® ORAC I, Hif{bE #I D43
v CR, X HTHD EGCG LA THEETH-T-(Fig. 1.3)®), AP (X, Fix OAFIEHEZH
FTHIENALNLZR-TERY, AIBIENERMGEIER . M=l 27 v— UERRIER ., 71
X—1EH., IO AERSENRIT O, £/ PC OEAE L) S—FHEERICIEOFE
WDDHZERHOLNITIR>TNDEY, PC X, EE DT =/ — WK 2 Fim BT 5205
TREED D, X0 B BRE O ARy R BAE LT W AR 97605D,

—J7 VA OFKETIE, WK EOF R EFEOFEREAR TS E5720 . SRR
"R EAT o TNDHOD, RSN R RSB SN TERY, BAEL TOV T EITHE
TP RE TERMICRIAT 52N A EE B~ RIET BT D0, Fo SRR
ELHEARTHE Y B I2RY 7 = ) — VEFPRE R R EN D BUIE RN L RV T =/ — LB
FEM ORI LT L EIRMEAEA 50D, AP DRLEIZHT-0, ShEDEIRILH RIS
TR IFENB RSN, ZOFIETHIESNZ AP 13, EMNZBITDZRBMEIC OV THERS
AU, K[E FDA @ GRAS FBREEZBFL, ZRMEORD LN FA EL TR S TNOBED,



ZOREFEM AP R A LT[R 7 = ) — )V SEER | 728 O R EREH &AL (h 7 73) 8 fh 23 BRI S
FLTNAGH,

1.4 AWFIEOEFE

IH(1.2) Tl ~_7= 8902, fFEH O IR L DO BEI 25 & SO BB IS8 T Hh T
%y AR, 7RG ENDR) T =)=V D trans-L AXTha— @R~ AL B
HFMIERAERZ R T ZENMESI D, ZOMBENENE B SV TWNDHEY, AP (AR 7 =/
—/VOHTY in vitro TOPERILIETED B CHHZEDFHILTNDDY, AP DAERNTOHLE
EVERIC DWW TEINETHESN QR -T2, BIHE(1.3) TR _725512, AP XL EHAEN
AIREZR S RV DD REIE AL LT | BEREME B A~ DIE A E L D285 HrE (i
RER S~ BB IR S LD,

VL EAE S EL T ARGRSCTIE AP ZE L7 Hi A RE R S BRI R ~ DB B INEL T, in
vitro \ N Z AR L ORALTE T VAWM Z = in vivo TORRERE NG L, ZEIRNTD AP OHL
FRALAE LB AR O MR RENE & i~ BB wTREMEIC DUV ORGE T 5, BERIITI
W2 BT, aL AT e— VAR Ty M VT AP OATE BRI DRI W TRRGEE T
%, 8 3 BT, BIRIZEL R WEIT T DT A NA~— IR DRK L7257 InAR B 2 _IHIC
%35 AP DEBZOWTHRGET 2, 5§ 4 ETIX, BILET VA THLMBOAELFRITTHT
% AP DOV THREET D, 85 5 BTl LAFFRAY~ L T -SOD K~ T AD AT
XD AP DB OVWTHGET D, 5 6 FETIE ARB~TAD LIEE KA B PR H R
BIRNZ K5 AP DB DWW TIRAET 5, i 7 B Cl, AR ORE R 2 F\ =2 i R
FOBRONT- P B LBERE O RGERE RAKRIEL . ZOMAATE AL CAP 254 T 5P &Lk R
wi B S~ R BA L7 RO A DWW CRER 75,
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Fig. 1.2 The composition of apple polyphenols (APs).
The elution profiles of APs, tea polyphenols and grape seed polyphenols using gel

chromatography®>. The data were reproduced.
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SOD-like activity (U/g)

V.C APs PCs Res EGCG

EUK- APs PCs Mono-

ORAC value (mmol-Trolox equivalent/g)

134 PB1 PB2 PCy T PB1 PB2 PC1

Fig. 1.3 APs and apple PCs have anti-oxidant activity in vitro®.

(A) The superoxide dismutase (SOD)-like activity of polyphenols. The SOD-like
activity was determined using the cellular xanthine/xanthine oxidase system as a
superoxide source™®. (B) The oxygen radical absorbance capacity (ORAC) values of
polyphenols. The ORAC assay was assessed according to the method described by
Ishimoto et al.*Y. The 2,2’-azobis(2-amidinopropane)dihydrochloride was used as a
peroxyl radical generator, and 6-hydroxy-2,3,7,8-tetramethylchroman-2-carboxylic
acids (Trolox) was used as a standard. Monomers: monomer fraction of APs, V.C:

vitamin C, Res: trans-resveratrol, EGCG: (-)-epigallocatechin-3-gallate.
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52
VAR T 2 )= A DTy NIBTHAL AT r— B L

=L 27 a2 — VARG E s R B~ D2

EaL AT VIE L, 3L 27 0 — LSRR BEOSE R 2 S L, BN DO
gL AT a— L OE A EEBERSC, al AT o — LEEEIC L > TR IS, OWTiEOm
BBORIEICEFE G550, £/~ mal A7o— /VIISEIR R /- 1 3EE) R R 78 DA TR EE
PIRETEILZHEHEL, AEEEPROHERIEDO UL D LINTNDA), ab 27— LARH
[ FEREEZ R TSR I CHY, aL AT — VA Gk, Bk, AT ARG FED O

ik, BLONE AL AT 1 — L OEFEYERERFAFIE T 5, — 5 AZFAFaL 27— LA S
RO HHEESE THHER BX U AF LT L2 UL -CoA(HMG-CoA)iE Tl HE A L E T 52812 8h
AL AT = MEEAR TS L5, R E oL 27 e — VIESEE LT S Tng o),
UL, 2L ATE— VO REZ K FSEEVHEREF TIE, bEb LI cOaL 27m—
VAL DIRNEE R NENED AT 0 A REA P ORI E D B\ ORI Lo TR RN
2N, AZF ORI, ITFHERRIE T FEOREN 25 SEZ TR EbHLW, —J7, Rah O
IZE D@L AT e — LV IE T B5IE, BITER D 2<EH ZRICEBIRTELOEFELNEE XS
nd,

Vo ARY 7 = ) — L (AP)E, ZHETHR A, TUAF 5 1Cxt U CHIIER 28 352 LW
HINTNDE0, F72, AN BB LD AN T UGB ER A S TR0,
M RN T DHIEEA LS E 2o THEE), LasL, AP IZEDaL AT u— AR~ D

¥

i

oz

]Hh‘m

[ZDOWTOMEITRD T,

952 FCIE, AP OATEEIER IS8T B OV TGRS 5720, IL AT a— LA Tk
IZB1T5 AP DL AT 10— /UE DB OV TR LT, £72. AP BEIC AU EER DO
M2 BRAR T 272012 [T SO IFIROD AR T3 BUARNT A FEHE L 7= 76 A feik 972,

22 MEHBIOTIE
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2.2.1 AP Ol

AP [T Ohnishi-Kameyama 5D F{EIZ LT3 THELL 72O, U= (Malus pumila Mill. cv. Fuji)
(. PEHIANE ARIR E P E P HUB O S R ORI A LT, REOFERIT, 1 HH72Y
# 5~25 g ThoTz, hFREMHTHDIE, AR EE R TREF ORI 7 = ) — VIR ED KT
HDHIZOTHD, HRETGER . REL 0.1%(W/V) K205 ZUSIIL CIEFE LT, HimLEL L7175
BRI A0 5 118 777 2(SEPABEADS® SP-850, —Z8{b5%)~BiRL . W7k LI- ML A ik %
FRBUK CUH LT R T =) — V& 80%((V/V) =X ) — /L CIEH LT, T Dk, o—H)—T
R —H— TR HAETERLZbO% AP LT, PC BXOVE /~—HyOFHRIE, AP % AX
J—VZYEfRL | NEF 7 v~ 1257 4 —(Inertsil PREP-SIL, ¥ —T /L% AT )~ kL=, 71
T =V UHPC)ETE /T, TP AY ) — VB LW T A DRSO B EFE A
WL, ISR E YD | m—H)— TSR — 2 — TR L BRI 0% PC BX
WE/~v—E e, AP FOFEERRI T = /—)v Tixbbrany g, p-/~aAx g,
(H)-ITF ()-TEITX TRV TulbFrkonsiav R Say 7= Bl, /e
VT =VY B2, Ful 7=y Cl O, 1WiAH HPLC Z4E A L7z, 234713 40°C T, it 1.0
mL/min &L, Inertsil ODS I ii4H 57 I(3— /LA =2 R)a IV, IR % 280nm 12351
LW ECE=S— LTz, BEIRIL, H&AID 10 431% 10 mmol/L KHPO4 &K (pH 2.0, V3%
WTCHHEER) L A% ) — )V EDRFE L 80:20 IRGIRELTZ, DED 20 J71E, AX /—)VEbE 20%(V/V)
N 27.5%(VN)ETHEMI LT TV 2 M CELSETZ, DD 20 id, A%/ — Vb E
27.5%(VIV)E 50%(vIV)E TIEARRAZ2 7 TV T NCELS T, FBD 20 /7iE, A%/ —)Vib
50%(v/v)& LT, PC OEAFE/HTiE, IHFM HPLCUO%fE F L7-, 0411 25°C T, i 1.0
mL/min &L, Inertsil SIL 77 L(P—T /LW AT )% V=, I E 280nm (281 DU
TE=HF—LT, BEIFRIZ, ~FY | 22—/ BT LV OIRE R Z M AL T, 50 53T
FELE 7:3:1 505 2:3:1 £CEMRRY TV U NCELSH T2, AP, PCBLUVE /~—H 53 DKl
Iy LA Table 2.1, 2.2 38XV 2.3 1T” T,

222 EHE B LR

3 A AD Sprague-Dawley 7 N HAZL 7)% | FREFRERH] 8:00~20:00, IR EE 20~23°C Cfl
HLTZBREE T R — U CTRIEZ ML, T AIN-9O3G(A Y= ZVEERE T 3) % 1 H 5
ZIARNT AREE LT 1 BE 8~9 PCh DD 3 BERFEIZ/KEL ., 0.5%(W/w)2IL AT n— V&5 Te
AIN-93G %5272, AP ZABEL 720 K JREE . AP-0.2%(w/w)E, AP-0.5%(w/w)RED 3 FBRIEIC
DT, AIN-93G Z_—AL L= RO KA Table 2.4 (27”3, AP-0.5 AREREE T, EREND
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TN T D AREMEN B ZDNT-DO T, M RBEOE L EA AP-0.5 BRFEOTREIZEDYE
THEEEL72(T 7 4—R), 30 A%, B OMEELIZTy M P =F Lo —T LRI FCIER
BINRD DRI MU | Flix Ol BRI L7, #5910 B RMC, #0842 B FEILL ., SRz
L CORAE LT, BRI, SLRTR PO EREM MPLZ B 2L TKRESNIZb D THD,

223 JFEBIOEERT aAR o4

JHlg, Mg ONRE ., BELOFEME P AT aAROWE T EIZ, CERIZHES 720D, — R AR
X, 7 /T AF LT —/LR(CDCA), 2—/LEE(CA), o-LY3—/Lig(a-MCA), BLOB-LU=a—
JVEE(B- MCA)D AR FHEEER LI,

2.2.4 RNA
INSTRWr R (—32 5.0 mm L R)IC Ay LT E ., A — /N —F ARFT 4°C 1T
RNAlater(Ambion){fZ (ZIZIE L . € DHWRIAZEVERZ -80°C THRAFLT-, total RNA |%, RNeasy
Mini Kit(QIAGEN)% i L CTIRft D7 aha— it L7z, 55472 total RNA 13,
Agilent 2100 /31247 FZ A4 F L O RNA 6000 Nano-LabChip kit(Agilent technologies)z i F L
TERIKEBEZATV, RO ChLZEEMER LI, U7 /L5242 RT-PCR 5L DNA 1707
VAR LT,

2.2.5 U7 /)VZ AL PCR

B8 cDNA I, 1 pg @ total RNA 2>5 High Capacity cDNA Archive Kit (Applied Biosystems)
LT IR O T aha— Ui > TRRILTZ, U7 /L2 A2 PCR 3, SYBR Green PCR
Universal Master Mix(Applied Biosystems)& ABI PRISM 7700 Sequence Detector(Applied
Biosystems)Z i L T, ¢cDNA Z#H1EL T, FEARBNZIRT D7 mha— /WL TiT o7, B
TRERA) 77 A~ —IZ%, Primer Express v1.5 Y7 7 =7 (Applied Biosystems)Z{#i L Tax gl L7z,
LT T4~ —DELSI% Table 2.5 127~ PCR ¥ A27/UE, LU FDINAToTe: AT 97 1:
50°C, 2 min, A7 7 2: 95°C, 10 min, A7 >~ 3: (95°C, 15 s, 60°C, 1 min) X40 $A 7/, 7'V
BT NTER-3-U MUK SRR B IS T 2= he— VB (RFE LT s R B R
1EL7,

22.6DNA vA7a7LA
DNA ~A 2707 LAfEHTIE. GeneChip 3 AT I(Affymetrix)Z (i L CTIT o7, [F—RBREEN
DOEAH S RNA ZZEBIR AL, TLAIZ-DE 2 pg O total RNA ZFEERIZHEL7Z, RNA T4k,
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NATVEAB—Tar, P, BLOYEEADOFIEX, A= —D 7 aba—/uiliE->7, 711k

cRNA %, 15,923 {H D s 17 v—7 %47 5 Rat Expression Array 230A (2% L TNAT VXA

A UTe, FRBREEZOZ 2 DT VA% LT, 97 F/L1d, Gene Chip Scanner GC3000

TAX YU LTz, @67 /Ui, Affymetrix Gene Chip Operation System v1.0 Z{# F L CTHE

(ZEEW LT, FRNTICOE 9727 0 — 7 7 — 2 OB IFEIL, SCRIZHE 720, T7bh, 757

DR, BE D raw O K/NZFED T FRHTICHE Y e 7 01— T 2R LT, 6 DT L ADIB,
i bt 5 HICENT, 757 ) present] . E7-1% Mmarginal| THY . 7> OREREEND raw T

EDVD72< el 2 FBREET 20 UL ETHL0, D7aed 1 3BT 50 L ETHL 7 m—7 gk

Lic, BRI n—T7 D7 =213, BInFHBUENTY 77 =7 GeneSpring v7.3(Agilent

Technologies) 4 FH L CTREMTL 72,

2.2.7 WEFHEHT

WERHENTIZ, SPSS vI1.5 Y7 I =T ZEH LTz, P < 0.05 Z#HEE LIz, fEFIE, T ==
HERAGE TR LT, BB O B L 33 BT (ANOVA) (2do TYT o7, sRBREER D
S RIT, ZOHOBELL T Dunnett {5 TfT-o7202),

23 FER

23.1 Vo adR®) 7z ) — VEBRICEAIL AT — LVAMRTYMIBITAaL AT a— )LE~D %

3

pns

I

EFOIE, TR T 30 H 0.5%((wiw)aL 2T m— L a& el B R B L= b Mg #
AL AT R—UEDR, 2L AT R VA S ERWERR AR R TR AT EICE KL, 2hE
A 1.680.10 mmol/L, FLTN 1.28+0.11 mmol/L(% n =8, P =0.0021) ThHHILEBIE LT, &
BT, 0.5%(W/iw)aAL AT m— L& 3 el Bt 248U 727> FO ML non-HDL =L A7 m—/ L{E X,
AL AT RV EE RO AR R U REE LR TRBRICE B KL, 22 1.00£0.09
mmol/L, 33X 0.31+0.06 mmol/L(%% n = 8, P < 0.0001) THHILAE LT, LI EXD, AR
BRCD 0.5%((wW/w)DaL AT n— Vg i EtOB BT, M7 malL A7 o— VILEET LT
boHEEZZ LN,

BRI R ORE RSN & AT A, BB T RFOATIEd KOG RIS A BN E &% Table
2.6 (T, BEE AT, R CHEEITROONRD o7, AP-0.2 FHIRHRFEEL TR
EPEMUTZAS, AP-0.5 BECIIEENI R DN Aeh o7, IFIE &, L ONGRIME A Gl i,
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AP-0.5 BECHEICHA LT, IFliEaL 27o— L& iERal 27 o — Ui, 3L OTE
non-HDL 2L 27 01— /LEOFE % Fig. 2.1A, B BLUC 1277 T, AP-0.5 BETIIRFREEL L~
T, Hig=r A7 e — L E&ORMET A A HHLP = 0.0933), MiF2L AT 2 — L EB L)
non-HDL =1L 27 00— /UE 34 B 2D LIZ(P = 0.0171 BLOY P = 0.0066), #FHHDaL 2T
m—/ L& —RIEVFEE . BLOULIE non-HDL L A5 1— /LAl &3 rh — Y IRV ER O+ RS %
Fig. 22A. B BIW C (¥, #EEFHOaL2To— LEI, SR T RIS KL
(1.63 fi5. P < 0.0001), AP OELUE, M EKAAEFAE HO— RN FER B4 H K LUTZ(AP-0.2
#E: 1.89 {5, P=0.0124, AP-0.5 #£: 2.96 {5, P <0.0001), If.{% non-HDL =1L A7 12— /Lff & HE g
HO—WRNAHEE &I, A BB OB RS (r=-0.6251, P=0.0011),

232 VAR 7= /) — VEBRICLDaL 2T a— VA M Ty RORFIRIC BT 5aL 27— L&
%S L OV A TR - DR B~

HMG-CoA & el (HMGCR), (K45 FEVR 2727378 (LDL) 5% R (LDLR)D R HL &, BL O
3% non-HDL =1L 27 1 —/LfE& LDLR FEBLEDOHE% | Fig. 2.3A LD B 1277, AP-0.5
Tl LDLR FEHLED | XfREEL LT 1.59 5 CTdho72(P < 0.0001), 1fiLiF non-HDL =1L~
A7 m—/ Vi LDLR FE&EIZ, A ERAOHBENHRIN(r = -0.6624, P = 0.0003), #{#
HORV R FE LDLR FELEIC, A ERIEOHPADHERIILZ(r = 0.6130, P = 0.0014), R
FEH T HMG-CoA 1E It R (HMGCR)D FE BB A B R 22 TR bz -T2, DNA 7LAIZ
FOHT LT D=L 2T o— VA G GRS FFEDOFBUC DWW TORE R % Table 2.7 (TR, #4
BN CThHHATa— Ll E S G AE 2(SREBP-2) 25T 10 HDO 7 2—7122OU T, AP
DETUCIVRBLEOZEITZFRO LNIRD -T2,

233 VAR 7z /= WEB UL DAL AT e — VAT OB BT 3L AT r—/ L #
{EARHHE AR T DR HA~ D2

L AT — L BACAGH, IR A BRI AL AT a0 — )L To- K LEESE (CYPTAL), A
T— b 120-/KER L BE 35 (CYPSB ) DR L % Fig. 2.3A R T, JHHBA A R OEHEER TH D
CYP7Al H#Bl&(T, RBRHFM CTHEREITRO ORI -T, —J7, CYPSBl FBL&EIX
AP-0.5 FECHEIZHRL72(1.50 {5, P=0.0278),

AT A RREBEOEL G K 1 CTéh 5 Farnesoid X 52 AR (FXR, NRIHA)DFEEL &, 35 L OV
i — YRR S FXR B EDOFRE% Fig. 2.4A BXO B 12”7, FXR BHE(L. AP-0.5
FECHBEITHE KR LZ(1.56 1%, P=0.0021), CYP7A1 DF3HL L FXR OFBLEIZ, A DOFH I e

EINT2(r=-0.3756, P=0.0850), #fHFHO—RALHFREL FXR OB EIZ, HRE/2EDOFB
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DRI (r = 0.5765., P = 0.0040),

234 VAR 7 = ) — MERIC L DAL AT o — LA RSy O ITIEIC 3517 % DNA 7 LA f#fr

DNA 7L AGER T, 7445 [E D7 0 —7 DT S & LTz, AP-0.2 BRI KUY AP-0.5 B
THRBREL T 15 UL BB ENSH KL= 7 a—7 5, 104 H(EARD 1.4%)BL 0 149
fE(2.0%) THY, 1.5 5L EFFHENEAD L2 7 0 —7 8k, 71(1.0%) B LT 109 D(1.5%) Th->
72o DNA TUAfRHT LD . AP Fl EKFRNIIE R LT B DI BLES Table 2.8 IZ”7, AT H
AR BIE T HATEAR 170K LEER B L 17B-ER 0 VAT A N H/K BB OFE B
B3, AP HEKARISHE R T2 RSN, N K -+ THs HNF-3B BLW
HNF-6 OFBLED IR, AP I EIRTFHICHI R LT,

24 E%E

AP BRIl 27— UEIZ KITTHBIZOWTL, AP DIFE TaL A7 e — L OIe VB RE
FLEL, aLATa— L O AEMEED SEHZ LI L aL 2T a— L O P 2R+ 52 L3
HENTWAHID, 7, AP MBIFE TIL AT — /L DT AT AL B I OVRZ L 7B 55 K
BSEHZEIZIVaL AT — U EE S ET DI WA SN TNDM), REFFETIL, AP 2322
T—/ L ERIRRI #E R ~— WA IO P A et 52 82" LT, F72, MR non-HDL =
L AT m— L LR O— R BEO R A DM BERHHZ L2 R LTz, LLEDORERED AP 23
AL A7 u— LR~ EE RE T AR B 2 bzl | AP BEIZL a1 AT m— LR
HEAR T DI BBV ZARFEL 72,

AP D 0.5%(w/w)FEEAS LDLR #8 Bl &2 B INSH 72728, SR EEN TR BLE IR 0155
ZNNSNZ ENFERR ST, F7, 1L non-HDL =L A7 2— L& LDLR FEH &2
FABIANRD B2, LDLRIZ DWW TIL, BRI RN R IEME D EaL A7 v —/ L fUE DR K &
RHZENHESILTNDIY, LDLR IIATHIIRZR i CHRBLS AL, ML 1D LDL A8 (R LY R~
Y RIE(VLDLYD XHZRUARE L 3B 2R 95T R VRN E H'E B 7l 3%, LDLR (Z857E
BR {2750 LDLX° VLDL OB 1%, M FH O AT a— VIR E AR T DA =K LD DOE
DTIHD, ZIVETIZ, invitro TTZR /AN EBITHEO LDLR OB is 78z LAR-SE52L
D SITNBISD, REFFETIL, in vivo T AP 23l LDLR #1573 8% EHSE52
LU,

BV AT B— VIED TP L ONERICHEHENDAZ T T, ab AT ra— LG RO
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HllcZhaL 2ro— B2 ET 50, HMGCR XL AT o— VA SRR ORI EE Th
Do AWFZETIE, AP DO EKAFH)72 HMGCR JEBIZAE)°, HMGCR Bl &L MLifaL AT n—
JAEEOFIBIEL RO HIRN 5T, DNA TL ALY AP OFBIMhOaL 27 a— L A5 KB
HLHER T ORBUCH BN ZEEHIHNI LT, E5I2, HMGCR O XH7eaL A7 m— VAR
AR BEHE - DI B A § D HRH K SREBP-2 OFEHAEL RO L2708, ZDkE
FiZ, AP [FAZF L ERIpDaL 2T a— VA S IR B L2V ATREMEZ R L TV,

AL A7 E—/UE, BT AT m— U MER S AL, MISHORR b3 LUV iR, R
FRICEHSIND L) E TR 28 L ChrEShd, CYPSBI I 12a MO KL%
it L. CA DA IR T 209, AHFFE T, CYPSBI FELEAY AP0.5%(w/w)fE Uz L~ THY
KUTzo ZORERING, AP 3ab AT m— L E AL KON A= & ARt 9~ 5 2 A58 40 7Y
WAL CBEB 2 b,

CYPTAL (ZTL AT a— /LG Ta-bRaf v al A7 a— /L~ T 5 To- /KR % fil i
L., ab A7 m— LB JONE A A il S B B B A SR 7o U MBI & Rl B O ALl %
FTHH®, CYPTAL ([ZOW T, BisFRIELEILV AT m— VIEL O B2 A SH T
WBHRH, F 2 al A7 a— LA R TS5 RICIE, CYPTAL OFBLE EHNBEET 2L
HEINTNHE2, —F  CYPTAL DIBHERICE> T4 — R\ HESNRB BB T 528
IIREFLTND®), BEH T, oL A7 m— UEEMEOW BIL, CYPTAL BisFHBlEOHE KL
M LS BRLARNZED RIS TND @02, AAFSEIE, AP FBEHETD CYPTAL FEELEDRED
A28, JBHHFE T — L DB R AN L 58 DO Th D A REMED RIB S AL,

AP DOFERUL, AL AT m—/ )V I OMEHH R AEZHIE 92 FXR OB EZHRSHE2@Y,
CDCA DEH72— B FEIX, FXR OAFERY U R EL TET2H @030, JRHERIZ K-> TEME L
SNTZFXR 1T, BB L~V TR0 CYPTAL FEBLA S50, ARBFZET, AP DFEHL
RO —RAEV R B3RS LU FXR BELEOMWE 2 KRS, £o, — KA EEHE:
L FXR B EIZIEOMHBENGEO BV, T, Mg JOWE T O e~ — /L & I3
ZeCIXRIE L e o7z, LinL, EH ORERIZEY(Figs. 2.2C, 2.4B), FXR BIUNEIFEO 4
DEAEFNZ LT, fFlED CYPTAL FEBLAHl4#H1 32 rIREMED  RIB S AT,

DNA 7UAENTIL, AP OBRNAT AR 1Ta-/KE LR S 17p-ERad > AT aA Rk
R OB T RBLE EASEHIEEZHONILT, ZOBMG 1T, ATaARTVE A AR
I 522N EE SN TOEG), E512, AP OFEE)S HNE-3p 58508 HNF-6 O F I 21
KT HZEEHODNI LTz, ZOBE T 1L, AR EARE B BE T 2T IR 7 Th o,
HNF-3p 1 FOXA2 &\ ) IR AR I 8 3 P (2 B 5L G439 HNF-6 |3 HNF-3B O#E 54 B0 %
ZEPHAESNTNDCO, ZORBIEB)NT, AP OERNAT BARBI O BRI RS
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ZEHTRL TG,

ARETORFELD, @A AT a—/LVART7Y NI T AP OERUIATFIR C LDLR BLOAT
A NREER OB EAZREL T, P oav2A7ra— VEOWEIZFF 532 " REMEN
REBINT, AP 1E, EaL AT o — VIED TR L BB M ThD FTREMEN B 2 bl
7=

2.5 Y

AREETIE AP OAETEEEIRICKT T DB DWW THRGEET 2720, AL A7 m— LA ff 7y MT
BUIFDH AP DAL AT E— ) UE~D B OWTHNT LT, F72. AP HBEUC I DGEEH OFEH
Z PRI D701, AT O TSRO B AxF- I BURMT 2 ML 72, 4 DA A SD Zw ML T,
30 HIH. 0.5%(W/w)D AL AT a— V&G 02D 0%ww, XHEE) ., 0.2%(w/iw), BE
0.5%(Wiw)D AP % & tefalftz a8 L7z, APO.5%((w/w)IEEUL, MigkalL A7 o— L ilz A &
(ZHCE L CRHIRBRIZ 6 LT 0.69 fif . P < 0.05). ITfii> LDL % 2 45(LDLR)FE B &t 2 B ICH R L
To(RFRRBEIC XL C 1.59 fi%, P <0.0001), i non-HDL 2L A7 12— /Lf & LDLR 3B EITAD
FAREASZROBHITZ(P < 0.001), F72. APO.5%(wW/w)E B L, FE{H oo — R AR B4 A B HY
KUGHRRREIZ R LT 2.96 f%, P < 0.0001), A7 1—/L 120-/KEE{LI%FE(CYP8B1) D LH 7 AT 1
AN EACRBIELEFOFBEEM K U7z, ML AT w— fEE | B R A5 AR O
fEFETHHIAL AT E—)L T o -KEERLEESR(CYPTA DD R B BT B IR SN~ T=, 1
HER A A O B 0% farnesoid X 52 A AR(FXR)DFEHL &1L, APO.5%(wW/w)IEEUZ LA E
VAR LG IREEIZ LT 1,56 %, P < 0.01), AEIER P &L EOFHEI 2RO HALTZ(P < 0.01),
EAL AT E—/LVART Y MR T, AP OFERUINTFIE T LDLR 3L OAT AR GHHRE 1D
FHL AL T, I OaL 27 a— UEO S E 59 5 T REME DS RIS,
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Table 2.1 Composition of apple polyphenol

Component Content (%(w/w))

Total procyanidins (catechin oligomers)

Dimers 11.1
Trimers 12.3
Tetramers 8.7
Pentamers 59
Hexamers 4.9
Heptamers or greater 20.9

Total catechins

(-)-Epicatechin 10.5

(+)-Catechin 2.0
Total chalcones

Phloretin xyloglucoside 4.6

Phloridzin 1.9

Total phenolcarboxylic acids
Chlorogenic acid 8.2

p -Coumaroylquinic acid 2.6

Table 2.2 Composition of procyanidins from apple polyphenol

Component Content (%(w/w))
Dimers 17.4
Trimers 19.3
Tetramers 13.6
Pentamers 9.2
Hexamers 7.7
Heptamers or greater 32.8
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Table 2.3 Composition of monomer fraction from apple polyphenol

Component Content (%(W/w))

Total catechins

(-)-Epicatechin 352

(+)-Catechin 6.7
Total chalcones

Phloretin xyloglucoside 15.4

Phloridzin 6.4

Total phenolcarboxylic acids
Chlorogenic acid 27.5

p -Coumaroylquinic acid 8.7

Table 2.4 Experimental diets composition

Ingredient Control AP-0.2 AP-0.5
g/kg
Cornstarch 412.5 410.5 407.5
Casein 200.0 200.0 200.0
a-Cornstarch 132.0 132.0 132.0
Sucrose 100.0 100.0 100.0
Soybean oil 50.0 50.0 50.0
Cellulose 50.0 50.0 50.0
Mineral mix (AIN-93) 35.0 35.0 35.0
Vitamin mix (AIN-93) 10.0 10.0 10.0
L-Cystine 3.0 3.0 3.0
Choline bitartrate 2.5 2.5 2.5
Cholesterol 5.0 5.0 5.0
Apple polyphenol 0.0 2.0 5.0
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Table 2.5 Primers used for real-time RT-PCR

Genes Forward primer sequence Reverse primer sequence
Gapd 5’-CCGAGGGCCCACTAAAGG-3’ 5’-TGCTGTTGAAGTCACAGGAGACA-3’
Hmger  5-CCTGCAGATGCTAGGTGTTCAA-3’ 5’-CATCACAGTGCCACACACAATT-3’

Cyp7al  5’-CAAGTCAAGTGTCCCCCTCTAGA-3’ 5’-ACTCAATATCATGTAGTGGTGGCAAA-3’

Cyp8bl  5°-TCTGCCATGCTCCCTGTAAGA-3’ 5’-ACCACAGGTTTTCCTCCTGAGA-3’
Ldir 5’-AGCATAAACTTTGACAACCCAGTCT-3> 5-TCCTGGCTGCGGCAAAT-3’
Fxr 5’-CCTCTGCTCGATGTCCTACAAA-3’ 5’-GGAGGCAGGCGAAATGCT-3’

Table 2.6 Growth parameters and organ weights of rats fed the cholesterol- loaded diet containing

AP for 30 days ?
Control AP-0.2 AP-0.5

Initial body weight (g) 956 += 2.1 95.6 + 2.0 959 + 22

Weight gain (g) 147 + 3 158 + 3* 148+ 3

Body weight (g) 243 + 2 253 + 3% 244 + 4

Total food intake (g) 496 + 3 497 + 3 497+ 5
Liver weight / BW * (%) 3.51 £0.06 3.34+0.06 323+£0.11 %

Mesenteric WAT © weight /
1.35+£0.06 1.22+0.08 1.11+0.08 *
BW (%)
n 9 8 8

 Values are mean + SEM  *Different from control group, P < 0.05.
b Body weight.

¢ White adipose tissue.
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Table 2.7 Effects of dietary AP on expression of genes related to cholesterol biosynthesis in livers

of rats fed high cholesterol diet

Affymetrix ~ Common Fold change #

Description
ID name AP-0.2 AP-0.5

1367932 at  Hmgcesl 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 1 1.06 1.40

1371979 at  Srebp?2 sterol regulatory element binding protein 2 0.84 1.10

1372973 at Lss 2,3-oxidosqualene: lanosterol cyclase 1.06 1.04

1370310 _at  Hmgcs?2 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 1.14 1.04

1368189 at  Dhcr7 7-dehydrocholesterol reductase 1.45 1.04

1367839 at  Fdftl farnesyl diphosphate farnesyl transferase 1 1.06 1.01

1373144 at  Fdps farensyl diphosphate synthase 1.13 0.99
phenylalkylamine Ca?" antagonist (emopamil) binding

1386990 at Ebp 1.03 0.97
protein

1367667 at  Fdps farensyl diphosphate synthase 0.94 0.92

1367767 at  Hmgcl 3-hydroxy-3-methylglutaryl CoA lyase 1.08 0.89

2 Fold changes compared with control group.

Table 2.8 Selected up-regulated genes by dietary AP in livers of rats fed high cholesterol diet

Common Fold change *
Affymetrix 1D Description
name AP-0.2 AP-0.5
1371034 at  Hnfo one cut domain, family member 1 (HNF-6) 1.64 2.31
1387760 at Hnf6 one cut domain, family member 1 (HNF-6) 1.66 1.91
1368711 at  Hnf3b forkhead box A2 (FOXA2, HNF-3p) 1.41 1.86

aldo-keto reductase family 1, member C6
1393902 at - 1.43 1.82
(17B-hydroxysteroid dehydrogenase)

1371076 _at Cyp2bl5 cytochrome P450, 2b19 (Steroid 17a-hydroxylase) 1.28 1.65

2 Fold changes compared with control group.
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Fig. 2.1 Effects of dietary apple polyphenols (AP) on cholesterol levels.
Hepatic cholesterol (A), serum cholesterol (B), and serum non-HDL cholesterol (C)
levels in rats fed the high cholesterol diet. Values are mean + SEM, n = 8~9. Different

from the control group, *P < 0.05, **P < 0.01.
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Fig. 2.2 Effects of dietary AP on fecal steroid levels.
Fecal cholesterol (A) and primary bile acids (B) amounts in rats fed the high cholesterol
diet. Values are mean = SEM, n = 8~9. Different from the control group, *P < 0.05, ***P

< 0.0001. C, Correlation between serum non-HDL cholesterol and fecal primary bile

acids.
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Fig. 2.3 Effects of dietary AP on expression of steroid metabolism genes.
A, Expression levels of steroid metabolism genes in livers of rats fed the high cholesterol
diet. Values are mean = SEM, n = 8~9. Different from the control group, *P < 0.05, ***P

< 0.0001. B, Correlation between serum non-HDL cholesterol and LDLR mRNA.
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Fig. 2.4 Effects of dietary AP on expression of FXR.
A, Expression levels of FXR in livers of rats fed the high cholesterol diet. Values are
mean + SEM, n = 8~9. **Different from the control group, P < 0.01. B, Correlation
between fecal primary bile acids and FXR mRNA.
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H3E
Vo AR T = )= VDT I0AR B X E DRI L

B L ORI DFEAEI RS9 D5 B

K LD 2 T, VTR 7 = ) — /U AP)D TG ENEIR kT D B fEE 57280
Al A7a— VAT MBS AP OaL AT n— UER I ORFIEGE S TR A~D RIS
WTHRFLTZ, AP OfERUT, LDL ZAERBIOAT oA RREHOREL 72 EEL Ciiiho=
VAT B — ) UHS B Z G DI EDRBE NIz, ZIVET AP IIHA A, FLTLILF — DA PRk
REZATHZENHE SN TND00D | FLELEREIC DUV TOWIE TR0 o7,

T VYA~ —Jp(Alzheimer's disease, AD)i, MERIZESIRWFIE T HRFEHIRERDOOE
DT, FLIBREE A LH RO AT IR A MR CTh D, AD 13, BB LUK B IS 3
HENBEELIZNATIOAR B Ho 0B (AP)DEFEICL > TRWrEn50, 42 DT BN
%% AP42 1XE NBEAAERL T 5 F 520 - CThY ., T A D REHEL RE LT 22T in
vitro TOMREEFNEICEE G 2@, HHFEDRI 7 =/ —/LiT, Ap OEREEE 52 EnmbT
VBB

ARE T, AP DRRRAEMER BT T2 PRIREZ A 51 E 0T DWW TRGET 572,
AB BEHERTE RS L ORI ~D FMEI TR 75 AP OBIZ OV TIRF LT,

3.2 MEFBIOGIE
3.2.1 K

AP, VTl KT a7 =D PO B LN AP £/ ~—E4y OG5, BLOH LT
% 2 ETIRAZIINC, VoI Malus pumila Mill. cv. Fuji)OSENSFTHBLTZ, PC IX AP O

63.8%% D7z, APA2 1%, T FRIFTEFTMBIEA LT,

322 FATIFELT @ik
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AB42 DUFEFL T, BEE LT AP LOFEAIZIVE I KT 5% T 4778 -T(Th-T)&
WDRRBRIZ L > TR L 720, fli 2 OYREEOHREE ABA2(FEIREE 20 pmol/L)EIREL T,
100 mmol/L NaCl Z%& ¢ 50 mmol/L Na;HPO4-NaH,PO4 /N7 7—(pH 7.4)AIZN T 6~48 h,
37°C TAVFa_X—hUCHRHES T, R 7 = /) — VAL XD EREE R AR BTG PE O RFAR T U,
AB42(F&TEE 20 pmol/L)% 48 h, 37°C TALFaX—hL THHESH =D H | i 4 DIRE DRI~
= /—/VERIMLT, 0.5~5 h, IR CTALFaX—RLiz, AFaX—MEOREHKIZ, WIEET
-80°C THEAELTZ, 50 mmol/L DZ VU2 -NaOH /Ny 77—(pH 8. 5WIIAfEL 7= Th-T(HEIRE 5
umol/L, Sigma-Aldrich)% , UEHE ~EANL T, 0.5h, | TALF2~X—KL 7o, IR E D
7ElE, SPECTRA max GEMINI XS fluorescence microplate reader (Molecular Devices)Z F V7=,
HOETRE 1T, BhE I R 442 nm, #EIE R 485 nm THIEL 72, AP BEEFLEE (%)X, RV 7 )
—/VEREBHIERIND AR42 DD IRE IR L TRHALTZ,

3.2.3 TInAR B EEERD SR

RY7 =/ —/)LikBH100 pg/mL @ AP, 65 pg/mL @ PC, BLW 35 pg/mL DF/~—[H4y
(monomers, MN))% AB42(F&JE 20 umol/L)HEA L BEMO HFIEEFIARIZ 24 h A F o2 X—h
L7206, BU&# 300 puL % 20,000 X g, 0.5 h, 4°C Tl Ly BELT-, AP DILEMZ . “RIE TR .
SZX9 microscope(OLYMPUS) T 12.5 {5 D5 E TR LT, L% 6 mol/L 7 7 = - Mgt
(pH 4.5~7.5, Sigma-Aldrich)IZIAfEL ., 0.1%(W/V)R T 3 /UHilE T kU7 2(SDS, Sigma-Aldrich)%
Eie RIPA Ny 77 —"T 15 fEICA LT, AB#REEZ ., DC protein assay kit(Bio-Rad) CHIE L7z,
L BIE % 1%(w/v) SDS. 50 mmol/L F F ALA h—/ L& &t e EzApply solution(ATTO)E iR
L. 85°C, 2 min CTEMESHE, Tris-Z V3w 77— 20%((W/V)HRI T ZULTIRZ /AT 25
mA CERIKE)/7HEL72(SDS-PAGE), Coomassie brilliant blue % {7{%(Quick-CBB, FnJ¢ %k
TE)EHWT, BiEHho A Lz,

3.2.4 a7l

PC-12 #ifE(RCB0009, RIKEN BioResource Center)Z A HIIEE T /L ELTHV., A DEMEE
S L 72©, SRR T I TBERICHE - 72O, 1 U I, PC-12 FfEQR X 10* #/7=/1)% 16 h,
37°C TAYFa_X—hL, TV F—FRELTFE X DIREDR) 7 =/ —VERMLT L h A% =
AN—hkL72DH, 1 pmol/L @ ABR42 ZHNML T 36 h 58 L7z, = D1%. thiazolyl blue tetrazolium
bromide(MTT, #&¥2E 0.5 mg/mL, Sigma-Aldrich)Z %L, 4 h, 37°C THULERL 7=, =D, SDS
THEELIZOG, AMIEIZED MTT OETIHFEONER T2 NEER L~ P R0 Bk,
VersaMax microplate reader (Molecular Devices)z H\V N T 570 nm OWSEEZFHMITH2ET
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U, A42 DA OFREREEE KT E L THEFR (%) ZHR L,

3.2.5 WERHEHT

FERHAENTIX, SPSS v11.5 V7~ =7 24 U7, aRBRIEER] O ¥l i, Student's #-test {5
W, RBREE O BT, 58T (ANOVA) (IZE-> T T o7, £DHDBEEELL T
Dunnett %2 H 2,

3.3 fEH

3.3.1 Vo aRY 7= )= UZED in vitro D AP EEEIRIE R ~D 2%

AP (255 AR BEEME DR BZ T RDT20DI2, ABA2 [TXFT DT A7 T8 -T 4ot Hil B
1To72, Fig. 3. 1IR3 8912, AP BX O PC RN DA 1TIE, AB42 (20 pmol/L)iE 48 h1F
2= 928D Th-T A5G T HREDDTE R L EIREE D R LTZ23, AP BE U PC DR
DN B AR | e e RS A8 S E 7= (Fig. 3.1A), &51Z, 100 pg/mL @ AP, BLO
32.5 pg/mL @ PC %, AP DEFEAERICIELLZN(XF D ns 12 0 h LR THEZEIT RN
EEIRT(P > 0.01)), MN (FE 072 lc b & F -7 (Fig. 3.1A), PC 1% AP UK 65% 5 £
THY, 32.5 pg/mL @ PC (ZLDZhEA 100 pg/mL O AP L—ELi=ZEn 5, PC 1% AP LT
2 (50 AR BEEMSNEMEZE T HLREENTz, 7N THE 1,000 mg/ke-AEORK NERUZ
BUDAEMRILEUMIET 11.5 pg/mL)DL L3O AR DEREE A BT HIRE Th-o7o
(Fig. 3.1B), &H12, IKIEE D AP BLOPC(1.00 X1 0.65 pg/mL) TH A E (TEEEANH I L7Z
2, 0.35 pg/mL @ MN TIEW T IO UG RIC B TH BRI S 72) - 7= (Fig. 3.1C),
Fig. 3.1 OFERIL, PCII=E A TH U BLOITHF U2 & T MN Ei2r &3 IR, AP DUEEE
T A2 e R LT,

DEIT, AP 23 Th-T ORI CE BN B A 52 7 TREME A BRSO 13 Loy Bl Lo
TTIRARDEEMRE HERE /3 HET D 15T, AP OEREMHIZN R A MR L= (Fig. 3.2), AB
(20 umol/L)? 48 h A2 2~ —NIIVEEIRDBIZE S 7= (Fig. 3.2A; vehicle), 100 pg/mL P
AP, LT 65 pg/mL & PC DENNL, AP DEEEZTTRICIHELZ23, 35 ng/mL O MN [IFHE
L7phyo7=(Fig. 3.2A), 100478t %0 SDS-PAGE (250, Bi&{K AB % 100 pg/mL @ AP, FX&
W65 png/mL @ PC FINEE TR L7=(Fig. 3.2B), EEEIRE BIEDO X IR FE I, vehicle T
BRI RIRDZ B DD T8%HMFAEL TN, AP AN TIREEE AN 2]
JEPRH ST PCUSHIRE CIREEE AR 5% LFIEL TV /ed -7 (Fig. 3.2C), Fig. 3.2 D
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FEHIE, 100 pg/mL D AP, LN 65 pg/mL O PC DFRANE, AP DEEHEL 15 5LL ETHEIC
FHETDHZEART, LLEDOFERNG, AP BXWNPC 1 in vitro TTIRAREEIRDOTE AR 1)
WZBE T DO ER ST,

332 VAR 7= ) — kD AP EEEE RO iR~ 58

AP 7% AB42 DEREIRERMET 200 E DD E TR T D720 | BEEIRE AR 7 = ) — L ALE
ZFTUN, Th-TiRBRZ I L 7=, AB42 (20 umol/L)?D 48 h A>3 2X—h k| Fll x DIRE D AP, PC,
BELOMN ZIRINL T, EBIZ 0.5 h A>F2_X—ha{To7, Fig. 3.3 (TR T X512, PCITH &K
TFHIIZ(65~650 pg/mL) AP42 DEFE KA RBEL =723, AP D& 1% PC LI~ TIREN Th-7-
(Fig. 3.3A), —77. 360 pg/mL @ MN Tid, Ap BEEEROMREEI IR D B0 -7 (Fig. 3.3A, B),
Nz T, AP BEOPC OFIML 0.5 h DAL FaX—hCH B ICEERZMREEL . = OfEEE I
fNt% 5 h £ CHEFEL 7= (Fig. 3.3B), 7 —HXIF/RS720 03, 50 ug/mL @ AP, 33X 32.5 pg/mL O
PC Tld. Ap BEHEKRDMRBEIZRD DN -T2, ZDZEND, AP BL N PC ANEHE KA fiREES
WAHOIE, B 3.3.1 OEERIZAINH &R T, SR ELZ LB LT HIEI RSN,

333 Vo aRY T = ) — UKD APA2 FhE MR i~

AP42 1T, EWERE AT BE AR MDD, AD OIIEIZ E B/ R % R7=4700, PC-12
B, AR ALFRIZ X 2R TR 2 BT A 572D (T SES U IR TH DD, AB42 FHE MR
BRI LT AP DMEETDNEINTIRDIDIC, ZOMIRO AEFRE MTT &2 AV CRE
L7202, AB42 (1 umol/L)DFIE ~D ML, 36 h DA F 2 —MNI IVl L FHE L
(CEF31%23.7 £ 2.4%, Fig. 3.4A), PC-12 ffifld%x AP B LU PC LEF 1 h A FaX—hL7zD
B AR42 & 36 h ALEL /=L 2 A AP BXONPC I3 H BARTAF A B IS HI IR B2 I L 7= (Fig.
3.4A), 32.5 pg/mL @ PC 1%, MM FMEAE 22T LIZ(EFERIT 1012 £ 5.6%, Fig. 3.4A),
100 pg/mL @ AP (%, ML R 2 G EICEE L (AEF 88.0 £ 13.7%, Fig. 3.4A), SHIZ,
AP BEOVPC DAHIRMU(APA2 ZERINL72V )36 h ALEEL 72354 . 100 pg/mL @D AP, L8325
pg/mL & PC TAAfFRZ L HSHT-(Fig. 3.4B), LLEORERND, AP BLTPC 13 Ap42 75
AR A R E T DL LN LR ST,

3.4 HER

WO UT2ARY 7 = 7 — VX, in vitro (2B DHUEETE M. FrapRin s this T2 =
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T IERHRESHTODNRWB AP DZNODOEREZ A T 2MEINT G TRD T, BHARY
7 = ) — VAR A (bioavailability) 23 /NE<, EIZ PC DEH72 @57 F THTUXEDLZENH
HIVTNL4) 5T FHREORY 7 = /) — VO EHF 51X, AD TT L~TAD AD ERE R
FJOGLEREEIC L CTRIBER 20 T2 HE S TG0 F7= <07 7 (Silybum
marianum)fEF2> DRI HIN T2 Y= DR OBRIZE>TAD ET /L7 AD AD FRkER BN %
BT 2L RENTZOCN <Y O EEI R T = ) — V7 CThDHZX T 7+ D%
Fig. 3.5A lZ/RLTD), AWFFEIE. PC 2% A EEEEF5 L OMFR FEME A S0%BH R L (ICs0) N E T
4.8 pg/mL BLN 9.4 pg/mL THLETHZEERU(Fig. 3.1, 3.4), PC 23072 &b in vitro ThEE
KR ZH<S 28 %R LT, —75, PC OAMRFIPEIZ DWW TR, PC 24 RAYIZE &5 Porter
EBIOVHPLC/Z T A MS fRFTIZED ., T2 T AP 1,000 mg/kg- 1A 5 0D B A2 H 2 BEf# 4 2 if
HEHIZ 114 pg/mL @O PC R L TD®, LI EXD | AP DI R EE & A HUEEETR IR E L1
DI LB RS~V THDHEE ZHND, PC D in vivo TD AD HRIRAE B X OGLIER EICK T2
BB OWT, A BRGET DLENR DD,

Fig. 3.1 C, AR $E8EMAFM L7 Th-T FBRLY. AP O 90%PHE #2# (ICq) % 87.8 pg/mL T
HLDIZKTL T, PC D 1Co0 1% 24.7 pg/mL L7220 T4 38.0 pg/mL @ AP [ZHYS§ 5@ Tho
72(Fig. 3.1A), Tt~ T, AP DEEEIZKT2 PC DILEEMEIL AP LV 2 fEmnZEavRani-,
S5, AP ORREARAREEFTMEIZ, 100 pg/mL TEIFLRAEL 7257223, PC DOFEMEIT 240 pg/mL %
T LA UftiI72(Fig. 3.3A), AP ORRERMEBEENED FFMEMIEL, MTT &I KoM A7 =R
i CTHRIEE T o722 LM D(Fig. 3.4), PC 1% AB BEEROMEREEME, 36 JORRE AN (R TS 11
W EEMTHD AP VLB ZERHERS I, £i2, MN OEERIGIEEIXRE Th-o
7o ZNHORERED, PC B A EREA NG 2 A5 THY . MN (X PC OEERIMGITEME
BLOMR AL R ETE 2R T DRy A e FTREME N B 2 DTz,

AB EHE DR E72 253 1D B o — MRHERETZRIZIE, 7 /BRFR LD Glin’~Ala?! LW}
Val?~1le®? fHIk 3B 5- 9 D LHEE SALTNHISI0, 512, B & —MNERIZIE, BBE AR A3 5-
T HTENMESITNDIE), JIRLI=dDC, T iEEE2 B T 07 ATX %5
o MN HI531%, PC LE A~ TEEIMBNEEDR R ER) Th o7, Fo, At biEE2 a2
B4 C (2 mmol/L, 43 F#§i&E% Fig. 3.5D 12~ §7) B LU SOD 41t k54 T EUK-134 (40
umol/L, 43 F##i&iz Fig. 3.5E (TR 97)id, AR BRI ALZMEI L 22N Z L 2R LI (RFERR
FEIAE RS, ZOZEDE, ABFIETD in vitro \ZBF5H AP BEEIHIEMERHERICE W T LS
WD T AL RE I T RIS JIE T DV NSV ZEDRIBE T, [AERIZ, Yatin HITHUHE
ke #THHE X E (VE, 4y FHkik% Fig. 3.5F (/RT3 AP42 BEEZINHIL /2 B L
7273 Yang HiE VE SO #END a-ha” xo— /L& /o (4 FHi&E% Fig. 3.5G (ORI
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BRI AR BEEEZ T2 MELT=CY, ZDZEN D, in vitro TD AR EEHEMHITEIEIX, &
Do DH T LHBIEIELS 53 FREE IR ERFSND LRSI,

PC %517 7RI ANFARY 7 = ) — )V BB LT, fl 2 ORI KO EAER 352808
HONTND®), ZOREMIIA R A& IELIEIAR SV, AR S EObL DT Z
RIARDBILKTHLX ) RkE 2o BT BEEOTINELO G REEGIZED0),
75 ARG OO LR REOH LM ANEHNEL T RV T =/ — VO EFERET IO T =
=NVHRICED nin- AR X T EXIEND T 7 T AT = VA NI DM EAER S, R 7 =) — )L
ET I/ BDER XL VIR LI I DKB RN ET N, ZD12d RV T =/ — /28D
AR BEEEIIHITEVED 2y THEIE, RV T =/ — L& AR Z L B LD SRS EEIT D o9
HHE SO AE/ERICED, AR D B > —MEREIIHTHZ LTIV RETHEBZ 2615, R
V7 =/ —=MIZED AP BEEERAKTE AN D 73 T BEAE I D WD Tl RO HAE 238 5 329,
Hirohata HI%, 7IR /AREDI BT TR ) — VDIV B F (5 FHE1E% Fig. 3.5B (TRLTD)IE,
in vitro T AP ORMHEREE KL CRITIFE A AT 528 T, TInA REEEEER O EIE A%
R EHE L2, Wang Bl trans-L AT — U3 Arg! B IS AAERICEE 5L CnAa T
LAITRLTZY, Kirschner HI%, 7V 73 (57 FAkIE % Fig. 3.5C IZTRLIZ)A AB42 @ Glu!!'~Gly?
BRI KRGS T DI &L BEEAIIH] T DL 8 L2, 7=, Kumar 51 NMR & fEAT
IZ8ED AB42 @ GIn'3, Glu? IBL N Asp? FRILIC/ VIV DIFER T HEMEL O, Masuda HIE
NMR #EEFRHTIZED AB42 @ Phe'®, Phe® f& Ikl n/n-AX L 7 ICIV I VI B EAERL
THEEAANH T LA L1207, EB1T Sato HlE, VIV ATEHEENDT TR/ AREDIBLT T
J)=NVEDZX L THVNAT D AR BEERMBIENIED 73 R IO W GEICHREL TV D
@) F9° XX T4V (Fig. 3.5A)NETHHTa— g ENERNTHBIERLIZEY o-F /v
RAEHREINDZEDEEIHTEEORBUCEE THHI L2 /RLIZ®, X2, LC-MS f#TIC
JOALSNT= AT 74D DF AR, AP D Lys'® B LN Lys?® sk I b~ A7 VA A E T Ak
FTHIETED, B —NERIIHENEEEZEBL QDI EE/RLIE®), SBi2, KT T3 /) —)v
HBLOT IR/ — VBRI T =/ — )V OEEIHIEPELLEIZ LY B B 3° AR us itk
DATZ—)UAERED, Lys EOIEREAITLDEEMENEEICBEE THLILERLI®), hT =
—IEEEHTD7 TR AR, AR F O XH708 pH ORI T /AR~ A B LS
FTUVZEREHI TS, PC IFIFF L 7+ LFEEEIC. B BB 3 A (I RER X LI ThD
AT A= AEEE | 7 FITEEAE L T0D, EEDIL, PC & AP42 DERERITTTL THRINL7Z
EEIT PC NETHELFERRRAE~ GO AT T HZEABEL TODHERFER. M
HWE), DT LT, A4 BEEERITH L CPC AFE G T 22 LR T, S AERAZ AL
TWDHZEZRL TS, UL EDORERBIOEL LD, PC IZZDX /AKN, 4311 B v —MERK
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IZBI5-T5 Lys BRI O HATEREK T DIEICLY, TR 20 BEEAMEITE M 2SR B U= AT e
NEZONTZ, —F, EilOINHEDTa—NHOR) T 2 /) — Nt AR 2D m/n-AX T 7R
KRFEEE LD AMERANREINTODD B OFHFEFEREER e LA H 95 PC I,
A HEAROMANEALIEEL QD ARRIENE 2 O, PC OEEEMFTEEIC OV T,
X ) AROEA -S> PC-AP OREIEMNTIZ L DM EAEARRE LI QUK ELR DD, FT2,
ABFFETIE, PC WNE L3O EARFAMEDR B ZEAVREI, Z OF AAE IS R 0
REDTHLHIENRESNT, PC 1%, HEER BRIV S — P EFENZ A 32T M
SN TRV U NR—BLOMAERICEDLDOEHELZESILD, PC ITAERNTH L RV E M AAE
MaTHZEICEo T, 2oV B EERMEOREILISIMNTS | fllx OREFRIENEIC B2 52 5 0]
REMED RIS,

Fig. 3.4A Tl PC IZH EARAFANTHHRIRGEIE AR L, PC 23 AB BEER AN HIE ) & HE L A&
AEDfIE OBEN R T HIEE R LT, AT, PC OREREIHISIE, L ORI H#E S Fix
MN 7213 C7e< AP EEE_THIRNZEMNS, PC D AP42 SEEMMHIZh R R~ H G
THERBSNTZ, AWFFETIL, PC OMIEAGTRA~DOIG255 RndfEidE i, PC(32.5
ug/mL), FBL OV AP(100 pg/mL)ALEEL 7= PC-12 HIfE(AR W72 L)L, EFRNA BT K LT,
Miura 513, KA ED PC ITMifa b zfetEL — 757, mMED PC (IAT /—~ D7 R —
VREFETHEERLIZCY, Choi HIE, PC MBUINIEMEARN T EF NV T AT 27 —8
TEMEZ R E L, MR 9228 T, AL AR O M fa sE A FE NS H A L L7 G,
ZTNBORERIE, PC 28 BRI e A H A 5~ 2 2 &2 7R/ 375, PC 1% AB BEE D]
72T T MR D b A HET 35281280 AB B EMED T U T ReE I AR
FRIBEMED RIR ST,

fame LT, AP 1L in vitro THEE 72 AR BRI AT KT U TR 70 Jnifilh A A L, Ahfdifn o
EAPIRE N R Z R T ZED AL 5T, AP (T MRS BEMIK T Th o762,
FEHIERICAH LTSN, AFETHONIILE AP OB L VEREIL, AR ZE MR BICBIEL
7o AB BRI T 5, TRIBLONRIE~D I REMEZ R LT,

3.5 B

DA LB IO ELT T AR MER RO T LY A< —IR I BT, FORK ERETS

TAR B 2o (ABYEEEIRTERRIC KR T5 AP DEEAfEMTLT-, Th-T # e HIcks AB42

BEERMEITX LT, AP 3510 PC ORI A EARAFANCEREE L 280 SH 72, 100 pg/mL @ AP,
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BEO32.5 pg/mL D PC 1%, AP DEFEATERITIE LA, MN IZE A28 Ic b8 Eo7z,
PCITAP EEEATHRI2 (5D ABBEEIMHIER 2 A+ DL me STz, AR D AP 33 UVPC(1.00
BLOVV0.65 ng/mL)FIA BEIZEELAIHIL7-23, 0.35 pg/mL & MN TlXEE M ERILERO 5
nighote, BB L > T InAROEERE B R A 53 BT 25152 KD PC ORI
TERZEMERRLIZEZA, 100 pg/mL @ AP, BX 65 ug/mL O PC OIRMITEELERICIEL
7273, 35 pug/mL @ MN [ZFHE L7207, PC 23 AB42 DUEERZIREEST D0 E 0D s T 57
D BEERIE RN T = ) — VALBREAT, Th-T iBRE FEhiL7-& 24, PCITH BERFHIC
AB42 DUEFHENRZFREEL 7273, AP DRI RN PC LEE_TIRER TH 72, MN TiE, AB EEERD
BRSO HIIRD T2, AP BEONPC 1L in vitro TTI0A REHEROI AR I E 52
EMRAB Lo T, FRGHAK CThD PC-12 fllldz AP BLOY PC &AM FaX—hLTzDb,|
AB42 JLELL7-L 2%, AP F5L 0N PC I3 B AF A S (A B MR 2 3 L 7=, 32.5 pg/mL O
PC IZ#MMEEMEZ 52 TR L. 100 pg/mL O AP [ THIEFRA A EICEIE L, AP BL
PC |% Ap42 5 MM EmIE A IR T DL LN E IR 5T,

L XD, REETIL, in vitro 725 ONIE IS X LT AP 1EH EKTERIIC AB D EEEZ 4]
L. AP ICE DM FEZ IS+ H 2 L 2B LT, AP 1T L TR B L ORI EE 45 Al HE
PEDVRIB ST,

3.6 75 3CHk

1. Selkoe, D.J. Developing preventive therapies for chronic diseases: lessons learned from
Alzheimer's disease. Nutr Rev. 65, S239-243 (2007)

2. Murakami, K., Irie, K., Morimoto, A., Ohigashi, H., Shindo, M., Nagao, M., Shimizu, T.,

Shirasawa, T. Neurotoxicity and physicochemical properties of Abeta mutant peptides from
cerebral amyloid angiopathy: implication for the pathogenesis of cerebral amyloid angiopathy
and Alzheimer's disease. J Biol Chem. 278, 46179-46187 (2003)

3. Lim, GP., Chu, T., Yang, F., Beech, W., Frautschy, S.A., Cole, GM. The curry spice curcumin
reduces oxidative damage and amyloid pathology in an Alzheimer transgenic mouse. J
Neurosci. 21, 8370-8377 (2001)

4. Hamaguchi, T., Ono, K., Murase, A., Yamada, M. Phenolic compounds prevent Alzheimer's
pathology through different effects on the amyloid-beta aggregation pathway. Am J Pathol. 175,
2557-2565 (2009)

5. Murata, N., Murakami, K., Ozawa, Y., Kinoshita, N., Irie, K., Shirasawa, T., Shimizu, T.
Silymarin attenuated the amyloid B plaque burden and improved behavioral abnormalities in an
Alzheimer's disease mouse model. Biosci Biotechnol Biochem. 74, 2299-2306 (2010)

6. Shearman, M.S., Ragan, C.I., Iversen, L.L. Inhibition of PC12 cell redox activity is a specific,
early indicator of the mechanism of beta-amyloid-mediated cell death. Proc Natl Acad Sci U S

-37 -



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A. 91, 1470-1474 (1994)

Ludbrook, J. Multiple comparison procedures updated. Clin Exp Pharmacol Physiol. 25,
1032-1037 (1998)

Shoji, T., Masumoto, S., Moriichi, N., Akiyama, H., Kanda, T., Ohtake, Y., Goda, Y. Apple
procyanidin oligomers absorption in rats after oral administration: analysis of procyanidins in
plasma using the porter method and high-performance liquid chromatography/tandem mass
spectrometry. J Agric Food Chem. 54, 884-892 (2006)

Hudson, S.A., Ecroyd, H., Kee, T.W., Carver, J.A. The thioflavin T fluorescence assay for
amyloid fibril detection can be biased by the presence of exogenous compounds. FEBS J. 276,
5960-5972 (2009)

Murakami, K., Masuda, Y., Shirasawa, T., Shimizu, T., Irie, K. The turn formation at positions
22 and 23 in the 42-mer amyloid B peptide: The emerging role in the pathogenesis of
Alzheimer's disease. Geriatr Gerontol Int. 10 Suppl 1, S169-179 (2010)

Refolo, L.M., Salton, S.R.J., Anderson, J.P., Mehta, P., Robakis, N.K. Nerve and epidermal
growth factors induce the release of the Alzheimer Amyloid precursor from PC 12 cell cultures.
Biochem Biophys Res Commun. 164, 664-670 (1989)

Behl, C., Davis, J.B., Lesley, R., Schubert, D. Hydrogen peroxide mediates amyloid B protein
toxicity. Cell. 77, 817-827 (1994)

Ho, L., Pasinetti, GM. Polyphenolic compounds for treating neurodegenerative disorders
involving protein misfolding. Expert Rev Proteomics. 7, 579-589 (2010)

Williamson, G., Manach, C. Bioavailability and bioefficacy of polyphenols in humans. II.
Review of 93 intervention studies. Am J Clin Nutr. 81, 243S-255S (2005)

Appeldoorn, M.M., Vincken, J.P., Gruppen, H., Hollman, P.C.H. Procyanidin dimers Al, A2,
and B2 are absorbed without conjugation or methylation from the small intestine of rats. J Nutr.
139, 1469-1473 (2009)

Stackman, R.W., Eckenstein, F., Frei, B., Kulhanek, D., Nowlin, J., Quinn, J.F. Prevention of
age-related spatial memory deficits in a transgenic mouse model of Alzheimer's disease by
chronic Ginkgo biloba treatment. Exp Neurol. 184, 510-520 (2003)

Wang, J., Ho, L., Zhao, W., Ono, K., Rosensweig, C., Chen, L., Humala, N., Teplow, D.B.,
Pasinetti, GM. Grape-derived polyphenolics prevent Abeta oligomerization and attenuate
cognitive deterioration in a mouse model of Alzheimer's disease. J Neurosci. 28, 6388-6392
(2008)

Murakami, K., Irie, K., Ohigashi, H., Hara, H., Nagao, M., Shimizu, T., Shirasawa, T.
Formation and stabilization model of the 42-mer AP radical. Implications for the long-lasting
oxidative stress in Alzheimer's disease. J Am Chem Soc. 127, 15168-15174 (2005)

Murakami, K., Murata, N., Noda, Y., Tahara, S., Kaneko, T., Kinoshita, N., Hatsuta, H.,
Murayama, S., Barnham, K., Irie, K., Shirasawa, T., Shimizu, T. SOD1 (copper/zinc superoxide
dismutase) deficiency drives amyloid B protein oligomerization and memory loss in mouse
model of Alzheimer disease. J Biol Chem. 286, 44557-44568 (2011)

Yatin, S.M., Varadarajan, S., Butterfield, D.A. Vitamin E prevents Alzheimer's amyloid
beta-peptide (1-42)-induced neuronal protein oxidation and reactive oxygen species production.
J Alzheimers Dis. 2, 123-131 (2000)
Yang, S.G., Wang, W.Y., Ling, T.J., Feng, Y., Du, X.T., Zhang, X., Sun, X.X., Zhao, M., Xue, D.,
Yang, Y., Liu, R.T. Alpha-tocopherol quinone inhibits beta-amyloid aggregation and
cytotoxicity, disaggregates preformed fibrils and decreases the production of reactive oxygen
species, NO and inflammatory cytokines. Neurochem Int. 57, 914-922 (2010)

-38 -



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bordenave, N., Hamaker, B.R., Ferruzzi, M.G. Nature and consequences of non-covalent
interactions between flavonoids and macronutrients in foods. Food Funct. 5, 18-34 (2014)
Hirohata, M., Hasegawa, K., Tsutsumi-Yasuhara, S., Ohhashi, Y., Ookoshi, T., Ono, K., Yamada,
M., Naiki, H. The anti-amyloidogenic effect is exerted against Alzheimer's beta-amyloid fibrils
in vitro by preferential and reversible binding of flavonoids to the amyloid fibril structure.
Biochemistry. 46, 1888-1899 (2007)

Wang, Q., Ning, L., Niu, Y., Liu, H., Yao, X. Molecular mechanism of the inhibition and
remodeling of human islet amyloid polypeptide (hIAPP1-37) oligomer by resveratrol from
molecular dynamics simulation. J Phys Chem. 119, 15-24 (2015)

Kirschner, D.A., Gross, A.A., Hidalgo, M.M., Inouye, H., Gleason, K.A., Abdelsayed, GA.,
Castillo, GM., Snow, A.D., Pozo-Ramajo, A., Petty, S.A., Decatur, S.M. Fiber diffraction as a
screen for amyloid inhibitors. Curr Alzheimer Res. 5, 288-307 (2008)

Kumar, P., Pillay, V., Choonara, Y.E., Modi, G., Naidoo, D., du Toit, L.C. In Silico theoretical
molecular modeling for Alzheimer's disease: the nicotine-curcumin paradigm in
neuroprotection and neurotherapy. Int J Mol Sci. 12, 694-724 (2011)

Masuda, Y., Fukuchi, M., Yatagawa, T., Tada, M., Takeda, K., Irie, K., Akagi, K., Monobe, Y.,
Imazawa, T., Takegoshi, K. Solid-state NMR analysis of interaction sites of curcumin and
42-residue amyloid B-protein fibrils. Bioorg Med Chem. 19, 5967-5974 (2011

Sato, M., Murakami, K., Uno, M., Nakagawa, Y., Katayama, S., Akagi, K., Masuda, Y.,
Takegoshi, K. Irie, K. Site-specific inhibitory mechanism for amyloid p42 aggregation by
catechol-type flavonoids targeting the Lys residues. J Biol Chem. 288, 23212-23224 (2013)
Sugiyama, H., Akazome, Y., Shoji, T., Yamaguchi, A., Yasue, M., Kanda, T., Ohtake, Y.
Oligomeric procyanidins in apple polyphenol are main active components for inhibition of
pancreatic lipase and triglyceride absorption. J Agric Food Chem. 55, 4604-4609 (2007)

Miura, T., Chiba, M., Kasai, K., Nozaka, H., Nakamura, T., Shoji, T., Kanda, T., Ohtake, Y.,
Sato, T. Apple procyanidins induce tumor cell apoptosis through mitochondrial pathway
activation of caspase-3. Carcinogenesis. 29, 585-593 (2008)

Choi, K.C,, Park, S., Lim, B.J., Seong, A.R., Lee, Y.H., Shiota, M., Yokomizo, A., Naito, S., Na,
Y., Yoon, H.G. Procyanidin B3, an inhibitor of histone acetyltransferase, enhances the action of
antagonist for prostate cancer cells via inhibition of p300-dependent acetylation of androgen
receptor. Biochem J. 433, 235-244 (2010)

PRHEIE, TERIRE. T a7 pe 7= MM G 5 =2 0F), WY T — L GH
FHORIHS- T DREFENEE L > —T b —HRR, B p.p. 256-264 (2007)

-39 -



A B

Polyphenols Polyphenols

Th-T assal Th-T assal

. AB42 48 h-incubation (37°C) Y P42 48 h-incubation (37°C) y
&2 = -=
§100 50 i
T -
o 80 4" = e
I B 40 Ve
[)] T c I’
o 60 %L*---...._...-_ o g o B e mmmees --@
@ B - = 30 ," ,” *
T : ] £ e
340 N 2 S e S
= @ = -y c /,// q*} :
% 20 b “-._ns ____""——-_‘_____ ns § 20 o P & -3
© B e 9 E -
= 0+ T =% ) &
T 0 20 40 60 80 100 2
& Concentration (ug/mL)

-2 Apple polyphenol (AP) 0 . : i : . . .

#- Procyanidins (PCs) 0 12 o4 3g 48

-E- Monomers (MNs)
Reaction time (h)
-8 AP (1.00 ug/mL} -&- PCs (0.65 ng/mL)
-E- MNs (0.35 ug/mL) *- Vehicle

C
Polyphenols
Th-T assa
- AB42 48 h-incubation (37°C) 1 y
50
=
E 40 - /)f'@_—_-_-.-_-—-_-:_ .-;:.'_“_':E‘
o P *
£ - 94{/ T =
830 /@g e
= 7 /;””//”. *
© #
5201 s
@ PP
& ol
T 104
0 T T T T T r
0 12 24 36 48

Reaction time (h)

& AP (1.00pug/mL) & PCs (0.65 ug/mL)

- MNs (0.85 pg/ml) -»- Vehicle
Fig. 3.1 Apple polyphenols and procyanidins suppress A aggregation in vitro.
A: Dose-dependent suppression of AP42 aggregation by polyphenols as indicated by
thioflavin-T (Th-T) analysis. Various concentrations of apple polyphenol (AP),
procyanidins (PCs), and monomers (MNs) were incubated with AB42 (final concentration
20 pmol/L) for 48 h. Different from 0 h (baseline), ns; not significant (P > 0.01). B, C:
Time-dependent AB42 aggregation in the presence of polyphenols as indicated by the
Th-T assay. B: Ap42 (20 pmol/L) was incubated with AP (18.0 pg/mL), PCs (11.5
pg/mL), and MNs (6.5 pg/mL). C: AP42 (20 umol/L) was incubated with AP (1.0 pg/mL),
PCs (0.65 pg/mL), and MNs (0.35 pg/mL). Differences compared to vehicle groups, *P <

0.001. Values are the mean value + SEM, n= 5.
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Fig. 3.2 Apple polyphenols and procyanidins extinguish AP precipitation.

A: Microscopic observation of AB42 precipitates by centrifugation in the presence of
polyphenols. The aggregates were observed by 12.5-fold magnification. B: SDS-PAGE
analysis of soluble AP42 peptide of supernatants in reaction mixtures. Arbitrary density
of monomeric AB42 bands was calculated in the right column, 5 uL/lane. C: AP
concentrations of supernatant and precipitate in the reaction mixtures. AP (100 pg/mL),
PCs (65 pg/mL), and MNs (35 pg/mL) were incubated with Ap42 (20 umol/L) for 24 h
and centrifuged to fractionate supernatants and pellets (ND: not detected; differences
compared to vehicle groups, ***P < 0.001, and *P < 0.05). Values are the mean value +

SEM, n=3.
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Fig. 3.3 Apple polyphenols and procyanidins dissolve AP aggregation in vitro.

A: Dose-dependent dissociation of AP42 aggregates by polyphenols determined using
Th-T analysis. Samples were preincubated with AB42 for 48 h (final concentration 20
umol/L) and then incubated with various concentrations of AP, PCs, or MNs for an
additional 0.5 h. B: Time-dependent AP42 deiaggregation in the presence of polyphenols
determined by the Th-T assay. Samples were preincubated with AB42 (20 pmol/L) for 48
h and then incubated with AP (360 pg/mL), PCs (240 pg/mL), or MNs (360 pg/mL).
Differences compared to vehicle groups, *P < 0.001. Values are the mean value £ SEM, n

=3.
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Fig. 3.4 Apple polyphenols and procyanidins restore viability of PC-12 cells treated with
AP42.

Cells were pretreated with various concentrations of AP, PCs and MNs for 1 h, and then,
incubated with (A) or without (B) 1 umol/L AB42 for 36 h. Cell viability was measured
by the MTT assay. Values are the mean value + SEM, n = 3. Differences compared to the

control group (0 ug/mL), ***P < 0.001 and *P < 0.05.
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Fig. 3.5 Structures of several polyphenols and antioxidants which show neuroprotective
effects.

A: Taxifolin, a flavanonol from silymarin (Silybum marianum) seeds, that is the major
active constituent of silymarin. B: Myricetin, that is a naturally occurring flavonol found
in some fruits as well as other plants. C: Curcumin, D: vitamin C (L-ascorbic acid), E:
EUK134, F: vitamin E (a-tocopherol), and G: a-tocopherol quinone, that is derivative of

vitamin E.
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o 4 F

VoARY T = /=L Dfg BT DEAFRA~D R

AGi LD 3T, VAR 7 = /) — U AP)RTIRAR B XL X (AP R CHREEZ I
HL. AR ICL DML EZINH] T2 D360 E720 | AP N BLIERZ A T2 T aEtEA2 RL
2o —J7CT AVERNT in vitro TOERTHY | EFITARDPMBILTZBEO ZLMEIBEREIZ D)
TEHALLTIERW, 22T, KRETEH, BLLFMICEDIRET VEY THDLH R
(Caenorhabditis elegans)% AV T, in vivo TD AP ([ZEAHECIEREMGE T AL LT,

FrEE, BRIEDSIEEIY THY | 21K 19,000 fE, (ARIZ A TH 1 mm THY,
PRI 1,000 DD, SREINORIH L, K93 H TRHERICARY | Z DR MERER A TIE 3~4
H CREPNZ#& . FFnid 3 HFRRE THDHD, BT DK 4 FNIEMIRFIN, AmBlGoH
ARHYIR 5y FRERE IS O IRE MR B 20, AfERE I LA AR 2 7y MUT= b e AL T
BY., Faa il E T AL B SRS LI ENFER SV TODO, BR324 BRI
HONDEBGLEL T EBIEOR T, RE O, KN OZefupE L, Il 35 EH, 15
Zfii, BB ~OIRNERRE DBIEESNDL®Y, # I 1T D m ) — il R CIE, IZFLFALE[H

\AETERN B 2@, RS TR, B4 E OFRE R EOAFRER ESE50, £
7o RV T2 )= N O—FEThHD trans-L AT — WIZLDEAFH M FAERIZIE, BEANARLT
TFAGEESE Sir2 DI 5-L T Z e S Tnb o),

AREETIE, AP, PC, BIROH RN T O D F i (EF )R T D5 BA TN L 7=,
[FIRRIZ . BRAL AL AN RS2 mev-1 28 BARHE BT 9~ 2 AT A~ DR BT DUV TIRREL T,
F7. sir-2 ERIKZ VT, PC OAELFR BRI G4 ZMAEL -, S5IC, FhRZEVEEE
SEARTE R UKD PC DEHE R~ D B DWW TREEL T2, ZHHOFRERZ @ L T, #j
B4 V2 AP BE O PC DAERIZHRT DHIZLERIZ DWW TREEL T,

42 MEHBEIOTIE

4.2.1
AP, PC BRUNE/~—[Hi 5y ORI 15 B OV HIEILS 2 Tl ~7z, rrans-(-)-L A
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FThr—/L(RV, #EE 99%LL B)iE, Sigma #AEH LIz, (-)-TEHTF(EC) (M 98%LL I,
FERAS R IT, ol T3eMAfE L7,

422 HERAEY

AT 28 & U C, Caenorhabditis elegans FEWETRL N2, fem-1(hcl7), mev-1(knl), 33 KX}
sir-2.1(ok434) 2 L=, &2 TORRIL, C. elegans FEYER BILIZHEST=D, & F BT
Caenorhabditis Genetics Center (CGC)&EW ATFL7o, s A R (YFP) Al A LT 40 5% 2L
DRV T NAAFER (polyQ)E T T DF L Q40 1K1T., KE ) — AT = AKX KEFED AR+
MO ESN®, fE KO R —bI7 AR, BEBICHE 720, T b IlZrfF LI A S
T VAV R A O T LR OFR RV iEL | -7 IRZ Rl T, 100 mM NaCl BXT
50 mM KoHPO4-KH,PO4 # & R (pH 6.0)2°5H8% S-HAHE RS #iH T 20°C T b w7z, F# b
#O L1 R oSh % 200 ug/mL ORiEEEARN- 7 h~ A2 (Meiji Seika 7 7 /L~)e &AL, K

B OPS0 #R% A L7t 2L B 1S Hi(nematode growth medium, NGM)ZE K7L —hk E~BL
20°C B LT,

4.2.3 LAFRMIE

R b 3 HROF 5-10 IED R iz | BFEAR) T = /) — Va8 I v D FEIRZANTHIT 5726 10
uM @ 5-fluoro-2’-deoxyuridine (FUDR)% & A L7 NGM £ K7L —k E~BLEZ T2, ZHH0D
BRI, v A7y MBI ORE K Z VT, 2 HZEITH LW~ U R 7o, B A7
RSB L Ip o e L&A S TR L LT, ARAEAFSRAIERBR Tl RV &G R
U700,

424 EERAE

N2 BEO fem-1 # U, Olympus FRBAMEE SZX-12, Leica DFC300 A7 3L Leica
IM50 v4.0 V7 "y =7 2 L Tlisg LTz, IRR L, i LIZ % T Leica Qwin Plus v3.5
T =7 W TCERELE,

4.2.5 BT F NAGIEERE

BRVT = )= I DT B F ARTEMERIE X, SIRT1 Fluorescent Activity Kit (BIOMOL)
ERWTELZ, 7EF LT FREEEL T, p53(379-AcK382)-‘Fluor de Lys’ (FDL)% H
WA, 25 uM OFEE 25 uM @ NAD, 3500 0.02 U/pL @ SIRT1 A HWT 10 43RS
St TETF LT FREEEEL T, histone H4(12-AcK16)-FDL &\ =& XX, 125 uM D
FE 50 uM D NAD, 100 0.02 U/uL @ SIRT1 Z FV T 60 23 B SGEE 7=, PC MRS

- 46 -



FIETHEXIT, BT BT UL FDL AAROE EIREITRTL THEN W L2 HOLNUHERL
77

4.2.6 Q40 EEEMAMIE

AR Q40 {RIZ, YFP Z @l & L7z polyQ BEEE N2 AR AN Z W TR 2@, ¥ b 3 A%
DENNS5-10 JED R % PC & F A, 232 FEIRZHN 95728 10 uM @ FUDR %5 A L72 NGM
FERTV—h E~BLEZ T, ZNHOM BT, v/ 7re Xy MBI FEAKZHWT, 2 AZE
IZHILWES I~ U 2 72, b5 12 H1ZIZ, Olympus ‘#E FEARBAMEE SZX-12, Leica
DFC300 # 27, X0\ Leica IM50 v4.0 Y7~y =7 2 LU CHRE L, BEEE R A G LT,

4.2.7 HeEHmEAT

AT IE, SPSS V115 Y7 My =7 2 LT, AEAF MR DIRMERRE B L O P I
Log-rank #EEZENLTZ, P < 0.05 Zf EELT, sBRRER O V- E L #Z T, Student's
unpaired t-test, 72X HHT (ANOVA) (2L T 77z, RERREM DL EELIX, £ D% D
R E &L T Dunnett £ T{To720D,

43 FER

43.1 V3R 7= ) — VO G 28 AR BB D EF R A~D R

AP DHEACTER Z I ~57-0 , B AR BIC B DA ERENE LT, 7 R (Vitis spp )l a
FNLERVTZx/—/L RV OFGT B, vavyaunz BT I77 00 a8 OEYT, A1F
P ERASEHTENHESILTNDHO10-12-13) KEETIE, RV Zft MO AR5 BRI BT D51
KIRE Uz, £77, BPAER N2 BTk D RAMRREL 72, B5HI~D 65 ug/mL @ RV IiINZE
0, BPAER N2 R OAELFRITR R LN TH RIS EA L, B R EHOBIG 3B EHRE
[FIFEEE T 7= (Fig. 4.1A, Table 4.1)10, §5H1~0> 100 ug/mL @ AP #INZED . N2 BLOARLE
ETHD fem-1 B RO ELFRITA I AL PEFRITTNEIN 12.0%BL05.3% EFL
7-(Table 4.1), F5H#i~D 65 pg/mL @ PC FHINZED, N2 BLO fem-1 KO AFERII R BEEE
HARTHEICER L, BEEOYHAEFERID 121%BX0 53% EFL7-(Fig. 4.1A, C, D,
Table 4.1), £7=. PC ORhEITH BKIFH T -7~ (Table 4.1), PC 1215 N2 BL O fem-1 # A2
KT HE B AEFAREOM EX, ZE 4R K O3 [BIOFRER CRELME 235541172 (Table 4.1),
65 pg/mL O PCIZ A4 A _EiL, 100 pg/mL D AP ([ZX 5[0 EEFRRE THh -7, HRAYIZ,
AP NEFERIL 72 BRI Sy OEF i~ 35 pg/mL ORI, £7203 AP OB EIKE /Ot %<
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ZE®5 EC O 65 pg/mL OEFINCED, # RO AFRIT EF Lo 7= (Fig. 4.1C, D, Table 4.1),
LLEED AP 5L PC 3RO FHRZ FHR-IEHZENBNEIR -T2, 65 ng/mL @ PC, 35
J V65 pg/mL O RV OFHNIE, K E . WHIEO R 708, HDHNLPEINEN B 3720 > 7 (Fig.
4.1E-G), LA EJD PC & RV (FHRMOAFNE, BEFFEIL BLOFEINE~TEL W LA R
L7z,

432 VAR 7= /=N OEGIZLD mev-1 #BRIZHITDAEFFA~DORE
:ﬂi?ﬁf§$/E\E%T/ﬁ?\ﬁi@%@ﬂ&mdmstﬂQE%IEﬁDﬁ?#VﬁV
—MNEGCG)ZEDOHALE X, M B O A7z LT 52 eMHESINTNHEI, (T
EGCG ? 220 uM (100 pg/mL) ALERIE, N2 ff D FR)EAFRZ 10.1% LA LI ARIFFETD
C IZED ERL-UIZNEFRFRE Cholz, £ T, PC O HRIZBIT DB AN RIZK T2
TERZR D780 R LA AL DM AR THD mev-1 (knl) FHEIONT3FLT
PC EEL7= L&D EFREZRE LT, PC X in vitro \ZBWTUIIROBIRLIER 27332307,
mev-1 F{H -~ PC @ 65 pg/mL ALERIE, 20°C LN 25°C CTHEGFRIZHELE 5 2 /) 7= (Fig.
4.2A, B, Table 4.1), XfFRIYIZ, RV 1T mev-1 FREIZHLCTAEFERN EEHAREO DI (Fig.
4.2B, Table 4.1), PC 1% mev-1 #f M DEAFRITHEL 5 2 2P LIER 2 REan o7z,

4.3.3 VAR T = )= VD 5T I D sir-2.1 8 B RIC I D AR RA~D R

ZAVETIT RV I, Sir2 (KAFHINCFE 2 DA O L7 E N ESELTENREINTND
©1012-13) ' pC DAELFRRE LIERICEK TS Sir2 OB GETRD01C, Sir2 {EMENKIELE
sir-2.1 (ok434) 75 BARKR I LT, PC 2L 722 & DA TFR A 7=, 100 pg/mL AP, 65
ng/mL PC 35310865 pg/mL RV OAMERZ X0 | sir-2.1 BRI BR ORI T EH LR
73> 7= (Fig. 4.2C, Table 4.1), L7=23> T, ZNHDLAMIE Sir2 IKTERNTHR RO A fF R A H) B &
HHZENHERS LT, RV 1, Sir2 3L SIRT1 #2237 EFEIER L TIEMEL T 52808
WESNTVDGI0, 22T SIRT (K LT PC NEBERZGEIELIERZ R THEINITONT
9572, BN SIRT1 & W TH AL E ps3 B8 L B AR HA 2K BT B F ALTEMHFE
iz e IC kW T o7, 20 pg/mL @ RV LELE SIRT1 {EMEA2 A EICHFRLIZA3, 20 ug/mL
PC L1020 pg/mL EC ALFEIT SIRT 1 {E ISR 8% 5-% 720 > 7-(Fig. 4.2D, E), LA EJXD PC X
RV SR DERIC Lo TR RO AR E ] L5282 HLMNIC LT,

434 VAR 7 = ) — O 51235 poly-Q EEHEAR HRIZ BEEE NI R~ DR 2

PC OAENIZEITHRY ﬁ‘/v&:y(polyQ)@m%MK%ﬁJ‘zz:iﬁ‘ééﬁ%%é)ﬁ&ék&)a:\ Baf
HAAZ B T D Q40 i A®Z W T, PC ALERIZ LD polyQ HEEE IR EELT-, 12 HilislZh\W»
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T, polyQ-YFP A HEEE R )NHR th R FR e | Bl 22 S 7= (Fig. 4.3A, B), 65 ug/mL PC ALER |
F0 | xHIEREL I~ T polyQ-YFP @l S EEE (ARSI A 2 L7=(P < 0.05, Fig. 4.3B, C), LL L
X0, in vivo IV T PC AR HUZISIT HNTEMED polyQ EEETE AR L THIRIER 26/ 352
LEPBMIZLT,

4.4 B

AREETIE, FRRAE VT AP BETU PC DAFFRITK T D B2 T i L 72, AP BL U PC 1%,
WP AR R D A AE SR A ) BT AR ABINC U, RS OIER L, ZILOMEFT S HH S
I, B OFFERIHISNIZZEATERL TRY, AP [T IR U CHIALIER A A 35 &h5
L7z,

AP DFERLIT, HEOS L 12 PCA LD MU EC ZIXLDET DI THAH, a7
=/ — VIV TR O B ARRY 7 = ) — LB [D(Table 2.1), AREETIX, AP & PC D& A3,
[FIREEE (AR A LE 2 DD & AR U, SERAYIC, AP HEKE 2y I L O EC BT A17
R ELe o7, HEKES OB OEOD EE R/ an s U ERIZHOW T, 7 — U —H
ko raaF  BORBA~OE G, EFERICEEL B2 RN ZERRESIL TN, Pl
. AP OfR AL BRI B RIT T 72D 0 1E PC SHfEgs T,

ARETIL, PC DMUOFERLAILFRIRRIZ, BRI T 24FF N HEREZA T2 H0)
(2 U7z, PCIAEMRSN TR 72 i b E 23 52030920 Bt AR A2 55 < A 72 mev-1 728 5
RICK L TR A~ORBI IR SNSRI 2R ToBILIEMITEED B
7einoTe, ROS SR O ELFREDBEFRIZ-OV T, Schulz 5%, MRV A(mitohormesis)2h F-
[ZOWTHREL TN2@Y, ZiuE, el —HilfRN R 2 S 72537 v a— I BRAN, #j oD A A7
i) B3 oLEbIZ Iha YT REZRAEL | [FIRFIC ROS PEAEELINSHE, ROS DREAN
AR BBV RAERTHILL TS, LAl MiZEE S T TR LA 22575
ZEIZEo T I a—RHIIRIC LD AN R RDBFHRE S L7, Hle( kAl o e 51388 T
BOTHPULLAEFROM EEAZRSRNIENE, BAEIZEITH ROS LAEFROBROME
NZ DWW TS LR AMRAED UL EETH D,

WO T v F WALEESE Sir2 (X, P —F 2/ 77— —FETHY, BERFNOENE TRIFES
NTEY, HMIEEL RITTRFEEG L THLRTNH10), — 5 ALy THD RV
WCEDAEFHER EMERIL, Sir2 IKFITHAZENRE I TNHG101213) 2 ¢ PC [ZLDIE
MNROWFERDT- | Sir2 {EMENRIEUTZ sir-2 ZZ BB HRITKIL T, PC 2B 72X D
AAFRER~T2LZ A, Fig. 4.2C IR T X2, RV ERIEEIC sir-2 28 BRSO A fF R 1T A7
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T Sir2 ORERERBIC KV AEFEN L RBHEISNLZERHB) o7z, — 5 RV X,
SIRT1 \ZEFERNTAER LTI £ F /ALBOG TG LT 523610 PCIC LD E Y72 SIRT1 &
PEALVE RS L7 -T2, LIZ3-> T, PCIX RV L3 #7225 Sir2 (KR ERIZ L - TR R
DAETFFREN LT HZENB 2O, PC 128D Sir2 2/ LIz AAFHm HEROMFEL T, 2
DODOFREVENR B 2 DALz, 10 BIL, sir-2 BIR T DRI LH-THD, sir-2 BIoFOFRBHEMIT,
MR DAELFRE N T DZEPHAESTNDTD@) sir-2 in 1O BLHI 123 B 45 g
M35 (Fig. 4.4), 20 B, Sir2 iEPEIZE B/ il 55 ThhH NAD ORI CTh 5 (Fig. 4.4),
COAGRAERRFET HT2DIZIE, B RERNUETHSD, — 7, Wilson BT, 7/b—~_U—H %K
D PC #5373 Sir2 FERAFHNAR RO AEAF 3R A7) B9 2L L CR0IS REDORE R LT RS,
COBMELTIE, 7 —_U—HDR PCITEHEGEN 10 B AL &0 FR M THY, 1o U
CAITEENLRN A ZAT D PC 2% G T, 7)L—~Y—LY AT, PC O T- BB X
O FHETE DR RIS R ETAEN DD LB 2 HNDT-0 | (EATEICHHERHHZENBESN
77

Hal) —HIRIE, BEOEFREE BT 5, eat-2 75 BARBR BT, EAICEG-9 HIHTER 7
RERE I L > €, REHEIREN BRSNS 720 hEMEL, BEHEEREM LT LRI TH
2@, AWFFETIE, PC BIOFEIZEIOLT | #EOIHIER B 7, BLUERIZEN
BN -T2 DD, PC IFEHEIREAHIRL T2l BEW PC OALEHEN LE
M a) —HIBRE IR 5L UV NZEDRIB ST,

55 3 T T, in vitro TO AB %% PC OEEIMHIEHZBAGNI LAY, BLERERANZ 21T,
ARETIFIAMRAT polyQ DEEMHINEH A i@ L7=(Fig. 4.3B, C), Ehrnhoefer 513, HEZ8 H 2K
EGCG 7% in vitro T polyQ & & Te # 2 NI B DIAR— VT 40 T ol T H LA L T 50,
ARWFFETIL, Q4083 Hiz IV TY = PC 23RN T polyQ BEEE A Il T~ 22 L4 WO TRLT,
PC I, in vivo T polyQ 29 D EMEICK U CRERT D& IR 1L 725 nlREME AR LT,

AWFIETIE, PC ERV 23, BPAERRR KU CALFRO LR ENERRE 2R3 22O
L7z, RV X, @R~ T A TOAEFER R FAERSRESACD ITEE B SND R Th
%o RV 1L, TR DR RIZE EFNDRI T = /) — )Vl Gy ThHTD VAL DOHFTH, Rk
O 1-Z LS O BIERET DRY A NCO R RAAFIET D, $HHRANIC, PC 13V Bt
RIRTALHUNZ RV KO @R E THEET 282, RUALNOMLERED RV 28T 27201213
ZEIEBLETHY, 7a— L EHEEE /2> TLED, PC XV AL DAL T KD R i
U LT VWE CERE CIAET 5720, RV OB 2G5 22 TR T, &<UICH
RNE L 22V AR T = ) — VIR & L T 2B TR Il E O & S a5y L e D Z &3 ]
rrEhs,
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4.5 B

ARFE T, BRI C. elegans % AW T AP BEXOZFDEK 53 THD PC DEFRITH T 2%
LT, ZO5ER, 100 ug/mL O AP IANCED, BFAER N2 BI O fem-1 # RO ALFERIZ[R)
FRICHEREIZ EFLP < 0.0001), FEEFFRITHREEL LR TENZIL 12.0%B L0 5.3% E5-
L7z, 65 pg/mL @ PC FINTED N2 BEO fem-1 #REAOALFRITHBREL LR CTHEIC LS
L(P <0.0001), “FEAEAFERITHBBEL LR TENE I 12.1% 3L 8.4% 5Lz, F/=, PC D
BIRITABRERTHY, RV LRISEOFTH o7z, *IRIIC, EC IRINIAEFRICHEE
ZIRMoT, AP BINIA R BRE, BROPEIMIIC #2532 720 o7, PC 1%, BR{LARL- A
MHIR U7 T D mev-1 2 BARDETFRITHEE H- 2 7eh =Tz, IHIZ, AP BIO
PC 1%, RV LIAIERIC, EARSI T £ F /ALEESR T —TF a7 70 —D—F Sir2 1&M
KRIBUIAR R THD sir-2 L IRIROAAFHRITEBE 5.2 70072, LLEXY, Celegans (Zx13%
AP OAELFER FAERICIE, Sir2 2B 5952 LAV RS-,
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Table 4.1 Effects of procyanidins from apple polyphenol on the lifespan of C. elegans

Mean of lifespan  Log-rank test

Strain Trial Temperature Treatment n % change
Days SE P
N2 1 25°C Control 51 19.4 0.46 - -
0.65 pg/mL procyanidins 50 19.4 0.35 0.6566 0.2
6.5 pg/mL procyanidins 50 19.9 0.47 0.3686 2.6
65 pg/mL procyanidins 50 22.6 0.52 <0.0001 ***  16.6
2 20°C Control 47 24.6 0.65 - -
65 pg/mL procyanidins 48 26.9 0.54 0.0140 * 9.2
65 pg/mL resveratrol 48 26.7 0.66 0.0063 *k 8.5
3 20°C Control 50 23.1 0.39 - -
100 pg/mL apple polyphenol 50 25.8 0.55 0.0001 *E12.0
4 20°C Control 49 23.8 0.35 - -
65 pg/mL procyanidins 48 26.4 0.36 <0.0001 **  10.7
5 20°C Control 49 23.8 0.36 - -
65 pg/mL procyanidins 48 26.7 0.43 <0.0001 *** 119
35 pg/mL monomer fraction 48 24.9 0.27 0.0678 4.5
Sfem-1 1 25°C Control 59 20.4 0.32 - -
(hel7) 100 pg/mL apple polyphenol 55 21.5 0.37 0.0017 ok 5.3
65 pg/mL procyanidins 60 21.5 0.32 0.0150 * 5.3
65 pg/mL resveratrol 60 20.7 0.49 0.0239 * 1.8
2 25°C Control 30 19.3 0.87 - -
65 pg/mL procyanidins 30 22.4 0.66 0.0098 ** 161
65 pg/mL (-)-epicatechin 30 19.9 0.73 0.9968 34
65 pg/mL resveratrol 29 18.0 0.76 0.0739 -6.7
3 25°C Control 45 18.0 0.29 - -
65 pg/mL procyanidins 45 18.6 0.41 0.0559 3.7
sir-2.1 1 20°C Control 61 20.0 0.76 - -
(0k434) 100 pg/mL apple polyphenol 59 18.9 0.60 0.0248 * -6.0
65 pg/mL procyanidins 53 18.6 0.64 0.0171 * -7.0
65 pg/mL resveratrol 58 19.9 0.63 0.2610 0.0
2 20°C Control 41 20.9 1.00 - -
65 pg/mL procyanidins 39 20.9 1.14 0.9004 0.0
65 png/mL (-)-epicatechin 32 20.1 1.23 0.5247 -4.0
65 pg/mL resveratrol 40 19.2 1.12 0.0222 * -8.0
mev-1 1 20°C Control 50 194 0.70 - -
(knl) 65 pg/mL procyanidins 50 19.8 0.57 0.8377 1.9
2 25°C Control 74 13.1 0.24 - -
65 pg/mL procyanidins 70 13.5 0.26 0.2124 3.6
65 pg/mL resveratrol 69 14.0 0.37 0.0088 *k 6.8
Log-rank test P-value compared with the Control (untreated worms). ***P <0.0001, **P < 0.01,

*P <0.05.
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Fig. 4.1 Apple polyphenols and procyanidins purified from apple polyphenols extend the
lifespan of Caenorhabditis elegans.

A,B, Survival curves of wild-type N2 worms treated with 65 pg/mL procyanidins (PC),
65 pg/mL resveratrol (Res), or 100 pg/mL apple polyphenols (AP). Control experiments
(Cont) were performed without treatment of polyphenols. Treatment with PC, resveratrol,
or AP significantly extended the lifespan of the worms compared with the control
treatment. The survival statistics are summarized in Table 4.1. C, Survival curves of
wild-type N2 worms treated with 65 pg/mL PC or 35 ug/mL of the monomer fraction
from AP. Survival statistics are shown in Table 4.1. D, Survival curves of fem-/ worms
treated with 65 pg/mL PC or 65 pg/mL (-)-epicatechin (EC). PC significantly extended
the lifespan of the worms compared to the control treatment. Survival statistics are
displayed in Table 4.1. E, Body length of N2 worms (day 11 after hatching). Treatment
with 65 pg/mL PC or 65 pg/mL resveratrol had no effect on the body lengths of the
worms. Values are shown as the mean value + SEM, n = 25. F, Pharyngeal pumping rate
of N2 worms (day 5 after hatching). Treatment with 65 pg/mL PC or 65 pg/mL
resveratrol had no effect on the pharyngeal pumping rate of the worms. Values are shown
as the mean value + SEM, n = 6~7. G, Total number of eggs laid by the N2 worms.
Treatment with 65 pg/mL PC or 65 pg/mL resveratrol had no effect on the number of

eggs laid per animal. Values are shown as the mean value + SEM, n = 6.
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Fig. 4.2 sir-2 mediates procyanidin-induced longevity.

A,B, Survival curves of mev-I worms treated with 65 pg/mL PC or 65 pg/mL
resveratrol. PC had no impact on mev-1 lifespan. Survival statistics are summarized in
Table 4.1. C, Survival curves of sir-2.1 worms treated with 100 pg/mL AP, 65 pg/mL
PC, or 65 pg/mL resveratrol. Treatment with AP, PC, or resveratrol had no effect on
longevity. Survival statistics are summarized in Table 4.1. D,E, Fluorescent
deacetylation assays with human SIRT1 using the synthetic fluorogenic substrates p53
and histone H4. Incubation with PC did not enhance SIRT1 activity. Values are shown
as the mean value = SEM, n = 3. Different from the control group, ***P < 0.001, *P <
0.05. Abbreviations are as follows: Cont, control; Res, trans-resveratrol; EC,

(-)-epicatechin.
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Fig. 4.3 Procyanidins reduce aggregation of C. elegans.
A,B, C. elegans Q40 strains (A) and treated with PC (B). C, The number of aggregates of

Q40 worms treated with PC (12-day-old). PC significantly reduced aggregates of worms.

Values are mean value + SEM, control, n =18; PC, n =9. *P < (0.05.

-59.



Procyanidins
'——
Enhancement ? .0 '0. Upregulation ?

NAD*
salvage pathway *@—’ Longevity

Resveratrol Activation

OH

Fig. 4.4 Model of the longevity effects of procyanidins mediated by a sir-2-dependent

pathway.

- 60 -



=

%5
VAR T = ) — /v DT R R Mn-SOD KB~ AIZH1T5

FRAL AL 235 X OV 1738~ 0D B

Z2l
=

51 &5

LD 2 BT, VAR T = /) — /W AP)DERIZ LY, Ty kol thal 27— ViE%
IR, Tl CoaL 27 o — AR F OB EH AL LA WIHNI LT, Fio, 5 4

%, BRIRT AP OG- NAEFREE R B, ZOHEERITEEED ETRAESNTND
EFHBIEFLIND NADUKRFEARA T B F ALEESR Sir2 M GO RHHZEN RS
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{bE=T VAEMZE FAWT, in vivo TO AP IZEDHTBLER OREE, BLOWERLIEH &tk
TEMEDOBENEZRRRE T D2l e LTz,

TEVERE R FE(ROS) D E A LHTRALBAHE R DT U ADBREIL, B L AR A& 5[ &L, #
Wt E . BLOWRREREF A OO ZENMBILTNDD, Fiz, B L F O LR Bz i
FTHIEDRHEZINTNDEC), DNA FOTAX LT T ) IS EI T TERT D 8-A4F-2-
T AR T T ) (8-0x0dG)FAERD DNA (b E~—H—EL THLAIL T D(Fig. 5.1)9,
L7z~ 7 ADNE# 31T 5 8-0x0dG D EZ 5§t~ T AL T 2L Mifa /b2 T L72F
ORI Z W AR THD, I, DI, BRI T, DB 5L REFLTNDO),
ZDIH MBI I TIE, MBI o7 ROS PEAEDHINNDS  DHERESL F 2R T2 LD /R
SILTNDED, —T57  EEDBAHTLHEEEER DOD | A=/ "—FF AR (0:7) & H0, LR
TR T DEEFE L L TA— =4 F P AR ZALHZ—F (SOD) M3d5, SODIZIF3FEDT A
VYA I, copper/zinc-SOD (CuZn-SOD), manganese-SOD (Mn-SOD), 35X TN extracellular-SOD
(EC-SOD) 23®V, TNZFVMIIRE, Ih=a RUT | BL OIS & M {TEL TB0), Ih=
YRUT CORBERIV CBBERIGSDRIFEMEL TAELD 01, IR RUT O~ N ZRITHET
% Mn-SOD |ZE->THESNDHTZH Iha RUT TOHEELIZIEL, Mn-SOD 738 Z7p 5 E| 21
DEZEZBND, ZHVET Mn-SOD & UMEBIE R B EDBILRIZ OV T, BEMIISITS Mn-SOD &
B SRR MELRALOARE (DCM) LD BIE MR E S TND 00D, — T A H o
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R BINCRBLT D7V 7 F o5 —8 (MCK) o7 ve—2—flffl F Ty Tidlal O
FH)Z Mn-SOD % KIEL7Z~7 A (heart/muscle-Sod2"-, H/M-Sod2”") Z/ERLL7-09, Zo/K4E
~ 7 AD U KOV EEE R~ D AL LR LT L2 A DR E &I R EEBIZ EAL,
DEI—=PLAEENBRITILRIRD BV, DEEREOZFLWME T BRI, DD HEEL
=R R T OMERSE A RIEIEITK T L, 2087 BL L TO MR SE AR ORI G #
&7z, ATP OFEAEENRD L, O OEARITIMU-, UL EXY IGHEBEREEICLSO
AN RUTBERE R DA RFEIE D AT = A LRSI G- L COD T EN RS LT, 1l O
C57BL/6 2~ D AITHFMMN 2~3 FEDLTAH | AKKFA~T AIHRLELIZ DCM AT 52812
Fo T FMITRARN TR L2 o7, RRIB~U AL, AEMED ROS 2353 HEhD.LA
BOWEFNREFET 5 ETHd THATHHEELIZ, MERcEb7a>T EF$5 ROS I2L-
THEATTHEREGEICHTHEM O TR REMGET DERET LELTHMEE DN,
PR R ST EEHERFE R L YRR D TR D7D IS B A B A i & U AL S, diIERk
K TR EL ., @EEEHERFC QOL M) EOE BN HIFFSILTnH09),

ARE T, WRPEOE R ERE AR AL > TEEDMEEICHET T 2T L~ T ADE
ERBLOBEARN K5, Sl b & LTI SIS AP OB Z OV TRREELTZ,
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Fig. 5.1 Structure of 2'-deoxyguanosine (dG, left) and 8-oxo-2'-deoxyguanosine (8-0xodG,
right). 8-0xodG that is an oxidized derivative of dG is one of the oxidative lesions in

nucleic acids.
5.2 MERBLIOHE
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5.2.1 I
AP, PC BLOVE /) ~—H 2 OB L OV HiEIT, &5 2 2 2.1.1 [CHEHLL 7~

5.2.2 fEHEW

H/M-Sod 2= D A TARSNZHRGIZID | Dff B R 5 TREZEYIZHRE BT S MCK 7' —F—~
Cre Vo B —BZHfE LT~ AL Sod2Moviox <07 2L D AW F o THERLL 7=, ARBFFETIX
4 RBRREE TR E LT, 77005, HM-Sod2”- (R~ A), HM-Sod2”+AP (RIE~T X AP £
). Sod2flox/flox (i <7 2 [XHClE Control £ZRFL), LN Sod2flo¥flox+ AP (k<172 AP
B, [ H Tl Control+AP L3KGL), AP #EHHE Tl AR EZNOLEUCK LT, £72 3 s
REDBEFLIZ ITACEI K EL T 0.1%(W/iv), E721% 0.5%(W/v)D AP % & Te/K%E H HBRESET-, #E
X7 U E M Mn-SOD K~ A (Rosa26-CreERT2Y, Sod2fox/fox) 13 ROSA26 7' 1€ —
4 —-CreERT2 v 7 A& Sod2fo¥flox <17 2L DAZFAZF - THERL 7209, w7 AT _T, 12h D
PA27L (08:00-20:00) D F TIHFEAR TV —D AT fE% (23.5+0.5°C) IZBWTTTAF v
r—YWNTHIE Uiz, fil 5 B L ORI T X CHAHEE AR AT, BLOTHERF
DEW) EBRFEEE B 2L TKRENZLDTH S,

5.2.3 MRSy 3 AT
IVTF U RARFF—E (CPK) HIEDT=ODERIMIT, FRERIR)DIT -7, 1fLiE CPKAEIL,
Cica Liquid CK (B#{LF) ZHWCHIELTZ,

5.2.4 C2C12 #lfuAfE FH L 7= iR LA FH ORI &

~ DA A C2C12 Afa (RCB0987, BLff A AV —REZ—)E, 0.1 £721E 1.0
mg/mL @ AP T 30 57 [HA>F 2~<—kL, PBS C 2 EVEE# . 200 umol/mL H,0, & & Tek5 i ©
1 RS2 Lo, HoO MEINBEA KT IRE LT, 2D, PBS THFL . HoO0, 2L ORFHIAZTRINL
7oo HHMUH, AP 10mg/mL CTHIREMEZ RS2V EA MR LT, MO ROS LLIT,
5-(and-6)-chloromethyl-2’,7'-dichlorodihydrofluorescein diacetate, acetyl ester (CM-H,DCFDA,
Invitrogen) Zf# L CHIZEL 7=, CM-H,DCFDA 1%, Hy0s, ER XL TV 00 BL O R 1
AL ROIHIMIEND ROS DIFFFEAZ2 M K TH %D, CM-H,DCFDA (X DMSO T 1
mmol/L (ZIAfRL T L, Ml 37°C T 20 43, CM-H,DCFDA (10 pumol/L) % & e
HANKS FEEK CHi#E LIz, £ D% fEEHE T 3 A3 L, Leica DFC300 FX Camera BXO°
Leica IM50 v4.0 V7 by =7 %A L CHiR e Lz, MR AR 1 Leica Qwin v3.5Y 7~y =7
AAd U CRERT L=,
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5.2.5 ~U AR IRBHESF I (MEF) 2y

MEF (%, E14.5 OZEXL 7 = M Mn-SOD K~ A IEE 0.25%((w/iv) DR 7L
-EDTA (Invitrogen) C 37°C T 30 /oA FaX—hT5ZLI2L->THBEL7Z, MEF X
10%(W/v)7 S JRAFIMLIE (FBS). 100 unit/ml =3V BL 0.1 mg/ml AL 7T h~ AT &
NU7=. a-MEM (Invitrogen) T L7z, Sod2 B &HIBRT 5720, 4-OH-ZEXT 7 (1
umol/L, Calbiochem) % 0 3L 3 H BIZIHINLT, 3 BXL 6 H BIZHBWT, 7/ L% L1
72 PCR (2% flox TUNEHIDOIEHEIEE KBTIV OHIIE, BEIOY 2227 ay MILD
Mn-SOD %>/~ E DR OMERRZAT o T2, MfPND ROS Lkt 6 H BICHIELTZ,

5.2.6 LMD Sy

~ 0 ZLMEA DD MR O BB STERO T EEIEST20D, M 5 7 H v~ A%l LT,
F9, ULH (1.5gkg, ip.) THREFZNTBIL 7=~ A2, 300 U/kg T~V FRIT A (/
R Uy FRHEE) 2RI 5% DIBA RS L7z, (DIBIOKM L7z Tyrode ¥R (143
mmol/L NaCl, 5.4 mmol/L KCI, 0.5 mmol/L NaH,PO4+2H,0, 0.33 mmol/L. MgCl,*6H,0, 1.8
mmol/L CaCly, 5.5 mmol/L 7 /L1—A_ 33X TN 5.0 mmol/L HEPES; NaOH C pH 7.4 [Z5%%)
Vet . 727 RV 7RIS BB E S 37£0.5°C TREFmA AL ST Tyrode IR T
FRIEEH T 15 3R DOFECH 2R B TREMRZAT o7z, £ D%, 3710.5°C TR IBXULELS L
7o Ca?Z 5 E72\ Tyrode ¥R T 15 /3 [RER LTz, EHIZ, 37£0.5°C THEF MRS
0.26 mg/mL D275 F—F (FIEMiZE T3E) 25 7 Ca? %5 £72\ > Tyrode ¥HE T 10-15 47
WEFRLT-, D% . 50 mL @ Kraft-Brithe (KB) &% (70 mmol/L KOH, 50 mmol/L L-7 /L %3~
%, 40 mmol/L KCI, 20 mmol/L #7U>, 20 mmol/L KH,PO4, 3.0 mmol/L. MgCl,-6H,0, 10
mmol/L 7 /L=—2_ 1.0 mmol/L EGTA. 10 mmol/L HEPES; KOH C pH 7.4 (ZFf#)) CHERLT=,
EHIT, DL ELREHZLVIEL, KB WK T UTL0EW %, 70 um BAARL —F—
(BD NAFH AT R) (ZHHTAHMUTZ, Sz OiMiidi, 4°C O KB R TRAFL.
12 RER AN E LAl LT,

5.2.7 #HIEK ROS OHIE

Ro0sa26-CreERT2Y, Sod21o¥/ox MEF (Z 3517 il ROS PEADFHAMIZ 13, HINPY Oy - %F
B 7285 H 33 CH D Dihydroethidium (DHE) Z{#E FL72(%, DHE (X O, (2L =F 27 Mg
{EL. ¥ DNA (ZHLA A NS5, DHE 13 DMSO € 10 mmol/L {2y f#L T L7, MEF %
HHTD APIZEY 72 KfEA L F 2 —RL7%%, 37°C T 10 43[#]. 10 pmol/L DHE CTHLEEL 7=,
Z D%, PBS T L=, MO R E X, 7o —HY A A—%— (EPICS ALTRA, v/~
a— =) BERLTIML . LA MR T2/ IR ROS FEA O FFARIZ I,

-64 -



CM-H,DCFDA % ffi L7z, KB itk o o.Ml 1256k L T CM-H,DCFDA - Z #4310
umol/L TUSHNLTz, 37°C T 10 4 Hl SOt . Ml KB ¥k Cheid Lz, 4 RiEIZ-2% 10,000
fE DA A A L7-, CM-H.DCFDA(-) % 2 FRE L C. Bt FRIZHH XY 35t e o8 O fi
Nl BRE LT RV OMIa L M ERIfa s L CThw LT,

5.2.8 DNA [ {bA53E B O &
LMEEZ DNA H OB L5 E~ —71—8-0x0dG DJIE HIEIL, STERIZHEST2019),
5.2.9 HAESEROMET
FARR RO IR, ETOIERLRRZ 10%(wv)aL < DAZIRIE L TEE Lz, 0%k, /35
TAVEEL, 4 pm JEANATAAL T, A hF LU -4V (HE) Yozt To7, SHIT, Bk
(LEEAFHI S 272D 7 o Yeta AT o7, #lfkIE, 10x XL AT VANOX-S BHfsEE (A
/3R) & Pixera Pro600EX 7 A7 # L Clikz L=, #RME(LIE A1, Leica Qwin Plus v3 Y7k
=7 W TCTERLT,

5.2.10 HeaHENT

FERHAENTIX, SPSS vI1.5 Y7 My =7 %4l LT, AEAFSRARNTIC B DR HER 2B L OV P BT
Log-rank #EEZMEM LTz, P < 0.05 28 BE U7, sRBREE M 0 Bl FL e 135 B b7
(ANOVA) (Z&oTHTo7z, ABARER DL BRI, Z DB DOKELL T Tukey £ TIT 7220,

53 fEE

53.1 V> aRY 7 =/ — /WBEEUZE S0 Mn-SOD KB~ AIZEIT D ETFRA~D R E

0 Mn-SOD R ~T AZAFRL | EFERERELIZEZA, AFRITE T OR R~ AL
TR L(Fig. 5.2A, B)@D, SERJAEFRIT 18.51.0 ., e KFAIE 22.0 L7272,
KAE~T AL 8 EELAREORE I NSRS ST, AT R ER D AR LT-(14 BT, xt
W~ AR 244104 g, RIE~T7ARE 20.7+0.6 g)(Fig. 5.2C), KE~T AL LIEEENAEIC
HRL7-(18 s TR R~ 28 105.4+4.1 mg, KIE~TAHE 285.0£9.6 mg, P < 0.001)(Fig.
5.2D)@Y, BAL AR AIZ L THIE R ZSNTAICx 5 AP B EELTET D201,
KRBT AZEEIKREL TO0.1%(WV)D AP & & e /K% H HEBIESE 7oL 2A, SR EF31323.8
+0.7 3, FRFMIL 29.0 WERY, AP AEELARNKB~T AL R TEFRPFEIC B
L72(P < 0.0001)(Fig. 5.2A, B)@), AP OEHUL, TR E ORI OIEEIEZ KL, 14 T
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KAB~7ARE 20.720.6 g, AP FERUKE~ AR 23.4+0.7 g(P < 0.01) Téh-7=(Fig. 5.2C), AP
DR, DEHEED EAEZ 7 L7-(18 H s TR~ ARE 285.0+19.6 mg, AP fEIKE~T7 A
¥ 256.848.0 mg, P < 0.05) (Fig. 5.2D)?",

532 VoaRY 7z /— ABEUZ L D05 Mn-SOD KB~ A 381 5 Uik ik~ oD 52 28

FRAL AR A LD DIROAAMIR B U35 AP DR BARFT 572012, DR D%
FEFS KOG & & 42 i HE 10> CPK A 72 L7z, 18 3 i Coet i~ AR 65.8+16.9 IU/L,
RIE~T ARE 128.61£20.8 TU/L, AP HURHE~T AR 80.4+8.7 IU/L(P < 0.05 vs. KT A
FH)THY(Fig. 5.3A), AP DFERUIKBE~VAICEITLD CPK ED EH-AUFEL-, KE~TAD
LV #BriE o> HE 3 L O Vo Qe taff Tl AR 7 4T A MBI NS I REVE DR A 2 T
OB ORI O ARHRAINE | B L OZE R b FBD BV (Fig. 5.3B), #rME(bimfilx
B TR R~ ARE 2.1£0.3%, KB~V AEE 9.8+0.6%, AP ERUKIE~TARE 5.0+0.7% (P <
0.001 vs. KE~TARE) THY(Fig. 5.3C)2D, AP OFEEU L OMERLAR R B2 1072 B 28k, BX
O LA B LT,

533 VAR T = /) — VT L DM 1T DL AL A~ D R %8s

DR AT DR L E ZMGET 57012, Mifadim ez A3 5HN ROS
L TdHD CM-H,DCFDA % L T, HoO, I LV L AN A& FFHE L 7= C2C12 Mo
AIEN ROS L~V RIELTZ, AP 0 mg/mL FEDHE YR EE 1 LL7-EX AP 1.25 mg/mL ALEE
BET 0.72£0.07 (P < 0.05 vs. AP 0 mg/mL #F), AP 6.25 mg/mL ZLEERET 0.1620.04 (P < 0.001
vs. AP 0 mg/mL #¥) THY(Fig. 5.4A, B), F5E& MM D AP LD AL F 2 _—MLFIZLY AP &K
FFAIIZ ROS PEAE B2 2 L2 ABNI LT,

5.3.4 V2 aARY 7 = ) — BRI LD Mn-SOD K~V AZEBITF HEE{E AR A~D 28k
AR D NRIME ROS 1295 AP OF I LAE I ARFET 572012, 47" = —7 DHE % f /]
LT, #EXFT T = OBRNNT IV RIEDFHFEI T2 Mn-SOD K8 MEF Ol N ROS &% HIE
L7z, #HRCTHD DMSO MLERRED L HEHRE E 100%ELIE & X EX T 7= MUHE AP 0 pg/mL
HET 205.6+16.7%, ZEFT 7 =ML AP 50 pg/mL BET 156.015.0% (P < 0.05 vs. AP 0
ng/mL Bf), ZEx 7 =AU 100 pg/mL BET 138.9%11.1% (P < 0.01 vs. AP 0 ug/mL £)Th
D(Fig. 5.5A, B). AP £ DA F 2_X—MLER L Mn-SOD K18 MEF @ ROS pEAEZMHILT-, £
72 WK ROS 1Zx1 9% AP Of% MHEEUC L APTERLAE A MRGEET 272012, AP 248 L 7= K
B~ 2B EEEL - O N O ROS L~V A E LT (Fig. 5.5C, D), 1 1] H OB T, %I
<D ARED IR L 10.1%, KA~ ARET 35.8%. AP 0.1%(wW/v)TEBURE ~ 7 AREIE 22.6%.
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AP 0.5%(W/V)FEEURR~ T AREIE 26.2% CTdh>7-(Fig. 5.5D), 2 [A] H OFER T, st~ ARED
HOEERE T 9.5%., KIE~TAREIX 18.9%. AP 0.1%((W/V)IEEUKIE~ 7 ABET 14.6%. AP
0.5%(W/NV)EBURHE~ T ABEIE 12.7% Cdh-7=(Fig. 5.5D), 2 [HDORERIZIBW T, R~ ARED
W R~ ARETHINL , AP BERKE~T AR Lz, AP #EHR
Mn-SOD KA LB 3T ROS FEA RAINIHIL 72, SHIZ, AP BEUZLDARN TOHT
PRt RARRRE T 2720012, CMEARD DR L7248 DNA H1 D 8-0x0dG #ZHELT=LZA,
108dG BTV DB~ ZRE1E 0.92+0.10, KB~V AR 1.39£0.14 (P <0.05 vs. X~
T ARE), AP EEURIB~T AR 1.2020.11 £720(Fig. 5.5B)?Y, AP fBHUZ LA 3B m A
O,

54 &%

RYT = ) — WS R O—FETHY, 7=/ — NKBEREE 7y NI E 35
TED BRI LIS A R ZENHBIL TS, RIFFETIE, WRPEOB(E AR R 2L > THI
SRS DHBREE | BTS2 AP OFBEZMGET 572012, L Mn-SOD K~
A~ AP RS ET72L 24 AP BHNE MR~ T ADAAFRE W2 W ESE DT LR
Tze Fl2. AP IR~ T AT HEITRIR IR ERAD 2 EEIEL | DIEHLGE S J OV IBO e
LTI LTz, AAAFRIE R B LOMRE D OBEIEIT, #1THY72 DCM IZx35 AP OF
PhahiaROL TCNDEB X DI, £, DIROBRHEILOMETTINHIIL, L RE D FF & B
L TCWAHRBEMEN B 2 LT,

A7 = )= VEIZBL TR VAT a— L B TF | 78T 2D M FEDR % O .0
I DT B AR 2R S TNDS3D), oIl B R ETT LT, —
WPED TR AN A LA PR OBILEEEZL LU, O REOER LR >TWD
ZEBRFHILTEY) R T =) —MZLERET NV TO LT IREDRITHR LIERIZ L5 0
HHEEREND, — 7 AL TIE M2 Tle BRI 2B EARL ATk 95 AP OFIERL
BhREMGELTZ, £7° in vitro DEBRT, AP LDA L F2—hT C2C12 H5Z MO ER LK
FICL-oTHIERZENTZ ROS DFEAZMAAHIEEALINILT, o, AP LDA L FaX—h
1%, NIAPET ROS %725 Mn-SOD K48 MEF @ O, PEAZINHILTZ, SHI2, AP 2% M4
ST~ A B RO Lol 5 HEEL 72 Mn-SOD KR L HIIETH AP 14 ROS D FEAZHHIL
720 F1o. APEEULLEEZ D DNA B AGE ~— I — &b S8 72, LLATZ, SOD/H ¥ 7 —E D
B THLIIRIEA] EUK-8 DAKRIB~D A~DE G273, Iha N7 Ot AR Az 4
HTEITED Dl B AL LB RE R T A UGS T DT LAVRS TN L1930, R THD AP
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OERUL, FLRREA OB G- LHARDEEEWIT/NSOD, FRIRIIZIR= RYT O ROS BEEA A
HIL . AERANCBLOBEI TR T HEB 2 DT,

KT F1T D AP OFFRILAEH OFEMZRBE T2 OV TR, BEEETT > TORW 2O AT
HD, C2C12 FrE il TR (b /KR IC Lo THIEE IS 72 ROS FEAE ALK L 722812V T,
AP Ot T ROS DR, TR AU LD & B OO RRBECVNBE G- U7 rTREMEA 58
FoiLd, PC ERIULKT TN 3 — (T T ) —)WVERV T = ) — )V THLRITH AR T
fe Tt a1 7% (EGCG) (Fig. 5.6)I%. MIfafE EDOZ BIK 67 kDa 7= L& 7 X — (TR B
IR BT HTENHESILTNDD), ZOZEMIL, EGCG (Z&D T ARk x 32500 1
FR, AR RR L ek 2 507 L LR —EIC BV T, 2RO ERIC B G-3 oMl s
7 F VB LT D62, Mn-SOD KABHIE T AP D7 LA F a~— 373 ROS FEAEE i
L7228V T, AP DSl LS BRI LT b 7 TV ZIT/E 3 S AT REMEDS
ZRADBNT, 5 4 B TIX, AP BEO PC 23, # i CTHas 7 FVIBEFThD Sin2 ITKAFLIZ
MEERZ R ZEZABNILTWD, — 7 IFFBICRITD Sir2 DARERS ThD SIRTI
I, PUERLEEE DR B EAEAZEL CLARICBI D UHREEREZE T2 803 mb T
W50, AP ORI BARZ ST LTeHi (b /E L, SIRT1 > 27 U 7k hm big e b5
DO HREMEDRRIND, — 5T, PC OFBRUT MK F OFilsbits LR SEDZ NG -
TV, F72, PC OBHEUCEY, iR LICREDA T AV V| a-ha7zn—/L B4 B6
IR FE D R FRDHNDHTENS MBI T 5 AP OREHE R BILER O E 56 E 2
HID, ENERENODT-OITIX, 5tk AP IZEDPIE bR OLEH), L OHURE LAy DZE)
DIREPVETHD,

AFRERTO AP EEUH EIE, 0.1%(wW/vV)ECEHK OFREREE T 100~150 mg/kg/day &HIE STV
5o ZHEEMIAMELIZE A6 100~150 mg/day DIEE L7720 AP D KEFEME (NOAEL)
ThD >3,000 mg/kg/dayCH % K& FAIDZEMND, BRI/ BRI B THHIEIIR
sz,

5.5 EH

AREETIE, NERMEOBEFIZ2 LA AL TEEPMEERIHEIT T 5ET L~ ADAE
TERPBIOWALAR R 5 AP DB SN THEEL -, (DA R R A91C Mn-SOD & KIEE
BIov T AZAERL | AP % 0.1%(W/V)EL & L7eBOB R A IS BT 7224, RE~ T ARED Y
PIALFRIZ 8.5 1.0 ICK L T, APFERUIEIL23.81+0.7 L0 AEICAEGFERN LR L(P
< 0.0001), CMEFRRROBHELRIFEIL, 18 WEFTH IR~ ARE 2.120.3%, KIE~T AR 9.8+
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0.6%. AP fEHURAE~ T ARE 5.010.7% (P < 0.001 vs. KB~V ARE)E20 ., AP FEHUZ L0 L
AR DBHEAL DA BIARME L 722 o 72, DEHLAREZ DNA ORE{b~ — 7 —8-0x0dG &1, 10°dG
SHIZVOE R~ AT 0.9210.10, KB~V ARHL 1.39+0.14, AP BEURB~T AT
1.20£0.11 &£720 AP HEHUC IV DA AFED B, AP ZE R KB~ T A0 LlE L
0, FEVEEREIZ IO A FEEEL € THEIRL S EAE 95 ROS S A EEA - CHIE
L7z&Z A, AP ERUZED ROS FEA BTS2, BLELY | AP OFEBRUZ L > THEEKN DRRL
AR ARBHE N D Z LT LT DI G ER RIS, ~ T ADATFEE )R LT W hE
PERTRBE STz, AT T, Ml e EH IZHETTRYICIH I L7222 ROS T3 L T, AP DEBRNEDHT
P TR Lo T PRI HIB L E A S 16T 22 B hNI LT,
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Fig. 5.2 AP extends the lifespan of H/M-Sod2”- mice.

A,B, Survival curves and the mean lifespan of male H/M-Sod2” mice. The maximum
lifespan of the H/M-Sod2”- mice was about 22 weeks. The intake of AP extended their
mean lifespan by 29% compared with water alone. Control, n = 10; Control+AP, n = 10;
H/M-Sod2"~, n = 10; H/M-Sod2"+AP, n = 17. Values are mean + SE, ***P < (0.0001. The
data were reproduced from reference®). C, Body weights of male H/M-Sod2”~ mice.
Dietary AP delayed the progressive weight loss of the H/M-Sod2”- mice. Values are mean
+ SEM, n = 7. Differences between groups, **P < 0.01, *P < 0.05. D, Heart weights of
18-week-old female H/M-Sod2”- mice. The hearts of the H/M-Sod2”- mice were heavier
than those of the control mice. Dietary AP decreased their heart weight. Values are mean
+ SEM. Control, n = 8; Control + AP, n = 9; H/M-Sod2"~, n = 15; and H/M-Sod2"~ + AP, n
= 15. Differences between groups, ***P < 0.001, *P < 0.05. The data were reproduced

from reference@V.
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Fig. 5.3 AP ameliorates the heart histopathology of H/M-Sod2”- mice.

A, Serum CPK concentration of H/M-Sod2”- mice. Serum CPK has been reported to be
a blood biomarker that reflects cardiac pathology. The H/M-Sod2”- male mice treated
with AP displayed reduced serum CPK levels. Values are mean value + SEM, n = 6~7.
Differences between groups, *P < 0.05. B, HE and azan stained transverse sections of
LV walls. LV walls from male H/M-Sod2”- mice showed myocardial degeneration,
cardiomyocyte disarray, and vacuolization with irregular myofilaments and
pleomorphic nuclei. Azan staining revealed diffuse myocardial fibrosis (blue). AP
administration ameliorated the symptoms of the H/M-Sod2”- mice. The scale bar
represents 10 um. C, The fibrotic areas of the LV walls from the H/M-Sod2”~ mice
treated with AP were significantly decreased compared with those of the control mice.
Values are mean value = SEM, n = 4. Differences between groups, ###P < 0.0001,

*kkP < (0,001, **P < 0.01. The data were reproduced from reference®).
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Fig. 5.4 AP has anti-oxidant effects in vitro.

A, Anti-oxidative effect of AP on mouse C2C12 myoblast cells. The cells were
preincubated for 30 min with 0.1 mg/mL or 1.0 mg/mL AP and then incubated for another
1 h with 200 umol/mL H»O,. The cells were incubated with 10 uM CM-H>DCFDA for 20
min at 37°C. After the incubation, the cells were photographed using a fluorescence
microscopy imaging system. ROS production was induced in the cells treated with H>O3,
as assessed by DCF fluorescence. B, Relative fluorescence intensity of C2C12 myoblast
cells treated with AP. AP treatment decreased the production of ROS. Values are mean
value £ SEM, n = 4. ***P <(0.001, *P < 0.05 vs. AP 0 pg/mL.
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Fig. 5.5 AP has anti-oxidant effects in vivo.

A, Frequency histogram of tamoxifen-induced Mn-SOD deficient MEF treated with
DHE. After being incubated with 10 umol/L DHE at 37°C for 30 minutes, the
fluorescence intensity of the cells was assessed using a flow cytometer. Data for
10,000 MEF were acquired for each group. B, Proportion of DHE fluorescence
positive MEF. ROS production was induced in the MEF from the tamoxifen-induced
Mn-SOD deficient mice. Preincubation with 50 pug/mL or 100 pg/mL AP decreased the
production of ROS. Values are mean value + SEM, n = 8. **P < 0.01, *P < 0.05 vs.
MEF treated with tamoxifen and AP 0 ug/mL. C, Frequency histogram of isolated
cardiomyocytes treated with CM-H,DCFDA. After being incubated with 10 pmol/L
CM-H,DCFDA at 37°C for 10 minutes, DCF fluorescence intensity was assessed using
a flow cytometer. Data for 10,000 cardiomyocytes were acquired for each group. D,
Proportion of DCF fluorescence positive cardiomyocytes in the H/M-Sod2”- mice.
ROS production was induced in isolated myocytes in the H/M-Sod2”~ mice, as assessed
by DCF fluorescence. The intake of 0.1%(w/v) or 0.5%(w/v) AP decreased the
production of ROS. E, Level of 8-0xodG in the cardiac cell nuclei of the H/M-Sod2”-
mice. The proportion of 8-0x0dG/10° dG in their nuclear fractions is shown. The
nuclear oxidant level was increased in the H/M-Sod2”- mice, and the intake of AP
decreased it. Values are mean value = SEM, n = 13~14. Differences between groups,

*P < 0.05. The data were reproduced from reference®?.
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Fig. 5.6 Structure of epigallocatechin gallate (EGCG, left) and apple procyanidin (PC)
B-type dimer (right). Flavan-3-ol compounds include the EGCG and PC.
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Vivaw

6
Vo 3R 7 = )— /)LD UMG R EA) Mn-SOD RE~TAIZBIT5

XA H PR IS ORI IR AR~ D5

K LD 5 BT, DR RIS~ B - A= —FF L R AL HZ—F (Mn-SOD) % K18
SHBLARL AN KT 5~ AH/M-Sod2 & ERLL, VTRV 7 = /— L (AP) B IS W7z
ETAEAFRED AU, RIRFIC, DB OSHELEE | Ol RkEZ DNA Ofgfb~—7—&
XL, BEE O AR AN EE AR 975 ROS BTS2, BAELD I e &b ICHET TR 3R
L7 DIEVERESBR(ROSTX LT, AP OBINZEDOHEELIERIC L > TP HZLIER A
HI2HTIEERLNNI LT, UL, AP IZLDEAFHm EERICSWT, E0FE/M7eE AT
AL TIEAR,

REENRIL, MBS B2 KT DRI ZZ D | S ThD, LEMEARBERD S A =1L OEE
BT W TR T 208, DEMEREENRO —FE Thh 2023 EISMIGHE O 78 248 I3 Tl
IRz e 7205 T EFHF509, MERICEb e ET T35 ROS OARIEINEFLER LA 1 DRI,
NNERIZ BB L 72 DA RE D B ~BE 5§ 223 S Qv d 9, HIM-Sod2 -~ A THI b=
YRUTITH1FDH ROS DT AL, DIROMM AR REIE S | 372 b8 MO Ao
Mo TNDRO RO B R B2 OO TEH LTIV, 72, ROS ORMER72
ALl E A L OB ENE T TN E TR E S TOD ARG &R ROS 128> Tl
EZSNHEREH P I HOWN T, ZRETESGHIS U TR,

ARETIE, FTEEARN RPN HIRISNIZET L ELT HM-Sod2" -~ 2% L
Z DL E KA B 7R 2, BROVDEEAEIRDO I A OV CEME L7z, SHI2, 5
5 FETO AP ([ZEDAEAFHRM EIZHOWT, ZO/EMEBFAFEIC BRI 272012 KvTRAITE
7% AP O.UBIZ BT HER AR FHZEL, BRORENRIE A RITIT T D BT OVWTREEL
77

6.2 MEtBIOTIE
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6.2.1 #IK
AP, PC BLOE/ ~—H 2y OFH I L OV 5L, 55 2 3 2.1.1 ICHEILL -,

6.2.2 fH HEMW)
L Mn-SOD K48~ 7 A(H/M-Sod2"") 3 L Ok} R~ A (Sod20¥ 100D (ERL SR 1 RIDHERE.
filE ., BLOVAP O E1T, 55 5 3 5.2.2 Oied LRI T2,

6.2.3 LNEPHAIE

<AL 23~25 WD ARE F T, (R O FE X (electrocardiograms, ECG)i, ML T
L& (SIGMA) 20%(w/v-NaCl 0.9%(w/v))aika & 1.5 gke-RELeAHIOMEENE G L, &
TEARE N CHIE LTz, #8028 EHETE 28 (Dual-beam memory oscilloscope VC-10, H At )%
FAWCHITEL . ECG A5 7=, (LEXMETY 7 Chart5 for Windows (PowerLab® System,
ADInstruments)% FV CREgkL 72, RR, PQ. QRS. L QT MfRAHIEL . J IEHRIEMIX R
PRI CHIIEL 72, H/M-Sod2~ 7 A TIE, T WIFIRDZALNEHZE Th o772 T DS P KL
HEL QHIE RBEL 2o T EIRIZ OV T, QT RO DNBERAN LT,

6.2.4 DEMEAERT FE AR

in vivo \ZIF D BVEAEIRE R RABRIL., 23~25 ER D ARE VT, w2 Rk TR i
LEMEL, 3BT, (RRZE=FV T LRNROTANDOIREIZLY 37°C ~MEH ., AN TIFERZS
(Respirator SN-480-7, > 7 /HUWERT)Z VTN TR N CI L7z, DRl B4 7 H =
= felE (left ventricular, LV)ZR i ~#filst7-, 7'vr 7 L)L 225 # (Cardiac Stimulator
SEC-2102, HANTE)E FAVTREBRR 1 ms DS/ SV AE B2 52250 BB A R E
L7z, LV ~lliE 5 2 7o X2, DR B R Z R E TX 7o 7o i K O B34 (premature
stimulus) % M i (coupling interval)z, LV DA )Rt H(effective refractive period, ERP):
EFEL., 16 RO FHAKEL(S1S1: 75 ms)fk . 1 [l 5 @A (S1S2: premature stimulus, 50 ms)
Z 1 A7 ELT(75 ms X 16 + 50 ms X 1), LK S1S2 A 50 ms 2BJAVK 2 ms O S8,
ERP 2B 2 ETH ANV EEVIR LTz, B, BREERD 2 5L, Rz 1 ms &
L7z, e =B BEII(LY burst stimulation)lZ 22 D EEME AR REEFEABRIZLL F DX T o7,
L5, L A% [ (Electronic Stimulator SEN-7203, H A% VT, 30 [H] D FEAHIIK(S1S1:
100 ms)tk . MEAREICIRE LT ERP ZX2725 5 [BIOEMIRHAIL(S1S2: premature stimulus,
(ERP+2) ms)Z 1 ¥ 27/L L T(100 ms X 30 + (ERP+2) ms X 5), %A 27/ DEIEIEE 30 s &
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LT, 5 PAZ AR U Tz, B EIL, BUEERO 2 f5&L. FefeRFfi% 1 ms &L7-, premature
stimulus &I H O.LFAY A LERRDERFHEOMENDS, D7e<Eb 10 BV EFRELSG S, O
ZEH$ (ventricular tachycardia, VT)&E# L7=, premature stimulus £ (2R <7 897 fr@h A3, 2
7o<Ey 1s YL EFAELTS A L EEME) (ventricular fibrillation, VF)EEF LT,

6.2.5 Lhfa s B o Sy F 77 7R

< AT 18~22 ER D ARE Uz, LV LA (apex) D Ly fiE /BT L, 55 5 3 5.2.6 DFLHL
ERBRICAT o Tz, DI OTE BN FENL IS L ORI IL, A= ey F 77 FIRIZIDRE
LW AEEVENIIIL N T TR EIRIIAAN T =T BN TRIE L, Ml
RIEMF v —~Ad, MlANERRZ | mL/min O E CTRERER L2, /Sy F o770 7 Eii
v~y NI, T A EZY (#7056, Corning)% vertical puller(PC-10, Narishige)x T 2 Bt5[ %
U TIERIL Tz, fEfA~E Sy NS IR T - LT L E O BEHRHUEL 2~4 MQ O Th -7, il
t" -~ & Patch/Whole Cell Clamp Amplifier CEZ-2400( H A7) ~#2#%t L . pCLAMP 9.0(Axon
Instruments)z VN CT —H DFLkIS L OMRNT 2 F2 i L7, FEARE Ly Mol iE ~# 5 SH T,
BAR-TEVRHE R OHEIDY GQ L~V L72D GQ 2 — NV ETERR LTI BARE <y M Z R EIZL
MRS FL2e B U 7o, TE BN BN IS L O A E BRGME D VD DRI (I ) O T B VN AR Y EE AR
R (mmol/L)IE LA F iiY: KOH 110, L-aspartate 110, KCI 20, MgCly-6H,0 1.0, ATP Ks-
2H,0 5.0, phosphocreatine K, 5.0, EGTA 10, HEPES 5.0, 33JTf CaCl, 1.42, KOH T pH 7.4 ~ifi
B JERENENL B L O g OIE 21X, HEPES-Tyrode 1A% & Ml i~ i ft L 7=, #2%(mmol/L)
IZLL T DY :NaCl 143, KC1 5.4, NaHPO4+2H,0 0.5, MgCl,-6H,0 0.33, CaCl, 1.8, 7 /L=2—2A
5.5, BXVHEPES 5.0, NaOH T pH 7.4 (ZF%&, § 1L EE,7 (resting membrane potential), 33
' ms DY A RO EAIZLVFEF S HTEEN BT (action potential) & i ék L7z, Il /3 fikF D
B — GBI L T 50%38 KT 90% 2 #5574 -2 F T B B A F7#piiF ] (action potential
duration, APDsy 3 X 8 APDeo) D fEMTIZ 1T, BEE AL A FEFHF R EFFICH EH 32 8 @k
(automaticity) Al fl 2 bR 4 U 72 Wl B 2 VN T2, S I E BB ALK AF M 0 D 7 A 0 ) E
HEPES-Tyrode &% & mEdi L BEEBMIEZ TNy F o7 T~ LT 1% | RImBETRIR
Z LU N OVIE~E£L CRIE LT, #(mmol/L)IZLL F Di#v: KCI 5.4, KH,PO4 0.33, atropine
sulphate*H>O 0.005, CoCl,*6H>0 2.0, choline CI 143, MgCl,*6H,0 0.5, glucose 5.5, HEPES 5.0,
FBEUCaCly 1.8, KOH T pH 7.4 ~FH#, S mE V0 A — 2 B (Iea)l % 300 ms DAT >~
TARD )V AEJERRE 2 ms $ DOERAEE T FE LT, AMEX BT LGE T B (s) . 300 ms D
ATy T IARD )V AEER T ERIOERIEE E R LIz, NIRSEARAFNE LRV T LE
i(Ica) DRTEIZIL, HEPES-Tyrode 4tz il ~ZREIFEFEL | Iea JIIE I BBMRIEZ VTR F
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0T TR RIETTIR % Lo B E REFTTAHE (Cs'-containing, K-+-free) ~fE#L THIE
L7z Ica TIE FIE TR AR DALY (mmol/L)IZLL T D1@Y: NaCl 143, CsCl 5.4, NaH,PO4 0.33,
MgCl+6H,0 0.5, CaCl, 1.8, glucose 5.5, 3350V HEPES 5.0, NaOH T pH 7.4 ~if#, Ic, & M
TEARIK DR (mmol/L) X LL FdiEY: CsOH-H,0 110, L-aspartate 110, CsCl 20, MgCly*6H,0
1.0, ATP K»*2H,0 5.0, EGTA 10, X0 HEPES 5.0, CsOH T pH 7.4 ~fR#L, Ic, 1%, 350 ms D
ATy T IALRD 7 IV AEEIZ L > THELLAMEEROE — AL EE LT, B TOER Y
AR EERIX, 36+£0.5°C THEMEL7=, MMM & (capacitance)iX, 0 mV 2>5-5 mV/2.5 ms DR}
Mm% 52 o L&D EF BRAEEZHEL TR U, SRS Bl E & MO A & T
IELTC, EifEELFE L,

6.2.6 AXFI U 43 DT AL Ty b IO E YL,

4375 BHZ, 50 mmol/L Tris-HCI (pH 7.4). 150 mmol/L NaCl, 5 mmol/L EDTA. 1%(w/v)
Triton-X 100, BX 7277 —ELEHI(Roche) Bk Dt S~ 7—& i LT, LV k)
OB LT, 2o IR EEE, DC Zo 7B llEF > MBioRad)a W THRIE LTz, #2/X7E I
SDS-PAGE (Z&->T/BffL, PVDF [B~H551% | connexin 43(Cx43)FLIR(FATRNZFE 1:1000; Cell
Signaling) 36 & N7 7 F > Hi 4 (1:2500; SIGMA) T7 r—7 L7z, 2 W HIAIZIE horseradish
peroxidase Bk FLiAZ V-, #1213 ECL(GE Healthcare)% AV /=, /X577 ¢ Al Y) Fr D4
AR AT, LR DOIDNAT o7, DlE#ARE 10%(w/v)ARL~ U AZIRIEL CREEL , ik,
NWITAVEEL, 4 pm ETHEA L, 20%, I BLOTS ) — VLB IO i/ N
T4 BIOFAMZI T2, 72T N7 L3077 —(pH 6.0)IZiREL ., B2 ky
~ AT ERE U TEIBL ., ED% 99°C DA ANVL/SAHTHEAL T, HUROIRIELZTT 7209,
ATARZKYE, PBS TUVAL, X7 ayX L JIEIRED AL Fa_X— Mk 1 RPUE
Invitrogen Connexin 43 polyclonal antibody (1:100; Life Technologies Conporation)& 4°C, 4~—/3
—FARNTALFa—hUTo, BEETR, 2 IRPUAR Alexad88 YXHLVHF 1gG Hiif(1:100; Life
Technologies Conporation)&A & 2N —hL 72, FEETREL L, vTAKBEIRIZOELED 144
DBEREE S B AV TAT LT,

6.2.7 HEFHEAT

HeRHRITIE. SPSS v11.5 V7 =T & L7z, P < 0.05 B LT, AEAFRMATICBITD
EEERRZERB KO P fHIX Logrank ME A6 L7z, SRBUEER OO 28 FL B 53 #L A AT
(ANOVA) (Z&o>THT o7z, BB O Z HERIT, ZDHROBELL T Tukey 5 TITo7209,
BRI E 1T 2 BB 1A IV THEBR LT,
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6.3 fEE

6.3.1 VAR 7=/ — VAERUT L5 0 Mn-SOD KR <17 A0 DB X~ 0D 5485

AAD L ff Mn-SOD RAB~T ZADAALFZRZWNE LT, BEROMEZ Fig. 6.1 (237, 18 DOxf
M~ AL L RTHEE T L(Fig. 6.1A), F¥AFERIL 22.1£1.9 #(n = 13)&72 57, KIE~Y
AT E L 7-0O DR E BN A EICH R LZ(P < 0.001)(Fig. 6.1B), K~ AZHEKELT
0.1%(W/V)D AP %5 Te/Kka H HIBIRS WL 2A SPIATFERIT 37.942.0 #l(n=15)E720, AP
BRI WKB T AR TEFRENFRIC LR LZ(P < 0.0001)(Fig. 6.1A), AP EHUZ
DMEHEIEZINHIL7-(P < 0.05)(Fig. 6.1B),

23~25 W AADRE E BECG A MELIZEZA, KE~TU AT, QRS, QT MEDIEE, BX&
O T O BIE S (Fig. 6.1C), LR (xE A <9 QRS BIfEIL, KE~TAT,
KM~ AL R THBERIEERTROBI(P < 0.0001)(Fig. 6.1D), AP KB~V AT, XK
T AL THBERBEMRENSRDLNI(P < 0.05), LENDLEETOB(REL R PQ
MIbRIE, &R BREER A BRI b/~ 7= (Fig. 6.1E), QT IfEIL, KIE~T AT, xt
B~ AL R THBRIER RO HIIZ(P < 0.0001)(Fig. 6.1F), AP EHEURE~T AT, K4H
TYAREL AR THERAETRO bR -T,

6.3.2 VAR T = /) — VAERUZ L D0 A RIS I KOV AR IRTE A SR EE ~ D 5 288

23~25 HERAAD ERP ZH|E LT-#5 % Fig. 6.2B |2~ 7, ERP |, KE~VUA TR~ AL
LERTHBRIEREDSRO LN IR~ 2 28.6£1.0 ms, n = 7, KIE~TA: 42.0+2.0 ms, n =
13, P<0.0001), AP fBEKE VAT, R~V RELLATH ERFEREDFROHILZ(P < 0.05),
LV BRI XD D AR RS R B ©, R~V A TR~ REH~T VT F7213 VF
DIEAFRDABITH KL, 19 R 12 IETHRAEL, BAERIT 63.2%TH->7-(P < 0.001), AP
BRI~ ATRB~T AL AT VT 7203 VF ORERPAEISHED L, 178 {EF 5 LT
FEAEL, AT 35.7% TH-72(P < 0.05),

6.3.3 VAR 7 = ) — VBRI LD LB A AR OTEBY BB ~ DR 2

AP FEHUZ LD REENRGHE BRI 1T DR AERIK T AN =X LE LN T 5720 LV b3 7
FF—BE AW CTHEEEL 2D EZ AV CR— Ly F 770 FIEIC KD B R AR
24T o7 AR AR i Al 2 [ 5 2 AR RS2 B 8 L 72 SR Fig. 6.3A IR 3, RIEVTA
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DAMBANER BT xR~ T AL AR THEICH R LI (R~ T Z: 148.9+5.1 pF, KE~T A:
223.245.6 pF, P < 0.001), AP K~ ZADMIEA EIZ KB~V AL EATHEICEAD L
72(206.8+7.1 pF, P < 0.05),

IREVENEbE L N T 7 =R THIE LT R % Fig. 6.3B (IR LTz, K~ ATxR
<AL AT BN B RER] X APDso. APDoo DUWNT 1Uh A BT HER L7 (APDyy: xR~
JA:35.442.9 ms, n =49, KE~TA: 110.8£17.5 ms, n = 32, P < 0.001)(Fig. 6.3C), AP f£HUK
B~ ATRIA~YT AL AT EICHEHEL7Z(APDso; P < 0.01, APDoo; P < 0.001), & IE[EFEAL
DOERHEIE, KRIB~TATH BT AL A TH B Lo~ T A -70.6£0.5 mV, KiH
<A -62.3+3.1 mV, P < 0.001)(Fig. 6.3D), AP B K~V A TR~V T AL LA TH BT
D UTZ(P < 0.001) (Fig. 6.3C), KB~ A THINFE D DML | RER/2 ol oL b
AR ORWNC B BhRER 292 B IR O HAV(Fig. 6.3E), ZOEIEITxE~T 2
EHEARTHEIZH K LIZ(P < 0.001, Fig. 6.3F), AP EIUKBA~T A TR~V AL RTHEIC
8V L7=(P < 0.001, Fig. 6.3F),

6.3.4 VAR T = ) — VABEUT L2002 U Al AR O SRR It~ D 5 28

AP OB K~ ADTEBN BN & 85T DI ED MRS NI En b R IFBENM 2L
(BB R — LV EEREERE L, F5R% Fig. 6.4 (29, HIIRO B I ALK AEN)
ICNHIE SIS Tco DEBIREEZPE LA, FRBREEMOA B R ETRO ST
(Fig. 6.4A, B), IRIZ. MRD B3 ARIFLZ — 18 PRI S A ZAZ WAL D BALARATFIE T U INEEWE Tpeak
BLOH SRR CERFININAZICHTHALL DI LB ThD I DR BIREELZRIE LI,
Gh X ALK AFYE A YD HFEHE OB E 1%, A2 1 #E K % Na'-free, Co'-containing ¢
HEPES-Tyrode #&iEL T, PRFFEN-70 mV DO VARG AT T T AR T EHSHT-,
Toeak D FETLHE FE XA BREE ] CH B2 221 3RO Lo 7= (Fig. 6.4C, D), I DEFEE 1345
AERREM A BRI LN T2 23 (Fig. 6.4E), KIE~T7AB LN AP EERKE~T AT
BUMEIM AR BV, HRRAYIS, WIREEEGRMEA VY LB Ia OB L, BEEM]EZ
NZH-50, -60, BEL-70 mV ~ZEALSE7A4120%, Fig. 6.5 (IRTIHIC, KB~V A TR
MR~ AL L A_CTHBIZHAD LIZ(-50 mV: P < 0.05, Fig. 6.5A, B), AP {EEUKE~V A TRIE~
AL AR TH BEITH K LT (Fig. 6.5B)(P < 0.05),

6.3.5 Vo aRY T = )— MABEUC LA AT D RS0 43 2o 737 B~ 4
RO BAARENMEICEE 595 Cxd3 X 3T &k DT AKX Ty MBS L O Yu o CTHERL
Too LV DD =25 Ty NI | R~ T A TR~ AL T Cx43 (3B I LT
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(Fig. 6.6A), AP HEEUKE~TATRI~T AL AT, KT HHEGBO LN, LV YD
Cx43 R BAFUAZ W 0B Y e 10 | KB~ A Tx I~ AL T B 10 LT (Fig.
6.6B, C), AP ERUKIE~TATRE~T AL T, Cx43 BIXHAEICHELZ(P < 0.05, Fig.
6.6B, C),

6.4 HE

1EYERY72 ROS &> TSR IS U E S AR PR R F IOV T, ZRETITHITS
NCWenoTe, Fiz, AP EIOEMER) 7 ROS (2125 UM AR BRI B | k92 58T
DNThH, ZVETHRASN TR oTe, AFETIE, BEAR AT LD DEE <R BRI 281k
ZHOZLIZOE | AP fBRUCEDEEIC OV TREEL T, DB B LA R A8 MER IR R
SNT=ET IVELT HM-Sod2-~ D Az ML, £ O LIEE S LB R O ZA L Z AT LT L 25,
Fifi 2 DB NFROBTZ, ECG TiE. QRS & QT MO IR NE RSN, -, LEIZAA—
7 HEZT2EEO ERP IFIER L, DEOHBEIAN— IO D EMEARENRO T8 A SHEE D3
KUz, DEMMALTIE, APD IJER L, #r LB OMHEILE D L CiE<2n, B a8
REA R L7z, IBIT, NMEEEIRAV Y LB Ia 2380 L, Cx43 05y b Lz,

ECG (L. L#ESEENTZ57T CUIMAIROEXR IR A RE T HHIETHY, DIg#kDI B
IEB BN OEAEE D KRENLFELEOBME DN ERLEL THESNDD), EEDOIH,
QRS T LM OIFBYENAL OB DS ER30ZERL, TIRITOENH Oz~
16, Fi= DI BEHEE N Z 2L XSS U CHZE 3508, ZORIE 2 RHEL T e,
BHDEWILL T CHIE N EL2<725, ERP 1, TOREDO RIS O L2450, REFFETIE,
RP~TATIIH RS T RALHAT, ZRHDEDPWDT B IER LA, ZHIERETATO L
ELIRICKD O EFH IO BRUSEMEDBIE L= 2 e — R EE 2 b,

Wholl-cell /3T 27 Z70 TR LMD E LKA R FHML, Mid 1 EOEXISEIZ L5 X
BHIENTELW), ZOHETHESNS APD (%, MROIEE B ORRIEZ =<, £72, § 1k
TERENLIE, MeHE AN R UIES A D ZE L, W2 LT 722D LI O BN 1322 E L7e<
72509, FhILBEEAL OB, HiliME 52 T B S 3 53— A A— ) —{H B (B BhRE)HE L
DICHENLDIRNH, Z LT, Fr BN O RIZIDZEITIT, I P EEREE| ZH -
TWBI), ARFZETIE, KB~T ADOHEEL /- ORI T APD B REIEE L, Ml Lol
DIEHHEL REL Aol Fiz, Fr bk BEAITRA L, B 72 B8R 29 2R KL
7o EBIT, I A LT, BLEXY | KB~ ATIIAA L F v RV OREREDS DAL~ T
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KFL., ZAUCKOFE 2 DESAERFHIME N E(LLTcb D e RSN,

aRFT AL, MR OX v TV v s I ar OMERER A T 5455 FREDFIRTHY , L
TILM I OB RASEHEE 750 1 ThHH2D, KBFFETIL, KRB~V ADLEMMT
Cx43 MPFEID LI, ZOZEBRLEIZBITDERUSEMKGEDIK T~ 272307 EHELRE
iz,

IR, (B LD R | | (BB S B | D25D AN =X ML HET 509, AHF
LTI RIBVUADAREARDFEAEFENREIGMML Tz, YL EOFERIBIOE LRI, KB~
AT, A F X RV OEEEIR FRoa R o ORI LD DML~ T BUE 5 A0
Bl DR O BB E O BE N ELHZET, ARV WVEE 2D,

KAB~D AT D LR DR E R A B PR B 1L AP BEUTH I CgeES L, RNEER
DIEAEIITIAERRF L LEANTHEISAD Uiz, BRAEAR AL DOBIE T, I (ZEPEOERLAL
L AZID IS D ZEDHE S TD @229, ARBFZE TR, 18 PER)72 ROS 12X -TH ki 230
I SIDZENRIINTZ, Cx43 IZOWTE, BMEB I OMEMOBRL AR 2L L, iU
WFI7Z2 ROS (2XY Cx43 2o ™I E O fFEMRESND T D EZ LS TNDH®), 5 5 FITHU
T, AP OEBUIAERNTHHIELIEMZ2HE 752520 L, UL EORERBL OB LD,
AP DHIFELIERIZED BRE AR A THEREIR N 972 Ik <° Cx43 DEHEIZ DN HTET, Ffk
WIS ARIEARDF A IR S A, EFEES B USRS,

B RNV T =/ — Ll sy O BUZ LD DB RESCEEIC W TR, AV 7 =/ — L Th D
LARZha—)L INI | BEOTRURE TR T 2/ — VS iRE S TNHC08), 2 bld T
AR AZ LD EPERIIZ ROS R AESET-ET /VEM TO LR R T IIREIRERE 2OV TRE
L TH, ZALEIT OIS MER) ROS (263 5 R EENRSE O D AR E M2 s LT iiE
FZNETRWY, T7205 | S EID AP (D NEARYGENE IOV TIE, B AST DFT- 7ok
REtEZ L L 7c 28T B R,

6.5 FEH

AFETIL, 5 5 BB B AP \CRBEAFRIA EICOWT, ZOfE M FA R BT 57
DIT, AT AIZEITD AP DLIBICB T LB/ EH R, BIOREIRIEARITS TS
ROV THRGEL 72, KT ATILLEEBSUREMED B LD DB RIE O 2L 8
2SI, AP ZAEILT- KA~ T A CIE BIICSES IV, in vivo [ZRT DB T Tl
~OEFRIEDH AN KIB- T A TR L, AP ZEIRL I KB~ ACIIHER
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MEPRO Oz, KT ATIL, 2 LEH RIS S OEMEREIRO—FETH L 0 E S E
CILDEMBEBN O AERNA BITH R LI, AP BIRKBE~TATIEINOD LEMEAERO
FARNE BT Uiz, —05, BEELDATIAD Ry TF 770 7R BRI KIE~TADELE
RO IR B BN R RE A B ICIER L1228, AP BRI~ ATIIA BICEMHEL, £
7=, B LA OMHMEIL, KB~ T ATH BB LA, AP BEKIB~Y A TH B
L7z, R~ A TR O.LHMIE T, B2 EHEL 2T 5MasZEobh, £0E &
SR~ AL AR TH BICH R LA, AP BRI~ T A TH BB Uiz, W &MY
ULEGE Ik 1. KRBT ATH BT AL THEICEA L, AP IR~V A THEIC
BRIz, DIROESISENMEICB 542205 Cxd43 X/ 08T, KIB~T AT L),
AP BB ~T A THAICEIE LTz, DI CORMERIZR I L AR ZADIREEIZ LT, Ll
TH A4 OBXRAER PR RFEDBAEL, DEMEREAROFE AR KL ki OB IZEIELTZ
TEEFEN AL R LD, PR LR THD AP OBEUCLY, BR AT R /1
ICHEBESINDZEEABNNIL, ZOYEEIC IV SRR ER LIRS,
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Fig. 6.1 Effects of chronic apple polyphenols (AP) intake on life span, heart weights, and
electrocardiograms (ECG) in control and H/M-Sod2”- mice. A: Survival curves of 4
experimental groups. Control, n = 10, Control+AP, n = 10, H/M-Sod2"-, n = 13,
H/M-Sod2”-+AP, n = 15. B: Heart weight normalized by body weight in 4 experimental
groups. Control, n = 8, Control+AP, n = 9, H/M-Sod2"-, n = 15, H/M-Sod2”- +AP, n = 15.
C: Representative records of surface ECG (lead II) in Control and H/M-Sod2”- mice. D:
QRS durations, E: PQ intervals, F: QT intervals of ECG recorded in 4 experimental
groups. (D,E) Control, n =7, Control+AP, n = 10, H/M-Sod2"-, n = 13, H/M-Sod2”~ +AP,
n = 12. (F) Control, n = 7, Control+AP, n = 10, H/M-Sod2"-, n = 7, H/M-Sod2"- +AP, n =

7. Values are mean value = SEM, ***P < (0.001, *P < 0.05.
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Fig. 6.2 Effects of chronic AP intake on effective refractory period (ERP) and
vulnerability to ventricular tachycardia (VT) and ventricular fibrillation (VF) during burst
ventricular pacing in control and H/M-Sod2”- mice. A: Representative ECG records
during burst ventricular pacing observed in a control mouse (upper panel) and
H/M-Sod2”- mouse (lower panel). Note that ventricular tachycardia was induced by burst
pacing (30 basic stimuli at a 100 ms interval followed by 5 premature stimuli at an
interval of ERP + 2 ms) in the H/M-Sod2”- mouse but not in the control mouse. B:
Ventricular ERP measured in control and H/M-Sod2”- mice with and without AP
treatment. Control, n = 7, Control+AP, n = 10, H/M-Sod2”", n = 13, H/M-Sod2"-+AP, n =
11. Values are mean value = SEM, ***P < 0.001, *P < 0.05. C: Incidence of VT or VF
induced by burst pacing in control and H/M-Sod2”- mice with and without AP treatment.
*¥Ep < 0.001, *P < 0.05. Note that chronic intake of AP significantly lessened the
prolongation in ERP and decreased the incidence of VT or VF induction in H/M-Sod2"-

mice.
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Fig. 6.3 Action potentials recorded from left ventricular cells of control and H/M-Sod2”-
mice and influences of chronic AP intake. A: The membrane capacitance of ventricular
cells isolated from each group of mice. Values are mean = SEM, Control, n = 49;
Control+AP, n = 33; H/M-Sod2”, n = 119; and H/M-Sod2"- +AP, n = 72. B:
Representative action potential configurations of the ventricular myocytes in each group.
C: Action potential durations at 50% and 90% repolarization levels (APD50 and APD90)
in the left ventricular myocytes of each group. Control, n = 49; Control+AP, n = 32;
H/M-Sod2”-, n = 32; and H/M-Sod2"~-+AP, n = 41. Differences between groups, ***P <
0.001, **P < 0.01. D: Resting membrane potentials in the left ventricular myocytes of
each group. Data were obtained from ventricular cells not showing automaticity. Control,
n = 48, Control+AP, n = 23; H/M-Sod2", n = 29, H/M-Sod2"-+AP, n = 38. Differences
between groups, ***P < (0.001. E: Representative traces of a normal action potential
(control group) and action potential showing abnormal automaticity (H/M-Sod2” group).
F: The percentage of left ventricular cells showing automaticity. Differences between

groups, ***P < (0.001.
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Fig. 6.4 L-type Ca?" and outward K* currents recorded from the ventricular cells of
control and H/M-Sod2”- mice and influences of chronic AP intake. A: Representative
current traces of the L-type Ca?" current recorded from the left ventricular cells of each
group. B: Densities of the L-type Ca?* current of the left ventricular cells of each group.
Values are mean value + SEM, Control, n = 4; Control + AP, n = 7; H/M-Sod2"", n = 16;
and H/M-Sod2”- + AP, n = 9. C: Representative current traces of the outward K* current
recorded from the left ventricular cells of each group. D: Densities of the peak outward
K current (/peak) of the left ventricular cells of each group. /peak Was measured 2 ms after
a 300 ms voltage step to +60 mV. E: Densities of the steady state K™ current (/ss) of the
left ventricular cells of each group. I;s was measured at the end of a 300 ms voltage step
to +60 mV. Control, n = 32; Control + AP, n = 31; H/M-Sod2"-, n = 32; and H/M-Sod2"~ +
AP, n=32.
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Fig. 6.5 The inward rectifier K* current (/k;) recorded from the ventricular cells of
control and H/M-Sod2”- mice and influences of chronic AP intake. A: Representative
traces of Ix; recorded from the left ventricular cells of each group. B: Densities of Ik of
the left ventricular cells of each group. The density of /x1 was measured at the end of a
hyperpolarizing pulse to —50 mV from a holding potential of —40 mV. Note that the
density of Iki in H/M-Sod2” ventricular cells was significantly smaller than that in
control cells and that the reduction in /x; density in H/M-Sod2”- cells was improved by
chronic AP intake. Values are mean value = SEM, Control, n = 32; Control + AP, n = 31;

H/M-Sod2”-, n = 32; and H/M-Sod2”- + AP, n = 32. Differences between groups, *P <
0.05.
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Fig. 6.6 Connexin 43 (Cx43) protein levels in the hearts of control and H/M-Sod2”- mice.
A: Cx43 levels in the hearts of control and H/M-Sod2”- mice with and without AP intake.
Western blot analysis of Cx43 protein extracted from hearts was carried out using
antibodies against Cx43 and actin, » = 4. B: Immunostaining with Cx43-specific
antibodies of the left ventricular sections of control and H/M-Sod2”- mice. Cx43 protein
levels in the H/M-Sod2” heart relative to the control heart, and chronic 0.1%(w/v) AP
intake partially improved Cx43 expression. C: Normalized fluorescence intensity for
Cx43 immunostaining of the left ventricular sections obtained from H/M-Sod2”~ mice.
The fluorescence intensity level was normalized to that determined in the left ventricular

sections of control mice. Values are mean value = SEM, n =4, *P <0.05.
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TETEVED TR Y AP IZXDEFLRYZR: ROS HEEMITER T 2EIE 1T/ EeERLND, TOH
A%, AP B0 I HEIRE A IR (i T COFLENERRS AL TV ZD&E(T PC 2R
Tt pgmL OL~LTHY | SHICHIaA FiE T 5 8L/ DN EHEES DT 09 ik
FIZHIA N~ IS D B IER I T EE X DNDEN L TH D, — 5, ERTT TR /AR D
BUZ IV e 3 C DMK F ARSI LN MAE S TNDM), ZOZEiE, Bb AR R
DI SV E SV BURB AL S DD FEAS . AP OIBEBUZ LSS ZEE2RLTWD, LA
FRVEBETDHE AP OAKNTOTEMLIERITILL TOIO R B 2 oD, £T. 790
A EAERDIR )72 AP 23, I P oI AN AN CIEEET UV A B LT, A RN OB LR %
W B FE LIz, — 75 N O ROS (2L T, MMENA 2 H B AW L THIKN
DOAIfEAACI T SRR e 432 GSH %, AP DMETLUFAETHIET, ER
WNOL Ry 7 2R AR TR LT, FAESR iR LA o M N I 35 2 2l kv i
NOHIRAL R OHERHCF G- L, iR IIZ ROS OREAZINHIL NS 2 55,

712 VAR T = ) — L OH LS EE

KA BT DI F, B AR AIZERIL , #E OBREME L TR~ OFRBAFRAEL,
BAECHNCAEFRIR FIZEDREBOZLETH D, o, R sUTBIT A THILHEE) 21X, iz
TERICKOERE OBSRE IR N ORI AEZ T T H1EH . BLOTORREL CTAEFEROM 4
LIEHTHEHOZETHD, B 3 ThDHHE 6 B CIE, flix OFHiRE VT, BREAR R K
THIE OMEEIK T, B, BROVEFSRIK T 26192 (B LERE IS DWW CRHIEL B B2
IZUTEZ(Fig. 7.5), BIUIZEHZRWETT T DR MR RO R K L7257 In AR B (AB) Z#o /N
JEIZKLT, AP I in vitro TEEEZIIHIL . MR O BMENOIRE T DI LA HONTLIZE 3
), BRIASD AP OF AT IR IR B O JRIR L 72 D5 L/ B R A i 9~ 2 L2 B
INZUTZ(5 3 32), £/2. BAEREWY THABA~D AP OF 51250 | RO AFRE ) LS
HZERALINILIZ(F 4 F), I5I2, Mn-SOD B s 1~ KABIZLOER{L AR AN K UAETRAL L
IEAFIEL , DEMEAREEAROFEAEBEDN L7 LIZET NV~ TA~D AP O HI, DM
ANHIL , REENRTE AR AL | DB RE A IR T D8Ik | v U AD A FR LN s
ZEEBMMICLIZ(ES 5. 6 ), £, DIEICEITD ROS OREAZIIHIL, BRL AN A~— T —
AR D2 LA LN LIZ(ER 5 &), LA XD, AP ORI 2 DE(LET MR L TEAL
DHATEINHNT DT DX AT HEEHONIT L,

KL TIE, AP OFTHEERN SOV MR LER A fEx OHE{bIEREZ T
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By eSS, RN TIZER L AR AN AR X VB BHERRE T D120 ~ T A% AN T
AP DAEKNPIIRALAE A AR TEI-Z LT, AP OIS AR # /EEG-32#(LE B
SHRLMHNCDIRMND FREMED B 2 DT, FTo, #iZE AW CTAERR FERICH MRS
TG T D EEPRTELZEIE, AP BEMIBWTHF B s - HI# Fich P ik
DFHL L HARMET LI LI RV AELFER N EA~BE T2 RN B B, BRL AN R XH)
RBEA LSO PR 9P 70 & AR TE BB R D FIE ~FE PO ZENEZ 2 HILTINIO, AP DOFEHH
ZALDEITITR L T2 T TS EEROMGNICS A H LR D IRt a2 R § 2 e T,

PLEALBEREDTEMER 3 IC DUV TS 35, AWFSE T/ oT7o i (bR L, R&EL
3ODIERIZIET 5, 121%, BILET N~ AR TOHAND, BN TOHERLIER %
FToiD, 2201, AR Zo /7 EEEIMEER CO R NG BILDRIK LD 4RI
SUTHEAEM 528 IV RIR LR D8R 2T DER R ZT b5, 301, #ihaki
TOMBND, FMBIR T 7 TR U TR 5.2 52 TR T2EANZE T B
Be ZOIBLHIBRMLIER 2 AR BEAERIC W TIE, ATEBL O 3 F Tk ~_725512, AP
DA T2, THbbHET 207X BANO I T a— GO T 5 ENRRENEE B
By AP EZ R EDORRAAEICOWTIE, AP OBEAORERE ., F1 213V S—EDRLEMEMIC
FONEE I INHIBERE IC IV Th, PC DREIERF AR R —B O EAEAMEIZ OV TR S
ALUTWDUD, RIFFETIL, PC 28 AP DIEMET I THLNDIRGEL, A+ ThDH3, 3DDF
RDIBE 7 EEMTIE B L OHEMBE 7 F NV ENTHEEIHIERIZ VT,
53 EBIOE 4 BIZBW T PC WEMARKR THLZ LN RSN, —J7 ., il bEE#E KB~
TAIZBITDHIRILIERICOWTIL, PC AR ZH B LToMREEZTT > TRV, BifE(7.1.1) T
W AT2 I AP DVERDHURILE DOETTAEITER 320D THIIL, in vitro TOHLIEAL
YERDSE8R )72 PC DNEME FERL 7 ChHA FTREMED W B 2 Hivd, R X TILPC &Y Ll kS
DHLARNGE AP DI THIZLIREA A L, RRHH AP ZH i biie &~ L TR
AIRE CTHLHIEELMNITLT,

% 4 TETIE, AP BRI TTY —F 2/ RE1S Ths SIR2 (KFHNC A A HREm L350 8%
RUTz, BN —F 2@ SIRTL (%, D Ml 2t 3 AR R B W CEHEER AR Z AT 5
(8) AP [XRIEME K2 % & To R (b AR APERAE LR LTI R A A LAY ZOVEHIZILM
R DA VTEMEZ 555 T DGR - Nrf2 OTEMEAL B G209, 26Dk b, AP D4
RN TOPBRALIETEIL, FV I AE B LD EHERRERTZT TR Y —F 2 GO H I
0, HUREBAHES AT AOBEBRIC L D RER IR ER O FTREMEL B 2 Hid,

AP DABBEREMEIZ DU TR, Halt OEER D70 ST EIT ML N B RE D S I >N T
HWAESNTNDHE022), Caton B, Vo= PC AN ME N IEREZ UGET 52 LA R LTZ?0, £72, PC
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VR N R R O EhRAEA LR R R O SRR L7 DL 7 F U RkE (L LDL 52 B R(LOX-1)DFH.
FEMEA DL HESNIZC), F72, 3 8K C1 23, RENRNEGHIIEO NO EEA 2R L T
REA UGB T D2 LMW SNT®), FLBLER EORIEMERLNICSN TOLIT T ThHD,

AP D RF] A (bioavailability) (2 DWW T, @ DA M2 805, Shoji HIE, 7w HVTY
> PC DEE,, 2 BlAkH D 5 BARETHMEPITRHSN LT LR L), Fo, eMIBE T
HIRFETIL, Wb+ pg/L-MEOF —&% —THY | B EIZ TR TH RN,
Lambert HiE, BT X HEIILDET DRI T =/ — )V OAEBRRR L, in vitro iR TR RE2A
TOWE LR TERNZ LD D, RN TITERLIZRY 7 =) — L O 53 i AR D TEPE IS
WS DO AREMEAFRRIL QD@ 72, Yang HI% PC @ bioavailability DS Z R L . 14
L& T PC (I HE )P AEBEREZA T5ZL 2L T 5@, SHIZ, Yamashita
BiT 4 Bk PC OBER~ T ADWALEFRILEL D GLP-1 SFERD AL AV DAy WERET S
ZEEIRL, WIRENAETD PC BAHLE N THRLVES WD T I =AU CTHER T 528N B L
SN0, DL EERE L, AENIZRINESVZ PC RN et (bis 2~ &E 2 ohbd, —
07 FLEACEERE B Sh ~ ORI Y o T, AL E NI Tk, REtsniz PC LS
XD AEFERC HILENT PC 2SI 8 A B 2 DNV E L b OVEB 3L LT
TERT 2 rIREE A B R T 2MER B D,

7.2 PUEALBERE R G 0D B FE Mk

AP ZRIF L7 EARRE R S DBIZEI 240 . AP OFRIL A, AP O EL-CHEREMERIF D
T2 DIST | B O RT3 BT D, AP &I LI- B b RE R a2
T NEL BRIV AN TORBERANEE THY, TNE@mDLIENEE THD, TN
D, PC G Tl RN TOTBMAE A2 RENTH B CELIENEHETHD,

£ AP OFHBIFIEICHOW TR RS, AP 1ZV T REE R L TG 228, REDIBH)
RIFTRV T = )= VRE LU TR DK 10 5823 20D, PCHEEENTWD, —J7, B
IRV T = ) — VO RERL G T DREDMEIR FE CTH D20 Sh R AR A+ HZ 81383
HI7230E IIXEE Th D, PLEXY AP DJFEHEL TR A T 5 ZLITIIRERFI SR 5L
Bz b,

DX, AP DL FEALCBEEENEM EDT= D DITFIZONWTIR RS, 5 1 TR, R
U7 = )=V ICO LT DL, B A D BILSNDZE THEBNOEZIL ZILDET
LU EZ AT D0, PC PR L #0 O RN EAERIZ DWW TIE, PC OBINA
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WNIRPED T AL E VIR LN a-ha 7 2o — /L EOL Ry 7 2 EAERICEY, ROS HEICEDE
H3I CORZEMHIL, X4 BERBLEEZFATLIE MG ST, £72, Chen bl
TIR AR T = ) — N EEHIL CRE XV E A G CEIT 528 T, MM
BEEVR S 7 (LDL) DAL IHISNDZ LM E L T DHe0, K5I, B XU D [RIRFHE AL
X, 7R IAROWRIEE B D HZENMBILTNDCY, LI ELY, iRt E e #I C o8
A3 E & AP EEBICHLMICRI T DA%, AP DR EMEZ @ | MEREME 2R RAICH LS
BIDICRERFENDHEE Z BN, B4 CRBIOEZI BEAFIAL- &R, &5 A
HEOREICHSLSERICETINMFSICB T, — BB E L RO EICHE N HEA
FTHZEERMICT BRI R N ZR B A RETHY, [HIRRLVERIC I EEEMERF 2 BT 538
FIEOBRERRZDBEDOHOLNTNDHC), — A OEBIA Z &0 B IEEMIT, 4 C B
24~1000 mg, EZ32 E 23 2.4~150 mgCOL X TNDIENS, ZOHPHIN TORA MM Y L% 2
b,

AR B DRI FIEZHOW TR, BdAFREIT, FRICGHEERTEOb0LL T
YA RN IR E 2 DIz, FEANICERL T, IR E O #3 E OETEALIRE L2575, B
HIVEERVT = ) — VD EEANIZ B L THIR RS ST BT T2 7 1ECIRLIERL T IECHED
HARAFEN LS TS, FTo, MRy E AP 2Rk, $EAUL T2 7 IECIDEANH NS4 C
WD, PR BIZERL XTI OO EIN OTE HRNE 2 bz,

7.3 HLELREEE R L ORE LAL

AP ZRIHLT-HIEABERE R SO PE RIS Y ST DIORBAFEa 7 MR LT, Béiin
FEREIZ YT U A MEAIEL, 1 BEREEL TV AR 7= /—/L 200 mg, 4 E 100 mg, £
Z3 C30mg, hah = /—/L 3 mg ZH &L TRLE T 2R E LTz, ARRGahi, FUiR bR
U7 x/)—)V®D PC ZRREG T RENPOIM LT AP ZJFE 22 L 237K U T, idhg 2 145
RNV ATHR) T = )=V LT, T, i b E NS KRR HER 2 BT 2 22k 2288
L7z,

PASIALIZ D | ARG SCTRL N A ATE LN AZ LTI~ £, ShR2F A LZ
FIERD AP ZRaih~FIHT2ZEE 0T, AP OHERLIETEIL PC DNEVEARIKR THLZ LD,
PEREMED LTI PC B BEZ IV SO DI B M PNLFE L, THEMIZPC DOE &4 mD LI
BEHEEL L, WAEBIRZFRIH LT 0~ 70— 43 BEZID PC L L EIRRR Sy 258972 50
FRCOZED IFVENZEIT IS, LL, ZOHFIETIE AP OB A &S 2515 TR LT RRN
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B2 B2 LB RIEI AN K5, BITE(7.1) TR0, RERO AP THHIZLIEREN
RS | BET AN IR LT BRI B W TR B AR RO AP L, AP &
BhimoZel iz,

DX, AP DELA BERTELZ, 5 5 BOH 6 HICBITHHABTIT, AP % 0.1% (W)
EIK T~ AT RS-, ZHUE 1 H 40K 150~200 mg/kg-A B EHIE S, EMIHE TS
&1 YV 150~200 mg (ZF Y T DL HIILZCD, 0.1%E W T, VTR ORY
Tz ) — VIR ELRIEEL UL TH A, F72, 200 mg VO FARIZV TR TR 1 EICE Fh
ARV =/ — VIS T 5, UL XD, REMHIZHLIIEO WL~ ThHZENRH LI TH -
7=

WA, BT R R A FIRLEH LR TE LTz, R SCTORFHRERD D, AP OFLER{LIE
PEDSEACINHIRERE ~BI 59 B2 LD LR~ 72720 FIBRALTEPEDS B dh DFFR AL L7205 5
SHrEhT,

FTo, RBIH(7.2) TR, Frl (b 2 HE0Y AP OHURRLIEYEZFRRAVIC HDHTEN
WIfFSNIZIz | X OELE LT 2R E LTz, AR, EMTEWTHEMEARN AZAK)H T
BHZENHERSNIZCN, B Thnh AP, BEX E, B4 C, hah) =/ — L afl &L
FER 2T TR ARFEL THW ZHEMRIATRER FLEGEBRIZ I T Mg o oo 7% Mk 38 il
AR B (Diacron reactive oxygen metabolites, d-ROMs)@075% &, Ll TH DR #E T,
12 JEFHERUZEY d-ROMs 2MERETE TR L, £ 7 70 RBEEEE A THED Lz,
d-ROMs &, EERNOERL /2B b %E KT DB LA Av— D — LB 2 BTN DA,
RUT = )=V E PR E 2 O T ) FAC L0 A RN O 1B PER) 22 (LA N ADME IS L 7= Al B
PEDE 2 HND, AP A FLE LI Pl b & 2 R B BT 22 81280 BALHELT O] A3 1]
FFSNAZ LD RENTZ,

7.4 fEE

RE T, AP OHLELBESREOREERE AT OV TRIE B LB 2L, P bHEAE A L B 8~
DREFNZDOWNTIRAT, BIFEE TOMGER RO, AP OF T 55 LIEMEDS, EfFREm LS
5 ThoEMEES NI, £z, RFFENLEONI M AAREX T, AP 2l HL7-H# (b
PERE RS OB IS I LT, JRBHTII IR IEME A T2 PC DEEPZVEIREMLEHL, K
RO AP 2 FH L7, F7o, BREMGEIZ I 2B H &5, AP ORLG ®AZRELT, IHIT,
il v RE 2 EERFR R S L, P OFIRRLIEEZ SOIZmD D Lo et b e 2 Bl &
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procyanidin A type
(2—07,4—8)

procyanidin B type
(4—6)

procyanidin B type
(4—8)

Fig. 7.1. Procyanidins A- and B type structures (catechin dimers). (A) Procyanidin A type
has the bond both between C at the 2 position in one C ring and O at the 7 position in other
A ring, and between C at the 4 position in one C ring and C at the 8 position in other A ring.
Procyanidin B type has (B) the bond between C at the 4 position in one C ring and C at the
6 position in other A ring, or (C) the bond between C at the 4 position in one C ring and C

at the 8 position in other A ring. Procyanidins with 4-8 bond are contained in apple.
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Fig. 7.2. Procyanidins B type, B1, B2, and C1 structures. (A) Procyanidin B1, (B) B2, (C)

Cl.
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(+)-catechin quinone

Fig. 7.3. Radical scavenging reaction of catechin involved in catechol group. The data

were reproduced from reference®.
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OH
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Fig. 7.4. Radical oxidation reaction with conversion of procyanidin B1 into Al. The data

were reproduced from reference®.
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Fig. 7.5. The APs and apple PCs have several anti-aging effects on organisms in vitro and in vivo.
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8.1 KIHEDITE

KT, VAR 7 = ) — /W (AP)&TE F LT HiB LB RE & S BRFE ~ D EBRZ H L L |
in vitro \ZHINZ B L OALTT VAW ZE AV in vivo TORBREFEEL . RN TD AP D
PR LAE RSB AUIE A OF ML B REPE R S~ D BEBH O FIREPE A RRGE LT,

1 ETIE AT =/ — VO E AR A~DE, BLOEMICIDMIE AL ZEE LD
HIEENCBIL T i OBFER R A FL O Toiiaa il Uiz, SHI2, AP OFTELHERE &S~
ISR T E R IR~

552 BT, AP O EmaL A7 — LB L) P2 AT e — /B A
BL ., AEEEERISH L CTPIIMICIIOZ L TR IR CIRE YR 2 78
(LDLYZ HARRLAT oA MR F O FBL LA 2 RHET D8I LD TRt A 7R LT,
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