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+ AGEs: Advanced glycation end-products (¥& A HE(LPEW)

* Fru-P Hiff: fructose [EAHE AIZX DR Y 7 v —F LHifk

* NMR: Nuclear magnetic resonance

* LC-ESI-QTOF: Liquid chromatography electrospray ionization quatropole time-of-flight mass
spectrometry

+ LC-ESI-MS/MS: Liquid chromatography electrospray ionization mass spectrometry/ mass
spectrometry

* GL: glucoselysine

* FL: fructoselysine

* BSA: bovine serum albumin

+ LC-ESI-MS/MS: Liquid chromatography-electrospray ionization-mass spectrometry/mass
spectrometry

* STZ: streptozotocin

* CML: N*(carboxymethyl)lysine

*+ AR: aldose reductase

+ ELISA: Enzyme-linked immunosorbent assay (B8 0 /52 1 amii )

« HPLC: High performance liquid chromatography (F3 gk 7 v~ s 75 7 1 —)

*+ QTOF-MS: Quadrupole time-of-flight mass spectrometry (VY B ARFRES T IRF ] RUVEL F oo AT 24 1)

« HbAlc: ~EZ/ 1t Alc

* CML : N*-(carboxymethyl) lysine

+ CMA: N°-(carboxymethyl) arginine

* CEA: N°-(carboxyethyl) arginine

+ MG-H1-imidazolone: N°-(5-hydro-5-methyl-4-imidazolon-2-yl) ornithine

+ CEL: N*-(carboxyethyl) lysine

* GO: Glyoxal

* GA: Glycolaldehyde

* MG: Methylglyoxal

* Na-PB: Phosphate buffer (U &7 U 7 AEEEIR)



* PBS: Phosphate buffer saline

+ NaCNBH3: sodium cyanoborohydride (37 / /KFE{LAR U FEF R U 7 L)

* horseradish peroxidase (HRP)

» KPL: Kirkegaard & perry laboratories

+ OPD Tablet: o-Phenylenediamine . 2HCI 10 mg/Tablet (o-7 = =1L > 7 I > “HEEEHE 10
mg/Tablet)

- HoSOy4: il

* N%acetyl-lysine: N%-acetyl-L-lysine

* N%acetyl- arginine: N-acetyl-L-arginine

* N%-Cbz-lysine: N*-carbobenzoxy-lysine

« HCI: Hydrocronic acid (}&%)

* ACN: Acetonitrile

* TFA: Trifluoroacetic acid

* FA: Formic acid (¥£)

- BCA {£: Bicinchoninic Acid Protein Assay

+ m. w.: Molecular weight (77 =)

* m/z: Mass-to-charge ratio ('& & & faf kb))

+ HFBA: heptafluorobutyric acid (—~7" % 7 /L 7 11 F&E)

* RR: Recovery ratio of the skin length (L& D[R]1E )

« RE: Ratio of elasticity during constriction (YD ML =R)
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R
F¥—7— K : Advanced glycation end-products (AGEs), pentosidine, #/&J%, glucoselysine,

< dAF

BUE, Ml b RO (R 7o BAENE & BB R E D HRERIE R & OEIEEIEREE DM L
TWb, A4 T7— FESETHIAERY O—FETH H~F 7 1 v Alc(HbALc) 1%, BFERIA
BEOME= > br—<—0—& LTHANICFH S TW D, BERFEIHED T
H~—J— LT bR, 7~ NUBNYI %S TAERT %5 Advanced glycation end-
products (AGESs) 1%, HERFEADHEDORIETHMT 2 Z b, EHEDO~—F—L LT
OFIAPEE SN TN D, £ 2 TEBTHEBICHE > TER S5 HH AGEs #iE DIRFK
BELO, BRICEMBEERBOETIZH > TEKMB~OFEE I REINATVD
pentosidine A& pHNHIlRY 77 & BRER L T2,

1) Fructose H3E glucoselysine MERFET v FKBEEFEADEHE

(355 - Hi9] AP o fructose 13 RO, mLARRIE CIEMIaN O AR U A4 —L
FREEIZFU N T sorbitol Z#8CAERK &5, 1998 41T fructose [EAE FIZX T HA U 7 1
— T HUE (Fru-P HUAE) 25 1RBEIRIGOFEFIIFNCHE-S TT v FAKEEA LB < OG5
ZERHEINZ, L, APEOTE b= 3 RMENTE 6T, TOMEARK
TEEE DFEMZRMNT I 22 STy, Al BYRSEIZERT & 0 LB TH 2 Fru-P fifko
TV h—=TEMHT L, EERICBT S h—T OEEE SRS TITo7e,  [FIE] BE
1 AGEs T& % Ne-(carboxymethyl)lysine (CML) (254 55k (CML #ifk) & Fru-P Hifk
ZZHAWT, BERFE T v FOKEEK L DRJSMEZ Enzyme linked immuno-sorbent assay
(ELISA) JTf Western blotting (WB) TaFfli L7z, F7z. APk L IET 5 fructose (&
3% % High performance liquid chromatography (HPLC) (2 & -~ TR L. HEfEY % Nuclear
magnetic resonance (NMR) & TF Liquid chromatography-electrospray ionization (ESI)-
quadrupole time of flight (LC-ESI-QTOF) (2 & » T Fru-P HUAD =" h—FZfiftr L1z, &
BT, AREEDILFHIEE M OV ERHSFr Ofat, S bICAERGEZER L, [REIE -
B2 T v MIBERFEZFRET D & KEBEIZ CML NERT 2725, Fru-P ftiko =t
— V&ML CML OFEFE L~V XD @2 & 28 ELISA B LN WB 12 L » THER S 417,
NMR K OF LC-ESI-QTOF (2 & = T Fru-P HifAD = &" k — 773 glucoselysine (GL) & [Al/E &
M7=, LC-ESI-mass spectrometry (MS)/MS (LC-ESI-MS/MS) % Fv 7= GL OBIEIX. T



BNELL, 7T 7 A hoRE— VL LT fructoselysine (FL) & ORI 53 8T EOFE
BThHoTz, L, HEEEIMKGHE T TGLIFEETH DM, FLIXFERIT furosing ~4
e ni=7=%, GL & FL O#RBI2NATHE & 72 > 7=, Bovine serum albumin (BSA) & 7S/
T& % fructose, glucose, galactose, mannose % 37°C TR L7/ 5. GL X fructose 7205 1
HTAR L7722, OARREENGIT 14 AR bR SR o722 L, GL IEFEI
fructose 7> SRS 2D 2 & D3RS S 472, LC-ESI-MSIMS (2 & - THERE 7 » b KSR IRIC
BIF% GL LT, CML, furosine ZE & L7-fE R, 1 EHHO/EEZ v &LV b 8HHOWE
JRIF T GL 1X 313 1%, CML (X 1.7 {5, furosine 1% 21.5 {59 L7=, #2 GL 1L, FH%M
FHCAKIE L CHB RN Z R LI2hy, AR U A — U231 5 fructose A=k D RiTBRIA T
&> % sorbitol [ IHEIRIFIFELIEIN L7228, 238 B THEIZE Lo, 2405 ORI, sorbitol
=R AR U A — ViR OEEAT 2 K3 2 25 GL 13 & 0 BRI AR Y A — Lk o
EITH L <IUKBERBAOEMEZ KT 5 Z L 2R LT\ D, AFEIZ L - T, GL I
PEPRIFHEAT I K D /K B IR EE B D 2R 2 AR IR 5 7o 0 DA 22 M i)~ — T — 122
LEEZEZBND,

2) YU IRF 2 (Garcinia mangostana L.) BRE#HEYIE pentosidine £ ZEHIFI L. Al
DENEZERET S
Y5« HMY] AGEs #1ED 1 T 5 pentosidine 1% glucose & T lysine, arginine % F2&

&L TEMERUR CAR S FU, @ M -ORE CIfil R EE AN 5, £io, #etkEz o
ZEMMB HPLC IZ &L » CEEICEEFTRETH ¥ | pentosidine 1T/A S AFFES T E T2
AGE T®H 5, BEIZ invitro X OB F\ 7= invivo 38R CF O i3 2 alisy A3
HENTE N, e ETHER7: pentosidine AL ER O I\, F Z THEIKIC
#AET % pentosidine & &) RBUZINHI T 2 RIKMIR Y 2 HR5R T 5 BRI T, Higfk - Hidk
SEEZFOFY o MES T n v T =DV, AT X EEORY) 7= ) —VEHE %<
Gip~ > dAF 2 (Garcinia mangostana L.) FEZIZAEH L, Z QAR SR 2 5840 L
7eo  [J71E] #BRE T pentosidine 23T 2 SUGRIC~ v I AT ROl
Y. &5 WITEEES LIRS 2N L. HPLC (12 X - T pentosidine o4& kil h 5 %
E LT, £lo, v IAF U REBUKIH Y O 5 % 100 mglday T L 7 32—48 ji%
DR 72 11 4 O PEIZ R 2 i pentosidine D)%, HPLC IZ L > THIE L7, &
OICRIERE DAL T DK B R MO NMEZFHE LTz, [FR - B8] v~ F2F



VSRR G BB S 7= BEFnRE TS C 4> 5 rhodanthenone B & U garcimangosone D 1, i
FERINSGE T (0.1-100 nM) THIHIZVE DGR bive, mEICHESINTZT7 TR/ A R
{bE D AGEs A RINHIRRER Tix, IIMREEDS 25-250 uM Th-o7oZ & LT 5

& ARHBERTIE AGES ERIIHINRREVMEEM E E A D, SHIT, v IARATF R
Bz DEGKA Y 2 HE L L 724 o pentosidine (3. 2 o HRICH ERBA RO 5
. LK EEROOMENRT E LTz, YLEORERNG v T 2AF R HRD(L
AT pentosidine DAERKEIIHI L, & HICHLORKENEGET S22 L BIE LD
THER S, EFE OAEEEEFRO TR QOL M LIZAMTH L Z LRSIz,



%

Glucose @ X 9 722 7oHEC methylglyoxal (MG) 72 & D B LR = /AL EWITIEREZAYIC
TIBDOT I ) ERTFA—NEERIS L, AT = FRISIZB T %Yy 7B IO
7~ RUEMZI LT AGEs BT 5 (1), ABUGIT glycation &2 WMIHE L E b F 0
NTWDR, FHEEEMIT BRI T DR OEIE L LTHW B TE 2, flZiE, &K
SISO AERT 27~ R EMO—FETh H~F 7 o B Alc (HbAlc) 2) X
glycoalbumin (3, 4), fructoselysine (FL) (5) Z#iXIfLH glucose £ % KT 2 HEHECTH Y |
HbAlc T2 1—2 » H ok = b o—/ %2/ li4 5 HERIE ORI 22 22 b~ — 2 —
& L TR TR ST, BEiC & 2R A OB L O AGEs OFRIE, B
EEEESE, 2L > TRERIGEZ LSS (6-9), HRITOWFIETIX, AGEs 230
BTNz (10-12), #/NILE A DHE Td 2 BERBMERE (13, 14) ORERFVERBSE (15-
17), BERIATERREREE (18), & SIZITEIIREEAL (19,20) D & 5 7efmfe T TARMIC S
TLZEPHmESNTND

PARIIZ Nagai H1%, AL HFERED LN TS AGE #&ERO—>THD CML 2
hydroxy radical (21) <CYRHELHE AL (22). peroxynitrite (23) (2L 5 7~ R Vs Db
JRIZ R THEASND Z 20D, AERNORB{b~—T— L LTHRIATE L Z L2 WEL
TW2%, CML B XN CEL I&, MEsIZE Ve FAKEIRIZERT 5 Z &AM BT 5(10-
11), Thornalley & (14) 1%, MG H3¥® AGE T#& % N°(5-hydro-5-methyl-4-imidazolon-2-
yl) ornithine (MG-H1) JREEN, {5 H TR CTEALBFEOMBETHEMT 5 2 L 2HiE L
7o £, BIOWFFERE R & LT, glycolaldehyde (GA) HI3£?D AGE T# % GA-pyridine 73,
t MEIREELIICERE T 5 2 LR E SN TVD (20), 2O K S ITHEORIEIC ST
EE3 5458 AGEs # B & 5 Z & 1X ARORMOLET 25T M T 572 DICHHTH 2,

Z ZCARFZE T, FHEO TR~ —h—IZ72 V155 H7-72 AGEs #iEICE B L, 4
RICHIT 5 E RSN IEZ BRI L, A8 & OBIMEMEAFHE L7z, 2017 SRR RF
BEf& THED T HIIZ K- T, BERP T > MAKEIE & EWEIGMEZ 7R T fructose EAfiER HIZ
X BHUA (Fru-P Hiik) o= h—77 glucoselysine (GL) T 5 Z & 23FEIE SN7zA3,
Z DAL DR L OVERY o 7 BT 5 E BN RERIT R ST\ T,

75 1 B TIE, GL OERGREEE DfftT-0. BT OIMEW) & R % 72 D OJE T A HE S
L. 1 BBERRIG Z » D OKBIRIZEIT S GL RO 21T 572, S HITKMIERIZB N
T, BV A= NREOIIETH 5 sorbitol, FLA b L ATHIMNT 2 CML, &bk EE

10



TEREND T~ K VIR O fructoselsysine (FL) ZE&E L., GL &gk L7,

B2 ETIL, v v IRAF U R RST X D pentosidine A=k INHIN B A MiFE L 72, AGEs
SERALSCIE S DIBFE TER SN D Z D, FUBLIER 2 o3 2id, AGEs #1
HIZHREDGED HILD DR E, £ 2 THi=7e AGEs ERNfilbA & LT, filiik -
PRIEMEH Z RSy MES T 0o 7T =V, ATV EHEOR) 7o ) — V%
2L G~y AATF U RK O RETE L, BARAICIE, d0OME AGEs O—FETh 5
pentosidine ZHE L, v TAF U REHSIT K D AGEs ZERLOIHIN R A fiat L7z,
W22 in vitro TR KALE W) pentosidine 225k & 1] L 7= 85 13H 228 (24, 25).
FER R E N7 Y A 2 N EEELL T, A pentosidine DAL Z ] L 72 51X 7220,
BANC, ~ 2 TAF R M OEEERR 5312 K D in vitro TO pentosidine AE AT 205 %
ELISA {EICTHET LTz, SBICvy TAF X 22 BH L -/ & 2B 5 i+
pentosidine & D%k % HPLC TaHfi L7,

11



1-2.

% 1 E Fructose HH3E glucoselysine DFERKE T v FKBE~ADEHE

de =
HR

. B¥1E AGEs DHERER

CIVE THERTHIE Sz AGEs #IEIER, TNEND R 5 AR 2 F50, it
REEAFES LIRNTIE, AA T — FRISICE > T AGEs OFIBMATH 57~ R U EEhi
DA S, BLEOBIIRSIZ X > T CML 84T %, £7-. Glucose D H LT
AR 7 glyoxal 23 lysine X° arginine & Sl U, BR{ELEUGDOFER, CML X° CMA 23 41K
T2, CMAICBILTIE, 29— VAL DORGTERESND Z L0 b, Fikic kb=
7= EAOEMECES T 2 RS RE SN TWD (26), A AU O
L7z VASBEIRIE 7 > b CTIE M A~D A 2 U ARIFRI 72 BE OB IAB AT 5 72
TR AARBRREIZMBSNTE T FUMEE 70D, ZORERIZE > T, 7 b oARko—7FE
THoHT7E MR TE b=~ EEHE I, lysine & DL T CEL #4575 (27). &
7o, @7 B U MUE CHEASEEYEICME S 77 R 7 3 R—3 A TiX, glyoxalase 1 FELOK FIZ
Lo TMG PHINT 5 Z &6, CEL AERIMERE S D AIREMEDR & 5, KEBIRICEIT 5

G %, FUA—=RY VEBEOHRCH LR R O, IEEEEREIC X > TR S 1L,
glyoxalase 1 IZ X o TR SALD, L L, MECIEOZ OfEFRERIEE L (28, 29),
KEBAEHIZ MG-H1 2380092 (30), £72. KEEOEEERATHL 7 U AZ Y U3,

ICEVEBMiSNEET L2 bHEINTWD, 77 v— L E)REE LD 7 F— 2
FERGEEE CIX, MBS~ 7 v 7 7 — URRIESUR CART 2 I ERE & serine A%
JELTGA Z4EK L, GA & 5T lysine & K& LT GA-pyridine #45% 95, Z® GA-
pyridibne |%, BIREECIICER T2 Z &M EIN TS 20, 20X HIZ, ZNET
AT SALU T E T2 BRI AGEs ORGS0, ATEEER & BB D Y R O &
S TW5b, L7edo T, AERICEET 5 AGEs OAMFEDMITIINATH Y . Z DRk
JFin b PRI DIRBOIERS, £ OMORREZ K3 2 K+ &t 3 25803 T4
T& 7, ERICBIT D AGEs OE&EIL, WEOTHl~—F—& LT, BRIICEHEE %K
HEFoEBZ LD,

R A—ILEEBIZ & B fructose EELE
BRI FIEICAE D I IL, 4 AU OB WNRED L, 4 A Y VIERFN R

12



glucose MR L > THIFMNA~ID IAE N D, MFEN THIN L 7= glucose 7% aldose
reductase (AR) (2 K > T sorbitol ~ZEH#L X5, S 51T sorbitol dehydrogenase (SDH) (2 &
- sorbitol 1% fructose ~ZEHLEN D, Z D glucose 7> 5 fructose ~AL S5 E TORK
WA AU A — VRS & FECY (Fig. 1), AR OMETTIE, MIKANIZISIT 5 7 v & F A e
DIV 3 L U'NADH O K> TEMEA ML AZTTESE 2, £, Mk i@

E 720 sorbitol DN L DREEA FLVAREL D, ZHHDR Y A —/LiR K OHEST
DSFERINEDHIE T & 2 MBE-CHNME, MR EICE ST 2MENH 508 31). NI A
—/VIREIC 373D % AR R° SDH % DOREFEDOILEA 255925 2 & T, 2 b OIFENH
BT D EV I WMEIFD R, & 2 THAT sorbitol X° fructose £V b, fructose 1EAfFEY) O
TN EREADOEMECEST 2720, WRBROEITERWRT 5 L& X7,

..@ . Hyperglycemia

1oy GLUTY Lens
Polyol pathway .~ [I{ll Non-insulin-dependent glucose uptake \
T T

glucose I ‘ _________________

Aldose NADPH !
reductase "C D Glutathione disulfide :

v (AR) NADP* L 2Glutathione || I
sorbitol I | :
Sorbitol ::g NAD* gﬁ::e Free Oxidative,

! dehy(dsrg?_ienase:: NADH t radicals stress :

______ Chung SS, efal. JAm _ _ 4
fl"uctose I Gabbay KH, of &, Soc Nephrol. 2003.

__________ Annu Rev Med 1975.

Induction of diabetic complications? /

Figure 1. Formation of fructose-derived AGEs through polyol pathway. Under hyperglycemic
conditions, glucose is taken into the cell via GLUTI. In polyol pathway, sorbitol is formed from
the reduction of glucose by the AR, and fructose is formed from sorbitol by the SDH. The lens
protein is possibly modified by fructose, downstream of polyol pathway, and induced denaturation
of the protein. In addition, the progresss of polyol pathway reduces intracellular glutathione levels
and increases NADH levels, resulting in the enhancement of oxidative stress (32, 33) and formation

of AGEs.
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1-3. 1 BIEERF S v FKBRIFRIZE TS fructose BFHERADERES LUVIE F—JORE

FEATHFZEIZ & > T, Kawasaki 5723 fructose (&SR HIZxf T 5K Y 7 o —F LUK (Fru-
PHUA) ZAFRL, 8725 20 B H D 1 BUFEIRF T v FKEE L @IS Z R T 2 L %
HWE L7z (34), & HIT sorbitol J#E & IEOMEZ R LT, LML, AFUEO=E h—71%
20 FEHIARHICTH o7z, APURD TV M —T 1%, IKERICERET 2 F 272 AGEs ThH Y |
R A — AR OHEITIZE S SRRE ORI EE A& E 2 5 L B2 bnd, 4l #Hilk:
ICHAIL S 72 Fru-P HUA DO = & b — 7 M7 HL 512 £ > T glucoselysine (GL) & [FIE S 7z
DS, HHED DRBET, R TO LC-ESI-MS/MS 12 & 5 ERIIREECTH 72, & 2 TAHF
FETIE. AR GL &, M) LR P Re 72 E R A MENL LTz, S BIT GL OfkFAIME
B3 LOVEMRICIS T 2 AUk A iRt L. BERRI 7 ~ FMKRIRIZIIT 5 GL B L OE
FEOHIETH S FL, LA ML ADIETH D CML, AU A — VR OIEELE R
sorbitol & DLLEEEIT 77,

2. H&

GA 1 L UYMG &£ BSA % 2 mg/mL BSA (1.5 mM lysine 7% %; initial fraction by heat shock,
minimum 98%; Sigma-JAPAN, #43)Il) & 30 mM GA & LLIZI MG & &bz, T
PBS {AHPIZH\\C 7 HE 37°CCRREFT 5 2 & THHL L 7= (34), Fru-BSA |Z 10 mg/mL
BSA & 0.37M D-fructose (B HALT:, HR) OIRG /KK 2 BRGHEoEE L, doiRiBo £ %
30 43R 90°CTHREF L7= (36), CML-BSA [3SEATRSCIC L7223 > TR L 7= (34), 10
mg/mL BSA % 0.2 M Na-PB (pH 7.8) I C. 0.15 M glyoxylic acid monohydrate (& 7 1 /L
LFEHIEE, KBR). 0.45 M NaCNBH; & & $12 24 K] 37°CTRREFL., RGP E &L
— AT, PBS FCENTT 5 Z LIk » THRMIGD glyoxylic acid 35 & U NaCNBH;
M3BrZE L7z, Fructose 1Efi7 X /& (Fru-acetyl-Lys, Fru-acetyl-Arg) OFHHLTlX, 50 mM
N*-acetyl-lysine (HUL LR T3, AL, HA), & L <& N%acetyl-arginine (Sigma-JAPAN,
FZZ)I) & 0.37 mM fructose & DIRA KGR 2 Gz U7z, ol U7o3lk 2 30 40
90°CHRHF L7z, 2D DOEAI BSA & L <137 X/ BR% Fru-P Hilkz 7= FEE S ELISA
t L < 1334 ELISA THlIE L7,

14



2-2.

2-3.

Fru-P fifAD R

Fructose fEfffiT& H (Fru-P) ([Zxt3 5K Y 7 v —F AFLEFHE D 7= o, 50% Freund’s
complete adjuvant TI&f#E L 7= Fru-BSA 0.1 mg % V%X DR TF~FEAL, 50% Freund’s
incomplete adjuvant TIAf#E L 7= Fru-BSA 0.1 mg % [RARIZ 9 [BHEINGRE UTs, &g
510 H&IZHZ G2, fifT =7 L& & HITIEB S 72, BSA & L <3 Fru-BSA
% HiTrap NHS-activated HP column (HiTrap-NHS) (ZfE& L7727 7 4 =7 4 —H 7 AT &
D R U T-BUniE & A A KSR L 7=, BSA-coupled HiTrap-NHS (2 X - T, §T BSA HilfLik
ZHLIE) B2 L7z, Fru-BSA-coupled HiTrap NHS (Z X - THt Fru-BSA ik % 1
L. Fru-BSA & &)&3 % Fru-P Hiik %157 (37, 38), ELISA {Z X - T Fru-BSA (2% %
Fru-P RO SOGH: 2 IE LTz,

B=EER

L TOBYERIT, BUERFIC L > TR S (KGEE S 181089), HIEREIZHIT 5
B EBDO 72O QMW OE I L EHICET 20 A4 RT7 A4 AL L 72 (2007 44 H 1
HilE), Wistar 7> F&ILE) (REAR) DHIEA LT, 7 v b EFFIROZZNY T figk
(12 W O BIREJE ) CEIE L, Ml O - AL (Clea, HUR) 25272, 7v M
IAEZIZ 6 DD T N—TI203F 7= (n=6/7—3),6 HHD wistar 7 » b (fKEI L% 150
g) 1202mL @ 0.05M AFREIEIK 7 = U FRFEMETHR (pH 4.5) (ZHafE L7= STZ % BFRIRN
~NEFT D Z LI L o TUBERIFE R L= (50 mg/kg body weight), MLy REF 2 H-HL L |
JNha—ZA Cl-7 A U a— (L7 A LLFEMEE, KR 12 &> Tl 4. DCA
vantage (SIEMENS Healthineers, /L7 > %7 KA V) 12X > T HbAlc JEE & L=,
U7 MR A RE I B0 L. 0 £ TOMIE-80C THRFAF L T2,

. Fru-P $1{&% AL = western blotting (WB) [Z& % fructose i E A DR

WB IZ £ % Fru-BSA fH D728, 2 TOKMBEE (10 pg) % 12% SDS-PAGE Tk}
L. 727wk Bio-Rad, BV 7 H/1=7) AN GREET T, R 7y
{fbke' =YV 7 (PVDF) [E~HEE L7, DL 5% BSAin Tris-buffered saline (TBS; 1 mM
Tris-HCI, pH 7.4, and 0.15 M NaCl) & & HICEB TRONCHEET L2 2 itk T e Yy
F 7 L. 0.05% Tween 20 Z e TBS T 5 /v 4 3 BT o7z, £ OBEHE 0.5
pg/mL Fru-P UK & & HITFECMITHEFR L T 49°CTIREF LT, Wik, Z D% 5000 %
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2-5.

2-6.

i FR L 7= horseradish peroxidase (HRP)-conjugated streptavidin & & $ {2 1 R =EIE T TR
PNTHEHE L. 0.05% Tween 20 % & ¢e TBS ¥t T 5 /2 [MVEH % 3 [B14T - 72, Amersham ECL
Prime system (GE Healthcare, - U / ) &M\ ot 70V 2 38E 4 22615 THUR
& DRUOSHEZRE LT,

ELISA

CLRT D5 2 2512 ELISA M€ %17 > 7= (20, 39), FEHE S ELISA (X, 96-well
immunoplate (Thermo Fisher Scientific, ¥ F =—%& v ) D% well |Z PBS IZHiF L7245+
IREDMEZ 0.1mL >3 —7 1 > 7 L (Fig. 2A), 1 KA SEiE THAE L 721%. 0.5% gelatin
hydrolysate/PBS {A#ZIC L > T7 v v %7 L7, % well IZ 0.1 pg/mLFru-P Hiild L <%
P CML HUIK (6D12) ZUSHhI L, 1 BEISIE CHE L7z, 45 well [ZWF5 S 7 HLiRig,
HRP-conjugated anti-mouse IgG $iLf& (Thermo Fisher Scientific, ~ T = —% v ) 2L -
THiH L7z, $iA ELISA Ti. 0.01 ug/mL Fru-BSA/PBS AR % 45 well (IC2—T 4 7' L
72#. 0.5% gelatin hydrolysate/PBS /SiRIC L >TT7 v v X7 LTz, FBREOREZ 50
uL RN L 72% (Fig. 2B, D, F), Z&® 0.5 pg/mL Fru-P HUAZ RN L 7=, APk & ORG
4 % HRP-conjugated anti-mouse IgG fLi& ThiHi L7z,

Fru-P fiAD T E F—THREDFRER

Fructose f&fifi N®-Cbz-lysine (Fru-Cbz-lysine) #i#i0D 7=, N®Cbz-lysine (Sigma-JAPAN,
21 3 LTV 0.37 M fructose ZIREG L. & DOIRIR & SR LT, Z OzEsE 2 90°C
T 30 fPRFF L7z, HPLC (S-S EFT, HUEB. system controller, CBM-20A; pump, LC-
20AD; UV detector, SPD-20A; autosampler, SIL-20A; column oven, CTO-20AC) (2T,
Fru-Cbz-lysine 30 puL % Cosmosil Packed column 5C18-AR-II (20 x 250 mm; %5 71 7 A
7. RED) IZIEA LTz, BEMHIL 0.1% TFA (B L7 A L LRGSR, KB) TH V., 3
mL/min O & & H 1T Acetonitrile (ACN) @ 2 BBEAJEC (0-2.5 47, 10-25% ACN; 2.5-20
43, 25-47.5% ACN; 20-22.25 47, 47.5-60% ACN; 22.25-40 47, 60% ACN) THIE L7=, Cbz
EOFHETH S 270 nm (2B 5 UV it T oEtihzt=21 27 Liz, 270 nm
(ZHITD UV BRI TR 2B L2, 250 fraction Z, 20 HIS L, £hZih g
TEAE L7z, A L7z fraction 2 K CHIAME L. AR L7=4 fraction 2 LRk Fru-P Hiifk %
P 7=3E4 ELISA CHIE L7, Fraction2 % & HITHEE L < /0BT 5 728, Fru-Cbz-lysine
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2-7.

2-8.

Z FRDOEMTO HPLC v A7 ATHIE LT, Z OB EHIL ACN @ 2 BeFEAEL (0-3 5
10% ACN; 3-5 43, 10-25% ACN; 5-25 43, 25-27.5% ACN; 25-35 4%, 27.5-40% ACN; 35-40
47, 40-60% ACN) D 0.1% TFA ToH 7=, 270 nm (23T 25 UV RINIZ K-> TEHY 2 8
HI L7z, Z# 5D fraction & 20 [Fl47EL L, Fru-P Hii& %z A 728 & ELISA |2 XK - CTHIE
L7z, 2 Z7C Fru-P HiR & i L72AEH fraction 2 NMR 3 £ O LC-ESI-QTOF Cilll & L
7o I BHIT, KT fraction D Cbz & KFEEREL T T 5% palladium carbon % %7 MeOH 1
mL & AW o 8EE eIz X o THiGRGE L7z (40),

NMR ##iEfEHT

Cryogenic TXI probe (Bruker BioSpin, ¥ % F = —t& » V) Z ##{ L 7= DRX-500
spectrometer % V72 NMR (2 X > THEH fraction Z I L7z, Probe {f % 298K 25X E
L7z, 3B (5 mg) & 600 uL @ D0 (99.99 atom% D) THIAME L. 4,4-dimethyl-4-
silapentane-1-sulfonic acid (ZxF9% 'HAbEY 7 b &EEXH L7, 0.251449530 (3C/'H) ¥
L 000.101329118 (N/'H) @ X/'H g2 563 < BB &2 VT 1°C & BN bEy 7
FEIEL7-, NMR > 7 F/LiX 1ID'H & 1D-selective TOCSY. 1D-selective NOESY. 1D
BC, 2D 'H-'H DQF-COSY, 'H-*C HSQC, 'H-"“C HSQC-TOCSY. 'H-"3C HSQC-NOESY.
'H-3C HSQC-ROESY. 'H-"*C HMBC, 'H-"N HMBC |Z X » Tl#/g &7z, XWIN-NMR
(version 3.5, Bruker BioSpin) % W\ C7 — ¥ I L Oo#r 217 > 72, XWIN-PLOT
(version 3.5, Bruker BioSpin) C NMR A7 ML &EFIR LT,

LC-ESI-QTOF [Z & % # & 4T

HPLC T8 L 7= fraction Z %2t S+, 20% ACN 0.1% formic acid (FA) CTHIAME L 7=,
FEHL L 7= fraction O IEfE72E &% Compact mass spectrometer (Bruker Daltonics, 7 L — %
¥) % M7= LC-ESI-QTOF (2 L - ClAE L7, BEIfHIE 80% ACN 0.1% FA @ isocratic
flow ThH o7z, WL 0.2 mL/min [ZFXE L, {EAEZ SuL & L7z, FHEIZBNTS
mM XEEF U 7 A& E T 50% 2-propanol & W THEER ORIE A 1T - 72, ESI-positive MS
ZHENIGE=FV 7 (MRM) (Z X% flowinjection Tkt & 08T L7z, A A4 L IRIEE %
200°C, ¥ 7Y —RLT =% 45kV, BRTFVF—% 35eV, /)% 1.6bar (T
E LT R 2 W THISGHEMRES B 72, 13 mz 50-1000 OE &#HiPHT7— ¥ 2 itk L
72 SmartFormula manually (Bruker Daltonics, 7 L — X ) IZ X > TR EINT-A 4> D
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MRS T L72 (14),

2-9. LC-ESI-QTOF [ & % invitro |IZ# 11 % CML & & U GL, furosine, 5 v FK&{&h CML
DRIE

LC % 40°CIZ#EFRF L, ZIC®-HILIC column (2.1 x 150 mm, 5 um; Merck Millipore, Billerica,

MA, USA) (2 &> CTHIE L7z, BEIHIX 0.1% FA pH 3.8 & & ¢¢ ACN @ 2 BfEAfd (0-2
47, 90% ACN; 2-16 47, 90-10% ACN; 16-19 47, 10% ACN) Toh o7z, JitElE 0.2 mL/min,
HEARZ 5uL & L7=, GL & CML, furosine, lysine, Z 415 DWNEIERE% ESI-positive MS
12 &> T L 72, [PHa] CML #E7 /5 % PolyPeptide Laboratories (Strasbourg, France) 72> 5,
[3Cs] lysine #ZE#E/H, 2 Cambridge Isotope Laboratories Inc. (¥ % F = —1& V) HHEEAL
Too WWHFFHIB L OESREA 4% Table 1 ITR LT,

Table 1. Retention time and m/z values of AGEs, Amadori product, and amino acids
determined by LC-ESI-QTOF.

Analyte Retention time (min) Parent ion m/z
CML 14.1 205.1183
[’H,] CML 14.1 207.1308
GL 15.7 309.1656
[Ce] GL 15.7 315.1858
furosine 135 255.1339
[*3Cq] furosine 135 261.1541
lysine 15.8 147.1128
[$3Cq] lysine 15.8 153.1329
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2-10.

LC-ESI-QTOF I2& %5 v FK@R{KH sorbitol DRITE

A, BB ERRIZS L TRBAMINAZZRT 5 fructose TidZe <. & OREHATER
KTHY ., BUSHEDIR sorbitol &R Y A — Lk ofeiE & L, LC-ESI-QTOF (2 X
S>THIE L7, LC % 40°CIZHERF L, ZIC®-HILIC column (2.1 x 150 mm, 5 um; Merck
Millipore, ¥~ % F 2—& v V) ([ZL>THIE L7z, BEIFEIL 10 mM FifET o E=7U L%
&1 80% ACN O isocratic flow T o7z, ¥l % 02 mL/min, {EATEL 5 uL & L7z,
Sorbitol & & D N AL UE 2 ESI-negative MS THi i L7z, [BCs] D-sorbitol 12 ¥ i, %
Cambridge Isotope Laboratories Inc. (v F =2 —%& > ) HHEA L7, Sorbitol & [Ce)
sorbitol DEEA A > ZLNEi, m/z181.0707 & m/z 189.0908 & L THIE L7z,
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2-11.

LC-ESI-MS/MS I2& %5 v FKBESF GL & & U furosine DFITE

LC % kiR L7z LC-ESI-QTOF (2 X % AGEs & L<I1E7 ~ KU BEHOHRIE & [ U&M4T
HIE L7z, GL 33 &L U furosine D IE#E 72 & & % TSQ Quantiva system (Thermo Fisher Scientific,
~HF 2—+t V) &= LC-ESI-MS/MS @ ESI-positive MRM CAl7E L7, iftiE % 0.2
mL/min, {EAZEZ 10 uL & L7z, 7 v FKEAEAT GL B X O furosine ZE&ET D720,
ESI 70— 1B\ CER Y =— VT A% 35 Arb, MBI T A % 15 Arb, WEHFEELE %
35kV, A4V N T AT 7 —F 2 —TIRE % 270°C, MEHERE % 250°C [ZFE L, Hoi
fbl7ce 7NT T AZEZRIT AL LTHEM L, 2.0mTorr IZFXE L7z, BHIFFHB X O
TEHA A% Table 2 IR LT2 (41),

Table 2. Retention time and m/z values of AGEs, Amadori products, and amino acids by

LC-ESI-MS/MS.
Analyte Retention  Collision energy Parention (m/z) Fragmention
time (min) (eV) (m/z)

GL 15.7 18.8 309.2 210.1
[%*Cs] GL 15.7 19.0 315.2 216.1
furosine 135 15.1 255.1 192.1

[*Cs] furosine 135 15.7 261.2 198.1
lysine 15.8 15.0 147.1 84.0
[**Cé] lysine 15.8 15.0 153.1 89.0
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2-12.

2-13.

2-14.

GL & U FL QLR E D it

BN 53fif FIZ381F % GL B8 L ONFL OZEMEORHEE & LT, 10 pmol GL % L <X FL
THESLZ 1 mL @ 6 M HCI & & 312 100°C T 0-48 FEFIINKME LT-, DOk i X
., 100 uL @ 20% ACN 0.1% FA TH&ME L 7=, LC-ESI-QTOF (2 L » ClA#EZHIE L
77

B 72 RFIZEBIT D GL B X OVFL OO 728, BSA % 0.1 M NaBH, 35 L 00 0.2
M RUEET MY U LEEERKR (pH 9.1) & & HIZEIR T 4 FFHEFHET 22 L TEL LT,
%70 BSA (Reduced BSA; RABSA) % 0.2M NaPB (pH7.4) MO F, 4°CT 18 BifElB##H L, =
DEHIEE %L BCA £ (Pierce, 1 U /) THlE L7, RIBSA (1.5 mg/mL) % 30 mM
fructose (Fru-RdBSA). glucose (FAH L5, HAL; Glu-RdBSA). galactose (& + 7 A /L A FOf
i, KPR, Gal-RABSA). mannose (BIH{bLF, HA(; Man-RdBSA) & & $(Z 0.2 M NaPB
(pH7.4) O 37°CT 0-14 HRERFF L7, 26 OB ZBHMIKD T, 4°CT 18 FREfHET
L. EHMEE%L BCAEIZ L - THIE L7z, 10 pg OESAT BSA k% 1mL @ 6 MHCI &
& HIZ 100°CT 18 REINIIA R LT, Ok 2 X8, 50 uL @ 20% ACN 0.1% FA
\ZFAfRE U=, b Dkl % LC-ESI-QTOF (2 X - CTHIE L 7=,

BIERX FLRIZ&K S GL 4 LI FL O CML ~D %k

50 mM Na-PB (pH 7.2) (23517 5 1 mM H,0, DIEFFIE S L < IFAFFE F T 0.4 mM FeCl, &
& HIZGL H L<IXFL (20 pmol) % 37°CTC 1 REfEfRFF L7z, ZORENARKIZ, 1 mL @
0.1%TFA Z Nz 7=, & D%, Strata-X-C column (Phenomenex, 71 /V 7 #/L=7) |2k > T
iz, BREEE LT, #74% 1 mL ® MeOH Tk, 1 mL @ 0.1% TFA
AWM ET5Z L TR L, RBE DT LT E L, £0H T L% 3 mL D 2% FA THE
HLT2, 1.5mL D 7% 7 V=7 % E1r 20% MeOH &K CUH S W 7- [0y & Wi S
0.2 mL ® 20% ACN 0.1% FA CTHIAEfEL 7= (21), k% LC-ESI-QTOF (2 X » CHIE L
7

J v FKREP AGEs BELU 7T FYEMORE
Z v FKEE%E 0.2 mL @ 1 mM diethylenetriamine-N,N,N',N",N"-pentaacetic acid ([7l{"1t
FAEAEAT. REAN) & L& 41T shake master auto Ver. 2 (Biomedical Science, B X) (2 & - TH¥
LT, T OWREIRICK T 2 BAREZ BCAETHIE L7,
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2-15. Z v bK&Ed CML Al

7 v MKEEFE (% 0.3 mg) & CML OHEIZHW -, 30BH% 20 pL @ 200 mM 7k
UEET N U D AEEETE (pH 9.1) F ¢ NaBHs (2 uL @ 1 M NaBH,4 in 0.1 N NaOH) & & %
(SRR T 4 FREE L7, CML B X % lysine NEEYEAR Z 00 5 OILBMI SR L, 1 mL
? 6 M HCI & & (T 100°CT 18 BHINK I fE Lz, € ORpfEEH% 1 mL @ 0.1% TFA
THEM L. Strata-X-C column THE L7z, HRISGMAL LT, 77 5% 1 mL ® MeOH
TTEBEE L, 1mL @ 0.1%TFA 2 T2 2 & C¥fifk Liz, £DH T L% 2%FA T
Walfr L. 7% 7 =7 251 20% MeOH IR T Lo sy A Hzff Uiz, BHmsy %
0.2 mL @ 20% ACN 0.1% FA THEME L7z, £ b DOk 4 LC-ESI-QTOF (2 X > THIE
L7z,

2-16. Z v FKBEE & UEED GL 8 & U furosine DFIFE
Z v FAKERER (03 mg) b L <IEBE (0.2 mg) % GL 3 X O furosine DHIEIZ V=,
GL 3 LU furosine, lysine, Z 4V 5 OWNHEMEHEZ AN N A, 1 mL © 6 M HCI & &
{12 18 BEREDINK MR L=, Z Oz % 1 mL @ 0.1% TFA (ZF&f# L. Sep-pak C18
column THHR L7z, KL E LT, #T24% 1 mL O MeOH THEHFL, 1 mL ®
TR & [ C¥IE N3 2 2 & Tl b L7z, SUBREIR AT T L72FRE Y maok L O
I mL O UK T L7z By & £ & O Tz S, 1 mL @ 20% ACN 0.1% FA TR

it L7-, = DOiEH%E LC-ESI-MS/MS (2 X » CTHIE L= (41, 42),

2-17. Z v hIKE@E sorbitol HlE

1 mg D7 v FARMBEAEZ sorbitol DHEIZ ANz, Z DOEIEIAREEZ 1% TFA T 0.2
mL [ZA A7 7 L. sorbitol WEMEREA £ DRI L7z, £ OEHE# Z 10,000
molecular weight cut-off filter (2 & > CTAi L7z, 0.1 mL O A@EEIEIZ 0.9 mL @D 1% TFA
ZM %, Sep-pak C18 column TH N7z, FREMLE LT, 77 L% 1 mL ® MeOH
TTHPE L, ImL O 1%TFA &3 F 35 2 & CFb Uiz, sEHAIRZ R F L7-FiE
Y ESrds L OB S L7 R CIHRIE 5y & £ & & Tz S8, 0.1 mL @ 20% ACN THE
it Uiz, =5 OREHE LC-ESI-QTOF (2 L » THIE L7,
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2-18.

HEEH AR
T— 5 BB + FEYEfR 2= (standard deviation, SD) CZ L 7= (Table 3, Fig. 1, 5, 6, 7),
T N—TR D GL 33 LT CML, sorbitol, furosine 2% DiE & —JThLiE /7 #7908 (one-
way analysis of variance, ANOVA; normal 1week vs. normal 8 weeks, DM 1, 2, 4, 8 weeks) % H
WCHERH 2 A B 722 2 B U 72, 2 FERI O 721 Student’s t-test T S 41, ZE LA,

Bonferroni correction method % F\V 7=,
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3. %R

3-1. v FKBREFEERLE Fru-P A& O RIGHE
Wistar 7 v MIEWT STZ IZ &2 1 BUERDFHIE S, KEFEERIZEIT S GL O
FALDMD LT R T A —F — L g STz, Table3 IZRSNLD L HIT, 7 > b
DOEFEFIIRFRMKAFENIEI L7223, BERP T » b OEREEINTFESC/ATHY . 8 AT
T LD EEDPBLE 29.9%E0 o7, BEIRIF T » b D22 R G E IS PRI 75 58
%, BRI L, SEHIR ISR Uiz, HREICER T > b oo Mo e A
BRI 8 W H ZFRWTE L LR o7, & 5T HbAle EITHERIF 7 » M3 THi
BHIM AN L7223, /%7 v MW X 8 A TS 2Bk Lznoiz,

Table 3. Biochemical parameters of rats after the induction of diabetes

Weeks after STZ
injection 0 1 2 3 4 6 8

Body weight
Normal (n=6) 157.2+52 201.7+74 231.7+9.3 277.5+12.3 307.7+15.0 362.2+20.9 401.0+24.9
DM (n=16) 157.1+58 183.3+13.3 201.9+19.2 235.7+19.0 254.0+21.2 257.0+44.5 281.0+46.9

Blood glucose
Normal (n=6) 87.3+17.0 63.1+274 983+7.6 89.7+203 1057+9.1 1058+8.8 211.0+38.4
DM (n = 6) 99.1£353 321.3+18.7 384.1+39.7 380.8 +£84.6 461.5+38.5 496.4+38.2 537.1+68.6

HbAlc
Normal (n = 6) n.d. 3.1+0.1 n.d. n.d. n.d. n.d. 3.7+0.1
DM (n=6) n.d. 45+0.2 5.8+0.3 n.d. 7.5+£0.2 8.6+0.8 92+0.7

DM, Diabetic group; n.d., not determined
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WB Tt Sz 7 v MKEIRIZEIT % Fru-P FUAO = F—71%, FERIFFRIZ L
S THEIMIZHEI L7=2% (Fig. 2A-B), CML 3FERIFFHIIC L > TUEE A EBL Lo
7= (Fig. 2D-E), % ® Coomasisie brilliant blue Yt SN 7=RK Y 727 VAT I R IUCEIT
LA DEARITENRN T EOVRENT (Fig. 2C,F), S 512, ELISA 1T X » THiHIZ
BWTbHEL, BRBEOFEEZITTT v MREBRIZE T 5 Fru-P HilkO= v h—7#%
EBXOCML AZENEh, 59 % (Fig. 2G). 1.1 % (Fig. 2H) £ CTHML 7=,

A B C
kpa Fru-P antibot:iy 0 Fru-P antibody kpa Fru-P antibody
i —_ # i
T ; < 30 % 37
: e
2 EmE oo 20 Ig
15 > === 8_ 10 15—
w — f
— i1 - —r (Y
Nor ' DM Nor DM Nor DM
D E F
kpa  CML antibody o CML antibody kpa  CML antibody _
37 —» i = 3
i é 30 | 37 —p] %
25— - - E -5 X - g 20 25 —» 3
P ; = = 5 = = 20 3
15— ; S 10 15— !
\ , J i L . ) g 0 R j —
Nor ' DM Nor DM Nor ' DM
G H
Fru-P antibod CML antibod
0.7 0.7
#
g 06 g 06 4
5 5
4 05 % -+ 05 A
] ]
©w 04 @ 04
© ©
2 03 - 203 -
8 8
.5 0.2 :5 0.2 A - ——
§ 014 _o § 0.1
0 0
Nor DM Nor DM

Figure 2. Reactivity of Fru-P antibody or CML antibody to the rat lens proteins after the
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induction of diabetes. Lens proteins (10 pg/lane) were applied to 12% SDS-PAGE and transferred
to a polyvinylidene fluoride membrane. The proteins bound to the membrane were detected by WB
using Fru-P antibody (A) or CML antibody (D) and were quantified by densitometric analysis (B,
E). Residual proteins on the polyacrylamide gel after blotting were stained by Coomassie brilliant
blue as a loading control (C, F). Each well of a 96-well immunoplate was coated with 10 pg/mL
lens protein, and the reactivity of 0.5 pg/mL Fru-P antibody (G) or CML antibody (H) were
visualized by horseradish peroxidase-conjugated anti-rabbit IgG antibody and 1,2-
phenylenediamine dihydrochloride as described in the Experimental Procedures. Nor, normal at 8
weeks (n = 3); DM, diabetes at 8 weeks (n = 3). The data are presented as mean + SD. #p < 0.001

vs. normal at 8 weeks (Student’s t-test).
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3-2. Fru-P iAD I E F—TBEDRE

Fru-P iR D= N =T &2 0T 57290 RHURD S FEBLA ELISA CTHIE
Shiz, Fig. 3AITRESND K 912, Fru-P HUKIT fructose (EHH BSA (Fru-BSA) kB LT
keyhole limpet hemocyanin (Fru-KLH) & RERHEAFRIIZEUS L7223, o7 V7 b REH
BSA ¥ XU native BSA & 1TIF & A ERIS L0 oT2, 7T & RIZ X > TELITE
filficd LB ZHILD lysine b L < X arginine D X 95727 X /g & fructose & D JGPE
WNZIBNT (34), ARPURIT fructose {EH N%acetyl-lysine & DA, RERMEAFI) 72 SO 3T
6L (Fig. 3B), D=t b —7 k& lysine D BAEMK IS Z ENRIBI LT, Fig.
3CITREND L H1IT, fructose 33 L TN N%Cbz-lysine D Ji#) T & % Fru-Cbz-lysine D
H#IE, 270 nm (Z31F 2 UV WIRTHELI L, Ne-Cbz-lysine (% 26-27 /71 H S 4L, 4D
O fraction (257 Bl S 4172 (fraction 1, 21-22.5 47; fraction 2, 24.5-25.5 47; fraction 3, 27-28.5
47; fraction 4, 37.5-39 47), BiaMIDORT T 4 7 3 hua—L L LT Fru-BSA 35t &
ELISA THIVH#172, Fru-BSA & Fru-P fifk & OSUGPEIE, Fru-BSA 36 KO fraction 2 |2
Lo THEICHA ShT- (Fig. 3D), #id& ELISA OFfEE 5, Fru-P Filfo— v h—71%
fraction 2 |23 EALAH N, fraction 2 (XL IEM Y —27 THDHZ LD, S LR D 7BEN
FEHThole, LIeRn> T, RISEAY T 5 Fru-Cbz-lysine DL, BN 2L
#F L7 HPLC D7’ 27T AIZL - T 270 nm ([Z81F 25 UV UL CHEM L. Fig. 2E OFEHE
%1472, Fig. 3BTRS D L 912, N%-Cbz-lysine I% 40-42 73 (Z¥AH S 41, fraction 2-1 33
KON 22 1 XFNZH., 3436 79, 3638 ikt STz, BiAMORYT 47 ar b
—/b & LC Fraction 2 23§ 4 ELISA TH Bz, Fru-BSA & Fru-P HiiAk & O s
IZ. fraction 2 33 & TN fraction 2-1 |2 & » CTH EIZHIA S 4172 (Fig. 3F),
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Figure 3. Isolation of the epitope structure of the Fru-P antibody. Amino acids producing the
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epitope were analyzed and the epitope structure was isolated by HPLC. (A) Each well of a 96-
well immunoplate was coated with modified proteins, and the reactivity of Fru-P antibody (0.5
ug/mL) was visualized by horseradish peroxidase-conjugated anti-rabbit IgG antibody and 1,2-
phenylenediamine dihydrochloride as described in the Experimental Procedures. (B) Fru-BSA
(0.01 pg/mL) was coated on the immunoplate and then blocked with gelatin. Fifty microliters of
each competitor was added in the presence of the same volume of Fru-P antibody (0.5 pg/mL). The
antibody bound to the well was visualized as described above. (C) One hundred microliters of
fructose-modified Cbz-lysine (50 mM) was applied to first-step HPLC and separated into four
fractions (Fr. 1-4). (D) The reactivity of Fru-P antibody with the four isolated fractions was
measured by competitive ELISA. (E) Fr. 2 obtained from first-step HPLC was further applied to
second-step HPLC. (F) The reactivity of Fru-P antibody with Fr. 2-1 and 2-2 isolated from second-

step HPLC system was measured by competitive ELISA.
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3-3. NMR &4

NMR Z3#ri%. Fructose }2 U8 N%Cbz-lysine 7> & 2 & AU7= fraction 2-1 O % [FE 4
BT DIfThoN Tz, —IRKIL 'THNMR A7 FLiX, 5.53 B XL OV5.03 ppm (28155 2 2D
TI)—= TN (BT ) —ABHDHWNNET T ) —ANRIREEEZID Z & TRET DL
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Fru-P AT B F =128 D IKHE 2 (LTS STV D Ll bivlz, Lizhio
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Figure 4. NMR analysis of the epitope structure recognized by the Fru-P antibody. NMR
spectra of fraction 2-1 shown for (A) 1D 'H, (B) 2D 'H-"*C HSQC, (C) 2D 'H-"*C HMBC, and (D)
2D 'H->'N HMBC. The assignments are labeled for each peak. (E) Chemical structure of

glucoselysine.
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3-4. LC-ESI-QTOF [Z & 2 #:E MR HT

NMR |2 L SR 2Tz 5720, =8 b —7 4 1E 1% ESI-QTOF-MS/MS T & 54T
Sz, KM fraction @ m/z 4432025 [M+H]'IZH1F DA 42 B —2 CaoHsoNoOo (m/z
443.2024) L HERE ST (Fig. SA), 737 V0 ASE A AW TZ MR TTIC £ - T Chz A
AR S 7=, m/z 309.1656 (C12HasN2O7) (Fig. SB) 12815 E— 273 GL B L OVFL &
R DG EEM L & —F L=, m/z 309.1656 (Z331F % fragment ion | MS/MS |2 & - Th
Hi & 41, Fig. 5C 36 LU Table 4 2R ST,
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Figure S. Structural analysis by LC-ESI-QTOF. (A) ESI-QTOF analysis of fraction 2-1

showing an ion peak at m/z 443.2024 [M+H]" calculated as C,0H30N20. (B) ESI-QTOF analysis
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of de-protected fraction 2-1 showing an ion peak at m/z 309.1656 [M+H]" calculated as C12H2sN,O5.
(C) MS/MS analysis of the de-protected fraction 2-1 of m/z 309.1656 [M+H]" detected fragment

ions shown in Table 4.

Table 4. Identification of glucoselysine fragment ion formulas by LC-ESI-QTOF

Expected m/z and Formula Detected m/z Difference of m/z
84.0808 (CsHioN) 84.0799 -0.0009
130.0863 (CsH12NO») 130.0844 -0.0019
210.1125 (C11H16NO3) 210.1081 -0.0044
225.1234 (C11H17N203) 225.1191 -0.0043
255.1339 (C12H19N204) 255.1271 -0.0068
273.1445 (C12H21N205) 273.1415 -0.0030
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3-5. GL XU FL O E

Fructose 7> HA2p% S 4172 GL 3 £ OF glucose 72> B AL S 4172 FLAIZZENEIL, S5 LV m/z
(C12HasN2O7) B LU FEK A FF D | EDOLEMIT BT DAL E L i X7z, Fig.
6A IR ST K D12, GL 1% 6 M HCl T T 48 I#fif] 100°COSM: TLE T - 7= DIkt
L. FL O TR0 T 18 RFRILINIC A S iz, & BIZ, furosine (3 1 FFfA] TAZAL
SHUIR®, 4 FE[H T FL 7> 5584212 furosine ~77fif S 417- (Fig. 6B), FL 35 XU GL DI
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DU S 472, Fructose & FUG SV Tl GL JREEITRF MK/ AU AR S 7z s,
glucose ® L < I galactose, mannose 7> H 1 Z4ER 4T, GL I3 fructose 7> HHE ST A AL
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Figure 6. Chemical properties of glucoselysine (GL) and fructoselysine (FL). The stability of
GL (A) and FL (B) and formation of furosine under acid hydrolysis under 6 M HCI at 100°C for
48 h were measured by LC-ESI-QTOF. The formation of GL (C) and furosine (D) during
incubation of reduced-BSA (RABSA) with fructose (Fru) or glucose (Glu) at 37°C for up to 14
days. Comparison of GL (E) and furosine (F) formation during incubation of RABSA with Fru, Glu,
galactose (Gal), and mannose (Man) at 37°C for 14 days. (G) GL and FL were incubated in 50 mM
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sodium phosphate buffer (pH 7.2) in the presence or absence of FeCl, (0.4 mM) and H»O, (0.1
mM) at 37°C for 1 h, and CML formation was determined by LC-ESI-QTOF. The data are

presented as mean + SD (n = 3). #p < 0.001 vs. control or Fru (Bonferroni test).
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3-6. LC-ESI-QTOF % L < [& LC-ESI-MS/MS IZ2& %5 v hKEEKIZE 1T S sorbitol, furosine,
CML,GL DEE
BEVRIF 3 K OMER 7 >~ RIKEBIRIZH1T 2 sorbitol 35 &Y furosine, CML, GL 1% PN
% F\ 7= LC-ESI-QTOF % L < |Z LC-ESI-MS/MS (2 X » T/ & iz,

Sorbitol & [3Cs] sorbitol IXZALFH 5.9 43 (K H &A7=, Sorbitol 11 bE FRIFE 755614
2 ¥ H T2 L7z (Fig. 7A). XFRRAYIC FL & L CHIE &7z furosine 38 1L OV CML 1%
IR AEROICHE N L 7= (Fig. 7B-C),  Fig. 71D ITREN D K 912, GL B XL [BCs] GL D
A A 1% LC-ESI-MS/MS (Z & o THH S vz, BERIFFHFR%. 7 v MREAKRS GL
TR HEPRIR A R4 1.2, 4, S B B2 THED ORFMKAAICHIN L= (Fig. 7E),
Brlo, BERIR AR 8 B BITHIT 5 furosine 38 L OV CML IZZNE 4, 21.5 BL O 1.7 %
L7228, S B 5 GL IREIX 31.3 {581 L7z (Fig. 7F), GL 137 v FMElEicEs
WL RTRE Tdo o 723, i I8 L OWEIRIHER] CHEGTRI R A BRI R D o T (EHHE:
0.341 % 0.203 mmol/mol of lysine, ##/RIFEHE: 0.402 + 0.182 mmol/mol lysine, F-¥%) + V(R
7=, n=6),
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Figure 7. Quantification of sorbitol, furosine, CML, and GL in the rat lens by LC-ESI-
QTOF or LC-ESI-MS/MS. Changes in sorbitol (A), furosine (B), and CML (C) in rat lens proteins
were measured by LC-ESI-MS/MS. (D) Typical chromatogram of GL and '*Ce-GL in the rat lens
obtained by LC-ESI-MS/MS. Changes in GL (E) in rat lens proteins were measured by LC-ESI-
MS/MS. The variability in the rate of CML, furosine and GL are indicated (F). Nor: normal group
(n = 6), DM: diabetic group (n = 6). The data are presented as mean + SD. #p < 0.001, vs. normal
at 1 week (Bonferroni test). In addition, (A) *p < 0.05, DM at 1 week vs. DM 2 weeks. (B) #p <
0.001, DM at 1 week vs. DM at 2 weeks; DM at 2 weeks vs. 4 weeks. (C) #p < 0.001, DM at 2
weeks vs. DM at 8 weeks (Bonferroni test). (E, F) 1p<0.01, vs. normal 1 week (Student’s t-test);
#p < 0.001, vs. normal at 1 week (Bonferroni test). In addition, #p < 0.001, DM at 1 week vs. DM
at 2 weeks; DM at 2 weeks vs. DM at 4 weeks; DM at 4 weeks vs. DM at 8 weeks (Bonferroni

test).
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4.

R

BRI O OHIE O FIEIC BT 2 R B R IT R T 5 23, UT4E, AGEs 13AKE DR
HERFELTHEELTETND (31), WL 20D AGEs #E I AR CRIE SN T&
7oy, BT CMLIFHR R TR OLBPE S TWD AGEs Th D, il 21X, CML IZHEIR
R (27). BIREEAL (19), BIE (43) CHEBYE (17) O X9 RBERFAHEDEIT L & b
ICERT D Z b N TV D, WB B X ELISA OfERIE, Fru-P HiikH CML Hiik X
D HBERIF T > hKEIRE BRI EE R LTz, L7235 T Fru-P kO h—7"C
& % GL 1T bR TR T 2KEEE A OEMICT G L TWD ATREMEN S 5, Fru-P
PEDOTE =T WEIRIF T v FKEE~EBT 28403, 1998 24D Ts Sz
A (34,44), ZOTE F—FREEES E CRES N TWh o7, 2 2 CARIET- IR
ENTZFru-PHUED TV b —T % [[E L BRI TT v KRR TORH 227,
E 512, AGEs O ITHEIRIGCRIE S 5 B OHED — A REER DA F~— 7 —Th
DH3 . AGEs O b PRI 72l 51T, INEARS (45) 7 /v U ALEE (46). AGEs IZ%F7
L HOPUERDTFEIC L DHEEZZTD @7, L7zhi-> T, % AGEs #iEORIER I OUE
W72 E EHINIE, BARRE IV T AGEs DAY R e EENMEOREZ1T 5 7291
WEEE IS,

T Z°C. Fru-P HUED fructose &R KLH 36 XU BSA A58k 9~ 223, 4L 6 OARERD
KLH 38 X OVBSA 38k L7222 & 3 L7z, 20 B, RPURIZEZE 2517 D AGEs T
H%5 CML b L<IiE, MG X GA |2 & » TEffi SN EAZEIRET 48). APk =
B =TS ZVE CRE SN AGEs #iiE & 138725 Z L 25 LT\ %, GL (2

B A DS 78I 162Da TH 1 | lysine Z & te GL DEED4yF-E1% 308 Da TH 5
ZEMB, Fru-P HURIZ L 5 GL oI X/ B3 L OV GL A O 3-D fiE i L -

TEEZZT D0 b e,

Heyns © (49) 1%, fructose 7% lysine fIAIMAZTERL L, Zia GL & LTARHTT-Z &
ZARNE U723, BEESHTIC L A RS OMERIZ SN TV i o 72, & 512 Kawasaki & (34)
1. BERIS T~ hAKEIZI T D Fru-P £ & sorbitol #EE N IEOFBIRIRICH D = & &R
Lz, £EHD L. TNHOWAIT, fructose (BRI A 23K U A — LB OHEFTIZAE - T
KERIZERET 5 2 L 2 LT,

Z 2T, GL BSERIMKREME T CTRETH 5 DITxE L, FL AFAIGHZ L - T furosine

~EHEINT-Z &R LTz, FL I glucose 38 L O lysine & DISIZ L » Ty 7%
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ECTAR SN OERBE AR 2WT ~ RV TH S, ATk L. GL I fructose 35
LW lysine & DG TA » RGN 2 I U CTAER SV, BREEZFE o720, IR iR
ICBRETH o= LHEN ST~ (Fig. 8), Furosine &, =& L CHERRIIK S ERTD FL
BREEMT S EEZEZLNTWAN, LARTOFEER CIEalEl 2 18 K[, MEFREINK 0 fif < i
7Tz, AEEETR FL & [R—® parent ion T&H 2 m/z 309 Mk &7 (data not
A8l FLARUES D4 TIE 4 Refi ORI K 731 & 5 T furosine ~A#i S/
R &7z m/z 309 1L GL CTdh - 7= ATREMEA &,
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Figure 8. Formation pathway of FL and GL. FL, which is an amadori product, is formed via
schiff base by the reaction of glucose and lysine, has no cyclic structure. however, GL is formed

via schiff base and heyns product by the reaction of fructose and lysine, has cyclic structure.
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F 7. WERIK > EE% O BSA T% GL O parent ion 23 H & 41 (Fig. 8). GL 23V
VIME CAEBR SN D FTREMEZ R LT D, ARBEHZ I 2N7EMED GL B8 LTV FL @
FEOFREMEEZEBE L, 20 2R T 572912 BSA 3R ORE & ST DRI T
FZe ReRvigtr s U LAZHWTCEILINTE, 26 OREFIE, FL X mannose 5 &
X galactose, glucose 7> HAERL 47275, GL 1 fructose 72 EITAEMR IS Z LRSI
72o L72D35 T, GL I fructose |& L D" AEOA 72~ —h —IZ72 5 AlRetE &2 F5,
FL 17~ R Y EN AR DO—>TH Y | hydroxyl radical TEE{L ST CML %L T 5
(21), XHEAYIZ, GL X hydroxyl radical [ZBg S 7% & CML ZEEE T, £ DOLEMD
DERRIFZEIZ W T ORI S D Z EFE S e, S eI 2 . B Bl
T5HZ LTI EFT 57290, KEARTF T furosine & L CTHIE S 47z FL R (Fig.
7B) B L UVHbAlc (Table 3) & £7-. 4 HDOHFFET glucose i DA A FEAf9~ 5 7212
HE =T,
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Figure 9. Detection of GL in native BSA by LC-ESI-QTOF. The GL was detected as m/z
309.1656 from non-modifeid BSA after acid hydrolysis by LC-ESI-QTOF. [**C¢] GL internal
standard was detected as m/z 315.1858 by LC-ESI-QTOF.

Nakayama & (50) 33X Turk & (51) 1, 6-14 WE O TEE 7 » MZI T HKMEE
REDOENFRENEL Lieh o722 L ZFEH] LTz, $HRAYIZ, LC-ESI-MS/MS 12X > T
HE Sz GL IREEIE, 6 lih 5 8 T SN 7 v FOKBKRIZBWTHE
IR R S4L. GL IIMEIIG U T, T 5 2 L 2R LT 5, A RIOMFRIEL,
fructose 7> & AL S AL D REE D [FE R L OVERIZIS T 2 REEDIE, DT v MK
HENZRIT DBERIEDOIEIEIT K DI B Lizl=, #7222 > T GL 2380
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THMNE I DERMEICT DTS ORDHMEDRME L IND,

Kawasaki & (34) OWFFETIX, 7 v MKEEEE SO Fru-P HUBRO SSHEDBERIE %

I LT 8 H THIN L7, JeATHFFE & it L T, ABFFE T LC-ESI-MS/MS (2 & -
THIE S GL & &L, BERIEFIER | BB T L7, S 51, GL 8L VFL,CML
TREE I 18 B BEIRIEHER D 8 H TEAEI, 31.3,21.5, 1.7 f5H#IN L 7=,
ZAIVE TITHERIRFES 8 I LAPNIC 20 {58919 % AGEs #d& i3 S Cneny, 2
NHOFERIL, FLBEIOCML £V b EWEIIER T, A Y A — RO TICAHE L T
KEBIRIZET D GL NEETH 2 &2 Lz, L7e23-> T, GL ERIIAIO fructose
IZ K DK EADOEM &2 T 5 (Fig. 10), L22L7AaR S, 7 v Mgk 5 GL i#
FEVT, BEPRIB DOFEFRIC L - TN L Ze -7z, LR 27 BEE SN/=7 v T, A5t 24
RERDEZ IR SN TaEHC BT D IRFEAB LT VT 2 VREDIERERF T » b &l L
THERIF T v FTENEI, BEXZESBIO 6 ML ERHESIINLTND (27),
7 v MIAWFETHERIF OFEF% 8 M DOAEE Sz, BHERILE 72 B TR
LTEY., BRIZRIT S GLIREITAEIZZL Lo ey b Eian,
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Figure 10. Metabolism of fructose and accumulation of GL formation. In the lens, FL. and CML
are formed from glucose. Sorbitol and fructose are increased and metabolized to the glycolytic

system by the progress of polyol pathway, whereas GL accumulates in the lens.
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VRTOME T, KEIRIZKIT 227V 2AX Y EAIX MG b L <1 ribose, galactose,
fructose (Z K > TEMINTZ Z LDVREN, AREDRKDO—2>TH L7 U A FZ U VEH
DEEEZFR LT, o077 By LUIREMEIX MG-H1 & L <i% CEL, CML
ZERLL (52,53). ANFEOEITA KT 5 L B2 BTV D, AIFEICHENT, 7 v B
IKEBIRICHIT D GL #REd X OWERIG OMEST & OB EIIRRO biviz, Las L. FEIRIF
A OHEDOHEST & OBIEMEIXRE T 2 121X S B2 AR LETH S, GL IZHIRIC CML
L0 LRV EZ R T T2, MEEE Th 2 ANBEOIRIER L OMEIT & & bl
LMHENIR, R Y A= VEEOFERAEIHED~—H—& LT GL 2l T& 57
REMEZBH DT T 2720, BEIRIF OB~ 721 & ORENERS, BT 2 A HHEL AT
LIS B DN LETH D,
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1-2.

$28 TUIRF Y (Garcinia mangostana L.) REHHEYIE pentosidine 4 X % {15
L. OBEARERET S

de &
AR

. Pentosidine [TDULNT

AGEs O T % pentosidine 1% 1989 FIZ[FlE S TH B IS < JIE S 4L TV 5 AGEs Hid
D1 2ThD (54), H@IEMEZFFD pentosidine [IFELSA: T TREA ZdL, MAEFCKELIE
oy Y ALY NZEFET 5, pentosidine = IXHEIRIF & OHESCENIREE (L, BB AL
S50 Nl BEELR FRUC K DRk OIS A BT D & S i, FHIBARRUICBW TERAES
L2 U T AEH pentosidine #2295, BIAE, fi{H72 AGEs &% E L THL AGEs
PuisE 2 ELISA BRA< BT s, L L, BRRAESTE TIThit TV 54
&% FH\ 7= pentosidine JE TiL, RILBEOEERE TIEVLE D TONL TWALEENRH Y |
INBGLERCART 5 N TEMIC L > THEEMBEICEMED 6T L E 5 AlgetEr mn
(55). F£7-. LC-MS/MS T X 2 EE/HHTEEEIZ L 5 E & Tl pentosidine #1523 1 A 1k
ST W e L EERPREETH D, W2 FFD pentosidine 1TH0GR H#R 2 V-
HPLC TEEN#E L TW5, 4l pentosidine Az sk A3 HETT L 722 \ERM: T C4E B A HERINK
53fR L. HPLC & AW TR E ORIE A 1T > 72,

YUIARFURRORBIER U AGEs &R HHI{ER

a7 —7rORIC LV RSN D AGEs O—FiTé 5 pentosidine (X2 7 — 47 L #ifk
BV CAUEREE 2 TERL L. IE-CIR BB IZ Pk > TG COZBRBMMEE SN D, BT
AL R OPIRIEERZ RO 7 TR /A RO THy, 7 7=V 5DR) 7= ) —
JVEA (56, 57) 13 in vitro ([Z351F 5 AGEs FERZHET 2 Z LB TS (24, 58, 59),
L7225 TEWIELIE 2 Ff o~ o I XA F U EUKi Y (Water extract mangosteen:
WEM) (X AGEs EfilfEM 23 2 &P RS,

RERAE

-1 B3

Gelatin (% Sigma-Aldrich Japan (B, HA) 7B L72, Ribose IL Wako (Kflx, HA)
B A L7z, HRP-conjugated goat anti-mouse IgG antibody (3 Kirkegaard Perry Laboratories
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2-2.

2-3.

2-4.

2-5.

(Gaithersburg, MD, USA) M HlEA L7,
TUdRFUORRMEYORR

B~ o IRAF R A KT 2 Sy [EIA L7t4, 70°CT 8 WFfflizl S w7z, ok~
YARAF R (600kg) (ZEVK (5,600L) ZINZ. IREWME A LT, MERERE T T
EAE L. fE OB S 2T 572012 33% T XA MY U EIRINL, RICIERA Y %2 E
TRl L7 % D WEM DILEIE 92.1kg TH - 72,
T UIRF UREMHBERIE SO HEE

100 g ® WEM %7K 500 mL |Z¥&fi# L. n-~FH % 1.5L, Eife—F /L (EtOAc) % 12
L. n-7% /—/b (BuOH) % 12L A\ Clife L Chi L7z, flitti# & LT, 65.5 mgn-~
XU BLU259 ¢ D EtOAc, 12.45 g @ n-BuOH %#157=, 7.09 g @ n-BuOH ¥ %

%III

MCI-gel CHP-20P |Z & - T MeOH/H,0 % f\y, BEAfilt— N Ccrua~ /77 4 —
ATV, R L7Z, 2B OB Z RO HPLC /3% — U THEA S, S 5725 1%
17> 72, MeOH K{&E# % V>, Sephadex LH-20 5 & T8 YMC-gel ODS-AQ. Chromatorex
ODS DA T Lrvu~ N7Z 7 4—IZ& - T, rhodanthenone B % 14.0 mg, epicatechin %
12.4 mg %157, MeOH /K& % FH\ 7= Sephadex LH-20 33 1. TN YMC-gel ODS-AQ, 2 &
% Chromatorex ODS DA 7 L7 v~ ~ 77 7 4 —"T2.59 gD EtOAc % FEHL L | epichatechin
% 72.5 mg, garcimangosone D % 2.2 mg. eucryphin % 2.6 mg #15%7-, ZnHD{LAEWE
PR & DHE S L <X, AT MT—F WG SN RT —# L OHERIZ L - T
FrE LTz,
Pentosidine £ %1287 45 WEM OIGHIZH RO RIE

WEM & L < (3% O HEE{t& % Td % rhodanthenone B 35 X UV epicatechin |
garcimangosone D, eucryphin Z DMSO (Z#5fi# L 72, 200 mM Na-PB (pH 7.2) T L7z 2
mg/mL gelatin, 30 mM ribose IA#(Z 0.0016-1pug/mL WEM % L < % 0.1-100 nM FEHEY LA
WLan X OZIRML, 37°CT 7 HEMRIE Lz, IRIR T2 T, #kH% PBS %R T
18 FEfHi&EHT L BCA L CTHE HE & L HPLC 73#471C & U pentosidine % | & L 7=, Pentosidine
FEAERZ OFHEL L (60). 35 X ¥ pentosidine ZHIE L 7= (55).
HPLC IZ & % pentosidine & EDRIE

ribose-gelatin (% 50 pg) Z# EZ2%H0E L, P tube NT 6 M Ml T 24 FFfE 110°CIRIRT
D& TSR LT, Ml (% 0.1mL) 25 &0 12M HiiE (6 M., RfEIRE) LiRA
L. 110°CTT 24 Rffe], #PH L7 alBRE TR L7, kA2 B2 o S8, 0.5mL
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2-6.

2-7.

2-8.

DGR THOTRL LT, B ZBA A4 28#i A 5 I (Strata-X-C column, Phenomenex,
BT H =TI ZRAW, 1% ToE=T (FTHTAT AV, 7H) T L, B2
L7z, A% 03 mL @ 16% ACN IAHKRIZHAf# L, HPLC T pentosidine % 34T L 7=
(55),

Bo#NIZ& HALH AGEs DHE

BB D O B FHE 2 AFT 2 DIIREETH 5720, BED AGEs EfEA R DA T
HHEDOREIZL > THEE LTz, HEDOHCHEE RS A 4 — K (LED) Y&, 2048-
pixel @ CCD [EARA A — P —8 L OEHHE & 20l ) I _R—2DI7 7 A

—ICE D AR PNVALE L AT L) THERR SN D T e N2 A T TRE LT, EAER 0.38
mm O R EREFEIC, B E— 72 T 365 nm @ LED Y& % R L=, KEOFE CHETT
WIEFERHT DD, RV UL Z o Ta—T 4 &Nz Y TROFRRRNET 7
AN—ZFERH LTe, 74—V YET7AN—%2KOaT 77 A3 (EH0.6mm) T
WL, 7 7 A N—D—FHOMESIEEHT, )5 OMI% LED Jelsic#sie Lz, RED A
CVHDE AT Rl L LT 450-460 nm OEEE— 7 2 L=,
BERE~D WEM D5

Z ORI E T RER AN DO FEM T — Z ICET 52 a0 N 2 55 &+ B ES:
FFEDMBERANCRET 27 E LT, A" Y U R ESITE- CHEmE L, £~ b=

I NRER O 7= D IR O BRE AT BRI K o TR S, AGE #rid

BRFOMIBFEZ BRI L > TERRE I N (#14036), Z OWFFEIE, 32 D 48 ik £
TORRER LM EFET A7 B E LCHE L7 (n=11), &2 TOMERE D EH

&AM T —s Farbr bR U, g oZZERF MR & HbAle o T RfE
1L, TNEI83.6 4.6 mg/dL & 525+021 Th-o7, 28 (&7t 100 mg WEM) % 1 H
1 [El, 12 BEET TEHERE I2RG Liz, 4 BEEIC IR J O ERREMR AT I Z7-m L
7=
MICE T 5 ES L UKSEEDRE

AARHERED — D> TH D IMEREZ A I L7z, MLOB(LZ R THBIEE LT, KoaiEb &
OV ) 2 7n 3R E 2 JE L7, AL K43 &1 Robo Skin Analyzer (RSAS50; Inforward,
Inc., HL) THULOKHENSRIE S e, WAMEIX Cutometer (MPAS80; Courage &
Khazaka, 7 /L2, R4 ) BT, JLEOEIESR (Recovery ratio of the skin length: RR)
B L OUHER OBMESR (Ratio of elasticity during constriction: RE) OIE 247V, AL
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P2 I L7z,
2-9. #fEEt
BTOT—H ¥ £SD & L TR LTz, AEZIX Mann-Whitney U fE & FERE HIE
ANOVA % FIVWCEH L7z, 0.05 RiifiD p EIE, #EHHICEETH D L A7 Lz,
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3. ®R Q05FEE XBBetmxkYsiAa)
3-1.  WEM [Z & % rebose-gelatin # pentosidine 4 BN O FEifh
WEM OHIMZ L2V AR—AE T F L HkD pentosidine DAEREDLE( A ME LT
fEd, WEM 0.2 pg/mL CAREN A L, BRERERIMNO day 7 DERKREIZH T 51%
Pl &7z (Fig. 11),

4.5

3.5 -
3 _
2.5 A
2 .
1.5 -
l .
0.5 A
o

day0o  day7 00016 0008  0.04

Pentosidine (pmol/ug protein)

Concentration (pg/ml)

Figrure 11. Inhibitory effects of WEM on pentosidine formation. Gelatin was incubated with
ribose in the presence of varying concentrations of WEM extract, and pentosidine contents were

measured by HPLC. Pentosidine content was normalized to the protein content of the gelatin.
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3-2.  WEM BB 57T & % rebose-gelatin A pentosidine 4 B HH  FE4ifli
WEM @ Hiffip% 5y (garcimangosone D, eucryphin, thodanthenone B, epicatechin) {3 0.1 nM
TR EAIMERIND day 7 (2, HEIZ pentosidine AL BB L=, ENEHDAER
P =RITNEIZ 38, 38, 45,35% CTdH > 7= (Fig. 12),

A B
garcimangosone D i
18 18 eucryphin
- | —_
= 16 5|_ 16
o 14 "—O‘ 14
E12 *K ok €12 * XX
e a
o o
£ 08 dek . c 08
o Eel * %k
g 081 206
< 04 £ 04
© 0.2 © 02
o
0 0 -
day0 day7 0.1 1 10 100 day0 day7 0.1 1 10 100
T L T J
concentration (nM) concentration (nM)
C D
rhodanthenone B . hi
18 18 epicatechin
2 1-3 l 16
—_— - —
g 1.2 _ . * 3 14 1 . .
8] K% % g 1-? T o *k
)
£ 08 4 .g 0.8 A
el o
‘» 06 A ‘% 06 1
L 04 S04 |
® @ 02
Q02 0.
0 - 0 A
day0 day7 0.1 1 10 100 day0 day7 0.1 1 10 100
. : ) . . X
concentration (nM) concentration (nM)

Figrure 12. Inhibitory effects of purified compounds from WEM on pentosidine formation.
Gelatin was incubated with ribose in the presence of varying concentrations of WEM extract, and
pentosidine contents were measured by HPLC. Pentosidine content was normalized to the protein
content of the gelatin. Data are expressed as the mean = SD (n = 3). *p < 0.05; **p < 0.01; ***p <

0.001 (with compounds day 7 vs without compounds day 7).
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3-3.  WEM #i{E# D £ M pentosidine DEE
WEM SEHI &2 BH L 7-14. i pentosidine #E 12 BVTik 8 (p<0.005) J O 12 #[H
% (p<0.05) ICHERBOPEO ST, Ll MFFE&L O, HbAlc IZIFAE 2L
TR LR o T2 (Fig 13),

7

—T 100 6.0
S <
D 80 - 9>5.0 .
£ o
i — 4.0 -
g » '<é 3.0
S 40 - T3
Is) 2.0 A
'8 20 A
8 o | 1.0 A
m I I I OO I T T T
0 4 8 12 0 4 8 12

Time (weeks) Time (weeks)

80

60 - *
**
40
20
O h T T T
0 4 8 12

Time (weeks)

pentosidine (pmol/uL
serum)

Figrure 13. Effects of WEM on biochemical parameters and pentosidine formation in vivo.
WEM was administered to healthy subjects, and the serum pentosidine levels were determined by
HPLC. Two tablets (100 mg WEM in total) were administered once a day to healthy women (n =
11) for 12 weeks. The blood glucose (A), HbAlc (B), and pentosidine (C) levels were evaluated

every 4 weeks. *p <0.05; **p < 0.01 (vs. before WEM administration).
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3-4.

WEM Z#ENEOE FRERELEMEORIE

B IZE1T D AGEs OERIT, KIEOHE A RIET 5 2 & THEE S 4172 Fig. 14A, B),
R D H QD AT vk, ik B —2 T 365 nm @ LED SEJFIC L » TS Sz
Bl R R DG S 4L, B A CaE AT hUIE, 450-460 nm CEE L7 HOE E
— 7 %~ LE L7z (Fig 14C), $REOEE (n=11) 1L, BEFHEIFHIIC WEM % 100 mg/day
TEIL 72 #ERE CH R L7z (Fig. 14D),

Front side A biantennary

silica-based optical fiber 6
‘ s

110 mm

optical fiber optical fiber
(light source) (detector)

9000
8000 -
7000 |
6000
5000
4000
3000 1 12 weeks -~
2000 A
1000 -

8000

7000
* % *k% wkd
6000
5000
4000 -
3000 -
2000
1000 -
0 - r T T
0 4 8

12

Intensity (a.u.)

Skin autofluorescence intensity (a. u.)

400 450 S00 550 600

Wave length (nm) Times (weeks)

Figure 14. The inhibitory effect of WEM on AGE accumulation in the skin. Skin
autofluorescence was recorded with a prototype consisting of a LED light source (A), a spectral
apparatus system by a 2048-pixel CCD linear image sensor and grating and a biantennary silica-
based optical fiber (B). A skin surface area was irradiated by an LED light source of 365 nm at
excitation peak, and the skin autofluorescence spectrum showed a stable emission peak at 450—460

nm (C). The inhibitory effect of WEM on AGE accumulation in the skin was estimated by
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measuring fingertip autofluorescence (n = 11) (D). **p < 0 .01; ***p < 0.001 (vs. before WEM

administration).
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3-5. WEM Z{EIEO £ FILOKSEER UHEAKERIE

WERE DYLOBINEZ T 2 LR OEIE R (RR) 13 WEM EH% 4 8 H TRIEIZH
ST (0.865 vs. 0.929: WEM I vs. % 4 H, p<0.005), F7z. #ERE D ULiE
BEDOPMESR (RE) (X4 B CTHEICSE L7722 (0.663 vs. 0.715: WEM fEHAHT vs. fEHE
43 H, p<0.01), 2BEH THEZEITRO N/ -72 (Fig. 15A,B), & HIZ WEM & 5.
R DBEBRE D F 8 DK Gy B (72.8) ITHERHKAAAYICHEINL . 12 H T 841 L7207z
(p<0.001) (Fig. 15C), ZAU 5 DFERIT, WEM OREOEEIZL Y, 438 H THBRE O
HBLOKSENHESINTZZ L EZRLTND,

A
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% 0.8-
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o
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Figure 15. Effect of WEM on the elasticity and moisture content of the skin. Skin elasticity
was measured by a skin viscoelasticity analyzer. Skin elasticity on the internal lesion of left upper
arm was analyzed and 2 skin elasticity indices were measured: (A) the recovery ratio of the skin
length (RR), and (B) the ratio of elasticity during constriction (RE). The measurement of moisture
contents on the face (C) was conducted by a Robo Skin Analyzer. **p < 0.01; ***p < 0.001 (vs.

before WEM administration).

55



4 EBE

Invitro \Z31F % pentosidine Aff%I%, 0.2 X 1 pg/mL © WEM % L < 1% 0.1~100nM D
greimangosone D } (" eucryphin, rhodanthenone B, epicatechin 0> 4% BB 4y CA=pl 23 ) &
N7z (Fig. 12), LARTOMTETIiE, RAWHROHMHMIC L 5 AGEs A il h F % /&
ST DAZ ) == BT AEDIEEIL 0.01-0.1] mgmL THo7=2, v~ TAF D
MY (WEM) (28Tt 0.2 pg/mL (50.8% AEp%3#H) THh-72 (61), & HIZ WEM
Mok 4 MO BB 7 TIXARZME T 2020 EN 01 nM ThH - 7z
(garcimangosone D: 37.9% E p% 81 fll p < 0.01, eucryphin: 37.9% 4k #1#il p < 0.05,
rhodanthenone B: 45.0% 4= R&#NH] p < 0.01, epicatechin: 35.5% A R#NH] p<0.05), 415
OIMEEMEZ 10 nM TLHe# 3 5 & garcimagosone D O HIIE M A i b & oo 72
(garcimangosone D: 66.7% & a4l p < 0.01, eucryphin: 32.1% & #0) p < 0.05,
rhodanthenone B: 51.1% ZEj il p < 0.01, epicatechin: 34.4% AkHNH] p <0.05), Ziui

FA\ZHE D H D MEULE M OB NEEE T 5 25-250 uM (24) X 0 (KR FE O BRI
MITYR—R LT F L HRKD pentosidine A=A Bl L7z Z & D, MIHTEMER RV Z
EDHER S LTc, M L7z 4 O, Sl {biEH 25> catechol & L <1
resorcinol 24 L T\ % (Fig.16,17), AGEs Lkt O, fiim Tk 7= Z DA VR
=/ 87 v 7RO AGEs FIFIFNIZANVR=VED T v TROKRZ LT, @F L—
NENHI HIL TV D (25), & 51T N-phenacylthiazolium bromide (PTB) (X4:/ANC AGEs
W& Z Ry 52 & Tmbnd TAGEs 7' L—Hh— MEH STV, PTB 2NATK
PR RDEEE Z 0T W2 L (62) RTT ULAEWZE /5L TH AGEs H3ED

LBARE & 0 9 DISPEDSTR D H a7 (63) %5, AEIRICHIT D PTB IC/EA & el S
NTWD, PTBITIEEWERIEF L — MEREWTZOIZ AGEs 43 Tld7e <\ HUlRILIEM
(Z& Y AGEs ARz Ml L7z AlRetE M RIE SN TV D, [LEWITHRILIERIC LY
pentosidine ZERHNHISFE8O LN ATREMEN B D, L2 L7eD 6, SO WEM 28T 5
#AL &Y O E A &I rhodanthenone B 7% 0.08%. epicatechin 23%) 1% Th v | DD bE
Wix 0.01%LL FEDRBTHTZ EIE, ZNEDIEY D DN P AR
Hl L7z TIERWZ LA RB LT D,

WL OMDIEEWFEIC L DMFDER, b LIz~ b o P ARl e 2 £
EEMBIFEL TOVD RSB L 65, kb WEM IZBIT S GAHED RN -T2
epicatechin 73 pentosidine 2£ 5% % #1Ii| L 7= Z & 7> 5 epicatechin % 2 < & 2334823 pentosidine
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AR AT D FREER B X bid, LaL, SRR LIc~y IAF RO Y
7 x ) ALEWTH % garcimangosone D <° rhodanthenone B Tl pentosidine A= A HIiil]
ERBALNT=Z &nd, WEM BEUZ X 5 pentosidine A= Ml VEH I Xt ORI FA1 12
HARTEWZ ERMIfFE LD,

A B
0 OH O
HO oH® 0 0
ol OH
HO 0
HO o)
HO OH bH
OH OH
C D

OH

OH
HO/&&/O 0 >
HO
OH
HO OH OH OH
OH OH

Figure 16. The structure of compounds with an inhibitory effect on pentosidine formation.
Grcimangosone D (Fig. 16A), eucryphin (Fig. 16B), rhodanthenone B (Fig. 16C) and epicatechin
(Fig. 16D) isolated from WEM. These compounds were identified by direct comparison with

authentic specimens or by comparison of their spectral data with those reported in the literature.

A B

OH

Figure 17. Antioxidant structure. The four compounds shown in Fig. 16 have catechol (Fig. 17A)

and resorcinol (Fig. 17B) with antioxidant activity.
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HIE

AWFZETIE, TN R E A OV ATl 5~ — 0 — & 72 288l AGEs #1&E D[R] E
B L ORI KA D> D AGEs AL EMD A 7V —= 2 T %47 o7, Fi#l AGE
REIEIZBI LT, fructose B3 AGE & LC GL M[FAIE L, & DOILZFMINEE & 42 =
CAC KD ERIFIEOML, RIS T D AR O, KER~OERE AT Lz,
BT ARE UL, KT GL 28 FLX° CML LY BN m N2 & ThoH, ZNET
DOFHEB T W T AR IE P TR OABT 50137~ NV EMTHSH FL T
Hofo, ZOEME UC FLITAERPICRDZ VI TH D glucose 22 HAERRIND Z &,
AGEs L0 H HHICAER SN AEETH D Z &, %< ORI glucose BIFET D Z &N
ZT 51D, BEIC FL MG+ L OVKER AR, BlE. #EI5% TR OISIE CHIIN 2 Z &
WHESNLTWD, L LR oA, KEEIZBWT GL 28 FL K0 b @m0 2 7R
L72Z LI3KBIERDERAEMEICB W TEHERER A FOZ L ZR/E L TV 5,

Flo. R E D~ TAF U R X D pentosidine A RINHIZN R ZMEFI L, &
R AGRBRIZEW T b LR EE OWlD A3 & 70 & 72 5 72, Pentosidine 13BE(LCER LA R
VAEFED B TINS5 2 L0, AUBHE A RO Z DB a7 —F  CAERI L
HZ LI TEML 22 FRO—2 L LTHESINTND, Flo, IRKHFEINT
W% AGEs D—2>Th Y, MENFETH D Z L6 MEMAEIZB W TRAERHO—
ELTHRIGHS SNTnD, v I3 AF U BRI X D pentosidine A= i Bl 2h 5 %
BHLEZZEE, 20X RIFEO LTSRN S, 512 GL DX )75 L JRreL
859 % AGEs Z il 32 iy 2%+ 5 2 L b7, QOL M Lic& > E 2 b,

AlEl AGEs ZET 5 L CTARMBIE 2T+ 2 72O ORBMETH L 7~ NV E
WROBEDERREMNL L, ZOFERRLEH L Lz, UL, AL TAGEs] DIE
FIWERTH 5, TAGEs] 1% ladvanced glycation end products; ¥&ARKELEEY) ] THY .
AGEs U IR THEEZLT 208 9 D EFHIET 2 OI3EE LV, AF#SCTIiE, GL 23
FEHRTH D | BIAKSRES LOEA h L AICKETHD Z Eovb, TAGEs) & #472
L7, WEERIC R EIAFAET AUE AGEs L 4725 D0, FEEDORKEIBAK SN D b
D% AGEs & AT ONEMFEICT HMNER DD, S DIZZEOARGRREI L OAERKICE
T HERE A RS 2 &8 AGEs OFFOIRED Tlll~— A — L R LRk Z m0 5 Z &1
WND EBX D,
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HEE

ARG % AT DERICHAA THE L T a2 & & Uik b R 7 b 0N AT —
e, IHRERZAE A KGRI L B, LA R L B ET

Fo, WL COWHIZAT > CTHEE £ LI AMREIFE O K H— ki Edz 72 5 N
5 T BAC IR OFRARMERSL . IR B AR O4 N FIZHEL . il
KRR O LN IEHESEZ BB OO & > 21FE-> TR & o 7oL A,
Fru-P JURZ G W2 & LA HEZEAE, glucoselyine DG A [AIE L T2 &
F L2 RAREREER R o 1L B D5 AR I SR 2R ORI IR < gk
. L E R L R ET,

FRBERERRY: SR - WA B R e
FNFRKERSEA, SARPES T e E

R EBRDS ATTE R > 2 —
B AEZIEA

ENTEBRE I o 2 — iR ET
R ES A

FACERL SR R
IRpEy; 5

AR A ST [

Tk R %

ALy 7 L kIERIE, SRR, LR

RFBeAd (Et) : ZEITRNE, (hR A, SRINALKEL, $aARMEST

RFReA (BT mhHErk. BRI, HPRORES, S, miLfR (2017 FE
%), RTEE (2017 FFEAEE), FEFHFOND (2018 FFEAZE)

ER 4R PEAREE, RABPEAL. EfEELTS . AHIE S, RANERESE, ISR, T E OO
D3 A ILIRTER T NERRELN, GEIRTERE . B, BT TR EME, AR
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