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AGEs Advanced Glycation Endproducts

DM diabetes mellitus

ELISA Enzyme-Linked ImmunoSorbent Assay

CML Né-(carboxymethyl) lysine

MG-H1 N°-(5-hydro-5-methyl-4-imidazolone-2-yl)-ornithine
STZ Streptozotocin

STE soft shelled turtle eggs
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UEAR . BE RV — IR R 2R B N R R O & D AR TE R R R D
ML, AZRETRR, 2@ e 2o Th Y, Fl2E, EEERFEES (IDF;
International diabetes federation) 7235 L72HERINT 7 A5 6 it 2014 47 » 77— |
kDL, MR TORERBAEFRELRIL3 (8,670 H A (FHFE-83%) IZ kv, A%
BRI 2 D 36% NEF LTV D, FEIRFAREROZOVESE LTiE, FH1
PFRE (9,629 TAN) |« F206iA v K (6,685 W) . FBI3NKIE (2,578 TAN) Lieo
TEO, BARIIFEI10A (721 HTAN) Lo TWb, £, I OIZHEZROIL, HERFA
ZHIE L TV D ARBIEREWIZ b0 0b b7, RZZHEOBITAMI T 148 7,900 7
NZEZZETHD, ZOEITHETS127 T A, A KT3,550 5 A, KET7T14 7
A BART3I8I HALZRY | FIZEDBITHERIFEZH SN TV L BERLEDED
& 1L,100 HAIZED, ZoZ &k, 7T RARITEBIINCA 2 ) UamMET
LT WAREZRF > TWAZ EHBL TS, SHIZ205 ED3 A1 ALLE
P ARIZ TR & SO D HEIREATE (Prediabetes) & WAL THY | BER

TEETED D L. DREORERFEEZE L 2,000 5 A ED(Fig. 1) (1),



‘ High income . Middle income ) Lowincome

Unit ; millions
Fig. 1. The number of diabetic patients in the world. Number of diabetic patients runs 10.1

millions, and numbers in the 20 millions when numbers of pre-diabetes are added in Japan.

BERIFOER 2 A M, 2R T 71 KM EY . AARTIEIHERFEESE 1 A4720 0
SRR R 1L 57 T RREE . MR TIE 4,500 (R 2 M 2 2 EIRE D A v T
D, FERFOREIEL, ML 2 hr— LT 5 2 LRETORARERY | AFRIE,
EERIE, RFIED 3 ONZOFE L 250, EARTASFRIEL . HIRIETH
. FEIRFRIIFIMARALE ST L 72D, FERIFIZ0) D & YRR DB RN L,

D ENBL FEOIERNPELN DD, WEMITIHRZ AR IS 2 ERBENT, W% T



DREBIZEIVRET DI EBRETH D, WUIRIBREZRT TV, WEf, &

B, B, RRE L Vo AIHED S XTI WRETH DI bbb, ARIE
RN = OB TAPHEIC X D BE R FERDSZE S To D TIRBEISHIR 23 4T
LTWDZENEL, EIETHZ LT L b, FrlC, AOMEIX—EERT 5 L5
WONREE e b ONEL | MOAEFEER L FRRIC TR EER S TS, THELT
789 7o DITIT IR R IR R E R R AR TH Y | Thva B L LT-BERIE O
BENRZEAFEL TS, FlxiX, @E 1-2 7 AObEEEZXMT 526512~ ——T
7% Z &M B D Hemoglobin Alc (HbAlc)id, Z D L~UL% 7% TICHZ D Z &M
LELWE, AABERFTFED TREAES 2013 TRALATWD, LAy LEBRT,
FERPIEGOHED~— 1 — L1372 63, BRAERP 7R TIET CTICAIHENREIT L
TWD ZENREW, FERFOM N EREED 3 RAOHER, MEBUE, B, ks
Thh ., Tz, KB, BAe, BAMRES, MARRREL5I SR 2 L%
bIMTW5b, ZOAEEEERZ S E Lz, fRICHOKBER D T2k —
ND~—7—& LT, BERICEIZERY) (AGEs: Advanced Glycation Endproducts)?’
EAINTND (2), MHICRFE R EOFECIREPFET D55 N TIE, FEICHF
HETHHNVR= NV FIITEBLIREE D HEA LT I VR = bR & R L
BOS L. AGEs 3 ER SN D, ABUSITFE LA D4 Fii Louis Camille Maillard (ZHI2k LT
AA T — KRG, ®HDWIEZ X7 BITHERERT D 2 & B FE{k(glycation) & & FEIE
N5, AGEs I3EAMBNCFEE SN DIEAEMHEDOMRIETH Y | BUEE TIZAEKRN OB X
Z 40 FEFFEE O AGEs WEE STV DHB), A A T — RRNIRE < il O I
JSIZT EN5, BSOS T, BIOEOT LT e FERSNRGT 2/ HELY Vuik

KD eT I 7RO LTy y ZIHEEZEHR LICE, 12-2F /) — L&k Tr~ U



AR 2 TERT D (4), T D ORIHIRISAERMIZ, BR1E - Bk - Mih e £ OB
IROG AT, Bl - 50t - ZUEERR & OB L FRIRHESS. AGEs ZAIRIC &
STYUH U RELTRIBSND &V D B TFHIREE AT 5 AGEs ~E 2T 5 4),
RN TAER SN AGEs [ZIMEBEIZIES L, REV AT AO—Hzils~rn7y
—VIHEHLTCHE N VEDO—FETH LA A et &8, RIEEZEET D Z
SR IR L 2R S5 2 L HE SN TV S (5), EMRIZIBVT AGEs (30
fin & & BITHIINT 223, BIREELOBIESF OBRR Y 271G C T, ZORENRE L

mL<ROWETHD (Fig.2)
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Fig. 2. The correlation with the accumulation of AGEs and the symptomatic state of
diabetes. AGEs accumulate in our bodies with aging and are enhanced by the pathogenesis of

diabetic complications, including nephropathy, neuropathy and retinopathy.



ABFFENT & > THHFE SRR HOCIELEE S, B EAFES 5 AGEs O
T, FFEONZRIT 5 Z LIV T HAFEN (Autofluorescence) DFREE % Fi| 9
HZEIlZE 5T, AGEs DFEBEZ N FZTE=X VI THHDTHD, KK
HAEMWD Z & T, il 2 Z &< S oRhEN T, AIEEER & OBEN R
H STV DHMRSEICHERE L7 AGEs B2 HRIEAICIIEST 2 Z L3 re L 78D, K
AIEEEEIC X 22W0%, IO —ik4 il 5 ATEEEREEEICTL, [—A—A~D
THI~DORASE ] 2R Z LIZENY | fRRORERFFmOMIEN I SN 5720, &
WE OHIBENR & RONCHIfF S, £ oEANFIAMEIZE ICEbDEEZ LR

50

PR, ATEEEREE NS L, SERORENOAREL THT 2EEEN S b
T %, AGEs [ZNIERIZfE-> THEREL (6) . X 51T DM (diabetes mellitus) & e

(7) . B (8) . BREE(LE (9) THEMEHEMT D Z &S NiEsBaERE R & DR 5-
DEHSINTEBY, AT — RSEIERY TH D AGEs 2352 L2k - T
TG BRI 2 TR 2 B DEER bITOIL T\ D, 5 2 B CIIMREIE R OHUkE
fLikER 208 C T, REACHOBIRIE DS BEREME SR DPRR - BAFIZR VT, LD X ) 2 t&Hl

BTN TELEDONITHONTIHRRS,



B1E BERFAIHNEOEITL &b R I 2RI EEHIE

1. fiifE72 AGEs JIE DB

3 CIZ AGEs OFEZMEIHER P08 TR L TV 208, AERIZEIT 5 AGEs OIIE
TSR E L CIREECH %5, Enzyme-Linked ImmunoSorbent Assay (ELISA)EIZ L W, i
® AGEs ##iHi4 5 = L IFEEICEE STV A 23(10), 2 TO AGEs S ERE S
TWDHRTIE AL, SFEIHEY O T T/ % AGEs #i&E] % [0 XL 5 e Fik)
CTHIE L3 & 72, Bl 21X AGEs D—FEiTh B b 25 H Lz ikst
WISV %y IR D MEF OSZIER #iHIL 9.15~43.1 (ng/mL) TH
Do ZOX D RPENRYEOGFEREDKRS X, BREOHKERT —4% (v v
DAMENEEIC ERTORIEEZRB L TV DEA, 0 U U B TR A DHE
DHWrNTE7RNVE) ([T KRESEEL KT L, ERERZEY — Ll b0 2 &
BTHD, 72k, AREELEZHNTI Y b4 71E 035 ng/mL CTHIW L7256, s
FHEAMRIE S LT 5213 132% Th 5, il S CU % ELISA kit DR iR 7
—TEHRLTH, KBENOEREEE TOEREOROCREREZRLTWNEF v K
(356 £ 72 < BLISAJEIZB T ML OBRETI PR REWbO L THEND, *
7o BRI S EDMT > TO D IMEE £ 5 g/ T AGEs ORIE TiE, Ne-
(carboxymethyl)lysine (CML) (10)°-2> k¥ 2 (11)72 £ D AGEs 23\ THNCARK L.
WRNCHEES SNDME BRI TS, 20X 5 e AGEs R 2 HIE
D T2 DI E BT AEE 2 V72 AGEs Ot E RN R AR08, EED G, &
MLUIZHEEDLIE, Tr=r 7 ax bR@EmnE Vo8 b, BIRFAIHE R L
DHEITEAWE TRx 216 325 B LTIE, §ECH T - dul) (REY R

7 O Rt 2 FRICFHME T AU, bR L72Ll BRI O EERN &S £ 5 2 LIl



%o FRFZHE A T2 AGEs B2 [E 1L Meerwaldt (12, 13) 512 X » TH TR S
TW5, LnLaenn, milz ESAIZHW LM 6 OFETITFRICABARICE <
GENDAT=vE (Nof) | EFEBME X OB A ER LT D A
DOEEIZLY , WEMEPKESEELZZT, BEEORWT =203 FIC< W E W5 i
BN D, S HICAREEITICA AT X TRBEINAANTOREEZ X—ZIZLTWD
DT, HEOENRKREL BT V7 NTORERFZENICE W CIHIRRH 5, £
RETA DRI TH O . PETM A2 HEMER S Z L IZRETH 5,
FZTAETIE, 7, HEEOWTHG L T 24 EORERE, BFERICE

DR A IR L Re & OFHBIMERR. B MBS T O B FKEOGHIE OB L | BRI
MRS T 52 OISR ZITV N, AGEs OFFE & MEIHIIN T~ 2 88 B e i B I E £

s, BERMEOHEFEO TRICFIM TE 5 2 L 20+ 5,



2. FEBRGE

2—1. BEAFMFICRIT 2HEAEAT M ORIE

R REE E A DO MIETICIE AGEs L < G ENTVD Z LB LIETE W b T
%5 (14,15) o BEIZRT 2H0E O B3 TR | dOtWBEIIE O E#E I
FRMETHLEEL, BITBEOMIEICEH L THNHANT MO EiTo72, 8
2 CEEFS 61.9 £ 10.5 5%, F/42:3/5) O@HTEFE O MG % 48 [ KM B IRBE > H #ik
HE, REFERE & ZORICHEONDH AR MVOER 2R Lz, HEREY
YTND DB 2 NIFE MR R R (CKD; chronic kindney disease) D A7 —3 3, $ 9 1 A
ATV 5 THY ., BIIEREZT TN D, MIEY > 7 VI B R %O L D&%
. MLIEAIIEA & 53 & 7072 i % -80°C CHEBRICHIA T2 £ CRE Lz GRIBKZ M
HUKGEE 5 14035)

FAMIE Y > 7D 5 100 Wl &8 L5y YRR FL-4500 (B2, HA) (2Tt &
WA ENZ VML LT 2,400 nm/min. OFE THERE L, @O IR & 86
ROMBEM 2RI 5 2 & TRBERhERE & BEOtE R 2 IE Lz, sHMlREEA

A7 VO EAFIZIE 240 nm/min. O ERHEE A F)H L2,

2—2. Whkru~< bS5 T4 —F 0T LEENS (LC-MS/MS) (2 X BILiEF O
N3-(5-hydro-5-methyl-4-imidazolone-2-yl)-ornithine (MG-H1) DI E

M3% 50 W ICHEOAREKZMZ T2 ITHRL, 7783000 7y b7 4 L2 —T
& % VIVASPIN 500 (Sartorius Stedim Biotech, Goettingen, Germany) 7% Tl L

JE (50l ZEUXLCH 7 e LTHW, o7& & O 200 mM sodium

borate buffer (pH9.1)  (F&IRJE : 100 mM) 35 LTV 1/10 ED 2 M NaBHL AR (F&R



B :200mM) ZEIIL., iR T 4 B OE LI 21T - 72, EIoLE%, MG-H1 O
WESEHE T & 5 [?H,]) MG-H1  (PolyPeptide Laboratories, Strasbourg, France) 35 X TN L-
lysine DNHRIEHET & 5['3Cg] L-lysine (Cambridge Isotope Laboratories, Inc., Tewksbury,
MA, USA) % 10 pmol ¥RANL ., Z&BE/AK (800 pl) =Nz 7=, WHEREHELZ KM L=V 7
JVIBEA A > 2 Hi 71 2 Strata X-C - (Phenomenex, Torrance, CA, USA) & V>, 2 %%
B Bml) THHFL, 7%7 =7 Gml) THEMLZ, 15017 % fLlE
L. 0.1%XW%2 &1 20%7 & h= b UL CEM%E, 02 um D7 4 L2 —TIEE L.
LC-MS/MS HIDARY AT A T AR, FIEZAT > 72, LC-MS/MS I3 AR R
OFTE T HEEZ Wz, REEIT, MS/MS SBIZ @R E &0 U 7L 0 EARE

#5707t TSQ Vantage  (Thermo Fisher Scientific, Waltham, MA, USA) Z#MH L. 1

NS

— 7z —AZZESI =T 2\, AT 4 7E— FTHRI L7, LC I
Accela Pump . A — N> 77 —% Thermo PAL (Thermo Scientific) Z£¢H L,
Xcalibur ver 2.0 % F W CEIEE Ol I L ORI 21T > 72, LC DO 7 L2 ZIC®-
HILIC 150 x 2.1 mm, 5 pm (Merck Millipore, Billerica, MA, USA) Z R L. B#itH %
0.1%F KK L V0.1%FET 2 h=F ) MZ LD 7TV 2T & LUTHE 200
pl/min TR 21T o 72, BRIBIIZEISE=F Y 7 2 Hv Tz, 254818 O IR
L. MG-H1 3 X O*H2] MG-H1 1349 12 43, Lysine ¥ & U'3Cs] Lysine 1349 13 73 T -
72o MG-HI £ L UH] MG-H1 O D 7= L7728 A A 13F < 229

(m/z) B3EW232 (m/z) THYH, INLOBA TG T7 T 7 A "4 114

(m/z) | 117 (m/z) ZZNEHME L, T 21T > 72, L-lysine 3 KX O["Cq] L-lysine
DPA A NIZENZEN 147 (m/z) BEONS3 (m/z) THY, ZNHOBA F b

72757 A " F 84 (mlz) . 89 (mlz) ZFNEFNMH L., T &21T->7-,



2—3. BER

WENR D Z 2 7~ 28D Bl A FRERANCHIE L TA V2 ) O3 a1k S5
W Td D Streptozotocin (STZ : ¥ 7'~ - TV KU v F Py U 8) 2w 2ARDT
Y MIEH LT, 1RBERBET AEAFR L7, 5 RO~ 7 Z(ddy; AE~20
gNIAART AT L — AL VIEA LTz, FEIRIE I STZ % 0.05M D 7 = U if%
&% (pH 4.5) T 150 mg/kg-body weight (200 pL/Pt) THEFEEH 92 Z LI X W ERIL
7z WUEBEHMO A ha—< T A%, STZ 23 70\ = U EREE IR O 7 % I8
VErEg9 2 2 SIS k- CTHE Lz, ~ o7 A IRYRBS k3% o 7 T, 12 Bef g 0 B Y
A 7V IRE2SCTHEE S, v~V AFHO AIN-93M EFE (7 LT ) 26

L7ce U ZADERNICERT 5 AGEs (3 H ST 2 WEST & LR BRI Ol E T

By

M U7, IEEEIL, JEJR E LT 365 nm @ LED ; light emitting diode Y&, 2048 £°
NG5 Y =7 CCD ; charge — coupled deveice & 2 & /32 KL [a] i A Sl
YRZLX TR =F Lo Ta—hShie 7y A N\—Ta—T0nbks, HE
HALIT B L EEE 038 mm OELE 2D, T A N2 o0aT b LED
HIEONEEZ DT r—T & RSN TENER LI EZ L HURZ DD DT
VENNER 0.6 mm O 7 7 A N—Z il iEiE 2 B> T 5 (Fig3), BERIZOW

TlE, BARLFROEBYERMIEEIE-> TEm L7 GFrldE=1009—10) .

10



Fig. 3. The structure of the fiber-type sensor

2—4. PLAT=VHIE

LD AT =2 B[ BT A Z S A —4 (Courage-Khazaka Electronic, Cologne,
Germany) % /=, WBRE 1L 49 4 (CFH4FE#H 46.6 £ 9.1 %, B/4:26/23) OREHHH>
BIRDRT T 4 THRBRZIT o2 (REERIIZEHTAERZE 5 SRDB) , A7 = A
YT RFIERT T 4 TIZBWTLEA ORI 2 Ko, G4 mHE Lz, #RRCH
HHEIL, AT =02 E L2 B UALEIL, #1823 Th e m—"7%ky
FUTHIE LTz, #BRE L, SUBREREMERICRR L TWDAR T T 0 7O M
b, KRBOWERE L7725 2 L2 ARMICER L, HEBELEMIC X ARSI
W L SN T, RRBRONBIZOW TRtz 1), CEIC X 0 AR
ZINOFREZ Lz, 205%0L 65 sLL T ORRA T 54 40 L UTc, sBROFEMIZER L T

I, TERAPRRAETZ V= 7 fiBFEAEZES (IRB) OKRBOb LIATOIL, ~LYy

11



YREE (1964 £:4R,'75,'83,'89,'96, 2000 &£, 2002 4, 2004 FHEFGEN) OFEFITHE

W U7, FRBRSEEHARIIZ 2011 421 A 1S H, 22 H, 29 HD 3 HETIT> 7=,

2—5. {ERAE

LA T =2 OIENGET CRRECHE 2 RIET D721, N C & SR A fn B FH(SpO2aT)
THEIZHWON TV DR EZER L, BEMER BEEOGRENRIETE 284
wHE( L=, JIE P OB 2 IREY 2 BE T 572512, 5.5~6.0 NOHEEIZHNThnS
o7V oy TGRSR Ui, FIEFLREFTIIRVEIART D, F2E (NEL
1) . B3R (PR L H4fs GFHR) ZWEL. SDORBIRVIEZBIRT 5L L L
Too REHENHE L= MITBROYENT 7 A N—HEET, HHEZHT DT 74

N—=FF0.6 mm&é Rl —TH D0, £DO7 7 A A—OMHE EIZ, 0.19 mmEEDFHE N ZAx

ZDVRDIET 7 A NR—PROEHTETCLA T M LT=b0E W= (Fig. 4) .

Clip-type sensor

Fig. 4. The structure of the clip-type sensor
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2—6. t MERPRFAER

BHEt 168 44 (82 44 D 2 BUPEIRIF A . 86 44 D 2 BUBEIRIF A FIE L TV WEFE) @
PBRF I TREAR K FE BB CHE b 2 Th D, 2 BFERFOZWNIT the
World Health Organization criteria (16)I1Z7R > T1T4o4L, 4 lA] 1 BRI B 3R S
7o BEEZRMFRE. EUEIEE, Sk BrEE K. REMKEEE LRSI, KEE
RAHRBRITREA R ZMBAEE R 1737 ICHEILS N, &2 TA v 7+ —L RKarky b
BongIc Tbhz, Mgy 7 E— Bt 8% O Rl CERIR S v, 22 R
(FPG). BE{b~F 7 v B (HbAlc), M= L A7 — L (TC), HMEAENI(TG)., HDL
=1 L A7 v —/L(HDL) cholesterol (% d )75 CHIE &7z, LDL =2 L AT 1 —/)L
(LDL) % Friedewald ®#(17)% J\ /=, HbAlc (%) % NGSP ; National
Glycohemoglobin Standardization Programequivalent (%)DfE  #5H = ; HbAlc (%) = 1.02 x
HbA I¢ [Japan Diabetes Society (JDS)] (%) + 0.25%% F\ 7= (18), BRI M MSE | X AR AL

B8

V-

AL, 7L — RIZEREINECTH 2 International Clinical Classification of Diabetic
Retinopathy(1IOZHEHL L 7=, FERFRIEXT VT I/ 7 LT F=2h >30mg/g &
IRBMET VT XV PRBGEIZ K0 IRE L72(20) B PRI MR R 1 3 PR ek B 5 F
R N—T OBWHENEE IV T22]) (TRROBARER, 7% L AT
F. WHAINEEOIREV AR T) , BUEOHYNLE S OHEDZWNIMET L7 I VIR,
PRIEE | MEREE OB EEE 2 AW TIRE STV 5, R E DERIRT —# & LT

X, i, ER]. Body Mass Index (BMI), i)+ 2 Bufs L 7=,

13



2—7. AT
EHIHTIZIZ SPSS Y 7 b= 78— 5 2 20 (SPSS #h. KE)IZL Y. Mann-
Whitney U test, chi-square test, Student’s t-test 2\ 7z, PEIZ<0.05 AEKHEL L

776

14



3. EBRFER
3-1. BT BRE WF O NRERR

FHE B D MIF100 w2z AT, ikt & 304 2 Z4UISE L T2400 nm/min D
ETEATDHI LT, EEHROBIERE & Ot RE OB Z MR Uiz, £ 0k
. BEAFEOMGE T, EEE 310~340 nm @Y E 420~450 nm O i CTHOL

BREE N bRV 2 & DR S vz (Fig. 5) o

350 -
340
—
g
2
= 330
o
=
=
T 320
Lol
=
310
300 r .
400 420 440 460 480 500

Emission (nm)

Fig. 5. Fluorescence measurement of human sera. To detect fluorophores in physiological
samples, the maximum excitation and emission wavelengths of human serum were measured by

a fluorometric detector.

512, Fig. 5. THOLNERZ LV RN T 572912, MRHERONLE % 440

[

nm [ZEE LT, Y% 200~600 nm F T 240 nm/min DS THERE U, Rt ik

15



EAMER LTz, ZO/E, 440 nm ORI EED 2D O EihiE P £1% 340 nm TH 5

LRSI (Fig 6) .

1200

« 1000 -

S’

E’l

Z 800 1

2

o

s 600

o

=

o

2 4001

&

)

=

= 200
0 T T T T T T T T T T T T T T T T T 1
250 300 350 400

Wave length(nm)

Fig. 6. The optimization of the excitation wavelength. To clarify the maximum wavelength for
excitation, fluorescent properties in the sera of patients (n = 8) with renal dysfunction were
measured. To acquire the optimum excitation wavelength, the detection position was fixed at
440nm and surveyed the excitation wavelength. Data are presented as the means + SD. Average

946.333, SD; 128.139.
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fEwH WBRERTL) LRITEE (PEREESS) DOMiFIZOWVT, £ O HEIEA
NI VTR LTCRER, BT TIOLRE S A RICE W Z LR S v (Fig.

7) o

6000

5000 Renal dysfunction

4000

3000

Fluorescence Intensity (a.u.)

2000
1000
] Normal subjects
0 T T T T | T T T T I T T T T
400 450 500 550

Wave length(nm)

Fig. 7. The comparison of a fluorescence intensity of the normal subjects and nephropathy
subjects. Both groups showed fluorescent spectra with an excitation maximum at 340 nm and
emission maximum at 440 nm. Data are presented as the means + SD. (Normal / Average

1366.430, SD; 253.242, Nephropathy subjects / Average 3385.500, SD; 1284.490)

17



fEE (BERERTA) LERERE (WA ER4) DMLIEN B O i REE A~
7 NV ONEIE IR T 1442.14(a.u.; arbitrary unit, SD ; standard deviation 276.37), &
EFRF T3084.57(a.u. SD ; 1007.86) T ¥ | Mi# DA EAEMERM RiIp <001 TH-7-

(Fig. 8) ,

5000
= s
=
< 4000 -
Ea
z
S 3000
=
o
-]
S 2000
g |
4
S 1000 1
=

0
Normal Renal dysfunction
(n=7) (n=8)

Fig.8. The comparison of a fluorescence intensity of the normal subjects and nephropathy
subjects. The florescent intensities by excitation at 340 nm and emission at 440 nm were

compared. Data are presented as the mean + SD. *, P < 0.01 vs. normal subjects.
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32, ERBF~ TV RADOENZHA L-BRETREOE=4Y) 7
IR BRI R~ A (8PT) & /) —— LEE (68) oI, (AE L B2 Huv
7o H AR DRI 2 MesB U 7o AE 5, RS S fupiiR RE (2 — E IR X 7=t Tl

JEREE S BIRI E AT ok R S hvie (Fig. 9) o

Blood glucose (mg/dl)

2 a0 i
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s | - i
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= H__k”/j
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i X . 3

10000

5000

Fluorescence Intensity (a.u.)

Time (month)

Fig. 9. Change in the blood glucose, body weight and auricle fluorescence intensities in
diabetic mice. Diabetes was induced in mice by streptozotocin and changes in the blood glucose
(A), body weight (B) and fluorescence intensities on the auricle (C) of normal mice (n=8, open
circle) and diabetic mice (n=8, closed circle) were measured. Data are presented as the means +

SD. *, P <0.05, **, P <0.01 vs. normal mice.
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M UL 1T 1 BRI O T & & B EH L= (Fig. 9.-A) . 1 BRI~ 7 %
DIREIL 3 A% IR EHREARVOIERE L,/ — < VBEO R EIIREHNI KT LT
M7z (Fig. 9.-B) o B ClE S 7iREHOEREE 1, PR 248 C 3 2 H#%A
WCHIIM L7 (Fig. 9. -C / —~ /VRE & BEIRIFHE C ORISR DA B AME p <

0.01)
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3-3. BREHOERIEIZE U I ¥BAL R Et
AT RN ET B ORREEICHEET S aFIL, BEEORAZRET S
W, AT =B ERBEOEREITROVADHBEZEDL, AT T v ANRKE

7% L. RBCEIEmEIMET L. (Fig. 10) .

[a—
=
[
(=]
=]

R*=0.5606

Fluorescence Intensity (a.u.

T
0 100 3 300
Melanin Index

Fig. 10. The comparison between melanin contents of the forearm and the fluorescence
intensity of same positions. The melanin content of the forearm was compared with the
fluorescence intensities (n=49) (A). The fluorescence intensities of the forearm decreased with
increasing melanin index (MI), strongly demonstrating that the measurement of skin fluorescence

intensities is significantly affected by melanin contents in control subjects.
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BOIZIE TRRRDOAENL L LT, 8, i, A, bhiz®R L, Sz To
WEXL>E 28 L7z (Fig. 11) . TORER, FERICBWTEEETLSE MK

INEL MDOELTIFHERDITH O EITH LT, 1.6~2.6 fFHIZEREREEZR LT,

CV (%)

Finger tip Middle forearm upper artm
phalam

Fig. 11. The comparison of the fluorescence intensity among several regions. The
fluorescence intensities of several regions such as the fingertip, middle phalanx, forearm and
upper arm were evaluated to clarify which regions show low accidental error. The noize of the
fluorescence intensity in several regions such as the fingertip, middle phalanx, forearm and upper

arm (n=11) were evaluated.
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B2 CORE BN IEN RNHE T2 728D, 2 BUFEIRS Cld/e\Widg CEYE
53.9£17.1, HPE 30 44, 2otk 56 4, %) BMI: 23.244.5) OF|& FLF| X FTIHR2WE
NEIIART D, B 2~4 FEORLHIBREZWE L, 20K T 2 NERESE
B LTc, TOREE, F&EF Lot OPIROMERZEN K BIXHL DT /NI NI &3

B S 7= (Fig. 12),
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Fig. 12. The standard deviation of the fingertip fluorescence intensity on the six fingers. The
fluorescence intensity were measured by the clip-type sensor. Because the thickness of the skin
fingertip is altered by its frequency of use, the hands were divided by the dominant vs. non-
dominant side, and the fluorescence intensities of the fingertips on the index finger, middle finger

and annular finger was measured by the clip-type sensor.
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4. HERMERB MR
A TR S ZEMICIET 5701, fEROT R —T 54 T DY Y & H A
L. RRAVETE LTI B HOEIE R 2 (FR LT (Fig 13) . T0—7 547

DOt IO x IR EHETARIND . BERIGHTED LW o722 Y w M dh D03,

b MERRERICBW TR, WERENE, BEEEFE-ICB L2, HRAEICE L, 5.5

~60 NOOZFRINTAND LT, 7V v I EEEZBR LT,

Fiber-type Clip-type
sensor sensor

Fig. 13. The comparison with structures two type sensors. The fluorescence intensity in the
human fingertip was measured by the clip-type sensor because the fingertip is one of the less
melanin-containing regions in our body and the clip makes it possible to clamp the fingertip with

the same pressure.
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3-5. fRRITH T DRELHOLIREE L FERIA & OHEDEST
H & F & Bost o s TRE S 2R B 2 VLT, BRI S OHE DT & 0

FEREZ MR L= (Fig. 14) o #EBRE 1320UNE IR B 824 (R 64.9+11.1, 1439
%, LME434, SEEIBML: 25.5411.1) T, RBREEERE XS OHE O RA O -

THEICHEM U (WA E#RIT Table 1. 1ZFEHE)
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Fig. 14. Relationship between the fingertip fluorescence intensities and numbers of
diabetic complications. The fluorescence intensity of the fingertip in patients with diabetes was
measured and compared with their number of diabetic complications. Data are presented as the

means = SD. *, P <0.05, **, P <0.01 vs. subjects without type 2 diabetes.
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Table 1. Characteristics of subject (n = 82)

Age (years) 649+11.1
Sex (% female) 52.4
Duration of diabetes (years) 122 +£10.9
BMI (kg/m?) 255+ 114
SBP (mmHg) 131.2+16.0
DBP (mmHg) 75.1+£10.1
FPG (mmol/1) 7.02+1.72
HbAlc (%) 7.42+1.34
TC (mmol/l) 4.77+0.95
TG (mmol/1) 1.54+0.72
HDL cholesterol (mmol/I) 1.39+0.34
LDL cholesterol (mmol/1) 2.67+0.86
non-HDL cholesterol (mmol/l) 3.40+0.96
hs-CRP (mg/1) 0.31+1.13
ACR (mg/g) 171.6 +737.5
Hypertension (%) 64.6
Hyperlipidemia (%) 76.8
Diabetic microangiopathy (%)

Retinopathy 19.5

Neuropathy 20.7

Nephropathy 41.5
Diabetes medication (%)

Oral hypoglycemic agents 65.9

Insulin 8.5

Oral hypoglycemic agents + insulin 8.5
Statins (%) 56.1
ARBs and/or ACEIs (%) 53.7
CCB:s (%) 48.8
Ant-platelet agents (%) 30.5

Data are means + SD.
SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TC,
total cholesterol; TG, triglyceride; hs-CRP, high sensitive C-reactive protein; ACR, urinary
albumin-creatinin ratio; ARBs, angiotensin II receptor blockers; ACEIs, angiotensin converting

enzymes; CCBs, calcium channel blockers
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BOHEDOHETT & HbAlc k OFARE 2 HERR U7- G 5. BB BB IR EE DV R IR A DHE DA%
HE DN E > THI L TV < —J5 T, HbAlclZADHE DB CTH B /22 LIX3R

SiieinoT- (Fig. 15)
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Fig. 15. Relationship between HbAlc values and numbers of diabetic complications. The

HbA ¢ value in patients with diabetes was measured and compared with their number of diabetic

complications.
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LC-MS/MS ZH W THIE SN~ 17E MG-H1 J2EE L | [Fl—#BRE O 0088 R ao e

JEE DM AR LIZE Z A, WEICHBEBEERRD bz (Fig 16.) .

MG-H]1 (mmol/mol lys)

4

Laa

]

Tk

R*=0.2673

10

Fluorescence Intensity (a.u.)

Fig. 16. Relationship between the fluorescence intensity of the fingertip serum and MG-

H1 levels. Sera were obtained from the same subjects and the MG-H1 levels in the sera were

measured by LC-MS/MS as described in the materials and methods. The MG-H1 level

correlated with the fingertip fluorescence intensity.
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4. B

AL FIEIC X > T, AGEs 37 7 1 — APEEBIIRATALE (22) P88 R A DHE
(23)D & O e N BE R B THEDHER STV DA, MIRPIR 7 EERRRIR T O
AGEs ZJIET 511X, EHEN ORI O DD ALEEN LI & 5729, HbAlc &
ILH 72 0 BRIR C AGEs 3zl HIZRIE S b 7 — A IA T 5, Meerwaldt (12, 13)
B, BEHEZ R LT AGEs ER A IE L7 A, BEIRIR BB ORE R HOLTREE )3
FEFFIE_RTEWZ E2WELTWD, Lo LESEE FIW & AGEs DJIEIC
X, KRS LT3 DO REFREDNE > T D, B 1 ISREECIREL, KEIC
FETHAT =0T B Vo BRI L) BBEZ T, WEDSKEEC 5
RTHD, TORR, NHEOENL, ABET 722 EDOETFEEIZ L DM oEOZE I
R ZREST D 9 2 CMEMERELLAET DI LT/ 5, Fig 10 TR L7
0. Meerwaldt (9, 10) 5 23E L CWD B o ORLELREIL, AT7=05H &
EFRWADHBZ R LTz, AR D, BEEGHIEZIT 9 ETA T = GH &N
E7a<, BWRZ D L AFE, MR e, FEEENCET D HRESRIFICRBWT
H 1EFEAEEDRWETNLTH DIRRD A Y v BHEICR D, Z D7, Fig.
11 CHER LIz L 30, FERD B, Rl e ~T, REZE s ORIEIL b2 & MK
<HZOBNTFERIZORR>TbD & Bbhvd, 52 OBBITRIESAIC I T 5 g
DEMTH D, fHRICIT. EHTHER SND X5 2FIROEMTERD by, BEO
EAM M D AN AFIE L TV DI TH H D, TAVE TOMIETIL, AR A
Z & N TRBYE LT U8 OFAERNL & . % 5 TRV T OREBZH IR D F41T 1.5
~161EHD L EMR LTS (REBEIERR) . ARERITE MRS O~ T 2R

ZLRELL T, EEE, MAEFERBAL & FEAFTERNLD & OFFE S HOEHR L 2 fERd L 72 F28RIC
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BOWTHHAMENEONTWD, ZOX I, FRRIEICBWVTIE, BMMLENSD
TEIR R ERABOND 2 & T BIEBRENMES M ONAFENBH 5, 53 OFH
L. FEROLE, 5566 0N C—EDRIICHESINTZZ Y v IEEFIHT5Z &
T, JEA 2B ZHOEMEICRE TE, SHUNORERPEN AIRER A TH
Lo WEHN ZEET 2 HELEBTHAIEETIZH 225, JES AT LHBRBND I
o TCLEWBIEMNTITRV, FEROBEIL, ZOMMARMHICLVESNRRDZ L
BPREND, 2F0, FIEFLFEFETEARAVTORRICEBNTIE, Z O HAHE
IIREL T, MEOREEN R ->TL 5, £072, FIEF L OER 2 HIEITH]
MT22&T, MEEXLSDEZZIBIZMAIATDIHWDEH D, FIEFLRDOH 3 15
("FfR) X, FOOLOMHE B, FESHFODRAIFROMEIZH D . FOODL 22 EIT{E <
ZETHREMETMAEE S, WEXLSOEINELESAEHIEb0 EEDbR
%o A OFRAERARNHIE L, 552 CORE Tl Rl CoRRE H LR E OH
EFIEIIST DT KA T =V > Te b D EE X D,

Fig. 14,15 TR L7 Y . BERF A OHEDORAEOIIIES T, RN D OB
SERRFEITA I CEIINT 5 25, HbAlc O L~ I ZAL3 72 0v» 7=, HbAlc 17 122 »
H OIMBE % BT 203, BERIF G OHERIE & OBIEIIRD b Rholzl Linh
(Fig. 15) . AA 7 — REUGORIAO ZTIEADHE & OBEITF T3, %Ak
MDA PHEDZIKICEE CTH D Z LR (Fig. 14) . HbAlc XA A 7 — FXL
DOHFETHY | FENRLET, MR 7 VT 7 AL DEHORELE KE <
5D, REMMoOZEZNEE T8 HE~Y——& LTE, A0 Thsd
EMTREND, I, AGEs ZHERINEIHEDZKI~— I —DF—7 v F& L

ORI D BEME SR L AT, & BIC, RO R
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WICEVAERSIND AGEs FEO—D>THh L MIHED MG-HI L~ v & AL, £727
—ZITIRE 22008, 7 U < B TAR SN A AT, 58 TORBEER
JED AGEs OEREZRLTND Z EICHb %NS (Fig 14) , DA E LT, AGEs I
B HZ2E AL & L CERT 572, HbAle & ik LT, FERIFADHEDE D
e AEREOHMEBEFRPHERINT-b DO EEZXBND, LLEXY | RIFFEICL -
T ER OB TR DS RIS & OHEO BB G R RREHIETH D Z &
MIFESI T,

fliam & LC, AMEIIIEIRZ W 2 B2 31T 5 IR M B SR /R ET =4
YT ENOICHE CEERER A RT L S OITIFAEEER THICmT ALk

Bt D A7 V—=v 7 i LTEmEnNs b0 TH5 (Fig. 17)

At Hospitals. Clinics ..

Expansion of Healthcare services

comroborated clinical data.

@g withi AGES contenits |
B 4

elderly facility Home

Fig. 17. An image of the pre medical society caused by non-invasive AGEs mesurements.
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B2E Ay RVIITFX RIZ XD AGEs £FMHRBRICET 2%
1. #WEEERRE L TORyRUHP

AGEs Zi#IZ, H-OEMEIZEHE T 2 EAN 2 ML 35 &0 JUib 7Y A b
DERRIN 72N R DN T OFHI AR CIT 25 2 L1l d, ZDOZ LIk, EER
BT, BB ORMEICo73 D 72, BIRE b Ifl & v, OV T Esis
JDE LIZER D,

A w78 > Bl(soft shelled turtle eggs: STE)iigkse sS4 TE B IER TR E K L v
REHEE LTHOWORTE 2, TORERRILTZ L, AFETIX, STE OAE
~OBRERFET 5 AT, BEIRIFZ >~ M STE =X 2 & e b U, AT EER O
JRCERMABINT 5 2 &N 5D AGEs IZ5 B IR RISV TR 21T 5 =
Ll L, ZNENSIEN LMD T v MR/ —~<bay ha—/L, JERF (DM)
o hr—/b, DM+7 = (2g/L) . DM+STE 1%, DM+STE 5%® 5 #1257
F. 3 MAMZ = UBRENENDOIRED STE =% R Z BT - BF LG Lok,
A TOMEREMRED L, 2280 UMK o 217 9 & & b, 2oz Hv
T, LC-MSMS (2 &V CML Z#IFE L7z, E72HIT, T JITon TiEotim Al
ExR{ToT2, 7 T UBRIGEHIC X D AGEs OARPLEZ IOV CIIBEICHAE ST
WhHTeH, RYT 47 arbe— e UTRHIiL: (24) . £OFEH, STE =F X
IEEEBH ROV a7 L7 v BBRENITREEE RFE S Rno o’ &5
IZL > Tl CML B L OJED AGEs KT L7z, FEZRHUGM AGEs ThHD
CML |3 hydroxyl radical (25) <° peroxynitrite (26) |2 X > TART 5 Z Lk, A&
KIZBIT DD~ ——L 725 Z L RMESNTWD, AREAD AGEs b

DL, BADOMMIHEENEL L, BERONEMALR ENB I 5720, ANRICELE
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ERIET (27) o L LARIZEIT 5 AGEs O Ef/eE&IZN#ETH Y . AGEs 4
R EZN R A R T R ORI E ERICE E 256032V, ZVE TR,
HPLC % MW\ 7o i+ AGEs OlliER LN, wta v 7o TR AGEs %%
HE L, ~ v TAF L OBUKIHIIITAMRIZI T AGEs A il 2h 2 4 2
EERWE L (28) o Al #7272 AGEs AERUNHI &M OBRRICHT-0 . HkLv
FERREE R & L CTRIC T 7 REE TRIBIIZHW 57T % STE =% X 0 AGEs
AR RIZIE R L7, Huanling(29) 5 1% STE My KN 7 » Mz Ta L AT —/b
WIRZMH L, P2 L AT — L2 K FSE2FEHE®REL VD, £
Rawendra ©(30)iZ STE @ egg white DEEZE MK IEY D> 5 HiH D Angiotensin-
Converting Enzyme-Inhibitory Tripeptide & HLEfE L T\ 5, Z Ozt STE IZ1LHE
sRoth, BIREEALOOAEE, EILED P2 ERHFEITWD DD, EDIEH

IR N E A= e ATAN

A

CCAETIE, BERFEHEE LT v MISTE =% 2 &2¥ 5 L, ifih AGEs %

2%
EEOHTIERE . REB X OWXICERE L AGEs a0t L LCHIEL, o

i

HllZh S 2 Mt Uz, ANimsCld 7 m — 7 Rl R s @ &2 -V T, SZEE D STE =% R

&V D B EIZ L > T AGEs OIIFIRIRPHEETE I LO TOME TH 5,
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3. EBRFIE
2—1. CML {22\ T
CML (Fig.18.) %, 7~ FUALBEMORLHIBRAESS 7 U A% —, 7 a—u
TNANT e RE U DUBREDORKINTE Y AR L, FEHURNME AGEs @ik & L TilE
INTWVWD, CML OAERREIIIFCEOG BB Z b | ARIZE T D REEUG
D —=A—L LTHIR-A DN TN D, NEE-CHERIE OHERICHEVE S OKEEZ U R
R, HERT =T CERET A EnmESATWS (1) .
HO —C—0
.
NH
Lys

Fig. 18. A chemical structure of CML

2—2. Ry RVPPZF R (STE TFR)

STEIZR—Fa—RLAar HE, BA) LRz, Bl v R
> (Pelodiscus sinesis) D96, 3ELA EDOR Y R MEIN LTI EZFRIH LTz, 7235,
2 LA EAEBHIMNE L RO/NS WA v IR ATFELIN /NS < FEEINE B LE L
RN AR AR A S0 T TR L, 3L ED R v AR DI D BRI
M Uiz, AREBRICHME L7Z STE 1, BRENOMARIET 2 TETOIRTEREZINA
ROV Z R & LT D, b EOTIRE T L 80 A v =2 LUFIZR 5 K 5
L. HEGBRIZEVKSEI %LU T ERDLIICHEL, -20CTHRIF LTz, 20
STE 1% (V/v) , 5% (VWK% 7 » MEERHOEHICHY Z A7, Z0%, XLy MRIZEK
JEL 70°C T 3 WReflifE 7o b D A Ak & LT L 7=,
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2—3. BER

EERT \ N 3 VIR OB ERMGEBLIE IS - 72 GREEE S 141067)
Wister 7 » MILEIRASHE L WA Uiz, ERYSBH LR O H T, 12 IR 00 B
A 7 v, W 25°CTHEE S, AIN-93M [E R (7 VTR ZAaeF Lz, HERISHEE
1L 8BHEROMET » b (KE~285g) ICHAEDEARN S STZ % 0.05M D 7 = > FEFEEIK
(pH 4.5) T 60 mg/kg-body weight (200 pL/Pt) THHFTHZ LI XV ER L7z, 3 M
BAZIXMAEE 23>200 mg/dl 248 %, HEIRIG T v MG DALz, STZ ALBRA L C72pu MV
{&(Normal, n=8) & STZ {LFRE 7= 4 DD F L —F(ZFNZFh n=8) 1. DEHE. @
STE &A & 1.0%%. @STE ZHE 5.0%8., @7 = K 2 g)EERRII DT CHE
L7 MUHEEE L 6 BER DM B $4121T\V . Life Check sensor % FW TR L 7= (77>
A S, STZ [EH% 21 BT, N2 hVL B X — VB CRALy L, 42,
B KRR 25 o A iy, ik, FHERCOV 7% -80CTHRIFLZ, Tk
R EERE L1, JCA-BM 8000 automatic analyzer (A A R SAERL) 2 v /- B
FYA 7 U v 7 #(standard NAD(H)-linked enzymatic methods)iZ X W HllE L=, 7'V =
TNT I LVEIMEE T 8T I AT X — BB L, Bk S bk FEE

NN FF X —BIETHRE L, JCA-BM 8000 IZ CE® LT,

2—4. BEEIu~v  NTTT7 4 —F 0T LDERGH (LC-MS/MS) I X 2 MEH
CML DHIE

My 5 pl 278 KICT 1A IZHIRL, o7 e LTHWE, o 7 &0 200
mM sodium borate buffer (pH 9.1)  (F&JREEL : 100 mM) 35 LT 1/10 & 2 M NaBH4 %

W GEIERE - 200 mM) ZEII L. IR T 4 B OB CABL 21T - 7, BB,
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CML O NEFEAECTH 5 [*Ha] CML (PolyPeptide Laboratories, Strasbourg, France) 35 X O
Lysine D WNFEHET & 5 ['3Cs] L-Lysine (Cambridge Isotope Laboratories, Inc., Tewksbury,
MA, USA)% 10 pmol ML, 6 N @ HCl % 1 ml il 2, 100°C18 WFE DMK Z4T -
Teth, U NVEE S, AFEAK (Iml) (@R LT, ZZRKIQEMR LY 7L
VXA A 2 Ha 7 A Strata X-C - (Phenomenex, Torrance, CA, USA) & >, 2 % g
Bml) THWEFL, T%7 =T Gml) THEH L, 557K % i
L. 0.1%FMA2ET 20%7 & b= VL THME%, 02um D7 4 /LF—TlEiE L,
LC-MS/MS HDARW & A 7 VT A, BIEZEAT 572, LC-MS/MS I3 HUER 7 275D
DOHTE T HEEZ Wz, SAEEOEHRFREIIX, CML 8 X UH,] CML 138 12 47, L-
Lysine 33 &2 O['*Cs] L-Lysine 1359 13 73 TdH > 7z, CML L O*H,] CML O D7
WZEEH LT A A TENER 205 (m/z) BLTN207 (m/z) THYH, ZNHOHEA A
PO T T T A A A 130 (m/z) R L. T A2 T o7, Lysine B X O
['*Cs] Lysine DA A NTENEN 147 (m/z) BEL V153 (m/z) THYH., ZhH0H
AFUNOB/TET T T A M A 84 (m/z) | 89 (m/z) ZENZEHI L, fiflr %

??O f:o

2—5. EEERHE
STE O# 523 FE(LDFREIC 5 2 2R 2 R 5729, Fig. 3. Tl L7z v—7
2 A TOWIEHEEBEZHNT, Ty FOHMEEHE (TEH) ORFZH EimEs 2 HE

L7,
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2—6. HEEHENT
2T OT — %X Mann-Whitney Utest & non-repeated measures ANOVA. % T

MrZ&1TVN, P values of <0.05 I CHBEZEMRELZITo 12,

3. fER
3-1. Ty MIRHKREL b EDOZEL

STZ ST Ko TR S BERIF 7 » b 3 ) A M OREZE(L & b EDOZE L%
ZN 2 Fig. 19. -A, Fig.19. -B 27k L7z, STZ % {ES L T 72u Normal A A3 EFRRE
&L BITERENENT 5 Z &It 7= UEBGEERE, STE1%., 5% & GHEZEZ 0,
STZ VEF T U CIREDS 400 g FREEC, 3 22 A OREFIC L > THEREHMNITERD b

o,

800
] —&—Normal control
} 1 —<—DM control
600 | —E-DM + citric acid (2g/L)
. 600 4 —@-DM + STE (1%)
| DM+ STE (5%)

—&—Normal control

200 ——DM con:tn?l _

= —+DM + citric acid (2g/L)
—e-DM + 5TE (1%)
~A-DM + STE (5%)

Weight (g)
5
(=]
Blood glucose (mg/dL)
a
]

0 1 2 3 0 1 2 3
Time (months) Time (months)

Fig. 19. Changes in the body weight and blood glucose levels of rats. Diabetes was induced in
rats with streptozotocin and the changes in the body weight (A) and blood glucose levels (B) of
normal rats (n=8) and all of the diabetic (DM) rat groups (n=8, each) were measured. The data

are presented as the means + SD.
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3-2. 7 v MRS BT

T v b OMIES & o LT2fER, 70 a7 L7 2 o O (Fig. 20. -A) & 77 kAR
DL (Fig. 20. -B)iE 1 BHERIFOEITE & HIZEIML, 7 = U BOKEEICL Y 208
FEIXMET 425 Z &R SNz, SRANIC, 1% STE R 5% STE DOFGEEICR N T Y

AT NT I UPRERT N ARORRFEIZEAITERD DR o T,

A B
40 800
~
] * =
1 =
—
—_ 40 A ©
> £ 600 -
= fiasid *
.= 30 1
= T
= & i
B ) ‘3 400
‘:'05 20 A E
2 =
@] ] = 200 A
10 o
<
Normal control  + CA +STE +STE L " Normal control +CA +STE +STE

1% 5% 1% 5%

Fig. 20. The measurement of glycoalbumin and acetoacetic acid in rats
The glycoalbumin (A) and acetoacetic acid (B) levels of normal rats (open bar, n=8) and all of
the diabetic rat groups (closed bar, n=8, each) were measured. The data are presented as the

means = SD.*, P <0.05 vs. normal rats.

3-3. LC-MS/MS iIZ £ %57 v MiEF D CML REHIE
Fig.21.-A |{Z CML & [*Hy] CML (10 pmol)DXT L > A A v &, ZIE4 205
(m/z) & 207 (m/z) T, 130 (m/2)D 7 T 7 A2 hA A4 & LT, CML &[*Hy] CML 23k H

iz,
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)7 CML EPPH)CML O 7 Z 7 Ay A A7 a~ N7 57 «—% Fig2l. -B
127”7, Fig2l. -ClZ/RTY, 7 T UE°STE 2406 L7=7 v R CTld, CML DR

DA BIR T DA HERB S iz,

A B ; C
1. CML in the rat serum 0.20
HO—C=0 5100 =
g 7 i .
‘ * - ] 1 I * '
CH, 2,7 I w !
‘ - 7 907 7 016 1 A
NH . ]
. g
:- ]30 -’- ---------- -: E 0 '_Or 0.12 A
! CH, i 12 13 14 B T°
! | i Retention time (min) — — |
i T | ‘ = 008
1 ‘H- . B
: ‘ g 100_Standard [*H;] CML E:
! CH, - - = ]
R .
i - 0.04 -
1 1 = : J
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Fig. 21. The measurement of CML levels in rat sera by LC-MS/MS. Fragment ions of 130
(m/z) were detected to measure CML and [*H,] CML (A). Peaks of the fragment ions of CML
and [*Hz] CML (10 pmol) were detected in diabetic rat sera (B). The CML levels in normal rat
sera (open bar, n=8) and the sera of all of the diabetic rat groups (closed bar, n=8, each) were
measured by LC-MS/MS (C), as described in Materials and Methods. CA, citric acid. Data are

presented as the means + SD.*, P < (.01 vs. normal rats.
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Fig. 22. The measurement of fluorescence intensity of the auricle skin and lower gums in
rats. The fluorescence intensity of the auricle skin (A) and the lower gums (B) of normal rats
(open bar, n=8) and in all of the diabetic rats groups (closed bar, n=8, each) was measured as
described in the Materials and Methods. CA, citric acid. The data are presented as the means +

SD.*, P <0.01 vs. normal rats.
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Fig.23. A scheme of the complex Maillard reaction and formation of some AGEs

41



ZHVE T AGEs FRENROFEZIZOWTIL, 1FLAEDTET AL in vitro DFRER
ThoTo, HERFT v MIRO#&S XD STE IR EEE N2 RS (Fig. 19.-A, -
B) . 7V ar T o0 b UAROBEINEISE LR Do 7223 (Fig. 20-A, -B) | 1L+
® CML Ok BLE L7-(Fig. 21. -C), 7= HJ (Fig. 22- A)°ti% (F%A) (Fig. 22-
B) CO#IEHRE L, STE OG- L VK L72, Nagai > DLIRTOMFFEIZIBNT, 7
TUFEOROEGIZ L BERE T » NI D AGEs £ sl S v b 2 & 238 52
LleoTWDH3B8), T TAMIETIE, V2V iaERYT 47 ar bu—i e LTH
VN2 (Fig. 21, —C), 7 = U RIT invivo T b RIS OSEIZ LV . AGE AR 2
BILDHH DD, invitro ERE FERITI 1T 5 AGEs DAERKIIAE TE 20138), —FH
STE (%, #BRE EHRTH AGEs DA ESREZ RS (REBEERR) . RBREIC
BT % AGEs ERPHFEFEERIT, PASRICHEE L ¥ o~ BZEA L T37CT 1 HFk
BT DM, REFASHRIZSTE #Nx 5 &, STE kD& XV EWHET X/ FRIZ
TRISFERDOT X 7 BREN ER- U #RNICH ™7 E—53F L0 AGEs RN
NTEERT Lo EEZEx b5, LML, 7y MISTEZRAOEEGE L THiH ¥ >
NYBRED EFIIZT SRR ST BERIFT » FTO AGEs AERHFELRIT STE o> #
VORTERT 2 BUNDRG NS L TWA Z EA R Iz, £72, STEX/ =
VERE R0 N AR EBIH] L7222 & e STE & 7 = RO AGEs ZERKBR
FAHN=ALIRI>TNDIENEZLNRD,

7 v MHKRICERE L7z AGEs & &ITa0OREN THEE S 5 (28), FERIFEAIIET 5
& DRIE & IR DOIIERD LA T D728, AEIOBEBR TIZHI & %X % AGEs
ORESFE LGER LT, 7 = UBfh L RIRRIC, H P2 TD AGEs D% E

%, STE OFAEHIZ L 0 A EICILE S 7= (Fig. 22- A, -B), FEE, HA L HZE TOREL

42



BWHIE T 7 7 7 A IIEFITERIL TR Y | HERENEE L WS, BEAETHN
BexsagtErnmne Ebih s,

fiiam & L C. AMFSEIL STE Ok ARG 2HEIRIFICI T D AGEs DAEMZLEFETE S
BOIDOWAETH Y . STE DB BV Z BT 5 —oD A I = X L% BLH
L7z, TLCEZOFEL LT, STE D b2 1T /VEO RSy AN E 72 13 I

TEAH LT, KT AGEs DAREZREL TWD Z E2VRBI LT,

43



s

AR LD . 2 ETREMZRERR~— 0 —& L TR SN TV 2R% > 72 AGEs
., HFRETHEICNETE L2 LI2RY ., BRFGIHEDOEITIZZ +— U A LT
IRIGH O ATREMEZ R U7, ASHIEZEEIC KX 5203, BN —ik 250l 2 A1 E 1B IR
BEFITH L, [ A= A~DOTEI~DORSE ] 22T 2 LIZEB&DB Y | RO
A OMEEN TSN D728, EIRE OHIEG R S RV S, £ OESAH
fEIEFEE I E

Flo. A EHWS Z & T, AEEERZ THT 5 BRTHRER - BZ I D508
RO T, 20 BREREDO R 2 51t #FEB LT, EHFMICHT58F
DFET, EH WA TIHERICRE <, #RE LT, WRUITRDHETORIF OB TD
AETEEB O RE LIZER D720, AFKEOHERHI S L Thb RE R B2 5252 L

LB,

44



HRE

ABTR 2 BAT L. T ORFFEST B O BRI C TIGHE STV 5 BN OHZE < D%
FOBRAZBOGZ 52 TTFI 0, Bx OREZ PG E LTHRODIZHIZD | #
WME R D TR L THFEA IS Y £ LR R PR EAER kR R AR AR CIRE
DHFEZRLET, LRGN THICHID, TRENENZEZHY £ L
TR PR BdR  FEARMPE A, IR BeZ Ml K
FRREERGE KRS, RIBRTAIE KBS BE o ¥ — B0 AW
RIEH N LET, AEOZFTICHTZ D | FRRERZ @ U7 ix o T8 it
RIAE E Lo, REAKFESRHBRGE BRI - 3 - NOWNRBgR TR —
JeE. FRAN RRRTENEAR, REARKTFRFPAEMEIEIIEE MR B B ERAT
JRRRESEA . REARRPAE B BE  BERIG « (UG - WOWHNBIER KR TiE2%
B RN RSB B - PRI B SRR A, AR R R R -
SRR BhZ Pt e EICEEA TR LA L BT E 4, AFEE1T 9 I2Hh T
D, BREROFRIBEOTR— b, RRICEATLT A AN v a JTKES £TH
FEGVWIZ WU BE R ER KPR E B FR)IFRIIeE, i
MERFRFE RO LR Bl —fk. BIFE BB, HdhE

KIERIRR, KB4 REPAL—RR. S0 DHERORE, REF 2208k, 281 BANEAR, 24
4 A REEABHER, TNELSEER, OHEEZAEIRR, AL EEARR,  BEEECRIRER, AT
B BOARETRR. JLILFEHAER, OB ERFERMMATEE OEERIC Z DG 2 E D TRILHF Le

FETS

45



1)

2)

3)

4)

S)

6)

7)

BEIHR

Ml % TEROBUE L RO | 2013 FEH 1 BAIHEEO
DWrEA e s REE - RS

Nagai R, Shirakawa J, Fujiwara Y, Ohno R, Moroishi N, Sakata N, Nagai M.
Detection of AGEs as markers for carbohydrate metabolism and protein
denaturation. J Clin Biochem Nutr. 2014 55(1) 1-6.

Nagai R, Horiuchi S, Unno Y. Application of monoclonal antibody libraries for
the measurement of glycation adducts. Biochem Soc Trans. 2003 31(Pt 6):1438-
1440.

Nagai R, Matsumoto K, Ling X, Suzuki H, Araki T, Horiuchi S. Glycolaldehyde,
a reactive intermediate for advanced glycation end products, plays an important
role in the generation of an active ligand for the macrophage scavenger receptor.
Diabetes. 2000 49(10):1714-23.

Kume S, Takeya M, Mori T, Araki N, Suzuki H, Horiuchi S, Kodama T, Miyauchi
Y, Takahashi K. Immunohistochemical and ultrastructural detection of advanced
glycation end products in atherosclerotic lesions of human aorta with a novel
specific monoclonal antibody. Am J Pathol. 1995 147, 3, 654-667.

John A. Dunn, David R. McCance, Suzanne R. Thorpe, Timothy J. Lyons, John W.
Baynes, Age-dependent accumulation of N. epsilon.-(carboxymethyl) lysine and
N. epsilon.-(carboxymethyl) hydroxylysine in human skin collagen. Biochemistry,
1991 30 (5), 1205-1210.

Buongiorno AM, Morelli S, Sagratella E, Cipriani R, Mazzaferro S, Morano S,

46



Sensi M., Immunogenicity of advanced glycation end products in diabetic patients
and in nephropathic non-diabetic patients on hemodialysis or after renal
transplantation. J Endocrinol Invest. 2008 31(6):558-562.

8) Beisswenger P J, Moore L. L, Brinck-Johnsen T, and Curphey T J, Increased
collagen-linked pentosidine levels and advanced glycosylation end products in early
diabetic nephropathy. J Clin Invest. 1993 92(1): 212-217.

9) Sakata N, Imanaga Y, Meng J, Tachikawa Y, Takebayashi S, Nagai R, Horiuchi S.
Increased advanced glycation end products in atherosclerotic lesions of patients
with end-stage renal disease. Atherosclerosis. 1999, 142 (1):67-77.

10) Miki Hayashi C, Nagai R, Miyazaki K, Hayase F, Araki T, Ono T, Horiuchi S.,
Conversion of Amadori products of the Maillard reaction to N(epsilon)-
(carboxymethyl)lysine by short-term heating: possible detection of artifacts by
immunohistochemistry. Lab Invest. 2002, 82 (6):795-808.

11) Nakano M, Kubota M, Owada S, Nagai R. The pentosidine concentration in human
blood specimens is affected by heating. Amino Acids. 2013 44(6):1451-6.

12) Meerwaldt R, Links T, Graaff R, Thorpe SR, Baynes JW, Hartog J, Gans R, Smit
A. Simple noninvasive measurement of skin. Ann N Y Acad Sci. 2005 1043:290-
298.

13) Meerwaldt R, Lutgers HL, Links TP, Graaff R, Baynes JW, Gans RO, Smit AJ.
Skin autofluorescence is a strong predictor of cardiac mortality in diabetes.

Diabetes Care. 2007 30(1):107-12.

47



14) Bolton WK, Cattran DC, Williams ME, Adler SG, Appel GB, Cartwright K,
Foiles PG, Freedman BI, Raskin P, Ratner RE, Spinowitz BS, Whittier FC,
Wuerth JP; Randomized trial of an inhibitor of formation of advanced glycation
end products in diabetic nephropathy. Am J Nephrol. 2004 24 (1):32-40.

15) Murata T, Nagai R, Ishibashi T, Inomuta H, Ikeda K, Horiuchi S. The relationship
between accumulation of advanced glycation end products and expression of
vascular endothelial growth factor in human diabetic retinas. Diabetologia. 1997
40 (8):764-769.

16) World Health Organization, Department of Noncommunicable Disease
Surveillance Definition, Diagnosis and Classification of Diabetes and its
Complications: Report of a WHO Consultation. Part 1: Diagnosis and
classification of diabetes. Geneva: World Health Org; 1999:1-59.

17) Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972 18 (6):499-502.

18) Seino Y, Nanjo K, Tajima N, Kadowaki T, Kashiwagi A, Araki E, Ito C, Inagaki
N, Iwamoto Y, Kasuga M, Hanafusa T, Haneda M, Ueki K. Report of the
committee on the classification and diagnostic criteria of diabetes mellitus. J
Diabetes Investig. 2010 1 (5):212-228.

19) Wilkinson CP, Ferris FL 3rd, Klein RE, Lee PP, Agardh CD, Davis M, Dills D,

Kampik A, Pararajasegaram R, Verdaguer JT; Global Diabetic Retinopathy

48



Project Group. Proposed international clinical diabetic retinopathy and diabetic
macular edema disease severity scales. Ophthalmology 110: 2003. 1677-1682.

20) Katayama S, Moriya T, Tanaka S, Tanaka S, Yajima Y, Sone H, limuro S, Ohashi
Y, Akanuma Y, Yamada N; Japan Diabetes Complications Study Group. Japan
Diabetes Complications Study Group Low transition rate from normo- and low
microalbuminuria to proteinuria in Japanese type 2 diabetic individuals: the Japan
Diabetes Complications Study (JDCS). Diabetologia 54,2011, 1025-1031.

21) Yasuda H, Sanada M, Kitada K, Terashima T, Kim H, Sakaue Y, Fujitani M,
Kawai H, Maeda K, Kashiwagi A. Rationale and usefulness of newly devised
abbreviated diagnostic criteria and staging for diabetic polyneuropathy. Diabetes
Res Clin Pract 77, Suppl 1, 2007 S178-S183.

22) Nagai R, Brock JW, Blatnik M, Baatz JE, Bethard J, Walla MD, Thorpe SR,
Baynes JW, Frizzell N., Succination of protein thiols during adipocyte maturation:
a biomarker of mitochondrial stress., J Biol Chem. 282 (47), 2007 34219-34228.

23) Khan MW, Qadrie ZL, Khan WA., Antibodies against gluco-oxidatively modified
human serum albumin detected in diabetes-associated complications, Int Arch
Allergy Immunol. 153,(2) 2010 207-214.

24) Nagai R, Nagai M, Shimasaki S, Baynes JW, Fujiwara Y. Citric acid inhibits
development of cataracts, proteinuria and ketosis in streptozotocin (type 1)
diabetic rats. Biochem Biophys Res Commun. 2010 393 (1):118-122.

25) Nagai R, Ikeda K, Higashi T, Sano H, Jinnouchi Y, Araki T, Horiuchi S. Hydroxyl

radical mediates N epsilon-(carboxymethyl)lysine formation from Amadori product.

49



Biochem Biophys Res Commun. 1997 234(1):167-172.

26) Nagai R, Unno Y, Hayashi MC, Masuda S, Hayase F, Kinae N, Horiuchi S.
Peroxynitrite induces formation of N( epsilon )-(carboxymethyl) lysine by the
cleavage of Amadori product and generation of glucosone and glyoxal from
glucose: novel pathways for protein modification by peroxynitrite. Diabetes. 2002
Sep; 51(9):2833-2839.

27) Nagai R, Shirakawa J, Fujiwara Y, Ohno R, Moroishi N, Sakata N, Nagai M.
Detection of AGEs as markers for carbohydrate metabolism and protein
denaturation. J Clin Biochem Nutr. 2014 55 (1):1-6.

28) Ohno R, Moroishi N, Sugawa H, Maejima K, Saigusa M, Yamanaka M, Nagai M,
Yoshimura M, Amakura Y, Nagai R. Mangosteen pericarp extract inhibits the
formation of pentosidine and ameliorates skin elasticity. J Clin Biochem Nutr. 2015
57(1):27-32.

29) Huanling Y, Yong L, Junbo W, Liping Z, Weixing Y. Chinese soft-shelled turtle
egg powder lowers serum cholesterol, increases faccal neutral steroids and bile acid
excretion, and up-regulates liver cytochrome P450 mRNA level in rats. Br J Nutr.
2005 94 (3); 315-320.

30) Rawendra RD, Aisha, Chen SH, Chang CI, Shih WL, Huang TC, Liao MH, Hsu JL.
Isolation and characterization of a novel angiotensin-converting enzyme-inhibitory
tripeptide from enzymatic hydrolysis of soft-shelled turtle (Pelodiscus sinensis) egg
white: in vitro, in vivo, and in silico study. J Agric Food Chem. 2014; 62

(50) :12178-12185.

50



31) Dyer DG, Dunn JA, Thorpe SR, et al: Accumulation of Maillard reaction products
in skin collagen in diabetes and aging. J Clin Invest 1993 91(6); 2463—2469.

32) Nagai R, Shirakawa J, Fujiwara Y, Ohno R, Moroishi N, Sakata N, Nagai M.
Detection of AGEs as markers for carbohydrate metabolism and protein
denaturation. J Clin Biochem Nutr. 2014 55 (1):1-6.

33) Nagai R, Hayashi CM, Xia L, Takeya M, Horiuchi S. Identification in human
atherosclerotic lesions of GA-pyridine, a novel structure derived from
glycolaldehyde-modified proteins. J Biol Chem. 2002 277(50):48905-48912.

34) Thornalley PJ, Rabbani N. Detection of oxidized and glycated proteins in clinical
samples using mass spectrometry--a user's perspective. Biochim Biophys Acta.
2014 1840(2):818-829

35) Miyata S, Liu BF, Shoda H, Ohara T, Yamada H, Suzuki K, Kasuga M.
Accumulation of pyrraline-modified albumin in phagocytes due to reduced
degradation by lysosomal enzymes. J Biol Chem. 1997 272(7):4037-4042.

36) Wang Z, Jiang Y, Liu N, Ren L, Zhu Y, An Y, Chen D. Advanced glycation end-
product Ne-carboxymethyl-Lysine accelerates progression of atherosclerotic
calcification in diabetes. Atherosclerosis. 2012 221 (2):387-396.

37) Coughlan MT, Forbes JM. Temporal increases in urinary carboxymethyllysine
correlate with albuminuria development in diabetes. Am J Nephrol. 2011; 34(1):9-
17.

38) Nagai R, Nagai M, Shimasaki S, Baynes JW, Fujiwara Y. Citric acid inhibits

development of cataracts, proteinuria and ketosis in streptozotocin (type 1) diabetic

51



rats. Biochem Biophys Res Commun. 2010 393(1):118-122.

52



