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Abstract: Glycation is a non-enzymatic chemical reaction between amino acid or protein and reduc-
ing sugar and it occurs to various proteins in living organisms. The glycated protein leads to the for-
mation of advanced glycation end products (AGEs) through the formation of intermediates dominated
by carbonyl compounds. Glycative stress is a concept of comprehensively viewing the stress to living
organisms caused by the loads of reducing sugar and aldehyde and its subsequent reactions. Glycative
stress is considered a risk factor for aging in anti-aging medicine. Various substances produced in the
course of glycation reaction can be used as markers for the evaluation of glycative stress. The glyca-
tive stress markers in the stage before the production and accumulation of AGEs include blood glu-
cose, glycated protein and intermediates for AGEs. When measuring anti-glycative effects, test sam-
ples are added into the phosphate buffer solution including proteins and reducing sugars so that
glycation occurs. Then, the amount of AGEs, as well as the amount of intermediate glycative reaction
products are measured. A lot of food and cosmetic materials with the effect of the antiglycation are
found. We are using these materials and can prevent the aging or the disease by a glycative stress.

Key words: glycative stress, anti-glycation, risk factors of aging, advanced glycation end products

(AGEs), anti-aging
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PELIE A A4 T — FROS & I, 19124127 5 >~
ADOFFEF L. C. Maillard 12 & > THER I N7 3 /1
LRI ORI ALERSTH S Yo EEIZBIT S
WL E R AR T 2 7 v 7 Lo 7 v 3 — AP
RIS L, ¥y 7403 (schiff base) DK % #%
TT7~Y F)BBIZE VLY > X712, Z20%3-
FFF L7V av s (3deoxyglucosone : 3DG)?, 7Y

O RS EEE BT 2 Y BAENTIET b a—vR
JREORBNC L o TERT AT VT FRr b el
AGEs D B 53 %5, #EILA b L R (glycative
stress) CIIEITCHERL T IV T FICLAHEMEA ML AL,
%@?&@E&TE%%"‘}AE’\J L2 7MAETH S (Fig. 1)%
AGEs |ZIZZEER ALY b ONDH L. D72 ONELA
ML AIEE i EF AR AR, Py B A
FlEd o E 512 AGEs 358518 TH S RAGE (receptor
for AGEs) e &L ifsa L, MBBHNY 7 FIVmEIZ LY

F ¥4 — ) (glyoxal : GO)Y, X F V7)) F FH— v RIEXERT Do Hlo TRIMBEOFFIIELA ML 2%
(methylglyoxal : MG)?, Z U+ L7 LFe F (glyceral TLHESEL, $72, TOAa— )VOBFIER, ik YA
dehyde), Z V¥ LTIV 7t F (glutaraldehyde) 7 & Iy M8l o THRNIZT VT BT b U EEE
DH IR ZIALEY % ol & 2 HE RS i R % % IR L TV AIREED BEIL A B L A%, 22 I Ik

T, MEAL R A W (advanced glycation end prod-

1ﬁﬁ‘£§ﬁﬁ%all7\]“6 bHoTH, RO % MAEIREE X

ucts : AGEs) ICEANKIGTH b, FeFgEopEfbizzns PELA DL A B0 & HIZEIMIAEIREEIZES TCA H
Excess Glucose
| Glucose || Fructose | ’ TG - Ethanol ‘
| Aldehyde base |
ST ArgiLys
Fumaric acid k(;ys Proteins
& | Schiff base = Amadori compound I
Succinylation @ Sabont .
- ultraviolet rays
Intermediates laldehyde oxidation
AGEs EQQA
{} \l Degeneration
Protein modification ‘ ‘ AGE accumulation ‘ ‘ RAGE activation ‘ Excretion
Fig.1 # LA b L 20#&K

Excess Glucose, postprandial hyperglycemia; TG, triglyceride; TCA, tricarboxylic acid; AGEs, advanced glycation end

products: RAGE, receptor for AGE.
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A7 VRO T IVEROEEIN X 297 ¥ = VL& o4
B b BCHENER S 5 & 87 OFBEER T ICB 54 %
CEDPBHLA L AIZEHETND RINEORERER
DOFALIIHELRIS 2 TUET 5720, FE(LA N L ADfNH
BRI B

2 PUrFIATCITEFICHETBEEAMLR

T YFIA Y TEFEITFHIESEO—DT, EEOY
(quality of life : QOL) ouss &R % Hig L Tw»
5o —7, b MOBILOFEHIIE, ME D&,
DAL, BOHEALR ENH D, TNHIITBAENH D,
SHIZKMMAINEZ HEALDERA TR ELR D, 70 F
IAT YT Ny 7 TIREELHEEFRE LTES X,
ARG, I FRS, AEERS, RVE CEE, BEE s
L TR 2 7o - MRAERORTICHS LT3
HizZALEmR T & 52, FIEANLVA, BILA ML
A, DHFANVA, BHMEA NV A, EEEEICS) TR
g2, 7o FIAT 2T Ky 7 TIEELEIRDE
HHBIOBLOERET IR KX ZHEBICEHL,
ZHLTEILLTWAEHAZEIEL, BLEOEMKDON
T AREBLZERHEIZILTWA, B LA ML RITE
LERETFO—>2TH Y, TOEH RS WEIZHN
TREEDHEIRIR T 5o FEIRIF D = KEPHETH 5 fli#ERE
EOMERE, BE CIOHMTIC AGEs A RmEICER L
TWwh, #LIC X 5 AGEs AR - HfEE, #HRKES
BHEZ T TR, BT, #avE?, SimE Y, 8
IREEALE WV, EHERE 2 R EOERICLHS L Twh,
D7D bR - EEESOSETIE [PUfk] % ¥ —
7= R LR, B, AN EH 2 ED T 5,

3 EEAMLAY—H—

Zva— A (Mi4E) (ZEHOEMBEIRE % 3¢+ 5 8
HRSHEH LA N L AOIEWE (v~—7—) 2%
bo TOMIIZEAT DY 8y VT — ADIEEEE
WS EAETEL S S SELWEIFELA ML A~ —
=5,

PEALBOS I E AT RS, AR, BB IZ5T &
N5, ARG TERTAANEZ QLYY - I - T -
v — (HbAlc) 7V a7 V7 3 vidi#d:o My kAE
xS 2 ERIRIE & L CHREIRBOZHI W ST
B MM OHALIG T RIAIZ1E 3DG, GO, MG 7 &%
Hbo 3DGIETV FILEMPSEREND a- TV
R WEEW T, Zha— 2 X0 b 10000 {8 s
Y%A L, AGEs OAW IS 3 %, Mg 3DG i)
73100 nmol/L 543 % & BERFRIEREIEE, BHED Y A
T hg 25 B
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BHIROG CTHEK T A MO AGEs IZIZ 71 VR F 2 2
F V) ¥ v (N-carboxymethyl lysine : CML)Y, ~
k2> (pentosidine)”, HILKFI AF LT L F=
~ (N°-carboxymethylarginine : CMA) % &, & &
I RWENH S (Table 1),

Mo CML 1E GO ZHfifkE LTH v o) 2 >
PR SR T 2 IFEEN - FELUEN: AGEs T, HER
HRPMLA DL ATLERFIZO AR T 5, CMLALL -2
T =& MR ORRE T IR 5 &
TRM -V APFESND T B T
HOHVEREIZL CMLAFET 5 Y, AT
CML 3O F A LIS LTWwE Y, <o by
TR ER—R, TAFZ L, UV U LRIERE R
T 5N - 4G AGEs ©, BIEDRMR~ — 7 —
D12k LTHRBIE S LTV A, T4, M F 72138
FORY PV VITBEOELE KW A RE E L
THEHENTED, BHBEZH~OF IR ST
WE Y, EHIIRY MYV VIIEE T - iz
FAEL, s & s %o BERIFEE O R fF <
MUY VERERFAEROREE L) LW, CMA
X GO ZHffEE LTH v X7 D7 IVF= D S 4
3% AGEs O —FT, a7 =7 HIZHRYICHAE
95, AGEs THAKD—DTH % RAGE (A1 L2
FEL, Mo %Y RAGE (soluble receptors for
AGEs : sSRAGE) #HIFasMzi T % o sRAGE 135
a4 ZHEE LTAGEs LA L, MlulE - RAGE %
BOWMHENAEHT 5,

4 PEEXFLAT—H—DHEIFE

AL LR > 7V & BRI A v > 4 — & CTHIES %
7, ANELIAEET % v 72 B CHoBE %2 (self-monitoring
of blood glucose : SMBG) HWHETH 5o T4, FZJHE
B o7 Vva— A% 2 \EsE =5 —TX 5%
MEETES N, EHLEEN D MEMEZLOHEE DS
o 72 ¥ FIIRUSE RS TH S HbAle, ) a7
VT I VIEEREE Y Y ¥ S THETRETH . L
L, #AbRISH R, AGEs, RAGE ®ll5E (XA
MBI T 22, WlEESEIC L CHIERLHE
BT DL L%\,

BEAL S W 4R o 3DG, GO, MG X7 L N )uvk
HPLC H:CHMlsE T & 2 o ARUEXIMAE Y >~ 7V % By
% N 7 1% 2 3-diaminonaphthalene (DAN) %L,
WALRB A Z T I 7 575 L sk b L TR
%, WA HPLC TME T %o LS T AR oM ic
AL (P 268nm) -3 &6 (B &
271 nm, BIEWEE 503 nm) 12 X BHEATHETH 5,
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Table. 1 AGEs O & 5
advanced glycation endproducts (AGEs) fluorescence cross-linking intermediate
o + .
pentosidine (ex335 nm / em385 nm) + amadori product
. + .
+
crossline (ex379 nm / em463 nm) amadori product
+
idi +
pyrropyridine (ex370 nm / em455 nm) 3DG
pyrraline - - 3DG
N*-carboxymethyl lysine (CML) - - amadog Op roduct
N “-carboxymethyl arginine (CMA) - - GO
N°-carboxyethyl lysine (CEL) - - MG
argpyrimidine - - MG
glyoxal-lysine dimer (GLOD) - + GO
methylglyoxal lysine dimer (MLOD) - + MG

ex, excitation wave length; em, emition wave length;

AGEs OHIE T O Ft AGEs Hifk % H v 72 ELISA
F72XHPLC D H B, ¥ bV, CML & ELISA
HEX Y P SIFEINT D, HL, ARk
RS LTI, WERSR & T A LR A B O FF
G2 = B 175 L 0 VA3 e S 1 7 3 = G 1 A 2
MBS TV H ) IRETHUIEST S & AGEs 234K L,
WEMOEMEEEEY A ERICZ A, $72CMA
RS T CHRT 5,

—7J7, & AGEs & ol 12 X IR 5L 58 5=
W0, BEZENA OB 5l nz’b&%%ﬁ‘ﬁﬁ;uéfﬂ.“(b\
bo AWML R ISR A TR L 7212, AR
& L 728500 AGEs bk L CHEA o B C#% (auto
fluorescence : AF) %33 2L FIH L T 5,

HOHME AGEs 12132~ F 22~ (pentosidine)™, %
O AV~ (crossline)®, ¥u¥ 2 (pyrropyridine)”
% EETEHED Do K EIGE R L 72 IR E iF’Eﬁ
W E i TH D, #IGH AGEs OEL#EY)H 73
DT, BIEMOEEMELZMIEST S 2 L L Vv,
—7, BEfARETRO CML = #llE$ 5 HFEICE, ko
W7 — T2 HVIT—T AN v EY T ERSH L P,
g7 —7 AN v ¥y 7RI IHR R REE L AR
A O AGEs #EIHMNET A2 LN TE %,

5 fitEt

BEALA b L 2R E B9 & LA B B B
L& XN 5, P Lo EARITE B2 57| ﬁ%%i
L7 ENET A ETH D, Eik TN EANEMEIC
AR OMERE, R EB), @I A, @ﬁxbv
ADR T EDB B0 BARRYZRRIHRIZIE, AR %

amadori product, glycative products of early stage
reaction; 3DG, 3-deoxyglucosone; GO, glyoxsal; MG, methylglyoxsal.

9 5, HELSUn 2 ¥l 5, ER L7z AGEs %47
W5 EDH 5,
5.1 BESmMIEOME
FREIMAE 2 IIH T 27201203703y 2 4 27y

2 A (glycemic index : GD)® (2% H L 72 & & @ # iR,
WEOMBEETHLTIT—Y, aZ Vv F—¥it
DHEFEEHB G ORI DS 50 S HICHEH LT F A+
1) V7 & Ol & B A RIS 5 2 & TR
W ZFZR NI T H LB TE D, FAEFHEE LT
BLWEF3 s oM R L EL TV B
ICHEN T2, AFHOME (F&) L HHE W,
e EERIICANRD Z E TAEGEIIEY IR TE 5 P Y,
:@tbﬁmmmﬁ®mﬂ (2 H L7oHEEA b L AR5

CEFEMORMBIZT TR, BAFECREIR LGRS A
v—:L—%ﬁgf%K_%Z%ﬁ HbHo —7, EF, EEOIL
P LA 2 I 2 05k e LT, BT A5 R 2 R
T5IZE (BEEGIR) AVEH SN T, Lo L%
PERBIRIIIET) A7 2 md 5 & OHE D D ) EBA L
HThs P,
5.2 BRSO

HEALRUS OIIHN I BRI HE RIS G OHERE 2 B & L
AL S HESEOWIGED D b0 FEIZT IV 7T =Y
(aminoguanidine)® % OPB-9195 (2-isopropylidenehy-
drazono-4-oxo-thiazolidin-5-yla cetanilide)® (1 #E1L 5t
HESE L LTSN T 5, ZIH OfLEWIIHEIL D
HFHEARTH B 7 VAR VALEY % FHE L T AGEs O 4
AT 21EHRH 5. LL, Ihs ofkEERuE
Yy 3y BERZESR EORWEHRRAMEEI S
D, BEEREE L TKFEIN TR, —F, #{LEIS



WHER AR - femEMICESZ CHRES L TW
550 NS DHEM, S LT AHITAN
LHERERE L CHZ S DER A - = ot s T
W5, BELRUSEIRIER 245 % #Z OERIISEHET
LEMEETNY 87 (METNT Iy, aTF7—47
L) LI (FVa—RX, TV h—ARE) v4
EW I LT, Bl 21X 60T T 40 B RSk, 4
B L7z AGEs &= % sFili M o A #: TILE 5 % k0 H
WHND T MENR E L TIEEOE AGEs (i E
370 nm, HOEPE 440 nm), 3DG, CML, ¥ ¥ ¥
D END D, HAERNOPE LRSS R TH S,
CDTH—REHIZEH L72MEH TIE AGEs A B
TERZ IR CE v, BELBUSEIRIERICAE B L 723k
(AR D FUCHKERS & 303 2 Zhr 2 f B b 2 T
N5
5.3 &R L 7= AGEs O HEFIEEM

& 87 IR L 72 AGEs 4448 (AGEs cross-link-
ing) %%f#3 AVEH & L TiZ PTB (phenacylthiazolium
bromide)®, ALT-711 (N-phenacyl4, 5-dimethylthiazo-
lium bromide)® 7 & OALE W AL E T W 5,
AGEs 248 5 VI M ORFIZIE, FEMIS 2 i
Wie 7 =7 a8y Y%~ (phenylpropanedione :
PPD) #HixiRA L, 3TCTRILS¥ %, AGEs 244857
fRERILEEM A A PPD @ o ¥ 7 b U = YJIHE L 72
T 2 R EEBE, S EHNT 5. PTB & AEEO/E
igae®, Loy Frofpst o g Y

gallic acid

Punicalagin

eucalbanin B

pomegraniin A

Punicalin

delphinidin 3,5-diglucoside chloride
delphinidin chloride
eucalpanin T1

oenothein B
penta-0-galloyl-pB-D-glucose
granatin B

granatin A

cyanidin chloride

cyanidin 3-glucoside chloride
Pomegralignan

ellagic acid
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ORI THHE SN TS (Fig. 2)o —7, PPD
BT NMLEW & L7 AGEs 2846 20V Fl 12 B i 3B
ZBWTIy Ngas—47 o AGEs 2846 % 70 L
BWEWIEELH LY, 207 AGEs 4446 55 RlE
OIS FM 2 R B EETH 5,

AGEs ORH %2 E0 A 12O I3k o ¥ — v F — 3 —
ZWIE IR TEALY v X7 OBERZ IS 2 2 L 250
Bl b, REICEENLRKES A= BEICIZER
WX AEBRNTERT 28168 v X7 25 fES 5 70T
TV — A DI E O AEHAHE S Tw b Y kL
WAL L 728 v %0 % 553 DALY v /X 7 iR SR
(OPH) X f@Icfi e L, MRS C OPH G4 %
BABR & B WREMEDSR SN2 O Y s o KRB R
TRAELVEF] DHEARN DR RRANER A 71 = X LEKFEIHTH
B, RPN ERE L 72 AGEs OHEHC X B HE(L A b
L ZIWER & L CHERB ENRTW 5,

6 HVELIEROH AT

BERBIMAEITIERIEE (F8) OADH ALY
CEHIEM & B A L - R ol E & 15~30 2R TH
CUHERE T IUTES IFHE T X 2, fEIKH & AZRE
EFFREHEL N ¥ U7 L TAENEFHMSRE T,
Ny €y rEMSARSIERERB LY, £ K
T2, FHRREMm T & L TORBICEZ R
THEANLZETHRABOMEIEONLY, 5127
35—F, aZVvavy—PlEEHEETLITEY

PTB (positive control) [ —F3——

0

Fig.2 27 0RO AGEs 4G

10 15 20 25 30
cleaving ratio (%)

each sample concentration, 0.4 mmol/L; PTB, N-phenacylthiazolium bromide; means *+ standard deviation.
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ERoHKMEY (v xR) 2SS0 F21KRHE
D HEICHEIT 5 2 & TRRIME LA ZE02IIT5 2
LA TES (Fig. 8)%s TLS OFESE, A 2 bR
MR35 b7, KENT U A2HER L - £ TR
ANVARERTEZLAHENEEZRL TV b,

FEAL RO E R M ORI I T Rl a7 -7
T3k MIET VT I TR T B H OB AGEs,
3DG, ¥ bV, CMLAERIEIEN %24 5 H#H
Krx 2 (FiLE, oz 7<=y, ~NFN) o371
MBI (779 AREyTVT 74 2 FiRE) 128
WT, HBREERE oMb Ry MYy B I OEEARE
i CML &5 7" 7 Y R ARG & g L TF L 72 (Fig.
)Y, F-KENREBOY 77 T ARNERCIIREBRA
BIED 77 2 R EEIUE & bl CMLKF, £
JEBE ISR (R2) O LHMBEMS RS iz, FMEEOE
HEEM L 122 o rdbsb00, REN—7T
2 (FZ¥3I, #EI-N, LAY HFY, TR
)Y AREHIR AR, kY, v TxF T
F2 MO F AN ZEIL2RBRTH
oz, 2o ofERIE, B ELROSEER =69 5
OB L > TAGEs AR - HE2 2 &N
LA DL AN ER D REEZ R L T b,

AGEs 248 53 fBAE Fl ORI EBR L L2 ALRE s FH o sy
25", AGEs 2B MIEMN AT AIEFDOLY
J = Vil (YAC =% R) ZE L 72AbHEah (TbBEK,
FLE, 7V —2) ©6r AMMEHRARE (77 585
TINT T4y FallE) TR 7 R & T
FZRE P AGEs O E R, FEMDIE (R7) 0,

250 A
200 -

p =0.039

150 -+

50 -+

plasma pentosidine {pmol/mL)

before (Ow) after (12w)

[ test food (n=11) M placebo food (n=10)

Fig. 4 fEEEZE T % 20 12 38 HEENGERRS 5

80.0

70.0 A

60.0 -

50.0 A

40.0 ~

30.0 A

A blood glucose {mg/dL)

20.0 A

10.0

0 15 30 45 60 75 S0 105 120
time(min)

Fig.3 b ¥ I ¥R &/ \VBIERO MEHEZE
A\ blood glucose : changes in blood glucose level
after taking each meal (n=7); solid line, intook
bread (170 g); broken line, intook bread (170 g)
after water chestnut peel extract (100 mg); mean +
standard error, * p<<0.05, * p<0.01; Student’s t-test.

HCOTAME (b%) DT 2R L7ze ARSI,
PRV Rz FE 2 FE L7 AGEs % YAC =¥ 2 oo a3
SRR LT LA N L ARG 5 2 L TRE (LR TR
FTHLUWHEEMEZRLTWh,

7 BbHUIC

BELA DL ZIEE PP ANF—JHELTWVE TV
a— A (MHE) 12X 2EEPRKEVD, #IFEI LN
# L WEBILERKETTH L, L LEMEA b L ZADMIE
RFHiE, AWFFEREBE M E ISR L 72 TR

p =0.084
40 -
30
20 A

10

corneum CML (ng/mg protein)

before (Ow) after (12w)

Otest food (n=11) M placebo food (n=10)

subject, healthy postmenopausal woman (age 45-65); test food, intook herb tea extract (300 mg/day); plasma pentosidine,
HPLC method; corneum, tape-stripping method; mean *+ standard deviation; Student t-test.
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