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B O AGEs LIZPE S 4445 o 43 /B 8 121k, N-phenacylthiazolium bromide (PTB) A3 15 LT\ %,
PTB & RO % A S W13 8L < OFM THE SN T WD KIMO AGEs G0 7 HERNE . BE
(ZF R L 722K AGEs O 3 R 553 2 W Rethnid % o

WAL 1 E 5 R (oxidized protein hydrolase: OPH) 13 AR LS FIEL CwAb L)y 7as7—+
D—HETdH b, OPHIZEHAEDONKNG T I / Bk B L OMAL - B LB 2 2 72 BB -5 RIIER T %0
IN— THARAREEZS I 1Z OPH O T 2R HET 2 & OAH % REWIC & 5 OPH O iEVENE 51 4 K AGEs
DI RPEIARAE 2T G- B W R @ 5o R OREALSUCIIHIE 2> AGEs 70 PRI EF L, & M EREERT

QHFEE N TV 5,
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1.IEUSHIC : LA L AXER

AL AN L A0l 2 B & L 72 BES S E I
FEALLIE Y, EHEIEEOIHE. BRI OIHE, 4
J% L 72 ME LR #e A e (advanced glycation end products:
AGEs) D5l 7% E258 %0 Al TIEAEERNIZBIT 5
AGEs DR & e D X 71 = X 2 B X OB RS
FH . AGEs O 73 fEHRM A 2 PUREAL I3 59 5 AT REME (S
DV %o

2. A DL RIDERE

AP TRT I VBREHEEIZ VI - AR EDE
TCREDS IR L, ¥y 7HEEOBEEHETT <
R L > THLER CTH A2 7T~ FILEleE 20 .
AR HEH R WE b, T FIALEMIEI- T4 F
7V ay v (3-deoxyglucosone: 3DG). 7'V F F4— )L
(glyoxal). A F )71 & F4 — )b (methylglyoxal). 71
LTIV Tk F (glyceraldehyde). 7V ¥ V7 VT K
(glutaraldehyde) 7% & O H VAR WMLE&WZ L& 3 5 H
R4 R A 42T AGESICE 5, HEOHLEISIZZ NG
—HO S EEE BERT 5,

AGEs (XD 7 )V a3 — 7213 T < 7 a— R
RIRERALIC L s TERT 2T VT BT by EERALE
DEIZELZ A NVEZMLUZ L > TOERT 5, D7D
AGEs |\ 3R D 575 2 ST OWEDHFAET 57

AGEs 123 B e h L RO E A D B0 VP TU Y
(pentosidine), 7 T A 1) » (crossline), ¥ o1 ¥ »
(pyrropyridine) 7% &3 # L% H 3 5 AGEs TH 5,
Né-(carboxymethyl)lysine (CML). N®-(carboxymethyl)
arginine (CMA) 7 LI IEH D AGEs TH 5o F 72
YRV, Ay EREAEEREE T 5. &
H D AGEs fLIZAFR DB R DR T 2 b 7257
AGEs |35 %518 T# % RAGE (receptor for AGEs) & #& &

(2)

L CHIBEN Y 7 v & i b L. ESEST A M a4 v ok
WaERT L, ZOOAEFDOAGES AP ERITIS
SF iR I B E AR S, AN EINIC D
AGEs 7" %0 Z OO ERMBGHE L /- &R0 K&
FEIUL AR OB S AR N AGEs Eft=m 0B
WD MDD 5V BICHER T VT & FEMIZRRN T
LHEKA DNV A L, ZOHBOJIGEBAICIZ M1
LA ML R EIFIZN S,

3. £FAICE T 5 AGEs D3

FEE OB & - TP 2l L 72 AGEs R HL L 72
INBGHELA S OB X > THE S S5 WIS 172 AGEs 1%
EHECIRANCHEI S L5 o BIEOEMIRAE I A ) >~
(megalin) &IFIN D EZEFEPHFEL. RS A S L
7RG T EH % NS %o 117 o AGEs (X B T £ 771
v EREAR. MR OWE A ) AL TH 5 =
YERYA N =Y A X o TRMEMBICIY AT LY,
LA LKEDAGEs A A VIZHY A5 &, fK
INEBED—D2TH D)V — A THAGESs A FIH L,
FRANEHIIEPC AGEs A& T 259, D72 0B HEREA
iF L AGEs DEARNEREATLHET %,

TEG IR D R SRIER. NGWRORERECHITL - Al
MREDICNICIE, BEHORFALPERE 2 EHE L LC
Wb, ARIIEAOGR L EE#EY RS LI2L D, A
AN THICAEL-REEATIHREL. 9RICLoTELL
T HRA AL RS L TS, L LEks
Ty, MESICEE > CTHIBE OB H A BREAMET L. A
DS Do B BICEMIIINEICHE ) AGEs fLoHFT 12
EDHESIICL Do HILA R L ARERILA M LA
HEAOREALEZIRAET 5o FEEOIELRNTORREAK
L. MR EEE B XIET), TN TR
BEOBICERTLB7I0A FIZEFEOO—FET,
Ml 2 B L, SRR e E ORI T &
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b, T2 BL Y XD 21) A5 1) v (crystalline) (311
il L QITEMEL, BELTEY (BEEAL . ANED
JER &7 bo SHIN—F 2 VT & OGRS TER B
WEZEIL L REEAOERIC L > THRET S Y,

WE. BEEAETOTT Y — A LI B B R
Tk THREND, 7077V —AI21E26S (5T =
25075) £20S (5 T=7077) O2HEENH D, % DR
HERAZ, 28FF bR Z T HE26STUT TV — A
WX o T hsd, $7oMALETIZ20S 72T 7V — 24
TLHmEns®, —J)7 AGEsfL L - &I EE O 4AETE
WIZE o THILL CTWah 7z, 7us 77—l b0
ZFIZL 7B,

4. KAYD in vitro FEL RGN

BEL A DL 20 O & DI LRSS O IHI 25 5 6
R OREAC SIS EIHIER 1 e M i 7V 7 2 > (human
serum albumin: HSA) 27—/ v R L O{HEEH &7
VT — AD USRI A TR O 2w L. BUSE
O FEL B T AR R & FE AGEs O 4 i i 20 H B H L
72 REBR E D 1Cso (50 % A e BHSE # 2 - 50 % inhibitory
concentration) THEAT & % 19,

FEAL BSOS ERHIE I O B Pt G & Ui b BSOS BRE#I T
5T 3 /7T =Y v (aminoguanidine) 'V AT S B,
AR RS & 2 PUBEALE GRG0 — 7 120 5,
AT N T T = T =y 10 gD
A4 A H ) 2 9L (black galangal) ' 7% & %
COFEMTHE SN TV S,

T R o EAL SOSEIHIE A IE 3SR ) 7 = 2 — VIS
E2bo L ST 5 MRS EHE R E I
7 4 e (cinnamic acid) %% E & (benzoic acid) 38
iR o7 =/ — Vg (phenolic acid), 7 I K/ A ¥
(flavonoids) (Fig.1). A 7 5 K~ (isoflavones), 7' 1
7 =~ (procyanidines) 7% &A% %27,

FEWIZEEINDERY) 72/ —VondiidtEibe sl e o
BN < LAY T DIRED — D12 % 5 T b,
SPEEENICTE UAE (family) & 721308 (tribe) (283 2 i)
WiE, BEUESEOR) 72 ) =V EENDL T LTS
NTWB2, —J5, HEEHIZ51F 5 AGEs 4 Bifk ik i3 %%
BECNA ISAR G % PR, &S SR L & BB AL RS A B
IZHERE > TV Do S D7z TF H 2B BUS E ]
TER 215 51203 BB OB A R S A% % IE 5 5 44
B d Do FHLBOSENEIEM 2 SRR I25E 5120, M
M OBERMA G D LMY OGHFN MR EEET 5
VWD 5o

R
OH Ry
H OH
Apigenin R=H H Ry
Luteolin R=0H
OH O OH
R J) H
Kaempferol R;=H,R,=H
Quercetin R;=H,R,=0H
) Myricetin R;=0H, R,=0OH
Tangeretin R =H Isorhamnetin R, =OCH; R,=H
P o] Nobiletin R =0OCH;
Flavones Flavonols
R4 OH
Ry OH
H H
OH
OH O Nal‘lllgel]_.m Rl = I‘L RZ =0H OH O Taxifolin
Hesperetin R; = OH, R, = OCH;
Flavanones Flavanonols

Fig. 1. Common flavonoid in the plant

The figure is adapted from Reference 20).
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5. AGEs B0 BRIEAYE

HEH O AGEs1LIZ 19 2445 (AGEs-derived crosslink)
O 43 %A H ¥ B 121X, N-phenacylthiazolium bromide
(PTB) 15N TWw 522, PTBIE, #{LANL AIZL T
HL727~ F)EEABEROEARBEYED 0P 7 b
WEZRMR L CC-CHEETML., BEH-EHXEEY
SRS A (Fig.2)™s ZOFERIZ XV I N O AGEs ®
BARINE], HERE VS & OWBE % SIHF S350
REPEDSRIE STV 5, BERIEZ v MIZ48H, PTB %
10 mg/kg % #& 045 L 72Tk, 29 —7 >~ @ AGEs
BRI R O $I B & ONIME O AGEs 73 1 E R 5780 H
72 o & LIZPTB O KM % # % 72 3-phenacyl-4,5-
dimethylthiazorium chloride (ALT-711) % #JRH% T v M2
Pl L 723 BRC ik, I o3> AGEs ZHRINHIEH 2552
oM, ALT-711 % & + 2 8. 210 mg/day F 72
1% 420 mg/day % #E BRI L 72 B R R <, AL,
GBI OB ]S STV B2, 2 s DR A
5 PTB 1x [AGEs 77 f#%#] (AGE breaker) ] & Fr& it T\
%o —7J. PTBIZHIRIET v PO B LRI T —7 ¥
D AGEs 3448 O 5 R\ B0 22 o 72 & O 3D 52,
D0 PTBOIEMIGIESENZ BEL 55,

PTB LA OER BT AW 5 I21E. 3 EF
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(Artemisia indica) . VA1 R A (Aspalathus linearis). L >
7 v (Astragalus sinicus)*”. =1 X (Citrus junos)*".
¥ 20 (Punica granatum) " 11— X< — (Rosmarinus
officinalis)*® 7 ENH SN TV 5,

IRXCEENDLE) TAURITIVIA=NVO—FETH 5
terpinen-4-ol i&, & N ~)L 4+ F 2 F (hydroperoxide) |2
£ B REBEOE O, N1 ¥ — - ) -kt (Baeyer-
Villiger oxidation) ¥ 4 7ORIBIZ XL 2 A VK VI A T
VOB Z T, BRI OMAKSHIZED . AGEsZHE
DFFIME LTS I EARENT DY, 7 oyt
i B & O 7 0 R O AGEs 3465 R EH I 1 =
7Y% v = (ellagitannins) ® b ) & FO ¥ X £ ¥
(trihydroxybenzene) #3&® B 5-75HEE S T3, &
SR D AGEs GO R EIE. BEIZERR L 724 4K
M AGEs O3 e 123 53 5 W REED S % o

6. RILEASEEERIC L 5 AGE SR1EF

R L& 8 5> fiR e 3% (oxidized protein hydrolase: OPH)
k) r7ur 7 —¥o—M7T, 7Y, ¢ M, 7 v
Mgz & AR IR CIFEL T 233, v M E
TR CHESHRE SN TW5EY, OPHIZEHO N

N/
Br
N-phenacyl-1,3-thiazolium
bromide(PTB)
rotein
R
o]
_ HO +
— HO
° A& J
>
R I
CH,CHO CH,COOH

carbonyl adduct

Fig. 2. AGE breaking reaction mechanism of PTB

Carboxymethyl adduct

The simplified reaction mechanism is referred to the dinucleophilic attack of the thiazolium ring toward the dicarbonyl
AGE cross-link followed by internal rearrangement and hydrolysis. PTB, N-phenacylthiazolium bromide; AGE,
advanced glycation end product. The figure is adapted from Reference 23).
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K7 I MALT I VBRE RS 2R TH L DD, T
UNVT X BEiERERES (acylamino-acid releasing enzyme:
AARE) & LTHHHN TS, OPH T acyl {LDAHIZ %
formyl, acetyl, butyl, propyl {L SN 72&EHE D N FKif 7
IO B LU - LIS & 2 7R R - 05
FRCAER T %237, £720PHIZ 7077V — 2 Ll L <
EACEEAE ORI T 230 BRI 7 v b Tl b
OPH G MEASHZE A L. I 7 v R = U ASHii 8% F & %
KTFLTWw5EY,

OPH DIF LI % 5 2 2 RIRWIZIZH, HN—"7, B
FH EORPIRMIBE S S N TV D N — THRREEAS
FHEIZ1E OPH O RS 2 & DH% 54, OPHIE
AR IR SARTET 2 HEILAE I X° AGEs % 573 1
MeEfT 5. TOZORKWIZ L 5 OPH OIE R R I3 A4
KN AGEs O 73 fRHEIMEHE I 53 2 W BB S 5 o

7. EERIFEIERAS & U AGE 2 E&1ER
RO E XY S1ERBREE

KR O BEAL RS0 %2 AGEs 73§ HE 78 F 1.
b bR T O MEE S T B FEAL SIS 0] 35 #
. InsoBFAF Iz N’ EETNDL AWM
% 8~ 12 MBI Y 2 ERICB T, Il AGEs %52
J§ i AGEs DA, BRI O LR Eosikd s hiTw
% (Table1)*'3, AGEs/#f#1EMIE T 7 =7 v 7V -
7N 3= ARUGHRETIVCHER L 72 AGEs %45 (AGE-
crosslink) #7352 1EHZ A5 5 3 EXHlimr &t
IFZATHIFEN TS, TEFLXFZAEZRE LA
Ky . 70— 206y AR BHRB T, EEHT
BLUILoEE (b*) S L7z R OBURELIER
W in vitro ER7ZT T L v b EMHRE LHIRSERT
LIFEDSHEA TV 5o

H#rHE R &
A LT HE S S S R

(5)



Glycative Stress Research

S1VAH

TND DAg poold 9s0on[3 ewseld Junse

Tp/3WOST <
TIND Wnauio) 2s09on[3
pooiq [erpueidisod
KJIO1)SB[Q0ISIA UIYS
TIND poorg SC< INd

9so0on[3 ewse[d Juriseq

$9)qeIp SuIAey jo

D¢ poorg pajoadsns s309[qns oy
Surpnjoxg
aurpisojuad poorg S
dIVIH
stsAreue dnox3qns ayj ur
A qns o T dnoi3qng

SQOUQIRIJIP JUBDIJIUTIS

aurpisojuad ‘D¢ pooig
urunqeodA[nH

SIV9H
aInjstow uryg
KJIOT)SB[Q0ISTA UTYS

SHOV UlyS
aurprsojuad poorg

SHOV ulys

KJIOT)SB[Q0ISTA UTYS
TIND ‘DAg poord

arssoid [ero)ry
QIN3SIOW UryS

SHOV UlyS
9s0on[3 ewse[d Jurise

QOUQIRJJIP JUBDIJTUTIS ON

QOUQIRJJIP JUBDTJTUSIS ON

93e uoneoA[n

TIND poorg
UI[nSul 9A1}OBAIOUNWIW]

10[00 UIYS
sjods umorg
XOpUI UTUB[OIN

AJ10T)SB[O0OSIA UTYS
SHOV UyS

Konsere unyg
aurprsojuad poorg

S1IVIH

el IR OPULIAM
KJIONISB[O0ISIA UTYS

SOOUQIRYJIP JUBIIJIUTIS

PIo s18K ¢9 - ¢
or=u
uowom [esnedouswysod

plo s1eak 84 - 7¢
[[=U
uowom AyjeoHy

p=u
UOWOM PUE USW SMII[[OW SJOqRI(]
g=1u
UQWIOM pue uaw AYIedH

L=u
UBWOM PUB UdW
snyI[[ewW sajRqeI(

PIO s1eak 66 - 6T
oy=u
uowom AyjeoHy

og=u
uawonm [esnedousunsod
PIO S1B3L 69 - O¢
uow Ayj[eoHy
pIo s1edk 69 - 0T
@N =u
UQWOM pUB UIW
SMI[[eW SJ2qRIP-2I1]

PpIo sIedk 69 - S
MN =u
uswom [esnedousuw)soq

plo s1eak 09 - G¢
MN =u
uawom Ayjfeay

plo s1eak 69 - Ot
y¢=1u
uowom AyIeoHq

PIO SIedk 69 - Gt
yc=u
uowom [esnedousaw}soq

pIo s1eak 09 - 0§
Om =u
uowom pue uow Ayjfeoy

pio s1eak 69 - [f

9¢=1u
uowom Ayjjesy

s309[qng

SIV4H
9s0on[3
ewse[d Sunseq
SIV4H
9s0on[3
ewse[d Sunseq
SHOV US

2s0on[3
pooiq [erpueidisoq

SHOV UlyS
SIVIH

SHOV ulyS

SHOV ulyS

SHOV ulyS

SHOV UlyS

159) JUIUAIOS

uadQ

uadQ

uadQ

uadQ

purig-s[qno

purq-9[3uls

purg-ajqnoq

purg-ajqnoq

pur[q-o[surs

purIg-9[qno

purig-s[qno

pu1[g-s[qnoq

purq-ajqnoq

u3isop Apnig

SYoam 71 [€6] 10BNX2 AuUBISIWOJ
syoam 71 [zs] 10enxe dreorrad uadisoIury
[rg] s3nip
syoom [ 9pNId OM] PUB JOBIXD Iy
paxtw Sururejuod juowoddng
SYoom 7| [0S] 10eNXd qIdY PAXIN
syam 7] [6t] 10enX9 dreorad uadisoIury
(8] 10B1Xd
syoom ] wos00[q ALIdYD pUL JOBIXD
K112quo3ul] SuruIeIuod poog
S3yoom g [L] 19enXd Q1Y PaxIN
[9] 10v1XS qIoY paxTw
SHesm ¢l Sururejuod 95eI9A9q IOFUIA
$YooM 7] [Sy] 110 ueIq 9011 / URIQ QOLL
Sururejuod agereaaq Y[IwAog
SYoom 7T [#¥] 10810Xd qI9Y POXIA
[¢4] 10enxe dieouad usojsoSuew

SAeam cl Sururejuod 3
ut JUUp Isgsaula Joerdq
SYoam 7| [T¥] 1081Xd INUISAYD TR A\
syoom 71 [1+] 10enX9 WnueLew WA

Sururejuod juowo[ddng

porad 3597, [oouarajay ] pooJ 189,

poof aayuvof)3nyuv fo {pnys o1 1 21qv g

(6)



AGEs O & #H R D 3]

SE R

1) Yagi M, Yonei Y. Glycative stress and anti-aging: 13.
Regulation of glycative stress. 1. Postprandial blood glucose
regulation. Glycative Stress Res. 2019; 6: 175-180.
Ichihashi M, Yagi M, Nomoto K, et al. Glycation stress
and photo-aging in skin. Anti-Aging Med. 2011; 8: 23-29.
Koschinsky T, He CJ, Mitsuhashi T, et al. Orally absorbed
reactive glycation products (glycotoxins): An environmental
risk factor in diabetic nephropathy. Proc Natl Acad Sci
USA. 1997; 94: 6474-6479.

Christensen EI, Birn H. Megalin and cubilin: Multi-

functional endocytic receptors. Nat Rev Mol Cell Biol.

2002; 3: 256-266.

Miyata T, Ueda Y, Horie K, et al. Renal catabolism of

advanced glycation end products: The fate of pentosidine.

Kidney Int. 1998; 53: 416-422.

Gugliucci A, Bendayan M. Renal fate of circulating

advanced glycated end products (AGE): Evidence for

reabsorption and catabolism of AGE-peptides by renal

proximal tubular cells. Diabetologia. 1996; 39: 149-160.

Goto S, Takahashi R, Kumiyama A, et al. Implications of

protein degradation in aging. Ann N Y Acad Sci. 2001;

928: 54-64.

Carrard G, Bulteau AL, Petropoulos I, et al. Impairment of

proteasome structure and function in aging. Int J Biochem

Cell Biol. 2002; 34: 1461-1474.

Schnider SL, Kohn RR. Effects of age and diabetes

mellitus on the solubility and nonenzymatic glucosylation

of human skin collagen. J Clin Invest. 1981; 67: 1630-

1635.

10) Hori M, Yagi M, Nomoto K, et al. Experimental models
for advanced glycation end product formation using
albumin, collagen, elastin, keratin and proteoglycan. Anti-
Aging Med. 2012; 9: 125-134.

11) Brownlee M, Vlassara H, Kooney A, et al. Aminoguanidine
prevents diabetes-induced arterial wall protein cross-
linking. Science. 1986; 232(4758): 1629-1632.

12) Yonei Y, Yagi M, Hibino S, et al. Herbal extracts
inhibit Maillard reaction, and reduce chronic diabetic
complications risk in streptozotocin-induced diabetic rats.
Anti-Aging Med. 2008; 5: 93-98.

13) Yagi M, Nomoto K, Hori M, et al. The effect of edible
purple Chrysanthemum extract on advanced glycation
end products generation in skin: A randomized controlled
clinical trial and in vitro study. Anti-Aging Med. 2012; 9:
61-74.

143 Fde, NARMES, BEARE KR, i, 7~ A %Y (Sasa
senanensis Rehder) o & LY (AGEs) ]
YER OWEgE . FREA RS E A ZEHE . 20115 52: 61-67.

15)Hori M, Yagi M, Nomoto K, et al. Inhibition of advanced
glycation end product formation by herbal teas and its
relation to anti-skin aging. Anti-Aging Med. 2012; 9: 125-
134.

16) Parengkuan P, Yagi M, Matsushima M, et al. Anti-
glycation activity of various fruits. Anti-Aging Med. 2013;
10: 70-76.

17)Ishioka Y, Yagi M, Ogura M, et al. Antiglycation effect of
various vegetables: Inhibition of advanced glycation end
product formation in glucose and human serum albumin
reaction system. Glycative Stress Res. 2015; 2: 22-34.

2)

3)

4)

5)

0)

7

8)

9)

(7)

18) Moniruzzaman M, Parengkuan L, Yagi M, et al. Effect
of proteins, sugars and extraction methods on the anti-
glycation activity of spices. Glycative Stress Res. 2015; 2:
129-139.

19) Yagi M, Tateiwa Y, Inoue K, et al. Antiglycative effect of
Kaempferia parviflora Wall. Ex. Baker (Zingiberaceae):
Prevention of advanced glycation end product formation.
Glycative Stress Res. 2018; 5: 163-170.

20) Odjakova M, Popova E, Sharif MA, et al. Plant-derived
agents with anti-glycation activity. InTechOpen
Glycosylation. 2012: 223-256.

21)Robards K, Antolovich M. Analytical chemistry of fruit
bioflavonoids. Analyst. 1997; 122: 11R-34R.

22) Vasan S, Zhang X, Zhang X, et al. An agent cleaving
glucose-derived protein crosslinks in vitro and in vivo.
Nature. 1996; 382(6588): 275-278.

23) Aldini G, Vistoli G, Stefek M, et al. Molecular strategies
to prevent, inhibit, and degrade advanced glycoxidation
and advanced lipoxidation end products. Free Radic Res.
2013; 47(Suppl 1): 93-137.

24) Cooper ME, Thallas V, Forbes J, et al. The cross-link
breaker, N-phenacylthiazolium bromide prevents vascular
advanced glycation end-product accumulation. Diabetologia.
2000; 43: 660-664.

25) Freidja ML, Vessieres E, Toutain B, et al. AGEs breaking
and antioxidant treatment improves endothelium-
dependent dilation without effect on flow-mediated
remodeling of resistance arteries in old Zucker diabetic
rats. Cardiovasc Diabetol. 2014; 13: 55.

26) Bakris GL, Bank AJ, Kass DA, et al. Advanced glycation
end-product cross-link breakers. A novel approach to
cardiovascular pathologies related to the aging process.
Am J Hypertens. 2004; 17: 23S-30S.

27)Kass DA, Shapiro EP, Kawaguchi M, et al. Improved
arterial compliance by a novel advanced glycation end-
product crosslink breaker. Circulation. 2001; 104: 1464-
1470.

28) Yang S, Litchfield JE, Baynes JW, et al. AGE-breakers
cleave model compounds, but do not break Maillard
crosslinks in skin and tail collagen from diabetic rats. Arch
Biochem Biophys. 2003; 412: 42-46.

29) % HBAGL. FURALALHE M (2 B9 2 RIREL O R & A2 e .
Cosmetic Stage. 2011; 5: 33-38.

30) Nagamatsu R, Mitsuhashi S, Shigetomi K, et al. Cleavage
of a-dicarbonyl compounds by terpene hydroperoxide.
Biosci Biotechnol Biochem. 2012; 76: 1904-1908.

31) Yagi M, Mitsuhashi R, Watanabe A, et al. Cleaving effect
of pomegranate (Punica granatum) extract on crosslink
derived from advanced glycation endproducts. Glycative
Stress Res. 2015; 2: 58-66.

32)Jean D, Pouligon M, Dalle C, et al. Evaluation in vitro
of AGE-crosslinks breaking ability of rosmarinic acid.
Glycative Stress Res. 2015; 2: 204-207.

33)Mitta M, Miyagi M, Kato I, et al. Identification of the
catalytic triad residues of porcine liver acylamino acid-
releasing enzyme. J Biochem. 1998; 123: 924-931.

34) Fujino T, Ando K, Beppu M, et al. Enzymatic removal of
oxidized protein aggregates from erythrocyte membranes.
J Biochem. 2000; 127: 1081-1086.



35) Yagi M, Ishigami M, Mori R, et al. Reduction effect of
oxidized protein hydrolase (OPH) on advanced glycation
end products and OPH-like activity in human stratum
corneum. Glycative Stress Res. 2017; 4: 184-191.

36)Krishna RG, Wold F. Specificity determinants of
acylaminoacyl-peptide hydrolase. Protein Sci. 1992; 1:
582-5809.

37)Fujino T, Tada T, Beppu M, et al. Purification and
characterization of a serine protease in erythrocyte cytosol
that is adherent to oxidized membranes and preferentially
degrades proteins modified by oxidation and glycation. J
Biochem. 1998; 124: 1077-1085.

38) Shimizu K, Kiuchi Y, Ando K, et al. Coordination of
oxidized protein hydrolase and the proteasome in the
clearance of cytotoxic denatured proteins. Biochem
Biophys Res Commun. 2004; 324: 140-146.

39) Shimizu K, Tkegami-Kawai M, Takahashi T, et al.
Increased oxidized protein hydrolase activity in serum and
urine of diabetic rat models. Biol Pharm Bull. 2009; 32:
1632-1635.

40) ARSEZ, i A, WIS, fi LA L AIZ X B AL
A I = X L OWHETE & B~ I6 . Cosmetic Stage.
2019; 13: 9-15.

41)Ishii Y, Okada Y, Matsuoka S, et al. Effect of supplement
containing Silybum marianum extract, soy extract,
collagen peptide, bifidobacteria and apple extract on skin:
A randomized placebo-controlled, double-blind, parallel
group comparative clinical study. Glycative Stress Res.
2016; 3: 156-171.

42) Takeshita S, Ishioka Y, Uemura T, et al. Reducing
effect of the long term intake of water chestnut (Trapa
bispinosa Roxb.) pericap extract on glycative stress in
the placebo-controlled double blinded clinical trial and in
vitro inhibitory actions on low-density lipoprotein (LDL)
glycation. Glycative Stress Res. 2017; 4: 299-316.

43) Takabe W, Yagi M, Ogura M, et al. Effect of mangosteen
pericarp extract-containing black vinegar drink on skin
quality through anti-glycative actions. Glycative Stress
Res.2017; 4: 158-171.

44) KawaiH, ShoshiharaM, KawakamiH, et al. Anti-glycation
and skin beautification properties from ingestion of
mixed herb extract: A placebo-controlled, double-blind,
randomized, parallel-group study. Glycative Stress Res.
2016; 3: 236-245.

45) Yonei Y, Yagi M, Hamada U, et al. A placebo-controlled,
randomized, single-blind, parallel-group comparative
study to evaluate the anti-glycation effect of a functional
soymilk beverage supplemented with rice bran/rice bran
oil. Glycative Stress Res. 2015; 2: 80-100.

46) Yagi M, Shimode A, Hamada U, et al. Evaluation of the
anti-glycation effect and the safety of a vinegar beverage
containing indigestible dextrin and a mixed herbal extract:
A placebo-controlled, double-blind study. Glycative Stress
Res. 2014; 1: 14-24.

47) Yonei Y, Miyazaki R, Takahashi Y, et al. Anti-glycation
effect of mixed herbal extract in individuals with pre-
diabetes mellitus: A double-blind, placebo-controlled,
parallel group study. Anti-Aging Med. 2010; 7: 26-35.

48) Yonei Y, Yagi M, Ogura M, et al. Anti-glycation activity
and safety of foods containing lingonberry extract and
cherry blossom extract and chewable tablets containing
citric acid and calcium: A placebo-controlled randomized
single-blind parallel group comparative study. Anti-Aging
Med. 2013; 10: 21-36.

(8)

Glycative Stress Research

49) Maejima K, Ohno R, Nagai R, et al. Effect of mangosteen
pericarp extract on skin moisture and arterial stiffness:
Placebo-controlled double-blinded randomized clinical
trial. Glycative Stress Res. 2018; 5: 95-103.

50) Kubo M, Yagi M, Kawai H, et al. Anti-glycation effects of
mixed-herb-extracts in diabetes and pre-diabetes. J Clin
Biochem Nutr. 2008; 43 (suppl.1): 66-69.

51) HATRERT, JARMEZ , BEARBERAR, . He—7, il
E2ODEHENS R DHBN—T . REWOIHALIER «
Wb L RO, RSP TA s E. 2012; 52:
243-251.

52)Ohno R, Moroishi N, Sugawa H, et al. Mangosteen
pericarp extract inhibits the formation of pentosidine and
ameliorates skin elasticity. J Clin Biochem Nutr. 2015;
57:27-32.

53) Yagi M, Parengkuan L, Sugimura H, et al. Anti-glycation
effect of pomegranate (Punica granatum L.) extract: An
open clinical study. Glycative Stress Res. 2014; 1: 60-67.



