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ABSTRACT

Objectives : Advanced glycation end products (AGEs) is bind formation of glucose and protein. Acceleration of AGE
formation during hyperglycemia is associated with the pathogenesis of diabetic complications and causes kidney and
skin damage, The aim of this study was investigated the AGEs inhibitory activity and antioxidant activity of water
extracts from young persimmon (YP) and heated young persimmon (HYP),

Methods : Paeoniae Radix Alba (YP) is prepared by heating with 30% ethanol. AGEs formation inhibitory activities
of YP and HYP measured using bovine serum albumin, To evaluate the protective effects of YP and HYP in diabetic
rats induced with streptozotocin (STZ) and methyl glyoxal (MGO), SD rats were distributed into four groups; normal
mice (Nor), AGEs—induced rats (Con), AGEs—induced rats treated with 100 mg/kg YP (YP), AGEs—induced rats treated
with 100 mg/kg heated YP (HYP) for 3weeks. Heated young persimmon respectively decrease AGEs construction,
Results | YP and HYP administration inhibited the biomarkers of AGEs in serum, kidney and skin tissues, AGE—
induced rats revealed that the significant decreased collagen however, heat processing methods of young persimmon
up regulated inhibits AGEs—induced collagen decrease, The expressions of AGEs were decreased in YP and HYP treated
group compared with the control group in tissues. It specifies that HYP has potential to serve as a positive regulator
of via AGEs path way.,

Conclusion : It has proposed that may have an improvement effect on diabetic complications, heated young persimmon

has AGEs inhibitory excellent activities and antioxidant effect,
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I.A &

A Z2Y3AHE (Advanced glycation endproducts, AGEs)
ot @F9 JFo| Eold o I EEFo] TdHE Y
free amino group¥ ¥h-g-3to] T o] a4 3} Hhg
o2 FHAFL o]/ | FYE oty I3} vz oz A
AE AGEs= AlZ &4, 394} 22 A& 4ov|x
E3] w3 w=3ke] Fa 3 Ylo] e,

AGEsE= A|3E9] &AdAAZE (Reactive Oxygen Species,
ROS)& H=3tH glyoxalased] & TAAIA AlZ W &
EYAE sh&stete? B4 e st AE mw9
AGEs =&-A|¢t Adtsto] M &4 §ilof Tojsts AR
BaEle] gk, o]gA WAYE ROSE Ato|EFII0 ML
2510 Az AG AAE SATAFALZN i 2F
nuclear factor kB (NF-«B)2] 4%} o3t A0S o
oA Y Zepd 7 A AR AE &4 DR 434 A%
Joy, ML AGEsS] AL outstr] $1a)Al AbstH
2EHAE = g = FAEAY A7 2FEHT
ou] bt ARl ot Aol B walo] thFET At

7 (Diospyros kak)L &Zed A=A Zxg, I
Y FELE 15-16%°14 TRt e He g2 e
diospyrin °o|2t= ©d A& FF stal Aok Ao Waus
Uetd= ©d &2 vse 49 Y fis do] AT 4%
42 ego] ZojE7| wio|” 7
Soz 7hpEel 45 @t e st BA A 715
Az RofsiAU E= 7 ®
EokaL vko] H7|Hk= @]

Hol o3t kst w3 2 F
191&< Belatge,
o, AA P AAAN ALE
gl okl ZAE ALS-EF ol ob (S 5] oA B
#o] JAL WA 7&S ZA ()L 50, Al
B2 (MEAER),, "HTEAS(FEA KRS hFE
AW ZAof w2 Fsol £4 % g4 5o 7leHo]
Aot Bete EAF AYATE AWEE §e 3L EA)
S ¢ AGEs Al 84 9 FAks B4o] Frtete A
oz BuEYt” detd B dfeAs genat =44
Foge tos AFIIME P4 AEs 9 FAs &
59 B9 7R e A4 ao) ta) ARstgn fola 2
£ Agi7lol ®asle vl
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I. A= 9 ¥y
1. A8 A=
2 AR ST Herhe AARE A4 M skl
ARt B2 A= roasting machine (Genesis Co,,
Ltd., Kyungki—do, Korea) 7]7]E ©]&3}o] 200 Co|A 78
ZbolEE 30% AHE3H NS St W 9 ZAIWEES A
T G EAT e 10M49] FRSE 7D 1000

oA 2A17F B2t 7tHEdte] &3 TS o]& ¢J3A] (Whatman

No.2, GE healthcare, Arlington Heights, IL, USA)S A}
g3l oJIstgnt oIANHS rotary vacuum evaporator
(JP/N—1000X, Sunileyela Co. Ltd, Gyeonggido, Korea)
£ AMESY 50T AYES & AAXSHY Qo ETE
~807 ol Bstel Abg 3kl

2, A48 &

Sprague—Dawley (SD) 8| 758 43 24ute] & h )
olo. (3%, TRoIH FUstel 152 B AT W7ol A
A7 F Adof AAg3lgETt, 55 ARA9 2A-L conventional
system@ 2 &% 22+2C, % 50+5%, §LF7] (light :
dark cycde)t 12417 2712 z@steth, ARl 1B
(Samyang Co., Seoul, Korea) (ZEt#¥ A 22.1% o)Ak, ZX]
W 8.0% olst, 24# 5.0% ©lst, £3& 8.0% o3}, A+
0.6% o1, Q1 0.4% ©14, FAA FH7DHY & SES| &
o3t AEL drodigta & A F29d3Y 5%
(DHU2017-049)& @] Algstglen EH 43S &5
sttt

t

3. Aok
Protease DMSO,
Ethylenediaminetetraacetic acid (EDTA), streptozotocin
+= Wako Pure Chemical Industries, Ltd. (Osaka. Japan)
o A A3 L methyl glyoxal solution+= Sigma Aldrich
(St Luis, MO, USA)IIAM & st =3 2.7-
Dichlorofluorescein diacetate (DCFH—DA)-= Molecular
Probes (Eugene, OR, USA)9|A ECL Western Blotting
Detection Reagents®= GE Healthcare (Arlington Height,
IL, USA)ZXE £t A3t Phenylmethylsulfonyl
fluoride (PMSF), Collagen, Matrix MetalloProteinase—1
(MMP-1), Histone, b—actin I+ 22} &A= Santa Cruz
Biotechnology (Dallas CA, USA)ZHE 34 AL 314
o1, anti—N “—(carboxyethyl)lysine (CEL) antibody and
polyclonal anti—/V *—(carboxymethyl)lysine (CML), Receptor
for Advanced Glycation End Products (RAGE)3&H|=
COSMO BIO (Tokyo, Japan)ollAl F+Ystict. Teld Hgs
23t Bicinchoninic acid (BCA) protein assay kit+= Thermo
Scientific (Rockford, IL, USA)olA £33}t Blood urea
nitrogen (BUN) assay kit® oFAHA|2FF24] 3] A} (Hwaseong,
Korea)oll Al 438ttt

inhibitor mixture,

4, AGEs %

AGEsS §=317] 98} streptozotocin (50 mg/kg)S ©3
B2 3143, 39 THE 357 100mM methyl glyoxal
MGO)E AT B4 3tch. w2 & 49 o2 o4+
(Normal rats; Nor), 100 mM MGO2} £3+5 100 mg/kg
032 AP B3t )27 (AGEs—induced rats; Con), 100 mM
MGO$}t Bozt 22588 100 mg/kgo 2 A3 FEFAL
(AGEs—induced rats treated with YP 100 mg/kg body
weight; YP), 100mM MGO$}t ZA| ®23 F2EL 100
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mg/kg o2 23t FEF o (AGEs—induced rats treated
with Heated YP 100 mg/kg body weight; HYP)S.2 Z}Z+
6utel 8 ol AHgsart,

5. @9 9 =3 Y| AGEs 3% &4

A T8 F 50 FHoA HEE EHE 4,000 rpm 10&
HA EYste] EHE 49y R 232 FE F 1 mM
EDTA—-50 mM sodium phosphate buffer (pH 7.4)& o| &
stol gafetel ARol AHgsioinh @l @ B 279) AGES
MAYFL rat advanced glycation end products ELISA Kit
(cusabio tech, Tokyo, Japan)& AME3lo] SA3}% ),

6. Aksi 2Ed A vo|2ulA 54

AbshE AEd A vho]Q w2l ROS 2 3T 25 mM
2',7'—dichlorofluorescein diacetate (Molecular Probes,
Eugene, OR, USA)E &3t &, 3 F=AE ©]&3t] 0%
HE o] 5BH emission I 530 nm@} excitation A
485 mE o|-&3te] 3087 S5 AE S A4S

7. @3¢ BUN &34

A A Qg EHE 4,000 rpm, 108 &< €A £
st EAE At A E4F 715& 572 BUN assay kit
(Asan Pharm, Co., Hwaseong, Korea)S Al&3lo] =43}
Aot

8. 2%} Western blotting

Agar wRo] AlZzAE 47] 8] 100 mM Tris—HCI
(pH 7.4), 5 mM Tris~HCI (pH 7.5), 2 mM MgClz, 15 mM
CaClg, 1.5 M sucrose, 0.1 M DTT, protease inhibitor
cocktail2 A7}5t buffer AS ¥ tissue grinder (BioSpec
Product, Oklahoma, USA)E EH3t & 10% NP-40 £H4L
A7k, ool fJolA 2087 FA|AIZ1 F 12,000 rpm
o2 2R AAHEY st A2dE 2 Qe ASAS
EEjatginth, S A7) A3 10% NP-407}F ©3 2 buffer Aol
= ¥ 3 100 w2 buffer C (50 mM HEPES, 50 mM
KCIl, 0.3 mM NaCl, 0.1 mM EDTA, 1 mM DTT, 0.1 mM
PMSF, 10% glycero)E 7}l AEHF Azl F 1020tch
vortex& 39 3T 4ColA 12,000 rpm o2 1087 94
2% T S 23t e ASHS o -80TNA 24

3E Basteict A% =F AxE 9 RAGE, CML, CEL,
B—actin®} #EX ZZ 9] RAGE, CML, CEL, Collagen,
MMP-1, f—actin, Histone T3 H&& 4317 9]t
10 mgQ] @RS 8~15% SDS—polyacrylamide gelZ o]&
slo] A7|1¥9% £, acrylamide gel nitrocellulose membrane
o2 o]ZA ATt &H|E membraned] Z2+e] 1%} antibody
£ A g sle] 4CoA overnight A7l th2 PBS—-TZ 6&ulch
53] MAsta, Z+z AgE 13 FAof AHEEHe 23 FA
(PBS—TZ 1:30002 3434 AH&)E AH&ste] A-2olA 1
AZF ¥RSAIZ] B PBS-TE 680t} 53] A&stgich 181
enhanced chemiluminescence (ECL) €99 =&A]7] &,
Sensi—Q2000 Chemidoc (Lugen Sci Co. Ltd, Seoul, Korea)
of #AFAA gl dde U ¥, i bandE ATTO
Densitograph Software (ATTO Corporation, Tokyo, Japan)
Z2IOE A&t FFstih

9. TAEA
E SXL g #2022 BA15M921, SPSS (Version

22.0, IBM, Armonk, NY, USA)S A3l one—way analysis
of variance (ANOVA) testZ AA|3t & least—significant
differences (LSD) test® AIZHZ=E AA|5te] ZF L9 HHF
ztolof thigt FAA 5249 p—value < 0.05914 HZF3tAT

o Z2 I

1. A% dshg 9 Ao A% &4

AGEs7} 8 SERA Bt 328 Tl A
W2 &8 o7t AlsHstel Aol uAe IS
AR 2}, AlF S71E A (102 + 17,39 (p 0.001))
of ul3f R (44.55 + 40.31)2 724 QA AF F7HF)
Zastgn g2 25 Fod (41.13 + 15,573 24
Hogt 228 FolF (42.38 + 10.24)2 AZH3P §94
AR BTl vlst AFS7HFol #adte AFeR
UEHtH(Table 1),

2ol Feke AT (25,42 + 1,32 (p <0.001))°] =3}
27 (36.93 + 5.44)2 Fo4 UA F7IEIALL, W2
FEE FoF (40.79 + 3.48 (p<0.01)) ¥ ZA H24 &
& FoIT (39.35 £ 2.94 (p<0.05)) EZE Aol H o] 72
8tA S7FskATh (Table 1),

Table 1. Initial and final body weight, body weight change and food intake in SD rats.

Body weight
Group Food intake (g/day)
Initial (g) Final (g) Gain (g/21 days)
Nor 291.5 + 10.31 393.5 + 24,27 102.00 + 17.39 25.42 + 1.32°
Veh 250,55 + 29.37 295.09 + 66.93 44.55 + 40.31 36.93 + 5.44
YP 247.25 + 20,58 288,38 + 34.43 41,13 + 15,57 40.79 + 3.48"
HYP 248,38 + 18,13 290.75 + 15,69 42,38 + 10,24 39.35 + 2,94

Normal rats; Nor, AGEs—induce rats; Con, AGEs—induce with treated YP 100 mg/kg body weight rats; YP, AGE—induce with treated HYP
100 mg/kg body weight rats; HYP. The results are presented as the means + SD, n=6 rats. Significance: *p<0.05, **p<0.01, ***p {0.001

vs. AGE—induce rats.
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2. @39 ROS ¥ BUN &A EZF A &4 A=Q] Hlo] @ uhA Q] BUNE S74% 23,
RS olLsle] AbslE AEdA Hlole ulFel ROSE AT (10.48 + 0.51 (p<0.001))e) B3l = (20.15
Jot 2 + 1232 s F7IIE T, BT FEE FoIF (20.02
A A AT (52 £ 1.2 (p<0.001)°l Hlste = ot o ==
41 + 1.9)C 90514 271891, Heg 228 Eog + 2.15) 9 EA| %{}%ZJ’—’F%U Eo (18.66 £ 0.83)2
. X - 0]' ]—_— 0]' TE=E _'_0:]‘__ 09‘]/\-]& 010.1014_ ZFAF e 3_9_1’}_]5]_1,]_]0:‘1:]_ (Fl 1(B))
L5 + 1.6 (p<0.001) 4 XA B 28 Rofg T VT ETIEOEE &
0.4 £ 1.6 (»<€0.001))Z o4 A 23 chFig. 1(A)).
A B)
70 25 -
2 0 e P20 |
&8 40 - 315 A
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Fig. 1. ROS and BUN in serum.

Oxidative stress biomarkers reactive oxygen species (ROS) and (BUN) in serum. Normal rats; Nor, AGEs—induce rats; Con, AGEs—induce
with treated YP 100 mg/kg body weight rats; YP, AGE—induce with treated HYP 100 mg/kg body weight rats; HYP. The effects of YP
treated rats and HYP treated rats were compared with those of normal and control rats. All data are expressed means *+ SEM, n=6 rats
per group. Significance: *p<0.05, **p<0.01, **p{0.001 vs. AGE—induce rats.

3. @3 9 =3 oA AGEs BAAHF A TS 2Z oA AGEs®S ST A, BT (98 £ 16.27
(p<0.05)°l Hl3te] = (150 + 15.3
3, W2t 28 T (136 + 14.96) € ZA| §27

6 )
. F2E BT (127 + 5082 F2she AT Uety
SIS, WET FEF Rl (15.08 £ 0.9) 88 FAT ( ) she BFS dEdn
+ 0.7

) ® A gt (Fig. 2(8)
= 1g. .
EE Fo (13.34 7 (p<0.05)Z T+ UA Ha
et (Fig. 2(A))
A) B)
20 A~ 180 ~
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Fig. 2. AGEs accumulation in serum and tissue.

Advanced glycation end products (AGEs) accumulation in serum and tissue. Normal rats; Nor, AGEs—induce rats; Con, AGEs—induce
with treated YP 100 mg/kg body weight rats; YP, AGE—induce with treated HYP 100 mg/kg body weight rats; HYP. The effects of YP
treated rats and HYP treated rats were compared with those of normal and control rats. All data are expressed means * SEM, n=6 rats
per group. Significance: *p<0.05, **p<0.01. ***p<0.001 vs. AGE—induce rats.

4, A zA oA AGEs A ©a chul 7 o A (1.00 £ 0.14) Bk g2 (1,42 + 0.17)2 @d
_ . _ Fdo| STk Ade Blod dzatel st w24 =

L o
\alt__}-?‘i];o“ ﬂ]Z]‘_ otg: 258 EqZ (1. 0.14) 9 27| g7 &5 EoL

24 +
A% 22 0| A western blot& AAI3te] AGEs 84 #d (1.23 + 0.14)8 Z4ast= A3FS BATHFig. 3(A)).
ol 29] RAGE, CELSF CMLES &43t%th. 1 A3 RAGE= CELS AAFZ (1.00 + 0.12 (p<0.01)) 2t} =2 (1.60



21

+ 0.20)8] @A wdo] fo4 A F7IstH et

+ 0.2D)°4 TA Wdo] 524 A STt Rl .
vty g2t 2E2E F9F (0.92 £ 0.05 (p<0.01))2 &+ Hlgte] g2 FE2E T (1.14 £ 0.12 (p<0.05) € =
OUA HAAstH o A g2 FEE Fo+ (0.89 + A @27 FE2E 5o+ (1.08 £ 0.1 (p<0.05)2 594
0.07 (p<0.001)) ES 5243 AUA FAstAHFig. 3(B)). A st THFig. 3(0).
CMLE AAHE (1,00 £ 0.19 (p<0.05)) Bt =+ (1,56
A) ®B) ©
RAGE | s ol S w | L[ e — CcML -
B-actin } ‘ B-actin } { B-actin } {
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Fig. 3. Expression AGEs—related protein in kidney.
Western bolt analysis of RAGE, CEL, CML, B—actin expression; (A), RAGE; (B), CEL; (C), CML. expression levels in the kidney. Normal rats;

Nor, AGEs—induce rats; Con, AGEs—induce with treated YP 100 mg/kg body weight rats; YP, AGE—induce with treated HYP 100 mg/kg
body weight rats; HYP. The effects of YP treated rats and HYP treated rats were compared with those of normal and control rats. All data
are expressed means *+ SEM. n=6 rats per group. Significance: *p{0.05. **p(0.01. ***p<0.001 vs. AGE—induce rats.
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UPT EAHN AGEs WY U ERAU RAGE, OBLS gy gog 228 Relz (123 £ 0.09 (00.09)
CML& £74% A% RAGE= /4= (1.00 + 0.09 (p<0.01)) QA 725+ THFig. 4(B)).
2o (152 00890 B BHel SN S oy T (10 = 009 w5t 9452 (.5 2 020
h0e Feste A now 4 B2E +2E Rz AR A
(.93 + 0.08 (p 0.00)& 49 A FL3HAT (e o5)0 zasie Aoz ebohFig. 4(0).
4(4).
OV ®) ©
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Fig. 4. Expression AGEs—related protein in skin tissues.
Western bolt analysis of RAGE, CEL, CML, B—actin expression; (A), RAGE; (B), CEL; (C), CML. expression levels in the skin. Normal rats;

Nor, AGEs—induce rats; Con, AGEs—induce with treated YP 100 mg/kg body weight rats; YP, AGE—induce with treated HYP 100 mg/kg
body weight rats; HYP. The effects of YP treated rats and HYP treated rats were compared with those of normal and control rats. All data
are expressed means *+ SEM, n=6 rats per group. Significance: *p{0.05, **p{0.01, ***p<0.001 vs. AGE—induce rats.

AGEs-induce with rats AGEs-induce with rats
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6. I3 oA T € H a7 o] uhgof
X = 9F
B ZZ o)A western blot2 A A5}
219l MMP—13 Collagens £33ttt 1 23 MMP-1
= AT (1.00 + 0.19 (p<0.05))T} v 2L} HS
(1.64 + 0.2)00A Tl ddo] o4 JA F718tF T,
g2 Hst g2 FE2E FA4F (1.27 £ 0.2) 2 XA

%)
MMP-1 [Z _ S~ S "

B-actin |- W— e = —|
2.0 ~

1.5 A
z * L
; o | T L
£
0.5 A
0.0
Nor Con YP HYP

AGEs-induce with rats
Fig. 5. Expression AGEs—related protein in skin tissues.

Ao g

5 —

ol
rr

H27 2EE Fo (1.21 £ 0.15)2 #A
Y tHFig. 5(4A)).

Collagen= AAFE (1,00 + 0,14)2c} )= (0.87 + 0.08)
2 HAadte AR e on txe viste g2 &
EE 59 (0.98 £ 0.08)3} =4 §27 &5 T4 (1.05
+ 0.09)2 §942 gldey F7tstes AR vetyth
(Fig, 5(B)).

].

B)
Collagen | s S am— —

Histone | |
1.5 -~
i T
—~ 1.0 -~
= .
s
K=
o
0.5 A
0.0
Nor Con YP HYP

AGEs-induce with rats

Western bolt analysis of MMP—1, COL1A2, B—actin, Histone expression; (A), MMP—1; (B), COL1A2. expression levels in the skin., Normal
rats; Nor, AGEs—induce rats; Con, AGEs—induce with treated YP 100 mg/kg body weight rats; YP, AGE—induce with treated HYP 100 mg/kg
body weight rats; HYP. The effects of YP treated rats and HYP treated rats were compared with those of normal and control rats. All data
are expressed means *+ SEM, n=6 rats per group. Significance: *p{0.05. **p(0.01, **p<0.001 vs. AGE—induce rats.

N. -ﬂ- iE]-

AGEsE 189 z7old 2o FH=t oa gt
224 T Tk AAlE Ay AEToirEe ol
S ol S7kshe Ao WalA Aot Gay o] Mg
g Qlede AFEA Al BeH Qe YnE 2
3 AY 52 ey RS A ol AGEs7t F718ta
0|2 2lste] TWRZZ 9 collageno] ZH2gttH= B 17} Qlop?
wRo] 72 74 429 collagent TRe| HfobAI Lol A
RAREE Fa 714 guds guo 7|Ad And, 2dgx
Ao A 7o) A, AZYRe] A%, A 2T
239 $E59 7)%5E 7T UL o) 25 F47 Y
g o] glckm dA Yo,

ol £ A= HFTFIME L 2l g4 F
EET ZAIR 424 FEES AT TSt o HE 2 oA
o5 FE ML A" FAst 9 AGEs T4 oA TH 2
A5 A3kt

AGEsE #'8317] 918t 7528 SD dFofl STZE 50 mg/kg
o =2 o3 BA% 39T AU AGEs FHE &5t
A717] 98ted MGOE 100 mg/kge TE& 3%7+ AT Eo
3kth FE FoE2 MGO AT £9 7|7 B¢ €27
Z2E 9 A g2 FEE2 100 mg/keg2 377 FF £
3 & BAste 42 @Y 9 ni Rz, AGRAL B4t
AGEs A&l &4 9 oj& =& /W4 a3tE Hrstart.

ROS+= @418} A &”9] EHF 0 R HstA dE ¢

2y

ol

Az &4g dort?, md 245 @3k 3 IR 1o
W Bl glo] FABAEL A5 2EH2E 2
mo] 2ok A AR dAAG”. B A

74
R3S ETste] A3k AEFA vlo] @ mpAQl ROS
stath ROS &4 A1 d2TolAle w2 A5
E Foa 9 ZA g7

& g7 vlste] 22 35.31%, 36.95% a3}
Ukt

BUN2 417 tijAte] o8] 2H== JEOE A% =4
1t Az e ot et F|AL A= S o BFoA =2
228 UYehly] e A% &b 2 EE AT
AoA BUN &4 A3 dI2ZNAE 52 A8 291,
24 FEE Fo2 2 24 g2 FE2E FoLoA=
oA Fad AL sk 2+ STZ 2 MGO
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