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Inhibitory Effects of the EtOH Extract of Aster koraiensis on AGEs
formation in STZ-induced diabetic rats and AGEs-induced
Protein Cross-linking in vitro

Junghyun Kim, Chan-Sik Kim* and Jin Sook Kim*
Korean Medicine Convergence Research Division, Korea Institute of Oriental Medicine, Daejeon, South Korea

Abstracts — Advanced glycation end products (AGEs) such as N°~(carboxy-methyl)lysine (CML) have been implicated in the
development of diabetic nephropathy. The aim of this study was to investigate the inhibitory effects of ethanolic extract of Aster
koraiensis (AKE) on AGEs formation and AGEs-collagen cross-linking i vitro and CMLs formation in streptozotocin (STZ)-
induced diabetic rats. AKE significantly inhibited AGEs formation (ICs, value of 18.74 pg/mL) and AGEs-collagen cross-link-
ing (ICy, value of 0.274 mg/mL) in vitro than the well-known glycation inhibitor aminoguanidine (IC;, value of 72.12 pg/mL
and 1.99 mg/mL, respectively). AKE (100 mg/kg per day) was given to diabetic rats for 9 weeks. In STZ-induced diabetic rats,
severe hyperglycemia was developed, and urinary CMLs and plasma CMLs were markedly increased. Immunohistochemical
stain revealed that CMLs were accumulated within renal glomerulus in STZ-induced diabetic rats. However, AKE significantly
reduced urinary CMLs and plasma CMLs in diabetic rats. CMLs accumulation was inhibited by AKE treatment in the renal
glomerulus. These results suggest that AKE had an inhibitory effect of AGE accumulation in the glomeruli of diabetic rat and
could be an inhibitor of AGE-induced protein cross-linking. The oral administration of AKE may significantly help to prevent
the progression of diabetic nephropathy in patients with diabetes.
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ol o] Edse Fad sl 3 sl X
ek} Wpe) vl e A Tl he) MEL
Q) whge] TAARS 5 F k. TG Py m=

YollZo] thilzls} nkgsle] 2738 ke (early glycosylation
products)Q! Schiff baseE /45 & A A = o] T
aof 722 B} QPg g 27|FdsbER] otEdd 2719
SHHE(Amadori productyS BA3sk=tl, o37171A]¢] ¥R~
FAIZE B 5 ERF 7H A Rkl ofsf o s=TF B
< o|FA ot 2y 28T et A&E, 27|93
AHeS dade] Feplld 22 ol 71 vt vzt
2o 2 WxFAT(cross-link)dte] Wt} oFy A<l FHFEIs}
E(advanced glycation end products, AGEs)°] &/d €t}

L

rx 18

*WAIZZHE-mail) : chskim@kiom.re.kr; jskim@kiom.re kr
(Tel): +82-42-868-9473; +82—-42-868-9465

312

AA7HA HAFEG=E F 7P & g8 2= N-
(carboxy-methyl)lysine(CML)e ] th.” B A% $kxje]
Al CML #o] S7kehH, CMLE: @ o] =2 5}st
2 BAe WSAA Az Tl 2o A2 712

Ry B =Y

S WAANA wAAY Ee AE HEESRHE 7849k

WhS-E Bl AEASAY] F08 AAIHNFKB)E T
3} AT

BE Pl Aule) FHe WARTE N} €2
o] S R9loIA e oA n, YR o
3 Zepiste] A BE P FA9 dojrt
o oleld MY wAATe 2Te WskE Fof A
BH2 PFS fushe, Igo] PPHOE AN AU
o e Y B} A%, AW, FRAY, 9EF 5
GuEL S Rok U 2ES BE Fa 9




Vol. 47, No. 4, 2016

l= HFFshbze] 2444 o
&S S & Ao BRESeIN HEEsREe] T8
J2 T QixﬂxﬂO] 0]— ] 3= (aminoguanidie;
sojsle w, A4 HEY
dEo] HFFe=e] i
3} wpakzo] By S x|l
W w3 ek e
= /‘]71°ﬂ~ #F3st
5202 < ol .DJ} o2 A9}
= SO A1 TR S
& B A% £HE 4] Yk A} oMo

7S TaHAd A Aol S e 2 3 R
I AR S40) =2} Aol S5 B9
oI H2UE S22 oo Rl gl <
J HEgantE AgAe) 2ol )
450w Azl AALAZIY P
3 Sers el B8 S Aot 24
) a].;a o= xq Odgoﬂ -3}% Z]

=1 —

&
Ao 27] WSO A LA-go] P4 9

Aol oAlsle] B g A
Ei ghajeitis WS 9 H
1,]_ ol}\]-oﬂ/q /ﬂ zﬂtﬂéo]

ERREE

o]N

>L

T
T

o

ko

-

Aok
H

;O

r

(

=
ol B9

J?AH

7] szl ol2lgt AAEE o83 7148 AF B Ak
o] g #Hale) gido] wlar ek

W0 Z (4ster koraiensis)= i‘ﬁ]rﬁr(COmpositae)Oﬂ %3}
= vl AP et SEEARe] oYslde] EE
A ZHE] o] dob R Hlon, hMe =
3}ato] v FH (Aster tataricus)2F TA| BolvFH o] el S
“ApehEEsE) o et sl Wdal, W37 AR, HiHol| 2183t
2 YY) 53 TRt E A9k vl <ar(H),
(), =) sk, AR (E)= EDEhimye A(h)
ShaL, AR L), 71 (IUE)E &(H)skaL, =
(ﬁ HE)S H e, 19 (EE) X B EK)TE skt
Z, dE25H v FHE EQ, 12, #4394 71X, 271,
E&/‘éﬂﬁz]oé, olg, o)k, Azl AEH oz gt
AR ezl Ao e Ay dTEE 2 AT
A BRI3F Hin|F dEre 259 g nilE _“3._.‘:.11)
oA whgA akg ;qoq Lng) 2 Wyfju)Z w
3 Eo] e, Fat, Tl 2 *301 Ath= 311‘3’7}
< Wi Fe g gl dEE AT obF w|

H|gE A olt}, g B *‘6401] Ne WnF FEE5S
o]-g-3}o] tu 13 E%E‘él o] 2ol HFIaitEe] A
A 2 Wz S HEsd
VR
ASXIE - B A AMggh WiluHE 20073 08 &

313

& 5 ool AxsiiaL, et 4

gstst @—Zr%ﬂzf‘«] e 7R F ARgselen, 57

FE2 F=efstdde] Al B ol

ES - WWH AEE7], S, 3 2.5ke)

& w2 5 80% ﬂl%%i A2oA 397k 33] ke
&3t ”47]1‘3]

7 oleE ‘;ﬁ(A koraiensis extract; AKE)# 303gS &

In vitrodiM EBYSHIE 4 x| &5 - 10 mg/mLe]
¥4 ¢HFE T (bovine serum albumin, Sigma, St. Louis,
MO, USA)S 50 mM phosphate buffer(700 uL; pH 7.4)°l
=o|3L, 0.2M9] fructose2} glucose— 100 LS 23U}, ©]
E3E A AR B in vitro B HZIIMHEE AA
AN A1 0}‘3]5‘?0}‘4 < 200 uL ¥o] HEFZe] 1 mLe]
HEE 3§ 37°CoAA vhg Al 2F ot e &
spectrofluorometric detector(Bio-TEK, Synergy HT, USAYS
ol g3l RES 2A319THEX: 350 nm, Em: 450 nm).

ZBYSHIE wAREE oK §587} - Forbese] 23
NS Wyt AAEAt” 1.0 pg AGE-BSA(MMBL
international, Woburn, MA)9} T3t Tx=9 AKE 2
AGEs cross-linking &JAA| 2 L7 SFEQ] ofn]=rol]
9] mixtureE SH|3F & collagen-coated 96-well microtitre
platedl] 53 & 37°Coll A 4A17F &< incubation ST},
0.05% PBST®ll 3% washing3}] unattached AGE-BSAE
A 482, mouse monoclonal anti-AGE-BSA antibody
(6D12)Z 125002 3|25} 7} well 238+ & 37°ColA]
117} incubationdt}. 1A17F 3 0.05% Tween in PBSE 3
¥ washing3} 2L, HRP- linked goat anti-mouse antibody S
283 & TMB substrate® 8] WS £ 450 nmol|A]

J3t}. AGE-BSA®] cross-linking inhibtion %
] Akt
HES HIFS welld] 4=

100 x 100
OFE.S H7}E 1A RO welle] 3%

Inhibition of AGE-BSA Cross-linking (%)

HESES AME 4 Hafd - dsE2 QFdER
(B, thgml=hellr 79 shlon dAzlse vt 7+
FYe] Fid 8715 Al £ &5 180-
200 g(6+%) Sprague-Dawley(SD) ratS A3, 2871

16A17F A28 A]7]13L 0.1 M citrate buffer(pH
3|3t streptozotocin(STZ)S 60 mgkgs 71 A3

4.5)°l

FAL ST AR ddo] A & Ha] AEjalA &
FS A3 3.5 mg/mL °]Xd] AL Aglsie] F29E
walste] Aol ARS- ST

= 22| - 2] & G Nor), TEE(DM), T



I o] ool FoH(DM+AG)H Ff
ol 100 mg/kg AKE F5H(DM+AKE) & 422 Ui
o] A3 3I3ith. AKE= Bl §3llAA w7351 (5 mL/
kg) 3tlom, & 957 Bt Al siGit). 95 £ 4l
3] 10% A3 T2% 314 5 vl

o3
o
)
e

HAYxX|SIE M — vl I 228 5 um TR Bt
Aato] At oehZolx] Daktd g £ 10mM citrate
buffer(pH 6.0)%11 B7} 1057} microwave® 2|3+ TR
Alste] B 5o]4] k3-S5 A A8t7] 15t blockingdt 5, 1
2} FAE 1:1,0000F 31A95] overnight -5~ SI9T}. PBS
Z 43] M3 F labeled streptoavidin biotin(LSAB) kit
(Dako, USA)E 1H3-3H & DABZ Wslo] Faldn|4 3}
oA HasHATt.

83 % 25 CML dY 99X &5 - 74N dds=
H&star FAsk: A thaolAlolA 16A17F &

13k = Aol AR w7EA] -80°CollA] B
% T CML 5% &Aool AH8-31%th. Rat carboxymethyl
lysine ELISA kit(MyBioSource, Inc., San Diego, CA, USA)
g olg3l] dF 3 8F CMLY ¥5E F3E= 3743}
o 3o HS AHE S

SAHXME| - 7t B4 3k FH TR FAEeH,
7} AEF 7k] Fold 75 GraphPad Prism 4.0 software
(Graph pad, CA, USA)E A}&-3Fo] one-way analysis of
variance(ANOVA) followed by Tukey’s multiple comparison
testZ o]- &3l p<0.01 =4 AA8ISITh.

[
of

by gk

2
to o
4 2
N

¢

Yoo 1o

o

> 2
o
3
X
i
™
3
z
=2
lo
ol
ol
a2
Jo
2
iy
ko
rO

X HE

e

o & flr

o
oX
i
rigt
-
oy

A&dle] waos Py saje
Aot op7A] ) ok o
FE AN TR FAHES she A
FHoE IR A ]

AAolH, d&d A7 R A8 I A5 o=
& A% AR FADT s T S
7 B delle AVE o a8ge® <
B9 HETdshEe Adle] 2, HEE, 2hd
22 718 S w7h ARl WA H(cross-link) &
FA3tq 715 ol xeljshl dnt. 2ER, HFLE
A e FuiEss dis] fEide o=
e AFdshEe] Ade dAlsor s, 2345 02 o
22 el F48 HF3sase] wades oAl

off
k
ok
2t

(o3
)
)
= o9
i3
i
N
i
_O‘L
R
il n %O
S orlo oft fr X u rlo

o

iul

—_

o\

Kor. J. Pharmacogn.

Table 1. Inhibitory effect of the 80% EtOH extracts of Aster
koraiensis on AGEs on AGEs Formation

Inhibitory effect

P d Conc. —
art use (ug/mL) Inhibitory effect ICs,
(%) (ng/mL)

5 -1.83+1.37
AKE 10 9.44+0.89 18.74

25 76.66+0.46

18.5 12.70+6.12
Aminoguanidine 55.5 39.46+1.91 72.12

74.0 50.68+0.51

Inhibitory effect was expressed as meantS.D. of triplicate
experiments. IC;;, values were calculated from the dose
inhibition curve.
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Fig. 1. Effect of the AKE as inhibitor of AGE-BSA cross-
linking to collagen. AGE-BSA was cross-linked to collagen in
the present or absent of the AKE and AG and then AGE-
BSA attached to collagen was determined by ELISA with
mouse anti-AGEs antibodies (6D12). Data are mean£S.D.
(n=4).

ohje} o] = |
) Sgste) vzt s A @% e A=A

5w 25 gom, ol P oE
o
=

JJr H|wsle] Y538 gpek &4 el
T AAT
TSN HF ﬁP‘%A A G Gy
q AT SERIAA A HEFsbEo] HE
HEISHE AR OPUlJﬁLOM AS AP sE Fo
(A)
NOR -

-
DW+AG. - AR
Yoy M H
A 4 ’

’ - "
/g )
v e
' [ - p .
b "
! /o s . 5
AR PN {Pa s 52 5
\ t v, YF
vy e 510

Al ke JFe] A9, Tl Aol kA gl vk
22 o] AAZThE R B o8 S = 3l
STZZ ket Pz AFox] HE

o
il 2+ olm
o oF F 48 3 =98 734 AKE 5o 0% 720l
o4 9l oo Rusiart) HEYsEe 3
o4 Fx= E‘r%ko}ﬂ T Aol A AR E HFEshHE
o] ¢ d¥l= CMLo|H, 724 HFIs=Ese] A
AAZ7F EH &3 Aol vlste] CMLE AAAHZ7} H]—rxl
FAAoZ uEA Q) 20) w3 HEYSPLE e =
sHgo] 714 Fol A=l U= RAGE(receptor for
AGEs)= 2178] AR &} AlM it oA oM = Bol
WA CMLAE Foahgsto] bt Al2Als 7139
23 Wi E geiA AP AKEZ} STZ 2 Gt
4 S 29 rate] AAOIA CMLE] 20l A= &
3 RAGE®] &&Wsts H7tstr] flal 2t ol g |
Z2]3}8t A gl ofm|z] A4S Alfsiint. Fig. 2014 B
= Hie} 7o) GAg=tell vlsl FifrdtellA CML %24 °]
7kl e, opriegroblt Fo3t AKE Foi ©
AASIATHFig. 2A). T3 o]u]x] EAF AEAW CML
A AR e Gazel vl FafRee 230 F71e9
ofrioh)tl Fol@s) AKE FolZol s P i
l Hjgl Zkzt 1.70, 1.858] A 319 thFig. 2B). RAGE
A W3t A Aol vlsl il A AREA

(B)

rU“ HJ H A 01

5 3
<
3 ##
S 2
&
2
=
g
2 0.
»n
S & @,‘v" &

Fig. 2. Effect of AKE on CMLs accumulation in the renal glomerulus. (A) Representative immunostaining of CMLs in retinal cap-
illary from a normal rats (NOR), STZ-treated diabetic rats (DM), AG-treated diabetic rats (DM+AG) and AKE-treated diabetic rats
(DM+AKE). A strong immunoreactivity of CMLs was observed in the renal glomerulus. In contrast, immunoreactivity in the renal
glomerulus of AKE-treated diabetic rats was decreased. x400 magnification. (B) Quantitative analysis of CMLs immunoreactive
intensity. Data are expressed as the mean+S.D., n=6. *p<0.01 vs. normal rats, #p<0.01 vs. STZ-induced diabetic rats.
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Signal intensity of RAGE (AU)

Fig. 3. Effect of AKE on RAGE expression in the renal glomerulus. (A) Representative immunostaining of RAGE in retinal cap-
illary from a normal rats (NOR), STZ-treated diabetic rats (DM), AG-treated diabetic rats (DM+AG) and AKE-treated diabetic rats
(DM+AKE). A strong immunoreactivity of RAGE was observed in the renal glomerulus. In contrast, immunoreactivity in the renal
glomerulus of AKE-treated diabetic rats was decreased. x400 magnification. (B) Quantitative analysis of RAGE immunoreactive
intensity. Data are expressed as the mean+S.D., n=6. *p<0.01 vs. normal rats, #p<0.01 vs. STZ-induced diabetic rats.
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Fig. 4. Effect of AKE on urinary CMLs and plasma CMLs in STZ-diabetic rats. Groups: normal rats (NOR), STZ-treated diabetic
rats (DM), AG-treated diabetic rats (DM+AG) and AKE-treated diabetic rats (DM+AKE). Data are expressed as the mean+S.D., n
=6. *p<0.01 vs. normal rats, "p<0.01 vs. STZ-induced diabetic rats.
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