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ABSTRACT

Background: The plant Aster koraiensis has long been used as an ingredient in folk medicine. It has been reported that Aster
koraiensis extract (AKE) prevents the progression of diabetes-induced retinopathy and nephropathy. However, although these bene-
ficial effects of AKE on diabetes complications have been identified, the antidiabetic effects of AKE have not yet been completely
investigated and quantified. In the present study, the glucose-lowering and antioxidant effects of aqueous and ethanolic AKEs were
evaluated.

Methods and Results: The glucose-lowering effects of aqueous and ethanolic (30%-—, 50%-—, and 80%-ethanol) AKEs were inves-
tigated via a-glucosidase inhibitory assays. The mode of inhibition by AKEs on a-glucosidase was identified through kinetic analy-
sis. The total antioxidant capacity of each of the 4 AKEs was evaluated by assessing their conversion rate of Cu** to Cu’. The
content of chlorogenic acid and 3,5-di-O-caffeoylquinic acid, the bioactive compounds in AKE, in each extract were analyzed by
high performance liquid chromatography (HPLC). The AKEs showed potent a-glucosidase inhibitory activity with mixed inhibition
mode, and significant antioxidant capacity.

Conclusions: These results of this study suggested that the AKEs tested had a-glucosidase inhibitory and antioxidant effects.
Among the extracts, the 80% ethanol extract showed the most significant a-glucosidase inhibitory activity, with a half maximal
inhibitory concentration (ICs value) of 1.65 £ 0.36 mg/m{ and a half maximal effective concentration (ECs, value) for its antioxidant
activity of 0.42 £ 0.10 mg/m. It can therefore be used as a source of therapeutic agents to treat diabetes patients.

Key Words: Aster koraiensis, Inhibitory Effect of a-glucosidase, Antidiabetes, Antioxidant

M A Ph%‘—e— Hjo] HAHE FFo7 A A Eil= vA

slo 2 B A|IEZS oled EHlo) odo] A WHsh= 1Y

A AA FsAte] S 20149 7)F0 = AJQl 4223120 odﬁ} HIgh S99, &, A7 (EE) Ags 59 9

g ol gatm 201210l WY HE G o R ls) 2w o7 Qad AgAol At e 2 ¥ 9RE Us

2R B y¥YGoR st T OoR <l AMGEIATE 4 SUTH (ADA, 2004).

(WHO, 2016). &= JH of vjg) A FUHe A2 FES Jed 7o) AstEH A5 I 5ol WoAA

A8A WL 918 mEox Eslal Bidirle] = A Hof o] Jvksket] o2 ldl A7 AsHiEY A

ol et WA Eeld B AT fuste] HPRALR, UEF,

TCorresponding author: (Phone) +82-42-868-9473  (E-mail) chskim@kiom.re.kr
Received 2018 August 14 / 1st Revised 2018 September 8 / 2nd Revised 2018 October 9/ 3rd Revised 2018 October 22 / Accepted 2018 October 29
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.

382



ol

HHolH 2
273450 HIE S STt
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pycnogenolso] LAER T, AYE F2)2] a-glucosidase #13H
A9l acarbose, miglitol, vogliboses©] 7NE= AT} (Rios, et
al., 2015).
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o-glucosidase A3l &5& Zh= ohdgt Edo] EAlsk=

Aoz 4#EA dtt (Kim and Kim et al, 2016a; Ko et
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(Shin and Park, 2014).
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0.22 mg/g)$}  3,5-di-O-caffeoylquinic acid (22.54 + 0.51 mg/g)
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Total antioxidant capacity (TAC) assay kit abcam
(Cambridge, MA, USA)IA FY3ste] AL-&3FS T
Acarbose, aminoguanidine hydrochloride, a-glucosidase from
(=98%), 4-
Nitrophenyl o-D-glucopyranoside= Sigma-Aldrich (St. Louis,
MO, USApPIA 7439tk IM PIPES bufferi= DYNEBIO
(Sungnam, Korea)ollA 54 AREsIAT

FZo] AREE olehE (Daejung Chemical & Metals Co.,
Ltd., Siheung, Koreay> &7 &ul& AM-3IAT 3,5-di-O-
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4 &) olMEVEZF} & (J. T. Baker, Phillipsburg, NIJ,
USA) Z28]aL 7lvl4t (Merck, Darmstadt, Germany) 5
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2. FEUiH HH-S-& % = o-glucosidase®l] €3 pNPGe] A ESQ] p-
2 Ao AgH FE2ELS @Al 02 8E AlgkS nitrophenol?] B SHEE o835l 7t AME FHEHEE p-
Ao, FF WL vt Ltk nitrophenol®] FE2 3hksle] Astslnt. WHg<ee} 7129
Lo M Az WilmF Aol GAlG & oleke (30, 50,  FEE HFECSE Michaelis-Menten 2] (Eq. 1) 3
80% olere)S 717t ¥al FE8I9th 7t 552 o9 4 V18]
FE5S AR F AxEt] HFHORE 4 /Y FEE (hot V= K’”‘f"[ 5 Eq. 1
water, 30, 50, 80% olehE& FF5E, IHE 581 21%, 25%, "
26%, 32.5%)= AATt. Lineweaver-Burk 4] (Eq. 2) < ©]&3lo] & A Wk
< A%siitt
3. Total antioxidant capacity (TAC) & K
W3 22 TACE TAC assay kit (Abcam %/. AT Eq. 2
Cambridge, CA, USA)2] 7ol wlal 2483t} ¢4 o max e
&et FEO FEFES protein mask®t 1:19] HIER 412 q7|1M, Ve HEE, [SIE 71E TX, Vipse HUWHS

3 2} Z750 1102 343k 96 well-platedl] A1FE 100 /4

E FH|3 5, F=u3 AJF 1004 9] Cu** working
solutionS 412 T A2olA 90 &7F it AJF T
kg0l ¢ % spectrophotometer (SpectraMax M2,

Molecular Devices, San Jose, CA, USA)E ©]&3}o] 570 nm
M FH=E 43I TACE trolox (abcam)e] XA
< gk = AR FHEE HYste] ket
4. a-glucosidase Ml &4 FA

Wy H FEE9] o-glucosidase A A
ato] DMSO°] =<1 AKEsE 0.1 M PIPES ol 3]
oot FE (0.4 - 40 mg/ml)= F)SIATE

FH3 F2E 250 o} ZEFERT 39 254 o-
glucosidase (200 mU/m)Z 4Jo] 10 & 5ot ALoA WhgA|
Atk 1 T 4mM$E 4-nitrophenyl a-D-glucopyranoside
(PNPG)E 50 /4 713k % 25 & % Synergy HT (BioTek,
Winooski, VT, USA)Z o|-&3led 405mm oA FF =2 =4
3lod g-glucosidase A 43S LERAT.

et Az AN 50%2] o-glucosidase G4 A5l A
< Hole FEQ ICs0%-2 GraphPad Prism 7 (GraphPad

software, La Jolla, CA, USA) = o]&3sl Aiksldct. o

PZFOZE acarboseE ARE-3IA

5. o-glucosidase A WAl HX

WAH FE2E9 a-glucosidase A WS AAs7]
s} DMSOoﬂ =91 FEES 0.1 M PIPES HTof| 3]45}o]
kst B (€4 4, 10, 20 mgml; 80% oNEFE: 04, 2,
4mgmh)E FH|EIA T FHS AEE o8 F2(0.125-
2mM)<] 713 4Nitr0phenyl a-D-glucopyranoside (pNPG)
50 /0 9} 44 % 25 1l o-glucosidase (200 mU/MYE L3 2
 7He7 20 & F<t 405mm oA Synergy HT (BioTek,
Winooski, VT, USAYE ©l-83t9 F3=E5 45t
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6. AHE HH9| 7(1|7<

z¥zre] HrnE FE= 100 mgS 10 md volumetric flaske]]
2L 50% HEES AMESt] FAVIA] B & 5 B 2

o FEAh Azt HY F lmfé— #3ked 045 m
Whatman PVDF syringe filter2 ]3¢t & HPLC &4]9]
AR&-aEST

7. T KO0HO| ME U HapM XM

Hylu)3H EFF (chlorogenic acid, 3,5-di-O-caffeoylquinic
acid) 2 2 I mgmt o] 2 vjekge] SaA7) F oA
o= FAEte] 72t 1.25- 100 pg/mle] F% HelA A
& EEEAL Az,

Zyz}e] ZeEg- "v‘£L N& gl F9stal HPLC 4
< AXEl] AZAETRE AU, ©] peak datas =23}
of ARREAS Sl 7—]'7}4 AFAE At A€ A
g AHAE (DE Fete] Ae ek

AZ&3A (limit of detection, LOD)$} A #SHA (limit of
quantification, LOQ)y= 213 o] F2H]Q 33 1002 A4St
Aot

8. HPLC &M T

Luna C-18 (2) analytical column (4.6 x 250 mm, 5.0 /m,
Phenomenex, Torrance, CA, USA)°] HPLC Aol AREEH S
om AY Lrxl 35C=2 AASYL UV AE7Hge
325z AG3IN oM, A EFULS AFAETY7IE o83t
o 5 E FAHBIAT

o] 54 0.1% 7HRAH-E (A ocHEUED B) £3 &
NG ARgsld A5 25 7 B3 90: 10 (vv)ollAl 86: 14 (v/
Vo g 7187] &8 2105 ARSIl 25 EellA 60 7HA
= 86:14 (vv)OllA 75:25 (viv)e g 7]187] 818 ZA4E At
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9. SHIEAM

AFAI= it + U (Mean + SD)E YERAI O,
o4 AAHES $15+] GraphPad Prism 7 (GraphPad
Software, La Jolla, CA, USA)S ARE3SISITh 214 xfo]7}t
AE A (p<0.05) one-way ANOVA (Tukey’s multiple
comparison testyS AA| 5151t}
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1. WHOH F=29| Hkels 53

71 A Ao w=W "AbNvF (dster koraiensis
Nakai)?] 85 FE537 80% A&e FEEol= st &
e zte FEE29 phenolic EF (Y4 87.7£5.01
mg-GAE/g, 80% olehE: 112.4+3.41 mg-GAE/g)# flavonoids
(857 86.6+3.71 mg-RE/g, 80% o2 95.1 +8.00 mg-RE/g)
7} SheEo] Qe Ae® ByEo]l Ut (Shin and Park,
2014). F=3F WREF 9] A 100% MeOH FEEo] d4¢
3} &% (DPPH Uz &7 B4 1Cs=44.23 1g/ml, ABTS
SOz A DA 1Cs=94.69 ug/mlys zh= the Zlo] ¢
Z At} (Lee et al., 2017).

TS 2 OF0] AT W] R R At
gk chlorogenic acide= Y, B, o, &1, ST|HeY,
A" Foll F=2 FHrEo] e EEE st 1 A% 89
e B dde 85 7k AeE dEA Utk (Matsui

mE.J

et al., 2006; Meng et al, 2013; Oboh et al, 2015). &
o2 F844%A 3,5-di-O-caffeoylquinic acid SA] 4tslEhA]

o] 9= o= BHuHo| Ut} (Li e al., 2018).

olefgt AR HE & AFolx ARES WiimFH o] I
FZ2E3 30, 50, 80% OlErS: FEE oA ksl A

Aoz dAsle] 1§52 RIS (Fig 1).

AAuF FE2ES A &2 gl Hlste] ¥rjn|
Gy FEEL 0.1-5mgml A7 YL wl, trolox F5
SkAF 5.86+0.12-104.87+0.16 mMol 8|3ele FA3sS
BT 30% ek FHEL 7+ FTEoA trolox & 3t
1067i019 104.35+0.48 mM, 50% ©olehe F=EL trolox

= 3k 10.96+0.08 - 105.95 + 0.39 mM, 80% olere: F=
52 trolox B% $4F 13.69+0.09 - 105.5+0.96 mMe] 34
st GAS BHo] WmA FEES A3 ASEREY S A3

94 % 5 Ak

Wl H FEE9 i G2 Cur'E 50% A=
23 89| F=]l ECs 2 Table 191 UYERARITE
Sohs] oRhE Tl Z7HIRE BCy, dto] ok

S BHYom % 80% olehe FEEo] AlY ¥+ ECs

rﬂi&

o MmN I m
l e o
F—.—"

wo= 7 4% dkskeS el o e ofgk
S5 vuE off fou)gt 2ol YER}A] 94T} o] Qﬂr
ZEE ek <) henohc EZo L} flavonoids®} 7+

PBlss e FEEE §50] FkhY olehee] vlg
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2. SN0l FZ=29 a-glucosidase Ml 2 A

Acarbose, miglitol, voglibose SOz WEEHE a-
glucosidase #3A1E Aol A E}—’Fi}%ﬂ 23l AE F3t
o] 2% s A7led BeEd 255 AY 1990
HE 5EFoF AlLE o] %1'1‘/} (DiNicolantonio et al.,
2015). AR & 28718 A 4o 544 53e o
o] dastal 7188 A HFIRt, 37 @), AL e
7% 5] S A Hoh QFAgh a-glucosidase A3
AE 27 gt A37F 228t} (Yin e al., 2014; Proenca
et al., 2017).

WmF G FEE 30, 50, 80% lehE FEEC O
st dg7tsl 48 Hrkslr] $18k a-glucosidase A &%

< S48 (Fig. 2).
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Fig. 1. Total antioxidant capacity of A. koraiensis extracts.
Total antioxidant capacity values are expressed as
means =+ SD of tr|p||cate tests. *Means with
difference letters are %nn‘lcantly different at
p < 0.05 by Tukey’s multiple comparison test.

Table 1. Total antioxidant capacity ECso values of A. koraiensis

extracts.

Extracts ECso" (mg/ml)
Hot water ext. 1.52+0.30"*
30% EtOH ext. 0.57+0.11%
50% EtOH ext. 0.57+0.11%
80% EtOH ext. 0.42+0.10°

"TAC half maximal effective concentration (ECso) values are
expressed as means = SD of triplicate tests. *Means with difference
letters are significantly different at p < 0.05 by Tukey’s multiple
comparison test.
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WA FE258 Ao &2 25 Hlst I F I A FE2E T 7P H2 ICitkE EQl 80% olekE
ZE} ke FE2E BF F9¥2 2 a-glucosidase S FEE2 XA a-glucosidase A&l W22 A3t
Asfsls AS FR1 s olF flsl] ¢ st o 7ER WA FEES
ICsp 7+ Table 20| YEl}Z=o] €5 FE2EL 473+ o] g3l a-glucosidase TAEAHS =43 t}S Michaelis-
=

0.86 mg/ml 2 ZFE AL 30, 50 80% e FEELS
546+ 1.03 mg/ml, 2.50+0.31 mg/ml, 1.65+0.36 mg/ml & =7
At FANFETQ acarbose= 1.08+0.11 my/ml 2 ZH &
At WnFH e FEE] ilsks 4 At vRAE
F= Al 819 dErE Feko] =85 o-glucosidase A3lE
| ARAE Aol Yebdth. 80% ek FEE9 A 7F¢
FE== T 7P 3 a-glucosidase Al
S 717 Aow e} 50% oehS: FEE3 Hla A

R

[«

o] 2% a-glucosidase?] AAZ & dHA Ue=
22?0 acarbose®t FARSE FEOE FEFEQ AS UME
o w$ 78 a-glucosidase A3l Ad AO=Z AR}
3. WHOIH FE29| o-glucosidase 2| B AH

A a-glucosidase A3l EA4S K Win|F € FE2F

0.8+

E 0.1 mg/ml

w 0.6 3 0.1 mg/m

g 3 0.25 mg/ml

3 0.4 == 1 mg/ml

§ Em 2.5 mg/ml

S 0.2 mm 5mg/ml

2 B 10 mg/ml

0.0
4{0
&

Fig. 2. Potent o-glucosidase inhibitory effect of A.
koraiensis extracts. Samples were tested in triplicate
experiments. Values are expressed as means + SD of
triplicate tests. *Means with difference letters are
significantly different at p < 0.05 by Tukey’s multiple
comparison test.

Table 2. ICs values against a-glucosidase inhibitory activity of A.
koraiensis extracts.
Extracts ICso" (mg/me)
Hot water ext. 4.73+0.86*
30% EtOH ext. 5.46+1.03°
50% EtOH ext. 2.50+0.31%
80% EtOH ext. 1.65+0.36%
Acarbose 1.08+0.112

Yo-glucosidase half maximal inhibitory concentration (ICsp) values are
expressed as means = SD of triplicate tests. *Means with difference
letters are significantly different at p < 0.05 by Tukey’s multiple
comparison test.
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o
Menten 213} Lineweaver- Burk 2
s Tk (Fig. 3).

71421 pNPGYF BolFAE Wl V= 1.60 uM/min, K>
0.34mME Yo A 5 FEE 1, 2.5, Smg/ml
< o] ¥AE We Vil A% 127, 1.05, 0.82 pM/min
o7 YolHT K2 047, 0.69, 0.94 mM=E H3A T
80% ollehE FEE2] 9= pNPGHF BoIFAES W Vi
= 1.56 uM/min, K2 023 mM 2 Yeltoy =& 0.1,
0.5, 1mgm S Zro] WAL We Vp ol 4% 159, 133,
12 uM/min® 2 Hopr= S HAL, K& 034, 043,
0.612 ot gk aael Ed7| 1388 el 4
A A5 SlE]’d (competitive inhibition constant)$! K2t
FAAA A 2]’ (uncompetitive inhibition constant)S!
Kidts ARk

K= Lineweaver-Burk 21232 2] 718719} F&52
2%k aefaze] x-dHO 2HE 3133, K= Lineweaver-
Burk Z#]3Z9] yEHI(I/Vp)d FEES] 55 =231
xAHSZHE AU} (Fig. 3).

5 FEES K 09, K;, 6.2, 80% ollehe
5, Ky 272 F 7] FEE BT KagKG
A4 AsAdS & 7 ATk

7]1& Aol w=W chlorogenic acid®} caffeoylquinic acid
a-glucosidase®] B17AAZA As|A] (Meng et al., 2013) &
&34 AelA (Kalita et al., 2018)2 HE ul JEd
AtolA R FH S fFEARCE #A]S chlorogenic
acid®} 3,5-di-O-caffeoylquinic acidol] €3+ o-glucosidase #]
A olefdt BHae} dAsk= ZoR AlRH

S o188t Vit Kn

reE=E
o 1-=

FZEL K,
AE HA

=
=

=1

4. HPLC 241 Z210| =1
B ARl AlgE WA Q5 B of
ol AeBdERe) SRS BHG

oIl o= w1

AHAE o

=277 -
Ahmst oHEYE” E &rfje] 7127] el AR

So) $elwr} s,

al,

Ao EANA 339 retention timed} UV S5 o3
S EFFEY Vet ER1t9en, HPLC AZrtE1y A4

H o
}‘0‘1 Rl

A = 747k 108 2 453 ol AEEHAUT (Fig. 4).

5. M, HESH W HUSHY T

2 Fo HFES 1.25-100 pg/mibe] F=HolA AAS



HHolE & FEE°| a-glucosidase 2Mls

i

A B
-e- Control -o- Control
-@ Hot water ext (1 mg/ml) -@ Hot water ext. (1 mg/ml)
1.5' -4 Hot water ext. (2.5 mg/mi) - 10- -4 Hot water ext. (2.5 mg/mi)
_— & Hot water ext (5 mg/mi) - & Hot water ext. (5 mg/mi)
£ 5 5
£ £
@ 1.04 @
2 S
=~ 0.5 =
> >
-
0'0 T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 -2 0 2 4 6 8
PNPG concentration (mM) 18] (mM)"
c 1.5+ D 1.5+
1.0 + 1.0
@ o
& g
7 ]
0.5- £ o5-
2 0 2 4 6 A0 5 0 5 10
Hot water ext. (mg/ml) Hot water ext. (mg/ml)
E -e- Control F -e- Control
-& 80% EtOH ext. (0.1 mg/ml) 6 - 80% EtOH ext. (0.1 mg/mi)
1'5_ -& 80% EtOH ext. (0.5 mg/ml) & 80% EtOH ext. (0.5 mg/ml)
-8 80% EtOH ext. (1 mg/ml) ) -5 80% EtOH ext (1 mg/ml)
£ 5
E ° E
E 1.04 A H
£ d
E 0.54 g
> 2
-
0.0-f T T T T T T T T T T 1
0.0 05 1.0 15 20 4 2 0 2 4 6 8
pNPG concentration (mM) 1/[s] (mm)”
G 0.6+ H 1.0
0.8
0.4
3 5
Q
o
n 44
0.2

40 05 00 05 10 15 3 2 4 o0 1 2
80% EtOH ext. (mg/ml) 80% EtOH ext. (mg/ml)

Fig. 3. a-glucosidase Inhibitory kinetics analysis of A. koraiensis extracts. (A) hot water
extract Michaelis-Menten plot, (B) hot water extract Lineweaver-Burk plot, (C) slope
of the Lineweaver-Burk plot against hot water extract concentration plot, (D) 1/Vax
against hot water extract concentration plot, (E) 80% EtOH extract Michaelis-
Menten plot, (F) 80% EtOH extract Lineweaver-Burk plot, (C) slope of the
Lineweaver-Burk plot against 80% EtOH extract concentration plot, (H) 1/Vpax
against 80% EtOH extract concentration plot.

387



OFEHT - g - Olef: - wi=

21

N
- 2 - 2E

mAl
A chlorogenic acid

‘/

20

20

3,5-di-O-caffeoylquinic acid

0 LA,_,__MA__,\MNML_..

30

Y

T T
10 20

30

a0

50

ererd
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Fig. 5. Calibration curves for two standard compounds.

(A) chlorogenic acid (B) 3,5-di-O-caffeoylquinic
acid.

Table 3. Contents of two major compounds in four A. koraiensis

extracts.
Extracts Compounds Content” (mg/g)
- o
Hot water ext. .chlorogenlc ac.|d. . 2.76+0.03
3,5-di-O-caffeoylquinicacid ~ 2.04+0.02¢
chlorogenic acid 2.83+0.02°
% EtOH ext.
30% EtOH ext 3,5-di-O-caffeoylquinic acid ~ 4.35%0.04"
chlorogenic acid 5.66+0.03"
% EtOH ext.
50% EtOH ex 3,5-di-O-caffeoylquinic acid ~ 10.55+0.05%
80% EtOH ext chlorogenic acid 7.68+0.05°
’ ot 3,5-di-O-caffeoylquinic acid ~ 10.45+0.04°

"Content values are expressed as means = SD of triplicate tests.
*Means with difference letters are significantly different at p < 0.05
by Tukey’s multiple comparison test.
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