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ABSTRACT

Purpose: Aster glehnii (AG) and Aster yomena (AY) are medicinal plants that belong to the family Compositea and grow widely
in Korea, Plants in the genus Aster have been used to treat snakebite wounds or bruises in oriental medicine, This study
compared the effects of anti—oxidants and anti—adipocyte differentiation according to the species (the aerial parts of AG and
AY). Methods: AG and AY were extracted using 70% ethanol (—E) and water (-W) at room temperature, The anti—oxidant
activities were measured by total phenol contents (TPC), total flavonoid contents (TFC), DPPH and ABTS® assay. In addition,
correlation analysis was performed for the anti—oxidant compounds and effect, The level of anti—adipocyte differentiation was
assessed using an oil red O assay on pre—adipocytes, Results: AG-W showed higher TPC (6,92 ug/mL) and AG-E presented
higher TFC (8.22 ug/mL) than the other extracts, Furthermore, AG—E exhibited higher radical scavenging activity in the DPPH
and ABTS" assay (ICso: 104.88 and 30.06 pg/mL). In the cytotoxicity assay, AG and AY extracts at concentrations less than
100ug/mL were non toxic, AG-W reduced the lipid accumulation of 3T3—L1 cells significantly after differentiation (70.49%)
compared to the other extracts. Conclusion: These results show that the water extract of AG has anti—oxidant effects and
reduces the differentiation of 3T3—L1 cells. Therefore, AG has utility as a functional food material for its anti—oxidant activities

and ability to prevent lipid accumulation,
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Astr] Q13k A oS Al Al antE Ustl=
oF=0| Aol AA SEaL glom, o]2igl oF=Y| o
AR g mE A EAIZE A1 AL At [5]. o
23t tjofst shuul a2 v}
2 Aol NHEI Q= ﬂ% flolm], dAEHANA =
gk ZHE Rl 22 HlEAl, EebE ot gEelit S0l 3
vt 858 7HxIchal BaE [6,7].

&R o) (Aster glehni)L} 25780 (Aster yomena)+=
234 (Astereae) =3} (Composiae)o] <€dh= AEZ
U2 B2 sehg ShlE olE Atk [8). WA A%
S 22 oy ARA| BO2 HEAOR o|gHel 2
o [9). Eh A4RAo|e} LRAolo] e AEE
Ago] e 4B SSEo] glen, ouune 43
Hol 3L glo] A iAol maso] ot [10]
ol 440l £ AV d, o
stol whe Sk 7118 Bl she i, 3ol
L s, oliee] fiso] QlEh AHA ik 2 ATE
B H&FEAol= F2 6-0-Caffeoyldihydrosyringin,
coumarin ¥ &Fu]JEQl BtSl=4F a-pinene, limonene,
d-elemene, B-pinene 52 AEL 5511 ¢9lon, 3FAks)
Alo] gFjollA T sk}
W 5 7HA AL Qlefar HareE gl
= 5&%31 A, FHA 4 FHF

WA sZof| A o] aalrt
7} Qleh [15-17]. AGSF AY
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dlis % Beprieols
AL BAS }Odr,} T3t 3fu|qk oot
HEATEA| O] 3T3-L1o] 325S Agste
isobutylmethylxanthlne (IBMX), dexamethasone (DEX),
insuling 2|25t} AA|E Z37F A E=A] 2l
A= _/J\_;(H 3 A0 xﬂ/\]-sl— 740]1:]—

=0 o=

o] (AG)%} &HAYo] (AY)=
A& 500 g& 70% 34 (-E) 2
204 3Y B FE3HTt (A =/8u t'l:e_r,

2o oulsln 32 Wz 2227 T, 52 ARt
FZ&5-2 Dimethyl sulfoxide (DMSO, Sigma-Aldrich, St.
Louis, MO, USA)E &3&l|5}o] Z A& Al&3sl%ich

Zr 225 (3 mg/mL) 500 uLQ} Fohn—Clocalteu (Sigma-
Aldrich, St. Louis, MO, USA)A|2F 50 uLE #7}8la 38
5.0 sodium carbonate anhydrous 33} 8- 100 L&
=t} 1AIZF &, 725 nmo||A] multi plate reader (Synergy
H1, Biotek, VT, USA)2 S34=5 A3tk & v ¢
o 1 ol wlislo] & s WS Tl T1E
ER 2= gallic acid (Sigma-Aldrich, USA)2 AR5},
NEEAT A4 BE THeRRY B Fo

O

Zajwrols B 5%
Z ZTR - o]E k2 Pourmorad 5 [19]¢] WS 4
R3lo] ZA5HAT) 7 150 pL 222 (3 mg/mL)o] dH0
280 pLe} 10% aluminum chloride, 1 M potassium acetate
(Sigma-Aldrich, St. Louis, MO, USA)E Z}zF 10 uLE 34
7}8IaL 304 3of 415 nmoj| A4 multi plate reader (Synergy
HI, Biotek, VT, USA)Z SH =& =439t & ZgtR
iol‘: FFE EE N Hlaste] F SefE o= g

2 35HAL) 7|EE 4 2= (+)-catechin (Sigma-Aldrich,
St. Louis, MO, USA)S ARE3% L, 7|24 =2 AA%H
£E BHoR Y T

DPPH free radical 2AHs &34

DPPH free radical 2=7% &743}7] 9|3}
of s st SsisIck 42 che
H =5 40 L2} 025 mM DPPH solution 160 pL
vortex @ 3151 Th2 A2 4] 3057 W3- 3 multi plate
reader (Synergy HI, Biotek, VT, USA)Z 515 nm SF=
oA Egetrt tfERo R ofeaute Arlstgon,
HlwE 93 tjxA 2l gHAESIA|Ql ascorbic acid (Sigma-
Aldrich, St. Louis, MO, USA)E oAt 220 & AL8519
t}. DPPH 2AZ/] Bl&2 o2 o] ALkt 3 (%
inhibition = [Acomirol - Asampie] / Acontro), 50% A3HdH= 5=
2rel ICsgke ALgato] Lhehaic

ABTS' A7 =X

ABTS™ &7% 24317 ¢J5t0] llavenil S [21]2] ¥
S &=Aslo] 2A9tk ABTS solution2 ABTS tablet
(Sigma-Aldrich, St. Louis, MO, USA)S 7 mM =&
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dH,09] £3}A]71 & 2.45 mM potassium peroxodisulfate
(Sigma-Aldrich, St. Louis, MO, USA) ¢} 1:1 H]&= =3}
A 1647F 20 B F ALGSIITE 217 2 e
2 ZujE =28 20 uLe} 180 pL ABTS' solutionZ
vortex = ZE7E th Ao 4] 3021t BE-g- 5 multi plate
reader (Synergy HI1, Biotek, VT, USA)Z 732 nm &34%=
oAl ZAHsGE xR E ofHEE Hrlstelom,
HIWE Q]38 thiE2] 2l 42l ascorbic acidE /Ty
ZF02 AMSIGITE ABTS 4759 Fre= thga} Lo
AAkE 5 (% inhibition = [Acomirol - Asampte] / Acontrol), 50%
Adfidtz &= 4k ICsogk2 ARE-3Fe] Leh Slch

3T3-L1 MZF HiY

ZAHFAM|SE (3T3-L1)+= American Type Culture Collection
(CL-173, ATCC, VA, USA)oJl A T-2l5}ic}. 3T3-L1 A
o] A8 A2 1X penicilin/streptomycin/glutamine (P/S/G,
Gibco, Canada)®} 10% bovine calf serum (BCS, Gibco,
Canada)”} 33$FE Dulbecco’s modified Eagles medium
(DMEM, Gibco, Canada)& ARSI 37°C, 5% CO%
Zstel mfgstict

HE S4 53

AN|3E =42 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxyme-
thoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS, Promega,
WI, USA) assay= AR&3lo] 24319t 3T3-L1 Al2S
96 well plateo] 1x10° cel/mLZ H-325}0] 2447} ujoFst
T 2255 25,50, 100 2 200 pg/mL =2 3}
t} 24A17F & multi plate reader (Synergy HI, Biotek, VT,
USA)E o]-&ste] 490 nmoll A FFE=E SAsHI:

IT3-LIME 23t R
AHpA|E B3e Kim 5 [22]9] HWHe ARR-ShoIch
1x10° cells/mLS 12 well-plateo] AE WE=7} 100%7} 2

wj7}4] 37°C, 5% CO,2] 2ol A mjgstaiet. A A2z
B35 FE317] 9gt E3g-=H) A= 0.5 mM 3-isobutyl-
I-methylxanthine (IBMX, Sigma-Aldrich, St. Louis, MO,
USA), 1 uM dexamethasone (Sigma-Aldrich, St. Louis, MO,
USA), 10 pg/mL insulin (Gibco, Canada), 1X P/S/G, 10%
fetal bovine serum (FBS, Gibco, Canada)©| 3%+ DMEM
HiZ|E ARG AA|E R 23S =5h7] S8 &
SHIufA] o 4] 48 A17F HiFEE 5 insulin (10 pg/ml)o] 3
o ESAMIA R wAsHRIch o] 48A17F Ao R
A S wAR & Z3Hre AEE 22 skl (Fig D).
o= ol AGRF AY 9] 23t oA B Eelsh]
A3l Il A] 9 ESHFA A o] F2E= 100 pg/mL
= A AElskY. FEES ASHA] ¥al £t =g
Ae 2oz siglon, Bjus s AEEels oA
3= conjugated linoleic acid (CLA, Sigma-Aldrich, St.
Louis, MO, USA)E A g3}l &3} &= 3t AL A
202 s3It

Oil Red 0 GMZ Eft XUNZ Ests £H
AHbA|E B3ls 242 Kim 5 [23]9 92 435}

=1 m

o] ARgstiTh AlzzujeruiA|E A skal DPBS (Gibceo,
Canada)= 23] A3t & 10% formaldehyde (Sigma-
Aldrich, St. Louis, MO, USA)E X 2]3}o] 105 9 A2
oflA A5 117Gkt o]F dH0% 23] AJAstaL 60%
isopropanol& o] 5827t Ah2of =it} 60% isopropanol
< AA3}aL Oil Red O solution (Sigma, St. Louis, MO,
USA)o &2 M3t & 9JAkx} &u|7 (Observer Al, Zeiss,
Oberkochen, Germany)& ©]-835}0] Z|WIA|Z E31E 3He]
Tt E5F A2 93 isopropanol (Sigma, St. Louis,
MO, USA)& 7}5te] JME AJekS 82 A7, multi plate
reader (Synergy H1, Biotek, VT, USA)E ©]&3}o] 520
nmoj| A FFEE S5

Day -4 Day 0 Day 2 Day 8
| | | |
| T | T | T |
Media Media Media
(10% BCS, (10% FBS, 1X P/SIG) (10% FBS, 1X P/SIG)
1X P/SIG) + MDI (IBMX, + Insulin
Dexamethasone, + Samples (100 pg/mL)
Insulin)

+ Samples (100 pg/mL)

Fig. 1. Schematic presentation of adipocyte differentiation process. The media changed every two days unfil cell differentiation. The
number of days was indicated based on the induction of differentiation. BCS, bovine calf serum; P/S/G, penicillin-streptomycin-glutamine;
FBS, fetal bovine serum; IBMX, 3-isobutyl-1-methyixanthine; samples, 100 pg/mL of AY (-E,-W) and AG (-E,-W) extracts
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e 33 ukE AA5lY.on, HiF (mean)+ &
ZHa} (standard deviation, SD)2 3#7]3}%t}. One-way
analysis of variance (ANOVA)E AA|5}31L, Tukey
Multiple Comparison test (GraphLad Prism ver. 5.02)Z A}
TAZS AABHALE A B2 Statistical Package
for the Social Sciences (SPSS, ver. 22.0 for Window)2]

Pierson’s correlation coefficient® 7322 AA|5}9ch

\

Z2 1

AGS} AYS| & HET & BaRLOS B U 48
AGS}AYS] % st 3 Beprieo|=el g g
2 Table 13} 2t} £ #H&E IFE galic acids 7|F=4
2, ¥ et eo|E gk (+)-cateching 7|EEHRE =
A5ttt Folin-DenisfH o2 EASH & ¥ g

AG-Eo] 4542 GAE mg/g & 7} =9ton] AY-E (34.12
GAE mg/g) > AG-W (33.98 GAE mg/g) > AY-W (32.66
GAE mglg) 422 UeRdt}. % Zabwicol= g wat
AG-E7} 4031 CAT mg/ge® 7P =9ter AG-W
(33.95 CAT mg/g)>AY-E (26.14 CAT mg/g) > AY-W

Table 1. Total phenol and flavonoid compound contents and yields
of AG and AY with different solvents

samnples” PC? ) TFC? ) Yields
(GAEMQ/Q) (CATMg/g) (%)

ae  E 45.42 +0.78 40.31 =091 15.1
W 33.98 +1.14 33.95 = 0.61 20.4

-E 3412 +1.99 26.14 +0.35 21.1

a W 32,66 +0.53 21.14+0.13 14.4

1) AG, Aster glehnii; AY, Aster yomena; -E, 70% ethanol extract;
-W, water extract

2) Total phenolic contents

3) Gallic acid equivalent

4) Total flavonoid contents

5) Catechin equivalent

All values are expressed as mean = standard deviation (SD), n = 3.

Table 2. Antioxidant activities (ABTS* and DPPH) of AG and AY with
different solvents

samples” DPPH ABTS*
(ICs0, pg/ml) (ICs0, pg/ml)
G E 104.9 =10.5 30.1 0.3
W 179.3 = 6.4 35.6 +0.7
Ay E 135175 39.8+1.0
W 178.8 + 6.0 49.0+1.6
Ascorbic acid? 4.36 +0.32 591 +0.11

1) AG, Aster glehnii; AY, Aster yomena; -E, 70% ethanol extract;
-W, water extract

2) Ascorbic acid was used for positive confrol. All values are
expressed as means = standard deviation (SD), n = 3.

(21.14 CAT mg/g) 202 UElth AGS} AYS] 482
AY-E (21.1%)> AG-W (20.4%) > AG-E (15.1%) > AY-W
(144%) $0= Uepgeh, 3580 weh & vl Sot
Hi-o|& gko] Zpol= QUA|TE AG7} AY e Hlste] =A|
et

AGet AYQ| gHitst &y

3}A13} B2 DPPH free radical 274%3F ABTS' &4
52 53l =435}t DPPH free radical A~7 50| 4] ICso
7k AG-E, AY-E (135.1 pg/mL)>AY-W (178.8 pg/mL)
>AG-W (179.3 pg/mL) &2 2 Uelton, ABTS &7
Lol Al ICso4rS AG-E, AG-W (35.6 pug/mL) > AY-E (39.8
pg/mL) > AY-W (49.03 pg/mL) <=0 2 vFepytch (Table 2).
DPPH free radical 2753} ABTS™ &7 %04 AG-E<)
ICso%ko] 104.9 pg/mL €} 30.1 pg/mLE 7P e =ra
et T

AGRt AYQ| MZE =4

3T3-LIAES A AGSE AY Q] Al S48 24317 9]
8, mEZEE ol Hapd aao] BYS Sst] A2l
ME B4 BAo] dutA oz ALLE= MTS assayS A
AlSFATt [24]. &8-S 25, 50, 100 12|31 200 pg/mL &

BAG-E
OAG-W

0 T T T T —

Control 25 50 100 200 (ug/mL)

A) 120 -
100 A
80

(%)

[e2]
o
1

Cell viability

(B) 120 1

BAY-E
OAY-W
0 -

20
T T T T —

Control 25 50 100 200 (ug/mL)

Cell viability
(%)

Fig. 2. Cell viability of 373-L1 preadipocytes. 313-L1 cells were
treated with AG and AY (-E, -W) at various concentrations (25 ~ 200
pg/mL) for 24 hr. Cell viability was measured by the MTS assay.
Results are means = SD of three independent experiments.
Significance was defermined using ANOVA; ~p < 0.01 vs. control
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w2 Az A2jelgch. AY-E (100 pgiml) A2l
N AlmEAJo] e LrEA] 3EAITE 200 pg/mLe)
RO A 90.57%2 §oldo] LRt (Fig. 2). mhakA
A Wl o7 Aol MEAZE] JFe 74 =
100 pg/mLE A1$-8}3ich

Oil red OE 0|2
k=2
Fig. 13} Zo] 3T3-L1 Ax|HA|=Z

ot AGRH AYQ| FE= X|Y 23} AR

of Zshujx|el 7

AGeFAY (100 pg/mL)S A =fste] 8 <t :
AGe} AY Q] Ay &3} oA ans &elsky] fis) Oil
red O FAE stof Hv|HL Sl ¥l
A= Fig. 3A9F 3Bo YERH QI £okd of
Bale)z] oke o] v]a] GAE x|Hre] ofo] W

o
S o

411?

3L, 71 9F Tk BolE|R] ok o) R (14.51%)0] B3] &£
she dgizae] oo r Fr5kich E3lkE EH}_:,Loﬂ
1oH RE oo QMg 2ure] oFo] 7hAastath
A An) TS Tl & 5 ATk G FHE

Q) + Differentiating media (MDI)
Control Control
+ Differentiating media (MDI)
120 - |
§ 1004
2 80
Es
3 60 -
Q
[0}
T 40 -
=3
- 20
0
CLA
AG (50 pM)
®) + Differentiating media (MDI)
Control Control AY-E AY-W CLA 50 uM

+ Differentiating media (MDI)

Lipid accumulation
(%)

80 A
60 A
40 A
20 A
0

CLA

50 uM
AY (50 pM)

Fig. 3. Microscopy of lipid droplets and quantification of lipid accumulation based on Oil Red O staining for measured as described in
material and methods. (A) The effect of AG (-E, -W) on adipogenesis in 3T3-L1 adipocytes. (B) The effect of AY (-E, -W) on adipogenesis
in 3T3-L1 adipocytes. All extracts concentration was 100 pg/mL. CLA (conjugated linoleic acid, 50 uM) was used for positive control. All
values are expressed as mean =+ SD of data from 3 dependent experiments with 3 replicates. Significance was determined using ANOVA;

#H#H#

p < 0.001 vs. non-freated control, “p < 0.05, ~p < 0.01,

“p <0.001 vs. MDI treated control
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OFA T 272l CLA (85.66%)E.CF AG-W= OFAJ T 23
o} o AL Z2AE (70.49%)S VERN LA, AY-E
(83.46%), AY-W (86.24%), AG-E (86.88%)= oFAduj| =
3} w539t (Fig. 3A).
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A ARB]ef A AR19] BIRERIFZE HE 10 St 1
5| S7tElo] AEAAIFoR 1 Hl8E F5shal Ut
[2 3]. BREO. R Qlef ftEl= T, S, HEA A
2t 59 AR E EA7F "o 2ol A7) B
qro] F7FE|aL Qlo] ARSI A o' IS 7HA|AL Qi o] &
Qlsto] HTkE ZASH] f18 Al&AAATE Y=
oFE9] Aol AA SE AL glovt oFE9 P A
7F A71=E AL Slo] AAES Ol% —0] M= QL
FAolet [5]. & =wollA= o] 555 o
AAE 2490 &FA0let 4] £ o]&3d}o]
9 5aaks A5k

Hs ¥ St eolE IRHE % 2]}
Joll F83F A sho] R A = % e

2 R gEs —E'Jrilv:o]‘:ﬂ o grhs 2
UTh [25,26]. ¥, "=} Ea}i},;olcﬂ- RS A
&, "7 s 5 A%t 1L glon free
radical & A7 8k= 2Q AR 2435t XS A=
HaxojA it} [27]. FASHAl= AbA f-2) free radical
of oaff dojiti= o7 7HA| &4+ Bl A radicalS ¢
A7l sgol 27 ulitell A &4l gt BE avprt
=t} [28]. DPPH 2tH]E 4A59] 49 Ao dE &
715k vk, ABTS & oFol 2t 4L A|7|sh= Ajo|&
7HA| AL 5= 718 vhgE ko] A% vt debA e
AA 589 2po|5 HQlt) o]x ™, DPPH free radical 4~
A%} ABTS' £
stEE ICsogko]l A= o224 yehd 4

< o
i

gt

I [‘ll‘ FIF
J-B: >~
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Table 3. Correlation between factors aoffecting of TPC, TFC and
antioxidant effects

Factors” “CSP\E’;UG] [ICg,oAB\./Tque) TPC TFC
DPPH 1.000 0.648" -0.492 -0.633"
(ICs0 value)
ABTS 1.000 -0.845™ -0.733"
[|C50 volue)
PC 1.000 0.299
TFC 1.000

1) Factors: TPC, total phenol contents; TFC, fotal flavonoid contents.
Significance was determined using SPSS
"p <005 “p<001

DPPH free radical 271%2] ICso%to] ABTS' /\7-]“.4 FAy
u} =rte BIE 9itt [29,30]. AGSH AYE £ Hj=3}
Hio|E ks =A5la gHAeE AL FHold)

2 23, AG7} F #HEd SetElieo|E ghgol 45429
4031 +091 pg/mgz 7 =74 Utk & dls 9 &
gfH ool 2 9] gffo] &% MtetaAdo] wrh= Hal
7h =a Qle [31], 8 AFAHE ol&sto] AGF AY
oA F wls W EefRicol= JHEF NS 2/ 9] A
PAE dotr] 98l dahEAEs HAISHIEE (Table 3).
DPPHO} ABTS':= ICso#h o2 AFRIAS F-A45H3ch
DPPH: ABTS® (0.648), TFC (-0.633), ABTS':= TPC
(-0.845), TFC (-0.733)¢} -2 <1 AJHiAE Hck o
ghA] 2 AT AE AGRF AY Y] 2t 2559 F ||
5 9 Sohi ool =9 Jheke Akl ST A= Akt

Ak ZASTE ol % v 9 Behrico| = gt
aslde] AAE F5A71E AnE 9L 4 9
otet
M .

3T3-L1 A|it= AAA| 22 £347F doper 749 Blqt
of il 4= glo] A4 AAIT} ]k Tl B4 Aol
ol ARgEo] gt} [32]. HAHAELE AGA 2R £t
Al717] $J3l41+= insulin, dexamethasone ¥ IBMX&} 22
A A AAZE asiet [32]. AR A AAE AR
Azl A2 49 Y, gaien 4ud 4a
8 AYAER| Bob7} Qoldrt B1]. AYAE Bt
AER AL EL] 2AE 2T (lipid diplot) S Oil
red O2 HF2Mo02 HJMsle] HojErta d&A ot
[21,33]. AXHA|Z7} XA ZR o] BEalalA o PAE =
At A=A Sl s ARAER Gt
oA AGRF AYS Xiﬂlﬂ A3}, T 2ol Blsto] |
”o“’“ﬂﬂ 511_ Ae GRlskth 53], AG-We AW+
|31 Qlekal BaieE CLAR T =2 ARt
AR &S Bt o= AFHTA B Aol dExl AG
£ olgeto] HelE A4 BT 714 A U ojorEe)

o o 1
7Fs/dE AAE & 3k

o Oof
L

B oAM= AHLEAo| (Aster glehni)Q} £HAY 0]
(dster yomena)2] 43}t 53t 9 guut FIE HA5}H7]

st &= (W) Oﬂ‘%%(E)ZZD; ol gste] AFS Al
5] siQith 7 FEES F s H F EUhEkolEE &

2 BA5lal DPPHS} ABTS & o]&3}o] aitsl g4
= Hla FAHAT: ok F vls % Eﬂmi ]5
e aret 2o A= 24
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o] 70% A 22| Z17} 4542 mg/gel 40.32 mg/g O
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