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Antioxidant Activity and Inhibitory Effect of Aster scaber Thunb.
Extract on Adipocyte Differentiation in 3T3-L1 Cells
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Abstract Clinical and preclinical trials of involving drugs with anti-obesity effects have focused on screening for herbal
medicines suspected to have anti-obesity activities. In this study, an extract of Aster scaver Thunb., which was prepared
in 80% methanol (ASE), was assessed for its total phenol content, total flavonoid content, antioxidant activity ability to
scavenge the a-o-diphenyl-B-picrylhydrazyl, 2,2'-azino-bis-[3-ethylbenzthiazoline]-6-sulfonic acid radical, and anti-adipogenic
effects. The anti-adipogenic effect of ASE on the differentiation of 3T3-L1 pre-adipocytes to adipocytes was investigated
by assaying the suppression of adipocyte differentiation and lipid accumulation by using western blot analysis and the Oil

Red-O assay, respectively. The staining results showed that ASE significantly inhibited 3T3-L1.

Western blot analysis

results showed that ASE decreased the levels of peroxisome proliferator-activated receptor-y, CCAAT/enhancer-binding
protein o, and sterol regulatory element-binding protein lc. These results demonstrate that ASE directly inhibits the
differentiation of preadipocytes, and might be an important adjunct in the therapeutic efforts to reduce adipogenesis.

Keywords: anti-adipogenic activity, 3T3-L1, antioxidant activity, Aster scaver Thunb.
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erator activated receptor y (PPARy)$} CCAAT-enhancer-binding
protein o (C/EBPo)7} SUTHS,9). ol&L E3}F7]0 a0
adipose-specific 32} HHS A3} FgozA Eis 3 A
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gk insulin 7730l T8 TS Frh(10). w3kE AEE wAl
A EZANA R tiglyceride®] 4 T 22 FHH &
A3} B8] PPARy, fatty acid synthase (FAS), lipoprotein lipase
(LPL), sterol response element binding protein (SREBP) % adi-
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Aol AHE FFH e BF7HIA Aplste] AxAX]
o] A& Algutol ARSI WA Al FAY 10813 (wiv)
©] 80% methanol= 2447t &<t GA| wiFete] F 33 FZ3)
Ao}, F=98L 3K (Whatman No. 3, Maidstone, England)E A}
43le] 28] AFSIAL AF5NS rotary vacuum evaporator (UNI
TRAP UT-1000, Eyela, Tokyo, Japan)& 55°CE ¥=alo] Ag-a}
sH4ste] ARE-sHTt
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O

EdlHs ¥ & E2EL0lE &
% Z2E g2 Folin-Denis (1602 58319 =43}
NE FE2E Imgd 755 1mLol o)z, 108] 34
Al 2mLell 28 34 Folin Al°F 2mLS H7lskar 327+ W
13+ § 10% Na,CO, 2mLE& ¥ 1AZF WA & UV/
Visible spectrophotometer (UVIKON 922, Kontron Instrument,
Ziirich, Switzerland)E AME-3F¢] 700 nmollA] SHLEE E79 35
tannic acid® ©]8-3le IS XFZFHOZRE F=FS TNt
% ZgfRxol= RS Moren 5(17)2] W s &3}
Ack. 2+ AR FEE 0.1 mLe} 80% ethanol 0.9 mLE &g &
3= 0.5mLel 10% aluminium nitrate®} 1M potassium acetate
0.1 mL —Z2]3L 80% ethanol 43 mL& 7F3te] 2ol 408 WX
g F 415mmollM FEEE SIS 4 FEEY FHEE
¥FEHZ AE3 quercetin (Sigma Chemical Co., St. Louis,
Mo, USA) &3t vlasie] & Zefuieo|=e] ohke ool

2

=
3

Z

ot

N

oo

N

aus BN 53
Ferric reducing/antioxidant power (FRAP) assay+= Benizie<}
Strain ®H(18)2 96 well plated] WAl 7435t AAEISI L) Wk

48 h

| confluence |

48 h
media change

3 (Aster scaber Thunb.) FE&82] &1l & 319} 3T3-L1 AW T4 Zof| A 2] A3} oA @)l o gk A
A

357

ol 300mM acetate buffer (pH 3.6)2F 10mM 2.4,6-tripyridyl-s-
triazine (TPTZ)Z} 20 mM FeCL6H,05 10:1:19] H| &= A3 27
o RhEo] Ag-EiT). W AllF A8 E sl 457 WA
% 593nmellA FHEE g3k A5 $UE-2 0.10, 025,
0.50, 0.75, 1.00mM FeSO,- 7H,0 (Sigma Chemical Co)= =7
A& Adste] FEE 1 pug?d Fe™ umole= FA|SFAT
o~o-Diphenyl-B-picrylhydrazyl (DPPH, Sigma Chemical Co.)
radicalol] thgh Zt Al59] SUES S35 flall 99% kel
7t ARE Fo FEHE SA4g 849 800 pLet HEE] =
21 0.15mM DPPH 200 pL& 713fe] A2l 302 Wxst & 517

el FFEE 2AIITH19). om AR EE $I8le] ascorbic

acidE ARE-SISIT) B8 7mM 2,2'-azino-bis-(3-ethylbemzthiazoline
-6-sulfonic acid) (ABTS, Sigma Chemical Co.)2} 245mM potassium
persulfateS HF TEE St A2l haollA 2447k Ft
WA st ABTS™ JAAIX & 734nmeolx] 4% #hel 0.70+
0.02¢] =A| phosphate buffer saline (PBS, pH 4)Z 3|45}

3lagl & 180 uLoll sample 20 L= 7}5te] B3] 17 H<k

WA 7 FHES ST 2 AR F2E f2 GUz
A7 BHe NRE WleA e dxre FHEE 1nZ B

A7Ied 2ad A5 FEY RCH#HOE YERASIT

3T3-L1 XU™FM = i A 25 f= H MEX2
Aol ARE-E 3T3-L1 Al¥E American Type Culture Collection
(ATCC, Manassas, VA, USA)lA H<oF wol A8l njek o
3} wjA= Dulbecco’s modified Eagle’s medium high glucose
(DMEM)®ll 10% calf serum®} antibioticsE 3 7}sle] 5% CO,,
37°C lFpolE oA widsle] M3E7) confluent “3EN7F I trypsin/
EDTAE Azlate] AlEE Aiielste] AEE RobX 3x10° cells/
welle] D=2 6 welloll ¥5-3 $ 100% confluency *JE]olA] 484]
70 %2 & DMEMO] 10% FBSS} 23 mg/mL IBMX (Sigma
Chemical Co.), 5mg/mL insulin (Sigma Chemical Co.), 1mM
dexamethasone (Sigma Chemical Co.) ©] 7} HIX|((MDDE ]2
sto] ®3F2 48212 S}t fr=st 1 - 29 Wik 10% FBS
DMEM H|x]¢] 5 mg/mLe] insulin] H7FE ¥iX]E wA| 5=t
Age] Hele S v 27 ARRE o] AEsiirhFig. 1).
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Fig. 1. Flowchart of 3T3-L1 differentiation protocol using differentiation medium. Cell differentiation was induced by changing the
medium to DMEM containing 10% FBS, 23 mg/mL isobutylmethylxanthine (IBMX), 5 mg/mL insulin, | mM dexamethasone.
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3 10% formaldehyde 802 MEXE IHAZAT. THA] PBSE
AA F, Oil red O &5 H7Fste] 3027 A2olM Asa,
Oil red O &4& AAT & FHFE AFHst] A2 v
AR AL ol&ste] Bt I, FRE S 9
3] 100% isopropyl alcohol® GAME WS 8F A7 spectro-
photometer (Spectra MAX M2, Molecular Device, Sunnyvale,

California, USA)Z ©]-&3t 510 nmolA &3 =2 =450k
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Western bloti

4 FE25 2 BYE] AYPNE B3 3= 2
ARl PPAR-y, C/EBP-o. Tl ol w|x= e 2] 9
3] Western blotS AAIBIATE WA MEXE)7F d5H AExE
2-33] PBSE AlA& & 1mLe] lysis buffers FH7F 308%-1A1%F
S &AL F 13,000 rpmell A 1087 4] Eejste] A2}
AE 58 AASAT @M F FZ= bovine serum albumin
(BSA)E %33} 3 Bio-Rad protein assay kitgs AME-3te] A #Fs}
Atk 4°ColA 13,000 pmoE 1087+ 94 223 J5de o
a9 S 3 10% running gel#} 4.5% stacking gel2 ©]&-3}
o] 125VollA SDS-polyacrylamide gel 7 7]%5(SE260, Amer-
sham Biosciences, Uppsala, Sweden)S A3t}

71952 E2jek AL immobilon-P transfer membrane
(PVDF transfer membrane, Port Washington, NY, USA)3} trans-
fer buffer (20% methanol, 25 mM Tris-HCI, 192 mM glycine)S
ARE8E] 350 mASA] 12087 transferrl ATE ©@ldo] o] 5H
membrane fast green solution (Sigma Chemical Co.)2.Z trans-
fere] %5 A3 F 5% non-fat skim milk solution 2
blockingdFitt. 4°CellA] dab Ae] 28 AEE HESL] 915t
o TST &Ho] 1:10000.2 3]A45le] 24X]7F Wh-gA1Z] & TSTE
33 Al AEste] 22k FAE 247 WEEAITIAL HA
TSTZ 33] AlFstdrt. SF52 A& 3t membranee] ECL
detection kit (WSE-7120S, ATTO Co. Tokyo, Japan)2] 2HaA]of
I IE LIZE 42 $o EFAg =X}, Xray film (CP-G
Plus, Agfa Healthcare Ltd, New Orleans, LA, USA)o| =3}
8 # film’de] band FEE #E3IS T

Real-time PCRH

Total RNAE ®l¥st 3T3-L1 AWHAFMEE TRI reagent
(Molecular Research Center, Cincinnati, OH, USA)E A}-&-3}4
Esiitt. = wigE Al EZoM wiAE A 78k PBS 10 mLE
T ¥ AFHS £ TRI reagents A2 3IATE ©]AS 1.5mL tube
o 1mL® ©3L 1-bromo-3-chloropropanes 200 uL 3718t 30
Z7F vortex 3l QGAIEE] (3,000 rpm, 15%, 4°C)3lL, 45
3l MEE wbedll &ZHTH o719 FF<] isopropanols H7}a}
o 20°CellA 2417 o RSk WA 421 (13,000 rpm, 15
I, 40 F F5AE AAsA. FdEel 75% ethanolS 3
7¥ste] A A & diethyl pyrocarbonate (DEPC) A2|¥ FHIE
A7¥et 65°C 2004 1087 WHAIA AAES =4 £
¥ RNAE UV/visible spectrophotometer (Biospec-1601, Shimadzu

Biotech, Kyoto, Japan)& ©]-&3te] sttt £2]¥ total RNA
2ug, RNA PCR kit& &9ate] 42°CollA 9027t WHAIZ 5
70°ColA] 10:27F 718t S-S FAA AT

Total RNAE GZHAF AlA A4 cDNAE C/EBP (TTGAAG-
CACAATCGATCCATCC/GCACACTGCCATTGCACAAG), FAS
(AGCACTGCCTTCGGTTCAGTC/AAGAGCTGTGGAGG
CCACTTG)2] primer (Bioneer Co., Daejeon, Korea)=2 ©]-83}
Real-time PCR (Takara, Ohtsu, Japan)P'HO 2 ZFZ3} ) Real-
time PCR®] W32 25U Taq polymerase, 2mM MgCl,
02mM dNTPE 718ted Z4zhe] primerell B ZAS0E 44|
&131th. Real-time PCRE Z71WA4 95°C 30%, WAJS 95°C 5%
, annealingS 60°C 15%, 21782 72°C 10%2F 3}4 40 cycle
S AP} Gl AL 55°CE A FElY 95°CE FUHoR
0.5°CH 5171 80 wkEsle] Ushe ¥ 3he HESINT

SAHXzZ|

A& Azl= SPSS™ (ver. 12.0, SPSS Inc,, Chicago, IL, USA) %
AZZIHE o3l 7 APFe] HH+ATUAR FA A
3, G REAREA 0 2 B wsld @™ Duncan’s multiple range
testol] J3) 7} AF- ol {Fo/9E p<0.05 oA AAsIAT

2 nE
a3 £&80 & BANE ¥ & SaEwOS HY

F FEE9
A0 da] BEEEo] e 23 AR HEA 3%
& E2} W phenolic hydroxyl”]7} §4 ©dz} 7+e A &
3 Agstd YA Jlss vYeiie s duA ok
(20). @Atst S A-Eo] A W] A2 free radical W]
AR zA ] wsht AWl 9 vAH, Tt Asd EFE
& 01838 free radical 27%0] 53T RIE T TH2I).
FH FEEY FEvE ) SghEeos e 77t
57.0742.17, 54.62+224 ug/mg® & YEFFTHTable 1). ©]& Yoo
52)9] ATolA =kt A8 FE, SN0F, nFEEAel,
ZAF, E5H9S, FEFe] FEHE T EgREos
SRt o w2 4945 Ueilth ZEds siekeoly Sk
olEFE oY 7R Ee BEH lon HAgatsiA =
A gl 7Fsd & Qthe AFEl BAHI o] ] F&
o] HAPISAZA 73 28-S vehd A= AztE
FESH Jeon 5(23)9] Aol wiEW A= XA AlE 70%
H FEEY & s sitECY SRl S3HEY
shefo] ZHzt 99.642.1, 38.943.9 ug/mg= LFERSITH 2HEo] A3
Zae] tigk AFEE A wE BT FHE SEA}
o] gragol AuiAI(24) % =5 w7t 9
| B v} Aok =3 Woo 5(26)2] Aol WEH 59| 3
Aksl Aol AR Apolrt e AR Busigich & 4
of o]&3 FHE AYEE 2B ST AHlE AEE %
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Table 1. Contents of total polyphenols and flavonoids in methanol extracts from Aster scaber Thunb.

Sample Part used

Total polyphenols” (ug/mg) Total flavonoids® (ug/mg)

Aster scaver Thunb. Leaf

57.07£2.17 54.62+2.24

YMicrograms of total polyphenol content/mg of plants based on tannic acid as standard.
Micrograms of total flavonoid content/mg of plants based on quercetin as standard.
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Table 2. Antioxidant activity of methanol extracts from Aster
scaber Thunb. on ferric reducing/antioxidant power (FRAP)
activity

Part used
Leaf

uM - Fe*'/mg
57.07+2.17"

Sample

Aster scaver Thunb.

FRAP value is expressed as Fe** uM concentration, obtained from
FeSO4 solution having an antioxidant capacity equivalent to that of
the dilution of the Aster scaber Thunb.

YValues are means of triplicate determinations+SD.

AGAZ] 23} AAlTolE FFE vE Ao AE, 59
FehReolE o] 2 27 FF| E3t dAlsel ¥ w2
Zog A7) Kim $(27)2 Bie] m2n Zeliiol=g
FHRoZ TG oo JaAPZ AEnA &, 19 24
AAE Ax, 19 AS 71 22 5 AT SV 3-E v
molaol] e HEAe 32 JehQur sk uet
A FF FF 0 ER0lE AR RS el ¥Rt oA 25
g 7HE FHe dEsE A% NxAEE 28] 7FeE A

o2 HT}

520 g3 B

FRAPRI 2ksh 8 ghel wkgol el3k 7| 5 3713e)
vz 899 0 2ske 34 34 593 nmolA —’;‘—46}04
BRee A HEolth1s). BlE SlAlFe, Cu, Co, N
Snye 415 Belo] gold Fol} olge] FEUL AP
FAoA Sz 2L T 4 Qu) YF AEo) TeEo] Y= Fet

U Cu** 52 hydroxyl radical (-OH)3} superoxide radical (O*)
5o e FXst] AFe AALEE 7R3 AR ol e
FEol 1At thE chelatmg o] =S5 A vhgel
ZiE-8-S A & JoH, free radical®] S JATS

A 2ol A o] A Hts] AR Eafof tist A 359
2H AZsE A F e FES F8se AR o]
Hoh28). HAUES] chelating 84S 43 A3} 520 uM - Fe?/
mg 22 UERTHTable 2). ©]+= Yoo 5(22)8] A-TollA =3k
282 FE, I, vl=EEAol, ZHA1A, %%— 194,
F9] chelating S KT} thd w2 A YERITE dubd e
Fe* chelating €4 3= dled 243 Ja3A7 2o

w FFo|2S A7ske 223 Ao AA 24 19 787
zto] polellA HFEHETRE AT (28)¢) Hlsgt A4S VeI

A 79| free radical &7 A =H stable radical®l DPPHZ
2AERs el ER 84S 2Hsl= 40T DPPHE Ao A
A wH= v QFY3L free radicalZA] EFSHA|, WIS ol
ol o3l gh=o] Mol GAllE= Zg OIJQLO}OE‘ Pkt &
AAE=E] ©]8FH L AUTH?29).
%2 59| DPPH radical 2A%< Table 39 YERIA Y,
DPPH radical® 50% Aa|shs A8 ¥E2 RCWHOZ #7)
AT #HF FEELS 10 pgml =004 21.14£0.75%, 25 pg/

FEOA 67.16£4.66%, 50 pg/mL F=oNA 93.30+£3.2%E &

T o]&# o2 DPPH radicals &AM RC, #2224+
0.40 pg/mLE VEFTE °]& Jeon $(23)8 FH FE&3 &)
B =9 itsl €4 E_:_Oﬂf\i RCSO%,\LO] 250 pg/mLE et
23} B ste] o]
Al =] el w}a} —t— 2 gy = }_7401] uje} 23
o] gitst Foll xfol7t vehbe Ao AjZtE T

ABTS™ 2AZAE 2-Azino-bis?] A& W ol & E‘rﬁ]iéﬂ k4
Aol AN FikstE e HAbelazl st Al ZEEZQ
Trolox] 33} Hlasle] JAiksless &43= o‘?i—i FEE
kst o3 ABTS™o] &A= FEMOZ G free
radical®] A7 AEE F3% 7oz Jehlo] ABTSh-9] 27%
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Table 3. Scavenging effects of BHA, methanol extracts from Aster scaber Thunb. on o,o-diphenyl-f-picrylhydrazyl radical (DPPH)

Sample Part used Concentration (pg/mL) Scavenging effect (%) RC,," (ng/mL)
10 21.14+0.93%
Astercaber Thunb. Leaf 25 67.16+0.64° 22.29+0.11
50 93.30+0.10*
1 19.84+1.37¢
BHAY 2.5 45.59+0.78"° 3.06+0.06
5 75.18+£0.72%

YConcentration required for 50% reduction of DPPH at 30 min after starting the reaction.

?Values are means of triplicate determinations+SD.
t-Butylatedhydroxyanisole(BHA) were used as positive references.

Table 4. Scavenging effects of Trolox, methanol extracts from Aster scaber Thunb. on 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic

acid) radical (ABTS")

Sample Part used Concentration (pg/mL) Scavenging effect (%) RC,," (ng/mL)

10 11.39+2.10?
Astercaber Thunb. Leaf 50 52.5242.16° 53.19+1.61

100 86.47+2.32°
15 37.03+0.46°¢

Trolox” 30 77.45£0.66" 21.52+0.22
60 93.74+0.07*

YConcentration required for 50% reduction of ABTS" at 30 min after starting the reaction.

DValues are means of triplicate determinations+SD.
ITrolox were used as positive references.
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Fig. 2. Inhibitory effect of RC extract on the lipid accumulation in 3T3-L1 preadipocyte. Differentiating 3T3-L1 cells were treated every 2
days with extract and its fractions from Aster scaber Thunb. (10, 50, 100 pg/mL) for 9 days in adipocyte-induction media. Intracellular lipids
were stained with Oil-Red-O. To determine the accumulation of lipid content, Oil-Red-O dye was dissolved in isopropanol and optical density
detected at 510 nm. Results were presented as means+SD in triplicate. *p<0.05, **p<0.01 vs control. *0: differentiated control. *MDI: 5 mg/mL
insulin, 1 mM dexamethasone, 23 mg/mL isobutylmethylxanthine (IBMX).

A3 F2E9 ABTS radical 24%S Table 40 UERNI R,
DPPHS} PF7IAIE RCEOE B7|8Th 33 F2E2 10
pg/mL FEA 11.3942.10%, 50 ug/mL H=0NA 52.52+2.16%,
100 pg/mL FEolA 8647+2.32%E F= 2|2 0% DPPH rad-
ical® A7SI oW RCEES 53.19£1.61 pg/mLE YERSAL o)&
DPPHS} fAkSH A3 Uepllth w3k 3l 22 58, &
AuF, w=ERAel, ZHAH, 51 F, FF 2ot o W2
FE9 RC S YR olgfdt Aas A7t vhe =35kt
A8 FoME 958 Fakst a3E veRlo] IRIER9 7

578 AFL R AMgo] rhsslEEt AZbEny B JE e o¢
3 el G Bwe Z gl & IS FAAI7| 1)
TRRINA Z7ke EAkAe 93t o7 T e owE
F ASe A T S e,

olfe] AMEHE HAEE FAANA A" FHe= A
W ZZ¥E DPPH, ABTS radicals A7 3hs 58| A3 =
2 AL 9 & = AT ol SR o|= FrElA g xjo)
o FAKSE AES UL, FH ] Hold kst gt gE
of BTk M Ealix FFS = F JSA IS Bt}

3T3-L1 X|2MTMIZO| lipid droplet Mol O|xl= &t
3 FE2EY AYAE BGA riX s TS Lolr]
sl 4 AzEA Hrre ArSHATE 3T3-L1 JFA A 22
FH FEES 10, 50, 100 pg/mLe] T=Z X2|gk A3, AxE A
8L 95% oldozE Yeht A FxollMe AESAge] 13
UeRER] ¢k9kthdata not shown). 3 FZE-o] 3T3-L1 AT+
WA o] A P oue JEFS vX=A] dolrr] $Ist
o AALHEE £3} F% % lipid dropletit Eo]F oz HA3}
= Oil red O HAAFS o83t FMTE & 2000] W&ol &

L= Sy B S

7O =2 lipid droplets 23 THFig. 2). Lipid droplet= phos-
pholipid monolayer®ll €13l E2%1 S3AWCZ precursor fibro-
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Fig. 3. Effect of RC extract on CEBPa, PPARy, SREBP-1c protein expression in 3T3-L1 preadipocyte. Differentiating 3T3-L1 cells were
treated every 2 days with extract and its fractions from Aster scaber Thunb. (10, 50, 100 pg/mL) for 9 days in adipocyte-induction media. At day
9, adipocytes protein was isolated and protein expressions of PPARy and C/EBPa were determined by Western blot analysis. Each value
represents the means+SE of three independent experiments and is expressed relative to a control; *p<0.05, **p<0.01. *0: differentiated control.
*MDI: 5 mg/mL insulin, 1 mM dexamethasone, 23 mg/mL isobutyl-methylxanthine (IBMX).
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Fig. 4. Effect of Aster scaber Thunb. on adipogenic transcription
factor gene expression in 3T3-L1 preadipocyte. Differentiating
3T3-L1 cells were treated with every 2 days with Aster scaber
Thunb for 9 days in adipocyte-induction media. At day 9, adipocytes
RNA was isolated and mRNA expressions of C/EBPa were
determined by real-time PCR analysis. Results were presented as
means+SD in triplicate. *p<0.05, **p<0.01 vs control. *0:
differentiated  control. *MDI: S5mg/mL insulin, 1mM
dexamethasone, 23 mg/mL isobutyl-methylxanthine (IBMX).
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Fig. 5. Effect of Aster scaber Thunb. on FAS gene expression in
3T3-L1 preadipocyte. Differentiating 3T3-L1 cells were treated
every 2 days with Aster scaber Thunb for 9 days in adipocyte-
induction media. At day 9, adipocytes RNA was isolated and mRNA
expressions of FAS were determined by real-time PCR analysis.
Results were presented as means+SD in triplicate. *p<0.05,
**p<0.01 vs control. *0: differentiated control. *MDI: 5 mg/mL
insulin, 1 mM dexamethasone, 23 mg/mL isobutyl-methylxanthine
(IBMX).
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