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Cimicifuga heracleifolia Kom. Ethanol Extract Suppresses 3T3-L1
Adipocyte Differentiation via the AMPK Signaling Pathway

Sung-Woo Hwang'f
Assistant Professor, Dept. of Animal Health and Welfare, Semyung University, Jechen 27136, Republic of Korea

ABSTRACT

This study investigated the anti-obesity effects of the ethanol extract of Cimicifuga heracleifolia Kom. (CHEE) and its
molecular mechanisms using 3T3-L1 preadipocytes. The ethanol extract of Cimicifuga heracleifolia Kom. was prepared by
extraction with 70% ethanol. 3T3-L1 preadipocytes were treated with CHEE, and the levels of lipid accumulation, protein
expression of adipogenic transcription factors, and AMP-activated protein kinase (AMPK) phosphorylation were measured. Lipid
accumulationdetermined by Oil Red O staining, western blotting, and real-time PCR. The Chemical components of CHEE were
analyzed by ultra-performance liquid chromatography coupled with a diode array detector (UPLC-DAD). CHEE inhibited lipid
accumulation in 3T3-L1 cells in a dose-dependent manner without showing cytotoxicity up to 200 pg/mL with approximately
45% reduction at 200 pg/mL (p<0.01). CHEE significantly decreased the protein and mRNA expression of peroxisome
proliferator-activated receptor gamma (PPARY), CCAAT/enhancer-binding protein alpha (C/EBPa), CCAAT/enhancer-binding
protein beta (C/EBPB), and CCAAT/enhancer-binding protein delta (C/EBPS). Additionally, CHEE treatment significantly
increased phospho-AMPK levels, and UPLC analysis revealed that CHEE contained 18.25 mg/g of ferulic acid. This study
demonstrated that CHEE suppresses 3T3-L1 preadipocyte differentiation by inhibiting the expression of PPARy and C/EBPa
through AMPK activation. These results suggest that the ethanol extract of Cimicifiga heracleifolia Kom. has potential for
development as a therapeutic agent for obesity and metabolic diseases, mediated through AMPK-related signaling pathways.
The anti-obesity activity of CHEE appears to result from multiple bioactive components working synergistically. Further study
using AMPK inhibitors and component-specific analysis will be needed to elucidate the precise mechanism of action.
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(C/EBPs)7} &&=t 7] @9 & C/EBPBL}F C/EBPS

R

HIRES o 2] A3 7L iR 2HE 23 o S ehe
A AAR AR, A= A7t A SV 2 C/EBPa®} peroxisome proliferator-activated receptory

(PPARY)2] W8S A =350H, o] 52 A HAA 2 x| =%

IA—
™, v oF 280%F o] MYk ¢ Fgko g Apgsta vk I} FHE Ao AAFS 2H 3T (Yeh WC 1995; Ahmad
(WHO 2025). HIRF A28 Bd, 9738ks, 18y 9 B 5 2020). 53] PPARyS} C/EBPa: A|HHA| X E-3}o] &l
SHde AT OFd dirteld B ARSI Bdo]l AzddRteln, o]5o] A& FHsto] A kA x| 7%
S THThompson D & Wolf AM 2001; Rocha VZ & Libby P ZZA3FKRosen ED 5 1999; 2002). ©]#3 HARIAE
2009; McCarthy MI 2010). 2 sto] 2| HFAMEH] & Ax(fatty acid synthase, FAS) 2 Z~H|
AA|E E3Hadipogenesis)= A A X (preadipocytes) F DA T A I c(sterol  regulatory element-binding

7} 73 <A " 3E(mature adipocytes) 2 £-31E] = H-515F 2o
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AMPKE A ZolU=] 37 e] 554 2datz, oA o
AlellA] 414 S F(Carling D 2004). AMPK7}F 2413}
™ acetyl-CoA carboxylase(ACC)E ©14+3}31] acetyl-CoA
oA malonyl-CoA®2] 28-S AA|sta AWt d& 74
AZItHAhmad B 5 2020). < 7] w2 AMPK]
A sl= 5o] AAAE FE3le] 27 A A C/EBPas}
PPARy®| TS AAete] A& A3l ghrh(Pollard AE
2024). Wb AMPK= BIRE o 9l X525 919 et A
8 ZTAo|tHwang JT & 2005; Ceddia RB 2013).

AFef e Zol| A frelgh dAEe] AAA Fu|rt A=
HEshe #E o JvkShaik Mohamed Sayed UF &
2023). Cimicifuga heracleifolia Kom.2 H5-3kefol| A <Ful(F
iy = EeH FgaS, e 2 E SR AHEE] sttt
(De Smet 2002; Jang JY & 2008). 2]E3}eHEA o] =
Cimicifuga & 21804 <k 34871¢] 3} Eo] FlElon
of7]of|= triterpene saponins, phenylpropanoids, chromones %!
flavonoids7} E3FEITHZhang Q 5 2024). o]2]3+ A& A A
T2 395, 954 st 2 A B g9 X o
& ofg] &S YElll 3 3ltiHe K 5 2006; Jang JY 5
2008).

A EA ] EAlshs thet E2
£ HfstH AMPK 4Al5d9 A2E B8l AYAMEEsE
A= Bl thHuang B 5 2011; Kim YH
JS 2015; He L & 2024). o}&] 213 7o)

FE AMPK 21549 A22 2830 2 AAZ B2
AAst g R E9E Yeplle Aoz HuE b
9TthHuang B 5 2011; Kim YH & Lee JS 2015; Zhao J &
2024). HAE el sk dnnt viAYSI gdsie, &
3] # &N (ferulic acid)2 X3S 7= FEEC] AMPK &
A3E fFEste] A H4& dAISTE Aol T EHAL
H(de Melo TS - 2017), °|&3 A sHt=s vt #
S 913 thekek 2414 diskE AlASkaL JATHLI M 2025).
WS A8 Z(Rosa multiflora) 5 TFSH 2&E 2P E°] AMPK
AEE 7ot IHvr @S et A7 A &
A3 YtHKim YH & Lee JS 2015). 23\ Cimicifuga
heracleifolia Kom.2] 3H|9F g3} 2 kA2 F3lo] ot
28 mAY S AL A dtt. 2 A= Cimicifuga
heracleifolia Kom. o8& FZ5(CHEE)°] 3T3-L1 HAWA|
2| APM RS}l X = A EIHE AR, AMPK 4
S 7=t PPARY 3 C/EBPaote] 3528 £42
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1. & A=z

1) M2 L Alef

A& o] = A7 Cimicifuga heracleifolia Kom.& 513]
H(Daegu, Korea)ollAl F43lsic) thE22] A2k Sigma-
Aldrich Co.(St. Louis, MO, USA)ol| A 38321, 3T3-L1
RAAAH EFE ATCC(Rockville, MD, USA)ollA 431
THCL-173). Al32A &l =% Dulbecco’s modified Eagle’s
medium(DMEM), fetal bovine serum(FBS), bovine calf serum
(BCS), #lY431-& LONZA Co.(Basel, Switzerland)ollA
U319 a2, PCRoA E-8-5 = lysis buffer= iNtRON Biotech
Co.(Dagjeon, Korea)ollX 7-151IT}. Western blotol] -85+
polyinylidene fluoride(PVDF) membrane®} chemiluminescence
enhanced chemiluminescence(ECL) detection kits= Amersham
Pharmacia Biotech Co.(Piscataway, NJ, USA)°l|A] G4 3}
31, PCR¥} Western blotol] &85 = antibody®] 73-%- anti-
PPARY(sc-7273)¢} anti-C/EBPu(sc-166258) &A= Santa
Cruz Biotech. Inc.(CA, USA)oA Fdskit} vixjato g
rabbit anti-goat IgGS} rabbit anti-mouse IgGE Enzo Co.
(Farmingdale, NY, USA)ol|A F+43t9 )

2) Cimicifuga heracleifolia Kom. F&=2| M=

Cimicifuga heracleifolia Kom. 100 g& 70% ol|&=2
FE Z242F 80T 100TColA 2417F B2 mantle-reflux
2715 AHERte] FESIRATE ol % ot SujE A% w5
afo] B FEj9] dgtE FEFE(CHEE)I S/HF F2%
(CHDW)S 4tk Zt &= 31 WF 5571(EYELA,
Tyoko, Japan)©ll Xl 60CollA F53tA o™, —70TAA H<
YE 3 2 7127]|(FDU-8608, Operon, Kimpo, Korea)E &
skl A2E JPA . HAFZH OS2 Cimicifuga heracleifolia
FZ5 ES dimethyl sulfoxide(DMSO)el &afste] A

e ol

3) UPLC &4

Ultra-performance liquid chromatography coupled with
diode array detector(UPLC) (ACQUITY UPLC I-Class PLUS,
Waters Corp., Milford, USA) A]~8l-2 vacuum degasser,
quaternary pump, automatic sample injection system S 2 T/d
ek AZntEa 9 #el= ACQUITY UPLC BEH CI8
(2.1 x 50 mm, 1.7 ym, Waters Corp., Milford, USA) Z&-S A}
-3l 35191 2™, photodiode array detectorZ- 320 nmol| A
ARGl 23 o8 %= 35T, FUF 1 Lk ol%

32 0.1% formic acid in distilled water(A)$} acetonitrile(B)E
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ARS8 0.30 mL/min®] frFo= g2jsigion Al -2
Table 19l 738}

4) Mz dEL HA}

3T3-L1 preadipocytes(5 x 10° cells/well)Z 96-well platel]
EokaL 24413t Bk PG slEsith o] CH F5E2 8,
40, 200 pg/mLe] == Hgjatglen, gd7te] B3l f&
717k Bt 2wt Algr) 2 A w2 wA| sk
th A3 FEY(day 8)°l WiAE A As PBSel &€
MTT solution(5 mg/mL stock)= serum-free HJA| ]| 8] 5}o]
HF F=7) 250 pg/mL7F H =5 ZF wellol|l 100 pL2 7}
ST 37T, 5% CO, 7] WolA 4413t F<t vE3A1A
formazan ¥/3< TS F, FSHS 3] AASA A
A H formazan 2% 2 &3]3 Y3 150 uLe] DMSOE #
71l 1053 wRkskAth 2% 3%+ microplate reader
(VersaMax, Molecular Device, Califonia, USA)E Al8-3}<
540 nmol|A] St om, AME AEEE ARE AT A
e izl gk Al (%)= AEsiith

[AEZ AEE%) = AEXETY 345 / e B
E34%) x 100]

5) 3T3-L1 XXM Z 2| siY I &35}
3T3-L1 AW Al¥+= DMEM(@2 mM L-glutamine, 1%
penicillin-streptomycin, 10% FBS)oll w3, 37C, 5%

Table 1. UPLC conditions for the analysis of Cimicifuga
heracleifolia Kom. extract

ACQUITY UPLC ® BEH CI18
(2.1 x 50 mm, 1.7 ym, Waters Corp)

Column

Detection wavelength 320 nm (photodiode array detector)

Column temp () 35C
Flow rate 0.3 mL/min
Injection volume 1 uL

Mobile phase A 0.1% formic acid in distilled water

Mobile phase B Acetonitrile (ACN)

Time Elute A Elute B
0 85 15
Time program 5 75 25
10 60 40
30 45 55

o oA oF BAEREAERS

CO; <+ vl%7|(Thermo 311 Co; incubator, Thermo, Waltham,
USA)llA FAsk T AA| 2 #3515 918l 3T3-L1 A%
MEE 48-well plate == 10 cm dishol] HEsF & 99} 22
Z7o A vikEld ). Confluency =2 2¢ F0Y)E 7=
o2 MEE #3} 89X uM insulin, 0.5 mM 3-isobutyl-
I-methylxanthine(IBMX), 5 yM dexamethasone in DMEM+
10% FBS+1% penicillin)ol| A 247t v fslit. o & ujx]
= insulin®] g+ HIX(DMEM+10% FBS+1% penicillin) &
wASte] 293 o] wjdslAt) 49 £ wiAE DMEM S &

AstRon, 8dx) A|d 4 2 HE AYEE2} Oil Red O

6) Oil Red O 44

A 4 s SHs] 98 B3t drd 8L} Al
¥o] X E AAsIL PBSE 23] AL, AlEE 10%
Formalin& A8-310] g2l 1A17F Bt 1 a9iTh Oil Red
O working solution< 0.5% ORO stock solution(in isopropanol)
o SHRTE 32 HIE ()R EFT F 2083 AFeellA BA
o ARE- 21 0.45 yum syringe filter(Lab co, Gwangju,
Korea)Z oj7}ste] B84 AHES AASG. g€ Al
XE 60% isopropanol 2 13] Al 3t} 22 A A H, &
H]E ORO working solutiong FF-3to] 204 3081t
il A4 F v SolA o g At ARE AAs] 9
a SHTE 33 v AlF e on, A3l F24¥ OROE
100% isopropanol 200 pLE 7}sle] 10&3F E3|A)71 H,
microplate readers AF&-3}] 490 nmolA FF =
Gk AA A ES AR5 AR &2 v (control)
o] FFEES 100%= o] Al gow ALtetith

il
N
o,
_o‘g

[Lipid accumulation (%) = (Al &2l $3= / W2
o] HiE FF%E) x 100]

7) Western Blot &4

CH FZE&°] 3T3-L1 AAE f 72 ol dddof v
A& dEe ZAsh] 98 vt o] Weste blota 43
a5t AE S 2p7HE- PBSE 23] AlHsle] 2] wj=]E A
Agt & chlA Jl=Re] &4 Al Al(protease inhibitor) 2}
o123} A8l Al (phosphatase inhibitor)7} XZ3$HE lysis buffer
(iNtRON Biotech, Seongnam, Korea)S 78It} €2 ¢l
A 30%3E WHEAIA AEZE 98] dEsker H, 4Tl
17,000 rpm o2 1037t YA R st B84 TA-S A9
gk ASdnke ettt @A F== Bio-Rad protein
assay reagent(Bio-Rad, Hercules, CA, USA)E ©]-&-3} Bradford
Mo ety o bovine serum albumin(BSA)S XSS
AR ARSI
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e oA 25 pgoll 5X Laemmli sample buffers &3¢
Skal 95CellA 5E3E 7hdete] ©@ES WA o5
12% sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) gel®ll loadingdle] 79522 A7|HZ £
3l & wet transfer ]2 =3 PVDF membrane 2.2 2A]7F
< Mok H]5olH vk Apdatr] 98l 5% skim
milk7} 3Z3FE TBST(Tris-buffered saline with 0.1% Tween
20) &Hel|x] AF2o| A 2413 F<F blocking #2 AT

o2} g#91 PPARy, C/EBPa, FAS, phospho-AMPK 2
B-actin> TBSTO 1:2,000 H-&= 3]43te] 4TolA aF
(overnight) &<t WHE-AIZATE ©] % TBSTE 1084 33] WHs
AlHste] B Solz o Aot FAS AT 5% skim
milk7} X3 TBSTO 1:5,0002-2 &A% HRP-conjugated
secondary antibody(goat anti-mouse IgG =+ goat anti-rabbit
1gG)E 7Fato] ollA 1413 F<F WH-gAIZITh BhA] TBST=
33] M3t membrane ECL reagent(ELPIS)Z RFS-AIZ] H,
ojn] Al ~El(Fluor Cheme E image analysis system, Cell
biosciences, California, USA)& AF8-3lo] W= 2S5 HE3)
Uk HEFAow 7} ehild o] M RRe i o2}l B-actin
= 7IEow Aarshet 5 AUAQ] A2 EA6l

8) RNA == % Real-Time PCR

CH FZ%&°] 3T3-L1 AWAE W 2 342 mRNA
I FEd A e S A5 A8l Real-time PCR&
Tt WA, 37l d5d MEZHE QlAzol lysis
reagent(QIAZEN Sciences, Maryland, USA)E Al-&-3lo] A%
Abe] A Al whe} total RNAS FZ319th 39 RNAY
%9 FE+ microplate readerE ARE-3le] =331 S
&% total RNAZ power cDNA synthesis kit(iNtRON
Biotechnology, Seoul, Korea)E A}8-3}] first-strand cDNA

Table 2. PCR primers

Cimicifuga heracleifolia Kom. &€& FZ&2| 3|5t 7154 37

ek o7 ARSIl ol F F4dH cDNAE Hl
goz ApIAE F3t F 2 A I T2 QIAQ] PPAR
¥, C/EBPq, FAS, SREBP-lIc f7#te] & @3 141319

Aol AMgE ZF AP Zetelw] 7] E S Table 29
’3A8] AAISFATE Real-time PCR ¥Hg-2 SYBR Green
Power Master Mix(Applied Biosystems, Foster City, CA, USA)
¢} Step One Plus Real-Time PCR System(Applied Biosystems,
Foster City, CA, USA)= ARE-38lo] =3sisith whs- 22
AzAtel 2 Ege tek SRR r, 2 FAAel Johd
9 WHZe WY EE 40712 GAPDHE UZTOR dlo]

Zelgith RE HolHE ARE Aelet

o

N

9) £l 24
2 Ao BE AY F3ke 33 oo SPA w4
=] O

A2 Bl dolxem, SHHE B FFU A mean+S.D.) =
3t gk £/ F-A]& SPSS(Statistical
Package for the Social Sciences, ver. 20.0, IBM, Armonk,
NY, USA) Z2a9¢ Abgstel 53313

T} 2t AT 7] BAA e 8 T OF 2] 3
Tt ko] = Student’s r-testE ol 5ol oM, FAA frelid
& pvalueZ} 0.5 PR p<0.05) T 0.01 H]EH™ p<0.01)! 7
2 JFor BYsel A9 AES Fuaic

dn o oy

3T3-L1 MX[rAM|=0f| CHet CHDWRt CHEES| AlZ

1.
=

MTT assayS 53] CHDWS} CHEES] M EZ =4S H7)sh

Primer sequences

S-TTTCAAGGGTGCCAGTTTC-3" (Forward)

PPARY
5" TTATTCATCAGGGAGGCCAG-3' (Reverse)
— 5-GCCGAGATAAAGCCAAACAA-3' (Forward)
5-CGTAAATGGGGATTTGGTCA-3' (Reverse)
FAS 5" TGGTGGGTTTGGTGAATTGTC-3' (Forward)
5-GCTTGTCCTGCTCTAACTGGAAGT-3' (Reverse)
SREBP 1 5" TGATGTGGAACACAGCAAGG-3' (Forward)
-1C
5-GGCTGTGGTGACTCTTAGTGATAA-3' (Reverse)
5" AACTTTGGCATTGTGGAAGG-3' (Forward)
GAPDH

5-GGATGCAGGGATGATGTTCT-3" (Reverse)
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A3}, 200 pg/mL7HA 2] FEE Fol AR WA L] HE

9] ferulic acid(18.25 mg/g) & 7€} =4 24 AJ E(triterpene
Toll frolgh Al Z=2do] AFEA] Tt web BE pHECA

saponins 5)°] T £& =2 T o] 9lom, olE AHE
AEoA 8~200 pgmLe] F=WHAES ARSI o] AMPK 2413} 53 o] CHEES] 3|3t 53}e] 8 d%F
CHEEZ} NI Z 54 glo] AWAIEZ £3} 94 a2} 9l S AAFITHFig. 2).

1] gHcKFig. 1). wEbA] B A9 o]F A% (western blot, real-time PCR)
< L% CHEEE AMgste] stk

)

o b r

o

2. CHDW2} CHEE®S| 3T3-L1 MX|2HAMzzo| X|& =&

of o|xl= g 3. CHEEQ| &lst ME 24
Oil Red O AL B3l A AF4S 543 27}, CHEE UPLC-DADE A}83}0] CHEES] 88t J2S et 2
A2]= CHDW ARt} &4 ¢ 783 st a3& 3}, ferulic acid®= <F 3.90%9] retention timeol| A EQIEQ S
ElWlth CHEE 200 pg/mL *2] A] A& Z& o] <F 45% 74 ™, 1825 mg/g IHE Aoz —@Q At ferulic acide
3o}, CHDW 200 pg/mL A2] AlellE ]84 €3 Cimicifuga £ 2] &2] F8 v} 3dEolgta 2 & glok
7} AR i) o] oekE FEE(CHEE)O 2 5% A7 A4 243 #HE A3 AFoa AMPK AlsdeE
CH EE CH DW
120 120
NS NS
100+ 1001
x X
g 80 < 804
2 60 2 60
s ]
% 40- % 40-
© 20 © 0
vehlicle MDI Bmlz/ml 40 pg/ml 200 pg/ml Erlcc 0 veh‘ifle MDI Hnlé/ml 40 pg/ml 200 pg/ml EGICG

S0uM 50uM

Fig. 1. Effect of extracts from Cimicifuga heracleifolia Kom. on cell viability in preadipocytes.
NS: Non-significant between groups as determined by Duncan’s multiple range test.

MDI: 3-Isobutyl-1-methylxanthine, dexamethasone, insulin mix (control).

EGCG: Epigallocatechin-3-gallate (positive control).

CHDW: Cimicifuga heracleifolia Kom. distilled water extract.

CHEE: Cimicifuga heracleifolia Kom. ethanol extract.

2

3

4

5

b W i
120+ CHL.DY 120+ CH EE
= 1007 — = 1007 e
S ~ S ~
£ 2 £ 2
=2 80+ =2 80+
£E3 £E3
f) fl
EE 60 EE o0
S s S
T« 401 = . 40
= O = O
A B
- 20 -~ 20-|
—
0 T T 0 T T
vehicle MDI 8pg/mL 40 pg/mL 200 pg/mL  EGCG vehicle MDI 8pg/mL 40 pg/mL 200 pg/mL  EGCG
50uM 50uM

Fig. 2. Effects of Cimicifuga heracleifolia Kom. extracts on lipid accumulation in 3T3-L1 adipocytes.

MDI: 3-Isobutyl-1-methylxanthine, dexamethasone, insulin mix (control)

EGCG: Epigallocatechin-3-gallate (positive control)

CHDW: Cimicifuga heracleifolia Kom. distilled water extracts.

CHEE: Cimicifuga heracleifolia Kom. ethanol extracts.

Statistical differences among groups were determined by Duncan’s multiple range test ( p<0.01, ™ p<0.001 vs control).
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= A3 @Aststa T a3E Uehlie Aol d5EHd B, C/EBPS ¥ FAS®| ©hild e & F& ojEH o2 {9
THde Melo TS & 2017; DiNicolantonio JJ & 2022; Wu H 5 3 Z2AIZATE 53], AMAIE £8) 7] dAlelA - &
2024). ¥ ATollA] CHEE®) 3H-¥ ferulic acid(18.25 mg/g) Ag A3 @dste 4% FASY %‘éﬂ_—% CHEE 200 pg/mL
£ 3 2L, CHEES] AMPK &43} 58S Hrishr] 9 Azl Al iz Y] oF 58% FHAah 7183 x| AgAd oA
gk A F2=A ] ou|7} ioh vRk, CHEES] v|wh 337 23E Yeplth debd oz A bAE 73} 7] dA| oA
ferulic acid ©Y AR 793tiu Hr]E ojHY. C/EBPBSF C/EBPS7}F C/EBPao] S =3t o] th
Cimicifuga heracleifolia Kom.ol= 2F 348712] 3}5tEo0] g PPARYyE @A slete] A4 fdate] wds Fx1gt
Elo] 9lom, E3 triterpene saponins¥} cimigenol glycosides”}  (Yeh WC % 1995; Rosen ED 5 1999; 2002). £ <1704
A Ae|dAd JEo 7 LA thZhang Q 5 2024). w2} CHEE= %7](C/EBPB, §)2} 7](PPARy, C/EBPa) HA}Q1=}

N

4] CHEEQ] et &L ferulic acid, triterpene saponins, 2 25 dAsen, E3] mlxay ZZA1Ql PPARyS
cimigenol glycosides & T}t &4 JEES] F52EES & CEBPae #A4l ¥ ‘:Ei At} o]& CHEEZ} #3} A 29 3)
3 Yeld 7ls/do] =thFig. 3). A IAES EHH o R AHThS AlAFGE

olefgh AARIA}F oAle] Aol Als A BrE gRlsh]

4. CHEE2| 3T3-L1 M=ZollM x|l 2 T™ALRIAE  9je) AMPKO] Ql4tsl =58 =43 A3}, CHEE A2le
of CEHEl ghsof o|X|= AE phospho-AMPK (p-AMPK) -’11?‘—2 TR EHoz fosHil
3T3-L1 AAIE 23} 3ol A CHEEZF A4 =4 S7MIZTh 53] CHEE 200 pg/mL %04 p-AMPK 2 0]
AU FE vAE GaS AR dal, a4l Aaeixr g 7R @A SIsIIT AluA] A E 2-g5hs AMPK ]
AMPK | thild wl& =38 Western blot o2 F-A15}9 T} ddsls AEZ U R S FAlsh A 3

d

= = =
Wz XU E Balo] 2220 dgte Fl= AALCIA}o) AAet= A 71 ez dEA ti(Carling D 2004; Pollard
W3}S $33 A3 CHEE A2] PPARy, C/EBPq, C/EBP  AE 2024). A3 o] maw, 24stel AMPKE A %

(A)

0.80+

0.604

AU

0. 40+

0.20+

0.00- — = — — ; : ;
200 400 6,00 800 10.00 1200 14.00

0.80+

0604 l

Al

0404 I
l
0. 304 Il

e W | S W W N st TS Ve e

0.00+ T J T ¥ T ¥
0o 10.00 12.00 14.00

oo 200 ' 400 ' 500

@™

Fig. 3. UPLC chromatograms of the ferulic acid standard (A) and Cimicifuga heracleifolia Kom. extract (CHEE) (B).
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123} 27] 9494 C/EBPa®} PPARye] @S AHzow
AAste] A AYE AdE = tiHwang JT 5 2005;
Gormand A 5 2011). ©]#%t 235 EUl2 CHEE:= AMPK
ZA3}2 feste 24 PPARyS} C/EBPa 5 314 A1z}
H S A|sla, AR o R FASS 2e A &4 F4s

vehicle

MDI 8 40 200 EGCG
S0pM
CH EE(png/mL)
«©)
cEBrp ,*”“ s
Actin — —— — — — —

vehicle MDI 8 40 200

CH EE (ng/ml)

Protein expression (% of control)

vehicle MDI 8 40

S0p™M

CH EE (ug/ml.)

ZAAA AHAE B3le Asfels Ao wvkEt)
AMPK 2d& B3l vt avke veile 2o
w59 A8 7143 A -gshs Aol ti(Huang

oA oF BAEREAERS
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Fig. 4. Effects of Cimicifuga heracleifolia Kom. ethanol extracts (CHEE) on protein expression of adipogenic transcription

factors in 3T3-L1 cells.

! Protein expression levels of (A) PPARy, (B) C/EBPa, (C) C/EBPB, (D) C/EBPS, (E) FAS, and (F) p-AMPK were determined by

western blot analysis.
2 Actin was used as a loading control.

) Values are expressed as a percentage of the MDI-induced control.
Y MDI: 3-Isobutyl-1-methylxanthine, dexamethasone, insulin mix (control)

> EGCG: Epigallocatechin-3-gallate (positive control)

® Statistical differences among groups were determined by Duncan’s multiple range test (* p<0.01, ™" p<0.001 vs control).
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Fig. 5. Effects of Cimicifuga heracleifolia Kom. ehanol extracts (CHEE) on the relative mRNA expression in 3T3-L1
adipocytes.
Y mRNA levels of (A) PPARY, (B) C/EBPq, (C) FAS, and (D) SREBP-lc were determined by real-time PCR.
? MDI: 3-Isobutyl-1-methylxanthine, dexamethasone, insulin mix (control)
9 EGCG: Epigallocatechin-3-gallate (positive control)
» Statistical differences among groups were determined by Duncan’s multiple range test ( p<0.01, * p<0.001 vs control).
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