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Abstract: Obesity increases the risk of many adult diseases,
such as atherosclerosis, diabetes, hypertension, ischemic heart
disease and breast cancer. Inhibition of adipogenesis is an
effective way in the anti-obesity management. Because of main
components of Saururus chinensis is flavonoid, it has been
showed some improvement by its antioxidant effects on the
atherosclerosis, heart disease and diabetic hyperlipidemia.
But mechanism of anti-obesity effect of S. chinensis is not
clear. We investigated the effects of ethanol extracts of S.
chinensis on adipogenesis in the 3T3-L1 pre-adipocyte. The
3T3-L1 cell line is commonly used to study adipogenesis in
vitro. In this study, ethanol extracts of S. chinensis significantly
decrease the lipid accumulation in the 3T3-L1 cells proved
by measuring triglyceride contents and Oil red O staining.
The proposed mechanism of inhibition of adipogenesis in
the 3T3-L1 cells with ethanol extracts of S. chinensis is
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down-regulation of transcriptional factors and adipocyte-
specific genes such CCAAT/enhancer binding protein o
(C/EBPa) and Peroxisome proliferator activated receptor y
(PPARY) in concentration dependent pattern. These results
suggest that ethanol extracts of S. chinensis inhibits adipognesis
in the 3T3-L1 cells and can be used as a safe and efficient
natural substance to manage anti-obesity.

Keywords: 3T3-L1, anti-obesity, anti-adipogenesis, Saururus
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Avirke]= F2 AAA < I Aatekd g e
E HINRE H|SESE Uk tiilaSaro] gste] o] & o
slaAl sk WS wEEo] ASE L Qv [1,2]. ©] S vk
(Obesity)> ZHEdt APGAE F7Fe} 3}, oflufx] A3} &
HIZRe] S o= Qg Al A 54 TP F 9 djle=
AR o 3], 1 8] F42 2]l T H3HAR] Alow
Qlsfo] H|Rk Avke A o) ojsie} XS5 218l AAES)
wskel Apiiatel] thgk Ao D] zlEE L Stk [4].

A H3ke] Wslel 3] ek I Ae] FEA Al A
FH7F STk o] 18, M35 (atherosclerosis), Y5
WA AEEE 9 IAES T A7) AgE (coronary
heart disease, CHD)¥} T12°] Y31 (Diabetes mellitus)s
o] ihy I} X ARl ehFo] LAIA| H AL Sl Aot [5].

HIRES AA| 29] 28} F717F 7 ol whet Sl
AaliAl= Z2ow AR Sl [6]. Al A FAle=
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MEZE 7IRe?t FH K= T (hepatocyte) 2} 7 17E
2t F2 o= AWAIE (adipocyte)Z Uo1A =]
ol H|Nk} o] Q= A Ao o), A=
AFAAE de= EAsttrt 2 sk s stol A A
AR FstE]o] AlSE o A-E F2Ask=t] o] A A
AlEEe] H4 9 APAEe] S Ak B BIvkE
oAeAY A58 = Qe A0 Az}, F vivkte
sto] AlEa=2] A= AF (mouse) oA FallE 3T3-L1
APATAEE o] gsto] Dt A= sk St [7].
A (Saururus chinensis) M3} (Saururuaceae)
of k= thdA xE o2 EuetE HES T, d
1 FA oA APYsAG AuEth A= TR 6Ll
8ol Zo] I WANL] 3.47]¢] glo® o]Folx] glo
H, 8, &, e 37kA7F S Aol Y] wiel| Akl xekar &
o} [8]. A %] T2 ZEkH 0] = (Flavonoid) 3%
ol FAE (Quercetin), AIZAIEH (Quercitrin), |47 2
AEH (Isoquercitrin)= H]5$ F€l (Rutin), 78/ Eid
(Tannin) 5= skl Tk Az T4 FAE,
FAZAIE-A 9 g2 S 270 =] e AASA]7]
SRS UEhe], AR 3 Q) FIEAE-LS ) Y
< ol F9Pd ko] 2 A AL Itk [9,10].
ol el AP0 AL Ak} A8} S mAIE 2
s}, &, 3, mshA], s s 9 A gl oijgt
ok a7k lvharl A A ek [11]. @A A s Az
U BElE sk Alo] oo 2 ARSE I gl o]t
Z FEE2> AEYPEZEL (Streptozotocin) S
2 e ded 8 He ¥, 1389, aEE
3 A= Zow FHE [12].
2 A¥oA= 3T3-L1 AFATAHEE iz FE2EE
Aeato] AbA|Ee] 3} W xR Aol w|R)= FeF
< wEste] AAE E4dS dEskat sigln

2. A2 RN
21. X829 32

Az S A oA Anlste] 8ol kst
Al x5 Z1e ARSSISITE. SR olA xS AT
(61 g)E 5~6 cm 7|2 Mg o3 108 (w/w)2l 70%
(wiw)oller&ell HAsle] Ao 2U3r FE3. %
S g5 ThA] 250 mesh @ oI 7Fkal, o33t &S AV
W FUs o R AFESt o] g of S
2] £0] e (milipore filter, 0.45 um)E o231 3]42]
FEFTVIE 55, T 3.6 g (578 5.9%)S IS5t A8

o AF&3I3TY.
22, ANPAE W] L 23}

3T3-L1 AATAHEE w7 AJEE 23] (American Type
Culture Collection (ATCC), Manassas, VA)S 53] 1133}
ek, Aol ARESE3T3-L1 A ATAEE 10% fetal bovine
serum (FBS, Gibco Co, USA)2} 1% penicillin-streptomycin

(P/S, Gibco Co, USA)7} F71el vll<Fel (Dulbecco’s modified
Eagle’s medium, DMEM)E ©]-83}] 37°C, 5% C0»/95%
air7b = 2319 QIFFHIO]E (incubator) ol Hlj<Fs}
ATk 3T3-L1 AGATAEE w3} f=sh] $lste] HEE
6 well plate®] Z}F welloll 1.25 x 10° cells/well 2 +5 &1L
29 5 viAlE weketo] 3-4UAol] A7} eds] 53
71 H A st 537 Eiel A del= 10% FBSSF MDI
solutiion (0.5 mM 3-iso Butyl-1-methylxanthine, 1 uM
dexamethsone, 5 pg/mL insulin) (Sigma Co, USA)E #|2]
sto] 3= e SFlaL 3], olull, AlE7F APTA| RSt
HAE G BEa] 28 AlEE welld 10,25,50, 75
723 100 pg/mLe] sEER 3 Aglsidint. B3
29 3, HiXE A&, 10% FBS, 1% P/S, 5 ug/mL insulin®]
x3stel DMEM S ® w3 31811, &3 5 4UANE =
Agel S 2 3HAA 10% FBS2F 1% P/S7F E3Hd
DMEM C & wdksto] A3EE s A 8Uzt AWE 12
SF A A aEell A A skSiTt

2.3. MTS £4

Azaeks vzl &, Ao sk 54 54 5-3-
caroboxymeth-oxyphenyl)-2H-tetr-a-zolium inner salt (MTS)
assay WH o2 43}t [14]. ©]+= mitochondrial
dehydrogenases®l] 2]3t°] MTS7} formazan © % {3y
e S5k Aol WA AgAEe] £3ks #g vt
At okl AL 10% HFo] X wljFH e
MTS Cell Viability reagents (Promega, WI, USA)E Welld-
2 mLA YOI U 4413FESE RESAIZL 5 490 nmeflA
T4 WigkE S7ste] tizT?l Ethanolel] tish Al
AEES NS BASISIT $EEE FEE0] A
TS AIEE W iR E o] afefsle] eyt AT
T3 vlasis B

1o

2.4. Triglyceride (TG) £4]

Az FEEE A et APRAIESL A ehA] ok AR
o] AN FHrs As] fletol AP Eshieke
HEA o7 vl MFEjFNE Ao} Ao ARESISAT
TG Alzrfekels vkl f SR AREe ST
4= Q)= LabAssay " Triglyceride kit (Wako Pure Chemical
Industries. Ltd., Osaka, Japan)E ©]-8-3}o] &3St}

2.5. Oil Red O G4

A G AsE7E Sl wiEET ol mjfdE Al
phosphate-buffered saline (PBS)= 23] Al&&}St}. 71 th
22014 10% formaldehyde® 60+%-59F 11743 U2 114
NS A|ATH 5, thA] PBSE 33] AASIAITE AR Y19
Age] At fl8te] FEAE ]38t Oil Red O €0 =
224 6052t A2 e ths PBSE 23] Al shd A
=+ (lipid droplet)¥to] FeM o2 A=t o]2fst A
ABTE ARICE 7155190 o] Hgt AR oAt E
& (Isopropanol) & =ofufo] 540 nmelX FdEE 57
sto] APgAEE ol Hololi= A-E A= YERo] BlaL
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2.6. Western blot

AYAEZE ice-cold lysis buffer (20 Mm Tris-HC1 (Ph 7.4),
2 uM EDTA, 500uM sodium orthovanadate, 1% Triton X-100,
0.1% SDS, 10 uM NaF, 10 pyg/mL leupeptin and 1 mM
PMSF)Z -&alA17] 5] 13,000 g7 4 CollA] 3087+ L%
et 5 AFNE olgale] B AUt v
AHS MO % bovine serum albumins AH2-$+ Bio-Rad
DC protein assay (Bio-Rad Laboratories, Hercules, CA).2.
= S48t} & T (10-50 pg)> 10% polyacrylamide
gelS ©]-8-3}4 sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) ©. % 2|8} U3 nitrocellulose
membrane © % 0| AFTE Membrane<> PBST (0.1% v/v
Tween-20 in PBS, Ph 7.2)°]l 5%% 521 skim milk = 3t A]
7+ 59t Zeks}al, B-actin (1 :5000 dilution, Sigma, USA),
PPARy (1 : 1000 dilution, Cell Signaling, USA), C/EBPa
(1 :1000 dilution, Cell Signaling, USA)2] primary antibody
E 93l 4CoA a4 Bt vRAIT] TR mouse IgG Ab
-H&L (1 : 5000 dilution, Abcam, UK)<! secondary antibody
Qa1 A2 A] §F AIZE &< BESAIZITEH Membrane
Zt GAwR PBSTE 5tEmbct vhali Al s it
ZA¥}+= Amersham ECL system (Amersham-Pharmacia
Biotech, Arlington Heights, IL)S ©]-838}o] &3t}

Flo

2.7. Reverse transcriptase polymerase chain reaction (RI-PCR)
A8k A2 (3T3-L1)9IA] Trizol (Invitrogen, Carlsbad,
CA,USA)S o] &3t RNAE FE3I0 1 total RNAE
% 3, Premix kit (Clontech, Mountain View, CA, USA)=
o]83}] cDNAZ M3t % cDNAT 28 cycle=
PCR WES- A1Z1 £ 1.5% agarose gelol| 117|955t Az}
= glskelrh. PCR W22 95T 15+, 95T 30%
(denaturation), 55°C 30% (annealing), 72°C 30% (extension)
2 FE3IIt PCR 5355 913l AR primer 714G
PPARy (forward 5'-AGACATCAGCGCCTA CATCT-3,,
reverse 5'-GCTCCCGGGTAGTCAAAGTC-3"), C/EBPa
(forward 5-GAACAGCAACGAGTACCGGGTA-3"), B-actin
(forward 5'-GACATGGAGAAAATCTGGCA-3' reverse 5'-
AATGTCACGCACGATTTCCC-3")Z AMg3Tt.

2.8. 3AEH

= AgAel o)t FAATE AP =TE ozl A
& SigmaPlot (SyStat Software) 2% 138 0]-23}97 student
t-tests TSI, H ke BAA F-2/d2 p<0.05
oA A7t

3.28% 9 23
3.1.3T3-L19] 23}0] g Ahejzo] 53

AT HjF SR F AR FE R AEEYYFE ok

0.8 4

0.6 4

04 -
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Fig. 1. The confluent 3T3-L1 cells were treated with S. chinensis

containing various concentrations for 7 days. Cell viability was

determined by MTS assay. No cytotoxic effet was noted.
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Fig. 2. The effects of Saururus chinensis on adipocyte differentiation
in 3T3-L1 cells. The confluent 3T3-L1 cells were treated with S.
chinensis containing various concentrations for 7 days. The lipid
secretion was measured by triglyceride (TG) assay (A) and Oil Red
O assay (B). The lipid accumulation feature is confirmed by Oil Red
O staining. Significant inhibitory effect was noted (p < 0.05).

7] $13149 10~100 pg/mL2] F5=ollA MTS 418 551
golst Ax} 11552 100 pg/mLoA % cell viability 7}
95% o1dR1 ZloF SA ] A HAo] §liz Ao= Rl
AT} (Fig. 1). B3k 28pA] YeRk=s A 54 A=
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= dolE= TG ¥4 Oil red O G4 F3l0] 13t
A7}, MDITRS: o]8-8to] viAIZI tiz=tel] vlste] 10,25,
50,75 Z12]31 100 pg/mLZ A2E o FEoEH o
F/AE] o] FrAdhs AES H30H, 75 pg/mLolA
Ao 75% %2 Hu) 743 (Fig. 2(a)), T3 Oil
Red O 9 Ealod % AW (Lipid droplet)2] %7
AErt AaEE S Rl & 3Tk (Fig. 2(b)).

3.2. AMA| Z 83} HARRIAR} F 2] 1AL W of T A
%29 53}

AA|EEstel] A4 A she TQ3 FARIAR] PPAR
v (peroxisome proliferator-activated receptor y)2} C/EBPa
(CCAAT/enhancer binding proteins)7} 2% %5 2]
Al drpbEe] Jaks vk dobir] f18ke] western
blote ‘&3te] Wiz WSS glsl] Bkt (Fig. 3). ©]
A} b AR iz 3e] 2polrt S7s] vk o,
PPARY?] isoformQ! PPARy1 Z} PPARy22] I&io] ojA|x]
01, o] Z PPARy2+:= PPARyl ¥} 34| WAl 3Eof| Eo]
Aoz WwdE 1315 £35H= E4Jo] PPARyl ] H]E
oRgE 2t AR E AYFe o sRolEA o WAH
o] ZhaEE As gRIE 4= U%al, C/EBPa?) isoform?!
p42 (42 kDa)2} p30 (28 kDa) HA] AA|E7} -8l o
e} Z7FeR ), AEE sRoEoR A s o
ko] A Hase 2e AT = AT (Fig. 3).
w3 AARIAEY 73} ¥A|QIANES RT-PCRES 53 gel
electrophoresisE &3l &1t Aol 4= PPARy7} thx
2ol Blste] 25, 50 pg/mLolA SEOEA 0% AT le
v, 100 pg/mLelA= o] AIH Tt ks daRlzt
9l C/EBPaolME A% 55 A2 A 50 pg/mL ©]7do]l
A EEOEA o= WRlFo] AaEAT (Fig. 4).

2] Arate) Aol Wsh o Ariqle] A4
g Eqtedo] gl wet Binks vEE dr s
Weh= Aol FrkekaL Qv wiel] olE S ae
ogstaAtehs meEo] A5E L jlom 17 715 A
off theh ¥ F7kekaL Qlvk [15]. APAIE 23} Al
&5k Rk Ttol| o] 85 = AlEFE S 3T3-L1 AfoM)
3 (fibroblast)= A7 AHAE (preadipocyte) 2] THAIE AA
ARAHAE (adipocyte) % -3} (adipogenesis)SFH ARA| LR
w3 W= 2 o Al A F24 3 APEAE st}
A 2 ZARIAE (PPARY, C/EBPa)2] BH Y-S vl
Sk EAPEESHAQ] 7IHEo] o] 8-+ AL AlH [16,17].

A (Saururus chinensis)© AW EY}o) &8k Thd Al
ZEo® oY vekst kg s 7HA L Qlo] Wizl A
ofow e AREH L glon, 53] B, o]k, a5 Foll
B Q= Ao A QU [18]. A x| AR
ZepR o] = Al AR, AZAEH, o] A=A E-
= HIEE F9, 84 Bd 55 ekl Qlvk o] 5 &
2h o) B At} 57495 71 thaEA <l polyphenol 3H5F
EEA A= A3 e Hofshy WA 250 ¥
Aol gt ol 7ls 9L F, Fufele s, A, FLA

So) 242 eIt [18,19],

NC 10 50 100 po/mL

B-actin | wee————

PPARy < PPARy2
“PPARy1

- p42

C/EBPx

- p30

Fig. 3. The effects of Saururus chinensis on the expression of
transcriptional factors and adipocyte-specific genes. The confluent
3T3-L1 cells were treated with S. chinensis containing various
concentrations for 7 days. The protein levels of PPARy, C/EBPa were
analyzed by western blot.

NC 10 25 50 100 pg/mlL

B-actin e ——

Fig. 4. The effects of Saururus chinensis on the expression of
transcriptional factors and adipocyte-specific genes. The confluent
3T3-L1 cells were treated with S. chinensis containing various
concentrations for 7 days. The mRNA expression of PPARy, C/EBPa
were confirmed by electrophoresis.

2+ 5] HIEF] E, flavonoids, phenolic acid, carotenoid
T B s E4o] A EeA WA wkEt HA
=4S o8-8 s ©No] ghits] 13 1 Qlvt. &2t
Himo|Ei= ARk 0% AlEolxA g At FEHE EA)
she o, 3, Af, oRgAEoll A AT A BAkEkA| €]
O FEueks v Fekdels el 7k A s
o} oo} A O 2 ApGr|o| 2 slekAz) whom AEe] 2af
AR ROl 7EA]= Aol tish deld] 9= o] gshe
HAAEREA BP0z A8 o]gx]o] $17] ufel A
of thgk P AT ATE A= & Qv [20].

olgA gitsl asel it Qe A= A
T [21]001A4 AbEs} ofe] opefst E4o] E3kle] ot
A7 Eistd|el Hial oF2] Al welmde] thgh A
© A5s AAolt [21,22].

B A= 3T3-L1 AXEE A &) (in vitro) X A
AEZ A7 e Al x FE2ES et 13
AAE &5 IV aE gRlstarat skqich A A
el A veh b SR oS A A S5
(TG assay)Z} Oil Red O G2 F3to] AW522] &
= YolrSirt. e APRAEE] Fakel AP el w
H QlA}=9) HE#-S western blot¥} RT-PCRE E35}4
robR kT

WA Az 22975 A 3T3-L1 preadipocyte”t
adipocyte 2 W3-l A] 10-100 pg/mL -§5& = A|E
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=42 891 3 A} AAZQ FolA FAo] gleg Bkl
sl3om (Fig. 1), R3HEEAT 97 48217k 2] 5 )

A5 wEste] 69 5 FAAME] 2] 4 (TG assay) 7
Oil Red O G4 o= H2¥ A5 FA8IGlaL, 5Ht
EEANRS A T vluA] FEEY A2 st 51
Gholl whe} o)A 0% A=2lo] HAH AT (Fig. 2,3).
S AL o) haE= Slo] Aol oA E o
A FA o] FraEEAE gotky] f18te] Protein 'E¥ ¥}
RNA levelollX S1akivt. S4Ae] 42 2 74 +
8 '] Lol oJal FdE =, o] 452 PPARy
(peroxisome proliferator-activated receptor y), C/EBPs
(CCAAT/enhancer binding proteins) ¥} 722 ©32] transcription
factorsl] &3l Z4do] ¥}t PPARyE preadipocyte o A]
A Az B3l A S AL ol 7 F
Q3 g5 she ARl 53] 7] #3ke] T2 AL
kR e QlT} [6]. PPARy: alternative promoter 2}
alternative splicing 2}J-& &3] PPARy1Z} PPARY2 2]
2711¢] isoforme] At WAL= PPARy2rk U &
o] EA sttt o] 52 A Fsle} ARl oy 714
enzyme=2| W3 G PR Aoz AR qlom,
ol o8l BAd3kE = C/EBPs 5} 8 A d ot A
ol ofshs aaxso] TS dshs TS st} [23].
o] wj, C/EBPoi= ABAIES] AR} 52 ShbEA
PPARyS} nEF A2 AAIEL] $7] 23} vgol 2
ZARRIAFO|T}. C/EBPs+= alternative translational start site
Z Q& C/EBPoE 233t 2 714 isoform©] LER|=t],
71 % 42 kDa?l p40-2 28 kDaQ! p30Xt} st ©Al 24
sRRIAJoIt}, o] C/EBPs7} thFet ARl ot
A=Y adipogenesis = F=3Hckal HarE o] QlT)[23,24].
2 ATFelA= o528 mRNA o v = Az =
=9 g3E AuE A3, 7] 23l Fe3 A o=
PPARyl1¥} PPARY2E ¥¢8h= PPARy7} tiZrol H]}
o] ZolE A& RSN AL (Fig. 3.4), C/EBPa?] isoform
1 p40} p30 SIA] tizrel Hlslo] Fof= A ERlato]
PPARYS} C/EBPar} 28} $-7]e] ] o] A M=
st I T A S AR o= BIRkS: o Ast
© Ao % dE|o] o]st AiE Fall, & A AR
Sk A2 552 SHNE 2Al=A] AR FHA Ao &
o] a2 Rl

A== |

ol
A vol et Ak Al AANLAE o) F
3

F A A Eos Al el ek A o) Ao w
B3 AFAIz ofof ZA=R YL
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