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Abstract

This study was performed in order to investigate the anti-obesity effect of Polygala tenuifolia on lipid mechanism
in 3T3-L1 adipocytes. The chemical composition of the P. tenuifolia was analyzed in order to assess its nutritional
value. Total dietary fiber was the highest among the proximate component of the P. tenuifolia. These results showed
that the P. tenuifolia may be used as a potential functional ingredient for anti-obesity effect. Intracellular lipid
droplets in the adipocyte were stained with oil-red O dye and quantified. In comparison to the control, lipid accumulation
was significantly decreased by 40.1% and 22.4% when treated with the water extract and 70% EtOH extract of
the P. tenuifolia at the concentration of 10 ng/mL, respectively. The anti-adipogenic effect of the water extract
was stronger than that of the 70% EtOH extract. The gene expression levels were measured via Western blot and
real-time PCR. As a result, the water extract was found to have decrease the gene expression of SREBP-1c, PPAR,
C/EBP a, FAS, ACC in a dose-dependent manner. These indicate that the water extract inhibits pre-adipocyte
differentiation and adipogenesis by blocking the SREBP-1¢ gene expression in 3T3-L1 cells. Therefore, P. tenuifolia

can be used as an effective anti-obesity agent.
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3-isobutyl-1-methylxanthine(IBMX) 52| =145 2 &
Z 31 (5-6), o] TH == peroxisome proliferator activated
receptor Y(PPAR-y)$} CCAAT-enhancer-binding protein a
(CEBP/ayE AMATAHLAN AAER Faaher 7}
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HIRE X g A7} 7 e o] AlgE 3L QAR o] & A FES
A 2L 2374 S4ES Uehlle FA8E0] B
A *1:‘742} AR FHa TH12). o]Hd EA=
elel $3 fsks} Qo) A A A Lo b
o g BAlol ok w glovl, AAE 24E BE
71574 A B AFE NS 9% A7 2ds] JeE
ATH13-15).

YA (Polygala tenuifolia Willd)= A 3e] thd A xi
Ag=A Bels AT 24 AT AARD A2
ASZ T FE, S5, AbA, FA, Uea 5 A7
Felbeh 57 9 S5 Bol sk Seke), 94
of 8 AEOSZ = saponinfro} xanthone-O-glycosides,
xanthones 59¢] HI1EO0H(17-21), L& G502+ &
A5 2222t S zEE A E29423), IA 715 7iA
24), 873 HAS o ZH25), ABAE £ IA
aIK26) o] Hirxo] gtk A5k AX|e] FHnt &%

28718, B 8 AREAN 3 2 b ol
& Agolt, o]o] & ATNME AH FEEL 0|3t

AAPAES) B3} A AE W) TR 4
%7, 0|9} Bl HAA L T de) WH PP P
of A Gulgt 5 L 4§10 TR 9 AF
£ Zastar
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2 Aol AEZE AN DA (Polygala tenuifolia Willd.)
= BRU3] B (Yeongcheon, Korea)oll Al T+ 3}e] ARE-3}
ATt B Aol AHg ® 3T3-L1 Al EF= American Type
Culture Collection(ATCC)ol| Al T35}, A3 Bl ool AL
£-3} Dulbecco’s modified Eagle’s medium(DMEM), fetal
calf serum(FCS), fetal bovine serum(FBS) penicillin/streptomycin,
trypsin-EDTAE Gibco BRL(Grand Island, NY, USA)Z F-H

Aslo] A8-3F ). DPPH(1-diphenyl-2-picrylhydrazyl),
DMSO(dimethyl sulfoxide), Folin-ciocalteau reagent, bovine
serum albumin(BSA), tannic acid, insulin, dexamethasone,
3-isobutyl-methyl xanthine(IBMX), oil red-O reagent, MTT(3-
[4,5-methylthiazol-2-yl]-2,5-diphenyltetra zolium bromide),
potassium persulfate, trizol reagent~ Sigma(St. Louis, MO,
USA)ollA  §lste]  AR8-3H1al,  ABTS{2,2-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid)} A]2F2 Wako Chemical
(Osaka, Japan)ol|lA] 3ke] A3}, western blotol]
0]8-3+ 13}, 2%} &A= Santa Cruz biotechnology (Santa
Cruz, CA, USA)ol|X st ARE-st3AT

x| £EE ME Y £E5E
AR 5 228 70% HE FEEL UA 100

8132 A218 A1Z (2014)
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73 %%%Eﬁ]% A 750 nmoll A FREE =3
a3tk 39 §Y =T BSAS o] 8ate] AT BESF
AoaRH Alg Fo 9 S 3798t fe of
m)ieat gHeke A4 55 100 19} 0.55 M Na,COs§-4-S
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= FHRHE o8-8t S8k
A1 €k 5%(v/v) phenol(Shinyo pure chemicals Co., Ltd.)<
ARESFATE AR S A ] 4R FEE 500 1L,
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1027F ¥hg- & Wzt 2 te] 490 nmollA FREE 54
stath F9 o] A4S sucroseE o]-&3se] A

Skt ST 2 DNSH(30)0S 5835k S7d3kith
AleFS dinitrosalicylic acid(DNS) A]2F#} 40% potassium
sodium tartrate solution2- AH&-3}31. 2™ DNS A]eFe &5
= 1 Lol dinitrosalicylic acid 10 g3} phenol 2 g, sodium
sulfite 0.5 g 2o] A XA FUT FHFS FE2E 1
mLol| DNS A 3 mLE ¥ ¥ B+ 2ol 583 vh3-<
Al71a viE AYA Y27 & 35 575 nmoll A 53

& Ea2luz

% Zevs
At} A= 100
2 7}5}al, 0.75 M Na,CO; 100 L=
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S}k Folin-Denis®H(31)ol] F3fe] A &3}
uLol| Folin-Ciocalteu phenol reagent 100 pL
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2o WA BEAL 750 nmell A FEEE ST
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DPPH ]z AAE4L Blois®] WH(32)S W35t
ZA3tHTh 24 A28 2 mLo] 02 mMe] DPPH A]¢F
1 mLg 23 wylst jﬁi 30%-7F A3 T 517 nmol|A]
= 3743kth XJXHO# T2 A FEEde Aty
lel 3% 7482 Uehith. DPPH 2tz
%7}6} A e Wx2T] FEEE 12
Z AN 7)eE 2R3 AR BE FRC)LE YERY

ABTS 2it|gh 273ty

ABTS @tz &AGHS ol&3gt grlste SAL
ABTS cation decolourization assay Y (33)°l] 2]3le] A1)
39 7 mM ABTS®} 2.45 mM potassium persulfate S
HZET 2 33)5te] ALQ] okiox 24A)7F BoF WSk
o ABTSE ¥/JA|1Z] ¥ phosphate buffer saline(PBS, pH
7.4) 2 3433tk -JHE] & 100 uLol Al 50 ILE
7¥ste] 5H E< WA £ 734 nmmol A FEEE S
T} ABTS 2}tz &AAGAHS AlE5E H7I8HA] &2 o7
o FAEES 122 FYA7)EH BLF A5 FE F
(RCsp) .2 YER T

§:\1

3T3-L1 M= bt Y X2 RE

3T3-L1 Al EH] & 10% FCS, 1% penicillin/streptomycin
o] H7}d DMEM HJ Aol 2x10°cells/mLE =2 F-7-A] A
4817t B2t vl kst confluent ] 7} E == 37T CO,
incubatorol| A v Fet G Th AWAHEE = E3-FEHl A
(10% FBS, 1% penicillin/streptomycin, 5 pg/mL insulin, 1
M dexamethasone, 0.5 mM 3- isobutyl 1-methylxanthine) &
297F wAEte] wigSIGiTt 297t #3531 = 1 pg/mLe]
insulin®] $H+¥ 10% FBS-DMEM 2. Z 247} vl kst Tt

% ZO]U}U} 43] 10% FBS-DMEMC.2 w A3}t A5
o) M BRE WA B7F ARHE o] Aejsidnh

H=ZzSY £
A A Lo st YA FE22Y M EZF5AS MIT assay
£ o] &3t =A3IATE 3T3-L1 A EE 96 well culture
plateoﬂ 100 pLo] vi A9} SHA| 2447 w3 TS, Q=]
o} oee FE2ES TR Asle] 48417 v st
gic‘r 7} wello] 10 pLe] MTT £94(5 mg/mL)E 37}k
F 3AZE Bt o gEE A Bl WS fEEE e, 100
L] DMSOE #7}ste] A% formazan 278 4-3l|5H%
ok A= FFAEAE 0838t 570 nmell A &
E
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Oil red-O A
AATAE 78l Aol B3 Ao e oil red-O

Fae) ofsf) SAsIATE 8Y T3t w3} Fof v E AA
3 5 B3le AEFHS PBSE 23] AHS TS 10%
formalin/PBSZ 3027t 143}3 PBSE A A3ttt 2t
wellol] oil red-O €9 1 mLE F7lstar AL 1AI7F
03/\”3]- o2, 9" AXEE= 100% isopropyl alcoholdl] &3
gk £ 510 nmoll A FFEE 3T

Real-time PCRE S3&t 78Xl &Ud eEN
DA EF FE=S FrIst] B3R AEAA wiAE
A AL PBSE T A& T trizol reagentE >} 2|3}
Total RNAE #-2]35}th E2]% RNAO| Z+2}+2] primer
(Genotech, Daejeon, Korea)2} One step SYBR aneScrlpt
RT-PCR kit(Takara, Ohtsu, Japan)S 23l Real-time PCR
Detection System(ECO™, Illumina, CA, USA)S ©]&-3}]
oA A Bd E4o] AR primere] M ES
Table 13 Zo] Yeplorm, PCR & 7|4 95T
30%, WAL 95T 5%, annealing> 57C 15%, AIgHES-&
72°C 1022 3} 40 cycleS A3 FLh &3] 37412 55T
H A2t} 95T E FLHOE 05CH 45171 80
& Wsio] Ahe B g AT mRNAS]
-'} A2 controloll theh sample®] o4 A4}
gro2 veh ook

Western blotg& S8 EHA wagt £
3T3-L1 cell oA ¥& %= SREBP-1c, PPARY, CEBP/q,
FAS ACCE] Tl a ukalo] i3l 9#) W4 2250 gy}
ZAF8H7] 913l western blot= 43§ 3}t A HHE3L7}
31‘4 AN EE= PBSE 4|23+ & RIPA bufferS ©]-8-3}e] thl
s FEATE =8 $EL 10% SDS-polyacrylamide

Table 1. The primer sequence used for real-time PCR

Target Primer sequences
Forward ~ 5-TCGCTGATGCACTGCCTATG-3’
PPARY Reverse  5-GAGAGGTCCACAGAGCTGATT-3
CEBPa Forward ~ 5-CCTTCAACGACGAGTTCCTG-3’

Reverse  5-TGGCCTTCTCCTGCTGTC-3’

SREBP1 Forward ~ 5-GGA GAC ATC GCA AAC AAG CTG A-3°
-1c
Reverse  5°-CAG ACT GCA GGC CAG ATC CA-¥

Forward ~ 5-GAG TGA CTG CCG AAA CAT CTC TG-¥
A Reverse  5’-GCC TCT TCC TGA CAA ACG AGT-3
Forward ~ 5-ATCCTGGAACGAGAACACGATCT-3
FAS Reverss  5-AGAGACGTGTCACTCCTGGACCT-3’
Baciin Forward ~ 5’-GTG AAA ACT TCG ATG ATT ACA TGA A-3°

Reverss  5-GCC TGC CAC TTIT CCT TGT G-3
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geldl #7195 2171 ¥ polyvinylidene fluoride(PVDF)
transfer membrane 2. = 400 mAE 1At 40% =2t transfer
A1}, Transfer’} ¢ membraneS 5% skim milk= 14| 7F
&<t blockingdt $- 1:2009] &= 1%} A< SREBP-Ic,
PPARY, CEBP/q, FAS, ACCE #7}3}e] A 20l 4] ovemight
5ot HESA17) a1, TBSTE 5% M4 o2 33 A #3519t
1:10009] HI&Z 343 23} FAS Hriste] 1417 5
Ao JH--A1Z1 3, TBSTRE 107 7HASZ 33] M| A%h
U2 ECL £9% 0|83} Xoray filmoll 7H3A1Z1Th Film
’F2] W=+ Quantity One® 1-D Analysis Software(Biorad,
CA, USA)E ol-&3alo] s} sttt

SAHAzE|

tolEle] EBAEAL SPSS version 14.0 (SPSS Inc.,
Chicago, IL, USA) program= ©]-8-3}] Hd+ R FHAIZ
YR, A 7he] kel $AA /91432 p<0.05
=9l 4] Duncan’s multiple range testol] 2J3] 73S AA|

skl

Yt B4

AR g e B4 2y B§EE 21.72%,
2 A 18.5%, ZAY 14.48%, Z3]& 2.42%, 2 o)A
4287%7}+ EHrE o] AATHTable 2). YA|9] AE FolAE
2lo] A ko] 7H ko, Qo] £33t o)A
F 3945%(F5F 71T B84 Ao d1r 38.18%, 71
A Aol df 1.77%% B84 Ao d/E Bol islx
AR=H, B84 Aol dfre] Ae Add A3, 93EE,
e, ddukee] 93-S v e e FY2EE A
B3t Bal =ojltk35-37). o|H g s e 9
= Ao FFYo 2 FET 753 7R E AL

~

Table 2. Proximate compositions of P. fenuifolia
Contents (%)

Components
Wet basis Dry basis
Moisture 7.98+0.03
Crude protein 17.02£0.36 18.50£0.39
Crude lipid 13.32+0.08 14.48+0.08
Total fiber 39.4540.27 42.87+0.21
Dietary fiber ~ Soluble fiber 1.7740.09
Insoluble fiber 38.1840.28
Carbohydrate” 19.99+0.40 21724043
Crude ash 2.23+0.03 2.42+0.03

Values are meanstSD (n=3)
DCarbohydrate=100-moisture-crude protein-crude ash-crude fat-dietary fiber

= FE TES A
NA vlg- F8S 94T AEI38). YA B¢ F=
= &2 77 262%, 320%
FEEAA F= F£E&0l ¢
E& A0 E Uehth(Table 3). 2% Foll EAsh=s EF+=

setdoz B4 2t BAYY BALL 217 B
MBAFO T W 5 on] o8 FHA Sl 3

o 9A9] FF] FFES G FEENA 353.0 meg,
ehE FE5-2 2819 myg, AT EF FEE, ek

|
beke 94 F550] 2750 mg/g, olEHE F2E-0] 2200
mg/g, frE] o=k A4 FEE0] 29.8 mg/g, NS
28.9 mg/gC 2 A UTE o]} o] YA E
X

Table 3. Contents of protein, free amino acid, total sugar and
reducing sugar in water extract and 70% EtOH extract from P.
tenuifolia

Water extract 70% EtOH extract

Extract yield (%) 262 320

Protein content (mg/g) 275.17+3.06 220.1245.65
Free amino acid (mg/g) 29.77£1.57 28.88£1.61
Total sugar contents (mg/g) 353.00£5.14 281.89+1.79
Reducing sugar content (mg/g) 114.18+0.17 46.69+0.14

Values are meanstSD (n=3)

& Boluis 22 2 BNSS 37
A Aol 35]0]

o 1 oA T chr Aelg

U5 FEEI} 0% VTS FEHY P8k BAE Yopu

2SS S H(Table 4). A9 F Z2jdl= FFS
tannic acidE 7|TEAE 3l SAsIR oM 11 A3 9
A4 FE55 266 mglg, 70% oNeHE FEE 178 mg/gl 2,
B FEE0| 0% Ne-e FE=Ro T Zus FF
o] =& A 07 Ittt €49 DPPH 2% ~ASS
ZA3 A3, I 25 70% e FEE0M 47
329 mg/mL, 443 mgmL2] FEol A RCsko] 2=,
ABTS @)z &ASS 543 4% €5 FE55 095
mg/mLe} 70% o eHe FEE 247 mg/mLe] FX4 RCx
ghol #AF o] dF FEEC] 70% e FEEHT
DPPH®} ABTS &tz &A% 0] 738 202 1=
o} A= 7199 AlgolA Bl sheES O Fol BT
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S Pu8 Bl EOMW0, HBAR W] FH 9T Ho] AT W AYS FHed QYA 27 EE
2 HAE A4 Yo Aoken. Bk U4 B FEE 4 bt ol gRE 295 e aclew 1F
ElL2

=] 3
o] 70% °Nete FEEHT =2 F vl FFS U a1 Ath4243). 92 FE=] AW Bibes 54T 2
o] 44 & FZ=2] DPPH, ABTS &}t Z &75°] =& I}, B¢ FEE2 10 pgmle] F=ollA thET el 401%
Ao ® AlgHT o] A& UehU L, oeE F5E9 79 10 pg/mL
<] %EOM izt el 224%9] AAIE-S UERlo] dg
Table 4. Total polyphenol contents, ABTS, DPPH radical & FEE o A5 FEEY AR AA st
scavenging activity in water extract and 70% EtOH extract from SFATHFig. 2). Lee 5(44)°] st vpxd FE5E9] H¢
P, tenuifolia 10 ng/mLe} TN 155%] A WEE FAas Yehd
Water extract  70% EtOH extract ﬁ—?@q—g} B WEFRE w ¥R & FE2E9 953 A
Total polyphenol contents (mg/g) 26.50+0.52 17.84+2.32 sl A4 afE B2 £ Yk
ABTs RCs (mg/mL)” 095 247
DPPH RCs) (mgfmL) 329 443 Real time PCR2 0|&3t mRNA izl &%
Xﬁ?jles ar(e: memiSD ( =3). . SREBP-1c= Z]H]'J’]' Z_izi-J Z] Hky ]'J’]' iaﬂj\Eﬂitﬂ}‘]’
5o : Concentration required for 50% reduction o ¥ 293 dTL /1RE= AJAARR] } ]‘11(45), R A S
o ] PPARyS} CEBP/a ] W#E fste] s 44
HESHEY & 27 A1k s AP o) Pofshs HA FAS,
A7) F%20] 3T3LL AL T MEZHL 24T ACC 59 BAL 2A5 FHA YA BAw o
AT Fg 19} 2o YBhgleh 2282 Aejshd e A WA G AW02H A 9EH Ay B
BT AE Z48S 00%2 SH9S 0), 94 B5 25 S FudEe. 94 B FEE0 <3 A5 gt

23} 70% olRe FEEe] A% 100 ygmLe] FEAN A AR GAZRE FESE AT 2] Ashel
0% o1ge] ATEH0] FALDT, 1 oPPe] wEAE  ARE APATO FREE A2l F A Bad
AZEGo] YL, L} AL 3] A ITE RIS kA SRS SIS 3

17 S 100 gl olste] BES 10,50, 100 pgmLE  ARE A2 Qe dErole Lol niet

>

Fl

3T3-LIA|IZl Ag]ste] APGAE 3 JAls-S S78sth 7z fxEe T Eko] Z7Fst R AN %1] a5 FEE
< = %i X%\"/]O}?ie BE- T EAH R o]
A LM EZ 2EAXS EE FaES RISkt AR @5 FEE2 50 ngmlLd F
A WA 3 (adipocyte) = A] WA 1Al 3 (preadipocyte) A El ol A SREBP 1c9] ‘ﬂ?fil"*— 539% % HAastdon, e
2 EAEI T AAg Bt A el o] AA|ET} &=°14 PPARyS} CEBP/a®] TS 747} 982%, 94.4% =
120 120

100

80

o
(=]

60

Celly iabillity
(ool control)
=
=
Celly iabillity
{"ool control)

40 40

Con 50 100 200 Con 50 100 200

PTW (pg/mL) PTE (pg/mL)

Fig. 1. Cell viability of water extract (PTW) and 70% EtOH extract (PTE) from P. tepuifolia in 3T3-L1 preadipocytes cell.

3T3-L1 cells were treated with PTW at various concentrations for 48hr. Cell viability was measured by the MTT assay. Each value is expressed as the meantSD of three
independent experiments. Values with the same superscript letters are not significantly different from each other at p<0.05
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Fig. 2. Inhibitory effect of water extract (PTW) and 70% EtOH extract (PTE) from P. fepuifolia on the lipid accumulation in 3T3-L1

adipocyte.

Differentiation of confluent 3T3-L1 cells was initiated in DMEM containing differentiating culture mixture[MDI treatment : 0.5 mM 3-isobutyl-1-methylxanthine, 11M dexamethasone
and 1 pg/mL insulin]. Following 8-d differentiation, differentiated adipocytes were fixed and stained with oil-red O in order to visualize lipid droplets. Each value is expressed
as the meantSD of three independent experiments. Values with the same superscript letters are not significantly different from each other at p<0.03.

100 A S wo B 1wo  C a
L 80 1 bc be | E 80 f ab = 80 |
= g F
60 [ ¢ 560 | S 60 | b
= 2 3
2 a0 | = 1w | 2 40t
= (5] b
c
w0 b 20 | € 2w | b
0 0 ¢
Con 0 10 25 50 Con 0 10 25 50 Con 0 10 25 50
PTW (ugmL) PTW (ug/mL) PTW {pug/mL)
MDI treatment MDI treatment MDI treatment
a ab a
100 D 100 + E ab
80 be g0 L
g 60 € g 60 [ be
= 5
Z 3] c
= 40 | 2 40 |
20 & 20
C
0 0
Con 0 10 a5 30 Con 0 10 25 50
PTW (ug/mL} PTW (ug/mL)
MDI treatment MDI treatment

Fig. 3. mRNA expression effects of P. fenuifolia water extract (PTW) on adipocyte differentiation in 3T3-L1 cells confirmed RT-PCR.

Differentiation of confluent 3T3-L1 cells was initiated in DMEM containing differentiating culture mixture[MDI treatment : 0.5 mM 3-isobutyl-1-methylxanthine, 1;1M dexamethasone
and 1 pg/mL insulin]. Total RNA was extracted and cDNA was prepared. Equivalent amounts of cDNA were amplified using primers specific for SREBP-1c(A), PPARY(B),
CEBP/a(C), FAS(D), ACC(E) and [B-actin. Each value is expressed as the meantSD of three independent expriments. Values with the same superscript letters are not significantly
different from each other at p<0.05.
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Fig. 4. Protein expression effects of P. tenuifolia water extract (PTW) on adipocyte differentiation in 3T3-L1 cells confirmed western blotting.

Differentiation of confluent 3T3-L1 cells was initiated in DMEM containing differentiating culture mixture[MDI treatment : 0.5 mM 3-isobutyl-1-methylxanthine, 1;1M dexamethasone
and 1 pg/mL insulin]. Western blotting was perfomed using 30 pg of each sample. The loading control was assessed using [3-actin antibody. The relative intensities SREBP-1c
(A), PPARY(B), CEBP/a(C), FAS(D), ACC(E) expression compared with the [B-actin expression were determined using quanity One Software. Each value is expressed as the
meantSD of three independent expriments. Values with the same superscript letters are not significantly different from each other at p<0.05.
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