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ABSTRACT

Objectives : The aim of this study was to investigate the effects water extract of fermented new korean medicinal
mixture, combinations of Mori Folium, Adenophorae Radix, Phllostachyos Folium and Citri Pericarpium (F—MAPC), on
adipocyte differentiation, adipogenesis and glucose uptake using undiffernentiated 3T3—L1 adipocytes and L6 myoblasts,
Methods : Each herb and those mixture were respectively fermented and then extracted with water, We carried
on MTT assay for check—up on cell toxicity, Oil Red O staining for determination of cell differentiation and
intracelluar adipogenesis. Western blot analysis for measurement of pAMPK and pACC, C/EBPaz , PPARy and
Glut—4 protein expressions were performed,

Results : F—MAPC showed significant inhibitory activity on adipocyte differentiation in 3T3—L1 preadipocytes
without affecting cell toxicity as assessed by measuring fat accumulation, and this effect was 2 fold higher in
0.2 mg/ml F-MAPC than that of the same dose of each fermented herbal extract alone. In addition, these
effects were associated with modulation of adipogenic transcription factors, such as C/EBPa , PPARy , as well
as stimulated phosphorylations of AMPK and ACC. Translocation of Glut—4 was significantly increased by 10.2%
in L6 cells treated with 0.2 mg/ml F-MAPC compared with that of control,

Conclusions : These results demonstrate that F—MAPC may be an ideal candidate for therapy of obesity and diabetes
by disturbing the differentiation into adipocytes, as well as the inducement of intramuscular glucose uptake from blood,

Key words : Fermentation, Mori Folium, Adenophorae Radix, Phllostachyos Folium, Citri Pericarpium, anti—obesity
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theFst Wi Eo] o] 8EH I Q. olF H|TxdE a¥ F oE
Z|&A|¢l sibutramine (Reductil), orlistat (Xenical)®} Z
2 AA H2e(EF, ¥H, 29, oY A5 5ol Ex
HEA kAT gaAdo]l dSE AEAY Jide] a4EL
e Aot EF B AN FHYzToR 29
rosiglitazone A4golA & <44 U&= A2¥ Gy A=
A2 AW 53], ALAEe| E3Zt= PPARy S8A 2
gote] ARg-ARAE 9 tumor necrosis factor « , resistin,
adiponectin 5 & APHYL 4ov|= WA EE 2
EHE Wty dedl ARAAES IT7HITIE FEo] o
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2 Aol AAEE Add(EE, Mori Folium) $uUF
Morus alba L. <& 2945 (YR, Moraceae)?
© 2 flavonoid (rutin, quercetin) A& % ¢ —glucosidase
A&M715& Zt= steroid, amino acid, vitamin®} Z-& A&
B ook ofe}t oekel Brd, d{49k y —amino butyric
acid (GABA)E o sHgEo] g Aoz gaiA '’
g o= Y, FuFY, S g, AAY =
4 oA &%750] glon HelstHonE ANEA(HME
), ANPECGEHAR), FAHECHFEMEYSY F2 3
(REE Q3 FERF(AMER), EHFT(BFEHR), 7
A0S A EFHY, AMH#E, Adeno phorae
Radix)& Zt) Adenophora triphylla var, japonica Hara

EE= 7|t 5&54E(=2R, Campanula ceae)d #z|o]
o FAECE BY Fo AMIAREYUR] triterpenoidal
saponins®] TFEo Qtt FERgoRE TPARE, A
o 28 9w, SE 4T Aol ol Mg
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|9 8 HeN dIT-H4= TAEZTY 7+ &4 owran
eo] maEe] gty An(FR. Citri Pericarpium)= 2
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£ AYoA AR BEARE Fe2EH ol=ddN F
wirob ARgstglen, AH(FH), AMRE), S9E=EZT
A, AgAFD Y 22 AA, AxT RS EBdeh,
Aspergillus oryzaeE H7Ist] HEE 3% 5, 4, 2
T A, 95 3Ho2 44 syt dad Az
4. A F9. A9E 47 4:3:2:19 vgE &35t
108 FFo] SF5E 7Hste] oF 96CollA 8AZF <t &
FE2HE AT Fof Foj FEAE o7}, FEHT &
TH7xE Bl £5€ 18.6%9 YEARIINA FEE
(F-MAPC)2] AzET-S ATt

I Ko BN

2) Al 2 77|

Dexametasone (DEX), 3—isobutyl-1-me thylxanthine
(IBMX), 3—[4,5—dimethyl thiazolyl]—2,5—diphenyltetrazolium
bro mide (MTT), dimethylsulfoxide (DM SO), insulin,
Krebs—Henseleit buffer modified (KHB buffer), Oil-red
O AJ2ES Sigma AldrichAKUSA)oA F-I8189.2 ™, high—glucose
Dulbeco’ s modified Eagle’ s medium (DMEM), bovine
calf serum (BCS), fetal bovine serum (FBS), penicillin
phosphate—buffered
(ECL)

streptomycin  (P/S), Dulbecco's
saline (DPBS), ele ctrochemiluminescence
Thermo ScientificAHUSA)oA St 3tH T

AMP—-activated protein kinase (AMPK), pAMPK,
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Acetyl CoA carboxylase (ACC), pACC A= cell
signaling technologyAHUSA)o|A #3993, proliferater
(PPAR y ), CCAAT/ enhancer
binding protein a (C/EBPa ), glucose transporter 4
(Glut—4), B —actin 1z} &H 9 22} A= Santa CruzAt
(USA)ollA] FY3tgch  Polyvinylidene fluoride (PVDF)
membraneS RocheAHGermany)ollA] FYdstact Sz
FOoZ A9l rosiglitazone (Rosi)& EnzoAHFarmi ngdale,
NY, USA)olA Fgstnoen, 1 9 AFstA &2 BE A
2 H4E 5 oLE FYst & AP ARSI

acti vated receptor—y
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1) MIZZHHQE

(1) 3T3-L1 A vjef E E3h3=

oA ZWAEZ 3T3-L1 A|EZF= American type
culture collection (ATCC, USA)A U3t AMESIH Lo
o, A|ZE 10% BCS, 1% P/S & E33t DMEM HiAE A
3t 37C., 5% COs wlY7](MCO-15AC, SANYO,
Japan)ol Al HiFAIZ]l & wiFAE EI{E= ufgA (0.5
mM IBMX, 2 uM DEX, 2 ug/ml insulin / 10% FBS)2
2 "o} F-MAPC &g A=Zste 297 widsict, 24
% 2 ug/mL insulin/10% FBS H|XZ w33}, FES 9|
=l & 94 At

(2) L6 A vief ¥ E3hie

HE L6 myotube AEFE ATCCOA T4late] AR
om A3 A7} o] 10% FBS? P/So| $4E DMEM
R 2 37°C, 5% COp Wi7|olAl vjFAIA Agel M3l
on oFE HE S& 3T3-11 ATujoky Fdst wrHoz
Faatch,

2) M= d=g =3

3T3-L1 @ L6 HEZS 96well plated] 2¥10° cells/ml
2 BF3le] PSRl F F-MAPC HES & ¥2 24
AZE Astat, Mg & wiAE AASL MIT Ak 0.5
mg/ml FEE2 FriSI 2A17F H AAdE B8 EARES
DMSOZ 943 &<l t}2, microplate reader (TECAN
Austria Gmbh, Austria)E ©]&3}o] 570 nm TIANA &
FeE S5t AFZAAR NE PEEL izl gt
HESE FABFY

3) Oil-red O A4

F-MAPC7} 3T8-L1 AAIEY] £3} 9 =2 m]A]
L g 2ARl] Y8iA Oil-red O FMS $3stqct.
NZE3 Fol F-MAPCE ZtZt o2 5%(0.05, 0.15, 0.2
mg/mL)2 A5ttt 104 & Azl A4 & D-PBS
2 ANAst 10% formaldehydeZ} E3FE  cacodylate
buffer® 4° CollA MEZE sk, FTHSFE AFst A
WS Oil-red O @AA|Fo 2 GAZE o3 A& st Au|
Z(CK2, Olym pus, Tokyo, Japan)o2 Estch &M

o vAle YEEHFSF EFEEF-MAPC)Y IF 47

H ANz s 54E 8 100% isopropyl
alcohol2 A& FE39] 510 nm TAOAN ELL=A
(Lambda UV/VIS, Perkin Elmer, USA)Z S3=5 =4
3 o, AT S dRA|Ze] diE »E FAIBFA
o},

4) MN|ESh THEHE! So)

231t L6 AIZE FBS #37F DMEMOA A8AIZE vk
3k %, insulin®} 0.2 mg/ml 5% F-MAPC ¢F&=3 A
stlch, Az vigdE AASL, KHB buffer2 A&
RIPA bufferg A3t} A3 o|HE o]-&sto] NEZE Hof
W T gstgct o] AW 500xg, 4TAA 1087 ¢
AEFE o2, 1 ASAe He F, thA] 12,000xg, 4T
olA 1A1ZE T AHESHAT. I pelletE thA] &5
A e, 15,000xg, 4ColA 1587 AR s
I ASHE N2y ol BMARE o] g3t

5) Western blot 244

AR AF 59 Fof FF¥e @HFAL 10% Sodium
Dodecyl Sulfate (SDS)-PAGE®] &3t & PVDF
membrane® 2 200 mAZ 2A]7F B3 HoJA| A, T
Zold membraned 5% skim milkE A 2|5te] H|Eo]Z ]
e gk blockings AAlSHR, HAES 1x} A
(pAMPK, AMPK, pACC, ACC, PPARy , C/EBPa, B
—actin, Glut—4)E 4CoA 3= A= s}t TBS-T=2
AEE &, 1AZE 5% A2oA 23 A A7 £ Al
2 sfkal, ECL Aok AHejste X-ray filmell ZHEAIA &
A A E=Rs st

6) EAlH AHE

o i B e | O-l
EA A (Student’ s t—test)= GraphPad Prism 5
program (GraphPad Software, Inc., La Jolla, CA, USA)
< AR, tiRAIE gt 594 ASS p<0.05 =¥
oA ATt
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1. YaEIPYF EFEE(F-MAPC)o] A=ZA
E&9 "= IF

F-MAPC7} AIZSolA] mlxle 54 992 dopus] 9
3] 3T3—-L1 I} L6 A=) 0.05~1 mg/ml 5%=9 F-MAPC
£ 77t ASAL MIT BAYS olgsle] AZAELS 2
Aotgdeh 1 An, F AZ B P-MAPCY Helsmeld
AZ S4e ehiA) gigte meb B AgeE AE A
gof e vAA g FEA 0.2 mg/ml FEOA o

I
PSS WAt HFig. 1).
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Fig. 1. Effects of F-MAPC on cell viabilites in 3T3-L1 and L6
cells. Data represent the mean *= SE. of duplicate determinations
from three separate experiments.

2. WYLE B FEFEY AAEFE-M), M
(F-A), £4(F-P), A" (F-C)7} 3T3-L1 ANZ2]
Ao v dF
Stk AFEFE-M), AHHF-A), FIEFE-P), AGF-C)9
A FEF B FEE0] AYES} @ A& uXE g
e A7) 9314 Oil-red O |AHo=z N= U A5
dAFe] 2718 e Adh 0.2 mg/mle] XA wddt
A 25 AYEH oA =L P2AZ ul3}
o, LEZH(45.3%)) TEAMH43.7%) >LEA T (24.5%)) %
BAA23.1%)9 4= JAETE Yeilgled, 1 F &
HF-P) @Y HaFEE9] AW=F A7t 7P 3R

thFig. 2).
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Fig. 2. Effects of each fermented Mori Folium (M), Adenophorae
Radix (A), Phllostachyos Folium (P) and Citri Pericarpium (C) extract
on cell differe —ntiation and lipid accumulation in 3T3—L1 cells.
3T3-L1 cells were treated with the same dose (0.2 mg/ml) of single
fermented herbal extract, respectively. Images of representative cells
(a) captured with a microscope, (b) scanned and (c) quantified by
the lipid accumulation using spectrophotometer.

3. TaEghsieF EXEE(F-MAPC)o| 3T3-L1
A329] A=A njz= FIF

F-MAPC A& & Oil-red O gM& AAIE A=} 0,05,
0.15, 0.2 mg/mle] AHE]FsZolA tRAZ H|5t 36%,
48.8%, 67.4%2 AYsE Q&2 AYEHE JA|gt=
Aoz yehgith =3 o ek g 2E2E 0.2
mg/ml FEAE A9 B ALEFH JALA 34.3%] ¥
3 HHEEL FEE A A AHEHo| 24 ol dAHS
22X EIEAAN AEE AAait AsFoz SRS
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Fig. 3. Effect of F-MAPC on lipid accumulation in 3T3-L1 cells.
3T3-L1 cells were treated with various doses (0.05, 0.15 and 0.2
mg/ml) of F-MAPC aqua extract. Images of representative cells
(a) captured with a microscope, (b) scanned, and (c) quantified
by the lipid accumulation using spectrophoto meter.
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4, HaEJ}GF EFEFE(F-MAPC)] 3T3-LI1
A ¥LA|Eo| Al AMPK, ACC, PPARy , C/EBPa
@ T@e] wAE G

F-MAPC A&7} 3T3-L1A|ZoA wgkza 274l
AMPK, ACC, PPARy , C/EBPax & ®do] 3t J3Fe &
olsl7] 93l western blot2 33}t 2 Ax}, 3T3-L1
A Z7L Belste B¢t A F-MAPCE HiRAE
Hjgte] AZ o] o] Aeet #H 9le AMPK 4k
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Fig. 4. Effect of F-MAPC on AMPK and ACC phosphorylations,
PPARy and C/EBPa protein expressions in 3T3—L1 cells. 3T3-L1
cells were treated with 0.2 mg/ml of F-MAPC, p ¢ 0.05 vs CON

5. WaEghsier EFEE(F-MAPC)O] L6 Al
oA Glut—4 S TH v|x= FF

F-MAPC 2|7} LeAIZo|A Glut—4 &4 Z&gd 24t
o A= FIFS B, Azdo] A st= Glut—-4 &
WAL e Aol o MEAA AEEte R o]Fsty
Ao REH AZYR 2=dE FUA7IE X8 24t A
Aol &2 whol|tt Glut—42] SrEks ZTA|E2]
L6 A|EZoA western botZAs ZAI 0.2 mg/mlY
F-MAPC A2 =4 t2AEZ H|st, Glut—4¢] L&
o] 10.2% S7FstR oY F9dL ¢ldck(Fig. 5).
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Fig. 5. Effect of F-MAPC on Glut—4 protein expression in L6 cells.
L6 cells were treated with 0.2 mg/ml of F-MAPC, p { 0.05 vs CON
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Sof AT Burt ok A AEER)RE, AAGRL)F
& 59 a%e AU T uxHHle] S=g ujk =g
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Ao AIsFGEHUGE). AN TFERELE 3= aso] 9l
on B drRE, TAWAle] gut TEmdlo|A] gl
anpt Bude] b’ AgL waAg, AR F¢
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2220 gt 2 FuAF qipl Yok @7 BuEHz
APV, ole} o] ek ZZko] gulwt wT= A&HoR
FEnd 9 AP oR BIEeRT gl ¥, wrEsbs
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g wgkdTs BaEel A ouk gtk 2 AR
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Lo| gt ZUS HoKpeHE), 717t B AL ZojF1 v
715e BIAA AFS 23EA e DS Afk(fEE) o
2 skt APAY, AUNE TLAE] NEYEE
B HEEAY 9 uHA g 0.2 mg/ml FEY
F-MAPC ] A] AZA A2x 2 Bojolg] axt
7b uebdth AAE-M), AMHF-A), ZA(F-P), 2
(F-0)9] oldts E22%3 F-MAPCS 77t Ha] 3 3
df AHAHE W 7S wmd AT F-MAPC 9 Y
A szold o LAg Ad 22 R ans vehfich
ol Zt7Zte] FopE TRz AMEEIGS W Rtk ZAFA
o] gtojata HhA| wigele] wlel FAE BFEA AR
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I Y-S Bl & Aoz Ayzbgr)

3 8AQl PPARy + AWANZES| Fa3%t 4TS 3t
£ oy, gy, ZA4AsE, o 181 958 =g
b torst AWARE Y3 Fa AT} Z=
Az A o] WHEE PPARy & glucose AlZ tiAE 225}
T olAY B ded TS Z/AY?. PPARy 9
C/EBPa + &d Asdgm #AE A2 dda d=
o AAEA ZE=GI JAGAE 2SS BIE o
27474 Rampge AN F-MAPCE  AEg
3T3-L1 ALA|ZoA olzjgt thijzle] whgo] {ojzo=z
Aadte AoZ Hol F-MAPC7} AA|Zo|A A& 2
AHESE AAsH= Aoz Helth E3F, AMPKE AZY
Az GRS SN o)A BB Teg 4
2 zjukal kst F7kel Zhol|l M) Avk gy E 2T A
A g3 FFeA L ded BulE 2Fshs st uirhel
2z 2ZgP%ct 2 Adea F-MAPC Az ¥ AMPKS}
sterol 23 84 A TllA A QAR AW A JA
ACCY| Qi 848 T7HA7IER A WAz A2 A
o] A Hojzx& Aoz Algdr},

2o 257 4Glut—-4)E= edd oA ZSAEe
2 olFo] fEEo] P &o TrrE AE YR FYA)7|
L A"Poz oA glon ZAT, ZARW} wi e
a3 Al Bxaich? 2 Ay An, daERgder 3
£59] F-MAPCE A 3t L6 AZoA Glut—42] T&o]
g 2A|Zof Blste] FoAH £E2L ol it thh SUtekE A
©2 Ho} F-MAPC7} ¢l&do] SR8t ==y 48 =&
Ao Br}

ool AWNE FIste] B, F-MAPC7F 3T8-L1 A%
AZo A FAAT AAH 2 FHE JANZIE AE FAA
I, APNES B3} 27]7ARIA] PPARy , C/EBPa <
AsleS Foto] AWESH JA = Fogicta BRI E
g, F-MAPCE 16 ZYAZoA FoZojx= A
Glut—49] #dE Z7H7] Aoz Bop AZY F7HE T2
e @Y Y = o] 8-S st YAEtE X s}
of ulgk B ofya}l A2y T Aoz FHZH FIF
< A Aoz Ayzbdrt

A=

= =

2 ATollA AAIE 3T3-L1 @ ZTAIER]D LeolA &
a3 AY M 9. A9 53 25F2E(F-MAPC)Y A
WA 9 Glut—-4 &Y 2rg ute] vXe 93 o
st o 22 282 At

1. F-MAPC: 0.05 mg/ml~1 mg/ml X&EZojA
3T3-L1 ¥ L6 N=Zo 54 uehfx] o

2. AHFE-M), AHHF-4), SEE-P), A9F-C) &Y
HUE B 3259 Oil-red O G823 0.2 mg/mle
FEoA ZHZF AEH AA| H=7F tfxAEe| H|Et
o, 23.1%, 43.7%, 45.3%, 24.5%=2 Z+Z} FFT]o],
Bt 34.15%9 AHEAH A 5iakg 2o

(

3. A, A 59 A9 B5Y wa E FEEQ
F-MAPC®] Oil-red O @223 0.05, 0.15, 0.2
mg/mlo] F=o|A tj2AEe] Blste] ZHzZ} 36, 488,
67.4%9 AW F4 AAE Yo, 54 =
(0.2 mg/m))e] GYdE & FEERT AW 55 9
A A=7t BHE 33.25%2 24 o LAEHATH

4, A4, MM =4, 29 B gs E FEEQ
F-MAPCY: 3T3-L1 AHAIZAA tzA|EZ| H]s}te]
o] FAAS ZHsH= AMPK/ACCY Abskez
< 37 AFeH, AUAEe] B3t z7|1EARIARI
PPARy , C/EBPe 9] whilltd mgh tixA|Ze v|3;
of A7l AL FAsHT

5. A9, AL =G, AY B¢ wE B 228
F-MAPCE L6 ZQAZNA Az ulste] Q&
A A3 & Aoz ol5H Glut—4 WHo] 10,2%
Z 715kt

ol el Axtolo LaESH A, A F4Y, A9y B3 &
ZZE(F-MAPC)2 AHHNZ 3T3-L1 AZA Z7]|A4
A Q1A PPARy I C/EBPa 9 w& YA @ AMPKI}
ACCe Q4 S712 AW JAE A4 4= 7] dE
o A= W AHEH AAY Fa3 7|d 2Hgst, Le &
SAZAA 2= 5 T Tl Glut—49] @] F7t
E YeEERE AW &4 JA 9 st 5a9-E 53 3
HTE 9 g 25 it FR FER E8E = U A
oz AZEr

A 2

B d3E 2013¥=E AR(uAzIEH) o Yoz gt
FATAEL] XY wrol 3 AFE(No., 2011-0030124)
olr, olof ZrAL=YUt},
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