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The effects of the enzyme-treated Ecklonia cava extracts on anti—obesity

Seul-Young Kim

Graduate School of Education

Pukyong National University

Abstract

Obesity 1s a worldwide problem that contributes te serious diseases
including diabetes, hypertension and atherosclerosis. Recently, much research
1s conducted about functional natural materials and their anti—obesity activity.
This study investigated the effects of the enzyme-treated FEcklonia cava
extracts (EEc) on 3T3-L1 preadipocytes and mice fed high fat diet.

In vitro, EEc in. order to observe effect of inhibiting adipogenesis, EEc were
treated with different concentrations (12.5 pg/ml; 50 ug/ml, 200 pg/ml) on
induced differentiation of “3T3=L1L cells. Theé results of MTS assay were not
observed that cell viability reduced on any concentrations of EEc treatment.
The levels of glucose in differentiated 3T3-L1 cells were lowest in the group
treated with a concentration of 200 ug/ml EEc. Triglyceride accumulations
and lipid droplets were decreased in a dose-dependent manner. In addition,
EEc reduced the C/EBPs transcriptional activity significantly in 3T3-L1 cells.

In vivo, to test anti-obese effect of diet containing EEc, C57BL/6NTac mice
were divided into six groups : Normal diet group (ND), High fat diet group
(HFD), High fat with Garcinia extract diet group (GHD), High fat with EEc
diet group (EHD250, EHD500, EHD1000), and all groups were fed with each
diet for 9 weeks. After the end of all feeding, factors relevant to lipid

metabolism which body weight, lipid patterns, concentration of glucose and



leptin in serum were determined, also GOT, GPT were measured, and protein
expression in liver tissue were determined by western blot analysis. Body
weight was significantly increased in HFD group compared to EHD groups,
and the weights of liver, perirenal fat and epididymal fat corresponded to the
increase in body weight. The levels of triglyceride, total cholesterol, low
density lipoprotein—cholesterol in blood serum were lower in the EHD1000
group compared to the HFD group. Glucose and leptin concentrations were
lowest in the EHD1000 group. The levels of GOT and GPT in the EHD1000
group were lower than in the HFD group and C/EBPs expressions were
decreased in a dose-dependent manner. These results demonstrate that EEc
significantly inhibit adipogenesis and can be used for the regulation of

obesity.



475
A+ (Ahima and Flier, 2000). XA ¥E2] H3lytAdLe t}eFst
AARIAE S dE28S Foke] vl HFsHA o] 7ot (Lee et al,
2012). 1 s9dAX= C/EBPs, ADDI1/SREBPlc, PPARy”7} 71 873t
adipogenic transcription factor® #r-&38kth (Park, 2005). ©] 213 ALl A}
2 AAE 2353 2] & AFdA T, AR dsaE
= Tote] AEWAE FAE AT AEAEe] CEI3E fRdT
(Morrison and Farmer, 2000;-Rosen and-Macdougald, 2006). A %A X =
F5] AW F4 9 ¥rb oyl adipokine¢| Bt AEXAEEL S &
Hlgto] wWolyp dFukgole dojdt= Aoz deld dok (Park,
2+ leptin, Acrp30, TNF-q, resistin 5] %
om QledAIy, A2y T, sWASSTH 2 A dEa o

ek Aol vt BHuxa tk (Kown et al, 2003).

v ek A WhA o] gl Esho) Ao B Al By FHol ¢
& 2% (Ordovas and Moose, 2004), &2} AAHoz FA3A =

Zbetar = AW F styoltd (Jang and Choi, 2003; Visscher and
Seidell, 2001). 53|, H|¥re nEQ A EF G 5 A Aol

Az dEA 7] wEel vk R tid @2 dyEol AdyEHIL

_1_



ATt (Jung et al, 2011; Lee, 2010; Shin and Han, 2006). & B 92 &
= AR 5, T 9 9= A5 T Y 7] HHOeRE o] Fojx]al

o (Lee et al, 2007), 71 & ¢fEA AT FF5F4 ASAAA

Ko, 2004). stA|Rt o] =52 WS, w2/, F&, 2

T s HaEa Aok (Joo et al, 2003). dEFE Ao
o] vt Ao whuldawhd vheket mld =} H] EpRl o] F -5k,
Aol Bl ERESFAGA Dgropn]ieqbe] ShEko] B =8 Ao oy
A At} (Choi et al, 2006). 53] dl&Fol 553 <A, FHAHE,
gyt 5 84 Ry 9%, &5, 95, TS 5 uSd
AelgdA 7leEel delANA AEAde s F5 o gttt (Lee et
al., 2012).

2o AFe A8¥ ZH (Eckionia cavats T2 3 ue AT At
of Wol MAstx Y GALE (Laminariales). W93 (Alariaceae)®)
A sl 2F2A (Wi et al,-2008), 50|t rehe] Holz ol o] &
H A (Sim, 2003). #El= 95 (Shin et al, 2006), L@ A &%
(Hong et al., 2006), tyrosinase A31&4d (Yoon et al, 2009) % 7§d7]
S4¢st (Kang and Kim, 2009) ¢ &% 71 Aoz HIAHJI,
o= FEfol A+ phlorotannin® © 3 polyphenol Ad&#Eo o
A% FHstA AP At (Shin, 2011). 7Hefe] ujgt g djof] st
71E dTes AYEW, 9 JdEs FEE2 Lipase A& U
Bl HaHA2 (Jung et al, 2011), FFEfe] polyphenol F&=%=
seanol (sea polyphenol) A A Al 2 ofAle] a37F b B s

A

olth (Kwon, 2013). 2 AFoAE= GaAES Ha 2 A2 95t

(AT
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I. As £ 9
1. 48 A=
1) AleF ¥ A=

2 Aol AHEH GarciniadTE+E H HHEAREE (EEc)S T34
() (Juyeong NS, Korea)oll A Azt AS A&t o, -70 TolA
et Ao AREsEAT

A&o]  Ag3F 3T3-L1 - preadipocyte (CL-173)= WA EFL3)
(American Type Culture Collection, USA) A TU3FA T AE nl ko
A3+ Fetal bovin serum (FBS)2 Gibco (Life Technologies, Gibco
BRL, USA) A|%&S AF83F 3 Dulbecco’s modified Eagle’s medium
(DMEM)< Sigma (Sigma Chemical Co., USA) A% S AL-&3FA T Al X
Ml Al B8 FEA= ARE¥ methylisobutylxanthine  (I-5879),
dexamethasone ' (D-4902), insulin (I-5523)= Sigma (Sigma Aldrich,
USA)olA FYetR L, AZAESE SHS Yok MTS/PMS  solution
(Cell Titer 96 AQueous- Non=Radioactive Cell Proliferation Assay kit)=
Promega®l A 43t AFE-3FATE Glucose & 2 triglyceride 359
HstE SA4e7] Y8l Glucose 574 kit (AM 201-K)¢F TG 74 kit
(AM 157S-K)E o}akAloF (Asan Pharm, Korea)oll A+ 3} th.

ZEAFA HEAS 3 ZEnFHA R zoletii (Virbac, France)¥}
rompun (Bayer, Germany)& ©]&3t%il, &% F9 leptin % FAH&
#3Fe] Leptin ELISA kit (ADI-900-019A)E Enzo (Enzo Life sciences,
Switzerland) | Al -9} 3t A ot

Western blot analysisoll A AlE 2 71 &9 dwd FHE+= BCA
protein Assay Kit (Pierce Biotechnology, USA)E A}-&3slo] S48 a1,
protein standard marker+ dual color marker (BIO-RAD, USA)E A&



3t Y. Antibody+= Santa Cruz (Santa Cruz Biotechnology, USA) |3
S 9] &£3t99 Y. Detection regent®  Super Signal West Pico
Luminol/Enhancer Solution¥} Super Signal West Pico Stable Peroxide
Solution (Pierce Biotechnology, USA)S ©]-&3}¢] Kodak film (Eastman
Kodak, USA)el| #3Fstitt. &g A8wd dAAde Kodak (Eastman
Kodak, USA) #|&& AF&3}3it).

2. 230
1) 848 o83 #HE3d= (EEc)d A=

Ea ] o] 7ZHejel] pH 452 2R W =7 ES £38skal Rapidase press
2 Rohament' CL + &4E #H7}8e] 50 Coll A 24417t &<t vb-SA A

L 5
o o] F W91 3,000 mom, 4 T4 2081 4 vE St AEole
8]

}11

—’Fﬁ}oﬁ 4_]/]_ 1;1< % _‘5"_ _E_J%'— 74}_0]—04 @'Eﬁé‘_i%@u% (EEC)E Xﬂ}—
ste] 2 Aol AR Agstedeh
2) AXAE

(D 3T3-L1 preadipocyte ¥l 2= MTS assay

3T3-L1 preadipocyteE 10 % Fetal Bovine Serum (FBS)”7} X3t
Dulbecco’s modified Eagle’s medium (DMEM) HjA|E o] &3}o] #j s}
Gth 3T3-L1 celle] postconfluent®™ 10 % FBS-DMEM #jj %]l &3}
fFEAx<e  MDI (05 mM  Methylisobutylxanthine, 025 pM
dexamethasone, 10 ug/ml insulin)& #F7}ste] %7|E3E FE3 T
B3 29, 49, 6¥ A o= Human Recombinant, Zinc solution 5 ml&

o
o
Farel slMeta 10 pg/ml F %9 insuling H7bete] AGAERE #3}

o|N



= T3t

MTS assayS ©]&3le] EEc7} A|EZAEEC vA= FFS dolr gt
t}. 96-well plateo] 2x10* cells/well®] %2 3T3-L1 cell& seedings}til
24N v ge F  serum-free medium (SFM)S 4A13F A 23519
Garcinia®&% 200 pg/ml, EEc 125 ug/ml, 50 ug/ml, 200 pg/mle] &%
2 47 A v, Al 24A17F <t s stk wi ko]l £ plateol]
A wlA]E A ASFI, phenol-red free DMEMdl MTS/PMS solutions
A7ske] 308w HESAIZl Fo EFF XA (Ultraspec 2001 pro.
Amersham Phamacia Biotech, UK)E ©¢]&3}¢] 490 nmolA T3 =5 =

A .
@ M* W Glucose % Triglyceride &%

A U glucose TS SR1st7] flste] EskEl 3T3-L1 celld
SFM< 4A17F A 83 3 GarciniaT&=% 200 pg/ml ¥ EEc 125 ug/ml,
50 ug/ml, 200 ng/mle] FEZ 24417k AHElstth Hkgol TR H A E 9
AE AR ol AFde BTt dFE 44 10 ulol

3o

glucose assay reagent 1.5 ml= %7

EEA1ZL 5 500 nm FFE=olA A8l

EEc Aglol W& triglyceride®] THHIIE A7 95kl 6-well
plateo] 3T3-L1 cellE seedingstil 80 % confluent® ™ MDI (0.5 mM
Methylisobutylxanthine 0.25 uM dexamethasone, 10 pg/ml insulin)& *#
glete] 35 FE3 F SFMS 4A13F A std . o719 Garciniad %
=2 200 pg/ml, EEcE 125 pg/ml, 50 pg/ml, 200 pg/mle] sE== 244
2 Agstdtt AlEE PBSE 23] Al A Skl ice-cold PBSE 1 ml 371
Hell 30x%F &3 Ellste] MEE QY WEEo] §EHES ST
o] & cell lysate 40 plol TG assay reagent 1.5 mle H7}ste] =353t
ol 37 TollA 107+ vH&A1Z1 %= 550 nm &3 =l SA 3t



@ Oil red O &M

39t 6-well plateol]l 3T3-L1 cell seedingdtil 80 9% confluent® ™
MDI (0.5 mM Methylisobutylxanthine, 0.25 pM dexamethasone, 10 1
g/ml insulin)& *gsle] L35 =3 § SFMe 44)7F A2 stqiv. o
719 GarciniaF=% 200 pg/mlet EEc 125 ug/ml, 50 pug/ml, 200 pg/ml
o] FEE 24A7F AHYsta, PBSE F H AlFH % 10 % (v/v) formalin
= H7bste] 202xF WA s, BAl 10 % formaling 3 7tebe] 1A]%E
Wxste] AXE 2AHAZ F 0il Red O 2419 (0.5 g Oil Red O, 60
ml isopropanol, 40 ml distilled water)S H7}ste] 3A17F AL
distilled water= AFstAtt. AWT7F GAE MES Avd ol A

7 #H 3. (%200)
@ Western blot &4

6-well plateol]l" 3T3-L1 cellE seedingstil 80 % confluent¥ ™ MDI
(0.5 mM Methylisobutylxanthine, 0.25 pM dexamethasone, 10 pg/ml
insulin)& A gldte] 35 73 F SFM= 41t A 2lstaith. of 7]l
GarciniaF=+% 200 pg/ml, EEc 125 ng/ml, 50 pg/ml, 200 pg/mle] &%
2 24A%F AYstal, PBSE 23] A g % lysis buffer (20 mM Tris,
pH 8.0, 150 mM NaCl, 10 mM sodium phosphate, 100 pM sodium
orthvanadate, 100  uM ammonium  molybdate, 1 mM B
—glycerophosphate, 10 % glycerol, 0.1 % NP-40, 0.1 % SDS, phosphate
inhibitor, protease inhibitor)& 3 7}sto] MEE I FstAt. & @
S  sodium dodecyl sulfate-polyacryiamide gel electrophoresis
(SDS-PAGE)®! dual color markerE X +®AFo 2 Al&3te] A7) o5

3l & polyvinylidene fluroide (PVDF) membrane (Millipore Co., USA)2.



2 transfer 3}t @@z o]l  dol® PVDF membranes 1 %
BSA/TBS-T® 1A]7F 307t blockingdlal, 12} antibodyS 10 ColA 16

A1ZF sk WA 7l 3 22F antibody @t chemiluminescent sensitive HRP

g #8222 £ KODAK X-ray filmo =2 ¥73}%

3) sEAE

© Aol AR Hddee2 FAUgN seddaddiY sd=

Htol sty WS 458 CH7BL/6NTac 7% mouse (167 + 1.73

0)E (F)MEFE (Samtako Bio Korea, Korea)oll A sttt 747 1
AR Z dHALEZIFS AX & GIB (randomized block design)?l

=)
)
=
o
of,
44
o
of\
=5
s
N
_OL
tr
B

G Aol (ND);, aLA|2 o]t
(HFD), Garcinia A& 8t2 o]t (GHD), ftHl &4+ 8= (EEc) AW
Eg4 ol (EHD250, EHD500, EHD1000)S- & w0 953+ A5t
A2l o]= AIN-76 semipurified dietES 7] A5 = AFE

=
& fEs7] sl MRS % Aue @79 FEow FA7IL

S

f
32
o
i)
R
rEI

AAFHOE lard9t corn oil S AFESFG T AL 71 7F HoF AojE 19 1
3] AH=E st &2 A wolstith AAASAHY ks 23 + 2
T, %% 50 £ 5 9%, 12A]17F light-dark cycle® Z43tc}h A3 o &
7 B Aole] A4S Table 1, 29 #Zth.



Table 1. Manufacture of experimental diets.

Group Diet
ND (n=10) Nomal diet group
HFD (n=10) High fat diet group
GHD (n=10) High fat diet + Garcinia 250mg/kg/day
EHD250 (n=10) High fat diet + EEc 250mg/kg/day
EHD500 (n=10) High fat diet + EEc 500mg/kg/day
EHDIO00 (n=10) High fat diet + EEc 1000mg/kg/day




Table 2. The composition of experimental diets.

(g/kg diet)

Ingredients” ND HFD GHD EHD250 EHD500 EHD1000
casein 200 169.60 169.60 169.60 169.40 169.60
DL-methionine 3 2.54 2:64 2.54 2.54 2.54
sucrose 500 424.00 424.00 424,00 423.50 423.50
corn starch 150 127 20 127.20 127.20 127.05 127.05
cellulose 50 42.40 42.40 42.40 42.35 42.35
corn oil 50 42.40 42.40 42.40 42.35 42.35
mineral mix 35 29.68 29.68 29.68 29.65 29.65
vitamin mix 10 8.48 8.48 8.48 8.47 38.47
choline bitartate 2 1.70 1.70 1.70 1.70 1.70
lard 144.16 144.16 144.16 143.99 143.99
cholesterol 8.48 8.48 3.48 8.47 8.47
sample 2.50 2.50 5.00 10.00
total (g) 1000 1000.64 1000.90 1000.90 1000.00 1000.05
carlorie 3850 4562.24 4562.24 4562.24 4556.86 4556.86
fat 450 1679.04 1679.04 1679.04 1677.06 1677.06
fat (% calorie) 11.7 36.80 36.80 36.80 36.80 36.80

U The diets compositions were based on AIN-76.

_10_



AdesEe dde A3 T8 A 2443 AAA ] B3 zoletil (Virbac,
France)® rompun (Bayer, Germany)l & mw}F3 F E73oj3 oo A

heparin A 2]¥ FAZIZ ARt AEdH AL 2500 rpmol A 20+

FFE9 F01E 19 13 d LBRE Al gt qFR Ao = o] Fojx o

o, e 2 22 Aol ZFEe A 1A Aol dHHE 7155
AFe 79 13 A3 A|7H] ZASEF O, o vuAlS AF o A|F&
7] (initial) AFL2= 33l 957 F2 AT vHAY (final) AFS s
2 d efficiency ratio, FER)& A%

Z7hg 9F7ke F Aol AT o 2 Yol AREA

Food efficiency ratio = Body weight gain (g) / Food intake (g)

EEcAd# el w& 3% F total cholesterol, HDL-cholesterol,
LDL-cholesterol®] W5 dAYsIsr=47] (Thermo fisher Scientific,
USA)E o]&3te] S48t A triglyceride 352 TG =4 kit
(Asan Pharm, Korea)E& ©|&3tAth &A1 3 ml& 7|Fo2 *%

o] &3t AHFdS A3 = EH 20 uls EFste] 37 T incubator]

(o]

[0

ol
ol

MN
o



A 10%7F 93217 F 550 nmoll A FEE=E SAH AL
® A Glucose &% % Leptin 5% =4

Al 3
Sk

H

37 T incubatorell A 5&7F HES-AIZl v #3333 %7 (Ultraspec 2001
pro. Amersham Phamacia Biotech, UK)Z 500 nmolA 3 %=& =743}
At} Leptin ELISA kit (Enzo Life sciences, Switzerland)E ©]-&3lo] &
A lepting =5 =43t t}E. Assay buffer 100ul 71502 RS 9
ste] S st & #8FH 100 ul& 78kl A2 A 1A HE
shakingalo] ¥F3Al7l t}e PBSE oz 33 WkEEle] washing 3F
o] A 100 ul® blue conjugate =58Fe] A -2oA 30&3F HESAIZ &
PBS& o2 33 WHESES] washing dFtt. TMB substrate solution
100 ulE #Fshe] Aol 3027 pESAIZl F 100 ul & stop solution

Hsle] 450 nmolA] EFTE URTEoR FAEE =AY

oo

2

® % +° GOT, GPT &4

EEc A 93 3+ &4 AEE A7 S8 A=A 7]
(Thermo fisher Scientific, USA)E o]&3te] ¥ % Glutamic
oxaloacetic transaminase (GOT), Glutamic pyruvic transaminase (GPT)

o FEE FRaA0

2r A 9] Triglyceride &% =4

2 2=A4 5 AlEske] PBS buffero] ¥l A 3HE ths 12,000 rpm, 4



© Western blot 4]

b Z2& RIPA buffer (1 % NP-40, 0.25 % sodium deoxycholate, 1
M EGTA, 150 mM NaCl, 50 mM Tris-HCl, pH 7.5)9] homogenizer
&3ste] whfgk * 12,000 rpm, 4 CTolA] 1023+ 9AEE st &5

39tk BCA protein Assay kit (Pierce Biotechnology, USA)Z 1Y
A TEE =A% 20 ug/lane?] L3I %S sodium dodecyl
sulfate—polyacryiamide gel electrophoresis (SDS-PAGE)°] 7|9 & o &
B2e  vS dual  color markerE @ ErREAHOR A3
Polyvinylidene ' fluroide (PVDF) membrane (Millipore Co., USA)S. =
transfer sttt @9 @ o] Ade]¥ PVDF membranes 1 % BSA/TBS-T
2 A2 1A 308 5¢F blocking A2 ¥ 1%} antibody= 1 : 1,000
o2 gAste] 4 CoAlA 18A1FF WHEAIH T, WEg-o] £1 membranes
TBS-T &4z 153k 2% washing$t th 22k antibodyE 1 : 10,000
Bl &2 84 3ke] 40%3F WkA7| AL B Al TBS-T §d9o= 1027 33
HbE-3}o]  washing3} 1 tF. Super Signal West Pico Luminol/Enhancer

=
=
KeR
=

ﬂ

jav)

Solution®} Super Signal West Pico Stable Peroxide Solution (Pierce
Biotechnology, USA)S AF&3to] KODAK X-ray filmol 73EA171 & o

W dde Helshglvh

4) FAETH A=

e Adddes 7 o Hud 2F8A (mean £+ SDO)E UERY
pom, ZF At 1] fFeo)Ad2 SPSS ver. 180 T2 ALE5H

_13_



A s A el diE e

Duncan’s multiple range testE p<0.05 4~

4 A
ol A
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m 23 4 u#

1. A4y A3
1) 3T3-L1 preadipocyted] A XA E=&

EEc A& o] w& 3T3-L1 preadipocyteo] A AlEF2]o] o3l kS
) 2 =% ol A= Fig. 13 Zt}l. Garciniad=% 200 pg/ml 2
EEc 125 ug/ml, 50 ug/ml, 200 pg/mle] H%2 24A]7F 2 48A17F A
st T ME AEES SHI AT EE A d Aol A

ge W T ZolE Holx &= ZAow FAHJT Positive
2l (G200)# EEc #al &=a¢l E2007
F A kL 241 7F B ABA| 2 %ﬂiﬁoﬂ/ﬂ
%

.
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Fig. 1. Cell viability of 3T3-L1 preadiocytes.

3T3-L1 cells were treated with EEc in various concentrations (12.5
ug/ml, 50 ug/ml, 200 pg/ml) for 24hr (A) and 48hr (B).

Cell viability was measured by MTS assay.

Values are mean + SD.

Within each column, values with different superscripts are significantly
from each other (p<0.05), as determined by Duncan’s multiple range
test.
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2) AE W Glucose &9 W3}

EEc7b Al Wl glucose &l VA= &= 543 A= Fig. 29
2ot EEcE Aoy MxE mdd Fo 5450 AxE WEY olF
< AT Aoe=m FHsido 2+ A¥ZEy MDI (05 mM
Methylisobutylxanthine, 0.25 ptM dexamethasone, 10 pug/ml insulin)%F *#]
23l 7 (MDD insulin® = 2l3ste] AX W= glucosed HUo F7}1st
gth Wi Garciniad=% 200 pg/ml 5% A g+ ¥ EEc 200 pg/ml &
=AY ME W glucosed FYol AslE ATt (Fig. 2). 3T3-L1 A
WA insuling A 2lstdA M el insuline] Z3sle] PI3 kinase 21
SAGAAZS SA3A A 1, Akt AMPKE &4 3}A] 71t} (Saltiel and
Kahn, 2001). == A3 GLUT-47} Al Z£2° 2 translocation® ¢] glucose
AX W #9495 70718 Aoz Ldex dtt (Ko et al, 2007).
Nd A3 insulin®] A8 = 2745t A EEc # gl 23 glucose2] Al
W Fdel dAE S Sl aL, EEc7F A AL ovAdEs A

A4 AAl 234E UEE Ao Alg ¥ T

Mo Lo

ﬂ%

2 X HFA| L

oZ:
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CON MDI E12.5 ES0
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Ln
=

Sample conc. (ug/ml)

Fig. 2. Effects of EEc on intracellular glucose in 3T3-L1
adipocytes.

3T3-L1 cells were treated with EEc in various concentrations (12.5
ug/ml, 50 ug/ml, 200 pg/mb):

Values are mean + SD.

Within each column, values with different superscripts are significantly
from each other (p<0.05), as determined by Duncan’s multiple range

test.
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3) M ¥ U Triglyceride %< W3}

Triglyceridex glucose®t SHA] A HWAE o] FQ2 duA|gez dHA
Nom, AR triglyceride® AWAMEN S, AFHo=ZA HWHS o
o 71t} (Hafiz et al, 2004; Labreuche et al, 2009). EEc® triglyceride
st A3 a3E Felstr] 9sFe] 3T3-1L1 preadipocytee] Garciniad=
5 % EEcE A+ Z¥}  (Fig. 3), MDI (05 mM
Methylisobutylxanthine, 0.25 ptM dexamethasone, 10 pug/ml insulin) & *
Zlgk & (MDD triglyceride®] Aol HFoldo=r F7ist dbH,
T (G200 EEc At (E125, E50, E200)°4 &
FTE JEAQ HaAFS FAFT F grh. 53-E20079] triglyceride?]
st Zow ueyhon,
Fig.2) triglyceride®] =%

AC)

GarciniasFr=% #

D
N}
S
M4
o7
Au)
1

= Adst= Aoz = 4 Stk
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Fig. 3. Effects of EEc -on intracellular glucose in 3T3-L1
adipocytes.

3T3-L1 cells were treated with EEc in various concentrations (12.5
ug/ml, 50 ug/ml, 200 pg/ml):

Values are mean + SD.

Within each column, values with different superscripts are significantly
from each other (p<0.05), as determined by Duncan’s multiple range
test.
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4) Lipid droplet Al "X |F

stE 5% 3T3-L1 AEA 2] EEcE A&lst3l< ), lipid droplet
4ol M3E Oil red O GAE T3 #AEstaA a9t (Fig. 4). Lipid
droplet< triglyceride® T4 ¥ H|&A4 A4d O =2 precursor fibroblastoll
A ARAIER E3bste BAHAA A yEdY (Park et al, 2011). °]+=
adipogenic transcription factorE°l] 2&] Zd %™, lipid droplet2 LPLeJ

i

2] %}t triglyceride 93} adipose triglyceride lipase (ATGL) % hormone
sensitive lipase (HSL) ¢]3} triglyceride 2o ola] X2 Fcta el A
At (Ahmadian et al. 2010 : Zimmermann et al., 2004). ¥ A& 2y}
MDI (0.5 mM Methylisobutylxanthine, 0.25 pM. dexamethasone, 10 1
g/ml insulin)E A &% < (MDDeol| #H|3e] Garciniadz=% A8
(G200)3} EEc A=+t (E12.5;, E50, E200)°1A4 lipid droplet &4 o] &%
SgEAOoR A= AL=R YEHTg B EEc A2lo (E125, ESO,
E200)¢] 7% lipid droplet®] Z7] 2 A7t 55 oEH o2 A4 i
3t ASS How E35 E200:7 S positive ™ F<1 G200E.T} lipid

94 oA w2 Ao® veuth weks EEcrb 3T3-L1
AGAE 375 BAell a3 = ‘/}F/}ﬂ%ﬂ G JZW o2 Aureko] =
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5 MXE FFo A adipogenesis A& &4 (Western blot)

AWM Ee] B3lo= S F79 adipogenic transcription factors ©]
ol gt} o] 23k transcription factorE2 A WA X E3F 3

=
2 g2 A7ld Zb7] Wdoe] fuHH, AR A5 2ES Ed

5., 2002). A WAES EItAM T a3 £dAAR CCAAT/
enhancer binding protein (C/EBPs), adipocyte determination and
differantiation dependent factor 1/sterol regulatory element binding
protein 1c (ADD1/SREBPIlc), peroxisome proliferator-activated receptor
y (PPARy)7} J°m (Morrison and Farmer, 2000; Rosen and
Macdougald. 2006); ¥ 7o A= EEce] 93+ C/EBPsd 3 AEE
golslarzl &9 th EEcE 125 ug/ml, 50 ug/ml, 200 pg/mle] ==
3T3-L1 preadipocyteol] A #ldtar #3515 F535o] C/EBP q, B, §2 &4
S @13 A3 EEc AHdm%=d wgk Al 7FA transcription factor 27
ddol sk Aozt EEY (Fig. 5. °l= EEc7F 3T3-L1
peradipocytedl] A “C/EBPs®] &S Ao =ZM AME U triglyceride?]
7] 2

S A AHAE R B3l=2 AgA]z Ao 7 Az H)
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C/EBPT v ammelle S s 20 kDa

C/IEBPR -===-— = 43 kDa

C/EBPE ' g 2B kD2

11

CON MDI G200 E12.5 ESD E200

Fig. 5. Effects of EEc on C/EBPs protein expression in
differentiated 3T3-L1 adipocytes.

3T3-L1 cells were treated with EEc in various concentrations (12.5
ug/ml, 50 ug/ml; 200 pg/ml).

C/EBPs protein expression were determined by Western blot analysis.
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2. 3=4Y 2%
1) AFHs HoldAZF H Aoas

973 A AolE AdFHste st ATHstel Aol dHH 9 Aok
4 (FER)S ##3t A3yl+= Fig. 63 Table 39 YEFHSI T 12 wl2 o]
(HFD)¢] AlF5=7F&o] 1551 + 1.86 goz A4 ol (ND)¥ positive
Y Z=72 GarciniagF==2o)7 (GHD)o| H|sto] fFeldoz F7kskd o
], EEc?] o]+ (EHD250, EHD500, EHD1000)2 1x]#-2]o]* (HFD)ol
Heto] SolHow ﬂAO}OﬂE} EEc2loli+ FelA 53] EHDI1000T <
640 + 034 go =2 AgHol# (ND) 721 £ 027 ghtl @& AFT571%
S Yehgo] EEcol 93 AFHAanE Feast. HoldH Fe 1A
HkAlo] o (HFD)o] 2.78 g/day= tE ol H
o= gl o w2 EEc7l 28-S A
. Ao Z2&(FER)S AAket A3 sixukAle .
b =gton Aakdol (ND) 0.31 £ 0.019] Hlal 8064 % /&S
Btk E EEcAoli+2 AAAol# (ND) % Garciniad & &2 o]+
(GHD)# #AFe =0 & 7F4astel om, EHD1000 ol A 7 vk 2] o]
288 YA

x

ol =

U}
—‘_l
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Table 3. Effects of EEc on the weight

gain, food intake and FER of mice.

ND HFD GHD EHD250 EHD500 EHDI1000
Body weight (g)
Initial 20.31+0.66™" 20.34+0.64 20.36+0.65 20.34+0.70 20.40+0.71 20.39+0.73
Final 2753079 35.86+2.45 28.76+0.66 28.97+0.38° 29.79+0.89 26.79+0.60F
Food intake (g / day) 2.32+0.30° 2.78+0.52° 2.45+0.29" 247031 2.47+0.34® 251028
Body weight gain (g / 9week) 7.21+0.27° 1551+1.86° 840+0.22 863040 9.39+0.47 6.400.34"
Food efficiency ratio (FER) 0.3120.01% 056007 0.3420.01 0.35:£0.02 0.38+0.02 0.260.01°

Groups are the same as in Table 1.

Values are mean = SD.

Within each column, values with different superseripts are significantly from each other (p<0.05), as determined

by Duncan’s multiple range test.

Y NS: not significant.
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o] =4 g FH A FiF WskE Table 40 YERY
= HRko] =¥ A WA ol (HFD)e] 154 + 012 g&
HD1000+"©] 1.01 + 0.14 go. & 11
2 18l 3442 %9 &S B A 2 FH %
WA FEs A4S A3 Aol (ND) 043 £ 0.05 g, A4
o] & (HFD) 0.74 + 0.11 g, GarciniaFZ% 2] o] (GHD) 0.38 + 0.03 g,
EEc2 o]+ (EHD250, EHD500, EHD1000) 0.36 + 0.02 g, 0.37 £ 0.01 g,
0.04 go 2 mxwA ol (HFD)INA o3 715 Yehgela,
GHD + % EHDw A AE F94<9 AAE YERy At Fa3 2 9
T aAYA ol (HFD)ol 059 + 0.11 go& 7} ¥=9ka,
A Aol (HED)O HstooBE oAl Ko Al ras B v
& =g vhgas ax @ ol o oA Iz o] o Fol A HA
AW A7) A4S =ZH3kt} (Lee and Kim, 2009). 7+ F+AY Z71= 7t
FTAAE 2 FH2HEY F49d &g AHolm (Jayasooriya et al,
2000), °ol= <lste] 7+ 75 Askel gl 7 ovld, ARgtew ddd
ATH (Seo et al, 2009). A7k 2 B3 £l ke WMAxuro g Fg
A JoAe A E A s 5 A gl
Rolfes, 2005). &HH-HIRE2 Aol itz dejx] o, vkl 74
G- AAEFo] Bt BRG] HETE v S 249 gE
o] FolX Tt} (Avram et al., 2005; Jang and Choi, 2003). ¥ A 5-2] A3},
EEc? ol &= AFiads YeuH, A F7]e Aol A== A
AAste] Az 2 BEBR A E a3E UHEdE o=
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Table 4. Effects of EEc on the lipid profiles of mice.

ND HFD GHD EHD250 EHDB00 EHDI1000
Liver (g) 1.08+0.065™ 1.54+0.12° 1.17+0.07 1.09+0.06™ 1.08+0.07 1.01+0.14°
Perirenal fat (g) 0.43+0.06" 0.74+0.11" 0.380.03* 0.36+0.02° 0.37+0.01* 0.36+0.04°
Epididymal fat (g) 0.21+0.06" 059+0.11° 0.26+0.04" 0.22+0.04" 0.24+0.02" 0.22+0.05"

Groups are the same as in Table 1.
Values are mean = SD.
Within each column, values with different superscripts are significantly from each other (p<0.05), as determined

by Duncan’s multiple range test.
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3) 83 x29 #H3l

3 triglyceride, HDL-cholesterol, LDL-cholesterol, total cholesterol
o] gaFe] W3li= Table 59F ot @3 < triglyceride®] 32 1A}
Alola- (HFD)o] 80.95 = 583 mg/dlZ A/F2olat (ND) 6744 + 257
mg/dloll H|gto] FTlsle Ade BEAANE 92 2ol glddth EEc
Aol (EHD)ol A= A #A ol (HFD)ol Hlste] {94 #HAE B
on Fxo wWE FxE YElU A= 2t HDL-cholesterol= =74
gb A3, Aol (HFD)ol Hlgte] FoAel S7k= glAe
EHD250* el A 12933 + 832 mg/dlZ2 A% 7ttt w
LDL-cholesterol& x}¥2lo] it (HFD)o| 2457+ 244 mg/dI= A2
ola- (ND) 14.44 + 270 mg/dlel Hlgle] FeH o= FUFeE A
GarciniaFZ &2 o] (GHD) "% EEcH el (EHD)A A fro)d o g A
sttt €% ¥ total cholesterol®] @2 alA|WA ol (HFD) 173.44
+ 579 mg/dlZ A4 el (ND) 7887 + 298 mg/dlel H|3l « 243
71E el o EEc? olst (EHD)2 positive ™% ¢l  Garciniad=
Aol (GHD)oll " Hlei M= Fo4 s YelAT. dF Ad 3
AlRE AdaA A8l 2AdS 5 o) AEAERE ol&dn (Park
et al. 2012). &% HDL-cholesterol 4% g JHA|EZ oA HAd o] & o
o7 o3t AAE £A]8t= cholesterolS Fo & Hbste] Fw A
sto] W ES YEE 9% dt; (Stephan and Wald, 1990). HEWH,
LDL-cholesterol< lipoprotein®] 2t= At&xFe] ez o o] &4
st ZAdAA free radicalel o3& AFstEo] s AstE FEET
(Imano et al., 2011; Park et al., 2009). & A go|x EEcE A|W2 o9}
et 971 wold A3 A F9 cholesterol ¥l W& HERY
= Ao® HolH E3 nAFF A #<Q triglyceride, LDL-cholesterol
2 total cholesterol®] &S foldoz IHAAA EEc/l 5443 9

AP AT] el EBE UEd Ao AprEd

a9

LA}

o|\

i

rlo

e

1
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Table 5. Triglyceride, HDL-cholesterol, LDL-cholesterol, Total cholesterol in serum of mice.

(mg/dl)
ND HFD GHD EHD250 EHD500 EHD1000
Triglyceride 67.44+2 57 80.95+5.83" 54.28+6.45° 54.07+2.58° 62.48+4.02 61.69+5.65"
HDL-C 89.37+3.54 118.86+8.67" 117.09+6.86" 129.33+8.32 123.92+15.82°  101.75+1.88"
LDL-C 14.44£2.70% 24/57£2.44 20.38+2.10° 16.51+2.69¢ 16.26+0.94¢ 18.47+1.66%
Total-C 78.87+2.98" 173.44+5.79° 113.81+6.72¢ 96.02+7.364 98.78+4.04¢ 104.28+7.15¢

Groups are the same as in Table 1.
Values are mean + SD.

Within each column, values with different Superscripts are significantly from each other (p<0.05), as determined

by Duncan’s multiple range test.

_31_



4) A glucose % leptin 3%=¢ W3}

2 29 499 moused A glucose kol ml X
= 9%s 4 A3} (Fig. 7), EEcHol+ (EHD)> A2 o]
(HFD)ell Hlsle] o4 H4E WY 53], EHD500 ¥ EHD1000w
13786 + 1644 mg/dl, 123.03 = 14.04 mg/dl= positive "2
GarciniaF= =2 o]+ (GHD) 165.84 + 16.36 mg/dlE.tt Aoz 7HAa
SFA T Glucosee] @8 Fxeo| Wl insuline] 1|7} 24 %3 insulin
GLUT4el 98] Y¥=9S AX YE olsA7|E 92 3t (Ko et al
2007) X insulinitHl&= AL E GAlsta AWAd g4 S 3
stt; (Hwang, 2009). 1 Aol A3 EEcilol (EHD)OlA EH
glucose®] FrFo] vroli ow o= insulinel €3 AWFAHe] FAE
VS Aow AlurdAY. A glucose &} insulin 5% WH3lo] #3k U}
ATES HHHEU}S # (Lee et al, 2004), EEcel <3 ddo] =
2o wz} v)wko] 93k insulin A AN = TV} AS AoR AR

rl
R

Leptine A WA Eofl A - Enje =
=

A 9lt} (Park et al, 2001; Ruhl and Everhart, 2011). ¥ 23 <] 33
leptin®] sx+ AWA ol (HFD) 637.36 pg/mlel] H]sle] e AT
oA Feo4 ZarE Uetial, 538 EHDI000 ¢ leptin §%=% 171.9
pg/mlz AGA ol (HFD)el wlsf o 73 % z4a&ksivh. Hong &2

1 A WAol= AFF7F 2 FF lepting FEE S7MAIH TR
B3ty o (Hong et al, 2011), Jang®} Choie] AToA+= AR&%22
aol A leptin® FEE dASIA AEAIFHTL BHiskAtr (Jang
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and Choi, 2003). Table 4|4 aLzgh wpe} o] AFAst 4 7] F¥
=4S Asste] A leptin?

Avperel A% ¥ u BBl Adzdel %

FH|go] FoE o ARHrh
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(=]

Experimental animal group

Fig. 7. Effects of EEc on glucose in serum.

Groups are the same.as in Table 1.

Values are mean #+ SD.

Within each column, values-with different superscripts are significantly

from each other (p<0.05), as determined by Duncan’s multiple range

test.
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il
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Expenmental animal group

Fig. 8. Effects of EEc on leptin in serum.

Groups are the same-as in Table 1.

Values are mean + SD.

Within each column, values: with different superscripts are significantly
from each other (p<0.05), as determined by Duncan’s multiple range
test.
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5 83 %9 GOT, GPT &4 #W3}

Glutamic  oxaloacetic  transaminase (GOT), Glutamic pyruvic
transaminase (GPT)& b &4 A Aoz {FEHo I FA7F 5713
S =2 7k £ AEE ¢ F U+ Axoltt (Friedman et al, 2003).
EEcE AW Aolet &3t Folsils Wl €4 5 GOT H GPTH
d4s 54 A3+ Fig. 99 AAstATh GOT €42 A2 o]+t
(HFD)e] 67.35 £ 11.82 TU/LZ 474 ol (ND) 48.03 + 6.89 TU/Lell #
st fodor F7Fst A, GarciniadE =24 o] (GHD) % EEc?] o]
(EHD250, EHD500, EHD1000)> LA #-2] o] (HFD)ell H]gto] f- 4 <l
Has HER AT

GPT &4 =3 GOTeF AR A= UeEdde. A4 old
(HFD)o] 4758 £ 1621 TU/L&E A7 ola (ND) 1864 + 2.83 IU/Lel H]
atol oF 250 o4 S7FE YB3, EHD250, EHD 5002 8%
Aol (ND) &= 7hasti o [ EHDI1000 ] 1191 + 049 IU/L=
7V dasidvn 2 A A, aAgelw Qlste]l Sk GOT, GPT

2lolol] olaf Aste A= & 4 Jom, o= EEc7t 3t =

.
e Adsn 2 e B Eated ads e Re s Aun,

o Mu
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Fig. 9. Effects of EEc on GOT (A) and GPT (B) activities in
serum.

Groups are the same as in Table 1.

Values are mean + SD.

Within each column, values with different superscripts are significantly
from each other (p<0.05), as determined by Duncan’s multiple range

test.
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6) 7+ & U triglyceride & =< W3}

EEcE 1A ®}2]ole} &3tste] Foldk moused] F x4 triglyceride
o] &k W3zlE =A% A= Fig. 108 2o axw2Aolwt (HFD)o]
14459 + 16.25 mg/dI= A2 ol (ND) 74.42 + mg/dlel]l W] 3}

°F 1949 S7Fskl e, 53] EHD1000w©] 5253 + 13.34 mg/dlZ EEc?

ol  FTolA triglyceride® SHeol 7HE AdMEHAES skt
triglyceridex= 1+ 22 Wo] APGAE F, AFEHo] 1t 7os "ol
g vRke] fle] "n 1 24 o] A A ko] fHave dHw &
o] T8 A7} ™, Kwond AT-olA FHeEjolA] F53 seanols LA
A Fold A3t 2+ 2= W triglyceride $HaFo] H ol 47 %7}
BUEAT (Kwon, 2013). & #4244 oz 29

o
>
s
o

>
A
o B>
ol

M > @ oo
K

B Waolr)y 1k 27 Ao WA= Fael T A Aol A
% thololE ol A% nwtaAe] B X de] gast A 3 x
2 Wl AR FolE Al g 37F ldval BaiE o (Lee et al, 2007) &
AT HSE ARE BFY
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Fig. 10. Effects of EEc on triglyceridein liver tissue.

Groups are the same.as in Table 1.

Values are mean + SD.

Within each column, values-with different superscripts are significantly

from each other (p<0.05), as determined by Duncan’s multiple range
test.
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7) v Z3F 9 A adipogenesis A3 &4 (Western blot)

Fig. 5olX = EEc Aol <¢38] 3T3-L1 preadipocyteo]~] CCAAT/
enhancer binding protein (C/EBPs)e] @do] A ES &1e% 1, EEc
o] o] 3} anti-adipogenesis’} A WA= FL3}
sttt (Fig. 11). 977F A Aol AT w29 ZhollA Aozl w9
A2 western blot& AAIe A3} uxHFA o]+ (HFD)O A=
o] FoAQ F7HE WERlA, EEc ol (EHD)olA &= F=9E
9l P = e AT C/EBPaq, C/EBPS, C/EBP&+
homo-heterodimerE @73 3st™, WX HIA| o} ZE A X bAoA 2] &
+ adipogenic transcription factor® C/EBPB, C/EBPS= A ®AX £3
Z71G A A, C/EBPas AWAE #3}o] 7@ A oA &

t} (Cowherd et al, 1999). C/EBPB; C/EBP&¢] HW3de cAMPe
dexamethasone®l] °]3] 571%™, PPARye] @dS #5331, PPARyS
UHF 7= C/EBPall H¥S frieske] AWAlEe =

T &R #Hojstt}t (El-Jack et al, 1999; Fox et al, 2006, Hamm et
al., 2001). C/EBPs%= AMP-activated protein kinase (AMPK) A =& &
A8t Al71aL YA thAREA o #tofsto] FHIthE T s YEWE Ao
42 Atk (Cho et al, 2010). 2 A¥ ] A3} w929 oA o
G do| A% C/EBPse] #d HAE &9, ol EEcot AX %
o A #ul oz} AA WANME triglyceride A S FAA 7] A WA
e gEs AL AoE Ats Y

2 Hﬂ

—

e
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Fig. 11. Effects of EEc o_r;__C/EBPs_ _pfotein expression in liver
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tissue. /«f ey

C/EBPs protem expression were determined by Wes rn blot analysis.
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V. 42 4 Q¢

off

 ATE 245 o83 AuEdE (EEc)Y vt 7]
¢ sle] 3T3-L1 preadipocyted] EEcE %% (125 ug/ml, 50 ug/ml, 200
ng/mh= A8 ste] AEZABES U adipogenesis AT AH S HSEA
3T3-1L1 preadipocyted] EEcE #g]ldto] 2441 7F 2 484 7+ wfksl 2y}
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