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This study was performed to evaluate the antiobesity effect of supercritical fluid extracts (SFC) and
marc methanol extracts (SFM) from Cinnamomum verum in 3T3-L1 preadipocytes. In inducing the
differentiation of 3T3-L1 preadipocytes in the presence of an adipogenic cocktail, iso-butylmethylan-
thine (IBMX), dexamathasone, and insulin, treatment with fraction residue SFC and SFM . SFC sig-
nificantly reduced the mRNA expression of the transcription factor peroxisome proliferator-activated-
receptor- 7 (PPAR 7), the sterol regulatory-element-binding protein-1c (SREBP1c), and the CCAAT en-
hancer-binding-protein a (C/EBPa) in a concentration-dependent manner. Moreover, SFC markedly
down-regulated acyl-CoA synthetase-1 (ASC1), fatty acid synthesis (FAS), fatty acid transport-1 (FATP1),
fatty acid binding protein 4 (FABP4), and perilipin. These findings suggest that SFC may be a poten-
tial therapeutic adjunct for obesity by targeting the differentiation of preadipocytes, as well as their

functions.

Key words : Adipocyte, anti-obesity, CCAAT enhancer-binding-protein a (C£BPa), Cinnamomum verum,
peroxisome-proliferators-activated-receptor- y (PPAR7)
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RBAA ety Azt S-S Fudoh21, 27, 34, 35]
HIghe A A A 2] 38 2 adipogenesis #7g ol <3}
of ZAAE] A W triglyceride $24 02 A ¥ 1, we}
AR TAE $8 2 adipogenesisE A3 3te] &
HTk 335 945 & itk
AMAEe] FA AL HAJIAR] CCAAT/enhancer
binding proteins (C/EBPs)9} peroxidase proliferator-
activated receptor-y (PPAR 7 ), sterol regulatory element
binding protein-1c (SREBP 1c)¢] dof 9J3sto] o] Fof |11,
s, Y, FHH% BAHE AARIAE acetyl-CoA
carboxylase (ACC), fatty acid synthase (FAS), acyl-CoA
synthase (ACS), fatty acid binding protein 4 (FABP4), Fatty
acid transport protein 1 (FATP1), perilliping Z&A| 7] Al &
t}He, 8, 22, 30, 31, 35, 41].
oj g AAE] F3HE Asjstr] fste] Eolu 4ol
SHE ol 8T WS AHEH I QA HiE A S
B WA BAY REAE AV F2 ol &5 A @
A sibutramine (Reductil), phentermine®} oristat (Xenical)©]
AREE AL o, Ebe] Aoy, BE, &4 W, 24,
FE 59 HAGoE s Al FoE 2R FTH2 10,
29]. whebA] HRE wiwtdtE HH0 s F HAdw A7t
AZH A QUTH4, 14, 16, 19, 20, 39].
AAE F A9 (cinnamon)E AAHLZ AHEHE AF
R FAEEZA U] &ahe Avure 248 ¢
3ttt R A E 2 2= cinnamaldehyde, cinnamic acid, euge-
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B AYAA AR ATl T3 ANE BT RN
A Ax ey AS + 0}04 20~30 mesh®] L= &4
stel WRsel 42, PN AT 35 L 4P 41§
st

An| ZH FES(SFOQ| M=

Z9A F% A= Waters AD-RC 08 (Waters CO.,
Milford, MA, USA)E AH&-3tith £23E A3 E =
&719l 300 g= 2ol CO, flow rate: co-solvent®] flow rates
475 g/min: 2.5 g/min®. & 3} total flow rate (CO, flow
rate + co-solvent flow rate)E 50 g/min¢] £ 2 E TN
co-solvent== HPLCH ethyl alcohol (JT Baker Co.,
Phillipsburg, NJ, USA)E AH&3AtH % &%+ 35T, o9
300 bar Zz1 4 3024 43] WHEStA F 120 FE3FAT

oA g HEZ FES(SFM), AT HEE FESME)

=9 AY vt AA 8 S T
A2 108 (w < 7}0}04 24 A3 E AA
v oFale] & 3Q FE319th FE29L oA (whatman No.
3)E AH83le] o Fetal A4 A2 rotary vacuum evaporator
(UNI TRAP UT-1000, Eyela, Tokyo, Japan)Z 55C el A &3

stel Abgstel Aol A8,

of thel Z+ 2 Wl o) AHE F= &S AR
712 2 w58 UL FEE FAC B BEEE 4

GC/MSE 0|88t ME E4
AF o] A3 GC/MS systemS HP 190915-433 model
(Paloalto, California, USA)°] ™ columna HP-5MS (30 m x
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0.25 mm, 0.25 pM)E AH8-81% 31 Detector 2= MSE ©]-&-3}
4t} ESI moded| A 70 eVe] oA & o] &35t o TICY
SCAN modecl| A} HZo]& A& 9| 35~3500.2 s
7 Ag~AEY FoA 71 =7t 7S main fragment ion
S TACE golBgE AMstd EE 2 £4% 4
t}. Injector temperature= 260C, detector temperaturev= 28
0Ceo]™ carrier gase heliume A3} flow rateE 1
ml/min® 2 A3t} Oven temperature™ % 50°C ol A]
5% &< A T 4T/ min =& 200C7HA] 217 &,
200C A 20C/min 52 280C7HA] EE A5A17] &
2083 FABAY. A 2YA FE2E, ¥ FE2F, T
FESEL oek&d A3 & 045 pM membrane filterE
Hate] B4 A RE AHESIGT golBd S T A4d
AT F8 A&l cinamaldehyde% 50, 500,
B2 Az F AF E4 ol&s it
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main peak$!
1,000 ppme] %

MTT assay

3T3-L1 AHTFAHELY A5 FA-E MIT assay = 43}
S oh5]. MIT 3-(3,4-dimethyl-thiazolyl-2)-2,5-diphenyl tetra-
zolium bromide (MTT) assay= PIETEg ot E@4ias
2ol elajo] wehile] 484 7142 MIT/} 244 e}
A formazan 0.2 EAH= AFE o] &3 otk AEE
5x10" cells/well©.Z 96 well platee]l #5-3}aL 24A1 7k Hlj %
5 A S WAt ME Aeste] 24417 3 MTT (Sigma
Aldrich) A19F& 5 mg/ml ¥E2 10 W& 7t welld] 7}star
4AZE g i T8 F ASAE AAsta 4
welloll 100 pl¢] DMSO (Sigma Aldrich) & 3 7}ste] A4 =
formazan Z74& §3JAA ELISA reader (Spectra MAX M2,
Molecular Device)Z 550 nmo| X S3E=E =4 0}9& o 11] Al

[e]
EERE ARe) FREES zze) FEO P W
LERR L.
STH-LT RYHTMES 8 U 25t RE U 4B

P gL
o] AH4H 3TAL1 AEE B3 ATF L3 (KCLB)o]
A EG ol AbESAT Mg 2 #3F v A= Dulbecco’s
modified Eagle’s medium high glucose (DMEM, Gibco RBL,
Grand Island, NY, USA)ll 10% calf serum (Gibco RBL), anti-
bioticsE A 713t 5% CO,, 37°C QlFHlo|Elo) A ul &5}
M E7} confluent e} 7} =W trypsin/EDTAE A 2] 3te] Al
IE YA 5}04 NEE BolA 3x10° cells/welld] U=

6 wellol] & 3 100% confluency “FEl ol A 48417 3]
= DMEMoﬂ 10% FBS (Gibco RBL)$} 23 mg/ml 3-isobutyl-
1-methyl-xanthin (IBMX, Sigma Aldrich Co, St Louis, Mo,
USA), 5 mg/ml insulin (Sigma Aldrich), 1 mM dex-
amethazone (Sigma Aldrich)°] 3 7}¥ HlA(MDI)¢} A 25
A elsted48A)7t F¢F FEataL WA E A AL A5} 10%
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FBS DMEM ®#} 29 5 mg/ml®] insulin®] H7}e BjAS mA]
3 FAT}. 10% FBS DMEM, insulin ¥ A& 29 mit} x]&2 o
2 AF9} Zo] A3t

Oil red O YAdH

A5 AYAE 234 B4 HES ] 938t Oil red
O FA& A3ttt Oil red O 42 FAAWS FAete
HHoE AW AX i 244 F4 3EE A48T &
Atk 3T3-L1 AFALALE 99 5ot B3A 7 5 mjAE

A A3kaL phosphate buffered saline (PBS)
formaldehyde &4 0.2 H¥E I A
%, Oil red O &84S H7lsto] 3087 A2ox Gs L,
Oil red O $4¢ AAT ¥ 2542 AFstd 2247 e
7 WAL olgale] BATT FRE 3

100% isopropyl alcohol2 HAE A5 &FAAH spec-
trophotometerZ ] &3} 510 nmol|H FFES =43t

>~

Real-time PCRZ 0[&8 mRNA 24

AGAE B317F 489 cell& pH 7.4 phosphate buffered
saline (PBS, Gibco RBL)Z A &3] uj & M ZoA BjAE
xﬂﬂ 3}3l PBS 10 mlZ F ¥ ﬂ Z3k & TRI reagentsS * 2|3}

, 15 ml tubed] 1 ml¥ ©3l 1-bromo-3-chloropropane
(Slgma Aldrich)& 200 p 7}3 ]-?3‘}3’_ vortex st YAEE]
(3,000 rpm, 15%, 4C)3}1L, F5HS M EF tubeol &
o} 7]e] &% isopropanol (Sigma Aldrich)< 7}t 20T
ol A 2417t o] A WA E T LA QAR (13,000 rpm, 15%,
40)8 $ 459 AASAL FAE) 75% ethanols 7}
ate] A|Ag ¥ diethyl pyrocarbonate (DEPC, Sigma

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

Aldrich) A2]® S755 7h8ko 65T
SAA FAAES 540

2% RNAZ (DNAZ ¥4 F SYBER Greend} A|HAE
%3} &3 1Al PPAR-gamma, C/EBP-alpha, SREBP-1c&
sholsta, A =3, A, Ao AHAH ACS, FAS, FATPI,
FABP4, Perilipin®] primerg ©]&-3}¢] real-time PCRES 44|
314t} Primer 97]4 €2 Table 13 2t}

Real-time PCR& %74 95T 30%, WAL 95T 5%, an-
nealing 60C 15%, A48 72C 1022 3} 40 cyces
APt &8 FHL 55C2 A Fste] 95CE FLHOR
05CH 4sA71™ 80 Whgsto st 3 #S A=
Sttt

FZA A 1083F 6k

SAAzZ

BE Ade YR FAAE Yo, fo4 Ar
£ SPss™ version 17.0 (SPSS Inc., Chicago, USA)S o]-&-3}o]
one-way ANOVAE A8, tj2=7<1 3} Controlol o
& AlE AT SAF 797432 Turkey's HSD test [36] =
HSoA <005 o dd wwt FAH Fo4g0] e Ao®
wstlth

=~

s
Znt o o

kI

Anl ZH F=E29| XUM=Z MZEE 3 lipid dropleto]
0|xls g

7z well & 5X10 cells/well o] Y=2 EF3F 96 well S
2477 wjok & wj A2 wA| s} SFC, SFM, ME% HTsT
10, 50, 100 pg/ml= 24 A7t Aefatgieh. 2 23 SFC 100

Target Primer sequences Accession No.
CGTCICGCTCCTGEANGACS VL0263
PrARy TGCAGIAGGTIGICTTGEATG | NMLOTIHo3
crere GCACACTGCCATICCACAAG NMLO7E753
SKeni CAGACTCGTACGOUCACAA VL1403
A TTAGTGCARACCCAGITGICCTTC VLIS

Fas AACAGCIGIGEAGGCCACTTG VL0753
GCCCAGCATAGCATGARGAA L1573
GANTTCCACCCCCAGTTIGN ML 2
Perilipin GATGAGAGCCATGACGACCAGA NM_175640.2

TGTGTACCACACCACCCAGGA




/ml =X thzT9} vlastl s W 0% EEE =
S UeioH, YA sEAE 7 80% o] AEE
e AthFig 1). WekA AR HE #5E 50 ug/mls
Hi v=E dAsto APssch

A A 29 Lipid droplet AWAFAE9] £3} B adi-
pogenesis Z ol 9]3to] A E ME U triglyceride =
2o 2 WAE =Y, SFC, SPM, MEE 717} 50 pg/ml s ©2
At #3 &2 ¥ 0il Red O ML 3to] AnjAo =
#&3 23 SFC7 b FEEC Hlsto & A F3 A
ds& BYTHFig. 2).

U
X

ﬂ.l[O oL gq

A

Az EAH FZEZ9| adipogenic transcription  factor
o mRNA Z80]| OJA|= g

A A E (preadipocyte) & A AL WA AE] &
7} Z7}3bA contact inhibitonoll 2J3] A o] W31 con-
fluent state”} =] growth arrest g8 ol 4] FBS, IBMX, dex-
amethazone, insuling & shH £3}7} FE 511, o] 3 FBS,
insuling 29 7HAC 2 Astd 453 ALAERE L35t
A Bk #3171 FEEW CREB HANIA7L Qlaksls of
C/EBPq, PPAR y 7} A 0.2 W= £317} 219 dth
[6, 7, 41]. W} C/EBPq, PPAR y & &A= %7] A4
NERSE Adste] vigks o3 5 9l

SFC, SEM, MEE 7}7} 50 pg/mle] $=2 A2lan
C/EBPq, PPAR 7 9] 34} @& 48 23 SFCAl A 7

120 «
100 +
80 +

60 o

Cell viability (%)

40 o

20 +

Con ME 10 50 100 10 50 100

SFC SFM

Fig. 1. Effect of ME, SFC, SEM on cell viability of in 3T3-L1
adipocytes. 3T3-L1 preadipocytes were maintained with
adipocyte-induction media for 9 days and treated with
ME, SFC, SEM from Cinnamomun verum (10, 50, 100 p
g/ml) every 2 days. Cell viability was calculated as a
percentage of MTT metabolism in controls(Con, meth-
anol). Results represent the meaniS.D. of three in-
dependent experiments.
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Fig. 2. Inhibitory effect of SFC, SFM, ME on the lipid accumu-
lation in 3T3-L1 adipocyte. Differentiating 3T3-L1 cells
were treated with every 2 days with SFC, SFM, ME. (50
ug/ml) for 9 days in adipocyte-induction media.
Intracellular lipids were stained with Oil Red O (A). To
determine the accumulation of lipid content, Oil Red O
dye was dissolved in isopropanol and optical density
detected at 510 nm (B). Results were presented as
means*S.D. in triplicate.
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10 »

C/EBP «

0.1 s

0.01 =
MDI - + + + +

0 0 SFC SFM ME

10 » *%

PPARY

01494 =

0.01

MDI - + + + +
1] 0 SFC SFM ME

Fig. 3. Effect of SFC, SEM, ME on C/EBPa, PPAR y mRNA
expression during the differentiation of 3T3-L1
adipocyte. Differentiating 3T3-L1 cells were treated with
every 2 days with SFC, SFM, ME 50 pg/ml for 9 days
in adipocyte-induction media. At day 9 adipocytes RNA
was isolated and mRNA expressions of PPAR 7, C/EBP
a were determined by real-time PCR analysis. Results
were presented as meansiS.D. in triplicate. *p<0.05,
**p<0.01 vs control.

factor 3 ¥ FAAE WA= FFE FAsL7] el re-
al-time PCRE o83t Ued A= Fig. 49} 2t} £315
%8 )20l 4 C/EBP, PPAR 7, SREBP-1co] wH&lo]
7HE e, SFCE w2 E A 23 10, 20, 50 pg/mio]
B 25 2 03 fodoz gads dan
AARIAE S 819] A= ALRA, o5, A2l
S 0]-% fatty acid synthase (FAS), acyl-CoA synthase
(ACS1), fatty acid bidind protein 4 (FABP4), fatty acid trans-
port protein 1 (FATP1), ¥ Perilipin®] mRNA E&JM =
papwd ne 7 §A49 wdo) @43 2Ag0u,
SECA Zlol o8 ooz FrastAth(Fig. 5). SFC= A%
A E E3lo)| #3l= C/EBPa, PPAR 7y, SREBP-1c 2&<S
AAste] AYAH LY £3FS Ao, ATAE vt
(hypertrophy)g} 78 A (hyperplasis) 7HAaA17]31[23], A%
M9 el ojste] Aol #efsh= FASS ACSIE
addor A en, AWgEe Bdolsks FABP4,
FATP1, ARZZHd| &A= periliping] S FAAIA

10 »
2 1 » *%
m K%
w kk
O 01 4 **
0.01 -
MDI - + + + +
0 0 10 20 50 (ug/mL)
10 1§
E 1.
E *k
a. *k *Kk
0.1 s i
0.01 ¢
MDI - + + + +
0 0 10 20 50 (pg/mL)
10 »
(5]
L
o 1 4
o0 **
o
v kx T *k
01 -
MDI - + + + +
0 0 10 20 50(pug/mL)

Fig. 4. Effect of SFC on adipogenic transcription factor.
Differentiating 3T3-L1 cells were treated with every 2
days with SFC 10, 20, 50 ug/ml for 9 days in adipo-
cyte-induction media. At day 9 adipocytes RNA was
isolated and mRNA expressions of C/EBPa ,PPAR 7
and SREBP-l1c were determined by real-time PCR
analysis. Results were presented as meanstS.D. in
triplicate. *p<0.05, **p<0.01 vs control.

lipid droplet @ triglyceride®] A4S FAAIZ] Ao 2 A7
€}

Amle| FEuiHo|| W2 &1} cinnamaldehyde &2k
AA E B3l Befste FARIAE S TE YA 9 cin
namaldehyde %9 JAAAE Gotrua 72+ 2149 74]

=)

FEES GO/MSE o83t Afdwe] Sehr2E e
A3} (E)-cinnamaldehyde®] pea k% HASAY 7t FEEC

4&7% cinnamaldehyde®] %< T34} Table 2¢] UE}
Witk 1 A3 SEC, 80% ME, SFM O 2 cinnamaldehyde
gFol =55 & F deH, A¥Y ARAES YA
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10 -
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A ok

0.001 *
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(pg/mL) 0 0

10 -

FABP4

0.001 -
MDI - + + + +

(Mg/imL)0 0 10 20 50

10 20 50

Fig. 5. SFC suppression of proteins regulating synthesis and transport of fatty acids, Lipid accumulated mRNA levels. Differentiating
3T3-L1 cells were treated with every 2 days with SFC 10, 20, 50 ug/ml for 9 days in adipocyte-induction media. At day
9 adipocytes RNA was isolated and mRNA expressions of ACS, FAS, FATP1, FABP4 and Perilipin were determined by
real-time PCR analysis. Results were presented as meanstS.D. in triplicate. *p<0.05, **p<0.01 vs control.

NS AF 712y S+
03 o173 ol FHsio] Qo] 4 A2l F3
Hol ulg B84 & 4 AT AT Be
AGA A Ro] Wo] &4

Z ol H3)| cinnamaldehyde

7] FEUE
Al FEHol B a&2olt3 24,25, 33]. A 59 &
AFYol allyl isothiocyanate (AITC)< +7]-&v
e
&

olr\ HJ-{N‘

b
o
A
L5
4o 2

A a

QA FEoA U B2 g ZATH18]. A
L7t %74], a5l g 24A F=
FEEY oGS Hlud A, 294 FE2E9 &
g o}%lv}m].

A A ] F3h Aol A4S Bole A B
2 $245 2 cinnamaldehyded RO 2 o} o]
Aol A cinnamaldehyde= 2% Fx 74 ol HIgE |

Ml oo R N 2 rr 1 o P lo [o
—EL==—LI—Q

ek 2 1 e

19 ox
>~

Table 2. Cinnamaldehyde (CA) contents and extraction yield
in 80% MeOH (ME) extracts and SFC, SFM from
Cinnamonuin verum according to different extraction

conditions
Condition Yield (%) CA content (mg/100 g)
ME’ 19.93 595.52
SFC® 473 35220.56
SFM* 8.63 266.95

"ME: 80 % Methanol Extract of Cinnamomum verum
°SFC: Supercritical Fluid Extracts in 300 bar, 35C, 120 min
‘SFM: Methanol extracts of SFC oil marc

of a7Aolgt HuH uf 9lo] B A7 dXste Ao
THIL, 12, 14, 28] AAE] F52 A& we} 1 F2WHEs
gy dte o] RS G8F0E o]§F § IS Aol
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A2+ 11, cinnamaldehyde®} A7 QA 299 adipogenic
transcription factor 2 #& FH259 vl AFE F3) cin-
namaldehyde”} Z¥A X #3124 °ﬂ o I A=
A9} cinnamaldehyde €]oll AWA X £5} Ao AAE A 3
o 71et A ALl W £ % Uﬂﬂ‘%%"ﬂ gk 7t ol

"ad Aoz Az,

ol EEE WHANIER P FRATARY A

P Y &R D NTARA) & D A
9L tol £y E A7 A F Y H(12-BD-0401)
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