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Abstract — In this study, we investigated anti-obesity effect of isoegomaketone (IK) isolated from leaves extract of Perilla fiute-
scens (L.) Britt. cv. We verified differentiation and lipid accumulation by Oil Red O staining in 3T3-L1 cells after IK treatment
with differentiation media. IK inhibited mRNA expression of adipocyte specific genes that were related with differentiation of
3T3-L1 cells. We confirmed the effects of IK on body weight and visceral fat mass in obese mice. Mice were randomly divided
into three groups; normal diet group (ND), high-fat diet group (HFD) and high-fat diet with IK group (HFD-IK). The obesity
mice were induced by feeding the 45% high-fat diet to the C57BL/6J mice during 4 weeks. After HFD-IK was orally admin-
istered 10 mg/kg of IK. As a result, the body weight of HFD and HFD-IK was increased 2.4 times and 1.7 times of ND, respec-
tively. Also visceral fat mass of HFD was increased 24 times but in the case of HFD-IK was increased to 13 times in
comparison with ND. Taken together, our findings suggest that IK reduced differentiation and adiogenesis in 3T3-L1 cells,
decreased the body weight and visceral fat mass in obesity mice. These results suggest that IK may have a potential benefit

as anti-obesity material.
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Table I. Primer sequences used in real-time PCR
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X E - Dulbecco’s Modified Eagle’s
Medium(DMEM), 100 units/mL Pen/Strep/Glutamine(P/S/
G), 100mM MEM Sodium Pyruvate and Bovine Serum
Albumin(BSA)E-2 Invitrogen Corporation's GIBCO(Carlsbad,
CA, USA)o A U3+ T} Fetal Bovine Serum(FBS)=
Hyclone(Logan, UT)3| A} A|&F2 AFE-3F T} 3-isobuty-1-
methylxanthineIBMX), dexamethasone(DEX), insulin®}
Oil Red O YA FLS Sigma Chemical Co.(St. Louis,
MO, USA)IA 74313t} Cell viability assay kite th
W (Korea)oll Al FY3FH L™, Cdk29} PPARy-specific
antibodies= Cell signaling Tec(Beverly, MA)IX 13134
T} B-tubulin Santa Cruz Biotechnology(Santa Cruz,
CA)oIA #4393, goat anti-rabbit IgG HRP-conjugated
antibodies= Invitrogen(Carlsbad, CA)S|AIl|A] A &}FSI T,

MIZ HiQF —3T3-L1 A1A2E= 10% BSA, P/S/G2F
Sodium Pyruvate & &7-3+ DMEM BiX]| A 70~80% ®Y
& - Aldste] ARSI

4 A8 -3T3-L1 AWHTAEZE 96 well plate]
2x105 cellsymLZ A5t 24717 St vjgslc). IKE
15, 25, 35, 45, 50 uM FEHZ 22l o]F 244]7RS u
Stk AlE AL cell viability kitS ©]-&3e] =48}
ATH.

XUME 238} - 3T3-L1 AATAHEZE 6 well plated]]
3x105 cells/mLE Al 5 48417+ F3F v g3IAct. A A]
X E3= 98] DMEM(10% FBS, P/S/G} Sodium
Pyruvate), 0.5 mM IBMX, 1 M Dex, 1 mg/mL insulinS
XZ3}F3}= MDI(methylxanthine, dexamethasone3} insulinS-
E3ele wiA]) 2 v 12A07F F1F wj ettt o] &
4821 7F F<9F 1 mgmL insuling ¥ 3= DMEM(10%
FBS, P/S/G, Sodium Pyruvate)fj#]ol| A ZZ wjst & 7+

Primers Forward Reverse

C/EBPa GGTGCGCAAGAGCCGAGATAAAG AGTTCACGGCTCAGCTGTTCCAC
PPARYy CCAGAGTCTGCTGATCTGCG GCCACCTCTTTGCTCTGCTC

SREBP1 GCGCCATGGACGAGCTG TTGGCACCTGGGCTGCT

aP2 CTCACCTGGAAGACAGCTCCTCCTCG TTCCATCCAGGCCTCTTCCTTTGGCTC
GLUT4 CGAGCTGGACGACGGACACTC AGACATAGCTCATGGCTGGAACCCG
LPL CAGAGTTTGACCGCCTTCC AATTTGCTTTCGATGTCTGAGAA
ACSLI AAAGATGGCTGGTTACACACG CGATAATCTTCAAGGTGCCATT

B-actin TGAGAGGGAAATCGTGCGTGAC

GCTCGTTGCCAATAGTGATGACC
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T ARS BT As 47 TR A oA LR
AHE B3l vRE 55 R fEsl, ofF 477 HFD-
K= A2 o] A9} §4] PBSE9(1xPBS with 0.5%
Tween20)°ll =<1 IK 10 mg/kgs 19 13] -7 skt
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Fig. 1. Effect of IK on cell viability in 3T3-L1 cells. (A)
Structure of IK. (B) 3T3-L1 cells were treated with various
cencentrations of IK for 24 h. Cell viability was determined
with the EZ-cytox assay kit. Results were expressed as % of
control absorbance. Each value represents the meantSD. (n=5)
*p<0.05 vs. control.

AZF Al F IKE 15, 25, 35, 45, 50 pM 5= 2]
F 247470 At TR cell viability assay kitS ©]-&3}o]
548 243 249 54 JeRR 9)th(Fig. 1B).
3T3-L1 AUMTM=Z 25t & SYX|L AX| - &
st Y Fol K A27F AAE o] Ad-eE9] 4

IK 50 pM

IK 45 pM

Fig. 2. Effect of IK on adipocyte differentiation in 3T3-L1 cells. 3T3-L1 cells were treated with various cencentrations of IK in dif-
ferentiation medium during adipogenesis from 0-9 days. Lipid droplets were stained in 3T3-L1 cells using Oil Red O solution.
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Fig. 3. Inhibitory effects of IK on adipogenesis mRNA expression in 3T3-L1. Expression level of adipocyte specific genes(C/EBPa,
PPARy, SREBP1, aP2, GLUT4, LPL and ACSL1) were measured by real-time PCR. 3T3-L1 cells were treated IK 50 uM with dif-
ferentiation medium. mRNA expression level of genes were normalized with b-actin. Each value represents the mean+SD. (n=3)

*p<0.05 vs. positive.
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Peroxisome proliferator-activated receptor gamma(PPARy),
adipocyte-specific  lipid binding protein(aP2), sterol
regulatory element-binding protein 1(SREBP1), glucose
transporter 4(GLUT4), Lipoprotein lipase(LPL)2} acyl Co-
A synthetase long chain family member(ACSL1)2] #& o]
ZHago] 2= AKFig. 3). C/EBPast PPARy:= AHHA
A Z7F AGA| RS 235 dAA] R E oA, FA
o BAEUEL W AWAE Fo] FH2=9] mRNAS]
AL @48E =5k SREBP19] 739+ PPARyS] €4S
ST SEEA AA| 2R f3tol] JIFS mxIth
wEba IKE w3t Foll Adhel e} ol 3=
o] TS frste] A ERe] E3lE AAXIS YEt
Wlth. C/EBPo, PPARyS} SREBP19] W3 o2 ap2,
GLUT, ACSLI1, LPL 5] AMAE Eo] friaso] &4
shelth aP29} ACSL1 Aol #odstal, GLUT4=
st 2 FH Aofste AR dEA ek kA K
= C/EBPa, PPARy®} SREBP1 F-HAES 7Aoo ®
A oolE FARER M 2443 H= aP2, GLUT,
ACSL1, LPL A= B8k 7HAsA| whao] A st
£ HIES A S 45 AT UESIT o5
&l IKell o3k APA| oA o] Fo] fHixtEe] Hd o
A7 A Ee] ok A7) Fdadd S AE e
2 Algdc)

HE & =& FAO O|Xl= P& - X2 & H|vk
o] f=¥ C57BL/6] +7 nh-25 F3ll IK7F A5l
e IS ZAFEIAF 10 mgkg® A FELo| ATF
ol 7 Wsks RIS 15 s |zke AlQ)e & 8
T 5 APFETEY AT st B AEAFAES 1Y 1
3] 23k 47749 45% JIAGA AR AHFE Sl
NDE A&st AFFES HVsEREE fEaiqith 2
A3} NDell H]5}e] HFD3} HFD-IK®] 252 2vl) 717k
S7HE BAFATE o] % XY 47 F<, ol 47 <t
AYPHA 2|5 E A& A FsHHA ND2F HFDO A=
PBSE9S 7 7FoI3lal HFD-IKE IKE %91 PBSES
AFEASIATh AF A3 HFDE NDe}F Hlwste] #|5<]
244 Z7¥8k WhH HFD-IKE 179 %7t S7HES By
T ATHFig. 4A). A W3}t A 7= weight change/Calorie
intake(g/100 keal)= AXIeIE=d] " HFD-IKE 475 A
7HA] HEDOl| ]84 & AFHstE BAFAARE IKE
BAT-FoIstal e ta daehs gRlskith(Fig. 4B).
gk v RY R FEAZ 7|7 59k Abs AFHEE K
£ AFolshe 717Fe ] AlE ARl FlAd Ak
o]Z gelg = ¢IQIth(Fig. 4B). ©]= HFD-IKOIA H|9Hs
ERH Y AT A7 EFHF Aelol] S ol fe
H A3t opd Ao R AlgEM, KE 15 218947} v
A 322 HojET) o] % TS FEliA 1
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Fig. 4. Effect of IK on the mice weight. Male C57BL/6J mice
were fed a normal or 45% high-fat diet without IK or with IK
treatment during 8 weeks. (A) Body weight of mice, (B)
changes of body weight and averages of food intake for 4
weeks. Each value represents the meantSD. (n=7), ND: nor-
mal diet mice, HFD: high-fat diet mice, HFD-IK: high-fat diet
with IK mice, gray: induced obesity animal model period, dark
gray: orally IK administered period.
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