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Anti—adipogenic Effect of Mori Follium Extract in 3T3—L1 Cells

O Jun Kwon:;:#

Gyeongbuk Institute For Regional Program Evaluation, Gyeongsan 38542, Korea

ABSTRACT

Objectives : Mori Follium (Morus alba L. leaf) has been cultivated in many Asian countries, Especially, mulberry
leaf has been used as an anti—diabetic remedy in oriental medicine, However, anti—obesity effect of mulberry has
not been unknown, In this study, our objectives of study is to investigate the anti—adipogenic effect of mulberry
water extract (MLE) and to reveal potential molecular anti—obesity mechanism in 3T3—L1 adipocytes differentiation
model, Methods : The cytotoxicity of MLE in 3T3—-L1 was examined by MTT assay. Anti—adipogenic effect of MLE
was evaluated by Oil Red O (ORO) staining. To elucidate the molecular mechanism, inhibitor assay was employed.
The mRNA expression levels of adipogenic transcriptional factors such as PPARy and fatty acid synthase (FAS) were
analyzed by reverse transcription—polymer chain reaction (RT—PCR) analysis,

Results : The MLE treatment for 24 h did not affect to the 3T3—L1 cells at concentrations of 1, 10, 100, 200, 400,
800 and 1,000 ug/ml. Thus, non—toxic concentration rages of MLE were used during adipogenesis period (day —2 to
7). Intracellular lipid accumulation in MLE—treated 3T38—L1 adipocytes (day 6) were quantitatively evaluated by
ORO staining, The MLE treatment significantly and dose—dependently suppressed 3T3—L1 adipogenesis by 60.42%,
38.24%, and 5.97% at 10, 100, and 200 ug/ml, respectively, In addition, our inhibitor assay and RT—PCR analysis
revealed that the MLE—inhibited 3T3—L1 adipogenesis through inhibition of PPARy mediated by Wnt/f—catenin
signaling pathway,

Conclusions : In conclusion, these findings indicate that the MLE could be used in prevent and/or treatment of
obesity—related diseases,
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ubiquitin ligase?l g—TrCPo 9J&l ubiquitination ® %
proteasome®] 2J3 E3Ect I} Wnt ligand7} 24
Al Frizzled®t LRP5/6°] A&SHH f—catenin T o4t
EAEA G AlZ Yol A=, AYSE p-catenin
W PRE Fo7HA B FARY AAE 2ttt B3 3
2 ATOIA Wnt/p-catenin®] ZH& o vFE o ©
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glucose®d] &HIE = 9EFoE FIHAHoRA Pk
2A2A 9 7He S ErAT, B3 Y olde 2EEA
H2aFH (2S)—4'—hydroxy—7—methoxy—8—prenylflavan,
2',7'-Dihydroxy—4'-methoxy—8—prenylflavan,
brosimine B, 2',4'—dihyeroxy—7'—methoxy—8—prenylflavan
T2 HEF flavane FE=AE2 3T3-L1 AA LA £ &3}t
9 FA1E dAISte T DS Ul AeE BRuEg]
o, olgtdl® A wehe 228 thFY quercetint
kaempferol& TGt 9o lymphocytesol A H0:0l
93t DNA A4S Z4AA]7] 2 human aortic endothelial Al
ZoA NEZRZT FFHSE AAANTE ALRE HAEHS]
o} o3t A o] thordt Ajejede B4R, ofn|wAl,
J3]3  rutin, quercetin, quercitrin, isoquercitrinT;
alkaloid A& H]E3t flavonoidd] 7|1 Aol RIS
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AN B3 PSS RS st ez A AG.
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5 AE FEE I Ax ALEE A4S 3
7hetglom, gH|v 249 EAPESTH 7S S stast
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1. A=

1) Al

2 Ao AMHFE A2 diguls FetolA AujE R
Z Hloto]A] (Daejeon, Korea)oll A Aot AHE-sFATE,
Dulbecco's modified Eagle's medium (DMEM), penicillin—
streptomycin, phosphate—buffered saline (PBS), bovine
calf serum (BCS)E Welgene Inc. (Daegu, Korea)ol|A] <+
Ql3ttl. Fetal bovine serum (FBS)E GE Healthcare
Bio—Sciences Co, (Piscataway, NJ, USA)olA T3}

ARE31HEE) Oil Red O (ORO), 3—isobutyl—1—methylxanthine
(IBMX), dexamethasone, insulin, 3—(4,5—dimethylthiazol—
2—-yl)—2,5—diphenyltetrazolium bromide (MTT), 11—
diphenyl—2—picryl—hydrazyl (DPPH), Z12]3 chloroform-<
Sigma—Aldrich Co. (St. Louis, MO, USA)o|A T3}
AF83199 k. Formaldehyde: Bio Basic Inc., (Markham,
ON, Canada)o|A] 4392, dimethyl sulfoxide (DMSO),
isopropanol Junsei (Tokyo, Japan)ol|A] F+Y3lo] A3}
At Trizol®2 Life Technologies, Inc.(Grand Island,
NY, USA)IIA FUste] AFg3t8th AccuPower” Cycle
Script RT PreMix2} Z}2F9] primer&-2 Bioneer (Daejeon,
Korea)oll 4] F438t9.2m, PCR PreMix (i—Taq): iNtRON
(Seongnam, Korea)oll Al F-5ko] AR&-8FIT

N

) 4 8 FE2 (MLE)Q| M=

418 4 1.0 kgoll 10 ¢ o FHRFE 718kl & 4ol&
H autoclavedA 121ToA 1587 @ &5t A4
& 2252 Whatman No,1 d@x| 2 a3t 5 F2A4%
o 20T oA Bty o] Ao A-gstth 4H &
ZE(MLE)9 88 15.2% (w/w—dry basis) Gt

9
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1) 3T3—L1 MIZHHY 2 X|LMZ 25t

3T3-L1 AXHA|EZE= American Type Culture Collection
(ATCC: Rockville, MD USA)ollA Hopuro} ALatTH
3T3-L1 AAYANEZE 10%(v/v) BCST} 100 unit/m¢2]
penicillin—streptomycin®] Z&%¥ DMEM HjX| & A&-3}4
37T, 5% CO2 7oA 28 F7|2 viAE mA|sfFHA Bl
FEHUTE 3T3-L1 AAFA| A YAz E3He} 4
4 F=59Y AYAEL Figure 13 Ao}, 3T3-L1 AAHA]
EZ7} confluent® A (day —2)7} © 2¢ & (day 0) &3}
§ % vj A (Differentiation medium; DM)E L A|s}gHch &
37 = i X]= DMEM Hj X9 10%(v/v) FBS} 100 unit/me
9] penicillin—streptomycing ZFAIZI & 500 uM9
IBMX, 5.2 uM9] DEX, 167 nM¥ insulin® F7}5t92oH
day 014 day 27tA] 48A17F &<t AHESHGITE, E3FE &
i #] (Post—differentiation medium; Post—DM)+= DMEM
wiZ]o] 10%(v/v) FBS2 100 unit/ml?] penicillin—
streptomycing ZFA|7] & 167 nM9] insulingt 7|3}
290 A 4947HA] AHESETE, o5 DMEM 2ol 10%(v/v)
FBS2} 100 unit/ml2] penicillin—streptomycing Z3A|71
T 4dolA THTA] AHESIE e TR APAZESE F
253,

2) 3T3-L1 MZOoIM MLES| MZE=A

3T3-L1 HAFAEZo| ozt MLEY NEEAE MTT
assayE ©|&std EASIYTE 3T3-L1 HAHAEZ] 1,
10, 100, 200, 400, 800, 121 1,000 ug/mle] MLES 24
A7t Z¢F A3t & phosphate buffered saline (PBS, pH
7.4)°] 5 mg/me9] FEZ A7 MTT §4& 1A%
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Fig. 1. Sheme of 3T3—L1 differentiation and MLE treatment DM:
differentiation medium consist of FBS—DMEM, 0.5 mM IBMX, 5.2
uM DEX, and 167 nM insulin; Post—DM: post—differentiation
medium consist of FBS—DMEM and 167 nM insulin

¢t AEstatt. A7 ¥ DMEM HjAE AAsSIL 37T
ug] P92 1 mve] PBSE 3T3-L1 AALAZE 13] K o]
ZFc}h, 400 w9 dimethxylsulfoxide (DMSO)E- 0]-235}o]
3T3-L1 AXFAEZY S MTT formazane =<1 &, DMSO
of &3¥ MTT formazane 96—well plate®] 200 wl/well
A &7 microplate reader (VersaMax; Molecular Devices,
Sunnyvale, CA, USA)E o]&3}e] 570 nmojA TL=S
Z4st9 ot MLES Ag3tA] @2 3T3-L1 AlZ£& =2
© 2 3lo] MENZEE (cell viability, % of control)< A4t
ShTh

3) ORO @Aol] /3t S|t ST}

MLES] gu|et &4& H7tstr] fafjA, AYAEZE £35F
A7l 3T3-L1 AZo A=z ORO GNHL E3) A
A 9 RN SFET 3T3-L1 AAYAEZEE 10, 100, 1
23 200 ug/mee] MLEO] —2¥ellA 7872 A= stget. A
A28 S Yol AW Wil oste] AAskith &3k
3T3-L1 AHAE (day 7)= 3%(v/v)9 formaldehydeZ 1
Al Fet A2oA a1 AT, 28 | AEZ= 3 mg/ml9

Table 1. Primer Sequences for Polymerase Chain Reaction Analysis
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AAE T T B %

o,
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OROE o]&3l 1AIZF ¢t A4 dMARer, g4 &
ol FHFFE o83 33 Ao Ut ORO AFEAL 8
A= 12—well plateo] 200 w02 isopropanol 7}3te] A&
W OROE &9 ¥ 96-well plate 50 ul/well & A
microplate reader (VersaMax; Molecular Devices, Sunnyvale,
CA, USA)E °]83ld 490 nmolA FF=E ZA3HA
MLEE AZ3tA] ¥ £3td APAEZE LR 319
lipid accumulation (% of control)< AAFeFH T

4) Wnt/p—catenin Inhibitor assay

MLEY] &gt 7| dEAS 93] Wnt/B—catenin 5o]&
AsAJA 10 uM IWR-1S AHE-SHATH 3T3-L1 AAHAE
+= 100 ug/m¢e] MLE == MLE+IWR-19] day —2°]A4] day
07FA] A=k, 283 day 7o 99 #H¥HI FYsHA
ORO A& AAste] IWR—10] MLE A of oja I
3T3-L1 AHA|ZE3o| F&FS n|X=Aof thet &4 4
Al

5) RT-PCRE S5t X2 &UsipZ A

3T3-L1 AZZE& 100 wg/m¢e MLE & MLE+10 xM
IWR—-19] day -214 day 77} A= Act, ALA|ZES}
£ 99 FLs FRo) st AAE e day 7ol 200 w
o] TRIzol®& ©]g3te] RNAZ FZ3sqch £2% total
RNA®] 100 w9 chloroform= 21 158 Z9F A2 A X
3t 5 14,000rpmojlA 15837F YA EZ 5] AL
StE T A2 A& isopropanol 80 wWE ¥il 15%
Aol g o A% ok 14,000rpmell A 1587 ¢
gste] RNAE £33t £2¥ RNAE BT H
SuperScriptll kit (Invitrogen)< ©|-83}o] 42°CoA 1A]ZF
F<¢F cDNAE &Astgich & A¥ol AM8E PPARy, FAS,
83 f—actin® primer sequences+ Table 13} Zt},

ol)lv
)

o> ofl AL o
0,

Hr

Name Forward (5'—3’) Reverse (5—3’)
PPARy CCCAATGGTTGCTGATTACAAAT CTACTTTGATCGCACTTTGGTATTCT
FAS GTGCACACAGTGCTCAAAGG GGTATAGACACGGGCACAG
B—Actin AGGGAAATCGTGCGTGACAT AGCTCAGTAACAGTCCGCCT

6) SAEAM

HE dojde FFLEEHAR R, Holg9
EAAYE= Statistical Package for Social Science (SPSS,
Chicago, USA)Z o]&3le] EX3lgct A=4E pd.059
A BEEE] ggt v—J"é—% Asshsch %‘%% o Au
Z BALE X (one—way ANOVA)2 A|3P3}H o1, Student

t—test Wl o] Z+ 7ke) fo4 Folg AZBAA
(€0.05, <0.01, 223 "7<0.001).
m 2 3

1. 3T3-L1 A|ZoA MLES] A ZE=A

3T3-L1 AlZA MLE®| AMZzEHEL Flstaz MTT
assays AAsHETE 1, 10, 100, 200, 400, 800, 181
1,000 ug/m¢e MLEE 3T3—-L1 AX|A|3E] 24A|17F 52
Aee A, MLES Aelshn) etz ofu] 97.81%,
99.55%, 95.86%, 98.86%, 99.76%, 100.69%, 18|il
98.13%9 AZAZES Yepder, 2 Age] A48d 1, 10,
100, 200, 400, 800, Z&3 1,000 ug/mle] MLE A=
3T3-L1 AlZo] AEAEE] foldon Jag uxx) &
Skth(Fig, 9). met o]F AMelAL 200 ug/nt ol3te] MLE
g dedon 4asgt,
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Fig. 2. Cytotoxic effect of MLE treatment for 24 h on the 3T3—L1
viability. Percentage viability of 3T3—L1 cells exposed to 1, 10,
100, 200, 400, 800, and 1,000 ug/md of MLE. Statistical analysis
was performed at p{0.05 by t—test, NS: Not significant
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2. MLE®] adipogenesis QAIE&A

MLES®] &H|qt &8 H71st7] 9ste] 3T3-L1 AA|=
E3rdS olgstglon, APNEEI {f=7t Ed F
ORO HAHE AASFAT, 2 AFo)A MLE= 3T3-L1 Al
30| day —2°1A day 77HA] A2 =2, day 7¢] ORO 4
S AAE 27 MLEE AZstA] ¥ E3F=5 A%
gz oFY Aol FHE AL ¢ 5 Ao W
MLE Aot % o&xoa 3T3-L1 AZ AEIs
AAE At (Fig. 3A). AZW ORO BA A2k isopropanol
2 gofiste] A=A o A%, 2L Hlwste] 10, 100,
123 200 ug/ml2] MLE X g]& Z+2} 60.42%, 38.24%, 1
g1 597%=2 AYAZEIE & JE&Fo|H {oFoez
sttt (Fig. 3B).

3. Inhibitor assayS E3t MLES] 3[4l 7] - 54

MLE] 98l 94 adipogenesis?] 7]1A& E4317] ¢
84 inhibitor assayg AAIstATE 3T3-L1 AlZ&= 1003}
200 ug/m0e] MLES} 10 xM2] IWR—-19]| day —29|A4] day 7
7M. A EHALeH, day 791 ORO EAHE AA AL
Figure 39| ZA3e} GARSHA 1002 200 ug/ml e MLES X
Z5t9E o 3T3-L1 AMZY adipogenesist =7 tiH]
Z+7F 41.56% 18] 8.65%% EFG O™, Wnt/B—catenin
AeAQl IWR-1& 10 xMo S =2 AHsgS uf =P
] 79.54% 1|3 45.21%%2 MLES] o8] A=A d
adipogenesis7} IWR—1 Ao o] Fugt &gdo] #4st
Aot ks, 2 dat= MLEY] 93t adipogenesis 9A=
Wnt/g—catenin AZHIAAE S o|HZh= AS & 5

ik,

4. RT-PCRE 53 mRNA Hd43 B4

Ao A#{FRE MLES <3 AAEHUY 3T3-L1
adipogenesist= Wnt/f—catenin AZAEE F3) o] X1
e LdUTE mEkA MLE] 9Jsf 3T3-L1 adipogenesis
of Eo]Fog WEEE AARIAS] mRNA +&& E435t1

Wnt/Bcatenin A& A¢l IWR—10] ojHdt F3FL n|3]=X]
ot 1z} Bttt AWAMEZEESE day 2914 day T7HA
MLEE A #3992 W peroxisome proliferator—activated
receptor y(PPARy) % fatty acid synthase (FAS)9
mRNA Wdo] dAsHA as AS TSI, MLEY &
AsHA 4= A" PPARyS] mRNA HdFE2 IWR-1 A
gof osl thA] F7FE ST, 22U adipogenesis $7]9
d=E Aoz F 4 FASS Hd2 MLE Ao o3| 7
st AR IWR-1 H2lo] o) $ol3o2 F7she ek
om o] Bio] og F71Hel 477k 7L,
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Fig. 3. Anti—adipogenic effect of MLE.

(A) After 7 days of 3T3—L1 differentiation in the presence of MLE
at concentrations of 10, 100, and 200 ug/md, adipocytes
were stained with ORO.

(B) 3T3—L1 cells were then subjected to quantitative analysis of
ORO stained intracellular lipid droplets. Significant differences
were analyzed by one—way ANOVA followed by t—test
(**¢0.01, and ***0.001). Pre: preadipocytes; Adi: Mature
adipocytes at day 7.
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Fig. 4. Wnt/B—catenin inhibitor treatment reversed MLE—inhibited
3T3—-L1 adipogenesis. 3T3—L1 cells were exposed to 100, and
200 pug/md of MLE in the presence or absence of Wnt/g—catenin
specific inhibitor, IWR—1. The mature adipocytes were stained
with ORO at day 7. Significant differences were analyzed by
one—way ANOVA followed by t—test (*(0.05, **(0.01, and
%0.001 vs Adi, #0.01 vs IWR-1 treatment). Adi: Mature
adipocytes at day 7.
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Fig. 5. The effect of IWR—1 treatment on the MLE—inhibited mRNA
expression levels of PPARy, and FAS. 100 ug/md of MLE and 10
uM of IWR—1 were used. f—Actin was used as a control.
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AdipogenesisE A5te] BTES otz AL Lof Bt
ofu]gl A lu|ete] otz Fa]of glof Fagt gAllolt,
A5o0] vlgt @ FA %) o R AR 9o} adipogenesis
9 lipogenesis AAIE 53 AFE =2 A &3k 9o
o' JHoR A% WAL 2 vFo s Pyt &
AEL Gsta QH?, B3] 7120 FAls B4 2 Ay
o] Z 4R quercetin, genistein, resveratrol, epigallocatechin
gallate (EGCG) 9] polyphenol& £41© & 3t adipogenesis
AA A7 EE3HA o] FAA AL Sk, 7]EY] Ao BEY
AHL g EAo] & LA 1-deoxynojirimycin (1-DNJ)
o]Q]oll%= polyphenol€l quercetin—3—3—D—glucose, quercetin—

3—0O—glucose—6—acetate, quercetin, 18|31 rutin®| T}
A5t Aoz BuEglon'? o] YrEo| Aol Fulw
ol 719 4= itk 7HEE 2 AFolA= gy
L Hrbsta I EARESE 7S B st At ekt

2 dFoAe A9 E FEE MLEE 3T3-L19| 2443t
2 1-1,000 ug/mie] FEE Hg A} g NExEHLS
TR Fooh, wetA AEEAdo] vehtA ¥2 MLES
200 ug/mf 9] S=7HA] 2 A o]-§sturt. 3T3—L1 Alazo|
MLEE =¥ 2 AHZd 21 MLEE 5% &5o|H {9
34 3T3-L19 adipogenesisE JA|stAth, Ed 2 A
ol Al Wnt/g—cateinin 5|2 AaA 2 IWR-1 A== MLE
o 93] Aa|E 3T3-L1 adipogenesis”} Wnt/f—catenin
AzAEE 53 olFAL UL Wt Wnt dHE
Alaze] 47 9 B3t WA TSI e AR U
A et #2e) Ao wtzd ZA5HE Wnt/f—catenin
CCAAT/enhancer—binding protein a (C/EBPa) ¥ PPARy<]
3¢z dE 53 adipogenesisE AAISE Aoz HIHQ)
oY E 2 Bae] ostd Wnt ASALA AL glucoseR
F=E # insulin B¥1E FAANTL LA Aot
°l& MLE A2|7} Wnt/f—catenin AZHES B3} AlA
PPARyY] WdLES HAAZ B AFZAdet dAshH,
Wnt/f—catenin ASHAGA A7 A LA|2e] E3o] F a5t
A B3 U= AlARRITE

2 AFolA MLEE A28t o PPARy ¥ FASS -4
Aol o] AASH Fadste RS RS, Agd
Foll 93t adipogenesiselAl 27] 34 C/EBPs2t

o,
o,

AAE T IR &

7t 51

C/EBPoY] Wdo] F7H=H o]&of 93 o] C/EBPat
PPARyS] &8 E3F ZV1H0 24 A= Aoz BuEQ
o9 E3 thokst polyphenol A EE0| adipogenesisE 9
A 4 Adve 7Fedel RuEdded, I3t EAst=
luteolin, apigenin, Z12]3 cumambrin 59| A4 EF
o] PPARy%] ZH& %3} adipogenesisE JAISt= ALE
23 Hew'” ogAZe 19 Fa AT AR
apigening 3T3-L1 A|EZ 9 PPARy®} C/EBPaY) 3}3F%3
< E3 v AL e Aoz maEga? o4
9] AxtE E u MLEY ZA3t=  quercetin—3-8
—D—glucose, quercetin—3—0O—glucose—6—acetate, quercetin,
183 rutin 59 polyphenol A&E50°| MLES] 319t 24
o 71HetHE AR FE5HY, FF MLES| EXst= A
B HESS AARLE BE45to ol F ojugt &0l
MLE®] gH|gt 4o 71A3t9=A ¥sle a7t F718 2
2 45, B3 FS MLE A& 53l ALAEZ Sl
o2 YdElL C/EBPa, adipocyte Protein 2 (aP2, fatty
acid binding protein), 183 LPLY] ¥&d U &Alo) njx]
= G gt 24o] aH

£ AFollA Wnt/B—catenin Eo]F A3|AA IWR-1-2
MLE®] 98] Z4AE" PPARyS Wd4ELS ZIHAHA
9t FASO @dol= FFS vXA &t oA dAFolA
PPARy= H|®Z adipogenesis =7|o]deo| W& At
FASE adipogenesis 7|0l 2Has= Aoz dejA QoH?,
ol= MLE”7} 3T3-L1 MZ& Z7] € ZF7]o] Bol|xge= 2
83, Zrld= & 9FS vXA LIt AR AR
E3], Wnt/B—catenin AZHE 34 HA] adipogenesis &
7le] 43 He AR dEA o & 23E T %
o}, Adipogenesis 2710l 2% sh= U 252 Ht
9] ot SHoA 8] 7ted ALE AR, &7 &
&5t A 2AE2 BT X8 H SHoA HTo| 7
T Ao R AAHY, =5 dAFo|A= MLEE adipogenesis
B3A7|EE A2 ste] MLE”} adipogenesis®] 7], 7],
=
g

(*]

f
Y

7] & Bold L& ol A7|o Fgst=A] B st 2Hgol

a3 Ao R AZHY,

2 d74E dERE g ABEAR 9y o] 8H Age E
FEEMLE)E A =3t o]9] gt &4 3T3-L1 A%
Ax £33 mdox BHrietgtt, Eg © Yolrt inhibitor
assay?} RT-PCR £4& 53] MLES] 3r|gk &4do] Wnt/
B—catenin ASHAGA| A DA FAE USES AA
3T S EAE 2 dAAAEE S8 MLES gujuk &4 9
I 71-of| F7H8 o2 gRlEojof st MLE7} adipogenesis
717t F ol A7lof| Boldo R ZAgst=XAof tfgt E4o]
F7HR R aFE 2 dFEs 7|8 G FAE AT A
ol o] § = o2 JG FH|T AR A Q] THsAgol diE o
Matgon, =3 AAZQ FHd ZAZE FEH How
MLEE 3% v 325 Ao 2 3 A9 2 7|54 4&9
22 53] &2 5 S Aol B

ol dAFAE= A FEEO AEY ALEH JAE
B FuT AFEA 8 5 Ut M S BAFe
H T olE &8 A, 9oE, BxA 4 7|54 AE N
ol 7| 2R 2 A F-835] AHE 4= S ASE AtRHET
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A = FEEY T AEE A 2 oS 22
2ES ¥2 7 A

1, 3T3-L1 AZA MLEE 24Xt AHadS o
1,000 ug/me9] FEAA FH Y HEZ=o] HEH
A Fke
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