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Mori Folium, the leaf of Morus alba, is a traditional medicinal herb that shows various pharmaco-
logical activities such as antiinflammatory, antidiabetic, antimelanogenesis, antioxidant, antibacterial,
antiallergic, and immunomodulatory activities. However, the mechanisms of their inhibitory effects on
adipocyte differentiation and adipogenesis remain poorly understood. In the present study, we inves-
tigated the inhibition of adipocyte differentiation and adipogenesis by ethanol extracts of Mori Folium
(EEMF) in 3T3-L1 preadipocytes. Treatment with EEMF suppressed the terminal differentiation of 3T3-
L1 preadipocytes in a dose-dependent manner, as confirmed by a decrease in the lipid droplet number
and lipid content through Oil Red O staining. EEMF significantly reduced the accumulation of cellular
triglyceride, which is associated with a significant inhibition of pro-adipogenic transcription factors,
including sterol regulatory element-binding protein-1c (SREBP-1c), peroxisome proliferator-activated receptor-y
(PPARY), and CCAAT/enhancer-binding proteins a (C/EBPa) and S (C/EBPS). In addition, EEMF poten-
tially downregulated the expression of adipocyte-specific genes, including adipocyte fatty acid binding
protein (aP2) and leptin. Furthermore, EEMF treatment effectively increased the phosphorylation of the
AMP-activated protein kinase (AMPK) and acetyl CoA carboxylase (ACC); however, treatment with a po-
tent inhibitor of AMPK, compound C, significantly restored the EEMF-induced inhibition of pro-adi-
pogenic transcription factors and adipocyte-specific genes. These results together indicate that EEMF
has preeminent effects on the inhibition of adipogenesis through the AMPK signaling pathway, and
further studies will be needed to identify the active compounds in Mori Folium.
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ment binding protein 1c (SREBP1Ic), peroxisome proliferator-acti-
vated receptor y (PPARy) 2 cytidine-cytidine-adenosine-adeno-
sine-thymidine (CCAAT)/enhancer binding proteins (C/EBPs) &
7} Z-& adipogenic transcription factors7} @A A 02 &
st o= ¢HA AUrh26, 28]. =& adipogenesis 4 ©
ostol AAIE7F FAHY HAA LA Lol A YEYE tri-
glyceride?| %2 T3 2 ez SAF HES adipo-
cyte-specific lipid binding protein (aP2) 2 Leptin &3 22 adi-
pocyte-specific genes®| T o] FHEH= AOZ defA ot
[15]. 53] oA #38 S 2dste T2 28 AMP-ac-
tivated protein kinase (AMPK)= A4 2 9] adipogenesis 7}
Ao zAse 202 494 JonZ HTd 2 A5 E
A o2 Ao B A7V} o] FoA 1 Th[32]. whetA
o] 2] ¢ adipogenesis #4 9] 2d2 ALY F71 e 2H
= T8 P T SUEA HTAAE AT FoF H L
z 284 7 o

A9 (73, Mori Folium)& $1J7.3}0] &8 Joimgel 2
@ A02A 27185 Bol

U5 (Morus alba L)9] & A%
e FA, W AA, A2H, FF 5ol a7t o d2F
Bl dAAE wol AgHA tu[14]. A< Aol w=H
Aol = rutin, quercetin, isoquerctin, moracetin, deoxy-
nojirimycin, calistegin, GABA, morusin, umbelliferone =
% flavonoid & i3t glof 89 9 dAe}, 44
24, g, dEs 59 22 850 Yv AeE By
I AT17]. B3] Al FE e quercetin?} kaemp-
ferol-& lymphocytesol Al HyO,91 &3 DNA &4+ 2H4 9
human aortic endothelial M Z oA A ZH 23 JZu-&-S
QAN ALz dBA JoH, ruting A 94 &
4% 2U208 A3 a0 AL 2 9 olel 1deoxynojir-
imycin (1-DN])¥ a-glucosidase A3 & & d345< 9
AL e A0ZE deA T2, 13, 16]). BA7HA S Thest
F Yol AL e FeAES A E VS
BT A 28 gl o mE A A B4
e A= At o2 )¢ mHg Aot

Table 1. List of antibodies used in the present study

metd & dFellMe FEe Fuw E39 1o e £
ARBESH 7)1 A9 A& 915te] 3T3-L1 preadipocytesE U

AT Z

% ol ¥-& FZE(Ethanol Extracts of Mori Folium,
EEMF)0] &3l adipogenesis 921 2 o] <} ##E 44
. EAsk oAl AAE A7)l o] & Hist

=293

B AFNA 3T3-L1 ARATAES £345 st AH&H
insulin, dexamethasone ¥ IBMX$¢} A WA W triglyceride
AL Flsty] flsted AHEE Oil Red O ¥ AMPKS] &4
< JAs7] st AHEE compound CE Sigma-Aldrich

(St. Louis, MO, USA) A &<

dste] AHgetin. @A

A& dete] A-8E o8 F79Y 14 A= Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA) % Cell Signaling

Technology (Beverly, MA, USA)9ll A %3t %1 . H (Table 1),
immunoblottings 913 2% FAZ AHEHE peroxidase-la-
beled donkey anti-rabbit ¥ peroxidase-labeled sheep an-
ti-mouse immunoglobulin®- Amersham Life Science Corp.

(Arlington Heights, IL, USA)ell A 93} %t}

MY HEE FEE HMZ

Agel A8E FEe o FE)ANA T L
o, 44 e 289 EEMFE 97 $8td 32& &8
FE3 AFsty AxA7 % st4Th 44 100 g
Z oekE 118 Hd7tste 60T o2 397wyt ¥
°] & 3,000 rpmol A 2083 4] AT E28k A
ot #8945 Y& Whatman 2 35 44F
34 & St AP RS doj L AL R 2A v
3} T of Batsldch AF Al

Antibody Origin Company Catalogue no.
PPARg Rabbit polyclonal Santa Cruz Biotechnology, Inc. SC-7196
C/EBPa Rabbit polyclonal Cell Signaling Technology, Inc. 2295
C/EBPb Rabbit polyclonal Cell Signaling Technology, Inc. 3087
SREBP-1c Rabbit polyclonal Santa Cruz Biotechnology, Inc. SC-366
aP2 Goat polyclonal Santa Cruz Biotechnology, Inc. SC-18661
Leptin Rabbit polyclonal Santa Cruz Biotechnology, Inc. SC-842
AMPK Rabbit polyclonal Santa Cruz Biotechnology, Inc. SC-25792
PAMPK Rabbit polyclonal Cell Signaling Technology, Inc. 2535
ACC Rabbit polyclonal Santa Cruz Biotechnology, Inc. SC-30212
pACC Rabbit polyclonal Cell Signaling Technology, Inc. 3661
Actin Mouse monoclonal Santa Cruz Biotechnology, Inc. SC-47778
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A3 o] A-&8 M EZF2 mouse fibroblast?l 3T3-L1 pre-
adipocytest= American Type Culture Collection (ATCC,
Manassas, VA, USA)ol Al &% RFQETE. 3T3-L1 preadipocytes
+ 90% Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco
BRL, Grand Island, NY, USA), 10% bovine calf serum (BCS,
Gibco BRL, Grand Island, NY, USA) ¥ 1% penicillin %
streptomycin (Gibco BRL, Grand Island, NY, USA)o] % 3H¥
A E AE-3ke] 37T, 5% CO, &4 st A gkl
Az S40 mE FLE @3S sf&dt7] flske] A2l
Ao wghe ) 8A7trg AAst] Ao AEE fA S
At

3T3-L1 preadipocytes?| 2&7E ¥ HEjZE

3T3-L1 preadipocytesE adipocytes® #31A1717] 9|3t
10% BCS¢t 1%9] penicillin ¥ streptomycin®] Z3Hg A3 g Hj
AE AH&3tA confluent A EN7HA] Wl 3T Confluent 7
Ejo) A 10% fetal bovine serum (FBS, Gibco BRL, Grand
Island, NY, USA) ¥ 1% penicillin ¥ streptomycin®| =3
H EohA S A3k 2U7F o W E ¥ 10 pg/ml insulin,
0.1 tM dexamethasone % 0.5 mM IBMX (MDI)7} 235 &
stjA 2 wghste] 297 Wl fetgloH, 1 & uf 2wttt 10
ng/ml insulin®] ZFE LA = weetglh. £ 3T3-L1
preadipocytes®] #3194 AEE &<l3ty] Y5t MDI 2
insulin®] 38 LA Z n@e o AH FEo EEMFE
Attt 471 2ol 235 F5E7 3T3-L1 preadipo-
cytest T AP £4 2 fskod A&

E ¢ 3T3-L1 preadipocytes?t adipocytes® ©] &3}l w}&
e st EEMF7F oW @ 3 A s A Fdstr] 9
sto] 4719 59 H o R 3 g EEMFE A2 & &3
@) A (inverted microscope, Carl Zeiss, Gottingen, Ger-
many)< ©-&3ted 2008 ¢ H &2 #E3 t5 Axio Vision
Z2aRE o] &3t A ZYFe diTh

NZ YE2 &5

EEMF7} 3T3-L1 preadipocytes®] AE&| vlA& FFS
ZAret7] skl AlE uj k& 6 well plated] 3T3-L1 pre-
adipocytes& #5341 confluent %€} 742 % & EEMF
€ A4 =2 Agsid. A0 B3 F A5
I 0.05% trypsin-EDTAE Aelste] ALE FHAZ v+
phosphate-buffered saline (PBS)¢} 0.5% trypan blue solution
(Gibco BRL, Grand Island, NY, USA)& 7} well 3 #7}35}%

o o 2& ¥ sample & hemocytometerd] #&¢ & T
Ao A& o] &3t Aol AEE Agstdd Jud FA=
Hl etk A AEES A6 AT £ & WHoR
4719 Fds o E FuE AEE UL E HiXE AA
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3t 05 mg/ml FE9 tetrazolium bromide salt (MTT,
Amresco, Solon, OH, USA)E #F3ta Y& Add o
CO; incubatorol| A vl Al Z T} 3A1ZF A3 & MTT A%<
A At DMSOE AA & &+t wellel 4/ % formazin
< 25 52 o 96 well plated] 200 ul® &7 A ELISA
reader (Molecular Devices, Sunnyvale, CA, USA)Z 540 nm
A FHEE SASA

Oil Red O ¥ 3! triglyceride M

Oil red O §AH L & A2 AT 0 2ol M2ZAE
WOz Aotk Eojxg oz AFEE adipocytesel A
Ag AW NES gotd £ o wekd &3 i
3T3-L1 adipocytes Well A3 = lipid dropletel EEMF7} ©f
HE S M)A AE F937] A8t Oil Red O G4
AN gz 47 & %9 EEMF/L Agd
3T3-L1 adipocytesS 42 Wiz & A| 73t PBSE A4
& o 3.7% formalin® 2 1A F ¢ 1A 3G 140
B ¥ 60% isopropanols °]-&3ste] A|EE A H G o Oil
Red O solutions A 2|3k} Ao A 208 3+ A4S A A
Aot @4 F QOil Red O solutions A AL SFTE 33
AFe o5 988 AZE =9 dvA S o] g3te B3}
Axio Vision Z2I & o] &3] AL £ & 33T &
EEMF7} 28t triglycerided] A8 A A= A&
A& 913k 100% isopropanols ©]-&3t Ao FA4H Oil
Red O solution =1 T3 96 well platecl] 200 pl# &7
A} ELISA readerZ 500 nmol A SFE=E =434

o rle

Western blot analysis

Adipogenic transcription factors % adipocyte-specific
genes®| L3 o] EEMF7} ol w3 F3& A= AE U3t
7] $15te] Western blot 45 A Akt |A 479 &Y
g o s FHE AZE o E AGTFY lysis buffer
[25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM EDTA, 1%
NP-40, 1 mM phenymethylsulfonyl fluoride (PMSF), 5 mM
dithiothreitol (DTT)]Z A 7}3ke] 4°Coll A 147k 59k HE-EA]
21 %, 14,000 rpm o= 3023 A& ste] FSdel =
B s ZelstAt. 4Sde @Y s 5= Bio-Rad ©
& A %k (Bio-Rad, Hercules, CA, USA)Z} 1 AR&-"H
of wet AF & o 5% Laemmli sample buffer (Bio-
Rad)E 41014 protein samples BHESIT o] g A THE01%l
protein sample= sodium dodecyl sulphate (SDS)-polyacryl-
amide gels ©| &3t H7| Y& 2 LAFd wet L3
%, electroblotting= A Alste] #2]d @A S nitrocellulose
membrane (Schleicher and Schuell, Keene, NH, USA)2. &
Aol A7tk @ do] Mol nitrocellulose membranes 5%
skim milkE A 2]t} W 5o] 2l Tl A Sof 3k blocking
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7k7ve] 13 A8 A el st 4TAA 1247 ]
O PBSTE Al #dta Aeld 12 FA o m
A 2] ale] ALoA 1A T v A AT v

tA o Al Enhanced Chemiluminoesence (ECL)
solution (Amersham Life Science Corp., Arlington Heights,
IL, USA)E A 847l B Xray filmol Z33AA &4 T4
o wd F< E4sun

< AAskaL
& A
27 FA =

o BY ¥

£ A3 A SPSS ver. 18.0 (SPSS Inc., Chicago, IL,
USA) 7l Z219E o] 3t %1 (mean) + EFHAHSD)
Z Uehllth 4 AT 24 58 SA w4 ASe
£ 4HE 4 (Analysis of Vatiance, ANOVA)E & %, Student
ttests o] &3t *p<0.05 FEANA HAZF3AT
g o ;na
EEMFJ} 3T3-L1 preadipocyte &0 D|X|= Y&
EEMF7} 3T3-L1 preadipocytes®] M| EZ 5o ojwdt 3k
= MAe AE #3798t EEMF A 2]l ot 3T3-L1
preadipocytes®] A& 4A 2 A& A=E AT 9
A EEMF7} fdshes 43 A A=E &str] flste] ook
gt F= EEMFE 724t 5¢F A8 @ tha hemocytometer
ojgste] dopsle AEe £5 Agsto] Hud 2=
Fig. 1A9] UEhd upo} 2o}, Aol A vepd vl o] 200
ng/ml AgT7HA & 4RAA @dol A dEA 23kA
7250 pg/ml AT FANREE A2l 5= %mn me 3%
QA7 F7tE = A0 R AAFHT A7 TLE 2 A
EEMF7} 3T3-L1 preadipocytes®] 4§ & & 01111 g FFs v
A A gotr 7] 5t MIT assays AA g 23+ Fig.

i
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1Bl YER ATH EEMF7} fdste AEE AA Y Z o=
200 pg/ml A2 L7hA = 7oA W7t Ao vEhA &
AT 250 pg/ml A ]l A FE AEEo] FetA AA At
T AE ¢ 7 AT o) A3E AHE W EEMF 200
ng/ml A gl 7+A & 3T3-L1 preadipocytesl] thd Al =4
o] A9 §le ALE AdE o] o]F o] APEL 200 ug/mle]
FEH A AN

EEMF7L lipid droplet 44A0|l 0|X|= F&

AAEz] B35 FAN AHE AA N A H=
lipid droplet phospholipid monolayerdl| ]3¢ & 2] 4}
Q= HFA Ado g AXA Y o]Fu o] t‘riglyceride
s} cholesterol ester7} %2 5 o] Fo] Uo]x|7] AlZ3lwH A
THE o 7 TH22]. A& A E A A9 lipid droplet LPL
of 93 triglyceride %3 adipose triglyceride lipase
(ATGL) ¥ hormone sensitive lipase (HSL)ell 9]& trigly-
ceride frZ°l 93t A= 202 4efA 9o, oy
lipid droplet HIRHE & vt ofUe} &, 9745 9 A2
Tu o 22 A 28 FidE dostes AoE
B 53 QJTH18, 30]. wetA EEMF7} 3T3-L1 preadipocytes
©} adipogenesis 7 o] A UE= lipid droplet 44 ol o]
g FEFE vAE AE FAs] Hste] £3Hr= A EEMFE
AR & A3 oS Ol red O G4 A7} T2 TR
AEZ U lipid droplet®] B4 355 &4 dv4oz @23}
At Fig. 20 Aol A & ¢ %ol £ fr=shA &=
74 §-ol & lipid droplet?] A o] 254 %A 5 MDI A
s Fotod Z3E FEAS Avoles AEE W lipid
droplet®] ¥/go] &istA FREHE 2oz #AFFHOH,
o] A A4 lipid droplet& EEMF A g o] 93l 5= 9
E4 22 lipid droplet®] d4o] AA3HA AAHE AR

100 | =

*

80 =

40

Cell viability (%)
S
*
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20

0 ! ! !
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Fig. 1. Effects of EEMF on the cell growth in 3T3-L1 mouse preadipocytes. Cells were treated with the indicated concentrations
of EEMF for 72 hr. Cell number (A) and viability (B) were determined by hemocytometer counts of trypan blue excluding
cells and MTT assay, respectively. The data are expressed as the mean + SD of three independent experiments. The significance
was determined by the Student’s t-test (*p<0.05 vs. untreated control).
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200 (EEMF, pg/ml)

MDI (0.5 uM IBMX, 1 uM DEX, 10 pg/ml insulin)

Fig. 2. Effects of EEMF on the microscopic morphological changes and lipid droplet accumulation of differentiated 3T3-L1 mouse
preadipocytes. Differentiation of confluent 3T3-L1 mouse preadipocytes was initiated with MDI (0.5 mmol/1 3-isobytyl-1-
methylxanthine, 0.5 ymol/1 dexamethasone, and 5 pg/ml insulin) and maintained DMEM-5% FBS medium (maintenance
differentiation medium) in the absence or presence of EEMF for 8 days. (A) Differentiating 3T3-L1 cells were visualized
by light microscopy. Magnification, x200. (B) Cells were fixed and stained with Oil Red O to visualize lipid droplets by

light microscopy. Magnification, x200.

UES T w2t A EEMF& 3T3-L1 preadipocytesl 4 adipo-
cytes2] 35 dAFGE A &+ AU

EEMFt triglyceride MA0)| 0|XI= Y&

FAALCE 47 triglycerides glycerol 137+9} fatty
acid 3& A7} ester 2ol ofst] AZ2®E FHE 7HA AL 1o
o, AR AFske At %% oS AA s 2xd3
A Az F2 dUAYLeR ALHT3]. AT o £
triglyceride A WAl ol FH L AR E o] BT Holo
2 AgFozA I dge ddo] He ALE dHA
ATHIL]. olj g AFAHEA A triglycerided] A& tri-
glyceride-rich lipoprotein?! chylomicron % very low den-
sity lipoprotein (VLDL) 5o ¢Jste] 5 Ao2 44
ATH31]. WA triglycerided] A4 ol EEMF7} oW g @ 3F
< WAE AE Fdst7] Asto Oil Red OF E4H lipid
dropletZ isopropanol® FZ ¢ ¥ triglyceride® ¥#& &
A% A= Fig 39 Uehd vie} 2k Aol A & 5 9150
MDI Ao 93] APHERZ Bsldo] ©e} triglyceride]
Aol dASA 7+ Aoy EEMF A gl ojste] F7}s}
AE triglyceride®] M4 =7t HAA 02 ZHAaEdom, F
I FEQ 200 ug/ml HTAME % 60% BEY trigly-
ceride 44 AA LI} Y= A2 Uehit o3 23s
A5 B EEMFE triglyceride 874 A ZH7} e 202
Uehon, o] 38 &3 lipid droplete] F4 A9 A&
o] v AR Az

EEMF7} adipogenic transcription factors & adipocyte-
specific genes?| 2&0 O|X= Hsk
Adipogenesis #8°l= 74 GAEE B2 T/ adipo-

genic transcription factors7} #oste Ao 2 dHA Yot
AA getzrlol  EdHE= GEBPGE E TE adipogenic
transcription factors$l C/EBPa ¥ PPARy9 Hd & 3132
Z A insulin-sensitive glucose uptake9} Z-& A& d HTHA
E9 54& F7HAI71=H 48, SREBPIcS] 7390l = in-
sulin®]l ¢Jste] L E o] PPARyS| Hd o] AHH 02 #ofd}
T Aog deA SITH19, 20]. £3}%7] adipogenic tran-
scription factors®ll ¢J3ste] &3} 8 C/EBPa ¥ PPARy« adi-
pogenesis® MY 2HAE defA goH, F FHAY A

-
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-
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1 |
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MDI (0.5 M IBMX, 1 uM DEX, 10 pg/ml insulin)

Fig. 3. Inhibitory effects of EEMF on triglyceride accumulation
of differentiated 3T3-L1 mouse preadipocytes. Triglyceride
contents were determined by Oil Red O staining after
treatment of the absence or presence of EEMF. The rates
of triglyceride contents were measured at A=500 nm
wavelength by the ELISA reader. The data are expressed
as the mean = SD of three independent experiments. The
significance was determined by the Student’s t-test
(*p<0.05 vs. untreated control).
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AEe TF ASTESE OO EA lipid droplet A4 2
Axe 27 7t 53 22 g3 54 & ST ap2 B
Leptin &3 %2 adipocyte-specific genes T8 & &3 A §Al
£9 B4 HUsHE 0 LeA Qv 7). Gebd B
Aol A= EEMFZ} fEste ad1pogenes1s A 9} Bt
adipogenic transcription factors % adipocyte-specific genes
A MDI
0 0 50 100 150 200 (EEMF, pg/ml)
— ! |<«— PPARy
B <+— C/EBPa
— <
_—— <«— CIEBPB
—_——— <« SREBP-1c

e — <+— Actin

=) % o] 2
A EEMF A glo] o2 a

=): O
g&

= AgstA ¥ £3E |

=4 &

R P RERCE

adipogenic transcription factors
AEZ A% A7 Fig 4A0) UERd e} o]

Tet%le 7§ PPARy,

C/EBPa, C/EBPS 2 SREBPIcY] H&o] AsA Z7}13t4 A

ot EEMF A glo] ¢J3te] 55 ¢

B

MDI

0 0 50

249 Fart FEEad.

100 150 200 (EEMF, ug/ml)

<+— aP2
<«— Leptin

<+— Actin

Fig. 4. Effects of EEMF on the levels of adipogenic transcription factors (A) and adipocyte-specific genes (B) expression in differentiated
3T3-L1 mouse preadipocytes. Differentiation of confluent 3T3-L1 mouse preadipocytes was incubated with the absence or
presence of EEMF for 8 days after initiated with MDI. Cells were lysed and cellular proteins were separated by SDS-poly-
acrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed with the indicated antibodies.
Proteins were visualized using an ECL detection system. Actin was used as an internal control.

A MDI
0 0 50 100 150 200 (EEMF, ug/ml)
s e . s e e | 4 AMPK
o i o s | 4— pAMPK
— e e | +— ACC
— o e = | pACC
e SS————u— V)

B

MDI
_ - - + ComC 10 uM
- - - + + EEMF 200 pg/ml
. ————— | — AMPK
e —— —— ——— | 4— pAMPK
<«— ACC
—— — — —— |4— pACC
-— e «-w |«— PPARy
— e === |*— C/EBPq.
; .- - |—
S— . | «— C|EBPp
" <«— SREBP-1c
<«— Actin

Fig. 5. Roles of AMPK signaling pathway on the EEMF-induced inhibition of adipogenesis in differentiated 3T3-L1 mouse
preadipocytes. (A) Effects of EEMF on AMPK and ACC phosphorylation in 3T3-L1 cells. Confluent cells were treated with
various concentrations of EEMF. (B) Effects of AMPK inhibitor, Compound C, on the levels of adipogenic transcription
factors in 3T3-L1 cells. Cells were pre-treated with compound C for 1 hr, and then treated with 200 pg/ml of EEMF. On
day 8, completely differentiated cells were lysed and cellular proteins were separated by SDS-polyacrylamide gels and trans-
ferred onto nitrocellulose membranes. The membranes were probed with the indicated antibodies. Proteins were visualized
using an ECL detection system. Actin was used as an internal control.
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4Bol| Mgk o] EEMF A glo] 9fste] dA A Hase AL
Z Ueitth ol 23S F3e| ¥ EEMFE adipogenic
transcription factors =& A S 3 adipogenesis® A&
T2 2 A lipid droplet ¥ triglyceride 4 #4& %
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