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The present study was conducted to evaluate the effects of various extracts of Hizikia fusiforme on the
anti-obesity effects in 3T3-L1 preadipocytes. We used H. fusiforme extracts from ethanol (EEHF), di-
chloromethane (CFHEF), ethyl acetate (EAFHF), butanol (BFHF), and water (WFHF). Treatment with
these extracts significantly suppressed terminal differentiation of 3T3-L1 preadipocytes in a dose-de-
pendent manner as confirmed by a decrease in lipid droplet content through Oil Red O staining;
this effect was higher in WFHF than in other extracts. The concentrations of cellular triglyceride
were also reduced in 3T3-L1 cells by exposure with these extracts, especially when compared with
the controls. Treatment with 200 ng/ml of WFHF and CFHF caused approximately 42.6% and 23.7%
reduction, respectively. In addition, the extracts of /. fusiforme significantly reduced the expression
levels of key pro-adipogenic transcription factors, including peroxisome proliferator-activated re-
ceptor v (PPARy) and CCAAT/enhancer binding proteins a (C/EBPa) and C/EBPB as compared
with controls. Accordingly, our data indicated that WFHF has a preeminent effect on inhibition of
adipocyte differentiation among various extracts, and /4 fusiforme extracts may be an ideal candidate

for obesity relief.

Key words : Hizikia tusiforme 3T3-L1, obesity, adipogenesis, peroxisome proliferator-activated receptor
v (PPARy), CCAAT/enhancer binding protein (C/EBP)
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7~59%7 +&A BRE T ok 2 F
A

sl 99 4T e Qo=
B E F320] fudt Bulw 13 @ gl And
FAH AR AFE AY o ToAA A % Aeolch

ety B dAFgME 3T3-L1 AWATAHEY adipo-
genesis Fg¢l| SlojA & F&Eo] fists Fultt Aot
A 2o w2 st 719 A& 4138 insulin, dex-
amethasone ¥ 3-isobutyl-1-methylxanthine (IBMX) 5<] H]
QA gJste] 19 H o2 - adipogenesis T
o slolx ofu et JFE MAEAE 2ASY AL, AFAHEL
gto] #ojdh= PPARy, C/EBPa % C/EBPB 57 22 adipo-

| Hizikia fusiforme |

(EEHF)

Ethanol crude extract

—

" Aoz,
F2ES A7) Yot 32 BE 47 B A FHs o
o BEES AAS L AR E2 5 3 AHe & 159
A AZAA LA AxE BS 80% ol kol 244 7F
¢ AN ZEAF|HA 80T 874l A 3A)12F

water® #4402 A% $YF H A% F HHATEE]

o, g d 248 9)38le Al&-¥ PPARy, C/EBPa, C/EBPB
9 actin &A= Santa Cruz Biotechnology Inc. (Santa Cruz,
CA, USA) ¥ Cell Signaling Technology (Beverly, Ma, USA)
A F43A Tk ImmunoblottingS 913 22 JAZ ALE-H
peroxidase-labeled donkey anti-rabbit ¥ peroxidase-labeled
sheep anti-mouse immunoglobulin Amersham Life
Science Corp. (Arlington Heights, IL, USA)ell Al 43ttt
3 3T3-L1 AATAE £3E 9k A& insulin,
dexamethasone % IBMX} A|WAZ W triglyceride (TG) A
A& 3l 913k AHS-E Ol Red O+ Sigma-Aldrich (St.
Luis, MO, USA)ell M %433t

Extract three times with 80% ethanol

Suspended with water extract with
dichloromethane

Dichloromethane fr.
(CFHF)

Residue

’—‘—\ Extract with ethyl acetate

Ethyl acetate fr. Residue
(EAFHF)
,—‘—\ Extract with butanol
Butanol fr. Water fr.
(BFHF) (WFHF)

Fig. 1. Fractionation procedure of /. fusiforme Fractionations were separated by separatory funnel.



Table 1. Sequence of primers used for RT-PCR
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Gene name Sequence

GAPDH Sense 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
Antisense 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-¥

PPARY Sense 5-CGC-TGA-TGC-ACT-GCC-TAT-GA-3’
Antisense 5-TGC-GAG-TGG-TCT-TCC-ATC-AC-¥

C/EBPa Sense 5-GTG-TGC-ACG-TCT-ATG-CTA-AAC-CA-¥
Antisense 5-GCC-GTT-AGT-GAA-GAG-TCT-CAG-TTT-G-¥

C/EBPB Sense 5-GTT-TCG-GGA-GTT-GAT-GCA-ATC-3
Antisense 5-AAC-AAC-CCC-GCA-GGA-ACA-T-3

3T3-L1 A[UHTAM =2 HHF

Ao AH8-E 3T3-L1 ALATAEE 90% 2] Dulbecco’s
Modified EaDCRT Media (DMEM, Gibco BRL, Grand Island,
NY, USA), 10%<] bovine calf serum (BCS, Gibco BRL) %
1%<] penicillin ¥ streptomycin (Gibco BRL)®] ¥ 1l #]
& AHE8t 37T, 5% CO, &3 dfell A wjgFatict. Al x e
Ao WE AT A4S jasty] st AR o] wek
S vf 48A1Ztubeh AAJste] A o NEE AT

3T3-L1 X[HHAM 2L Bt

3T3-L1 AW ATLAHEE A v ¢S 6 well plates] A con-
fluent €l 77}7<] Hj &gt £ 10 pg/ml insulin, 0.1 uM dex-
amethasone ¥ 05 mM IBMXO] 3 E3iA 2 w3ato]
297 wigetaer, 1 % uf 2947tth 10 pg/ml insulin®]
e WA 2 w33kt Adipogenesis®] 3 33347@ qr E
489 T FoI37] Aal, A WA BAFEE T )
2882 P Ao

i e BN

MTT assaydi| 28t 3T3-L1 X[ FM|ZE MEAX FAl

A 3E w8 6 well plated] 3T3-L1 ALATHEE EF3}
o] confluent E|7hA] Wi Fet & £ FEES iAo 48}
o Zt well 3 AAFERE AstAch 7247 § 514 € 05
mg/ml 59 tetrazolium bromide salt (MTT, Amresco,
Solon, OH, USA)Z 200 pl¥ ¥F3ta 2417k &<t CO; in-
cubator A ¥ AT ThE Wi A 9F MTT Aok 7 3L8kA Al
Asta DMSOE 1 ml B 535} welld] A E formazans
EF =2 % 96 well platee] 200 ul® &7 A ELISA reader
(Molecular Devices, Sunnyvale, CA, USA)Z 540 nmll A &
FES 2o 2 Aol U 54 A2 Yz
T F3E s 7t Hd F2E ol g HEs=
Wi

o, o

T
o

3T3-L1 X|EHAEME SEfo| 2=t

% F2= A 99 3T3-L1 ANATAEY £3 %
droplet A4 FEE &3y A5t ML vj%E 6 well
platecl] 3T3-L1 AP AFHEE £F3}4 confluent ) 714

E
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L
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ol
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=
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Oil Red O M 3! H&

A3 W droplet B4 H18t7] 9J8te] Oil Red O A4
AA st FulE 3T3-L1 AWATAEE PBSE A 43
3.7% formalin©.2 10%7+ 3143} 60% isopropanol S ©]
3t A& e T3 Oil Red O solutions 2|3} A& 0f 4
208 7F GAEE T A4 & Oil Red O solutione A A3k
SHTE 43 AHS o5 dAE AEZE A v B S
ol-gato] BEST. I AT B4 fske] 100% iso-
propanolS ©]-§3to] A3 F23 F 96 well platecl] 200
WA &7 ELISA reader® 500 nmol A SF =S SA 3
Iz FRE wol o

> OP ‘10{' m[o

Reverse transcriptase-polymerase chain reaction
(RT-PCR)0Il 2|5t mRNA2| 241

% TYES At £3A17 3T3-L1 A FA Eo
TRIzol reagent (Invitrogen Co., Carlsbad, Ca, USA) 1 ml<
A7keke 4T A 1A417F 52 ¥Hg-A171 & 200 pl2 chloro-
form& #7Fste] 4ToA 308 < WA FH T 14,000 rpm,
4CAA 1583 AR A 400 ple] 454S s
9] isopropanols 718t 4T A 30% &2 ¥t
14,000 rpm, 4Coll A 3027+ YA EEIAA total RNAS
3ttt #2] ¥ RNAS DEPC waters ©]§3}4 io]—’—i
g %, Z+7}9] primer, DEPC water 18]3 ONE-STEP
RT-PCR PreMix Kit (Intron, Korea)& %1 Mastercycler gra-
dient (Eppendorf, Hamburg, Germany)& ©]-&3t¢ 974}
2 SEFT. 74 PCR AHEES] F4 Aolg sty 95
o] 1X TAE buffer® 1% agarose gels RH=1l well & 2479
primerdl| 3]g3= PCR 4= DNA gel loading solution<

41014 loading § $- 100 VllA 71955 3tk 17195
52 DNA &7} 8¢ gele ethidium bromide (EtBr,
Sigma-Aldrich) & °]-&-8to] G4 5 UV stolA gelsksle
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™, housedeeping 2] glyceraldegyde-3-phosphate de-
hydrogenase (GAPDH)E internal control2 A3} %1t}

M

Western blot analysisOi| S|t CHHAl €510 24

FLE o FulE 3T3-L1 AATAH L Ao
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 % 7}8to] 4TCollA 14]
ZH SOk kA7 &, 14,000 rpm & 3087 QA 2] 5o
B e F dMAds Btk 43 9id 5
Z% Bio-Rad @9 A& A 2K(Bio-Rad, Hercules, CA, USA)
3 2 ARl whel A g o 539 Laemmli sample
buffer (Bio-Rad)E 410141 samples THEATH 5% <] sam-
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ple sodium dodecyl sulphate (SDS)-polyacrylamide gel<
ojgste] H7|FELE £23 ¥, nitrocellulose membrane
(Schleicher and Schuell, Keene, NG, USA)S.= electro-
blotting® ¢J3] oA At &8 il do] Zo]H nitro-
cellulose membrane®l| 5% skim milkE # &5} v]E 0] Z <]
S E o tigt blockingS AAIStAL 13+ FAE A2 sho]
g2 A 247 o’d Ev 4Tl A over night A7l T
PBSTE A|#sla #e)d 12} Ao St 22 A& AHE-8)
of F2A A A% EAZ T whgo] B F G
Enhanced Chemiluminoesence (ECL) solution (Amersham
Life Science Corp.)& A&A17l T X-ray filmell 7H3A1A
54 g@ide e o EAs
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Fig. 2. Effects of various extracts of A fusiforme on the cell growth

in 3T3-L1 mouse preadipocytes. Cells were treated with the
indicated concentrations of H. fusiforme extracts for 72 hr.
Cell viability was determined by MTT assay, respectively.
Results are expressed as percentage of the vehicle treated
control+SD of three separate experiments. (A) WFHF, water
extracts of A fusiforme (B) BFHEF, butanol extracts of A fusi-
forme (C) EAFHF, ethyl acetate extracts of /. fusiforme (D)
EEHF, ethanol extracts of H. fusiforme (E) CFHF, dichloro-
methane extracts of A fusiforme



Statistical analysis

EE A% Z3= Statistical Package for the Social Sciences
(5PS9) %7 Z2IWE ol el Hit(mean) ¢ EEAR
(D)2 YEIT. 7 A8ee) B4 323 5o fol4e
Student t-testE ©]&3t4 p<0.05 FFolA AZFA.

3k7] 1814 50~250 ng/mle] & SRR
33 ATE MIT assaye 254 A2 o8] =gk o]
879 7142 MIT tetrazoliume 24 <] formazan® 2
A 7IE MEZ =0} 5

AZY FA7 43S ol YEH APy F sz
dopsle AE Foll WS FR=7F S7HEH £ 298
59wk uhe 3T3-L1 AE] S4 vAE 9FS MIT
assay2 £A¢t A+ Fig. 20 Yepd nhe} 2ok ool A
& 4= 1%o] WFHF % EAFHF 8 & A3 4
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o2 AEEY Wt AY YA ¢ wbH BFHF,
EEHF ¥ CFHF 23 & A9 A$ole AEXZF Wil
o 3T3-L1

o] F7tete A HYTh o]} 2HE AN E
A A TA Lo A 250 pg/ml 0]k & FEEE0] 93 A
IEALe A9 YeUA R AZ YT

3T3-L1 RLHTPMES lipid droplet X TG 444of 0O
A= X =e=2 g
Phospholipid monolayere]l 93t} izl S22
2 A" v 4299 lipid droplet precursor fibroblast
ANMFE AAEZS EstA A Heue, o] 2A 4A
9 lipid droplet2 lipoprotein lipase (LPL)l 23+ TG 42
adipose triglyceride lipase (ATGL) @ hormone sensitive li-
pase (HSL)ol I3 TG fZ°l 93t 2= Aoz ¥H
A uH11,24]. Wb 2 Aol ME 3T3-L1 A 74 7}
AgAEE ] £ YEhE lipid droplet B4 &
g S PIA=AE FRle] SJste] 242t
FERE Aste £35 fEF F Oil Red
HAEE 723849 lipid droplet 48 =5 #2313

)
o &

(ug/ml)

100

200

Con MDI WEFHF BFHF

EAFHF EEHF CFHF

Fig. 3. Effects of H. fusiforme extracts on the microscopic morphological changes of differentiated 3T3-L1 mouse preadipocytes.
Differentiation of confluent 3T3-L1 mouse preadipocytes was initiated with MDI (0.5 mM 3-isobytyl-1-methylxanthine, 10
1M dexamethasone, and 10 pg/mL insulin) and maintained DMEM-5% FBS medium in the absence or presence of /1 fusiformx
extracts. After day 8, differentiating 3T3-L1 cells were visualized by light microscopy. Magnification, x200. Groups were

refered to Fig. 2.

(ug/ml)

200

Con MDiI WFHF BFHF

EAFHF EEHF CFHF

Fig. 4. Inhibitory effects of A fusiforme extracts on lipid droplet accumulation of differentiated 3T3-L1 mouse preadipocytes.
Differentiation of confluent 3T3-L1 mouse preadipocytes was initiated with MDI and maintained DMEM-5% FBS medium
(maintenance differentiation medium) in the absence or presence of A fusiforme extracts. After day 8, cells were fixed and
stained with Oil Red O to visualize lipid droplets by light microscopy. Magnification, x200. Groups were refered to Fig. 2.
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B 5 AR ¥ £YES AHEsA g2
7350l NZA Y lipid droplet®] ¥4 o]
% 8= Al st lipid drop-
oz dA3 dAHE AL FAle e,
Tl A lipid droplet & A &7¢e] 743}A

F4Ae s ¢zl TG A% chylomicron 3 very
low density lipoprotein (VLDL) % %2 TG-rich lip-
oprotein©]l 2J3te] fHEH T, AL OZ AHEHIL F2 TG
o Agole AAHE FFHIL AFH HIRe A<l
Hoh8,21]. whebA & Ao A& 3T3-L1 AA A 2o 74
Zte] & 28=e AYsile 45 wEEHE TGS A4 9A
a3 A3 8% 23, Fg 5ol vehd wkef o] A A)
ol A Eate AA Eol| Hlas) A WFHF 100 ug/ml % 200
ng/ml Aol 212 268%9F 42.6% ) TG A4 A &3}
7} YRtk 8 BFHF, EAFHF, EEHF % CFHF 200 pg/ml
Ao Aole 27 13%, 18%, 174% 2 23.7%< TG A4
R R %iﬁ} ojdel 2#E Ey¥ £ o Al FH
% 9% ZF TG A4 JAEA7} ole AR Yoy,
£3] WFHFA TG A4 A&z 2 Aoz Yehgd,
oxl= %

Adipogenic factore|  Et50f|

FE=9 g
A ATFHEANA APAEZ E3}5] = adipogenesis 7
& B& 79 adipogenic transcription factorso] 283t
t}. 1% 9|4 C/EBPBE C/EBPast PPARYE ZA3H= X
7

Al HAF 1AFo]M[4,7], PPARy9} C/EBPat adipogenesis

1]

transcription

Relative content of TG (%)

i

+ o+ + + o+ + + o+ + + o+

0 0 100 200 100 200 100 200 100 200 100 200 (ug/ml)

WFHF BFHF EAFHF EEHF CFHF

Fi

=

g. 5. Inhibitory effects of H. fusiforme extracts on triglyceride
accumulation  of  differentiated  3T3-L1
preadipocytes. Triglyceride contents were determined
by Oil Red O staining after treatment of the absence or
presence of A, fusiforme extracts. The rates of triglyceride
contents were measured at A=500 nm wavelength by the
ELISA reader. Data are expressed as the meanstS.D. *:
1<0.05 vs untreated control. #: p<0.05 vs MDI treated
group. Groups were refered to Fig. 2.

mouse

= = &
£ 24ste 9

A AARIAZA E3ke] F7)0] =A 2E o
adiponectin® GLUT4 55 X3} adipogenesis®] terminal
markerd] BHS FE3e Aoz LA U12]. o] EA
#3818 A X lipid droplet 84 2 1]—1-4 a7 7 53
2 Fe A 54T B0l Soldd A TEs H8%

o gX AMAES 5 AUA Hrt webr & Aol A

l

=

T ¥ £¥EE9] adipogenic transcription factors 2] & o
oJw gt JeFS v X = AE mRNA 2 e A F=Fo A 3l
3ttt Fig. 60 UEhd vkel Zo] #3H=<1A<l insulin,
dexamethasone & IBMXE A gl&lo] 2312 FisidS 29
PPARy, C/EBPa 2 C/EBPBS] alo] @A sl7] Z7let= 2
o Z Vet on, olg|g £k AN M A2 FR F £
E5S AsAe 4% 100 pg/mle] =R 200 pg/mle]

>

=

A) WEHF BFHF  EAFHF EEHF  CFHF

0 0 100 200 100 200 100 200 100 200 100 200 {(pg/mi)

PPAR-gamma
c/EBP-alpha

c/EBP-beta

GAPDH

B) WFHF BFHF  EAFRF  EEHF  CFHF

0 0 100 200 100 200 100 200 100 200 1400 200 (pg/mi)

+ + + + + + + + + + 0+

T ———— - e . | PPAR-gamma
U e L s
.- ---.---- w» | c/EBP-alpha
S S S & == | c/EBP-bheta
Beta-actin

Fig. 6. Effects of H fusiforme extracts on the levels of adipo-
genic transcription factors mRNA and protein ex-
pression in differentiated 3T3-L1 mouse preadipocytes.
Differentiation of confluent 3T3-L1 mouse preadipocytes
was incubated with the absence or presence of H. fusi-
forme extracts for 8 day after initiated with MDI. (A)
Total RNAs were isolated and reverse- transcribed. The
resulting cDNAs were subjected to PCR with the indicated
primers and the reaction products were subjected to elec-
trophoresis in 1% agarose gel and visualized by EtBr
staining. GAPDH was used as an internal control. (B)
Cells were lysed and cellular proteins were separated
by SDS-polyacrylamide gels and transferred onto nitro-
cellulose membranes. The membranes were probed
with the indicated antibodies. Proteins were visualized
using an ECL detection system. Actin was used as an
internal control. Groups were refered to Fig. 2.
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