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AW A A A & R S SR Y LU AR S m (U A AL RE JIR /K EERS T » HLilR DPPH
HEERET] ~ BAREAEST ~ 71k SOD-like JHTEAY ECso fEIT 50Ky 0.54 ~ 4.52~ 1.61 Jz 5.98
mg/ml » 5311 3T3-L1 HiHEHGHINE (preadipocytes) FEAHHENEE LR 2% - MIRBURKERST
(2.5~5 ¢ 10 mg/ml) #f 3T3-L1 ATAGHGHIMS SMIMEEE - R 10 mg/ml JREET - BAT A1
SHERsFIEIHINE (mature adipocytes) (ZAEST - AEINHINGHHERE/EIZEHR:2.5°5 K 10 mg/ml 1y
K EERE 5 B REA IS I B A ~ (BRI P =T Tehle o5 B H - 3- R N T
W HFEEREE A HAIHRE IR - K5 E LSRR © kT BA RErFrg g1t

KEITEHEREATER - EEATERFARIIEE A as (RESRM AT -

RESESE - OF « MIRNERKEY  KERS « 313-L1 - IBEEM

HI &

HRABH R MR 2011 S-SR - HroE
FERE ~ OB ~ BSIMEEN ~ BEPRS ~ EliLeR
B B <5 /N TR B IR A B - (B 0 R
g 177 A S R 7 25 5 S P e L R e - AT
BB R TN L SRR R S th R A A
i SRBEEFA TP B FATGHRATERES - Al EE s iR
B B B DU S M Y BRI H AR 52
PR — -

3T3-L1 AiEH54INEEE (preadipocytes) (RfiE%
BEMIREs3EeH2K (Green and Kehinde, 1974) »
HRpEEAEN H IEHERAEIL (58, 2003) - 7]
£ B IBMX (isobutylmethylxanthine) -~ DEX
(dexamethasone) S¢S FR T B S R LA
A R e B A I o3 Ak By 5 B B 15 A
(Novakofski, 2004) > H FijfEiZ fE I 2 FERETE R
Sy 3T3-L1 HElGHERa S R i s oA
(Green and Meuth, 1974; Green and Kehinde, 1975;
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Brodie et al., 1999; Yang et al., 2008; Ejaz et al., 2009;
Jeon et al., 2010; Kim et al.,, 2011; Dave et al.,
2012)

THNBI R R R CA S T REE - TLIH
ARy B KA LB BH B - S AT SE i i e
PREtE RSN - SREAEREDR - R EBE A
(Ulva rigida) 215097k A1 206 BA e iy
YERS (Leiro et al., 2007) ; FLGE (U. pertusa) fif
ZENAIRRIE 2 BE S G2 A nn sl ~ 1EIRE A e
THEIIESSAILAETT (Qietal., 2005) - #X(f » 5
VYRR - FR/AKAFEYISN - KAEEY R
B2 K R A ZE AN H A AR BTSRRI RS RE PR R T
AR E EH (e et al, 2007) K fik f B7
(Mendis et al., 2005) FrEirglET- & BAVIEL
VA

A H (U, lactuca) 1y 'H 1 & F B X
(Monostroma nitidum) EXgE » fEAMERER » %/
JRERREEG TR IS (54, 1989) » JBHIEH
M B A (R AR R &R - BEAh - A48 2010
FHERE A GE SR N R R AESS
HIRETERHER © BRI BERE T
BN R - MIEAEIN L@ FxAa 35%
YRR R 8 ~ 13% el ez » R
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ZEFT AR R o BESR MR 0 B AR SRy A%
IR R - AHFINEEA S - XKERTRRKE
D BERFERANENE > WA E R
FIREG AT A ERORATRE - [RILL AW DU B fik
TR R JFORY > o0 AR A B VA TR B Sk 8 R SR
KR - G DUE R A K EERE T > BRRTH
#f 3T3-L1 Aifaliic oM LB B AR s 2%
HHREBH 2 A B B A FERR R PRIE A - = BTE
REFA/KEERC HIY -

FORHEL 7 4

—HH
(—) BEBBEZ R

AERB R R D ERA AR - e
R ~ PG R S R o R
LL0.5 M BEEEAE 121°C A 10 min S04 HREA
Wtk - HASHASFE R (freeze drying system,
Labcono AST Instruments Corporation, KS, U.S.A.)
PRy ARBLER -20°C B -

(D) MBRREERKERY) < B

SEAHIEL (Dosidicus gigas) fa S FRAHILIT
QERIEEOL - fbfa R DUE SR /K R i B SR 7Kk
fiEe) (FEUGIEREES TR IAE - SO R AU
) > FREREZAR BN -20°C BRjskfi A -

(=) KERDZRHHE

A BT VA TR B Mk £ B P 3R 7K ) il DA
ERCLRS - BT A BT B ES AL
REJJHIER -

(70) HBREtR

AFFE . 3T3-L1 miflaiGfiEsk (mouse
3T3-L1 preadipocytes, BCRC #60159) - [ H T &
i LR RS T AR V& IR R R TE R -

() iZ

(L5 T3S E Sigma 227 (St Louis,
MO, U.S.A) - ifffl Jifd 3 B2 22 it i H Gibeo 28 H]
(Grand Island, NY, U.S.A.) °

=~ EE A
(—) BEZ—BADHUE (AOAC, 1995)
1. k47

1 g BUAERER R E Ay - B
105°C MURERERZHE - BF 2 h B - FEERHZEE
e USRIV E > [ RINEMHEEL -

2. HEHE

P EHLREE (micro-Kjeldahl) 17
E o1 g AEEERMA 1 g lEbE
(HgSO, : CuSO, *» 5H,0 : K,S04=0.75:1:10) &
20 ml 1Y H,SO,4 (sulfuric acid) » B EIE-PAF
G EEPA I BN A R P AR A
0.1 N By HoSOs Y fez » HLL 0.1 N |y
NaOH (sodium hydroxide) & RIRALE » BiR
B 6.25 -

3. KGNS

HY 5 g BUAEERTY 105°C THZEE 2h §§
IR ERRERIE  BHYHRIK (Soxhlet) ZEHUZRLLZ
BEEE 4 h DLESEFTARHY -
4. K5y

B 1 g BUAEERFR 105°C TRz - F
BN 550C IxAbmE T IR{L E IR E % 1 U
o
5. WKL EY)

BRAMEEY (%)=100%— (k5> + HE LS
+HEHERG + JK5T) x 100%] -

(D) RESESNTE

£ Dubois et al. (1956) J5ikHI%E - BY 0.2
ml PFREHE LB EREANR - A 0.2 ml /Y 5%
PRI RS FIIA 1 ml AURRES » dR=
B NEFE 20 min 0 R 490 nm HERSEHE
DIREHE SR HE (thamnose) P BEHEHRHR - #2
=Ry
(=) MERSSWE

Z M Dodgson (1961) JEAHIE - B FImAREH

B
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FAETTHERAR S R HE - SR 520 nm HIER
JGAE - DIEEHE SIS (potassium sulfate) FfrfS.Z
FRHEHRR - HORRIRIR &5 =

) KERDZNBILEIHNE

1. ¥&kE DPPH (a,a-Diphenyl-B-picrylhydrazyl) H
HiEERE S JHIE

2218 Shimada et al. (1992) AyEHIE - B 1
ml 5 A 1 ml 7 0.1 mM DPPH (A 95%
ZB2) > TAEEEESE 30 min Y 517 nm HER
JElE - BOCEHARFORIEREE S H5R - AaEELL
100 ppm Z#fEAEFR C TERA%EHIR - 2587 /KEUAR
BRanE R 22 hIAH -

HIFAA FERREEIERER R DIREE R X i
RN Y @S R - IO TR RS
ECEREE ECs {H (effective concentration of
antioxidant substance removing 50% of free

radical) °
2. BGnisEne E

20 Boyer f1 McCleary (1987) JiEhmblE
2 B 0.25 ml &5, > fmA 3.7 ml FIEER: 0.1 ml
Z 2mM S bRREE (ferrous chloride) YA » 1B
G194 30 sec & > FAMA 02 ml By 5 mM JE
1&[F (ferrozine) » [ZJfE 10 min > H||%E 562 nm [1)
WAL - WROBAE YRR R i 2 & R BRI RE T 8L
5% o L 100 ppm EDTA (ethylenediaminetetraacetic
acid disodium salt) {ERs#ZEfHlRH - DAZREET /KU
B E R A -
AR E R DIRE Ry X i

BEmEE R Y Ghigsin iy - LU T
FEHGRIFECs 1A -

3. @b THE

220 Oyaizu (1988) JjiEHIE © HY 1 ml £
mA Y 1 ml (1Y 02 M BEREREENAR (pH 6.6) »
HmALl m By 1% M &
ferricyanide) » fA 50°C /KA FE 20 min » HEE
A wFMA 1L ml B 10% = &R
(trichloroacetic acid) ¥XIKIEEES - MBI 1
ml JEEH A 1 ml BTk 02 ml 1Y
0.1% &Ab#8 (ferric chloride) yA¥% » IR&HE I

(potassium

JR=IREE 10 min % 0 HIGE 700 nm BOGAHE - B
SHEREZOER MR St o ARGEEEL 100
ppm ZHEAEFR C PERPERIE - KRBT /KELARE
nnf R ZEmIRH -

FIFAA [FR A B ER B  DIRE Ry X il ~
BRI TR Y Eie e B > ELURE TR 0K
3 ECso fH ©

4. SOD-like (superoxide dismutase-like) I H:iHIE

22 Yamamoto et al. (2003) L1 SOD Assay
Kit-WST A7EHIE » X 0.02 ml 5 > A 0.02
ml E#ET7kE; 0.02 ml Enzyme working solution »
5 0.2 ml WST (water-soluble tetrazolium salt) ji&
&% 0 1A 37°C & 20 min v HlI'E 450 nm W%
fE = BL 100 ppm Z#fEAER C {ERFZEHIE - DI
BT 7R E Ry 2l RH. -

A FERREEAIERBEAR T - DR Ry X il ~
SOD-like {H MRy Y EiGEbaER - FFLUEER T
RURIF ECso fH -

(f) #BRRIEE
1. mifERGAIRE C ME s

SR (2002) J7EEEREE 5 3T3-L1 g5
MR &8 10% FBS (fetal calf serum) HY
DMEM (dulbecco’s modified eagle’s medium) E5#
Ferho A 37°C~5% CO, JREEN K528 24 ~48h &
DA A BRI 2E - R amBI ] TR
FEg o NERIRIEG N - IERES AR L PBS
(phosphate-buffer saline) YA — 2% Ik PBS
A1 ml B TR R 5 A IS e o
WUOIR - G HEIR B B B R 1 Tt 2 o A
FHRF SRR OB ERAE 3 min (RHHNE iva it
HIFAIA 1 ml FBS #& kBRI FHIA 8
ml PBS > {0 (1,000 x g~ 5 min) WER LJEH > T

A% 10% FBSHY DMEM E:EE: > Wi BT
B BN ;REHER 37C ~ 5% CO, &M+
B -

2. HalfiiNEe s eiseE

ZEHEEE (2004) JiEEzE - i 6 well/60 mm
R REE > DUMIBRET S Es T E S, o ik
B 2x10* i 3T3-L1 FilEHsHINE - INAS 10%
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FBS 1’7 DMEM B2 E > BN 37C ~ 5% CO, 5%
EAEETESE - PR - R EEER - T
NIRRT S RS 2 R (& 10 pg/ml R FR 0.5
uM IBMX K 1 puM DEX) 523 48 h %% > FHXIE
B R RS 10 pg/ml BRES 3R Kz 10% FBS
) DMEM 535k » R R EH— G A » #F
R R ANK - RN E5ER -

(%) R ERHER
1. §E&kEE (trypan blue) FBRA

2 Dave et al. (2012) J7ABIE © FlIFH it
Btk LT B I - e e e 2
IR 4x10% cell/ml> L 100 pl/well A 96 well
sEEeEh > 2 37°C ~ 5% CO, K528 24 h - £l
MR - IAARFRRE (2.5~5 K& 10 mg/ml) 1y
Bt LR - B 37C ~ 5% CO, B5afiErT
24 h B5EE > RBRESERIGI AR F TR R 5
PRI AIIEYT R - B L (1,000 x g~ 5 min) I
bR R - A 1 ml 858888 (5 10% FBS [y
DMEM) {liffgss S R&FAE L rh - B 20 pl iR
Keftsa B 1 1 FERRG - RBRDUNEKET#E:
AT R -

2. MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] Ef Bk

228 Ferrari et al. (1990) & HiEHEIE - MTT
SrFTR AR B RIS E M A TE SR R
— HATHHE AR IR IR X S (succinate
dehydrogenase) X - & HHMR AF R RS AU
HIRE R @ M s - REHHIREE O R 2 T
By 4x10% cell/ml » L 100 ul/well HIA 96 well k%
=R R 37C ~ 5% CO, K52 24 h o fifffiidR
W R E R - 2 LRG3 1ss
T B HEHEANRIMMESEE - FFIIA 100 pl/well
iy MTT K YLP (yolk lipoprotein) ZZ2EbfFliREES
VS 0 I 37°C [E 4 h % 0 HikiE 2 min o iR
570 nm JHITERSEAE  HHBFEER(%) = (B AHHB
JEiE — 22 HAHBOLIE) / (FEHHHIBOLE — 22 5/l
W EAE)] X 100% © AGAESI PRI Ry & i A &
Rl B > MR Ry 100% > 22 AR AN S
M S A B ERR -

(t) IEBEEIE
1. JHAL O & (oil red O stain)

2 Kim et al. (2001) J5EEE - lkEHE
SRR 858 RS - L PBS #ESH Pt
=& > L1 ml 10% 9 g B & (37%
formaldehyde solution YA/ PBS) [EEHM 1 h >
AL PBS i — k4% - L 1 ml /9 0.5% 3
L (0.5 g THELRAIARY 100 ml Y PEE
Hr) Zeth 15 min o W DAEREF KR E L BRAVLY
> HEIMARAESFE 5 min AR - ©»
GRS BRI - RN 490 nm HIE
OEH - BB & & H 7 (%) = [(FE RO E —
22 HAHOEE) / (FERHBOEE — 22 BRI
{ED]x100% o AGABSIIHERIRH Ry S A Sk
B o MR Ry 100% - 22 R R A S e ot
o B EER o

2. =FEHHAE (triglyceride, TG) & &AM

2z Ttoiagawa et al. (2011) DA triglyceride
quantification kit (BioVision) 772381 « %] FHHl
HIFE b SE R RE R R SRS 2 AR S I EE
£ 15 ml BEERLERITR 4CTFETHL
(12,000 x g ~ 5min) > frZ%E B fIA 1ml &
5% Triton-X100 1 PBS DUHHIBE RSN E %
1 min (ERIIES AT - BRGEITEEOIERZE
JEW# - A 1 ml NP-40 (5%) - B Ryifd 2T
W& o HEFEFIM triglyceride quantification kit jH]E
AR A = HHhER & & - AIZERGRLEL 90°C
R INEL 4 min - JRER N RAD  FEREIIEN K
AP R EREEFRYEES R 4C T
Bty (12,000 x g~5 min) #RERZE FEHK - HUH S0
ul BURHRREEGR - BRI 2 ul ARE AT A 2
BN HE 20 min > FEAIA 50 Wl BIRIER G
REERTRE 60 min> A 570 nm HERIEE -
= H AR & 5 43 EL (%) = [(B S RO —
22 HAHOEE) / (FEHITHE OB E — 22 RO
B X 100% © AFAERAIHE I Ry & M S o
BRI > iR Ry 100% 0 22 R AN S
ekt BE B o
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U\ BB-3-BEE K EES (glycerol-3-phosphate
dehydrogenase, GPDH) ;&4 24

221 Sottile and Seuwen (2001) JF57EHITE ° ]
FH ARSI 534 b 5e Ber RE A M S AR T - i
£E 1.5 ml WEERLOCENIR 4C NHETHE
A (12,000 x g~ 5min) » frZ5 EEH - A 1 ml &
1 mM EDTAK 1 mM B-mercaptoethanol [ 20
mM Tris ¥ZFEIAR (pH 7.3) LIRS =
% 1 min GEHAIESERRE - FERGESTHIE LR

EE oM K FE KR W - i M M
glycerol-3-dehydrogenase  activity  assay kit

(BioVision) HIEAMMIA GPDH &5 - SH7Hs
HUH 25wl BUMIREEEEGE - IAL00 pl BYRCHERR
BWH3TC TIE 10 min £ > A 37CFEA
340 nm HIERGIE » HH-3-BiR R @E M e 23
FE(%) = [(BR At BB — 22 HAHIROBIE) / (P22
ARG — 22 IR 1< 100% » A BREITE]
ARy A SR A B ERI » WH Rs 100%
22 A R AN Sl he Bt B R, -

() #RETDH

HEREIEISAS (statistical analysis system)
MET B LKA 1T B I A R B AT (one-way
analysis of variance) » 3fi DL B[ K 26 %8t b, 0] e
(Duncan’s multiple range test) JHIE & BRI <
PR B /KHETE F50.05 o

— ~ KA TBSERCL R

UGk TR S 404 —elisr (HzP)E
i) DAkt E&Yre i 61.58 £ 0.03% - HX
B 22.72 +0.30% (Table 1) » LB (2007)
fRHAESE (Ulva spp.) ZEHBEEERAE 15 ~
20% ZAGHRAT o FESEE R S IRIRIHER %
% > FH B ~ KB (xylose) ~ fij &g (glucose) Kt
[HEEES (uronic acid) FfffHK (Lahaye and Robic,
2007) - ff7EfEH - IR & EmIV ARSI EA
AR ERES) - HIE LR IR & &5

G HIIRENE (Qietal., 2005) [RIEEAGEEF]
B8 / BT - M THENE SRR AR 2
BT o R R BN HORE I R R R = o B
18.46 £0.43 mg/ml 2 2.21 +0.47 mg/ml (Table 1) °

Mendis et al. (2005) [ SEUHAAR ML S AEHN
HIFIETS (gelatin peptides) HAGITSA(LRES] -
SEHEHTEC R T B R LA LI TR BRI © ANHHFFERY
FEE R RN IS B R EE BB R
HIMGHZYIHEE 70.6% - Kk fa sz DUEE I SR /K i
&R /K ) - HRHE TR RV TEE H
JE TS R FE R & B Ak ¢ 8237 + 5.60 mg/g;
70.79 £ 1.13 mg/g 1 63.23 + 1.13 mg/g * E— 5
BRKBYUBEBEET{HL 78
(molecular weight, Mw) X < 3000 Da AYfETSES
= HhHEE 80.97% 5 Ky 6500 ~ 3000 Da F
Mw > 6500 Da HYJETs » &4k 17.52% F
1.51% »

R RS I SR K P & 0 A TR DA [RIE
PeAEE 2 RKFEMETT (formula A R B) - AfEGHEE
HYUALiE T - #OREURE)T A fEl5FR DPPH
EHEERE )T ~ ZE G sEE ) BB IR )1 ECso 1H
(R 50% HHENARSORE) HHETT B K
(Fig. 1) » For-#); A BHEEEITEENE -

9 a EFormulaA  FormulaB
Ny I
71 a
> & -
£ 5
247
o b
w3 1
a
21 a I
14 a a
I
O -4
DPPH Chelating Reducing power SOD-like
Fig. 1 Comparison of antioxidative activity between

the marine formula A and B. Assay for antioxidant
activities of marine formula were measured with
respect to DPPH scavenging, chelating, reducing
power and SOD-like activity. Antioxidant activities
were indicated by EC,, value, which represented the
(mg/ml)  of
removing 50% of free radicals; values are expressed
mean *= S.D (n = 3). The data followed by different
lowercase letters in the same test are significantly (p =
0.05) different.

concentration antioxidant  substance
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Fig. 2 Differentiation of 3T3-L1 preadipocytes was induced and the cell number was counted in control and marine
formula treated cells using a hemacytometer 24 h after induction. Each value represents means + SD (n = 3). The data
with different letters represent significant difference (p = 0.05) when compared to the control group.

Table 1 Proximate composition (% dry weight), total sugar and sulfated group of Ulva lactuca
Moisture Crude protein Crude fat Ash Carbohydrate? Total sugar  Sulfated group
(%) (%) (%) (%) (%) (mg/ml) (mg/ml)
3.0520.13' 22.72+0.30 1.28+0.05 14.42+0.38 61.58+0.03 18.46+0.43 2.21£0.47

'"Mean =+ SD (n=3)

*Carbohydrate (%) = 100% — (Moisture% + Protein% =+ Fat% + Ash %)

A ENEEE IR R 2 A LB TR
B (Kimetal., 2011) ; & LEE T /R EL B R 5, A R
b ~ %8 PRI B v L AR S5 FES M A A 9 52 A B 1
(Bettowski et al., 2000) » H 35 £ey5aip B B AHEIR
# (metabolic syndrome) EEHHEE - ii7eigH « g
W 2R TP R - iR aA o e A A LR
BT ECHERIAE AR A AT RE 2 G i Y
JR[KlZ— (Furukawa et al., 2004) - [K][tt - AHFF724R
FIAPLEALRE IR A DG HE
3T3-L1FiRERGHHN < s L B iR A A s 2 -

= R

3T3-L1 FiilElHile A & BRI - it
A GO/G1 fAME k4 - EIIASMEAEIR - Al
QUFA4a#ETT/3{b (differentiation) 3G HTATIEEL -
FIESEE 2 RHIRAREREA - W AKA AR
=R (permanent growth arrest) (Ntambi and Kim,
2000) - AHHFEINREBUHRI#EY - 15 3T3-L1 FiflgHi
MR A S EH] > W ERERRE (2.5 5 K 10
mg/ml) HZKERTHFEIETE 24 h DUBIZHuE
LB - RERBURIN I EREIHEHI#E (control)

By 5.07x10° [EANIEE - FHER RIS LRI
(undifferentiated) (1.57x10°) » AT SRR
2 fi% o ARIMZKEEME AR 2.5 mg/ml FYIREER - i
ffs (5.33x10%) Bkl AHAR LhAE R 7 Bk - {3
BB E 5 mg/ml I MRS 2 R B
W B, (Fig. 2) » HEASSREER/K R T mTRERTHII
gallii=tiapiitli IS A o

PRI » Ko T 1A 7K E A 7 2 5 DRI Bl 75 12 1T gk
Do LRINERGHIIE . B - BORR R 2.5~5
J¢ 10 mg/ml) Hy/KEE#ESTEL 3T3-L1 FiflgHGHH
H[FEEEE 24 h - DL MTT RESHI SIS
o KRN Fig. 3 PR - AR EET - R
[FRRERY/K G TTE 3T3-L1 Fillg i< i
TRy 182.09 + 27.90% ~ 184.33 + 18.78%
Je 117.16 = 30.67% B =i HEHIRH (100%) - Kim et
al. (2011) FRTESERIN T EBIEITEDNLT » K 3T3-L1
AITRDFHIEL AR FRREE (5~ 10 ~ 15 J2 30 uM) 1Y
R RILEREE 24 ho HHNE R R ERPESEAE
W MAS SR ELAHSEAE A o AR E BB L E
3T3-L1 FijiHGHmE e -

LL 40X ry#atssiBissiiny 2uRe - e Blis
WA SME B s 2 B - BIRIRETAEG
FHRE A3 B R BRI ME IR o EABEE A AR
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B (2.5~ 5 k¢ 10 mg/ml) BY7KEE#E HEL 3T3-L1 Fij
FEGHIILFIREEE 6 K - WEFERfE sy
LA > BEE M R BT RR RGN - FEST MTT
B - A SREETOK AR T A RIS R 2 B
ESUE  HAES B 110.69 £ 4.62% ~ 91.02 +
13.50% J7 41.68 + 7.71%> AAF 10 mg/ml JEFEET »
ATEEE RIS (Fig. 3) - #7E DL LRSI HE
HIZKEERE % 3T3-L1 HilshsaiE R~ Bt
AR L R ARG AR (R AT -

250
[E— Preadipg)cytes -e- mature adipocytes

a

200

150 9

(@]
o

Cell viability (%)

(S
(]

Control 2.5 5 10
Marine formula concentration (mg/ml)

Fig. 3 Effect of marine formula on cell viability for
3T3-L1 preadipocytes and mature adipocytes. MTT
colorimetric assay for cell viability of preadipocytes
and mature adipocytes were performed after 24 h and 6
day incubation, respectively. Each value represents
means + SD (n = 3). The data with different letters
represent significant difference (p = 0.05) when
compared to the control group.

=~ R RTINS

WL O Fet 2 B NENGH - I E HER TP
—HE 7k 0 BRE R AR S e & 2 AL
0 RERAAINE S LR IRE AR A B E S g -
HIfEE & 28 » ML BRNE O &8E
(Furukawa et al., 2004) « DIZKEEB S 2.5~ 5 F 10
mg/ml ZYREEL 3T3-L1 FifEIGHIAILEIREE 6
Ko S H R BRI TR AN - Ltk R
- BEZKEERE T IR R B I R A AR B
FEBR A HEHIAH R BRGEAYHIES (Fig. 4 A) » PR
STyt E B B4 Fig. 4B > 4 2.5~ 5 & 10 mg/ml
ZUREETS > RERAATRE P e B 3 A S A 22
fH o FHIRRES 77.93 £2.69% ~ 68.44 +1.38%
61.20 £ 3.57% > [KIFLHEHIZK RS T AT 3T3-L1 {j

et ey e R TR E S L AR -

(A)

2.5 ..n_Ig!,m:I

S mig/ml

a
b
C
I [
Control 2.5 5 10

Marine formula concentration (mg/ml)

: : 10 mgfml

—

=]

=
_
N
o

o
(=]

B [oN] ®
o o o

N
(=]

Lipid accumulation (% of control)

o

Fig. 4 Effect of marine formula on intracellular lipid
accumulation during adipocyte differentiation. One
day postconfluent 3T3-L1 preadipocytes were
subjected to adipocyte differentiation for 6 days in the
presence of Dulbecco’s Modified Eagle’s Medium
(DMEM) or various concentrations (2.5-10 mg/ml) of
marine formula in DMEM. (A) After 6 days of treatment
of 3T3-L1 cells with marine formula, cells were
subjected to Oil red O stain. (B) These cells were then
subjected to quantitative analysis of intracellular lipid
accumulation. Each value represents means + SD (n =
3). The data with different letters represent significant
difference (p = 0.05) when compared to the control

group.

VY ~ 7R A A5 A = H A ple s

2

FI AN FIR B 07K e 5 kB HE A R A
A TG IENHIPER - & 3T3-L1 FilEliiEs b
Ji Ry I IR G HENEIRS - A & B 228 TG &
& (Prins and O’Rahilly, 1997): [K|FLARFFELL2.5
5 J¢ 10 mg/ml {7k ZEHE /5B 3T3-L1 FijfE DL
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kR 6 K > fEZ oL R RE I - Pl
SEMIIEA TG &5 - H Fig. 5 WA > EE/KERDT
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Fig. 5
mature adipocytes cells. One day postconfluent 3T3-L1
preadipocytes (day 0) were treated with the indicated
concentrations  of

Effect of marine formula on triglyceride in

marine formula, which was

replenished every 2 days along with the relevant
medium up to day 6. Cells treated with medium were
used as control. The assays were performed on day 6.
Triglyceride content was measured with a Triglyceride
quantification kit. Each value represents means + SD (n
= 3). The data with different letters represent significant
difference (p = 0.05) when compared to the control

group.
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H 3-8 B £ & ™ (glycerol-3-phosphate
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Fig. 6
phosphate dehydrogenase (GPDH) activity in mature
adipocytes cells.
preadipocytes (day 0) were treated with the indicated
concentrations  of formula,
replenished every 2 days along with the relevant

Effect of marine formula on glycerol-3-
One day postconfluent 3T3-L1

marine which  was
medium up to day 6. Cells treated with medium were
used as control. The assays were performed on day 6.
GPDH activity was measured with a GPDH activity
assay kit. Each value represents means + SD (n = 3).
The data with different letters represented significant
difference (p = 0.05) when compared to the control

group.
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Effect of Lipid Accumulation for Marine Formula in Peradipocytes

Yi-Kuan Tsai, Hsin-Chueh Ho and Huey-Jine Chai

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

A marine formula composed of Ulva lactuca extraction and enzymatic hydrolysates was extracted from
Dosidicus gigas skins. In vitro assay demonstrated that the marine formula possessed good antioxidative
activities, ECs, (effective concentration of antioxidant substance removing 50% of free radicals) on DPPH free
radical scavenging activity, chelating activity of Fe*, reducing power and SOD-like activity were 0.54, 4.52,
1.61 and 5.98 mg/ml, respectively. The aim of this study was to evaluate the effect of the marine formula against
lipid accumulation by using 3T3-L1 peradipocytes. At 2.5, 5 and 10 mg/ml, the marine formula demonstrated no
cytotoxicity to peradipocytes; however, it could inhibit differentiation of mature adipocytes. In terms of lipid
accumulation, the results showed that 2.5, 5 and 10 mg/ml of the marine formula could inhibit lipid
accumulation, decreasing the triglyceride contents and glycerol-3-phosphate dehydrogenase activity in a

dose-dependent manner.
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