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The Effects of Alginic Acid on 3T3-L1
Cell’s Differentiation
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This study examines the effects of alginic acid, a source of dietary fiber, in a glucose-derived media. In particular, we examined how
the presence or absence of alginic acid affected the differentiation and triglyceride densities of 3T3-L1 cells. We established that
the addition of insulin-like growth factor-I (IGF-I) to 3T3-L1 cells results in acceleration of differentiation. We sought to determine
the role of alginic acid in the production of fat, by adding alginic acid to 3T3-L1 cells and examining its ability to limit or potentiate
this stimulatory effects of IGF-I and IGF binding proteins. We have determined that alginic acid restricts 3T3-L1 cell differentiation
and the creation of triglycerides, effectively attenuating 3T3-L1 cell metablolism and growth.
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seted SAHY 9L d &, #Y dF Aol TGY ™=
ARAFAYD 9FE 2T} B8E f o8 EIsy dyAz
AHEBEE 3 Zolt), ol R A AWAES} YA BHLE {28
EH¥ lipogenesis? lipolysisoll #efdlhe B& Oddd E4 2 2
AolAEo] B sth (Kim and Spiegelman, 1996). 3T3-L1 A ¥ &
Aol Aegslo] AAHAW 100% 9 &0l Yojuhd, o) wjiE
Aol AAHIL AAZERY 237t MM AYHA Aot 3T
3-L1 X7} AR E3tEe 3HL i Fdd Hrbgk 83
9 BAREAQAE 3 dojute @deld, 2B vy
Zo) £3%A94E (insulin, 1-methyl-3-isobutylxandhtine, pro-
staglandin F2a 3)& H7t#o 2 LRSS oS 934 471
o Wiz E3JAAUAE (actinomycin D, tumor necrosis
factor @, bromodeoxyuridine )& H7ItozA E3g X
% At (Aithaud, 1992), &4 3|4 &3¢ 3T3-L1 AEE
AE W Aol FAEHE F9 AGAEZHNY FeiE el A
g, AYAE 559 FAAEE 3 AL FRie 514
o 437t dojvA Erth AF7AA A dEAHA AR
28&£AUAERZE insulin? insulin-like growth factor-I (IGF-
Dol gtk

dicle HgFdoz o 9443 JINE IFTA 2D
2ol Afdel dgt FHo] FoAHA o] ol &T AFHFH
o], olojE AFo] tpdtA MEHPLn o7le #F T
23 AP, 2y 2 R L] in vivo AT (Kang et al,

1994; Yang et al, 1996)01% in vitrool X 4o]df47}t 7Hxle
A7 Fgol B¢ dT7E tdd FE wHA E T
© QoA AF% IT3-L1 AR BAE o] &3 FxFol Bol
gHEo e Y4te] AYAMERY B ojH EAFHE
M AQUE AESA o & AT B34 @714
AFE FAnA e Ao,

R

1. 3T3-L1 MEZH{Y

3T3-L1 A X& 10% fetal bovine serum (FBS, Gibco) & &3
dulbecco’s modified eagle’s medium (DMEM) [12g/¢ sodium
bicarbonate (Sigma Chemical Co., St. Louis, MO, US.A.), 10 nd
penicilline/streptomycin (Sigma), pH 7.0]2.2 37C 5% CO7}
FAHE CO, WF7lfA vl Fdtedct.

AMEZF A9 AAEA H¥W 05mM methylisobutylxanthine
(Sigma), 0.25 uM dexamethasone (Sigma), 1 ug/mé insulin (Si-
gma)°} ¥H¥ 10% FBS-DMEM (Sigma)2 2 wjk3tglch. 48
A7t F 1 pg/md insulin® X 10% FBS-DMEMO.2 m$st
I o)W FE 29 ¥ WY wAE T3} o) Zo} M}
o 6~109740] AVdE 80% ATY AEEINA F2 AYTFE
A AL A T 7 UAT HME W A7 4L Miller et
al. (1996)¢] W& 4% ¥ WY o2 phosphate buffered sa-
line (PBS)2.2 23] |3 % 10% buffered neutral formalin® 2
583 1%, oAl PBSE 13 A¥E 9% Swl Oil red OZ 14
¢ G4 ¥ vhAgoz PBSZ 23] AFT

o] =¥ 19999 % FANTE NGYATFu Y AHo 3 ATHUAS
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A%l og 3T3-L1 AX9 &3} 4L I A% A
Hol M, 3T3-L1 AE7F 90% A%¢ of ZFH 0.5 mM meth-
ylisobutylxanthine, 0.25 uM dexamethasone, 1 yg/né insulin % 2]
T (MDI H3#), 0.5% alginate (Sigma)-MDI A&, MD-100
ng/n{ IGF-1 A &l&, MD-100 ng/m¢ IGF-1-05% alginate g
TLE TR gt 2 g WIds AEFEE, 24
2 triglyceride (TG)E AF3tY 42 glucose 22 F AL T,
Jz2 AX W TGHEE &3 2o 439,

2. Triglycerides (TG) 5% &Y

MonolayerE PBSE 23] MAHE ¥ trypsin A2 MEE 3
T 4C 120062 383 942 EEo AXE fH8Adt 1 o
+ methanol : chloroform : H0=2:1:082 #4422 AX 4
TGE AF3A. TGEEZE TRIGLYZYME-V Kite] AEA 4]
et kit AloF ff EEAE o] &3 505 nmolH FFEE dupli-
cate2 £33 At

3. Cell lysate X% ¥ total protein ST £H

g sgd e AAG F, PBSE AFIGY. 18 4 10mM
NaF (Sigma), 10mM EDTA (Sigma), I mM benzamidin (Sigma),
1mM phenylmethylsulfonylfluoride (PMSF, Sigma), 50 mM Tris-
HCI (Sigma)¥ &% cell lysation bufferE ©]-&3Fe] ALt
34 325 F3Ad.

HAT dEAFEE (400u0) S # Biuret HOoZ AX
FouMAZE SA34. Biuret AL o) &3 450 nmol A F
FEE EAS F 9 FS ANy

4. Glycophosphate dehydrogenase (GPDH) activity X

GPDH 84532 Wise et al. (1979)9) #& o] 43 &
# Zo] ZA3A. 100mM triethanolamine-HC! buffer (Si-
gma), pH 7.5, 2.5 mM EDTA, 0.12mM NADH (Sigma), 02 mM
dehydroxy acetone phosphate (Sigma), 0.1 mM p-mercaptoetha-
nol (Sigma), 1~100 yg MIX B W Ao} ¥3E 1m WAL 340
nmolA FREES 248 GPDHY 84S AN, BABA
1 unit® 1nmol NADH/min°| 43tee F=2 A0t

5. Insulin like-growth facotr-I (IGF-I) ligand blot % im-
munoblots®ff 2|8 IGF binding proteins (IGFBPs)2| £4

UAEFEL LSS AYE ¥ FEA g (SFM)AA 24
A7 kg 3T3-L1 M X9 cell lysates} A1 Xu] ¥ (conditioned
media, CM) & A3} 125% acrylamide gelol 37195 L 4
Nt 23 o 228 99AE Immobilon filter Millipore
Corp.,, MA, USA)Z Semidry electroblotter® ©]-8-3te] &3
ole} ¥F ¥ %F& Rainbow marker (Amersham, UK)E o] &
34t Membraneg AZH F I-IGF-13 ¥§ (4T, overni-
ght)’\)ﬂ ¥, Ligand Blot Buffer (LBB, 10mM Tris, 150 mM
NaCl, 0.5 mg/m¢ Na azide; pH 7.4)9 LBB+0.1% Tween 2022
AHse AzAHYG 2Z2¥ membraned autoradiography®

IGF Binding proteins®] WEE Aol

€3 A% 3t F 4ANET E04S A 3T3-L1 AXY
CME 33t 1% BSA A& # centricon 322 533 125%
acrylamide geldl A719E% ¥ 2 IGFBPsY FAHE ol &3
immunoblot& AAIE AT &, ¥F€ CM 4249 3M&E 10
2 2371 93 2X sample bufferst £33} 17% acrylamide
gelol A719E¢ AAgS 28 g 2EE 99AE Immo-
bilon filter (Millipore Corp., MA, USA)E Semidry electroblot-
terg o83 T old EF ¥A%FL Rainbow marker
{(Amersharm, UK.)E ©] 439t Membrane® 1X TBSE A
81, 3% BSAZE 1583 blocking A7 ¥ 1:10002.2 3438 1
2 A Hol vjd Fryd F3o gy BAFHAL 1X
TBS+0.1% IGEPAL—630+0.03% Triton X-10022 A& 31 |
X TBSZ A& ¥ 1:200022 3% 23 &4 (anti-rabbit IgG
alkaline phosphatase conjugate, Sigma Chemical Co., St. Louis,
MO)E ¥ B¢ ¥ 3A7 ¥gAFh IX TBS+0.1% IGE-
PAL—630+0.03% Triton X-1002.2 A3} 1X TBSZ M¥ ¥
color substrate solution (NBT/BCIP, Promega) &2 %43t}
BEpde] W=g #Ad F stop buffer (20mM Tris, SmM
EDTA, pH 8.0)2 Wg& ZZAAAY.

6. Glucose ST =4
1m0 AEu Yl 23] GLZYME kit®) A3 Aol wheh kitol
e HEYE o] 83t 500 nmolA ¥l Fd W} FFE glucose
#Z& spectrophotometer {Ultrospec 2000, Phamacia)S ©) 43l

Z33A.
7E=ljl_|. al Xk

=

ol TN e ATE BE Feus ¥ ALEHE &

At 23F FASHt AE U AT AT dEME

A B B823 Ol red 0 FA22 FA8 QY (Fig 1). F AT}
100% A% o, 5~640) AUYH ME Yo 22 AW g 4
2 RS 34E £ i

471%ke] 3T3-L1 ME9 &3l oy 9FE vAe AE
dotr 7] f3) AMEwFdE A3}t IGF-1 ligand blotg A4
9t (Fig. 2). Fig. 214 2€ v} 2o] th2F, 0.01% alginic
acid, 0.1% alginic acid, 0.5% alginic acid M &TA BF 26
kDa¢| BP-47} Bo] 2AHt v, g2 FoAe ¢A dEF3
26kDa W =9 BP-49]9] 34kDa (IGFBP-2)$} 31kDa (IGFBP-
5)7} AT o] 47 IGFBP immunoblot® AAEQem,
2 A3 34kDa WE¥ IGFBP-2, 31kDad WEE IGFBP-59
Ao2 B3 AT (Fig. 3). 3, Boney et al.9] 7 (1994) e A=
£33} )% 3T3-11 AX 9 CMAA IGFBP-2, 3, 4% 30kDa$]
NE7F depdrx dc 28y oM dFoAMY IGF-T ligand
blot 23, Boney et al®] IF4%s} o] IGFBP-2, 3, 4% 30
kDa® W=7} Yegon, olF9 immunoblot Z3elA ©] 30
kDa9] W=7} IGFBP-59& SR £8, 404 Hrtel oe
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Fig. 1. Photomicrographs of 3T3-L1 cells.
A: photographed before Oil Red O staining
B: photographed after Oil Red O staining,
The ‘<’ is the symbol of fat droplets.
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Fig. 2. Effect of alginic acid on insulin-like growth factor bin-
ding proteins levels in 3T3-L1 cell-conditioned media. A
representative ligand blot of conditioned media.
lane 1: control, lane 2: 0.01% alginic acid, lane 3: 0.1
% alginic acid, lane 4: 0.5% alginic acid.

IGFBPY & ¥k 9&Fog Zase Aog Yeyt
APAEE 2 AUALE T2 glucosedl A At (Moustaid
et al, 1996). @etA & APolA = &3ate] 3T3-L1 A X9 uf
Fb Fol H7HE glucose® o1& WA D triglyceride (TG) &
AAAE FAH3) A8 gA S AHEA glucosed HEO)EA
E 2 AE U TG $3FE YolES}H Fig. 48 W, Y34l
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Fig. 3. Effect of alginic acid on insulin-like growth factor bin-
ding proteins levels in 3T3-L1 cell-conditioned media. A
representative immunoblot of conditioned media.
Confluent cell were treated with 0% (control, lane 1),
0.01% (lane 2), 0.1% (lane 3), 0.5% (lane 4) alginic
acid for 24hrs. (A: IGFBP-2, B: IGFBP-3, C: IGFBP-

4, D: IGFBP-5)
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Fig. 4. Glucose consumption of 3T3-L1 cell. 3T3-L1 cell was
refed serum free media (SFM, control), 0.5 mM methy-
lisobuthylxanthine, 0.25 yM dexamethasone and 10 ug/mf
insulin containing SFM (MDI), MDI and 0.5% alginic
acid containing SFM (MDI+0.5%A1).

A& wFAF glucose o180 e qAE A& & F A
Moustaid et al. (1996)2] 7 ZAFol M Ao ARz A
F2 AWAEY sFd ol insuling H7F3t A EY glucose
AHE AREROM, I AR insulino] & W FAF 2 glucose
o] 8] insulin M FANM S F7E AoZ Yyt B 4
HAMNE insulin HE522 MEE A HEE A 4o
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v}, MDI A2 A control® 9 glucose X Zol vla] o s8] 3

£9 Z71E bz e n g, o2 glucose 0188 F7he

insulin¥77F 1 o}l Ao 2 AZtEh Insulin M Al @7
]

& 34 H7betd glucose O S HEE AWE HPoHe LA
ol insulin® glucose ©1& £3 &L & 50% A= Aoz
Uestth ol 24 wj gy Fol Hrbgk @7idte] 3T3-L1 AR

glucose ol &2 HAgGE AAS & 5 YA

S04 g AE Wl TG 3% dgE BEF ddMe
Fig. 591 Uehd vhs} o] G204 Hztel o3 AE W TG %3
Fol Aadte Aoz JUEWt ol 18 404y wigdF o
glucose °| 8 AT AFATHNA 4T & YU Aoy o
gL 80387 Al glucoseZHE TGE A#H FHo) o3}
F49 glycerolphosphate dehydrogenase (GPDH)¢ 4%
a4 (Fig 5). 2 AF= Fig 49 glucose 22 %3} Fig. 59)
G 3% e Ao, ol2x A2t AE7} v g
Z9] glucoseE ol &3 XX E o|F A3le] 1 A ME U
TG £3& AAdde 28 ¢ + g

Insulin® 21 #-§-0] A IGF-1 (100 ng/mf) ) glucose WA}
o wX< G g A7 S| ALH e} (Zapf et al, 1981;
Boney, et al,, 1994; Wabitsch, et al, 1995). £3}5 2 %2 3T3-L1
MES] A%, IGF-1 receptor T %7} insulin receptor ¥ o 83|
2 A w9 F o] A7ldE IGF-19 3t IGF-1 receptord]
8ol insulin receptordl H&) © Attn & 4 Ao 2y
MEZF 2859 A IGF-1 receptor?] 4 3L )2 o}
3= ¥, insulin receptors) 47} ¢ 25wt FUlE T F A X
E3to] AR 2 insulin receptord 71 F7HH & Aold) Insulin
£3} o) % insulin receptor ¢ Z7+2 insulin®l 2% glucose
Al g ATz B3} 011011“} BFE 1Y (Reed. et
al, 1977), IGF-18} adipogenesis %1282 insulin receptor®
IGF-I receptors %3] Yoldtia stgich (Wabitsch, et al., 1995).
T in vitroX] A 1GF-1°] growth hormone (GH) ¥ lypolysis&
A A3t adipogenesisE £ e BRI 194 (Pairault and
Green, 1979). BetA & A7 A% insulin-"—] adipogenesis &2
283 &H IGF-1°l ¢ adipogenesis 2248 Wi #E3}
Aok 48 10 yg/me insulin H7F A9 GPDH 84¢ dede
100 ng/mee} IGF-1°] B3tk & Boney et al. (1994)8 &7
A3E Edz dNadon, & JPA79 Boney et al A
A7t YAFYLBE 100ng/md L2 IGF-ISE 10 pg/ml o]
insulin &3 Blwstdet. 2 A AFx9 (100 ng/ml) IGF-
1225 %59 (10 pyml) insulinY &L
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Fig. 5. The effects of alginic acid on adipose conversion.
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Table 1. Influence of insulin, insulin-like growth factor-I (IGF-T)
and alginic acid on adipose conversion of 3T3-L1 cells

Sample GPDH? activity (unit/mg protein)
Control 622
MDI” 719
MDI+0.5% Al 65.6
MD+IGF-1 76.7
MD+IGF-1+0.5% Al 70.4

V0.5 mM methylisobuthylxanthine, 0.25 yM dexamethasone and
10 pg/mé insulin
? glycerolphosphate dehydrogenase

et dh £33 IGF-19) adipogenesis 23249 dig @714+
o 4FS 49 By} Insulin® 72, @UAtel 93 insulin®
adipogenesis 3-4°] A ¥E& GPDH EA4&4AFANN & +
AR 2 IGF-19 A4, insulin 4ol T4 559
G7AHE vk 2 7'47P3}9&—5 W @5k YA IGF-19]

adipogenesis F31%40] AAHZ FHoy 1 FE7} insuling
12322 WA JeST (Table 1). &, €749 %% insulin
adipogenesis #&° oAz HEata o] YA} Aot
gebd 2 A7 A e @744l IGF-1 receptor?t ok, insulin
receptorl 283t insulin-bindings AT Aoz AzrHY

ol &3 o T A7} glojob ¥ Rojr)
2 ¢

U742 3T3-L1 AlXe #3835 dAsdd. 3T3-L1 AEe
32 A7) U222 9382 IGF-I1# insuling °] &89
U] #3lo] vjA e 9L HES dn 2044 insuling
TIERZEE 5olHo 2 AAGYY. £ dAF e ¢U4E o] &
o] d7Me] A ZAEHRE MEY FFoA AFsdnA &
Hohe Held 2 297t lon oo &71e] B3jolx g3}

Qolut w7t Fo) BH @77 olol ¢ Aoz AZE,
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