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The effects of polymannuronate on a physiological action

of the cell and the rats

In-Hyve Kim

Department of Food and Life Science, Graduate school,

Pukyong National University

Abstract

Because alginic acid a kind of dietary fiber 1s not slaked, there is
no value no and it deteriorates the interior of the body's utilization
ratio of nutrients, buat 1t 1s known to prevent obesity, hvperlipemia,
arteriosclerosis, constpation, and colon cancer amongst other things.

Especiallv, 1 was more effective as a polvmannuronate in the
serum  and  liver of lipid metabolism  mmprovement such as In
cholesterol decline in groups that have high in cholesterol, and the
cffect was augmented in cases of low molecularization hydrolyvzing
alginic acid. Thercefore, this research is based on alginic acid that
has low molecularization and added then we polvmannuronates 1o
study  rats and the 3T3 L1 adipocvies, and HT 29 colon cancer
cells, examined whether it affected some physiological functions.

According o the results where we a particularly basal group, the
cholesterol  diet group, and  a  polvmannuronate  diet  group  In
Sparague Dawley  rals, weight change had no difference, but food
intake amount in the basal group was a low quantity of ingestion.

Also, the food cfficiency ratio was higher in the bhasal group than in



the cholestercl diet group and the polvmannuronate dietl group, but
there was no difference between the later two groups. The
triglvecerid and phospholipid level in the serum and liver of rats
increased most in the cholesterol diet group, and tolal cholesterol
had reduced in the polyvmannuronate diet group, and the content of
the free cholesterol level looked to have a tendency such as total the
cholesteral level. The polymannuronate diet group was low through
mindfulness more than in the cholesterol diet group and the
HDL-cholesterol  was  lowest in  the basal group and the
LDL -cholesterol, and these results were show to be equal in the
lipids of the hver.

Blood sugar increased in quantitv in the basal group, and GOT
and GPT activity of the serum was no different in all groups. The
polvmannuronate dict group had a day of fecal and total bile acid
content and  total dictary  fiber content more than in the other
groups,

The leptin secretion level and protein expression of serum were
most from the cholesterol diet group, and mRNA expression level of
leptin was the mRNA revelation of formaton increased more in the
polvmannuronate diet group than i the cholesterol diet group. The
leptin secretion level and protein expression of the serum were most
in cholesterol diet group, and the deptin mMRNA  expression of  the
liver appeared higher in the polvmannuronate diet group than in the
cholesterol diet group. Also, the level of IGE-T in the serum looked
lo have the opposite tendency than with lepun. Staming of liver

results, showed serious local deposition from  the cholesterol  dict



group, and the polymannuronate diet group showed a slightly local

deposition.

After differentiating for 10 davs a differentiation promotion factor
was added to the 3T3-L1 preadipocvtes, and polvmannuronate was
also added. The result, show that polvmannuronate checks the
glucose’s expenditure, triglveeride's checks the accumulation amount
in the cells, and controlled fat droplet creations and differentiation,
which  show ecqual result as in Ol red O staining.  Also,
polvmannuronate inhibited GPDH activity occurs as a result of the
restrain  adipogenesis promotion process in 3T3-L1 adipocytes. And
the addition of the differentiation promotion factor m 3T3-L1
promotes  the differentiation  on  adipocyvtes  and  increased  the
expression of the leptin level. But, the addition of polvmannuronale
mhibited differentiation on adipocytes and the leptin secretion level
and in cells to check the leptin protein level in the culture media.
As well as this it also. inhibited the transcriptional mechanism and

leptin mMRNA expression.

We Examined the cellular proliferation and 1GEF I and IGF IR of
the signaling pathwayv that exist in cell adding polvmanuronate in
the HT 29 colon cancer cell that cultivate by fixed density, As a
result of the additon of polymannuronate the HT 29 colon cancer
cellular proliferation density was checked dependently, and it exposed
the check of phosphorviation of the IGF IR in HT 29 colon cancer

cell and the check of the IGEF T n the signaling pathway,



Polymannuronate playv a alginic acid that show a lipid decrease
cffect and preventive role  in colon cancer that low molecularization
hydrolyzing alginic acid and rat and 3T3-L1 adipocytes and HT-29
colon cancer cell medication or add and observe the cffect. As a
result a confirmed lipid decrease effect and leptin secretion decrease
by rats and the 3T3 L1 adipocvtes, and the HT-29 colon cancer cell
mfluences to the IGF 1 signaling pathwav that is concerned with the
proliferation of cancer cells and reduced proliferation of cancer cells.
Therefore, the purpose of this rescarch i1s the intent to verify
polyvmannuronate as having role in the (n vive and in vitro level and
the signaling pathwayv of research connected with polymannuronate
as dan effect 15 thought that 1t should be continued with leptin and

the IGEF 1 level.



olv] gt u|utolit =5kv] A H oF 55 WA flaAE A3
WA & Eolil #4858 Eate] vl oy AE T7AA Aol slehA
o] EHE A LE glof shtrf. Aol HFHIF vhHHAAY HFe
apel FupHelebi= vpdolefs A gula 22 &8y Aol olzs
o] =0 Aol iz 1970 THEE] Hlolid Fel e we E vh
A Burkit and Trowell, 1975). o] ¢} skdsfo] Hojil i 235t 4]
erop odorz 7bx|7b flal odekie] Fa Asjchir whle] et u
vk w8 E - Geldg - nuy] wl o th e 8 oWk slog ekl
Qlub, ole)gh ol f R tEAFellls Aol dRE drhsta qlan, Mol
of el ztgoll )k ¢l tvp Bel o] Fof# il flvthVan, 1978 Huh et al.
1993 Tasi et al., 1976). Aol F-oll olsh dejsixs = o] “H & 2o
oldl JppralE A orls AR vkt lignin"olt i 81 o™ (Trowell
ot al., 1976), 22 7bell 2] &z etou] el e el gba o)
w=]oekis AFHY v AFEEebA e FANL 8k vHGordon, 1992).
Mol alFis Wl d Ay shekgtaed wel 2l =841 pecting, gums,
mucilages, 81 Fulek 84300 cellulose, 14 hemicellulose, lignin ©.
Lovprrol A, Asbatol e e H el Fable vhiE sle i vhekh gk

g A Aol 3= hulking effect7y ZLriil wf &l Hpdg ekgA A



Aol 2% 2 RAZ AR UG 9 T 82E FHARoRA
PGS Fovh BE HoHRvt b doleusy FRee 2
Golgel £4E Al WES HAsd SV ERE dE A
o wasle] gtk ewAos FEA HoldFh WEA Holulfol

gastric emptying®] A<, ) W&Ee] AFAL A R FEAA e
S PR RA glucosed] F7E AstAZIA e HEEAE 71HA
Aok w3 Sl EE dx ¥E W ogEve eI xR HASe
oAy FasdEEe] F4 A
A7) A Gallaher et al., 1993) kAol &5 Asl(lkegami et al..
1990), W& gk w@pah ddE ST dew naise Sl
{(Vahouny et al., 1980). =3 =84 Holdfs: ~de TulzgE %
Chit defie) Tt Aslske @t el FAAp Bl e sdE w
iE el Fem stolErh iR, Aol i euld s vtk AlE
7Faol mabr)h g9l ero] ek flvHHan e al, 19940 Keim et al., 1979%
Relser et al., 1987. Muller et af, 1981. Yang et al., 1996. Hwang et
al., 2000 Kang et al., 1994).

Sg ) Hol Afe) REe oblAe v]edolu} vpalnlsl e LT
ol AW F 30 40% % AAshE sirachdiiel dFes sekdon
Fobe 43 ”J' A ek vl poly B D mannuronate 9
polv-a L guluronate®] heteropolvsaccharide & o] 5] 2 vhglo] /] 7}
AV A R i B e e s vy g 5o

b A Shg S 9o

L

FARS

i okl A 2l vHStandlord., 18830 Haug et

al.. 1974: Nishide ef afl, 198%). Fisher e al (1955)2] ¢l tel] ulziid

2FAEE paper  chromatographvel  21&l B D mannuronate] 2o a

L. guluronatels  &H-abal ukar sl o] Whistler et al. (19394



giant kelpEFE 223 o4714k2] 20-40%7F L-guluronate® 45 o] 3l
vl skdch Vincent (1960)F thalvlell &3 G7aHE 348 WA 7t
=

FEElete] AL F£E9 oligouronides 4 ¢ Ay ek

!z o RN 17T
= D-mannuronate®t L-guluronates SA)ol &facia sty @114t
L A kol ebzte e vRRE S WHE Wol ApEskicd, olE F

.&{:\

=k whel gt el &4 2 EBeld dze] Wy ooludrn) Haug
et al. (1962)& thampe] bdAbe- gato 7 7l=Eglsle] &7 uronate
b 245 orcinol WHEo o)ste] ZHH6E o, Penman et al. (1972)<

A ko) Eubalnkeld FEE label tste] FAFFYERI} ol T

o

o r F33Fe mannuronate block¥ guluronate block&. 2
Hl 8-S SAsienh A eb7ldbe] B4 g Haueg HAHBEY Haug
(1959 = Aol A 253 ¢k7ldke

of Cast Kol o& igbgol Wy, 4% drFlM Faw ohiiel

-
2
=
=
ot
=
c
=
o
=
o
-
5
|

i
.2
Ar

Ph, Cu, 7n, Ca 5 27} si&o]23te] gl wajr e Rislsic) Iso
et al (1978)% 1R <Qlake] vpAlnje} & Lo FE8 ebide] et

e oyl Baado yhale] R IERE oul Fujthara et al (1989)2 R zpHio

Pk Zate] JL AbAlE reksi) olalgl b7l
ool =24 sl gstel A, Ealld B sk Sl Edel
s v o] of g B D mannuronate®t L guluronate " 7FzE

A blocke] Ul EeL g lokel At e AuE Wi i A

ol 2] 3k eb7labe uhiz olekA el AhHolLi e A Al wh

W Fel FEdsdE L FYAYe) BUe peAA BAgs o
eX

!
~
o

ofM

2

et
=

20l Blul ohv)el wahaldbe) &I vl
oA g e M Tsui et al., 1968 Tsuji et al. 1974). 8,

L polvguluronate®t D -polvmannuronateis Wol -&§3dl= ¢14s 7}
poivg polh



Pkl #3]e] o217l A3 D polymannuronate7t el 3y #
Folitol Al H3 D g FelawE Hsk 5 ADdA Rdel o £t
7b AU vHSuzuki er al., 1993). HF @S REvHRRE el AR
Azheh Ae, 2 g7 SdEATE Rk 9ol (Lee er al, 1997

,1998) B Ao Ais dlabg BRIEe R gt 40kDao
A2sE Al polymannuronates AHE-ate] g ek 3T3-L1 A AL
WOHT 20 cfgeralze] mai= Eats Wia stk

3T3-L1 4133 mouse fibroblast?l 313 Azl fellgl A5 24
AAgh zastel A wkshd adipocyte® W-3ekE 4 HS 7HR| oL 9o
(Green and Kehinde, 1974), 314 collagen IV, entactin ™ laminin®} ¢
2 vkdge] U7l 3 S(Aratani and Kitagawa, 1988), 22 A&

7 GAol # yhsld ool dhAmel tiAbvEe B®

i

g A
waare] fehabd s 9datehi Ndln pre] AREE T QIYHEun et al,
1993, Green el al. 1976). ]2t ApikbA| iz ol #]e] A4y} wEolet
= o/lEE sk ARSI, el A 7E gl A ollu Al ADEA R
ol 4 triglveeride( T el Hejir A=A 7h ol =7} 5 T+ TG
= bl s o] FEl Ak glycerol HEEVL A AL o] e} g

o4 Aol 4gelvl Slatel A4 wuAH WEAAL F Am

S F

O-l
1J i
o,
g

:u‘,\‘

Ao AlE EHE 4 A FIERIVHKIm ef al, 1992). ALt
ol U A 38 f 7ok dlvs adipogenesis®h lipolvsisell vtedsbyr gasf
S R0l M skl Adipogenesis©l wkeldlis g4kt ATP citrale
[vase(CL), Acotyl CoA CarboxvlaselACC). Fatty Aad  Svnthetasc(FAS),
lipoprotein lipase, adenvilate cvelas, pyruvate carboxyvlase, glveerolphosphate
dehvdrogenase(tGPDHD. glveogen synthetase kinase 3 § 5o, ol & 8 2t
of shystsl <lake] A Wiel Aol Adsich (Hwang ef al.

20000, uwhebA,  mjekolel  BslE Al 2 gscorbate,  cAMP,  insulin.



1 -methyl-3-isobutylxanthine, corticosteron hemin, cadmium,

prostaglandin Feae) 58 H7IgezA MEZEstE F48 F7F glan,

Mt 2 $-812 4 ol A} (retinol, retinoicacid, vitamin D group, vitamin E,

nicotinamide, phorbol ester, lithium, dihvdroteleocidin B, myostalin,

tumor necrosis factor a, bromodeoxvuridune, actinomycin DYES H 7}
geogs ¥ AT vk 28 fE dAEd 98 wEd
ST3 LI A3 A ) o] FAM: 5 AArzMe] WHE
SRzl s1o], AAlE 5o fax e 2 5P fEe: &4

o] ZA a7 2dojubAl gltHAilhaud et al, 1992, Eun et al, 1993
Hwang et al., 2000; Kim et al., 2001). olg}gk A MA| Fol| A 785+ 5
viE] s 16kDa®l leptin 4 2HOb gene) @} leptne] 2HA L vlvke] Ay
A 7 ds olafgk=El Slol MES vhe8E AASHA FIlt (Zhang et
al, 1994, ol JE A ddos FAs 7 " ob/ob g 2of
lepting Holstd e o AE HEH 749 A4 v F7tsted A
uloa # dkako] 7FA w91 i= v (Coleman. 1978 Choi, 1995). o] A 222 leptin
of Aol Adalek oA HaE s das A g o AlapgiEks mHskeE
e S e dsivh
HZ Ao ghrte] glvlar ekelA olon| ouiA FPRA sk v ef
WA Apolol Al durE AR gkelA Qb leptin®] dabAQl A&
slol A gbA T AR A i Abe S ke RS sk 3T
ookl AR el defuiar Qlular o Ui (lee el dl.,
20000 Pellevmounter et al, 19957 Casabiell er al.. 20000 Sheila et al.,
19960 Halaas et al., 19950 Hans et al.. 19990 Sujean ef af., 1999 Andrea
et al.. 20000 Woods el al., 19980 Ricardo et al., 1997, Noriko et al.,
1699 Stephen et al., 1998). IESF [eptinoll @13F 7] 2 ojalek 71 w7k
M Al efsh kA sy A sl g e] whelukgo] o]s Qlojulid

a2l

FJ T

A nl e e, of2p gke] Jepun®| ik} 2HlE HEe] #

t@v
ru1~



24 mAelsol & AAg Ao AF Azy FY el W
shsh wdl® ofF b4 4R 272 vEhli: GE o)shshid]
egol sliek 3ﬂ%ﬂapwammm%ﬂﬂ7H1Mﬂm$mwﬂ%ﬁ
et Fiel WAV EAE AuaAt Qe Aoz deA g 4

ol ¢+ lcptinﬂ]r 1 ?%iﬂﬁ Az et opyet MEhFA, H4, HEh
A%, 8 I AE, AT e My Vel E BREEE AL

9 BrHZang et al.. 2000, Jin er al, 1996). FA'WAEA A leptind
leptin mRNA 28 2 Fi2 autocrin?} paracrin®] negative ¥ &=t 2%
o} chkgt AdAEE Fote] EFT) leptin FEE triglyceride &7 ¥
wele] e (Shannon er al, 2000. Jean,
1998),  AAisie] leptin BBE Aashs ZEME glucocorticoid, f
estradiol, insulin®]™, leptin #-8]& A& L= smatostatine,
Ty Tritodothyronine), A4 &Z 252 calecholamines 5o doh. 28X
leptink mRNA®] #alells= vheFsh fdglzpel a2 Qlxirt ytojs)i-
i AL A AR A= PPARve C/EBPae|u), o] i HARI A &

= g Ao A 731 W leptin mRNA ®HH S =Eg PPARY
AW eER Ak Abse] FlaeERl UCP3 wEEA Fhesta
insulin®] f'=8kir glucose 7590 21 Q12k2) C/EBPas= &l A4

kel atelshs vhebdt s s el mhebA deptin £

=

O;
r=

2 wEE e C/EBPao  olE positivest Al S E 3. PPARve] 9] F)
negativest Al zhadb= Ao E M uE vy 1|y leptine &4 9 -

i mdshs Asiel - A wAU Fe oh s kel w4 9l

e et

Fefveis HST 20e) gk AA el Al elEvlere] whvbR
Autdel bS] Grkstell trvivh Al wbeba AEe] iy
G MAeke] sk festel W el Mk 2 o 3t

_10_



49 elv} qrel wmaAwwmeh abel osh ApgEo] Fhs Helrh 53
)

B AT dAse A chrahe gtew oted dgd, dddsh
. dlet Fel fwEol Sl AR FEshu etk oigekel WA

B st (Shike, 1990; Weisburger, 1991; Statland, 1992

1atell Al Aol zbal o deke Hel JadAlzr FS Hasha e

[\4
=
g
Sh
1o

L} Aol ko] el whalel n)x)i= Agro] A 2lFlkA] gl
Uiz, o= A sk #we) Pefol] ahEbA Ak Ao vV
w0l 2t 71 &9 vhRaddy, 1986 Raddy et al., 1978). st ¢ &3 A)o)
A vpEFe) HeldfE dFSh: vhebe tigete] o] vt H
w, soldfrl Aol §li: gAY wEE g ek vhebel A= st
o] i fo] Flth(Weisburger and Wvnder, 1987. Hill et afl., 1971).
13 ol gel o] Frbie A AR Hole]l ek U v
7F 9l Aos paowlm 9ot ofd Cro] ol v A 1@ Ekel A 7y
we] @A ehSong and Park, 1994: Jacobs, 1986 Lynne and
Ausman, 1993),

Insutin like growth factors(IGFs)i= gb 7ol Absx o folxl &y
Mefolrniza) g mis ok = Ao mitogenic iz @Al Al
(antiapoptosis) 1z2Fi2 2R&3hv) [GFsiz Fi fkelld A4 Bl y]o]
dons el st A e &9E i endocrine hormone®] g B opifwt
Ml ol Ao AAdnie] #2lo A qutocrine/paracrine 05
Aol Aol W-abh F A A FEe] Adodolut W-ERiE e
IGFsel #H82 23] plasma membrancoll F=#A 3k Solgh 484
IGF receptorel] IGE7F A3t 2 -1 8o A3 Wit dghy o A

ol o] WM Crech, 1989). IGFss 438k s

'JO
N
S
ot
&
38!
ol
=
i
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[GF-binding protein (IGFBP)oll A%3ste] #3e EAfst=|, A £
B IGFsE v 2o AT $utes kAo ode §)
Ay IGFs7F receptorell A%tsh= S F7F = AAAFH O R A
[GFs2l 285 FAshAv oAt el AthBaxter, 2000).

Ueh EPAA SHAE

IGF 137 IGF T recepotrtIGF-IR)7F St Alal 2% H3d8 313 7l
o v Aol A IGF-Io] A)EA

obuEk AAS Fslis el lge] MHARL I

of Mgtk ol 4ek MEE HEg

™Mo
=

O'.T.
ol

T
homel clzkel digebeli WAbHel Fslel WvbmAd ulaehol

IGF IRl 47} 71§l sle] R s 1t (Guo, 1992).

whebal, ®oelis Aelalgel e Hirolul, WE AN Guie
vjgk g el Eabrb ivhar ebeld glis LB 4R

A7) polvmannuronateds  #7H8kel in vivot in vitroraol A e o
vk WA polvmannuronatet: ol gk #lFle] @Ayt 3R A U
AR o) g Myl o)ef v yol A A 2] lepn T

ol whel M e sk Shgivk el 3T3 L1 APAlsLo) A= ujvk
welell A 7E Q04 polvmannuronate ] ¥ 7E7F AWM E 2 O] H3HE <
Astar,  #wetel HEE FERAICH s PES M9 glucose,
riglveeride. GPDH 24 2 Al F2) leptin 408 2HH B 519
ek HT 20 gl AgkAl 32l d polvmannuronate el @-Qk#-8-0]  IGF 1
signal pathwayvi: gake] dofdvlis 7bd S w950 MTS 42
IGF IR 2l & vk o gl

_12_



o. As 289

1. A%

D Aok W A

s

Aalo)l ALE-H polymannuronate(M.w. 40kDa)y= () KBP(A7|%,
el A2t E Al el d3e Abgetivh FE A AHEE SAHE
kitvs WAKO(WAKOQO, Japan), 2ef@tsH(Aletsslr Korea) A3+ A5
2w LEPTIN RIA KIT(Linco Research, USA)¥ Lincodl &€, IGF-1
IRMA kit(DSL, USA)7= DSL A 5-& AFS3Hth amyloglucosidasess
Sigma(Sigma Chemical Co., USA)ZFES Abgstg oy, 2 219 &7
et e ARbAjobE: HgfAleks ARG Th 3T3-L1 AlEel HT 29

M At eRel] AbE-¥1 DMEM(Dulbecco’s Modified Eagle's Medium), RPMI

il

1640,  PBS(phosphate buffered saline), penicillin streptomyein< Gibeo
BRL(Life Technologies, (Gibco BRI, USA) A4S AF8-381%) oy,
FBS{Fetal bovine scrum), sodium  bicarbonate, BSA(Bovine  Serum
Albumin), tryvpsin, methylisobutvlxanthine, dexamethasone, insulin, Oil
red O, IGF I Protein A Sepharosei> Sigma(Sigma Chemical Co.,
USAYe UUSB(Amersham Pharmacia bioscience, England) A &5-8 A8
st Western blotell AHE$E protein standard marker: = rainbow  high,
low molecular  markertAmersharm  Pharmacia  bioscience,  England:
RPN756, RPN730)E AFE-3HS 4L detection reagentiis= Super Signal
West Pico Stable Peroxide  Solution¥t Super  Signal  West  Pico
Luminol/Enhancer  Solution#h Al 322) vbia ww = Sdety] 93
BCA Protein Assay KiUPIERCE, USA): AF&3Fl vk, Western blot2}

immunoprecipitation©]  AFE8E leptin - antibody,  phosphotyrosine

_13_



antibody, IGF I receptor antibodvi= Santa Cruz(Santa Cruz
Biotechnology, Inc., USA)$ SIGMA(Sigma Chemical Co., USA)AH =
= AbEEY Alx AESES FAEE] 3 MTS/PMS  solution
(CellTiter 96 AQueous Non Radioactive Cell Proliferation Assay  Kit,
Promega Co., USA)E Promega®l#-& AHE351%0 A% wjags
culture dish, 6-well plate, 96-well plate, corning tube ™ scrapper::
Corning{Corning, USA)® Falcon(Becton Dickinson Labware, USA)
AlEE ARESERE I Mgl RNA  FE89%3%=  Intron(Intron
Biotechnology, Inc., Korea) A9l casy BLUE™ Total RNA
Extracuon kitiz FE39rt AVl € agaroseir SeaKem LE
agarosc(BMA, USA)E AF23t99ar, 100bp DNA ladderi= DBioneer
(Bioneer Co., Korea)ell A -4ttt ¢DNA 4ol AF8-3F leptin
primeri= Az glol] o8] gh4lste] Ab&slG e 1o2] RNASH DNA

2518 Aok molecular biology8-© 5 Sigma A3 S0k A}

&skvt.

2.

ruz

R

1) Polymannuronate] 77} 3ol v]jx]i= g &
(1) AAsE A=
O A3 Hole] =

2400, 2Y 20540 3

=i

Aol 42 Tahle 13 7o,
T s E A ol 3 71z Holell A A 2l E (ogi Hubgh ekl com

starch®] 3 5ol =4lakql o,

iz

u_,

Halaloliz vl Z2Mel2] corn starch 2]

kol A el 22 E 1908 polvmannuronate®] 5%el ) wWapi= okubil o

290 el 7 FAs e
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Table 1. Formulation of experimental diets

(8/kg)
Test ammal grr)ulfl
Constiluents
B CHOI. POLYMAN
Caorn starch 496 4835 433.5
Sucrose 124 124 124
Casein 1830 180 180
[ard 104) 100 100
Corn ot al) 50 0
Mineral mixture 35 35 5
Vitamin mixture 10 10 10
Choline chloride 2 Y 2
Methionine 3 3 3
Cholesterol 0 10 10
Sodium cholate 0 2.5 2.5
Polvmannuronate 0 0 o)

1 Test animal: Strain, Sparague Dawley age, 4 weeks; average body weight; 100x10g;
feeding period, 4 weeks by experimental diet after a week of basal diet.

*2. Codes of experimental diet. B, fed the basal diet; CHOL. fed the cholestero]l diet:
POLYMAN, fed the cholesterol diet containing the polymannuronate
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Jo]i= 71z o] o~y E 4 o] polvmannurcnate 2 ©)

1 Sparague Dawley Al 5231 (A5 100:10g)S AFgatdv}, 2k 100X
TREM] AwA AFS Ao A Wa Aukalm A 77 &3] «n) A
F§ o] v]zelel FeAEIE Ao, polyvmannuronates oG5
HNol & Folatdrt AnAbE B R ALk Fol Baf Ao 28
olad libitum) HHAANH 2wl AFE7] Felli= AF dolaks A A
Fholl AT - fo] sl z28la AlSAE &

2 QHI2AIRY, 0800~ 1800 7] 5 2 g

@ ddE=9 AY

2] (3,000rpm, 15min, 4T)stel #g #4844 700 washe A
Hedel Abgatalv rels vk 4l

RNAS #%a7)918) 54 el daol ol THF247 F 4%
VEE AR 0Cel et wHe e el qrolugr 2 49
oA 7%17F metabolic cage R E] pEebg o, 3] B E A wet
weight %4809, ggal webs 4 A2 dg dx 5

& ool wel weightshe] %ol % #ighubo i ahglo),

SRR, GOT, GPTe] #AAa 2 89498 gJeyyzo Aos

i wAsth HER AR dded 1S Akl g g
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hexaniisopropanol #°H(311, v/v)2i2 AdE FEotil N, gasi 55
staivk &% ¢k Aol chloroform:methanol (21, v/v) Imée] &30
| 2]

gho] FAE AlsE Algelqlv
O 93 2 =4 T9 FAHAAA ¢ A=xA

A hdxA e F4AAY TR 2ZAE 7 100uE st
o TRLGLYZYME-V  "Eiken” kit(219}8el,  Korea)® M A
Enzymatic §ex, dx4de] Fayr &AL 7F 100us 25k
Phospholipid C test kittWako, Japan}Z WA 24 LA gjo] = - DAOS
W e s whEAlA g = (Ultrospee 2001 pro, Amersham Phamacia

71

biotech, England) &2 77} Z=3 39l o)

@ 84 Q@ xA Fo FLY2059 faFY g

At A Fo) FEusH gy fAZUAYEL 2240 7}
100pt #Astel & FelzdiE 548 CHOLESTE ZYME V “Eiken”
Kit(21oFskst, Korea)ds M4 Enzvmatic CODY 05, &3~ Lo
Free cholesterol Ctest kittWako, Japan)S 44 Fo) ~H & 249 o]
el e whg A A S Al UIrospee 2001 pro, Amersham

Phamacia biotech, England)i 7HzZF = 43)¢l 0},

® ¥3 9 Y=A Feo HDL- R LOL-2e 265
U3 gz ol HDL olselde] Bwis 3248 7 100005

#letel  HDL €355 kit(#19stel Korea)® M A phosphotungstic

gk

acid Mg+ sapal - 7b A9k Hdes whga# Bl

(Utrospec 2001 pro, Amersham Phamacia biotech, England) s 2% &}

SLor, LDL el zulE (Z2rul el 5y HDL S| 2w )
G800 Aksted e Y (Friedewald ot al, 1972).
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@ dH F9 8%

Enzyvmatic glucose oxidase® peroxidase'fof wleg} #lzg @&
8 GL ZYME “Eiken” kit(xatel Korea)2 4 Wi
(Ultrospee 2001 pro, Amersham Phamacia biotech, England)&= #

500nmell 4 =43k o},

® ¥H %9 GOT 9 GPT9 &4
Reitman-Frankel2] ®Wiol  orel A x=38  Glutamic  oxaloacetic
transaminase(GOT) 3 Glutamic pvruvic transaminase(GPT) 4 & A

gl

rﬂ

£ o3 (ransaminase =3 kil E5F, Korea)s WA H333:

(Ultrospec 2001 pro, Amersham Phamacia biotech, England)® 505nm

of A=A skt

THOAT E 05 S F6he] chloroformimethanol(3:1, v/v) 15mé & #
e Foekal oA Bl pake] No gasit &ls 2wARl ¥ olg @
chloroform:methanol(2:1, v/v) E58% 1nt H7tsbo] kds 8847

Fel 2 S BHE ART YN FA Byen 24y

gl shgate] Sk S 98 vl #o] dded
HCrowell and MacDonald: 19800 =5, vkaIsh 02g9] o] 49
KOH/glveerol tme-s #7bsbe] 20870 52 wlaestar 20% NaCls 7 7)
gto] ctherst 23] Faabadvh, 543 #abel HCL 1 2me i3 #H7bsle] 4
HSHpH 120 AlZ1 35 ether dmt il 18] F&8lo] Atz 3452319
b s No gas®™ S99% 224 # methanolHOG:], v/v) &8

N Tweell wrelvh o]l & B oshaab test kittWako, Japan) 3 o] £33}

- 18 -



T 39 F HodS 9SS AOAC OFFICIAL METHODS of
ANALYSIS (1990)% # 3 5te] Enzymatic- Gravimetric method® &3

stk B AR F 05gS #H3SEY chloroform:methanol(3:1, v/v) 15
W AdE FE2 F ool meln el FHSF 10mE H7eto)
95°C water bathel A 154 7493t ¢ 55T water bathol] A 155 Wz}

Ao} o] 7lell 2502l amyloglucosidase(Sigma)Z 7Fslel 55°C oA ]
AZE 30, 95Tl Al 304 59F water bathA 7} st & of &t o of
o] 250u¢2] amvloglucosidase® Yol 55Tl A4 147 3058 7F-&5t9in)
Tyl Vb, A2l A 1AI7E Al B oaleohol¥t acetone 0. ® EEshe]
AR Blerekar d FEobe] g RS FSh UbR, 525°C 3labitel 4417t 338}

SRR el A SR e A5 B

® #F %9 leptin ¥

a: @7 F 29| leptin radioimmunoassay 574

T

g3 Fow Rulgl lepting® FExi Edstuzx IE olfd

T O -~ 1 =

~0)

LEPTIN RIA KIT(Linco Research, Inc, USAYR ZAGATHMa et
al., 1996). 5744 wbeol 0.05% Triton X 100, 0.08% sodium azide,
0.020M EDTA, 1% BSA7F ¥ pH 742 0.05M phosphosaline
(assay buffery-&ol 100pt3F FHsFol standard, control, 78]z 7} w4
gk wAE e 100 Witk Kit el A%yl Rat Leptin
Antibody it 7H7F 1000 wWe obp- sk Z8ksle] Al ol A 244 7F gk
A AvE rowkg ol M Rar Leptin Tracers 10040 2o F, 2 =

ghatel  dRell A thAl 244078 RS A A RIS Precipitating
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Reagent 1nt® H7bslel 2 £3a & 4To 2087 28207} 9
A2 (3000rpm, 30min, 4C)skcTt &8 A A S (ube® gamma
counter(Wallac 1470 wizard, Amersham Pharmacia Biotech, England)
oA 178 THA 2R radio activitys FAER e ng/mo.E YERNY

.

by 4 F 2] leptin western blot
A3 &9 leptin western blote A 2 FHee HFEH LT}

IxLaemmi sample bufferet 0.1M DDT7} 5] =2 3 Aste] 27| %

v
o

A& ARSI UL 12.5% polvacryvlamide gelell loading~# Fd]¥ yho
4+ Immobilon P membranc(Millipore, pore size: 0.1ym, USA)O. &2
Atk eold HF RIS rainbow  high  molecular  marker
(Amersham)ir ARE8TE 2ofyl b A2 Syuper Signal West Pico
Chemiluminescent Substrate (PIERCE. Biotechnology, Inc., USAYE o]
B-otol Jeptin whzE wbe S Bolatelcl 59 fat free milkE E-6kis
I<TDBSUris -buffered  saline: 20mNM - Tris-bhase, 137mM  NaCl, 1M
HCDe 4 3F%HF blocking® S, TBS Titris buffered  saline
containing (0.1% Tween20: 20mM Tris- base, 137mM NaCl, 1M HCI,
0.1% Tween20, pH 76)& 1057 AlH3svt. Al 3 $ membrancel
leptin - 12F &Al(Ant- lepin polvelonal  rabbit  Ig(. Santa  Cruz
Biotechnology Inc., USAYE TBS Tef 1150022 3 4ate] A& 2
A7 Ak Al ATE TBS TR 1087F 3 A #3832 peroxidase labelled
anti rabbit antibodies 2%F SFAN11 50001 AFE-Glo] ool A 241 7F b2
Al 27 g A Al membranes> TBS T 10F-7F 31 4 #
aF3l Super Signal West Pico Stable Peroxide  Solution®t Super
Signal West Pico Luminol/Enhancer Solution® AF83ke] KODAK

N oray Aol gFEAAG X oray AES @At leptin®l protein
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cxpression Tieg M7 golahel o}

0 A3 59 IGF I Immunoradiometricassay
#yol IGF 12 iz [ o] §3 (wo site immunoradiometric

assav(IRMA) kit(DSL-5600 ACTIVE IGF I Coated- Tube IRMA kit,
USA)R St Alg st d %3 extraction solutiond 7héte] 2
ol A 3047 WA sk 1A S 2 (10.000rpm. 5min, 4T)8HY IGFBPL
A AsEA ok IGFBPS A A% @ Aol neutralizing solutions % 713} o
F5A1Z &, anti-IGF I coated tubeol] Wil "I7} label o]l
anti-IGF [ reagents  #7Fsro]l A ZeolA 347 E¢F  shaking
incubationa} &1} 3417F - anti IGF-1 coated tubet @] wFged o 77
AL tubes=  ®olFE MHSIEE AFd 0 3 woE A
antl1 IGF T coated tube™ gamma counter{Wallac 1470 wizard,
Amersham PPharmacia Biotech, England)= radio activity® 24 3}¢}

o ng/mé 032 vhERUE Lo

e Aol R ARS B3] hd AL uolo] HulAd R
BRAL Aol AdS gAskdnh b o] AR s Hukalte] 05 F
Al kel Bouin 3288 A (picric acid:formaliniglacial acetate=15:5:1)0l]
atdebar, el ardeons Abgdbe]l 244 7F ¢kl tissue capsuleel 9

Argshelh. ol it Salste]l 2% 2K 7l autotechnicon)el o] =2
‘e ehagoll v shal xvlene it 1A 7Yt embedding centerol A
tissue capsuled paraffing  #H4% A2 3 f(embedding)8Fel block ©. 2
Rl Rotary microtome 2 & blockS o] & SumiE 7 2 Al E Sle] K
fro@ el el HA I B3 A ALEk slide glassol -EA1A

U Tl YR slide glasseh 2@ HAL vheks] d 2 A A T 98 A
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00T 459 2=% {28 slide warmerd] W), vhx|eto &
ZIEH e R Mo ujdr dead AsE vy 9 2 2AARS
Hap EEE A B 5 9= Hemaloxvlin & Eosin ¢4 3 %

shavl 4o whabslgr

h ol

@ ¢ 2AF9) leplin mRNA 54
v Total RNA®] =2
NolwHE AR 39 H4 2#H %] leptin mRNAZ A aks)7)

1814 total RNAE Fashgiv). 7h 278 A3 b4 248 05¢g

N

r

Fekelel RNA  extraction reagent$] casy BLUE™ Total RNA
Extraction kit{Intron Biothechnology, Inc, Korea)Z 21 homogenizer
oA F 181G needled F33 AubS Wit wubeo] &7k W
sl He  F 0 dfel  wAsk o179 chloroformiisoamyl
alcohol(A9 )& FH7bslo] Ao 3073 4 A 2] (13,000rpm,
Omin, 4 Ciskadvl. RNA7F 288 22908 dw#y 1500 thbeol| %
7har wake] isopropanol S el 70Tl A 1A 7Y WA skgih 1A 7F A
o5 vAl ghal R stel AEe Al7stn pelletow Wolells (ol
RNAY= #7b2 70% cthanol® 2W A28k 3 2 2of A 3 A 4 o}
0.1% DEPCell 531 F. 260 W 280nme] ab@eld Zgws =3y
(Ultrospee 2001 pro, Amersham  Pharmacia  biotech, England)alol]
total RNA ghak wl Bre s 3kelelar A ks (otal RNAS 129 WA
formaldehvde agarose Wel] 4] Y (Mupid 2, mini gel migration
univstel G elgh rvje] e welstar 70l Waksh Al reverse

transcription polymerase chain reaction(RT PCR)o A} 8-3} 91t

b RT PCR -4

Aol R AR 815 gz EqakEs leptin mRNAS| ube] ok
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o]

= SHE R S9lvl RT PCRS QIAGEN One step RNA PCR Kit&
AbEshlasdl, 2t R 53 template total RNA 1ug™ 34 5X
QIAGEN  buffer, QIAGEN One Step RT-PCR Enzvme Mix, 10mM
dNTP Mix, 1U RNasc inhibitor, 20pmol leptin primers, RNase- free
waler® A& Master mixZ #71atv}. o] £3E2S PCR thermal
cycler 480(TAKARA)C. 5L &7 &, 50Tl 30%, BTAM 1583
reverse transcriptionih-&-A171 & G5 Cel A 13, 59Cel| A 15, 72°C
M1 3beyeled WA ZG ol ALEs 20pmol primersiE th-o-at

et

D' -CCCTCATCAAGACCATTGTCACC- 3 (sense)
5 GCAGCCTGCTCAAAGCCACC 37 (antiscnse)

PCR Whg- 59 A48 L EBr05u/mhe 35381 1.2% agarose

H

gelell d7)1ed<58kal 100bp DNA molecular weight marker(Bioneer Co.,
Korea)®} v]iislol 225l DNAQ =179} oS skelglglnh

2) Polymannuronaic®) A 7}7} 3T3 L1 A WA o] p] )= &35}
(1) 3T3 L1 A3 <}

Mouseo] wjoboll A Fa) gk AFEQT 3T3 L1 A%l ATCCATCC,
USAJel M Zebbol xp&sigl o) 100w dishell 10% Fetal Bovine
Serum(FBS) - $8F % Dulbecco’s Modified Fagle’s Medium(DMEM) 2.
EOSTU0 5% COZF {AS e COr wokviol A wiedald ), Mo ok
80" 4= confluent51W1 PBS EDTAL monolavers  AolWlil (rvpsin
EDTAL Hulste] AldfaieFalar A= 3eluprt wgksigiu}, A7)
confluent>1 ¥ polymannuronateell ©]gk 315 L1 4l ¥ e ¥3a s v

7] f1sh A 05mM methylisobutyvixanthineMIX), 0.250M dexamethasone
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(DEX), 10gg/m¢ insulin(De] &% 10% FBS DMEMO. & u3la}]

BHE frioekar ojulitE] 2o A 10pg/m! insuline] Falwl ujoked
S mkskedvh. % 3T3-L1 AEZ 900col4 confluent W, 05mM
methvlisobutylxanthine(M), 0.25uM dexznnethasone(D), 10pg/m¢ insulin(l) .
i AHeldte] 1097 238 Fedk 218 MDIH )02 vjeksted control
5ot FrEe w2 polymannuronate 8T MDIH @sha 10¢)
ARl FE A serum free medium) o2 Hjokol e wdlsbodr
M7 % FEE polvmannuronate® M 28k 4847 vl wiersled
7 F5 5 ikl (conditioned media), cell lysate 2 triglveeride

samplex #8ko] 2ol A& w74 F0TA B st}

(2) Glucose 5% =4
2% FR % 95 uldde A Eel3,000mpm, Omin, 4C)Ead A

U B)grete] GL O ZYME  “Eiken” kit A143te]  Enzvmatic
GOD-POD® @2 A 3] AFE-51 glucose AHue 245k}, wokel.o

HAekel abd 500nmell A glucose 5 %5 = 4daigln).

(3) Triglyceride % =3

Green ef al. (1974ye] W o2 o] triglveeridel TG) & Haks =
getadvl widedS =& vk PBS EDTAR A28 3 trvpsind a] & 4 2
A v ?1-&’.—21(_12.00()mm, SminATIste] s A A
choopelletel  URAL PBS® A AHSe] xE Fessid. o nhe
methanolchloroform:H.O=2:1:0.82] vl &L vkiel 7 TG 324 solution
oo AE W TG FESHEVE TG s TRIGINZYME-V “Eiken” kit

o ARES] Enzymatic o5l Asiit Fsbel g S0onmeld Fue s &
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4) Oil red O ¥

AW At A gelsty] 98] Miller ef al. (1996)2] HHH S 2l
Foagst e Oil red O G4 SHSlvh PBS-EDTAR AXE A
Mol 10% buffered neutral formalin®. i 308-3F wA4sbar, Al 70%
cthanol& 13 AH & th3 Ol red O 247k 5o Qg F npxjdto
2 PBSE AlE § fAxstel dekdndo s wakeeic)
(5) Total protein ¥ % =4

Cell lysatex> vWj¥edg 3l+gh vy PBS-EDTAZ A% 3% 3 1uM
Pepstatin A, ImM EDTA, ImM phenylmethylsulfonvfluoride(tPMSF), 1u
M Leupeptin, 0.18M Aprotinin®] protein inhibitor’} % 7}¥1 PRP-PREP
Protein Extraction Solution(iNtRON, Biotechnology, Inc)& scrapping s}
of Mkl 2258 #HalMd 2 AE e (13.000mpm, Smin, 47C)% A} Zo)
o lerote] Matebaiv) e cell lvsates 38 Buret® 5 Al
T O HRS Sgellnh Buretl & WE3 BIURET Alekg abga)

of Jbd Sdnme] EENE S §

i
@

N gk g/die s Agkst

(6) Glycerolphosphate dchydrogenase activity &3
Polvmannuronate® w22 22t GPDH 4 =48 Wise et al

(19mye] Wris olgeke]l v gtel EAstsivh 25mM EDTA,

.JIJ

100mM - triethanolamine HCI buffer(Sigma, pH 7.5), 0.12mM NADH(Sigma),
0.1mM  f mercaptoethanol{Sigmale]l  3¢H¥ reaction mixture  bufferel
samples F7Febar 02mM dehvdroxyvacetone  phosphate(Sigma)Q!l stant
buffers: #7kstol 340nmoll A & 3328 F4sko]l GPDHe @48 Ag)

Stk &2 24 lunitis Iumol NADF min7F Abgs) v 4w &gl
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(7) AXEWN9 leptin ¥4
O g F=9] leptin radicimmunoassay =73
Polymannuronate2 A#)gk kel 29 Jeptin FE= IS o) &3
RIA LEPTIN RIA KIT(Linco Rescarch, Inc)® FAstgvr. S48
tubeel 0.05% Triton X 100, 0.08% sodium azide, 0.025M EDTA,
BSA7F @5 pH 7.42] 0.05M phosphosaline(assay buffer)- &< 100u¢
E FHslo standard. control, 18]Z 7} ¥R #53F conditioned
media® 100pt® 2 v Kit el E£¢% Rat Leptin Antibody S 7Hz}
100 Do e 2 Baralo] Ao 247 wreA A T nto
Ao ™I Rat Leptin Tracer® 100 2o F, & &dalo] 4o
ThAl 244178 vk A Z0v}b, 19 b8 Precipitating Reagent 1ml® 27}
gtol # ZTgk T AT 2087 wAS g A E 2 (3000mpm,
30min, 4C)skd vt AFdE A7 (ubeE gamma  counter{ Wallac
1470 wizard, Amersham Pharmacia Biotech, England)ell A 18 71730

] ——

3oradio activitys® A o ng/me o thebui ol

@ Cell lysate 52] leptin western blot

Leptin western blot+> 3T3-L1 AW e polvmannuronates 5 ¥

fi3
1

woBfekEte] 23t cell lvsatedl HEFFL7F IxLaemmi sample buffer
2 0.IM DDT7F Y5 gl A4sle] dv)eds MER AA8-shslch 12.5%
polvacrvlamide  gelell  loadingA 4 #2822 Immobilon- P
membrane(Millipore, pore size: 0.1gm, USA)S. i &2V o)y #4575
g2 rainbow high molecular marker{ Amersham) & AF &89}, P2

¥

jii

FEME P Super Signal West Pico  Chemiluminescent  Substrate
(PIERCE. Biotechnology, Inc.. USAME o] £31o] leptin st 4 #ra & 2
lstdvk 5% fat free milk¥ Hrabis IxTBS(tris buffered  saline:

20mM Tris base, 137mM NaCl, 1M HCDol A &F54F blocking 3 t©f
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+. TBS Tris buffered saline containing 0.19% Tween20; 20mM

Tris-base, 137mM NaCl, 1M HCI, 0.1% Tween20, pH 76)=2 10%837F A
oAtk Al 23 membraneol leptin 12 -#(Anti-leptin  polyclonal
rabbit [g(, Santa Cruz Biolechnology Inc.)E TBS- T 1115002 % 3
Mate] oA 2417F dhgAZY TBS T 1087 30 428 &
peroxidase labelled anti-rabbit antibodies 22} SFAI(1:1500)8 AF8-&19]
A2 2AZE gbg AT 22 A2 #3217 membraned TBS-T
= 104+7F 3 A HSFal Super Signal West Pico Stable Peroxide
Solution®} Super Signal West Pico Luminol/Enhancer Solutiong A}

23t KODAK X ray @ Eo] 7sxzivh X-ray 228 #AAbeld

(8) A9 leptin mRNA ¥4
@ Total RNA®] F%

ZF polymannuronate oM ol ekeh 3T3 L1 #baE 1> okl &
WAz, RNA  extraction reagent$! casv BLUE™ Total RNA
Extraction kit{Intron Biothechnology, Inc)& 93 scrappingdbe] %4
3k cell lvsates Hof wbeel 7)1 chloroformisoamy] alcohol(4%:1)&
Hrtske] A P-ol M 30F%7F A f1AHE 2] (13,000rpm.  10min, 47C) 33
vl RNA7E 223%bsl e ds Watyl 15m¢ thbeol &7 kel
isopropanols el 70Cel A 1A 7F AR skl 1A 7 Ae F vRA]
glalaelate]l &g A7Ist pelletost yhebdys otal RNA 272
AEgh & Aol AxA Y 0.1% DEPCel

a =

el %=, 260 % 280nme] el A Fak it FHH(Ultrospee 2001 pro.

70% ethanolie 2
Amersham Pharmacia biotech, England)dhe] total RNA &hak 2 4212
Fogretelar Aukok otal RNAS: 1.29% WA formaldehvde agarose 2

o 719 & (Mupid- 2. mini gel migration unin)dhe] 2k z7]2] 4
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-

ful'h

gelstar 70T WEEWA reverse transcription polymerase

chain reaction(RT -PCR)l| Ap-&38}d ),

@ RT PCR ¥4

PolymannuronateE 542 Agste] 353 Axye EAst=
leptin mRNA®] #& S Fur 4 shelvk. RT-PCRS QIAGEN One
step RNA PCR KitZ AH&staed, 2 ot¥ 2 353 PCR H-4 tubeol
oX QIAGEN buffer, QIAGEN One Step RT PCR Enzyme Mix, 10mM
dNTP Mix, 1U RNase inhibitor, 100pmol leptin primers, RNase-free
waters 238 Master mix$} template total RNA 5pe& #7bak g} o
WH3-E3E 3 PCR thermal cycler 480(TAKARA)O. &2 &7 3 30C ol 4]
30:%, 9T A 15831 reverse transcription®H-& A1 71 thS 95T ol ] 18-
HOTeM 15 72Tl 134 cveles WAz ojuf  Ahgak

100pmol primers+> ©fFSa 72T}

0" CCCTCATCAAGACCATTGTCACC-3' {sense)
GCAGCCTGCTCAAAGCCACC & (antisense)
PCR ®k& 39 MY E & EBr0ope/mDS -53H= 1.2% agarose
geloll 71453k 100bp DNA molecular weight marker(Bioneer Co.,
Korca) 2b Wwate] FFE sl cDNA2 =17]9F 98

= Zelstsich
3) Polymannuronate®] #717F HT 29 dlgsta ¥ o] v xi= ogat
(1) HT 29 th7gShAl s w <k

Thll Al Frell¥l oAkl HT 29 Al 3E(human colon carcinoma
celll= 504 £ S HKCLB, Korewel 4 Yoobol AR&akich, HT 29
g eRAl 2 10% FBS7F gF5 RPMI 1640(Gibeo, USAMIA] &3 Apg-5}
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o 37T, 5% CO- incubatorell 4] wie¥slait). ME7F 80%F % confluent™
H PBS-EDTAZ monolavers& oIt trypsin EDTAX 2]8ke] A o))
st o wiA) = 2w} wslatg vl

(2) HT-29 3 ¢AE 59 MTS ¥4

Polymannuronate?t HT-29 thaetAMare] 2o b1 odtes &
obi 7] $£15ke] HT-29 MEE 96 well plateol 5x10'cells/wello] = E=
WAeka 10% FBSE #Hrshz RPMI 1640 WA 2 3|4 ated wjoral
th 24417kl Avt Foll serum free RPMI 1640 w42 38ksl 1w 244

A
7F serum starvationA Z . 22 3 vl Alel polvmannuronates %W
= H7bebo] 24A10 gt wiekE vl 244170 A B MTS/PMS
solution(CellTiter 96 AQueous Non-Radioactive Cell Proliferation Assay
Kit, Promega Co., USA)S #H7bsto] 370, 5% CO- incubatorel 4] 14]
b ujekgh vhe- ELISA plate readers: AF8-3to] 490nm T+ 3ol 4 &3

(3) HT 29 di @Al E F9 IGF IR ¥4
O HT 29 djg<tA 39 IGF IR Immunoprecipitation

HT 29 thgehal 25 1x10%ells/dishel F27h ¥ & 10% FBS7)
FEl RPMI 1640 v %2 8] A3ke] 60-mm diameter culture dishel

M A WS serum free RPMI 1640 ¥ A 2

=

ekl el 80% confluent
atEESEar 24417 59 serum starvation eFsiv). dishel polvmannuronateds
0.25%2) gleie glvketol A8A17E sioFativ), ARAITE F- wi =i Al A s
AlEiE PBS EDTAR Al #&ske] RIPA buffertPerparation of Modified
Radioimmuonprecipitation  buffer: 50mM  Tris HCL. pH 74, 1%
NP 40, 0.25% Na deoxveholate, 150mM NaCl. ImM EGTA. 1mM

PMSF, leg/mt Aprotinin, lgg/mé Leupeptin lpgg/me Pepstatin, 1mM
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NaF, ImM NaVO.) 2 45 flollA A48 cell lysateZ 356910 3
5 coll lysates= 14,000mpmoll A1 1087 214152l sto] A AL t)A] 3]
st BCA Protein Assay Kit(PIERCE, Biotechnology, Inc., USA)E
AbgEte] b Frei EH4eteicl w3 polymannuronaies] @9} 3
&0l IGF IRE wi7iste] dojifiza B2 §leto] wjekdo] JGF-14 ¥
7tste] A Eetdy. & polvmannuronateZ 0.25% 9 HE g 3 7behe]
AEE W 5 B A7 100ng/neel IGF- LSIGMA Co., USA)S:
QL 7hzh 0015, 60% Ao Weld F RIPA buffer® cell lysate
Soglaslan flell M) ghe] whld e EAgiul FrE AAEA
St cell lvsateo] anti-IGF IRS antibodvE ] €] 6401 (1:300) 4T A
b5k vEg-A7l % Protein A Sepharose(Sigma Co., USA)E Y o]
4T 241 W28tk 1.000rpmell A 28 7 et ejete] shAer 2

FOIGE IR Y EE Prolein A Sepharoseel  8bA] 214 A A}
Protein A Sepharoses= RIPA bufferiz 3@ gEE-&o] A Hstz (0.1M
DDTE $Hfdhss 1xLacmmli sample bufferoll Yol 104%7F water bathol
MRl S sample buffertt 234514 3 428tol sodium dodecyl
sulfate polvacrvlamid gel  electrophoresis(SDS-PAGE)ol 4] ¢z o
Felskal Immohilon'™ P membrane(Millipore, Bedford, MA, USA)e

transfer s v},

@ HT 29 gqFstAlxad A IGF IR2 western blot

Immunoprecipitation ¥, 47153 ansfer®  7FE membrane <

anti phosphotyvrosine @4 (1:500. mouse monoclonal  antibody, Santa
Cruz Biotechnology Inc)@t 4Col A opsuk b8 A1 71 50 93} &b Lt
antt mouse IgG conjugated horseradish peroxidase(1:10.000)43 AR5}
of MmellA TATE g A IeE TBS TR A 3 Super Signal West

Pico Stable  TPeroxide  Solution¥)  Super  Signal  West Pico
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k1
‘LOL

s}
Aol A}
3l7] fl8ke] anti - IGF-IRS &A(1500) 2 4 Ceofl A sy whea)7) &

Luminol/Enhancer Solution-& AF8-3to] KODAK X-ray &4

713 A48 IGF IR9) protein §14+s o g9

=]

ph)
=

_C;L
biss
£

+. <l

r

r
o

¥ & membrane strippingdte] IGF-IR] protein 4=

o

Super Signal West Pico Stable Peroxide Solution?} Super Signal
West Pico Luminol/Enhancer Solutiong AF£3le] KODAK X ray 2
woll 7HEAlA IGF-IRS w2 uy F28 ez gy

U ==

dgel BA A= 7tz pds (x93 (meantS.D)E
AbgEte] dvlslg o Feld WAt Student's ¢-test{Stecl and

Torrie, 1960) & o] &3t5] 2w, P<0.057Fo A 23 2 ok},
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m 43 32 uz

1. Polymannuronate?] #7}7F 83 njx = g5

1) A5 W3

17y APEEE rESE oE A% 15, polymannuronate® 437
Holat A Ab&7| 7o) did A% wae] @AE Table 201 ENS
o Al F7he Zb dE T A AelE relid, vizAel ity

X
polymannuronate #}ele] Ze AH E A olFo] H]Ete] oMoz o

& s BT Tsuji ef al. (1968)2 5% 2714 Fol oA 2 2~

AfE wold ol wlel AlFel 74 #Aa 9D, Oku el al (1981)
o oAAE YRR Ws W A4S LT Fol wol wa) I

S fheldh o]l KUl wre A Evhe Rduin 39 . Suzuki ef

¢

H=zvlfo] FelRon vto
1

AR R Sl R gtel x

L

= polvmannuronate2]

Mol g Holw &

Aol W AP Aol E o]t SlF el 2 A EN AMS HEAL A
T AT o) AR AEHY 9 ol &% Table 26l UhE)
Helvk AlZdg ok A Aol g A g Ao An Aol g e 2y
S Aol VbR A el Al ARR Tkl A wl gk A FaEke
vk old uls) Aol &8 polvmannuronate M el itel A el )
wAle) Yl fel o it gFAsk vl Tsuil er gl (196R)2 59 2F71 A
foarelgh el el s #elded . Harmuth Hoene er dl.
(19793 g15]el b{Iabe HAAAG W A iFake] daw 4%

Frhol Hojdvim shol 1 Ay fAb AR wl
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Table 2. Weight gains, feed intakes and its efficiency ratio in the rats
fed the experimental diets

(Mean + S.D.)

Test animal group’ B CHOL POLYMAN
Initial hody weight (g) Ida7 + 1549 1627 = 867 1280 +~ 1489
Weight gain (g/dweeks) 415 £ 635 1700 + 927 1480 £ 6.16
Feed intake (g/dayv) 1978 = 138 1995 + 1.35 2050 £ 1.31
Feed efficiency ratiof®:) 0.26 + 0.07 030 = 0.02° 026 £ 0.02

1 Refer to the footnote of Tabie 1.
All data were calculated by Mean = §.D. for 10 individuals.
2 *: Significanily different in student T-fest from B or CHOL(*p<0.05).
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3 F71e T

dAMNelE deld § HYFEFEE dNeld 4 ddete) 4 s e
4% AIE Table 3o WEbAvh, WA (ko] Fafo] Felaw g

ol utell Al #Hst A 1zt polvmannuronate Aol atell A& 7] & Alo] i
Hlsko] 7hel o7 A EE AT oy FuldEe A3 o3 o

gko i yolm FHg AHZE7 polvmannuronates 2to] A FH 3 A o]t

T

[+]
o FUsEEURe WEoR Fold ZusHmdolrui: 7o F

ol tla v E AL ek 4 9l9duh Soloff er @l (1973)L m A upA

st o8, Yang et al (1996)& -84 o] df2 d=xel sodium
alginate 2 e]to] A% Aolifel vjs) kel F AV Heold o spw s
char warselvh crela Aake sl W AEe 7b E7ke] folHel
apol i Hol| x| ghekom At
ol =H 2 qrolutab Y]z Aloltel vEle] FeHon e 38 ng

th Oku et al. (1981)+ 4 50keks 214

=3 oarol Al R e A frelH o Zrksldvia ®oasl
Do, Suzuki et al (1993)2 UpA|ubs o3k grell Ao 7k 4 8
Mool Fakbel loy M it Fo)vb il WAt A W o) Ae] =1

Nz epAehi Spel® el felen it WAe GEWn sle

W ostreptpzptocin &= f A28k Wi Foll 50 AlE e = sl Jlol A &

Held W oge) deldb wib felWos Frbgivh wile 9
Bodieel Aslsh A oF 4 ely
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Table 3. Weight of the organs in the rats fed the experimental

diets
(Mean = S.D)
Test animal group’ B CHOL POLYMAN
liver 870 = 0.60 142 = 1.327 125 = 110
Kidnev 2.0 = G.03 21+ 016 22+ 012
Heart 08 = 0.1 1.0+ 0.24 08 + 014
Spleen 1O £ 018 1.2+ 0.21 1.1+ 014
Large Intestine 06 + 005 08 = 0.29 0.9 = 0.07
Small Intestine 47 4 037 13 = 074 48 £ 005
Cecum 06 =013 0.7 £ 0.03 06 = 0.05

1 Refer to the footnote of Table 1.
All data were calculated by Mean + S.D. for 10 individuals.
2 *: Significantly different in student T-fest from B or CHOL(*p<0.05).
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4) 8 9 v A Fo| AAxM vAi= JIF
(1) Triglyceride®] 3%

e wn, Ad 9 wmys gaoldor His)

Table 4o UGeEbUIITE 2 Hddel X &4 9 triglycerides] -2 23
sEE Aol A 7 =9k polvmannurcnate 2 o)iFe] el H o w
hE deks wdd kel SlolAdis @3 §Absk deks el
vl Fel A EANolrAl A ThE kA, v EA ool A 7 vkl
o] 3= polvmannuronate®] 12FF22b A s]o] #HE#3bEu) Fa i
AV 5 VTl wEEo] doll A shEaky) Astsle] A9l u)E
Moy @3 9 rae] riglveeride?] §heFo]l ol H o 7R How
Azl Oku et al. (1931)2 A& o »9f +530vks 3 7sk 24
LA A triglveeride et $hake]l Aobsbed s H8, RSl JTol it
off A &l vrebv Kinnumen ef al. (1983) 2 Vigne et al. (1987)& &
AW A de] wEAstAEe A FASE  lipoprotein
lipase7t triglveeride @] # Q. 34191 chyvlomicrontt VLDL 2] &) =
sRlsks) mitelEhar shlvh gk Akiba et al (1982)% Srell Al Ao

s arelst Aak #@H Feo] FaAdFHe] st AXEA HEkE

2t Venter el gl (19901 80200008 o8t ol A riglveeride 2]
ik AzAel w) stk del, B el ps fAR A ug
Ul
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(2) =2 3F

L

Adubz o dF Qe ¥ Frhe nAYsdHE dFos
B A45vh ged, Aol npE FA Fel Q17 d9E 5
5 A= Table 40 CFERNSIUF L Aa}, e aHE Aol w9l
o] ko] FhA moka, v|E Aol polymannuronate 2 o]t ol A
Felxow v grs v}, George el al (1982)2 Aol df7F =3
Woll A whgabat Ao g lipidel AW 48 545 AHHer A
gt 39l o, Mucller et al (1983)2 3 F o ko] Aty A=
2925 Hutedl s w AAHe vwE gAaAAvhL Shslow,
Akiba et al. (1982)2 Heo]d-Fe] 7 A4 A4 vg S
at sle] BoAFE FARE AibE WAUE
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Table 4. Triglyceride and phospholipid levels in the serum

and liver of the rats fed the experimental diets

(Mean * S.D.)
Test animal group' B CHOL POLYMAN
Triglveerid level
Serum {mg/dd) 26.2 + 3.40 6.7 = 130 215 + 480

I+

967 = 390

1+
-]
o
=
i

Liver (mg/g) 944 + 260 133.1
Phospholipid level

Serum (mgsdv) 1154 9.20"

I+

1050 1672

I+

14.10 123.8

[+

1 Refer to the footnote of Table 1.
All data were calculated by Mean = S.D. for 10 individuals.
2 *: Significantly different in student T-test from B or CHOL(*p<0.05).

...38_



FolaulEe AEve] 25 YL R e S sHES T
ol FAsv] ZalauEe fel A Fow Agke] Al

TMAL} ol HWE FRgoh 2FAeolE Fold e A 7
T oFel FEA~EE TS e 23E Table 5ol WERASILE
v oAge A EdseEe] TS dH Mol vz Yolato] v
grom e H O]{LLO] 7 = ¢kth Polvmannuronate 2 o)t
e mHEA ol tel HlEte] FelHen v Fas WAtk Tsuji e
al. (1968)% el 22vlz iAtell mlzl= ohdiel el el erof

wuke] B Ful e Ee] Aol Eabvr Aa, e Fe

...I_4

Ji ) v EAelatel wdte] @ FelsHlE Astadrt stk R
a2tk &, Femandez ef gl (19900 i z~e S 2ojo] 1%2] wh
TEZ AES Hoket A FejHol = o)l 7 VLDL-FH A
o] o7l Z7@lx, LDL ¥ HDL = ~HE2 @AH3 #adon

bl & #u sl ) R sdE e dA4s] AR SS Wt

Y| -
A} Tsuji et ql. (1974)2 gl JLokRub Slol o L HE] A W 71
Aol ol el E AetaaE geleran, Ak vk @ o] e

el g AAlbal stk Lee er al (1996) vigolrh ¢} &
g dalel A weAsEBS @A AR
W Oku ef al {19818 <+
Ular 39l Nev er al. (19838 i) 45 ifolatefl A 3z &4 &

L] e ire]  OR—45% A yFAAARTE Fgleledel. Chung et al

DC

s snblo]l @A @ aeine) 7ol FEet

(1938)= 2 ool 7p B39 del & A, w444, & =2
ook S VA AU SFEY o, Yang ef al (1996 ™} Kang et al

(1904)-& & 2i3rol 4] =3 soduim alginate] Aoli= hde] Z 2 2,
AR F el ks Ao A AV M tskSITE Suzuki e

al. (1993 d-tof Aliz b7k el dh WlellM 3y hY wE o
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P Ee AeE 7 90, 1 E9= mannuronate?t %ol SHRE
ol HAs gz shdli=w B odqtel Aol M X, polymannuronate

Aolitell A WA FtAZAE Boladuk

OEEEE PEELR
seBAsHEe GF Fo oAU Ed ol BE AMARE
micelle® MEO| 24 FANEOL GO o 2HIBE S Wk

FHHe AH AEow §HTh dHAdels Folg A FaFes

Ealolgto] 7 =okal 7]z Aol it polymannuronate 2 o] srell A

Aow vk g3 B ol FEdlsalEo el Avket mizkvt

7w A2 EEe Wl v)svEe] wHaEvle wEaha Adsie] A
ol wsEsh: ks by 2 ek A7 el

Felgh Goodman (1968)9]
t

shyl el 2~ ES A dFol A FE= Fob cholesteryl esteré]
defz bzl Fd ol rE oF 80067t o dl = sheitkan skl
o, Garg el al. (1983) F 4o 2 ~el 85 Folstd dF {3
dl el Ee w2t dsnka shelvh Tsuji et ol (19709 7oA
WAL teldh siAlel Yy ul thabe] fej el s~ Fol Asteisitt
G HarsRSls] el ¥ 9latel dabebn A st

(5) HDL ¥ LDL Zdl~u$el g4
HDL %Aﬂ}"‘t‘ﬂ fiv‘()j ,7];7;:}':17]- }tél-oﬂ )\1 ?51 }-] !;101 LIB]J]H.‘ 3}%—0{]}4 Fa

PAN

B )
Wby #o] HDL ##nele] 942 598 dsbs Table 500 Lheh
alel Zr A, @Adelqde] HDL ol s ghidd Fau g

o) glwpsh mhARAL Az eelutel Al bab uhebi, e ce] 8 o]

A

1o

| el s 23 of 2 sa. 2g o) R Gelw e ¥

of 7pgb ko), Hg xR Al Yz Aol polymannuronate 2 €|
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S 7rgow Fwrelm LDL-ZH ~EH So] e HHEE A& W
218k vl ojlel Ao FHHE Fe ~HEE A7 stel = AEE
bz shub ol a4 9l oh(Nicoll er al., 1980, Castelli et af., 1986). Ney
et al. (1988)% el =¥l &2 sdole F3 el ol Ae)df ol
o] 25~40% #H L= HDL- & ~H&Eel S7Hvhe skaivh

LDL 2ol~dee d3gdayge 29 eugos oy g w
zxAe] FdzaEe endel AR ENASE fEss A

7o9dxd ek Gordon et al, 1981: Suamles et al, 1986; Smith,
1974; Wen-ju and Anderson, 1981). & ¢15tell 4= LDL-Z & 2=H & 2

g% Table 50 depdigl=dl 3 FoiA ZusdHs Folatt

polymannuronate  2eolwreol 7] ENeoly Kok fFelHer mehet

n

polymannuronate A eolwt T3k el ~H F ol dl&) weol oz It
Zaksivt 7ol 9ol iz FuladEejwol fFolHon Eokow,
polvmannuronate 2} o] ol A+ LDL- ¢ ~¥ Eo] FojFon v gt
S 19 olir A3bi: polymannuronate2l HHE Hlabel Y1g 77t
Eabal Agtsle] ZuladlZe] wlEE Frbalzl sloi Azirof
U}, Lipsky et al. (1990) psvllium@ =84 A5 q4AwAold
PN A W mde mdE @F 2 abe] ol st Sy LDL Fuls
Hiel iz Mshstels, HDL So »elis ot dosodrti sl
SRS B | ‘1%’3 Felael #olvp gty dkslev, Kirby et
al. (1981)& Titell ~e) B8 3 284 Holalfel itoli LDL &7l

SHE e e Avka sheiel el =g Heldlael HAwl 7,

4y

»

mucilages, &l ZF4rel b o F Sl ES LDL ol AdiE e
g whR HDL el sEiine] it irelis gl glohar dhol
wodelah o ghe AabE vhebislivkYang er al. 19960 Park et al,

1994, Wang el al., 1994 Fernandez et af.. 1990).
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Table 5. Cholesterol levels in the serum and liver of the rats fed

the experimental diets

(Mean * S.I.)

Test animal group' B CHOL POLYMAN

Total cholesterol level

Serum (mg/de) 74.3 = 6.10 1740 = 14207 1221 = 1090

Liver (mg/g) 65.6 = 6.20 779 £ 220 637 £ 260
HDL -cholesterol level

Serum  (mgil?) 169 = 210 i+ 410 2o8 £ 370

Liver {(mefg) 425 = 312 370+ 150 409 + 350
DL -cholesterol level

Serum Uag/dr 204 = 4.70 1213 + 6200 999 + 690%

Liver (mg/g) 272+ 5.60 A4 = 2600 278 = 370

Free cholesterol level

Scerum (mg/d®) 21.9 + 290 20.0 +

@
=

19.2

I+

270

1 Refer to the footnote of Table L.
All data were calculated by Mean + S.D. for 10 individuals.

2 *: Significantly different in student T-test from B or CHOL(*p<0.05).
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5) 83 F9 ¥9 % GOTS GPT 44 mA= 9%
(1) 9439 33

)

& Ao

HES R o 2ol

ik

Fola @#lo) Wel FUS HYstol

ol LT

il

=
Table 60l vreblQdvh —r A3 A WFelA B3k ghe WA

(2) GOTS GPT9 &4
7|z Aol e HE AolE spelgt sAAA GOTe GPTe &4dE& 574
&to] Table 6ol vieheich GOT & FelaEHE el EE
r B ovp 7] &=A ol polvmannuronate *olut R5of A A A
gle] A vk GPTE#AS Ful 2wl saolatel A 7Hd 29k,
7]z 4ol F polvmannuronate M el it M fel Ao whe A E R

Aok, o wg GOTEAG b whak7b=] s dikdlelel +a5% Kl
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Table 6. Glucose levels, GOT and GPT in the serum of the rats fed

the experimental diets

(Mean £ S.D.)
Test animal group' B CHOL POLYMAN
Glucose level
Serum (mg/d¢) 1709 + 1568 1686 = 592 1635 = 1596
Serum level
GOT (Karmen) 39+ 2H0 483 = 3.07 404 £ 5517
GPT (Karmen) 170 £ 440 320 = 915 125 £ 302

1 Refer to the footnote of Table 1.
All data were calculated by Mean % S.D. for 10 individuals.

2 *: Significantly different in student 7-test from B or CHOL(*p<0.05).
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Mojoll F8-3] A go] HArka A7hE = 22 A e 7 7ke] By
& Tastel 8% Z43%E Table 79 vVrERRICE R E e s
7t H3¥)5= polymannuronate AolutoliA 7hE wekow Aol | A)5}A
AR, FHS] wel weight B8 polvmannuronate 4] o] -0l A %)

1-8-2] polvmannuronate7} & 2448 #

U (Stock Damge, 1983 Schneeman, 1932, Schneeman, 19800, o142

HE7E Lspabijel A o] o) A7kl 3 dhS m) A7) uH(Ikegami, 1990), %
el s WMaht goblet cell F2lol ks v A R A Hej4}

of Waks FFhlis Bouiite ol (Vahounv, 1994: Stock Damge,
19843, Spiller et al. (1936)% Asholl 4] Aol f-91 2% wheat bran& 7
7hgh wbo R AL Ak JEe wheat brang] o] E7pghel]l U] & )of
Hel dhA W Rt gk sl Aqs] Frhskedchy ®arelgd s, Tsuji et al

(1968) % Harmuth Hoene et al (19791

i

1°
o
r >

1

\
-
2
=2
ix
bl
2z
o
b
1o

A dolel Wi Wl gel wdlsWE G Table 7o LPERRS)

b5 el F e vl E S polvmannuronate M elato]l v E Aol ot
sbos e E Aol el vE] skl Hepid i Avdel A el e

gowkaEake)l A St Adehisvl Mol frb gl A Eu s E
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D owaa A4 Aagsinas Bk oasel

T Pwosel el F

ZhgEivka ek o (Mirttinen, 1987: Vahouny, 1978, Vahouny,
1987). Ikegami ef al. (1983)& 5% <7143 #HAE S Schneeman and

Gallaher (1980)2 20% "EFQ =8 s e 4AddAM Azt

friz > A e Qs 7o) el FdlaElEH FA4AEe] F

Fgk Asste] ol WAL TG, T gel® FATE HolMf

of olefel ol el M Felseld W FAA Ay

o

ik
i)
o
8

o5 MHE FANYORM FFE et 40 RuHm ¢

— H =1 _ -

™ (Vahouny et al.. 1980), o1&1%F el ~8H3E pool sizedl #A7F 35

S g welsHE desd SUhATle AeR @dA v

(Gallaher et al., 1986). LA gelf e #H o] = dofdfi= 3ol
SE Aol gddrdl vlE FuladE vEE S Rva Rage) e
(Mirttinen, 1987), 8k Aol f-e] 3 7F sdida daze wolalis
goblet cells25-H mucin®] Fu] & #20A#H Ao &5 A 5Hs)=
diffusion barrier® #r&3Fo iix <deobio] 47 Hafigdvia B ashsd
ChHkegami et al, 1990). ol#lgr 784 Holidfol dUdr &+ A&
Babie " FAAEe it hEdse] S W HesEHE v

AspAl7)i: Ao weln slel elpsel ol ey,

SHES TBEAL AR AL SEon MEAYoRN s

£ A7stel el aely BAAS BN (e BasdE Brws

ool A o] el sEE wMakE zeEI, frel g A ole
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LDL 3%zd& §3) 9% LDL Fu2d58 fA8 sk 24
58l 84 w27 cholesterols AekA I 4 dtbE B B
£l oliz TR AfaEe daitde e o slojetn kel
gtk @ dole] we BW Fe] F w4FA @S Table 79 vy

ik 21 A3 polymannuronate Aolutell A il Fe] & whgal §

W

o] }]_XO} Ol‘L}— 2] O] X3 ‘r)rl

4R 2ol B A BT GR AEFE

7
Aafiehr=rl Aol4lf-7F Sl ~elE W whaabe A% AgsnEs §

T AAEe] S ose] wjdoe] Frhevhi el gl ul(Mirttinen,
1987: Vahouny et al., 1973; Vahouny et al., 1987). 7L °o]fi= &4t
of ul2HlERSFH FAHYs EHEAM AW FulsdZe] Az

=

A= Felst dtolr] uwjiolv}. Schrijver et al. (1992)8 oat bran®)

T AgEA ok o] vhEA HRR e A I ooupurs H3gHG

LN [ H v [RARE LI
ot AlGkStar o] 24 oat brane] Fe| el AHstEE dHE 4 v}
Woabth Mol v Wb n A Qae Aoy el B

off upel vlekd AnE wolfE1 Qi=tliEbihara ef al., 1989 Gallaher
et al., 1986 Lafont et al. 1985), =38 o ~el= Astaiv) ¢li= &
% owue FAA e

Hor &gl [kegami et al. (199008 Ao fe] xz7 vrZe] 438t

Gk Huel Mol it dF A e golAdew frayis whrel o
SoFdstger o Ay srgel #3Ad v a9l sodium alginate, ol
A, gum xanthan, Jocust bean gum 5 Y59 ol Z7EA 70 0

591 caleium alginatel s SHgdulol A akg wl A4 oF

ghelar WSkt Eal, S84 Holdgis we gyow o8l A

LAY L 1T O ——-1= 1l
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Wogkmatol Bdevt E7bslg . ol (Arjmandi et al, 1992
Hilman et al., 1985 Kelsay et al, 1981}, B odtdstel FdstA v}

Ebd

(4) ¥ F9o T Hojda oF

g Nolo] upiE Wy Feo) F do|df ddel abE AWE Table
goff vhebu ol =9 & Mo|M§G &S polvmannuronate 2 ©]

Tel 7| EA el Fel g EA ool wla] A upebsbew, ol gl

e Aol Fel polymannuronateZt ol A wh g 2] ¢r o miz Ay
o] Fo v d7] witolelr X33 Nyvman er al. (1990)
o] Avsl fHAatstedrh o] Az ¥w Feo] F vk S AT
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Table 7. Fecal cholesterol and total bile acids contents of the rats
fed the experimental diets

(Mean * S.D.)
Test animal group' B CHOL POLYMAN
Fecal (g/day) 028 = 0087 035 = 0.124 113 + 0.190°
Total cholesterol 154 + 19 219 1 0.7 1614 + 19.1°
(mg/g)
Total bile acid 420+ 41 164 + 297 160.9 + 107

(Umol/mg)

1 Refer to the footnote of Table 1.
All data were calculated by Mean = S.D. for 10 individuals.

2 *: Significantly different in student T-test from B or CHOL(*p<0.05).
g y P
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Table 8. Fecal of total dietary fiber (TDF) in the rats fed the

experimental diets

(Mean * S.D.)

Test animal group’ B CHOL POLYMAN
Fecal (g/day) 041 + 0.081 056 + 00817 084 = 0154
TDF (g/dav) 0.055 £ 0.004  0.080 = 0.008"  0.132 = 0.008

1 Refer to the footnote of Table 1.

All data were calculated by Mean = S.D. for 10 individuals.

2 *: Significantly different in student T-fest from B or CHOL(*p<0.05).
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oA leptin®] mRNAS] F71& X313k, Bucolo et al. (1973)&
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Leptin level (ng/mi)

B CHOL POLYMAN

Fig. 1. The level of serum leptin in the experimental rats

The rats serum leptin were determined by RIA with reagents from Linco Research(St. Louis,
MO, USA). The RIA mixtures, consisted of increasing concentrations of recombinant rat leptin
diluted in assay buffer, anti-rat leptin antiserum(IGg rabbit anti leptin) and asssay buffer. The
mixture was incubated for 24h at R.T.. then 125[-rat leptin was added and the mixture was
further incubated for 24 h at R.T.. Following the addition of PEG(12.5%) and a goat
anti-guinea IgG antibody and centrifugation(3,000rpm. 30 min, 4("), the supernatants were
discanted and radioactivity in the pellets was counted to determine bound radioactivity.
Calculate the ng/m¢ of rat leptin in sample using automated data reduction procedures, 1 Refer
10 the footnote of Table 1.

1 All data were calculated by Mean + S.D. for 10 individuals.

2™ Significantly different in student T-test from B or CHOL(*p<0.03).
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«16kDa

B" CHOL POLYMAN

Fig. 2. Western blot for detecting leptin protein levels

in the serum of rats

Serum was mixed with loading buffer and loaded onto an 12.5% polyacrylamide gel. After
electrophoresis, proteins were transferred onto nitrocellulose membranes and blotted against
primary Antibody. Membranes were washed and incubated with a 1: 1500 dilution of
HRP-conjugated secondary Antibody. Protein bands were visualized by an enhanced
chemiluminescence reaction. Experiments were performed at least three times with a
representative experiment being shown.

Refer to the footnote of Table 1.
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Fig. 3. Gene expression of leptin by in the liver of rats

by RT-PCR analysis

The RT-PCR analysis was performed as previously in Materials and methods. Total RNA was
extracted from liver of rats. PCR primers for standard were designed according to gene

sequences. RT-PCR samples were run for analysis on an ethidium bromide stained 1.2%
agarose gel and visualized by ethidium bromide staining.
Refer to the footnote of Table 1.
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Fig. 4. The level of serum IGF-I in the experimental rats

The rats serum IGF-I were determined by IRMA with reagents trom DSL-5600 ACTIVE IGF-I
Coated-Tube IRMA kit(DSL, USA). The RIA mixtures. consisted of increasing concentrations
ot recombinant rat leptin diluted in assay butfer. anti-rat leptin antiserum {IGg rabbit ant

125

leptin) and asssay buffer. The mixture was incubated for 24h at R.T.. then “T-rat leptin was
added and the mixture was further incubated for 24 h at R'T. Following the addition of PEG
(12.5%%) and a goat anti-guinea 1gG antibody and centritugation (3.000rpm, 30 min, 4°C'). the
supernatants were discanted and radioactivity in the pellets was counted to determine bound
radioactivity. Calculate the ng/i:’ of rat leptin in sample using automated data reduction
procedures.

Refer to the footnote of Table 1.
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POLYMAN

Fig. 5. Photomicrographs of H&E staining in the liver of rats
The liver of rats were fixed by Bouin fixation liquid. After being embeded in paraffin, sections
of the livers were cut 5/m thick, and H & E (hematoxylin & eosin) staining was performed.
Photographs of each of the livers of were taken from every section at x200 magnification,

Refer to the footnote of Table 1.
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Fig. 6. Glucose consumption and Triglycerid accumulation of
3T3-L1 adipocyte

Inhibition of adipocyte differentiation after polymannuronate treatment of 3T3-L1 cells

indicated by Glucose consumption and Triglycerid accumulation. Glucose concentration in the

culture media was measured by Glucose kit. Glucose consumption rates were calculated
subtracting residual glucose in the treated medium from glucose in nontreated medium. TG
content in the cells was determined using the method of Green et al. For the measure of TG
content in the cells. cells were collected in phosphate-buffered saline. TG was extracted by the
equal volume of PBS. After chloroform:ethanol was evaporated, the precipitation was
solubilized with methanol:chloroform:water(2:1:0.8). TG content was measured by a determine
TG kit (SINYHANG, Korea).

1 Codes of 3T3-L1 adipocyte, MDL; 0.5mM methylisobutylxanthine, 0.25¢ M dexamethasone,
and 10ge/m¢ of insulin with, 0.5% POLYMAN; MDI with 0.5% polymannuronate, 0.25%
POLYMAN; MDI1 with 0.25% polymannuronate, 0.1% MD] with 0.1% polymannuronate.
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0.25% POLYMAN 0.1% POLYMAN

Fig. 7. Oil red O staining of 3T3-L1 adipocyte

Photographs after treatment with adipogenic inducers and 3T3-LI cells became confluent on
day 0. The adipogenic inducers (0.5mM methyliscbutylxanthine, 0.25/°M dexamethasone, and
10 “g/ml of insulin) were added to the cultures on day 8. Following 48 h of treatment, cells
were refed with fresh medium lacking inducers. 3T3-L1 cells were stained with oil red O
solution (50 g/L oil red O in isopropanol/water {6:4)). Oil globules stained red or orange and
were observed under microscopy (Olympus Vanox, Tokyo). Pictures were taken on day 10 at a

total magnification of x 200.
Refer to the footnote of Fig 6.
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Fig. 8. Total protein concentration and GPDH activity
of 3T3-L1 adipocyte

Inhibition of adipocyte differentiation after polymannuronate treatment of 3T3-L1 cells
indicated by glycerol-3-phosphate dehydrogenase (GPDH) activity. The cultures of 3T3-LI
cells became confluent on day 0. The differentiation inducers (M, D. I) were added to the
cultures on day 0. Following 48 h of treatment, cells were refed with fresh medium containing
10pg/m? of insulin. 3T3-L1 cells were treated with or without polymannuronate dissolved in
media during differentiation for 10 days after they had become confluent. The results are
representative of three replicates per experiment and the experiment was replicated twice.

Refer to the footnote of Fig 6.
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Fig. 9. The level of conditioned media leptin
in the 3T3-L1 adipocyte

The 3T3-L1 conditioned media leptin were determined by RIA with reagents from Linco
Research(St. Louis, MO, USA). The RIA mixtures, consisted of increasing concentrations of
recombinant rat leptin diluted in assay buffer, anti-rat leptin antiserum (IGg rabbit anti leptin)
and asssay buffer. The mixture was incubated for 24h at R.T., then '®I-rat leptin was added
and the mixture was further incubated for 24 h at R.T.. Following the addition of PEG(12.5%)
and a goat anti-guinea IgG antibody and centrifugation(3,000rpm, 30 min, 4°), the
supernatants were discanted and radioactivity in the peflets was counted to determine bound
radioactivity. Calculate the ng/n¢ of 3T3-L1 leptin in sample using automated data reduction
procedures.

1 Refer to the footnote of Fig 6.

2 All data were calculated by Mean + S.D. for 3 individuals,

3 *: Significantly different in student T-test from MDI(*p<0.05}.
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Fig. 10. Western blot for detecting leptin protein levels
in the 3T3-L1 adipocyte

Cells were resuspended in lysis buffer and 40y protein was mixed with loading buffer and
loaded onto an 15% polyacrylamide gel. After electrophoresis, proteins were transferred onto
nitrocellulose membranes and blotted against primary Antibody. Membranes were washed and
incubated with a 1: 1500 dilution of HRP-conjugated secondary Antibody. Protein bands were
visualized by an enhanced chemiluminescence reaction. Experiments were performed at least
three times with a representative experiment being shown.

Refer to the footnote of Fig 6.
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Fig. 11. Gene expression of leptin by in the total RNA of
3T3-L1 by RT-PCR analysis

The RT-PCR analysis was performed as previously in Materials and methods. Total RNA was
extracted from liver of rats. PCR primers for standard were designed according to gene
sequences. RT-PCR samples were run for analysis on an ethidium bromide stained 1.2%
agarose gel and visualized by ethidium bromide staining.

Refer to the footnote of Fig 6.
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Fig. 12. Effect of polymannuronate on proliferation in

HT-29 colon cancer cells

HT-29 colon cancer cells were seeded in 96-well plates at a density of 5x10* cells/dish
with RPMI 1640 supplemented with 10% FBS. Twenty-four hours after plating, the
monolayer were serum-starved for 24hrs. Cells treated for 1 day with or without
polymannuronate (0.01~0.5%), and viable cell numbers were estimated by the MTS
assay.

Each bar represents the mean + S.D.
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e » IP: IGF-IRB
A WB: IGF-IRf

—— i a——

Fig. 13. Effect of polymannuronate on IGF-1 induced IGF-IRf
in HT-29 colon cancer cells
HT-29 colon cancer cells were seeded at a density of 1x10" cells/dish with RPMI 1640
supplemented with 10% FBS. Twenty-four hours after plating, the monolayer were
serum-starved for 24hrs. Cells treated for 2 day with or without 0.25%
polymannuronate. IGF-I (100 ng/nt) was added for 0~60 min immediately prior to
lysate preparations. Cell lysates were incubated anti-IGF-IRfS antibody and Protein
A-Sepharose to immunoprecipitate proteins associated with IGF-IR. The resulting

proteins were analyzed by Western blotting analysis with their relevant antibodies.

A; Control, B; 0.25% polymannuronate.
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IP: IGF-IR8
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Fig. 14. Effect of polymannuronate on IGF-I induced tyrosine

phosphorylation of IGF-IR in HT-29 colon cancer cells
HT-29 colon cancer cells were seeded at a density of 1x10° celis/dish with RPMI 1640
supplemented with 109% FBS. Twenty-four hours after plating, the monolayer were
serum-starved for 24hrs. Cells treated for 2 day with or without 0.25%
polymannuronate. IGF-I(100 ng/w¢) was added for 0-~60 min immediately prior to
lysate preparations. Cell lysates were incubated anti-IGF-IRf antibody and Protein
A-Sepharose to immunoprecipitate proteins associated with IGF-IR. The resulting

proteins were analyzed by Western blotting analysis with their relevant antibodies.

A: Control, B; 0.25% polymannuronate.
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