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st H2E Qe AAE fFH FBASHA Uil Zask HAFoltHKim et al, 2008;
Braunwald et al., 2001; Kameswara et al., 1997; Prout et al., 1974).
A7 ERe] T0%E AASE APl ATES] BE AZF oF 80% ol B A2
o] Aty glom 1 £FE EHaltHLee et al, 1999; Scheuer, 1990). =& & F&
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= H7lE) 1 QJthLee et al., 1999;
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1 THKwak et al., 2005;

Jimenez et al., 1999). xR dF & A 7|54 g A7, F JEALE o) %
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v 2R 9a
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olr
O_>L 41
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al., 1997), 323 Yang et al., 2005), &AL 11 (Lee et al., 1999) S tiekdt Ag]dAdo]
glEo] 7 AEA FZ2F 8o FE5E ¥ tManou et al.,1998; Heo and
Jeon, 2005). |ZF FAMNE SZFU TZRECD Z2F7F Hold AgEd s Bt
(Lee et al, 2000). 53] 2xta} sjzFolA theddt QAL Kol 7oz Hudh
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(Lee et al, 2009a; Bae, 2004). £ o)A sampleZ A}&3F R|Fo|(Sargassum
thunbergii)= -2yl gafictel] da] G Qe Z2ZFE AL, 7154, Alggo=
AFEE T glon, Hole g4ksl ZHE(Yang et al., 2005; Seo et al., 2004)% ¢t zHg-
(Zhuang et al., 1995)59] Az&AHL 7IXE Aoz dEAd glil(Lee et al, 2009b), z}H|
7\ B AR Sargassum tortile)> EAHE EApIte] &3t Z2RE et st SH
oo AEE Fafieh APt & AFE A Tl FHA st 9li(Dawson, 1974),
A 3hiksl EA(Cho et al., 2007), 3FF EAd(Lee et al., 2007), A EZ=4 A|(Numata et
al., 1992)59 AE|&/do] Bisil gl

H(Ishige okamurai)= FE|te} et Ao Exste ZZRAEE HE i Sshe
ZZFZ(Kim et al, 2009a) Fx zH o] #3 AF= 323 A (Athukorala et al., 2007), E
FHE $(Nakamura et al, 1994)o] A3 <A77 S, ZURAWKSargassum
ringgoldianum)®l 3+ A= 4eH(Ko et al., 2010)e] thgk A=t A Aejo|c).
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A Al 2% deH ANEAE AHEH Jded FHl5E F7HAI1E sulfonylure A9
okEo] Qla, QlEdel 88 FAA|F|= peroxisome proliferator activated receptor-y
(PPAR-Y) agonist$!l pioglitazone¥} rosiglitazone2] °F&-o| Qlom ZrolA & AL 7
&A1= metformin AE-2 *‘%70; AL, BFsEe] 25t Wallstd A% o A
%8S HA|E= acarbose AEo] ELE ¢JTH(Fineman et al, 2003; Tosi et al., 2003;
Oudjeriouat et al., 2003). 3}A|TF Tl 59 AFLEL Y= dEL Y, BEE 5 4
gl B282 Fiete 228 Qe AAE frd F8=A Jido]l Badk A o|tHKim et
al., 2008; Braunwald et al., 2001; Kameswara et al., 1997; Prout, 1974).

1.4 =9 104 AHd&E

$2e) 100 AFRIQIE o, Hde A8, 4% A8, A B, £5 AL B
= 4% 7 A% Y, DI AR 5 4RS! 709%0leh 20104 Fee Al
£ 9] 4919128, ol 199990) Hla) Wizl 651014 4912 AR 297} 4
TH(Statistics Korea, 2010).

o 20 40 60 80 100 120 140 160
oF 1405
DES EE
Kok
Skt
=ES\in] ; BATE(2F100ET)

Trdohr| = 25 139

{rz= 138

= 127

IEYY 2= 9.6

Figure 1. Rate of the cause of death(Statistics Korea, 2010).
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1.6 a-glucosidase

a-glucosidase= BHF31E9] 43 A & PHAY ©AE Zv) sl TETFOE HIAT
= 49|22 a-glucosidaseA | A= TEFollA HEF=E Ed=EH= FHES Adlste] 22
B2 AAAA d9e 285=d =82 ZUHChoi et al., 2008a; Andrade et al., 2000).

a-glucosidase Z3jA|9] ZH&-7| WL e 4| HA @i LFolA Fe] FFE A
3 71& ok=Sol 7ML e ALY, 1EA, HEARE 75 Ast T FAEE FHL3)
gk 4 QJtHHeo et al, 2009; Choi et al., 2008b; Gao et al., 2008). STOP-NIDDM Y+
(Chiasson et al., 2002)°|A AF&E 1 = a-glucosidase 2} A #| 91 acarbose= Ao A E
=29 F4E2 9A|(Kim, 2008; Bischoff, 1994)go 24 gk FHolgtn LEA ¢l
o}, BEREAR BF FE, dil 59 g0l AT AT U o5 F3go] &
HA WA AEEo] Bol(Hwang et al, 2008), =7, A7k, 7-<(Hong et al,2008), HH
(Kim et al., 2009b)53} Zo] AFA a-glucosidaseE AT 4 e £A4F 22 9t

SHARE sjFA el et d7e A S Hls) mER AFola, AFTHA LA s xF

—_
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&2l a-glucosidase A Al = =H(Heo et al., 2009), FI|(Iwaki, 2008), Z+ef(Kim, 2008),
AL et al, 2009HEF HDHL Q& ¥ Tkl F2T ALl wla) AzF tha
AF= wFsith

1.7 a-amylase

i

s
] 23l a-amylasezd2 HEES)] g4 FAHS 24 =

& a-amylaseZ A= BpatE] #IE AdAlE] T FFE AASHY A% ¥ AeS
SatslA st Aol dthMarkwick et al, 1996; Rekha et al, 2003). A Al#ZF<
acarbose= WISl Actinoplanes sp.2] W&o o3 AA=EE=EH, ol I FHg
a-amylase®} 4A72] brush bordere] Zs}l= a-glucosidasee] TALS A st g3tE
423 @ FFE AGrIEY 58S Foh 28} acarbose® Yol EFdE BTl
ERuugt, dAL B 59 FREe] e ez dHA EA7F HI JTHChoi et
al.,2008b). webA FHT R Bo] AL HA AEZFHEH a-amylaseAfAE T Hsty] 9IS
A7 aks] Aeiww Qlar, A|W|FE(Lee et al., 2008), AL L}F(Choi et al., 2008a),
Y(Granum, 1978), 5 (Mulicani and Rudrappa, 1994) 52 842&EA F#3st 20|
FE o|F2 9ty vt FFA B el FAANA ATe SAAAE vlE ugd AF
oty AF7HA 4R s|Z2F Fle a-amylase# 3 A= F(Heo et al., 2009), 7Ze(Lee et
al., 2009c), A|Zo](Lee et al., 2010) A= H %1 ¢S 8 vpofsl FH3 2o H]
3 A= mEE Aol

a2FNAY T F434L Figure 29 ZeH, TGS AXZo
o

3 2 B34 A
T 357 otk 2% shie AZ dee TEY ¥

E2tolE F3
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g FEAen gE shide

Na*
GLUT2(Glucose transporter 2)v EEY FEXlo|E2 E3] =
5

[s)
SGLTI1(Sodium -glucose transport protein)©]

fru
b
k1
ol ¥

Thorens et al.,, 1990). A ZollA] ephitherial cell F o= /H]—L H]-WL&

z 3o T9G iwoﬂw Jc% FEE Aﬂz L ;%7 B2 Na'9] oiAE

o g3t} Surahe
5 298 8 A2 1% A 0% AZE A% A9 EEge dpes o]Ex]zg
o)

]

A7} GLUT2¢1H], GLUT2& d# &
1Y For IxFo] olFEHA g

EIFEEAA 7P F8% ddL F 6}4% ZEFE AZ 8R4 HIE W= o]FAT]
-E, Az 934t Exsle Tx29 24

Z GLUTI~GLUT47} dA71A 7k =o] &# A gith GLUTIS F2 tjRio) &24
Aﬂﬁoﬂ/\i W8 5] 3(Hruz and Mueckler, 2001), GLUT2= &, A&, 7oA TEZ9] o]
m7iska, GLUT3S ¥ &F ARex A=, Qladd o A58 =T F
© 22 GLUT4E F2 Z8]37 Auzx3d Ioh(Bell et al., 1990: W]klpedla 2011).

ol dTdM AME GLUT2:E EF ®57b 6o =o AS #@AMs @
GLUT27} Aol Me nddo] w35t < H-& 331, POH = 18N =
Fo] oz fYFHol ZEFZALS FAdst=H % ZTHHogan et al, 1991). X
GLUT2E &% oA ddoz g& 01 o FEAE EAYo| FETE
FoAA ddog Ix o]Fo] Bri=

SGLT12 &7olut 47l ’EMfﬂli

i

m[m
N
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e
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% 44A 2 cotransporter] Na'o] =&
o o3 =1 01 01 StAl €t SGLT1o EA olEAld W s 2&Z o]
th = 1¥FYELEE o MEA EEFE o] FA| ZItHPark et al., 2004). Chang 5(Chang et
al., 2007)°]] As}rg_ SGLT1S 4739 vl §EE 58 AlY 1A TEFE o
e otk SGLTI fte] Tyl BE4S 2% Uz EEwo] Pol
02 2 FHEsb EUE AL vl@nh SGLTIS 4% ) 749 9ol =
xﬂ 24 Au| A L] BBMV(brush border membrane vesicle)oll Z#3}7] wjoj

ol S5 vng} Wiol e AT ol FEE wole E
et al., 1990).

E=-}

_Q_
=

k1
oft
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2
°
£
>
,

@ dankook



Apical Basal
surface surface

Intestinal |
lumen Vi

Microvilli >

®e 2K*
@ 3Na*
2Na’ gp®
Na " K*
ATPase
Glucose TR

" Glucose uniporter
Na* glucose  GluT2 (facilitates
symporter s " downhill efflux)
{driven by high ' 2
extracellular [Na™])

Figure 2. The operation of SGLT1 and GLUT2 on epithelial cell

1.9 diA}l74d #&A Glucokinase2} Pyruvate kinase

Hexokinasex= SEMEQ] QIAGE dddsle g4=, RE 7|¢ Al =
sl= &4o]dl, glucokinasew hexokinase?] ©|AJ3} T4z Z2Z FolAH] HAF 2EHE
(promoter)2] ZHE-& whol ©x] Zha}p FAgollwk =A%t} Hexokinase?} Glucokinase® X
b ded, EEDY diE 2e WeY(Km  15-20mM)E TEAE, I BAREES
glucose-6-phosphatee]l 2|3t oA zH-&o] Qlo(Kim, 2001) FZFzHd F83 gL 3
hexokinase H.T}= glucokinaseE 7o o]-&3it}.

Glucokinase= THAIZHO] B a3l X = A3l 42 glucoseE glucose-6-phosphate 2
ABIAA glycogens FAAIFOEZN ZHoA e TrT Fgol BASHE ez A BA
XA Z-g3cH(Sharma et al, 1963; Kim and Kim, 2001). &3} #|742] glucokinase= &
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ol o8] EATA o] Wk, 7+l glucokinase= Uedd o3 A= F--HHKim
and Kim, 2001; Bedoya et al., 1986a). ZFA XA = dgdo] wAL 3] A53t1, B
/‘ﬂﬁoﬂfﬂt Trgol 83 24 Aotk F, BF ded] F7t= BAE glucokinase
T ol&o] TN FIkH Ho dF TET FE7F A4S H A,

Fol e BAIES glucokinases ASdto] =S| thAZE —7}0}1 w
ghA Qlede] #H7tF FUksle] dF U AW §& 7} AasHA "ok 29 dede A

=35tH "= glucokmaseﬂ 243 FH= Fo] ol HA {HdA FFEA mRNAS] 2y
01 F7tE L O & ol 3hgo] FUlE o] HEF ﬁ.O_E EE%" o]§-o] ZZErHBedoya et
al., 1986a). Glucokinase= TQTtHAlS}l Q&8 EH] ‘QE%X% ¢t Bedoua et al.,
1986b; Kim et al., 2005; Iynedjian et al., 2008). S ]— S 3ol o] £ 8 =
7HA 7171 HiME ZhelA EEFAL] B sh= glucokmase%*éé Z7HA Aok sttt

Pyruvate kinase= EC 2. 7. 1. 40. 4o 2= ATP: 3FHA-2—- 00— kA o] g4 o]t}
A (R ol glo] Al 29 ATPAANIS-S Zmjsl= &4 =2 phosphenolpyruvate(PEP)
9} ADPEHH pyruvic acid®} ATPES AAsthH(Lee et al, 2009¢). & pyruvate kinase=
ATPALHE Sl dadt FEs] AR Sle T4z 7 AZd ATP7L #4shA =9
pyruvate kinase= ZF7FstAl i 22 Ql& koA T Aito] 7HAsiAl Hrk

K+/1\/Ig2+

PEP + Mg-ADP —> Pyruvate + Mg-ATP

Pyruvate kinase®] AL sFAFE =34 ot 3T} T ATP7} Zo| LA
%] ATP7} Fructose-6-phosphatase® feedback#3-& 7}A|Al =HEu|, ol ATP7}
phosphofructokinase(PFK)2] 2}-8-& AA|A|AH ZAF}AHS 2 pyruvate kinaseo] -&-o] AAH
THAlbert, 1982)(Figure 3).
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Glycogen
phosphorvlase a
AMP
phosphorylase b

Glucose G1P ATP

hexokmﬂ% / e —
L GeP
\\‘—// 1 ATP- P

Phosphorvlase b
FeP =

phosphofructckinase
%= ———— citrate
AMP.I s N

FDP

!

2

NAD+* ADP
NADH ATP .
3PG

l

2PG

|

BEBR

Pyll('}lvate ADP
Fattyl acids —=———- T:xgse /
ATP -7

Pyruvate

e

N—= Acetvl-CoA

Citric  Citrate ———~
acid
cycle

CO, + H,O

Figure 3. ATP feedback inhibition of pyruvate in the glycolysis cycle

Regulation of the entry and use of glucose residues in glycolysis. Regulatory inhibition is shown by dashed
feedback arrows leading to bars across the reaction arrows.

GI1P: Glucose 1-phosphate, G6P: Glucose 6-phosphate, F6P: Frcutose 6-phosphate, FDP: Fructose
1,6-diphosphate, TP: Triose phosphates, 3PG: 3-phosphoglycerate, 2PG: 2-phosphoglycerate, PEP:
Phosphoenol pyruvate(Albert, 1982).

Collection @ dankook



2
EN
e

2.1 x5

A xHe] 70%E AA|sh= 3]1 Folle AT BE AEFTY o 80% olte] B2 3
S Eo ] AAst Jom 1 FRE tgsith g AES =& 4 FEY 7Y T 59
g A A8t Aoyt 4 AEAE o A e AA FHoAE AW S A
Ee g2 Fx9 AL 7 7| EtiLee et al, 1999; Scheuer, 1990; 7193
A, AEE, 1996).

2/ BTt A Aatse 2RAEY FHoB B THIF o Ay 2 A4 54

o we}, It @& FAdA /‘1 JotdA S4S He SZXF(green algae), T A

thel }E}‘{H 2L H= ZxF(brown algae), HlnF Z2 FHAA AHHAM T4
HE TZF(red algae) 52 FEIITH

NxFe dZHE ofrlol A FelA d] A %—Fﬂ FFeH o2 G wjf Ho
B, WEk, B2, Aoldeart FRaE, 87 ARolE gk vasy BAY TuRe
o= gaslar AthLee et al, 2006). AZ2F= ANAF vlwsiA D5 ofm|eita) Ex 3}
Apate] Hom(Jimenez et al., 1999), oj® SA AZddAe 3itsl, dajolex, g
3, N8 Fa 59 AW EHHolTts RIS T3l thFdt EokdA O]%Qe T
$ItH(Nagayama et al., 2002).

AT FAEERY 8] e EEE FoFHe B0l ZolAAA xR A
/doll #sk AT B ol fE FHHES FF, JfEste o]8staAt st =Ho| FiE

=
I QIthKwak et al., 2005; Ruperez et al., 2002). | ZFE o]R3 FJPF=dd AFc
Lee F(Lee et al., 1996)°] ThA|n}, mlH, 3k, Aute] & HAT T F2 Fd B
T, H(Heo et al, 2009), HF3|(Iwai, 2008), Z+e](Kim, 2008; Lee et al., 2009¢c), A|Zo]
(Lee et al., 2010), T(Li et al., 2005) F=7F H g o] it}

2.2 9l (Ishige okamurai)$9} 5 3l (Ishige foliacea)
2} (Ishigea ceae)?)EE 7%~ 5 (phacophyta), T17}A| &E(chordariales) ol &3l= 2%
AEZA YEAQ Foz2= Fok Hairt drh

) (Ishige okamurai)= T)ZLE] QA ZE(dictyosiphonales) ¥ 2] n| % 4|7} (unctariaeceae)E =
7%= 5~10 cm, & 3 mmAEo|, W5 &St A, AFE(Z A9 A, dEo71A] X3}
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o, PHd Eqogt: wdudt R/ HE Holm, Me dztdoly AzIW TMoz
Hth 2o 2L 928 Ho| gue] AZsln €98 AL AAEE FHoa, Y2 JA
A ApFAEZER FHolgith EaE e whalZolw, #e 7|2 JHAA gon Exppow
B8t} ARE be 9340 B Ua & HYeln A2E F2o| gtk 27 X

of welelel 22 ol A4u,

W) (Ushige foliacea)s 4/ §7P580, G2 et A, AFE, 3%, Qo] LI, 3
Botg BQome uoln, Saaolth Bt e Wil e 973 2718 A
T ARE ge AW EE ol AP BA%h Bt b BB 27 o 3712
27] WEel AEAY BRHAATIE Dok JEAY BhS BEe FMoln] AzHW 5
*ﬂ.o_fa a9, 72 Jw} 2% x| 2200 F5 vhel Sl 2L oA A4 9]
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AFA YWIl(Ishige  foliacea), ZUARAYKSargassum  ringgoldianum), ¥l 7] AL
(Sargassum tortile), A|%0|(Sargassum thunbergii), (Ishige okamurai)= o}Fot 1 E(F)
A FA2AZ H 4ES FsATh

a-glucosidase, a-amylase, Acarbose= (F)SIGMAC|A] o3l 1, DMEM(Dulbecos
Modified Eagle"s Medium), DPBS(Dulbecco’s Phosphate-Buffered Saline), Trypsin EDTA,
FBS(Fetal Bovine Serum)= (5)WELGENE, PVDF membrane2 Bio-Rad, OligodT,
M-MLV, Trizol2 (F)Invitorogeno|A Fujs}lith. @)1l glucokinase, pyruvate kinase,
GLUT2, SGLT1 =Zglo|HE (F)ZLRAEA Frjslgct. T3k glucokinase A=
SANTA Cruze, pyruvate kinase= Cell Signaling, GLUT2+= MILLIPORE, SGLT13H=
Cell signalingol| A ol 3}t

2. Al3EF 0] F(cell culture)

A7t AFAE Caco-2(human  adenocarcinoma)$}  Q17F  7HH|E  HepG2(human
hepatocellular carcinoma)= Korea Cell Line Bank(KCLB. Seoul)Z8¥ T3l Ao
AHE-3EITE Caco-29t HepG2Al 2= E2/d3t A2l 10% FBS(fetal bovine serum)et 1%
PEST(penicillin streptomycin)-& 3-8k DMEM(Dulbeco"s Modified Eagle"s Medium) Hj
2o 37°C, 5% CO, Z7ANA st Th

FAAZ F AZ 10 g9l 80%(v/v) 3 200 mlE gL 30T A] 24A)7F E<F shaking bath
g o] &3l FE39h ol AUYH & F, dry oven 60CoM AZ A7 thg F2A
= = A
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= 0 b |
AulgE Bao AOACH (AOAC Intenational (AOAC, 1995)8 Al&3slgon, SE3ha

£ 105C dry ovendllA] At7tdAxH o g 43519 on, Zebd kS micro-Kjeldahl
H ] Z3| 8 e 550C 3lgtzolM AH slglgor 54
St BrslE e AAl 100%A 8, 2edd, 229, 2 238 g A9

f
ok
ol
rlo
@]
(@)
e
=5
@
_l 1
]
1:%

5. a-glucosidase A3 A =A

a-glucosidase A3 &AL Kim S(Kim et al, 2010a)¢] HHHS WHsle AFsY T
0.1M sodium phosphate buffer (pH 6.8) 50 nlo] sample 50 pl$} a-glucosidase( 0.3 U/ul)
50 A Yo & 37CoA 1587 vkeA|AT. 2 Fd 2 mM pNPG(p—nitrophenyl—a
-D-glucopyranoside) 200 plE 211 37CeoA 10& AlZATE 102 2 0.1 M Na,CO; 1.5

g
mlE Hol ¥-8-S FAAZ & 405 nmo) A FFES =HsAch

7
=
o

=
]I]oll
ol
ol
g\l:
N
i)
o
oL
X
&2
o
POy

6. a-amylase A 3) A =A

a-amylase A3 A& Starch-iodine HHE o] &3t A3 3T A= 50 nlo
buffer 340 ul$} a-amylase 10 plE €1 4o 37TCoA 10&£7F ¥-sA#HTE 108 &
O
Sy

AELA 100 plE YW 43L& L 37CoA 3 A|7F B vhAIFH T 8 A7 g &
1% iodine solution 0.1 mlE 91, %54 5 mlE 9o 4L T 565 nmoA TFEE
243
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7. WST-1 Assay

WST-12 A2 S45Eolu A2 AE F8& Bty 2l Jloz A e nE
zo} gigho 93 Tetrazolium saltsol| A formazano]gl= @A E& o] AAHE= A
=7 35l= Zo|tiTominaga et al., 1999)(Figure 4). 2759 a4 &5 UeERE 7
o B3 AFE FAs7] A AR 40| gl sEZAEE flal WST-12 ©] &3t

ME =4L WST-1 (2- (4- iodophenyl) -3- (4-nitrophenyl) -5- (2,4- disulfophenyl)- 2H
-tetrazolium monosodium salt))$+H HPHS o] &3l =3 T
vjokE M EE cell countingdle] 0.1x10%cell/mlZ 3+ TFS 96 well plated] FH|H A EE
100 W% 7h & 3 48412 WA B HAS AA S, FBS7H SolglA @e wAE
100 ul# ol 16417t o] v AT 16417 o] At &= AMES sEHE A5t 124]
b AT 124]3b0] 7] 44]3F Aol WSTAJeRS 10 ul¥al. AF Az A)7to] =HH
450 nmo A FFEE 75t
Ax BEE(R)=(ANEAHZ T FZE/MNETZS FFE)X100

2Lt i

;_]

N/ EC-H EC N—
SO;Na \/‘ SO3Na
S0O;Na SOzNa
WST-1 Formazan
( slightly red ) (dark red )

Figure 4 Principle of WST-1

(EC=electron coupling reagent, RS=mitochondrial, succinate-tetrazolium-reductase system)
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8. Caco-2 A X F3} A

Figure 5914+ Transwell®] SHEZE ERJQITE Caco-2 A EES] AHRE 240 Al
9] ZF#=(apical side, AP) 54L& HA ¥, polycarbonate membraneol| 3t &2 A7
A2l #Z(basal side, BL) 572 2HA| ®rk(Hidalgo et al., 1989; Seo et al., 2010).
2EE AFHA ddoze F4E W AES APFY Y1 BLEA AES A3
sto] Bant
Caco-2 A|EE collagen®® FEF Transwello] seedingd}l$th. Culture flask 9
complete mediaZ A A% % 10 mle] DPBSE 7}t 28 WX|3 & DPBSE A Ast
trypsin-EDTA&% 3 mlE 7138 5 & #| #3}aL CO, incubator QFo| A 5E7F WA ¥ T} 10
mle] woFele olgste] flask s e MEE Aohlm, Azel FEE 0.5x10°
cellwelld=2 &g A7l & Z; well?] polycarbonate membrane| o] 600 ul2 7}she
seedingd} ¥ th. Transwell ofgZo = 1 mle] #jgAS 7lale] widstdnt 2 & A7)Ae
S B8 AZ A AL B & F BSAASE 50 M INBDG (2(N- (7- nitrobenz-
2-oxa-1,3- diazol- 4-yl)amino)- 2- deoxyglucose) 5 pl €Ut} 2NBDG= EE=TAl AkA
37t glE deoxyglucosed] ®34e] NBDE ZAgs FAAEA ARola Ed= A e
WAel TG SAOIT meb AFAZTIN Trdo] FoEE AEE WPEE 3
A & 4 9lth(Brant et al., 2005). W=7 647 T AFste] A

Hd

r

6.5 mm
e e ——
6 mm I Apical
|
‘ o e eoe oo Cells
|
- 5veee
v
Basal
-
15 mm

Figure 5. Side view of Caco-2 cell on membrane of Transwell
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9. RT-PCR (reverse-transcriptase polymerase chain reaction)

AIE Ffrde 60ndisho] 25 & F AZ7b wjFgAlel 80% ol At wjAE AA
st A MiARE wAF F 449 x2f{ FEES AUk H2F FEFE A 443
Z A& A AL, 27FE DPBSZ AF g thg 10 pl 2-Mercaptoethanol # 1 ml RLT
buffer EHAL 7 AR AIRK 350 ¥ Aeiske] soraper® ol §3kl AEE U3
T}, RNAFZLS Access Quick RT-PCR system (5)PROMEGAE AF&3l3ith Al £Z2 QIA
shrederd] &7l & 287 max speedZ2 FHEZ 3 F 99 columngd A|AStL He
collectionFH ol 2}718 70%ogh-g 350 ulE 7kl up & downA|ZHth 2 & 700 ul
9] sample€ WAl RNA easy mini spin columng ¥ max speedZ 20%7F Y4EF &
At collection tubeE A|Asly A2 tubeEs FE2 F RNA-free water 50 nlE @i 1
¥ 5% QARG o] spectrophotometerd o183 AF B STk A% 24 ¥
2 1ge] RNAS Fg o7 A3t T} o]d master mix 10plol] Z+2te] primer 2 plE Y1l
% 20 pl volume® ® T3 (Promega corporation-2800 Woods Hollow Road Madison,
USA) PCR(Applied Biosystem, GeneAmp, PCR system 2700)2 =%t} PCRAYAFEL 1%
W A Ar)9Eos FAstAh. APl AHEH primers Table 13 2tk

Table 1. Sequence and RT-PCR program of protein

Protein Primer Sequence Cycle
Forward CGGAGTCAACGGATTTGGTCGTAT | 93C 1min
GAPDH 55C 1min | 35
REEEE AGCCTTCTCCATCCTGGTGAAGAC | 7 gpcec
Forward GATTTACACGGA CACCTTGC 95T 1min
SGLT1 55C 1min | 35
REVETTe GAGCTCCACCACTAAGGTTG 12 0sec
Forward GAGCACTTGGCACTTTTCATC 95C 1min
GLUT2 55C 1min | 35
Reverse AGGAATACAGAGACAGCAGTG 72 90sec

10. Western blot

60 m disholl 25 3 T M7} wFdAl] 80% ol ek wjx|E A A
7+ =0 7 stdch 4A17F 3 Triton X-100

r
o
=
=
Y
1T
=
B
_0|L
kl
%
PN
Hu
s
e
il
o
~
)
=
ofrt
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A%=(50 mM HEPES, 150mM Nacl, ImM Na;VO,, 1% Triton X-100, 10% glycerol).2.

ol
2 233 oL 4C 13000 rpmol| A 208-7F QAR S B A=Ae AYr) 7 H2F F

B¥FEZ2 3t Bradford
A o] Ax Lo

54 AP HMEX 8342 bovine serum albumin (BSA)S EF
assy = B3 A syt 593 ko] 2 gwldS ¥ 3ele
o] @A EL SDS-PAGE (polyacrlamide gel electrophoresis)ell o3 £z] AlZith £
¥ @A PVDF(polyvinylidene fluoride) HO& o] FA|AH nAHA7|L, BEAE 1A sl
E2A oA sgste 1&} FAE 24413 Bt WA HT

Glucokinase (SANTA Cruze, CA, USA)= 9 1:200 ¥]EE 3A3te] WhA|Z 1,
GLUT2 (MILLIPORE, Billerica, MA, USA)= g 1:500 H]&2 3A3t WkSA|ZHTE 2
9] pyruvate kinase, SGLT1 (Cell signaling, Danvers, MA, USA)= ¢ 1:10008]& & 3
A5t WAz 221 &A= HRP conjugated goat anti rabbitﬂﬂ] (Millipore, Billerica,
MA, USAE L2508 Slaalel LSSt 23 241 We 5 sehdat A3ye B
X-ray filme] @AFste] western blot Z#E 3H Y ThHSeo et al., 2010; Cho et al.,
2010).

11. 3AA=E
RE A3 A= SAS 9.1 (SAS Institute Inc., Cary, NC, USA) g g:S AR5}
one-way ANOVAE AAEY 1 P<0.05 54 FoALe A=3%T
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T}
%, A% olE 56. 93%, EHJHL 69. 61%4 E&—’Fﬁ}%% sk e
35, guld ol dth(Table 2).

Table 2. The general composition of various seaweeds
(Unit : %)
. . Carbohydrate *
Sample Moisture Crude ash Crude protein  Crude fat
*
Sargassum 15.75+0.05 14.66+0.65 0.53+0.01 43.22
12.29+0.02
ringgoldianum (17.96) * (16.71) (0.60) (49.27)
Sargassum 22.54+0.14 12.32+0.11 0.46+0.15 49.05
15.63+0.07
tortile (26.72) (14.61) (0.54) (58.13)
Sargassum 26.40+0.03 12.58+1.16 0.08+0.03 51.63
9.32+0.01
thunbergii (29.11) (13.87) (0.09) (56.93)
Ishige 11.57+0.00 12.40+1.22 0.63%0.04 63.73
11.67+0.23
okamurai (13.09) (14.04) (0.71) (72.16)
14.20+0.03 13.01+0.04 0.51+0.03 63.50
Ishige foliacea  8.78+0.36
(15.57) (14.26) (0.56) (69.61)

* Dry weight basis.

* % Carbohydrate content was calculated by subtracting sum of moisture, crude fat, crude ash and crude

protein contents from total percentage(100%).
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2. 7&(Yield)

QAW 7 B, AFels] BRAE F AX FEHL 25%E WA e

13.68%, H3ll= 9.42%¢°] 2% Tth(Table 3).

Table 3. Yields of 80% ethanol extracts of seaweed

Sample Yield (%)
Sargassum ringgoldianum 27.23
Sargassum tortile 27.12
Sargassum thunbergii 25.64
Ishige okamurai 13.68
Ishige foliacea 9.42
— 921 —
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3. a-glucosidase #]3j &4

a-glucosidase AHAEL dG7stA 5 4T TEY FFE AINIE FER
FuABd FE ARREHI e, AlFd BAE 9= acarbose$}t voglibose & A,

BE A 59 HzbE(Andrade et al., 2000; Choi et al., 2008b)o] ol ¢l Axj oA

O
o5 AHAEL Mt d= A7rt FEs] A Folt) HRFFEFE F Aol 9
= AL gasty, 2% a3} e AL AW TEEE a-glucosidaseAF| TAl-S A
Bk}

M7 3|FFZE screeningdl’] Y3 a-glucosidase A AEE 1 my/mlo A A TH
(Table 4). 37| 2 257} A Fo] FEFENAE a-glucosidase A3l &/do] e}
guot, FARAR FEEL2 60.8%, o FEEL 86.9%, HIA FEEIAE W0%BE o
-glucosidaseZS #] &3} T}

Kim 5(Kim et al, 2009¢)2 @< 7} 3L a-glucosidase®@A oA AFL s,
ol 70%MEHE FEZEH HEtddE TE EFor A FAo] EolAE ALFL H
ig=

A S(3H71E 5, 2007)9) oJstH Q) JetEFEE A ICsgk2 0.1103 pg/mlo] 1, 3
ICs0gk2 0.8117 pg/mlol Tt & WHE 0.1103 pg/ml, )= 0.8117 pg/miFEAAE 50%2] o
-glucosidase &AL Asshs 2102 Yeht & dA7Et =& A4S Brh. 5 ug/ml
7} 10 u/mleE AgZAAME a-glucosidaseA s AL Holx| ekgrou}, HI F2E 50
pmlE= A TAAFE 5 dEH R FE7F S5 wel &4o] 7k, ol
< 4 sEHEE §o449 A7t JeH, W FZ2E 200 ng/mlA 2 TAA 95.2%= 7HE
£ g-glucosidase#] 3l B44L H T} (Table 5).
¥ 22Eo =x o=Ho 7 50 ug/mloA 15.6%, 100 ug/mloA 77.44%, 200 ug/mloj A
98.1%2] a-glucosidasex|al] &S HPom, Ztzte] I {FoHQl 2olg Bt o
F2E 200 pgmls=oe TFEZEQ acarboses}t Bl P2 wf {F2AQ0 2] 7} UpA] ¢k
THTable 6).

Kim(Kim, 2008)2] A oAM= Zrel(Ecklonia cava)s 7FA 1L a-glucosidase 3] A4S
Boped], ZE B FEE (0.25 brix) oA 98%<] AAEAHL Bk 2 2500 pymlsEo|
A 98%9 4L e, & A7 gt A FE2E9] 200 wynlFEA ZHzF 95.24,
98.1%9] a-glucosidaseA 3 &4-2 BT = Kim(Kim, 2008)e] SATFol|A e} o] Ze) &
FEEHET 2 dFdA AMEE Fok B 80%FFFEE9 a-glucosidase AsjE/Jo] T

=9kt
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Table 4. a-glucosidase inhibition rate of 80% ethanol extracts of seaweed

Sample Inhibition rate (%)

Acarbose 1pg/ml 99.23
Sargassum ringgoldianum 60.8 £ 1.77

Sargassum tortile NDV

Sargassum thunbergii ND
Ishige okamurai 86.9 £ 0.55
Ishige foliacea 90.0 = 0.29

ND"= Not detected.
— 93 —
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Table 5. a-glucosidase inhibition rate of 80% ethanol extract of Ishige foliacea

Sample Concentration (ng/ml) a-glucosidase inhibition rate (%)
Acarbose 1 99.83"
5 ND"
10 ND
Ishige foliacea 50 12.82¢ + 3.13
100 71.86° + 1.01
200 95.24" + 1.38

"“Values with different superscripts are significantly different by ANOVA with SAS(p<0.05).
ND"= Not detected.
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Table 6. a-glucosidase inhibition rate of 80% ethanol extract of Ishige okamurai

Sample Concentration (pg/ml) a-glucosidase inhibition rate (%)
Acarbose 1 99.83"
5 ND"
10 ND
Ishige okamurai 50 15.60° + 6.81
100 77.44" £ 4.20
200 98.10" + 0.84

"“Values with different superscripts are significantly different by ANOVA with SAS(p<0.05).
ND"= Not detected.
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4. a-amylase A]3j| &4

a-amylase= amylose @ amylopectin®|L} glycogen®} Zo] a—ZA3e] glucoseZ F o
= ouRel Aedd Trwd duoz Rt ssasz AR, BB, 23 9B
o] g3lE thatel "4E dGho]thLee et al, 2008; Jang and Jeong, 2010). o]# gt

|

o

£49 B4 ANE GA MRS FEAEL AGNRLZA 4F F FEE ARY 5
[e]

FE 9% dzFola-amylase HsEAd] Ul Hie v|FSRz oWl ATE
3l HEF FEFES ol&std aamylase A3l TAE LolE UTHTable 7, 8, 9). o}
Wil FEEAT a-amylase A8 @Ado] UEbsta, et WH FEE oA Aol
= $ITh Lee S(Lee et al, 2010)9] A|Fo] gt FE5 1, 2.5, 5 mg/ml F=A Z
7+ 35, 59, 69%°] a-amylase#|3l| Aol UEto B AFdA= AFo| FE2EY
a-amylase A& ST

ol Y& F9 g FZ2EL /A1 sxdz 42 B9tKTable 8, 9).

HQa 225 200 pg/mle] FEANA 35.21%9] FAL B, o= EFEE2 acarboses}
FolF o7k Wt g F2E 100 pg/mls=el 200 pg/ml 27)a Q3 25 50 g
/mlEEet 100 pg/mlAs o411 Aol= QIlaL, HWo) 55 5, 10, 50 pg/mle z4z}
200 pg/ml} oA Q1 Zo7} Wit

9 2289 A% & Aoz 57} 27190 mel a-amylase 2L At
A FE2E A 200ug/mEsEdA Bl FEE7 22 35.21%9] a-amylaseA 3] E/9-&
Bt BA As A3} acarbosed} # FZE 200 pg/mlgAes o)Al zjolr} wrar,
¥ FZEL 100 wg/mls=e 200 pg/ml, 50 pg/mlz}t 100 pg/ml, 10 pg/mlz} 50 pg/mloj
Me FAA Aol gldled, ) FE2E 5 ug/mlFEst UMA FEdMe o #F98<

Aok & 2 FER1 5 pg/mlgk Apol7h Uil U] FEAA = A Apol7t
A okokth. 28] Heo S(Heo et al., 2009)9] dT7¢} H|ZE sjB2® 3 80%wEre *
Z5 0.1 mMolA] 17.12%, 0.19 mMolA] 34.78%, 0.49 mMolA] 50.23%, 0.98 mMol| A]
61.66%2] a-amylase#]3l] EAL Ho] B A1 9 80%FAFEE 200 pg/mlEE ¢+ Heo
S(Heo et al., 2009)2] AFoAe] 80% o&g&FES g 7 0.19 mMEEo|A a-amylase
A @/gdo] Akt
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Table 7. a-amylase inhibition rate of 80% ethanol extracts of seaweed

Sample a-amylase inhibition rate (%)
Acarbose 1pg/ml 72.70
Sargassum ringgoldianum ND"
Sargassum tortile ND
Sargassum thunbergii ND
Ishige okamurai 19.40 + 10.78
Ishige foliacea 38.90 + 15.01

t-test
P=0.072>0.05
ND"= not detected.
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Table 8. a-amylase inhibition rate of 80% ethanol extract of Ishige foliacea

Sample Concentration (ng/ml) a-amylase inhibition rate (%)
Acarbose 1 69.28"
5 15.20° + 2.76
10 15.28' + 7.17
Ishige foliacea 50 23.06" + 135
100 26.31™ + 3.10
200 35.21° £ 9.07

“*Values with different superscripts are significantly different by ANOVA with SAS(p<0.05).
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Table 9. a-amylase inhibition rate of 80% ethanol extract of Ishige okamurai

Sample Concentration (pg/ml) a-amylase inhibition rate (%)
Acarbose 1 69.28"
5 8.74° + 4.87
10 23.86° + 1.63
Ishige okamurai be
50 30.96 " £ 3.99
100 33.50™ + 8.67
200 35.21° + 9.07

“*Values with different superscripts are significantly different by ANOVA with SAS (p<0.05).
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5. ¥ AES

WST-1(water soluble tetrazolium-1)& ©]-&3} HepG2 cell#} Caco-2 celld] HE&E
2335, WST-1& AZ ZA5olt AE 425 B3] A Aez ATy
nEZ=go}l g5iiio] 93| Tetrazolium saltso A formazano|gh= LA EHo] YA E
= g3t Zolth olelsk Mg UAHOE FHT BEL s AT plEZS
o} ARADA S| EA5l= 54 EA (Dehydrogenase)$l succinate tetrazolium reductase
(EC.1.3.99.1)9] 23t Aoz Molgle AEdw fasty WA =rL NEFe) ARBAS
et Tominaga et al., 1999).

WST-1& 53 Al AEH7 o] o7& niEez tE 43 w52 4As AT

1) HepG2 cell®] AIE&

HepC2 cole] SEF. $2E& AZiale] 4 A2ee 9T (Table 10). 292

FEES AYF 2L 200 ug/mlo ALElnE BE 27T o] zjo|7} wroil, 7+
FEE AZ AEedl= folHd Aot i a8 047} %O}%‘Oﬂ ot AE7h o
2 Aokt

s 7| BApE 225 A 4, 800 peg/nl & ALstaE BF tzade foH A
o7k Al skeR, 7 FEREE o149 Folst Ptk

o FEE A, 400 pg/mFEREH 2T foAQ AolE EYA, tzate] H3
W FEE 400 pg/mEH PEHo] o & Hol Ao o= FE 4L HHE 3o
2 Agdg.

AFo] FE2EL 200 pg/m-s=e}t 800, 1000 pg/ml-sToA F2]4Ql zpo]7t Yl
M, =7} Zopgld wel AEHe] FAEE AYE BATh

JH FEZES AT & B¢ EE FEAA dEzEH foAQ Alolg BYll, FE oE

Hez 5o} 27130l gk o) 3tk 2 BE W2 AuAL W
ml @} 600, 800, 1000 pg/mlzEdAi 8-2]AQl x}o]& WY, TEEl 600%H 1
n7AE §o17 Aolg HolA] il

Jang S(Jang et al., 2006)o| A Zulel] dghg EEES 7[A HepG2 ME AZES B
dedl, 100 wg/ml FEA 25%8EEE THAAZ L, 500 pg/msE H|TodA 50%]
AEEE AoAF ol & A7 AFol, Wi, d F25 AL vl s271
Zolgo uel A2 "ﬁtgo] Haste AEFE HAou Jang F(Jang et al, 2006)9] Zw}
t MTellA AEo AEgo] o A FAFeER BAT] AEQ] AFo], WA, I

l~
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o] HepG2 M X thaf] =Ao] ¢ Aty A5 H T}l Park S(Park et al., 2005)%] A

57 vEe 228 APt HepG2 A2 AFa& & 23 20, 40, 60, 80,
00 pg/mlolA FeJHQ po] Qlo] BE FEAA 4 PEEL 20%3E FLAHS ol

gl (]
i
e

¢

e rz

ATe] AFol, o, YW FE2E7 vz A
B ek 2ZE-S HepG2 AZo] 100, 200, 300, 400, 500 pg/mle] 2 A7

=0
—E=

S 7Z}AAZth Bae(Bae, 2004)%)A]

st A AELS Bkt 300 we/nlFE A 7R = A o] ¢, 400 pg/mlF

T AZTNA 20%, 500 pg/mlF T A ToA 30%<] 4 BE&S Attt =7t F

>
7Fgel wet Aol AEgo]l AaddiEd, ole B A7 TURAY FEEFHE UE A
Fe BYTh 2L BAMIAL R0l wel 4% 94 OE Ao Asut,
Table 10. Cell viability of 80% ethanol extracts of seaweed on HepG2 cells
(Unit: %)
Concentration (ug/ml)
Extract
control 200 400 600 800 1000
Sargassum 100°  109.04 +8.82° 116.73 £3.36" 115.27 +7.18"  116.81 £2.53"  117.00 +6.19°
ringgoldianum

Sargassum tortile ~ 100°  95.00 +10.64™

Ishige okamurai 100° 97.27 + 6.77°

Sargassum 100°  97.00 +7.75%
thunbergii
Ishige foliacea 100° 90.15 +5.12°

97.50 +£10.49%
87.15 +6.89"
89.45 +2.82"

85.15 +3.18"™

89.35 +3.78™

86.08 +6.19"

91.13 +9.55™

82.85 +£2.99°

88.04 +£10.10"

84.46 +3.80"

79.88 +5.80

81.88 +2.21°

92.42 £2.91™

86.88 +4.26"

71.20 +9.00°

82.31 +1.29°

"“Values with different superscripts in the same line are significantly different by ANOVA with SAS

(p<0.05).
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2) Caco-2 celle] A&&

Caco-2 celld] 3|Z2H FZEL Astd AT AZEL A9 TH(Table 11).

ZURA FE2ES AT deAoz Tt Z/E4E AEgo| Eolx
ok By R 2252 AT AL 600 wg/mlFERE 2t 490749 zpolE BY
a1, FEj7 | RARE 225 200 gg/mlEEet 800 pg/mlo| A f2]HA 2}o 1 7h wewn, 200 ug

mlF =t 1000 pg/mlol= fo 2l 2po7} Wt w7 |2 2282 Ad 27t 7F
= AEE0] Sk

¥ FEE 600 pg/m3} 800 pg/mEzore FF o7t giglont 1 9] FEoA
T TE EHeR A FUHE BTk

d

258 A S 4% 2 800 wg/mF= el F2lHQ 2o|7} vEly:
A, 298 EAAA fFeFQl 2ol §iT
Wil 552 A A xad tustd 4 s FEEAA /93 Aot
gt 28y Y3 F3E 200 gg/ml3 400 pg/mlo] % ZHE 493 Zolrt ISl
W@ 3=2E 400, 600, 800 ug/mlrEdt So]A el o7t gidert, 200 2 400 wg/mlEE
1000 pg/mle] A= o3l Aol7t iUt Hwang S(Hwang et al., 2003)
Caco-2 celld] AT} Afgo] WA %"—T—% < 6 mg/ml3} 12 mg/mle] F=E A3}
o AE AEES Eted, F 7HA HA BT WA A7kl Bolyd mel A2 520
FolFoz dAES & F Itk & oﬂ:rLJ qxF FEEES AT 22 A= §&
} =obgldl met AZ F2o] AAEE Flo] ohe}t F4 7|9l Hwang F(Hwang et
., 2003)e] Afol= g2 ke H AL Jeong 5 (Jeong et al., 2009)9A4 = B Ao}
E}Eﬂ] AME AP 571 ol et A AEEo| Pishe A Btk
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Table 11. Cell viability of 80% ethanol extracts of seaweed on Caco-2 cells

(Unit: %)
Concentration (ug/ml)
Extract
control 200 400 600 800 1000
Sargassum 100" 115.04 £1.56°  128.54 +4.28°  136.99 +1.60°  149.67 +1.60°  156.34 +3.52°
ringgoldianum
Sargassum tortile 100" 100.73 £0.93° 103.01 £1.23"' 106.42 £3.46™ 107.97 £3.06® 112.03 +3.51°
Sargassum 100" 9876 256  97.17 +3.29™  96.82 +2.29™  94.17 +4.47°  96.73 +4.36™
thunbergii
Ishige okamurai 100°  117.07 +3.06" 12577 £1.81°  137.97 +2.84"  143.33 £2.98" 155.45 +5.45"
Ishige foliacea 100° 12862 +12.35° 132.60 £2.23"  142.68 £11.66” 142.03 £6.13" 148.94 +4.58"

“"Values with different superscripts in the

(p<0.05).
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F48 9o 2PN F4h oAEE FTe ZAA Hol Hnol £48 0
(Kang et al., 2001). W&k 2R/ FHFEFE0| A LA TN 2T FTA
o) x| = oﬂs}:g zzqs}giq..

Axere] AH= AT Axe] F#A=(apical) 5L Al ¥, membraned] 3+ 2
2738 Axe d¢ %(basal)%’é}% ZtA Hok uebd E49] AFHCEHE FHo T
F4E d7et™ B4 apicalZo] YolF1, basalZe| A HEL AHFske] A FFTHKim

and Kim, 1999; Hidalgo et al., 1989)

Fole ATz x| FU4& E94F= A7 e, ©]E SGLTI(Sodium
-glucose transport protein)©]2} s}, EEZFS A|XELS EIAAH AZUYE oA F= &
o] Sl=H, ]E EEGFEA(GLUT) gt gt} 15 GLUT27} 2 7kt gojlA &
o] "t} d9-S 2d357] YA ol SGLT1¢] Zgo] A o] A%or F57} 5
2 A, GLUT27} A 2o g S0 TEFS FJoz A de AT T8
3FcH(Youm et al., 1998; Thorens et al., 1990).

Caco-2 celld|Me] AE Rz ZZte dzF F2EL 200 w/ns==2 A28
t}.(Figure 6,7)

2 FE5F9] -9, apicaldlA 2T f2ol4 zo]7) §ISlaL, basal g2 89%<]
= B ol dETH foF <l Ael7t ATh o= GLUT2¢| Zgo 2 89%7}
2 o5 Iusty dgxdde Ut gle Fe=E Al dn
a%oz F5E FH7|EARE 2259 e 91.6%= 2T foFo=m o7t 1

2oz 4918 sh/|EAN F2BYT U2 F949 Holr} LA
o2 10023 t} E0le1, &Fo= %01% Eo] gdloz 100%FE

0

A o] 2B £FoR FFE 123.2%2 HETH 449 2ols BPon), 7
st \el) FEEETE IRl =4 4¥th 223 @dore] f5jH AFo] FEEL
71.1%%2 Wzed} frolHel Zole oy of 94 st g 28 Eoe 98 24

she Wk dolant

o} g FE=0] apicalF-EolA = Ueb=H, He < 210.3%, 3 3=
< 233.7%E T frddQ Aozt Wtk & Hal, I | apical® &0 A To
Engx] okgron, o]% Eé] A7} Q22 v 2uAE REHATE o= SGLTIS =
gog o3 ofd o Wy FZEo] AFow T gx| UL Jl5Ao]l g, o]AL
- Ao

Fog FoHe e ‘%POPQ 249 =go] 2 Ao ARdEY. T2 Aot @ F

i

F28
FEEo

_:
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ZE @A basal FE A zpol7b weH, o] GLUT29 Zgog golog
Yo} Yo FFE0| Bol o|s3tA ¥ AR E F gtk

Kobayashi &(Kobayshi et al.,, 20002 =32}9] Z|H AR o2 SGLTI#H#HsI &
T AAFEE Hoked], 0.001 pg/msTolA 62%2] AH3Ee BRIt o7 B Ay
o} Yl FEFERUE YU FTdA ¢ =& A4S B, Hong S(Hong et al,
2004)0] ATNME ofSlHA HS FZE 10 ng/nlFEe] TEY T4 AT 8%
ojen & A7 i FEE2 hxod Hlste 80.5% , A FE=2 85.1% FTE A
dshe Aoz e} oHAET W2 FEA o B A4S Btk

1o oo
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A)

(x10%)

180 B Apical side

Hor

160
140 A

120
100
30 4

Fluorescence

o
L
o

60 -
40
20 -

contral Sargassum Sargassum  Ishige foliocen Sargassum Ishige
ringgoldiarnum toritile thunbergii okamurat

B)

Basolateral side

Fluroescence

Sargassum Sargassum  Ishige foliacea  Sargassum Ishige
ringgoldianum tortile thunbergii okamural

Figure 6. Transportation of 80% ethanol extracts of seaweed across Caco-2 cell
“*Values with different superscripts are significantly different by ANOVA with SAS (p<0.05).

A) Fluorescence of Apical side

B) Fluorescence of Basolateral side
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a0 A

Transmis sion{%)

20 -

c. B i

contral Sargassum Sargassum tortile Ishige foliacea Sargassum Ishige okamurai
ringgoldinnum thunbergii

Figure 7. Inhibitory effect of 80% ethanol extracts of seaweed on glucose uptake on

Caco-2 cell
Transmission(%) = MX 100
Apical side
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7. RT-PCR

2AG e TG T2 dolH 7] 93] Caco-2 AZENA GLUT2-G&AA SGLTI-G-A
< gelsttt Caco-2 AEd | 2FFES 22e & GLUT2¢ SGLT1I mRNA
£ Yolx 9kt}(Figure 8).

¥ A

Frwe o v WPE 2859 we) YPE RA s Ayoln. Yol A=
£ Hy g godRgE BiFHo A¥uer HY g 2 Ut e By I
F 998 B 4 2Ho2 Solrt olguth ol¥E 448 T4 Yol F47b solokd
eBoz wol o|BT 71 Ui Aoith meb RolA Bl F4E LBt o] AL 3
S _%75—-15]-3513] E=8-o] & Zlo|tiKobayashi et al., 2000).

SGLT1S &FRIgA L2JYz x| F5E o %Mli ste @ FEAlL,
GLUT2 &% LHOM gaolog TFg o
Park et al., 2004). SGLTI Wﬂx}o ulglofo] BFOE AR U2 TEtio] o] Solor)
= AL ovdth. SGLT1e wdge] Brie AL 193 5571 Erhe =AU, s

Ak R Fo]FEHEL AFo R FLET) =
9, 223 gFEEL aFo 2 FFEI} B
2525 A3 FoA SGLTI mRNA7} 7HAsksich. i =
] #2E AYES SGLTI mRNAES 72} 28.2, 6.4% %7}& A A B 2w AjEkE
25 AHAUTL 5%RBE FAAAL, W F2E AT 174%, 7 F2EL 24.2%9
SGLTI mRNAE Z4 Ath e 2FATAZNN 43029 F4E 24295 AT
o224 UE xR vj3] dgxde Tgo] & oz Hrj

GLUT2 #3#ke] waefo] Bers £3dA dder IETF oFo] Br= 71 o7
gl GLUT2 mRNA 23R EoA = Zpzte] FYEANE I 7| BA4gt, Y, x]Zo], o

FEEAA 2 Hgte Utk SYEAN FEEAIAE 5% F7F HHl7| BN FEEA
= 4.8% Z7}, QY 22EL 25% A, N30 FE2EL 1% BAANATL, T FZE4A
£ GLUT2 mRNA®EE 0.8% 717t Wl 2804 2.5%9 GLUT2 mRNAZd
F2s BHou ol At Wske okdrlel Zzhe] F&Eo] GLUT2 mRNAYY w3}
A= Hl”ﬂ 2 93 nxA] Bagch 2 AFHTURY T4 A, Aoz o%
2R &2 Ho Ho FE2EL UE FxFol v @S 28 7}-—»401 =o3 A}

s},

:%:

N g& _ r[

O

wwy

11O
=

L
>
ol

ST
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Figure 8. The mRNA expression level of SGLT1 and GLUT2 on Caco-2 cells.
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8. Westem blot
1) Caco-2 cellA19] SGLT1¥} GLUT2 ©d w-&3lol

AANA IEY F A FAL ®H7)Y8 Caco-2 cell| /] Western blotg- A5}
SGLT17} GLUT2 B@A =2 301519 thFigure 9,10).

SGLTI1& sodium-glucose transport proteins®] A2 A% EIgA £ JE XEYo]
2 Q7 dl= FEA otk
= = AFog IEYo] E0l0= AL Holof gAlogn B
4% 4 Stk 27H0E SGLTIS o] BE4E 2%0 Bol I
THHogan et al., 1991).

=58 AQslue thzFol Hls] SGLT1 wdge] Zo|Eh 2
o 231%34, HHNEAN 22E AYTS 05 14% 3

EE AT 27.4%74, Qi o FE55 AT 44 47.7 € 60% FHiste
2 H FEFE Aol FA3| SGLTIS HaAT|= 22 YelTHFigure 9).

Caco-2 cellfAe] Az FAEE 2 A3 Ziox Ze Z3%S vehfiglen 2,

Wy 225 AgdollA SGLT19 &S 7HAaA 7l Aeg AL Fr)

GLUT2= &% oA ddloz Fe o|FAl7|=H FR3 4442 glucose transporter
= 1 &% AAE, A7 BAEA dAFn GLUT29 @do] ZhaE ofof AgeA]
gaAor Fo] o|Fo] 7Adle dYPFH| Tgo] Hrh(Park et al., 2004).

7|2 2ZE A EL AQslas GLUT2EE S 7Z+4aAATKFigure 10). A5
Ak 285 AT A hxdd B8 9.4% #a, B7|RAE 55 AT 6.4%
", AFe] FEFE AYUTS 19.6% 4, A8 @3 55 Aol 2 5 7P 534
o7 74T Hol FEE AYTS UERTRY 34.9% #4sHA, ¥ FE2E ATl
e 37.6% #28YTE F 3 F2EL SGLTIS] 2dL 60% Fo|1, GLUT2E 37.6%
AN Aoz ey, Yyl FE2EE SGLTIS @& 47.7% Zo|1, GLUT2E
34.9% T2 A

o} Yo FEE] A¢ 2F0E To] Eee FAE A st S0l TS Y
02 Ruje AE oA dol ¥zdel Wad Y oz AHT

52
S
[
oo
o
X
it

H O on o d
foorr ot © >4

ol
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A)

Control SR ST IF STG 10

GLUT? s s S S— a— —

B-actin — we— — — i — —

B)

1.2 - BAGLUT2

1.0 A
0.8 o

0.6 1

Density

04 -

0.2 -

0.0
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ringgoldianum tortile thunbergii okamurat

Figure 10. The protein expression level of GLUT2 on Caco-2 cells.
Treatment of 80% ethanol extracts of seaweed

A) Photographs of chemiluminescent detection of the blots.

B) Quantitative analysis of western blots.

SR: Sargassum ringgoldianum, ST: Sargassum tortile, 1F: Ishige foliacea,

STG: Sargassum thunbergii, 10: Ishige okamurai
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2) HepG2 cello] A glucokinase9} pyruvate kinase9] ©ald €k 3lQl

WA F B o882 1ol S8 v Balsh v FoldA 2ol ERd AT 5
=HE X3t HepG2 cello]l A glucokinase, pyruvate kinase®] @3 HAEE Ht}
(Figure 11,12).

Glucokinase@#i A o] WS T2 2l 3 7L o FEE9 A F=7} Fohfd
ute} HHo] Zo]SYH(Figure 11). 3 F2E 20 pg/mlEE A= 74% 744, 50 pg/mld
AE glucokinase G A BHE 84% 7ZHAAZATE Glucokinase’s= FTiALS} Q&8 Hu]
zAAE d#A 97] WE(Kim, 2001; Sharma et al.,, 1963; Kim and Kim, 2001) A
T F47 9ol ol £E2 277 daAE eld EEDUAG] Bolake
glucokinase A4S F7lA|AHk il dA] DWW glucokinase®] T4 AFAd] #AgH o
T= o] Huyl H tiJumg et al., 2006; Kondeti et al., 2010; Kim et al., 2010).
Jung S(Jung et al., 2006)2 7=l 9= hesperidin®} naringin AAE-S 7[R FoiAL &
T4 ZAES FALS SIS o glucokinase= tHxTol B3] frolFo= 27}0}04 g
T 2135t , Kondeti S(Kondeti et al., 2010)2 AHAZELS 7HA 2 &

= F50] 9
AL #dH GAES] A4S HS o, F FaFolA glycolysise] #edd}= glucokinase
o] #&Ao] F71sl9 Tt Kim S(Kim et al, 2010b)2 A &3], 553z, 7IAe7ty] B3

ZE9| glucokinase?] T A Wd-g F7AA dFe UL vty HUSHTE AT 2
AFdAE I FEES AT wet Zaste AFE BAth Bedoya S(Bedoya et al,
1986a)2 A&edl T T2EOZ glucokinaseE A3l nlz &A1l FHe Fo] olyx
§77 52004 mRNAS] W] 27T olo] vl gHyol Z7lsln AFAow Trw
o olgel ZAUTT HIRAT} B AToINE BEd B0l Base AFHoz o
FEE AL ZET o &S FaATlE ACE AlEHLh

Pyruvate kinase= S|@Zd = ATPE FAst= F 74 A

3l §4 2 phosphenolpyruvateE pyruvate® AZsl= o)LL ]-Q-(Lee et al., 2009c).
Joo S(Joo and Kim, 1993)2 14te] &4 EIEEL Yk f% Fo| T3 pyruvate
kinase@4d-& HEE, 5 mg T t2THRT 60%2] EAo] F7IstHh AT £ aF
o|A]= pyruvate kinase®] LHAEE= thxFo vH|8] o FE5 20 pg/mxTTo] 44.1%
74, 50 pg/ml AR o] 60% 7+A, 100 pg/mlAz)io] 94% ZHAA|ZthFigure 12). %
74 Fo] ATP7} o] o] m&d|, ATP7} RolAW ATP7} Frucktose-6-phosphatase
2 feedback?H-E& 7[R Al =l=d|, o|w} ATP7} Phosphofructokinase(PFK)2] Z-8-2 A A]
#H AF}H O Z Pyruvate kinase7} A ETHAlbert, 1982). Pyruvate kinase®] feedback?}-&
2 Figure 39] Yeh} itk & o FE2ES FT7F ZolX|HA ATPO| o] HolA
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pyruvate kinase%Fo| ZtAaFthal AlEHT}

AEZACZ HepG2 cellfA 3 FE2EE FEHE=E A st glucokinase, pyruvate
kinaseo] @AWY HEZS HES w], glucokinase$} pyruvate kinase THE Wy EF
Aasdh 2gEz AL I8 F g9 o]8-& FRAME d FEEC] o] glo] WAt
I F g7 ol&&dAe I FEEL EA4o] vju Pe Floz AEH
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Control 2%ETOH 20pg/ml SO0pug/ml 100pg/ml

—

Glucokinase M

B-actin e — G S

B)
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Density

O

Figure 11. The protein expression level of Glucokinase on HepG2 cells with Ishige

okamurai.
A) Photographs of chemiluminescent detection of the blots.

B) Quantitative analysis of western blots.
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A)
Control 20ETOH 20ug/ml SO0pg/ml 100pg/ml

Pyru"ate Kinase e, —— ——— | —

B-actin T ——————————

B)

Pwruwate kinase

=
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100 prg s me

Figure 12. The protein expression level of Pyruvate kinase on HepG2 cells with Ishige

okamurai.
A) Photographs of chemiluminescent detection of the blots.

B) Quantitative analysis of western blots.
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. 5F9 FAFFEF 50%0]4o] vhratEo|y, S8, v Aotk A 1%
T 9t Fglon, $RFIFS 10~15%H =Y}

H2F F W FEE] a-glucosidase A &/gol| 71} EUTh T v3) ) FEFE
50 ug/mloll A 15.6%, 100 pug/mlol A 77.44%, 200 pg/mlo A 98.1%<¢] A4S B ¥ at, 200
ug/mls BFEZQ! acarbose 1 ng/mlok 21421 Aol 7k gt

. 5%F9 ME2R{ FEET o He Evto] a-amylasex{sl| &/4S Bt o} Y

25 200 pg/m XA 35. 21%i ETEAQ acarbosed] Aol AW T S
HyoH, o f 7301 zfo] 7} °1%‘15} &) —%%%Fﬂ 3¢ FE °JEA2E a-amylase

A4e dAstE Aoz Yeldth 3 528 5 wg/ml3 YR FTdAE FoHd A

ol B}

L AER FEEY S4HA F248E 918l HepG2 celle] AE&S Eke u, U=

At FE2EL 200 wg/mAZTE AQdetie BEF iz foF Ao|rt il

FEE fojake itk ¥ FEEL 400 wg/mlE=RE ti2TFE fA 2belst 9
Aok Wl 225 AL RE LA Yz d 4979 xolE Bk

i, B

. Caco-2 cellA] 3 FZ2EATTEY 57} Zoldd uet 425 Z7l6+Y
52 AT 9N

=0 3 FEEAAM Wz FAHd Zet AT wWeH FE2E A
gEHor AETEo| Tk

o I
bt ol

C2FNA e TEF F5E B7] Y3 Caco-2 celldlMe] AT Ers Adwud o 3

5 AT ol apical FEAAN =A U=, ol txod HaPS FAF

1 2} ¥ FE=0] 233.7% FIE A 0—‘9}5} o] AL SGLT1¢] &go
| 238 F5 HA §9E 7hs/del Slof st g

= Z& 2ol @%‘ri’éﬂl 27} 98 Acw Alg¥Yy. o

basal = HFolHoz A ysgked, o= GLUT29| #go=
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gaoz o) F280] Bol ol5aA e Aow 2 4 vk

8. ¥ F=ZES 73} Caco-2 cellA] GLUT29} SGLTI mRNAWE ATE Bk o)
SGLT1 mRNA7Z} 24.2% ZFA35I9tT) o]l &% AHATAA Ao 2o S4E 24.2%
E AiFoEn o2 H2FFEE v dgzdd =80 ¥ Zlor AgHU

GLUT29] mRNAZEHA ] 2ZE AIUZL 0.8% Z7)st= <
Z294 GLUT29] mRNAEAE 2.5% ZA4LoAZHoU, o= Azt i ofyr]d z+
Zvo] |27 FEFEo| GLUT2EE W3ld= & 932 XA =3t

AE
T
.

U

2

9. Caco-2 cello]A] SGLT1 ©alde] WA E R ZYuzpl FZ2E A TME
23.1% 74, gu7| 2 225 AYTAAE 14% F7F AFol FE2E AITAIM=
27.4% A&, WH¢ ) FE2E5 AT 1-5 27 47.7%, 60% Frashe AFoE HF
25 AFFolA s SGLT1 wuld wtd-g ZAAAAT o= Caco-2 cellofA ] A
T Rix Ay Addgs 22 F JO]‘R}E} olzX dHo Y FZ2E At &Fe=
Fo] E0j2E AAE A sl "dFFAd gAY Ao Al Hh

AC)
=y

10. Caco-2 cello]A GLUT2 @zl BHATE HH Yy F=25 AL xdHt}

GLUTz%tﬂZ‘ S 34.9%7AAF L, B FEE AYUTL 37.6DFAAA. F ) F

E2 SGLT19 gAdtd-g 60%=0]il, GLUT2 Tild oS 37.6%70AAHoH,

‘a?} ZZE A7 SGLT1e ©uld w88 47.7%Z0]1, GLUT29 whuld urgo

34.9% 2N AY. H¢} HIl FEEL &7 S0 g2 ddoz Hujls AL oA
st 2o E3o] E Foz AlEHT

il r

11. xAzbd 5 g9 o] EE H7] Y3k 7102 HepG2 celld| A glucokinase, pyruvate
kinaseo] Tl d Wy HES HYS wf I FEFE 200 g/ ml AT A= glucokinase
il WS 7y 919744 AL, pyruvate kinase® ¥ FEE 200 pg/mlFE AT
TolA 99% FAAFT ol H FEEC| AL FF F BT ol&&E =olA RIle
AoR dFzAd =80 HA &g Aoz AgHTL

)

ol el AzE FHsIY B w ¥ £ FEE] a—glucosidase$} a—amylaseE 7MF &

Aoz AASIH L, AFHESRD Caco-2 celldlA] TEF FF FEE BHUS dx 7}

SGLT1E ofAlste] AR Goge] F4E Asfstda, GLUT29] T8 HA] HaAA
| g

A=
2% dor FF ooz Huye 3 E3 e HZFFEEC & Aol
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Ut flo] ZeEwt He W duxdd anHd ez ARHY oAlE HepG2

k) ]
=
cello| A 2] glucokinse$} pyruvate kinase?] W3S ZHAAA thAlag Fo d9 o|&d #
3 HEAE T} YTk
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(Abstract)

Screening of Anti-diabetic Activity in Seaweeds

Produced in Jeju Island
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Advisor : Professor Yoonhwa Jeong

The aim of this study was to investigate the anti-diabetic effects of seaweed
extracts. To investigate whether seaweed extracts inhibit a-glucosidase and
a-amylase activities, the inhibition of glucose absorption in the small intestines
was studied in the Caco-2 cells through the operation of SGLT1 and GLUT2.
Also, the uptake of blood glucose in the metabolism process of glucokinase,
pyruvate kinase in HepG2 cells was studied as well.

The ethanol extracts of Ishige okamurai had the greatest inhibitory activities of
a-glucosidase and a-amylase. a-glucosidase inhibitory activity was at about
98% at 200ug/ml and a-amylase inhibitory activity was at about 35% at
200 pg/ml.

By studying the expression protein SGLT1 and GLUT2, along with their
mRNA expression, the effect of seaweed extracts were measured through the
inhibition of blood glucose absorption in the small intestines through Caco-2
cells. Ishige foliacea and Ishige okamurai decreased the SGLTI mRNA level to
17.4 and 24.2%, respectively, and they increased the GLUT2 mRNA level to 2.5
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and 0.8%, respectively, when compared to the control.

Ishige foliacea inhibited the protein expression level of SGLT1 to about 47.7%,
while Ishige okamurai inhibited the protein expression level to about 60% of the
level of the control. The GLUT2 protein expression level decreased to 34.9 and
37.6% due to Ishige foliacea and Ishige okamurai extracts, respectively, when
compared to the control.

The uptake of the blood glucose in the metabolism process using HepG2 cells
showed that Ishige okamurai inhibited the expression protein concentration level
of glucokinase, pyruvate kinase.

In summary, Ishige okamurai extract had a positive effect on a-glucosidase and
a-amylase inhibition, and a positive effect on glucose uptake in the small
intestines. However, Ishige okamurai extract had a negative effect on the glucose

uptake in the metabolism process.
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