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In vitro anti-diabetic and anti-atherosclerotic effects of edible brown algae, Ecklonia stolonifera

Hye Eun Moon

Department of Food and Life science, The Graduate School,

Pukyong National University

Abstract

Ecklonia stolonifera OkamURrA belonging to the perennial brown alga, is a member of the family
Laminariaceae. It usually  grows well in subtidal zones at 2-10 m depth and commonly
distributed in the mid-Pacific. coast-around Korea and Japan: It'is frequently consumed as a
foodstuff, together with Undaria pinnatifida-and-Laminaria japonica. This brown alga has been
also used as phlorotannin-rich raw materials and phlorotannins are secondary metabolites
polymerizing phloroglucinol (1,3,5-trihydroxybenzene) through an ether, phenyl, or 1,4-
dibenzodioxin linkage. Phlorotannins were found to have a variety of bioactivities, such as
anti-diabetic complications, antioxidant, tyrosinase inhibitory, angiotensin-converting enzyme

inhibitory, antimutagenic, nitrite-scavenging, algicidal, anti-inflammatory, nitrite-scavenging,

X



anti-skin aging, and anti-allergic. However, protein tyrosine phosphatase 1B (PTP1B) and o-
glucosidase inhibitory activities of phlorotannins isolated from E. stolonifera and their
antioxidative effects on human low density lipoprotein (human LDL) have not been investigated
yet. Increased PTP1B enzyme related insulin resistance and a-glucosidase that catalyze the final
step in the digestive process of carbohydrates have been implicated in the pathogenesis of many
diabetic complications containing atherosclerosis, cardiac dysfunction, retinopathy, and
nephropathy. The diabetic patients have a higher risk of developing atherosclerotic diseases than
non-diabetic. Oxidation of LDL has been represented as one of the main reason for
atherosclerosis and has been reported that dietary antioxidants and free radical scavenger are
able to prevent LDL oxidation which can reduce the risk of atherosclerosis in diabetes. The
present work investigated the anti-diabetic and anti-atherosclerotic effects of the methanol
(MeOH) extract and-different solvent soluble fractions including dichloromethane (CH,Cl,),
ethyl acetate (EtOAc), n-butanol (7-BuOH),-and water (H,O) of the edible brown alga, E.
stolonifera together with its isolated phlorotannins via the inhibition of a-glucosidase, protein
tyrosine phosphatase 1B (PTP1B), the inhibition of human low density lipoprotein (LDL)
oxidation and the conjugated diene formation in human LDL under in vifro conditions,
respectively. The MeOH extract showed promising inhibitory activities of both PTP1B and a-
glucosidase, with 1Cs, values of 6.39 + 0.18 ug/ml against PTP1B and 2.82 + 0.63 pg/ml against

Xi



a-glucosidase, respectively. Among several fractions, the EtOAc fraction and n-BuOH fraction

exhibited potential inhibitory activities in PTP1B with ICs, values of 0.26 &+ 0.06 pg/ml and 0.23

+ 0.07 pg/ml and in human LDL oxidation with ICsy values of 3.04 + 0.13 pg/ml and 4.54 + 0.02

pg/ml, respectively. On the other hand n-BuOH fraction showed weak a-glucosidase inhibitory

activities with ICso value of 4.59 + 0.57 pg/ml than EtOAc fraction with ICsy value of 1.15 +

4.59 pg/ml. Since the EtOAc fraction showed significant inhibitory activities in PTP1B, a-

glucosidase, human LDL oxidation, it was selected for chromatographic separation of active

compounds using silica gel, Sephadex LH-20, RP-18 column chromatographies to isolate six

phlorotannins,’ phloroglucinol (1), dioxinodehydroeckol (2), eckol (3), phlorofurofucoeckol-A

(4), dieckol (5), and 7-phloroeckol (6). Phlorotannins 3-6 were found as the potent and non-

competitive PTP1B inhibitors with respective Kjvalues of 2.86, 1.43, 1.22, and 2.90 uM and

with ICsy values ranging from-0.56 to 2.64 uM. Phlorotannins 4-6 exhibited the most potent a-

glucosidase inhibitory activity with 1Cs, values ranging from 1.37 to 6.13 pM. Interestingly,

phlorotannins 4 and 6 were non-competitive with K; values of 0.45 and 0.56 uM, while

phlorotannins 5 exhibited competitive inhibition with a K; value of 0.27 pM against a-

glucosidase enzyme. Furthermore, phlorotannins 3-5 showed the strongest inhibitory activity

against human LDL oxidation with I1Cs, value of 7.47 + 0.05 uM, 4.34 + 0.07 uM, 3.10 + 0.24

uM and significantly reduced the lag time (117.48 + 0.15 min, 105.42 + 0.59 min, 137.61 + 0.39

Xii



min at concentration 10 pM) of conjugated diene formation, respectively. These results
demonstrated that the MeOH extract and individual fractions of E. stolonifera as well as its
isolated phlorotannins exhibited the potent anti-diabetic and anti-atherosclerotic effects via the
inhibition of PTP1B, a-glucosidase, and human LDL oxidation, conjugated diene formation.
Therefore, the extract and individual fractions of E. stolonifera as well as its isolated
phlorotannins have anti-diabetic and anti-atherosclerotic effects in vitro conditions, which can be
explored further for developing pharmaceutical drugs or functional-foods to treat diabetes and

atherosclerosis.
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g, gy HE8y 3y 2o i@y 23 T e REETS ofF
71 A 71t} (Wright et al., 2006).

A2 B S T el dEY AJA> protein  tyrosine
phosphatase 1B (PTP1B) & A9} ¥do] vt B =&5°] W=W PTPIB=

Agde] AT U AEALS Fustons dud APHS SUan =

9351 T (Ahmad et al.,1997; Byon et al., 1998; Goldstein et al., 1998). 1% = 0]
Mazar Aol & A& 58] (insulin receptor, IR)2] a-subunitel] 2 33}H
B-subunit®] AM|EZUW o Hol Q1 tyrosine phosphatase”’} &/d3}% a1 4289

A+ tyrosine t7] o] QA4kst7E dojdr) o] e 374 IR substrates (IRS) 1-4%
Uikl HoJA Al ME WE glucose 76T glycogen 37 22 A&
WS op7|A 7l R ASAGAAES S 7T (Na er al, 2006,
Bialy and Waldmann, 2005). Protein tyrosine phosphatases (PTPs) a2 9]
tyrosine H7]& ER14EsE Al7]aL Qlad A G A Qlo] A negativedt =4
22 o AA]3L AT} (Johnson et al., 2002). PTP-a, leukocyte antigenrelated tyrosine

phosphatase (LAR), and SH2-domain-containing phosphotyrosine phosphatase (SHP2)
o} 22 b PTP &7k Slad S E gkl o] &H AN 1 F
A PTPIB #34+% Sed Jadds x4dd= T3 ai= d¥A 3
PTPIB &4+t ZA43lE IR¥} IRS protein? WHE-3lo] &¢latsls oo 7t
(Na et al., 2006; Asante-Appiah et al., 2003). ©] &4 2] o] QA& Ao A
dAAE JAst A& WAl HIE xso](Ahmad et al, 1997) A
W= o] FFHA Xetal dF 9 ol Sl 1 (Jeong et al, 2011).
ATH7E leptin®] RS H Gl PTPIBo| 2d|A #HAaFH A=t oA
leptin®] 21T A G A 7| (signaling cascades) H=3F o] @ Ao oA ZHE
k= S gelso (Johnson ef al., 2002).
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A2y T FAses E U2 ahEe (xgluc051dase7]- .ol &

T=o HE AstE

2 Jleddsts 98-S sk Astaaolt o
=

RV
A 2EFor FaHo ddHes T

B>

K-
LN
3
K
o,
ofl
S
b
rlr
b~
oﬁ
mim

7

ofN

7Vat Al = o] 7}
AA 218G FEHE oF7]A It} (Caspary, 1987). ™EhA] a-glucosidase A4S
AAA 7= dAAE L= Aol 31T}, a-Glucosidase & Al Al ©] 7]

Ao REE ©3E FE AAATAL, AF d9gs WYHFE a9

o-glucosidase T4 LAE 7HA A7|= AAAE Ldst= Aol Al 28 9=
B X8 M F&&F SES WES=H AHREHS H o
(Johnson ef al., 2002; van de Laar ef al., 2005) 528k PTPIB &4 A4S A | Al7]
= AAAl= BN X 5325 AEst=EH AR o] @ 4 T (Asante-Appiah
and Kennedy, 2003).

ol 2™ A=Y 65% = HEHA HI e HAMN ToE Qg
AbGEo] Brnrol AEAl 2 FAEET 2-4v] sFom, HAA A o= A2
Y I A Fa AR A" Ao R Bl vt American
heart associationol] =W 1997\de] YWy A AddA IS 7k 3
AHE 420 REE O] o, 20050 570 WHH O R oF 36% FUbele] T
W A AdaA A& dAE T8 Al skal ATk (Veronique, 2011). ©]
Ad Gl v AP FuHel fle SAsERY ST A S
(atherosclerosis)@} A& #7| (cardiovascular) Z2to]] A= o] HXN =
FaET ol sHASE dove B 8205 T ot AkstE A
W% A (low density lipoprotein, LDL)|™ ©] A2 27| GAA &7

3



sl 3 A= Harw vl lt} (Joseph ef al., 1991). LDL YJAH= ol
A FY2HES SNekE 98-S ol diFE @ 2HE ol 2~ F (cholesterol
ester)?} AW O Z FA o] QS lecithin, sphingomyelin¥} lysolecithin o
2 A" @59 phospholipide} F#~HE EA7F Al i, shbe
apolipoprotein B-100+-A}7} v} Zo] EA13st}h (15 &, 2003). LDL-2 A3
ol = EAlet Agsle]l AEUR o]EFstal YiFolM Tt H=
g, & o]ife] A7W A nEHsHE S sk "o
(Lusis, 2000). 5274 3}52-%7] @Aliz LDL-YA7F 59 o 4 wd A
T4 o]l 93| AtstE A} (Park er al., 2009), LDLO] 5 A

271 84 (scavenger receptors)E ©|-&3dto] A AE (macrophase)®t ¥

el
FH
2
o
30
uls

YAl W2 &5% monocyte chemotactic. protein-1 (MCP-1)2} macrophage
colonysti-mulated factorol] ©]afj AFstE o] AbShIDL= wl¥ltt Atz Abshd
LDLS monocytes A=Al A AMEZH| F2FSle] W3 A E) (Liao et al.,
1997). Monocytet= Al EWell A= FH2HE shafol] wel 2| 2o] Aoz
XA YAAER FE50] (Glass ef al., 2001) A3E LDLo] &A= 2
Aste] A FkstE g4 FUl2HE deHY 54S of7|A7IY L
AR AFZEAE (form cell)Z} & A E L} (Frankln et al., 1999). ©]2]&F 3} o]
dojub= &S A5 AEZEL AMEEHA Ha E UE AEES
@kl AU (fatty streak)o] & F9lo #o] S AEsTE 4ol
T} (Libby et al., 2002). WEFA LDLS] AH3tE AN 7= AAAE s
Zol FQstil FeWASSE X8t s NEdsted F&skA AMEE
T At

2 AFrol A AE-E 53 (Ecklonia stolonifera Oxamura)T Ecklonia 29
AR sEFoln, =3 dE SO FEsk= thdAe vArka

|

mx J

il

|

AN
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(Laminariaceae) ©l &38le ZxFolty. #3+ dHHES wEl 2~10 m
A A2, oo

(Hizikia fusiformis), 12]3L RARE (Sargassum fulvellum) 53} &7 280 =
dg] o] &3t el sfxFoltl (Hoppe et al., 1982). T3] A Al
ksl A (Lee et al., 1996a), =AWl A (Lee ef al, 1996b; Han et al,
2000), A2 A ) &3} (Taniguchi er al, 1991) So] L&A li=d], o9 &
AelgdAde FY2HEEH doAX= 2x tiARFE<Q]  phlorotannins A ol
71918k=  Ao=x <z 3t} Phlorotannins=  1,3,5-trihydroxybenzene
(phloroglucinol)S 7}3-F-4 ©2]2 3} phloroglucinol 3 A FEH| o] FHl=4
3}3t&Eo]t} (Regan and Glomitza, 1986; Waterman and Mole, 1994). 3]l A

(Undaria pinnatifida), ©FA B} (Laminaria japonica), >

=

A7 23 HJARHE 2= phloroglucinol (Lee er al., 1996a), eckol, dieckol (Kang
et al., 2004a) 5= X3S}l phlorotannins¥+ $}3r= (Taniguchi et al, 1991),
ecklonialactones (Kurata ef al., 1989; 1993) “12] 3L vanadium bromoperoxidase (Hara
and Sakurai, 1998)7} " 8}

3o Al 2] phlorotannins 3} 3% 2] A& kst &4 (Lee er al,
1996b; Kang et al., 2004a; 2005a; 2005b; 2007; Nakamura et al., 1996), &= <11 0]
2] (Lee et al., 1996a; Han et-al., 2000), 412 A8l &3} (Taniguchi et al., 1991),
tyrosinanse & Al &4 (Kang et al., 2004b), &3] F- =3} €4 (Kim et al., 2006; Joe
et al., 2006; Bu et al., 2006), antiplasmin & ¥} (Fukuyama ef al., 1989), &n}o]g]
24 (Ahn et al., 2004a; 2004b; 2006), A& B & F 3} (Kang et al., 2003),
glycosidase &} A &4] (Shibata et al., 2002a), 7171 &3} (Myoung et al., 2005),
hyaluronidase &} Al €4] (Shibata et al., 2002b; Bu et al., 2006), IJ<#H=7] <4
(Sugiura et al., 2006), AAAEZF &7} (Yoon et al, 2008) 1#] il tacrine> =
FEE AE BA4d 3 3RS ZA (Kimer al, 2005) o] ATFEHAOLY}
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phlorotannin g+ gt PTP1B, o-glucosidase, LDL 43} A|gy 9%
conjugated diene Sl e A& ofF Haw A Fgkrh

2 AT X = 53 (Ecklonia stolonifera)®] 100% MeOH F&&3 7E4
AR met sapA o R 83 Z4zte] f£8E5d gk PTPIB A1 24
3} a-glucosidase A &4, 18|31 human LDL 2Fs} A ZA S H7leldo)
I oA &Aool Hojd #5855 Bt silica gel, Sephadex LH-20, RP-18
column chromatographyE “~ejsto] A&y =22S FElekrh 2 83
o gt PTP1B <A &3} a-glucosidase <A &4, human LDL 43} & #)| €
A Bk olye} PTPIBS} a-glucosidase A €/dol st AJ3#3#7E Dixon
plot= &3le] A3 K 9LO ™ human LDL 4F8} Al conjugated'diene F4 = 574
A= =99 AlggAd A2l phlorotannins®] PTPIB2} o-
glucosidase “Z2]3. human LDL 4F8} A] &A= = conjugated diene F7d <A

235 Foto] Ay G eHPsSe A s-dY adtl i X9

ol
32
o
e

ATAdo|tt. Fuet FHolA Z2|% phlorotannins Aol Fikx FH S
s ARa T e & ol 154 AFoD of8T & Ak 7
5= Al stk sk
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N
o

2 Ao AL&H 33 (Ecklonia stolonifera)< 2000\ 2¢o] F
Wk A AR st e digtu AP wge] S vk}

AAo A Hastar ATt (No.20000228)

[
=2
e

2-1. Aok

Colum packing materials< Kieselgel 60 (Si gel, 70~230 mesh ASTM, Merck, Art.
7734), Sephadex LH-20 (bead size 25~100 pm, Sigma, St. Louis, MO, USA), RP-18
(LiChroprep” RP-18, 40~63 pm, Merck, Germany)S A}-8-3}1 ©™, Thin layer
chromatography+ Kieselgel 60-F,s; plates (20 x 20 cm; 0.25 mm, precoated, Merck,
Art. 5715)9} RP-18 Fasy, plates (5 x 10-em, Merck, Art. 5685)2 AF&-3}t). A
A2 50% H,SOs& AHE3F o™ 5% 3 column chromatographyoll & 1%
Al9kS AFE3FATE NMR S0 AF&E &0l dimethyl sulfoxide (DMSO)-dg
(Cambridge Isotope Laboratories, deuterium degree 99.9%)©| T}. Yeast a-glucosidase,
acarbose, p-nitrophenyl phosphate (pNPP), p-nitrophenyl a-D-glucopyranoside (pNPG),
L-ascorbic acid, probucol, human low density lipoprotein (LDL), 123l
ethylenediaminetetraacetic acid (EDTA)<= Sigma Chemical Co. (St. Louis, MO, USA)
o] 4] -9 &} At} Protein tyrosine phosphatase 1B (PTP1B, human recombinant)©
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Biomol” International LP (Plymouth Meeting, PA, USA)oll A dithiothreitol (DTT):
Bio-Rad Laboratories (Hercules, CA, USA)°lA] -913}31 3L, 2-thiobarbituric acid
(TBA):= Tokyo Chemical Industry Co., LTD (Tokyo, Japan)©l| 4] Trichloroacetic acid
(TCA)+= Lancaster Synthesis (Morecambe, England), copper(Il) sulfate (CuSO4)+
Shinyo Pure Chemicals Co., LTD (Osaka, Japan) & 2 58 Z}7} 1918131t}

2-2. 717]

'H-NMR ¥} “C-NMR-2 JEOL JNM-ECP 400 spectrometer (‘H-NMR 400 MHz
and “"C-NMR 100 MHz, JEOL, Japan)® =743} 0.1, 2D-NMRS! HMQC<2}t
HMBC+ pulsed field gradient& AF&-3to] SA3FATE TLCA9] 35E AANES
A&l A3 (365 nm)ZF TFI (245 nm) 28 UV lamp (Model ENF-240C,
Spectroline, USA)E A}-838} 31 Th. Protein tyrosine phosphatase 1B <A €4, a-

glucosidase & Al &4, 12/ 3L human low density lipoprotein 4t} A& =4

rlo

microplate reader spectrophotometer (Molecular Devices, VERSA max, CA, USA)
2 332, Low density lipoprotein. 2E3}oll g} @t conjugated diene /g ol ol ¢t
&3 UV/ Visible Spectrophotometer —(Ultraspec® 2100 pro, Amersham

Biosciences, USA)Z =43} %1 T}

(9'9)
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o
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Ecklonia stolonifera (500 g)

MeOH (70 C reflux for 3h, 3L x 3 times)

MeOH extract (116.6 g)

Aqueous layer

| Partitioned with CH,Cl,

CH,CIl, fr. (9.1 g) Aqueous layer

Partitioned with EtOAc

EtOAc fr. (4.2 g)

Aqueous layer

Partitionedwith BuOH

BuOH fr. (16.6 g) Aqueous layer (86.6 g)

Scheme 1 Extraction and fractionation procedure of Ecklonia stolonifera.

10



37

Z]

m (
A
M

3-2.
3-2-1. EtOAc 3 &9 A E &y

=3 (Ecklonia stolonifera)®] MeOH FZw 3 7179 8 &5l tste] 3
Yo FHT Adgd A9y P Add d3ds 3 23 EtOAc
w8 5E0] oa-glucosidase JALAolA 7 =2 EAS KA, protein
tyrosine phosphatase 1B A&/ 2 AU %= Xkl (LDL) 4Fs} < A€k o A
T e B34S YEdY 298 o] EtOAe F3ES AR silica gel,
Sephadex LH-20, RP<18 column chromatographyS A}-8-3fo] 7S 235}
S Th EtOAc &= (42 g)= EtOAc:MeOH (50:1 ~ 5:1)= silica gel column
chromatographyE 5141 107H€] subfractions (F1 ~ F10)2. = -1 T} F2 (2.48 g)
< RP-18 column chromatography (H,O ~100% MeOH, gradient)S ~3)3}o] 117]]
o] subfractions= ¥ ATk F2-(FF1+FF2) (0.23 g)2 RP-18 (20% MeOH ~ 100%
MeOH, gradient)®} Sephadex LH-20 column chromatography (MeQH)E WH5 2 o
2 F33te] 313E 128 mg)2 U UFF. F2-(FF4+FF5) (0.11 g)< WHE-# <] RPp-
18 column chromatography (10% MeOH ~ 100% MeOH; gradient)©} Sephadex LH-
20 column chromatography (MeOH)=Z A5l 3}3&E 3 (44 mg)S =2l sh3ith
F2-(FF6+FF7) (0.72 g)= ®F-4 <l RP-18 column chromatography (10% MeOH ~
100% MeOH, gradient)?} Sephadex LH-20 column chromatography (MeOH)= g #|
slo] 3EE 4 (18 mg)S AATE E8 F2-(FF8+FF9) (1.22 g)= RP-18 column
chromatography (20% MeOH ~ 100% MeOH, gradient)©} WH52 Q1 Sephadex LH-
20 column chromatography (MeOH)= “8A|sto] 3}gt&E 2 (7 mg), 5 (143 mg), L
23 6 (8 mg)e w3 &8 A2 Scheme 20 YERURL AL, olE

o By J7 A6 o3 FRE HAsn

i

=]
=
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EtOAc fr. (4.2 g)
| Silica gel (EtOAC:MeOH=50:1 ~ 5:1)

FOI  FO2  F03  FO4 F05 FO6 FO7 FO8 F09 FI0
(2.48g)

| RP-18 (H,0 ~ 100% MeOH, gradient)

FO1+F02 FO03 F044F05 FO6+F07 FO8 ~F09 F11
0239 (0.11g) (072 g) (122 ¢)
RP-18 RP-18 RP-18 RP-18
Sephadex LH-20 Sephadex LH-20 Sephadex LH-20 Sephadex LH-20
v
Compound 1 (28 mg) Compound 3 (44mg)  Compound 4 (18 mg)  Compound 2 (7 mg)

Compound 5 (143 mg)
Compound 6 (8 mg)

Scheme 2. Isolation of ' compounds from the EtOAc fraction of Ecklonia stolonifera.

12



dg guel Tyers 4

M
M
M

3-2-2. EtOAc 538 &-of A

Compound 1 (phloroglucinol). White powder; C¢HgOs; IR Vi cm™ 3481, 1617,
1499, 1419; EI-MS m/z (rel. int., %) 126 [M]" (100); 'H-NMR (400 MHz, CD;0D) &:
5.78 (3H, s, H-2, 4, 6); "C-NMR (100 MHz, CD;0D) &: 160.9 (C-1, 3, 5), 96.3 (C-2, 4,
6).

Compound 2 (dioxinodehydroeckol). Off-white pewder; C;sH;(Oo; Negative FAB-
MS m/z 369.0, Positive FAB-MS m/z 370.0, HR-FAB-MS ni/z 370.0324 [M]"; IR Vpux
cm’ 3243, 1635,71518, 1494, 1396, 1281, 1243, 1207, 1154, 1118, 1089, 1012, 810;
'H-NMR (400 MHz, DMSO-dg) &: 9.77 (1-OH), 9.64 (9-OH), 9.60. (6-OH), 9.27 (3-
OH), 9.26 (11-OH), 6.10 (1H, s, H-7), 6.04 (1H, d, /=2.7 Hz, H-2), 6.01 (1H, d, J= 2.7
Hz, H-10), 5.84 (1H, d, /=2.7 Hz, H-4), 5.82 (1H, d, /=2.7 Hz, H-12); "C-NMR (100
MHz, DMSO-ds) 6:153.3 (C-3), 153.0 (C:11), 146.1 (C-1), 146.0 (C-9), 142.1 (C-4a),
141.7 (C-12a); 140.1 (C-6), 137.2 (C-7a), 131.6 (C-13b), 125.9 (C-5a), 122.7 (C-8a),
122.5 (C-13a), 122.3 (C-14a), 98.8 (C-2, 10), 97.6 (C-7),.93.9 (C-4, 12).

Compound 3 (eckol). Amorphous powder; C sH,00; Positive FABMS m/z 372 [M]';
'H-NMR (400 MHz, CD;0D) &: 6.13 (1H, s, H-3), 5.94 (2H, s, H-7, 9), 5.93 (3H, s, H-
2°4’,6); "C-NMR (100 MHz, CD;0D) &: 162.4 (C-1"), 160.7 (C-3", 5°), 150.0 (C-8),
147.7 (C-3), 147.6 (C-6), 144.7 (C-9a), 143.8 (C-1), 139.0 (C-4a), 126.1 (C-4), 125.3
(C-5a), 125.1 (C-10a), 100.3 (C-7), 99.9 (C-2), 98.2 (C-4"), 96.3 (C-9), 95.9 (C-2", 6").
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Compound 4 (phlorofucofuroeckol-A). Amorphous powder; C;0H;sO4; Positive
FABMS m/z 602 [M]"; '"H-NMR (400 MHz, CD;0D) &: 6.63 (1H, s, H-7), 6.40 (1H, s,
H-11), 6.26 (1H, s, H-2), 5.97 (2H, d, J/=2.1 Hz, H-2", 6"), 5.94 (1H, t, J=1.9 Hz, H-4"),
5.92 (1H, t, J=2.0 Hz, H-4"), 5.88 (2H, d, J=2.1 Hz, H-2", 6"); "C-NMR (100 MHz,
CD;0D) 6: 162.7 (C-1"), 162.6 (C-1"), 161.0 (C-3", 5"), 161.0 (C-3", 5"), 154.0 (C-7a),
152.5 (C-10), 152.0 (C-8a), 149.1 (C-3), 149.0 (C-12), 146.7 (C-6), 144.7 (C-1), 139.2
(C-4a), 136.2 (C-12¢), 128.9 (C-5a), 125.9 (C-13a), 125.6 (C-4), 123.2 (C-9), 106.2 (C-
12a), 106.1 (C-12b), 100.8 (C-11), 100.2 (C-2), 98.6 (C-4"), 98.5 (C-4"), 97.0 (C-7),
96.2 (C-2",6"), 96.2 (C-2", 6'):

Compound 5 (dieckol). Amorphous powder; C;sH»O1s; Positive FABMS m/z 742
[M]"; '"H-NMR (400 MHz, CD;0D) &: 6.15 (1H, s, H-3"), 6.13 (1H, s, H-3), 6.09 (2H, s,
H-2",6"), 6.06 (1H, d, /=2.9 Hz, H-8), 6.05 (1H, d, /=2.9 Hz, H-6"), 5.98 (1H, d, J/=2.8
Hz, H-6), 5.95 (1H, d, J=2.8 Hz, H-6), 5.92 (3H, s, H-2", 4’, 6"); "C-NMR (100 MHz,
CD;0D) 8: 162.7 (C-17), 161.0:(C-3", 57), 158.6 (C-1""), 156.8 (C-7), 155.3 (C-7"),
153.2 (C-3", 5"),.148.1(C-2"), 148.01 (C-2), 147.9 (C-9);.147.7(C-9), 145.1 (C-5a"),
145.0 (C-5a), 144.2 (C-4"),"144.1(C-4""),-139.4.(C-10a), 139:3 (C-10a"), 127.3 (C-4""),
127.0 (C-9a), 126.5 (C-1), 126:4°(C-1"),7125.7 (C-9a"), 125.5 (C-4a"), 125.4 (C-4a),
100.7 (C-8"), 100.6 (C-8), 100.3 (C-3), 100.2 (C-3"), 98.5 (C-4"), 97.0 (C-2"", 6""), 96.7
(C-6"), 96.6 (C-6"), 96.2 (C-2", 6").

Compound 6 (7-phloroeckol). Pale brown powder; CysH;4012; 'H-NMR (400 MHz,
DMSO-dg) 6: 5.72 (2H, d, J/=2.0 Hz, H-2', 6°), 5.79 (1H, d, J/=3.1 Hz, H-6), 5.80 (1H, t,
J=2.0 Hz, H-4", 5.86 (2H, s, H-3", 5"), 6.01 (1H, d, J=3.1 Hz, H-8), 6.14 (1H, s, H-3),
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9.0 (1H, s, H-4"), 9.12 (4H, d, J=6.3 Hz, 3', 5"-OH, 2", 6"-OH), 9.20 (1H, s, 2-OH),
9.40 (1H, s, 4-OH), 9.61 (1H, s, 9-OH); *C-NMR (100 MHz, DMSO-dq) &: 160.3 (C-
1), 158.8 (C-3", 5'), 154.8 (C-4"), 154.5 (C-7), 151.2 (C-2", 6"), 146.0 (C-9), 145.9 (C-
2), 142.3 (C-5a), 141.8 (C-4), 137.1 (C-10a), 123.9 (C-9a), 123.1 (C-4a), 122.5 (C-1"),

122.2 (C-1), 98.9 (C-3), 98.3 (C-8), 96.2 (C-4"), 94.8 (C-3", 5", 93.6 (C-2', 6'), 93.4
(C-6).
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Fig. 1. Chemical structures of the compounds 1-6 isolated from Ecklonia stolonifera.
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33, B A4

[e] =
3-3-1. Protein tyrosine phosphatase 1B & A| &4 21 &
3-3-1-1. Protein tyrosine phosphatase 1B &} #l| €-/d o] o] 3+ enzyme 2 &

Protein tyrosine phosphatase 1B (PTP 1B)2] A €4 & H7lel= WHS Na

5(2006)°] WS WEste] A3 3kSITh PTPIB (human, recombinant) &4+
BIOMOL International LPZF-H Y8t @49 &AL p-nitrophenyl
phosphate (pNPP)% 71 A2 A2 =45 TF96 well microtiter plateoﬂ ]2
S EFE] F FIE 100 uL= grh. AA o# FX=9] sample 10 pLo} &
2~ 10 pL, Z12]3L PTPI1B buffer [50 mM eitrate buffer (pH 6.0), 0.1 M NaCl, 1 mM
EDTA (ethylene diamine tetra acetic acid), | mM DTT (dithiothreitol)] 30 uLE ¥
35T, 5~104-%F preincubations A]ZIt}h, 123 7]& (p-NPP) 50 pLE #7}s}
o] 35T, 2043} incubations AlZl ¥ 10 M NaOHE 10 uLE o] HHgS &
AAZITh, ©]% microplate reader spectrophotometer (Molecular Devices, VERSA
max, CA, USA)Z 405 nmo|4 FF =5 ZF743I310™ positive control ==
ursolic acidE AFH&3FTH PTPIB Al &2 ofgje] 2] & o] &3slo] 3+ &,
ICso #F o2 Zhikesitt.

Inhibition (%) =1-(A29 T35 - 279 F3%)/ EFTFE x 100
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3-3-1-2. Protein tyrosine phosphatase 1Bl| st A3 &4 kinetic 2 &

PTPIB &4° Asf&dgdel digh FAaAs ZAAsH7] flete] ohgst
sample 5% [phloroglucinol (100 uM, 50 uM), dioxinodehydroeckol (50 uM, 25 uM,
10 uM), eckol (10 uM, 5 uM), phlorofurofucoeckol-A (25 uM, 10 uM), dieckol (5 uM,
1 uM), 7-phloroeckol (10 pM, 5 uM)]2} 7] & Q1 p-nitrophenyl phosphateE 0.5 mM,
1 mM 283 2 mM9 F==2 FHIS, o8 7HA] FE9 sample®t p-
nitrophenyl phosphateE #1¢} 543 WHOZ 405 nmol A FF=E 5450
A& Al 2] inhibition constant (Ki)© Dixon plot> = F-3}31 o™, x-F2| 3k -Ki
& et

I
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o/
A

N
F \o
p-nitrophenyl phosphate (pNPP)

Protein tyrosine phosphatase

-

OH

e —
alkaline
conditions
| ZaN
O/ \O

p-nitrophenol p-nitrophenolate

Fig. 2. Mechanism of the protein tyrosine phosphatase 1B assay.
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Sample (inhibitors) 10 puL + PTP1B enzyme 10 uL + PTP1B buffer 30 pL

l

35C preincubation for 5~10 min

l

Substrate (p-NPP) 50 pL.

!

35C incubation for 20 min

1

10 M NaOH 10 pL.

1

Measurement of absorbance at 405 nm

Scheme 3. Measurement of protein tyrosine phosphatase 1B inhibitory activity.
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3-3-2. a-Glucosidase S #| &4 23
3-3-2-1. a-Glucosidase S A&/ d] et enzyme 2

a-Glucosidase a2 SALAS SAH3L7] 84 Li et al(2005) WHS
Asle] AT 242Ee] welloll 100 mM phosphate buffer (pH 6.8) 20 uL2} 10%
DMSO°l 5¢l ol2] %9 sample 20 uLE YWi=vh 2g]a 712 AREE 100
mM phosphate buffer (pH6.8)°l =21 2.5 mM p-nitrophenyl a-D-glucopyranoside
(PNPG) 20 pL ¥ %, 8421 0.2 unit/mL a-glucosidaseE 10 mM phosphate
buffer (pH6.8)° =1 20 pLE Y=t} 37ColA] 158 59 incubations A7

< Wb FAA7]7] 2138 0.2 M sodium carbonate solution 80 pLE 2 &t} 9|

< 405 nm ©ll 4] microplate reader spectrophotometer (Molecular Devices, VERSA

max, CA, USA)E Al&5lo] SHEE SAHsY o o] AFo|A acarbose=
positive control@ AF-&= AT} o-glucosidase & Al A2 olge] A8 o]8351
AA &S 7% F, 1G5 whe= 23Sl

Inhibition (%) =" {1-(Asam — Assmic) / Acon! X 100

e o et

o -

o
>,
il
il
ot

Q
fllo
=)
o

011

L=
ASam <

I

R ) [e) S
ASam-C . é;g}\]-g—% ]:gjl pNPG% ]:gX] %9)\_5 UH‘Q] %%E

Acon @ ZANEE ¥A S o] FH=
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3-3-2-2. a-Glucosidaseol] 3+ # & &4 kinetic 2 &

o-Glucosidase &40 A&l gt FAAAE AAst7] st ohdst
sample &% [phloroglucinol (500 uM, 250 upM, 200 uM, 100 pM),
dioxinodehydroeckol (90 uM, 50 puM, 10 uM), eckol (30 uM, 10 puM, 5 uM),
phlorofurofucoeckol-A (3 uM, 1 uM), dieckol (3 uM, 2 uM), 7-phloroeckol (10 uM, 5
uM, 2.5 uM)]¢} 712 Q1 p-nitrophenyl o-D-glucopyranosideE 0.625 mM, 1.25 mM
83 25 mMe] FE2 FHlsko o8] 7FA] 59 sample®} p-nitrophenyl
o-D-glucopyranoside s 9]¢} 5L 3 WHOZE 405 nmoll A SFEE S
A3l A 2] inhibition constant (Ki)i= Dixon plote.2 3o, x-F9] #h2 -Ki
2 epar
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100 mM phosphate buffer 20 pL + Sample 20 L.

+ 2.5 mM pNPG 20 pL + a-glucosidase enzyme 20 pL

l

37C incubation for 15 min

1

0.2 M Na,CO5 80-uL

l

Measurement of absorbance at 405 nm

Scheme 4. Measurement of a-glucosidase inhibitory activity.

HO— OH NO,

HO ) ~ . HO
H(;Eﬂ o glucos1dasi>
o) /O +
HO OH
2 OH
NO O-

2

p-nitrophenyl a-D-glucopyranoside glucose p-nitrophenolate

Fig. 3. Mechanism of the a-glucosidase assay.
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Al S
=2

il

3-4. Fem 335t

o|N
jul

il

3-4-1. Human A& %= X gt Absl A 24 A3

at

Human A'd% A% (Human low density lipoprotein, Human LDL) Abs) o A
ayE 543517] 21814 thiobarbituric acid (TBA)®| U2 malondialdehyde
(MDA) A4S A3 W2 Jeong et al. (2004)2] WS =43l 2As}
St HF F%7F 50 pg / mL7F ¥ %= human LDLS 10 mM phosphate
buffered saline (PBS) buffer (pH 7.4)%l 8] &} 24 t}. Human LDL 500 uL (50 pg / mL)
ol 10 mM PBS buffer (pH 7.4)S 320 uL, I mM CuSO, 90 pL % MeOH extract, Z}
Zre] 8 E3 gREE o] 90 uLE FEO Yol 37T 2] water bath o] 4] 4] 7F
wjFakalet. o] m A Es KA Aatske]l A=< MDAS Fa SA T
23l A1 20% trichloroacetic acid (TCA)E 1 mL, 0.05 M NaOH°l| =21 0.67% TBA
£ 1 mL H7bekalrh. vhg E3FelS 90C, 20521t water batholl A v st A}
A Wzhsk 3 2000 rpmell Al 10E1E A4 EE ST A s Foko]
microplate reader spectrophotometer (Molecular Devices, VERSA max, CA, USA)=
534 nmell A FFEs FASEA M, human LDL b8k ofAl&2 ofgo] 4=
okl 3 5 ICs, o= gRbERgiTh

Inhibition (%) = {1-(Asam — Acont) / Asta} X 100
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(0] (0] ?
M + N
H H /J\
Malondialdehyde (MDA) (o) N S

Thiobarbituric acid (TBA)

HO

(s s N OH N )
i (v |
A CHz—lc_I:=ﬁ e + ZHZO
\_ OH OH J

MDA-TBA Adduct

Fig. 4. Mechanism of the human low density lipoprotein oxidation assay.
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LDL (50 pg /mL) 500 uL + 1 mM CuSO, 90 uL

+ sample 90 uLL + 10 mM PBS buffer 320 pL

l

Heating 37 C in water bath, 4 h

1

20% TCA T mL

l

0.67% TBA:1 mL

[

Heating 95 C in water bath, 20 min

l

Cooling and-eentrifugation 2000,rpm-for 10 min

Measurement of absorbance at 534 nm

Scheme 5. Measurement of human low density lipoprotein oxidation inhibitory activity.
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3-4-2. Human Ad % A|ghul 2bslo] ol conjugated diene 574 A&

A AbstES S-S fstel AE AMSlEE Esterbauer  (1989)9]
conjugated dienes =74 WHS AFESI3TE Human LDLS HF 57} 50
ng/mLo] % %= 10 mM phosphate buffered saline (PBS) buffer (pH 7.4)°l] 3]2] 3}
ATt HF H9)7F 3 mLo] ¥ %= human LDL (50 pg/mL)¥ 10 uM<] CuSO,
aeal FEEe eSS MY e Yeth o] REgEe] g
conjugated dienes S73F7] 98k 4A1F F<F 20&wHE UV/ Visible
Spectrophotometer (Ultraspec® 2100 pro, Amersham Biosciences, USA)S A}-&3}o]

234 nmmoll A FHEE SAsIN e 25+ 37CE FA ST

27



m. 23 9 u&
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R

1-1.PTPIB S A&} a-glucosidase & A &4

1-1-1. MeOH F=E¥ 72} ZYEE9 PTPIB A&7} a-glucosidase & A

244

Y (Ecklonia stolonifear)®l MeOH F% =3} MeOH FE&3 A§4 &0
3

to] 9S CH,CL, EtOAc, n-BuOH w2 &3 H,0 <o 3l PTPIB A

ll

e
O

>

:‘_1‘

d 3} a-glucosidase A LA S SAst] ZH7; 50% PTPIB2} a-glucosidase
A& HERE ICs & (ngml) o= YRSl o™, 2 A3 Table 10
ATH
719l MeOH FEE2 PTPIB9 o-glucosidase A &7dol A ICs kol

0.18 pg/mi¥} 2.82 +0.63 pg/ml= LEFRTE 53] 8] MeOH %= = 5-H
zyzye] E3E 50| g PTPIB J A &2 n-BuOH #& & (ICs = 0.23

ul

1
2
m&ﬁ

-

g}

p9

° i
H‘Léé

[o)}

3

e
rlo

+0.07 pg/ml) > EtOAc 85 (ICso = 0.26 = 0.06 pg/ml) > CH,Cl, 3 & (ICy =

0.91 + 0.98 pg/ml) > H,0 H=-3& (ICs=3.97 + 0.44 pg/ml)e] =02 LER:

MeOH FE&3 7Z7te] B3 EE FolA n-BuOH® EtOAc #3E&E©

T =5 H3l %2 PTPIB JAZAH S Hedilon, gxao = A}
|

oAl PTPIB JA A S 7HAE MeOH FEEo] dig 7zt RIEBE F

EtOAc®} n-BuOH & Eo] Hw4 =2 PTPIB A& S HEde= Aoz

Hol PTPIB A &4 < =

Z] o] feis

=]

=
1 [e) O = 2~
B24UE 53T 5 Uk
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+39] MeOH F=E34 T8 =59 a-glucosidase A LS S435H7] <
A AFEE E2FEZ 5 a-glucosidase FAAZ & A = acarbose (Hui
et al., 2011; Lin et al., 2011; Lekshmi et al., 2011)& A}8-3}3 TF. a-Glucosidase &
A A Ao F3]2] EtOAc EEEL ICs kol 1.15 £ 0.03 pg/ml=Z 7
=2 A4S YehidY S o2 CHCL #3815 (ICs = 1.46 + 0.11 pg/ml)
> MeOH %5 (ICs=2.82 +0.63 ug/ml) > n-BuOH 58 E (ICs = 4.59 + 0.57
pg/ml) > H,O ¥3 & (ICs, = 163.63 + 5.17 pg/ml) 9] =22 YElgth H,0 3
FEES S8 EES WX acarbose®] IG5 #k<!
101.52 + 3.82 ug/mlBEt B =2 a-glucosidase AL S YERAAT ©]
A M= o-glucosidase & A S-S 74 = MeOH F=E¢ st 7} 3
5 5 ¥ &48& YEhd EtOAc &8 =°] a-glucosidase A & &2 o]
ZF el vk AZge = drh
A olgjel A5 npero &2 PTPIBS} a-glucosidase?] A& o] R
T EtOAc #8 =0l o2 A4S HBH= Ao uF/ EAsta 3l

RU L

o

Y,
o
fru
o
)
ek
4»
2

g
E:)
!
o
(i
)
-1
g
—F
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i)
lo,
o
e
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2
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Table 1. Inhibitory effects of MeOH extract and its fractions obtained from Ecklonia

stolonifera on protein tyrosine phosphatase 1B and a-glucosidase activity

PTP1B* a-glucosidase”
samples ICso (ng/ml) ICso (ng/ml)
Mean = S.E.M. Mean + S.E.M.
MeOH extract 6.39+0.18 2.82+0.63
CH,C1, fraction 0.91 £0.98 1.46 £0.11
EtOAc fraction 0.26 £ 0.06 1.15+£0.03
n-BuOH fraction 0.23£0.07 4.59 £0.57
H,O fraction 3.97+0.44 163.63 +5.17
Ursolic acid” 337= 0%
Acarbose’ 101.52+3.82

PTP1B : protein tyrosine phosphatase 1B.

“The 50% inhibitory concentration (ICsp) values were determined by regression analyses and
expressed as mean + S.E.M of triplicate experiments. “Ursolic acid was used as a positive
control on the PTP1B inhibitory activity. “Acarbose was used as a positive control on the a-
glucosidase inhibitory activity.
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1-1-2. %2 % phlorotannin 3}3EE52] PTPIB A& 3 AsjaAde] a3t
Al

AL

=3 o] EtOAc w3 EZHE 2]¥  phlorotannins 3}FEES L=
PTPIB A& H7hstal, 1 A5 Table 201 YERATE 18]31 PTPIB
a0 sk Aa| At 7)Ao AlE Dixon plot= §38le] YolH Lo
, Zb7hel EgtEe] digh Dixonplot% Fig. 5-10°] e AT
% 7}E phlorotannins 3}$H&E F ol A 313+ 4 (phlorofucofuroeckol-A)7} 71
o AAGAH S eI e, ICs ZE SR 0.56+ 0.10 pM ©] T} th&o =2
= 3}3E 5 (dieckol, 1.18 £0.02 uM) > 3}3HE 6 (7-phloroeckol, 2.09 + 0.09 puM)

0>.’
rﬂ

u)

M )

c

> 3}3HE 3 (eckol, 2.64 + 0.04.pM) > 3}§= 2 (dioxinodehydroeckol, 29.97 + 4.52
uM) > 3}8E 1 (phloroglucinol, 55.48 + 1.85 uM) =° 2 YElT} 33E 3-
S 2oz AFEE ursolic acid (10.82 +£0.32 uM)E T} H R 2 oA A4S
B0l 3R 1,25 HlR2FEYS He S48 B

PTPIB &z:ol ik Asfialet 7] < 3ke] F# 75 Dixon ploto = 4] a}
Row, shetE 12 FAEAA AeAE UEE T (Figs). FdA4 AaAl (1)
= 7F9A Asiubgoln, &4 (E)-71A ) H Al Afstel &84 ESI
EAAE AT F FAAA AsAE e aihdds A¥eA ¥
oA 71 ds et kst A g ¥ HA BT (Segel,
1976). 3= 2-69 K 3k ZHZ} 16.76, 2.86, 1.43, 1.22, 12|31 2.90 uM©| T},
Fig. 6-10°] M=, 3}3t= 2 - 6= Dixon plot= w43 Ay} v AH A3
A= UEFsth Dixon plotoll A MG A A Ao ez Zhzte] 7E

T O Mol XFAA AR kst S 7AW, o] wAbH-S A
<~ (inhibition constant, K;)& 2| 7| st} H| G AA AsAl= aie 712 A5
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uhebA g9hE 2 - 6 PTPIB E429F 714 <l p-nitrophenyl phosphate (pNPP)
A 31 PTPIB &4 H+F PTPIB - pNPPE| &31Ao] 2
ALE BheF=ol thek K gk ICsok g o glon,

e 2
Hlale 4= Itk o] parameter= 53] &4 SviRbS-ol QlofA AFH 3 A &Al

PTPIB &4 9] AR (His214-Arg221)0ll 7] 22l tyrosine®] Ag3tc}. A
07} =& A3FE == PTRIB catalytic site?] WDP loop (Thr 177-Pro185)} ©]
2F4 aryl phosphate-binding site®l| tyrosine®] phenyl ring®] A3 o2 H LA H-
?1=2 A 2E ) (Koren and Fantus, 2007; Comeau et al., 2010). kel A A vg 3l n}
o} o] F¥|ZH-¥ 2% phlorotannins®l] = YHFH S 2 phloroglucinol 3¢
A7} &A1 gt} Phloroglucinol- trihydroxylated phenolic nucleus®] 7] Wizl ©]
A} S A0 phlorotannins< ether, phenyl, 2] 3L 1,4-dibenzodioxin 2 32
2 QIsto] ®2 hydroxyl 719} aromatic 312]E 7}XI T}

PTPIB A &4 Aol w2, 3k5tE 4, 57F PTPIBS] A& del 3lof
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Table 2. Protein tyrosine phosphatase 1B inhibitory activity of phlorotannins isolated

from Ecklonia stolonifera

Compound ICso (UM)* Inhibition type”
Phloroglucinol (1) 5548 + 1.85 uncompetitive
Dioxinodehydroeckol (2) 2997 £ 452 non-competitive
Eckol (3) 264 == 0.04 non-competitive
Phlorofucofuroeckol-A (4) 0.56.__ £+ 0.10 non-competitive
Dieckol (5) 1.18 £ 0.02 non-competitive
7-Phlorocekol (6) 2.09 =+ 0.09 non-competitive
Ursolic acid" 10.82 wt  0.32

“The 50% inhibitory concentration (ICsp) values were determined by regression analyses and
expressed as mean + S.E.M of triplicate experiments. "Inhibition type was determined by
interpretation of the Dixon plot. “Ursolic acid was used as a positive control on the PTPIB
inhibitory activity.
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Fig. 5. Dixon plot for inhibition of phloroglucinol on protein tyrosine phosphatase 1B in
the presence of different concentrations of substrate: 0.5 mM (@); 1 mM (QO); and 2

mM (V).
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Fig. 6. Dixon plot for inhibition of dioxinodehydroeckol on protein tyrosine

phosphatase 1B in the presence of different concentrations of substrate: 0.5 mM (@); 1

mM (O); and 2 mM (V). The inhibitory constant of the compound was determined as
Ki=16.76 uM.
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Fig. 7. Dixon plot for inhibition of eckol on protein tyrosine phosphatase 1B in the
presence of different concentrations of substrate: 0.5 mM (@); 1 mM (Q); and 2 mM

('¥). The inhibitory constant of the compound was determined as K; = 2.86 uM.
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Fig. 8. Dixon plot- for “inhibition of phlorofucefuroeckol-A on protein tyrosine
phosphatase 1B in the presence of different concentrations of substrate: 0.5 mM (@); 1

mM (O); and 2 mM (V). The inhibitory constant of the compound was determined as
Ki=1.43 uM.
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Fig. 9. Dixon plot for inhibition of dieckol on protein tyrosine phosphatase 1B in the
presence of different concentrations of substrate: 0.5 mM (@); 1 mM (Q); and 2 mM

(). The inhibitory constant of the compound was determined as K; = 1.22 uM.
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Fig. 10. Dixon plot for inhibition-of 7-phloroeckel on protein tyrosine phosphatase 1B
in the presence of different concentrations of substrate: 0.5 mM (@); 1 mM (QO); and 2

mM (V). The inhibitory constant of the compound was determined as K; = 2.90 uM.
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1-2-2. #2]% 3359 a-glucosidase A2 A& A7

T4 AsfAle AL FHAAE Lol 7] 93 AH&E Dixon plot
2-A A Aol tiek 84 A9} inhibitor constant (K] AS|FEH [A
N4l &% WE 1/enzyme velocity (1/1)2] plot]E @olX.7] 93t graphical %
Holw, A @i AsiAlel #AE dobs & AUtk A4 AfAL 4
G, VOl el ¥ x5 342 K @62 oJvletar Ritf= v 4 A4 A eiAd
A5, U7 04 W x59] #tol K #k& YERATE (Cornish-Bowden, 1974;
Dixon, 1953).

39 EtOAc T8 EZHE #2l¥ phlorotannins SFEES DA S=E -

ol

ol

glucosidase A LA S Ak, 2 AHE Table 39 YEMAT. 28|31
Dixon plots ©]-83}9] osglucosidase & 4axol thsh Aaj#|el 7| d v Aot

AE EAstR o, zt24e] shekEo 3k Ad= Fig. 11-169] YERHSIH.

SHE FFE=9] A2 SEE 4> SEE 5> 3EE 6> SHHEE 3>
stebE 2 > 3hbE 1 o= UeR o 7B AEE AdAagE 1l Sg=E
4 (1.37 £ 0.05 uM)2] 1@ FHS RO 2 AFE% acarbose (157.25 + 5.92 uM)
9] ICsy #ETF Fe-114M 3l A AN S JEUSISS AT = A

o 318 E 1,2,3,5,69 ICs a2 225 14118 £13.1,34.60 + 1.95,22.78 £ 2.15,
1.61 + 0.08, 6.13 = 030 pME YEIST F7HE 313HE 5 38+E 4-6°] o-
glucosidase®] Aol thal =& 24S wI7] wWiEel o] 235 ntgo
=2 phlorotannin®] &A= 7]¢} hydroxyl 7]1¢] 7} o-glucosidase®] A </d ol
FFS A Aolgte 7dlE & 4 Utk

a-Glucosidase®] A3l A&3dAo] QoA 3= 1, 3, 5+ PTPIBY A&l 4
AAA = o2 AP E JEFNA T Fig. 11S Y, 33H= 19 K, a2
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170.16 M2 &

=% =
S} BAA AaFErr E¢E] s AS wIH 7/ AsAe 4

uekA 71 AghilEs 3

£ xol Agar EMEIEIE S E AT
A ¢ It (Segel, 1976; Abdulaziz, 1996).

Fig. 133} 155 BW, 3138 39 SIgE 5v A AsA=Z vepson,
15.48 uMeF 0.27 uMol it A4 AsfjAl= 7]do] aiet 4
Fote AS v BAREA I a4 tsiae 22 A58 E 77 9
ol 7143 AsiAle ZARAS 7HaL ZdsulgAeltt. A4 AsA=
NAY} FEAFARE 7HAE BHAY ® OE T 549 7|HeAY
Ok AAEY A= AAEI k. o] AsfAe A e T
Agtal7] o] A ujErA ot} (Segel, 1976). 3= 2,4, 18] 69 K, ¥
2 51.80 uM, 15.48 pM, 23l 567 pM= 2H2F Yl o™, PTPIBY] A 84
HaA S} e e vBAY HoAE BAF XA, T AP Fig 12,
14 2831 169 YERHSITH

42



Table 3. a-Glucosidase inhibitory activities of phlorotannins isolated from Ecklonia

stolonifera
Compound ICsp (LM)* Inhibition type”
Phloroglucinol (1) 141.18 + 13.1 mixed type
Dioxinodehydroeckol (2) 3460 + 1.95 non-competitive
Eckol (3) 22,78 += 2.15 competitive
Phlorofucofuroeckol-A (4) 1.37. £ 0.05 non-competitive
Dieckol (5) 1.61 £ 0.08 competitive
7-Phlorocekol (6) 6.13 = 0.30 non-competitive
Acarbose” 15722 SR 5 92

“The 50% inhibitory concentration (ICsp) values were determined by regression analyses and
expressed as mean + S.E.M of triplicate experiments. "Inhibition type was determined by

interpretation of the Dixon plot. “Acarbose was used as a positive control on the o-glucosidase
inhibitory activity.
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Fig. 11. Dixon plot for inhibition of phlroglucinol on" a-glucosidase in the presence of

different concentrations of substrate: 0.625 mM (@); 1.25 mM (QO); and 2.5 mM (V).
The inhibitory constant of the compound was determined as K; = 170.16 uM.
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Fig. 12. Dixon plot for.inhibition of idioxinodehydroeckol on a-glucosidase in the
presence of different concentrations-of substrate: 0.625 mM (@); 1.25 mM (Q); and

2.5 mM ('¥). The inhibitory constant of the compound was determined as K; = 51.8
uM.
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Fig. 13. Dixon plot for inhibition of eckol on a-glucosidase in the presence of different
concentrations of substrate: 0625 mM (@); 1.25 mM-(QO); and 2.5 mM (V). The
inhibitory constant of the compound was determined as K; = 15.48 uM.
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Fig. 14. Dixon plot for inhibition of phlorofucofuroeckol-A on a-glucosidase in the
presence of different concentrations of substrate: 0.625 mM (e); 1.25 mM (0); and 2.5
mM (V). The inhibitory constant of the compound was determined as K; = 0.45 uM.
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Fig. 15. Dixon plot for inhibition of dieckol on a-glucosidase in the presence of
different concentrations of substrate: 0.625 mM (e); 1.25 mM (0); and 2.5 mM (V).
The inhibitory constant of the compound was determined as K; = 0.27 uM.
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Fig. 16. Dixon plot for inhibition of 7-phloroeckol on a-glucosidase in the presence of
different concentrations of substrate: 0.625 mM (e); 1.25 mM (0); and 2.5 mM (V).
The inhibitory constant of the compound was determined as K; = 5.67 uM.
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2-1.MeOH F==% ZF 9 E59 human A€ Ao 4bs} oA 24

AYE @9 (human low density lipoprotein, human LDL)9] A}
endothelial border= &34l ©]& %™ arterial subendothelial space® &7t}
ARE LDLe] Hgoldew EAsAY te a<ld s LDLo| 4k3hH
HE S doy|H dHo|A £33l7] HT= subendothelium oA ¥ 3}3}7]
H AHE dgE =g ko] I A Ee} A A 2 monocyte
chemotatic protein-12} -colony stimulating factoroll ]3] AFsl=w™ o] 2] A3z
o3 THHAJ AFAEE P} o9k 22 LDLO o] thALE 517
st} 22 wedo] Q) (Parker al., 1997 Park et al., 2009; Libby, 2002). whe}A]
LDL 4t} AHAEE ol 7] 2|84 thiobarbituric acid reactive substances
(TBARS) WS o]-&3te] #7183tk TBARS A A ikst #pAe o s)A
3 ¥ = &2 <21 malonaldehyde (MAD)E thiobarbituric acid (TBA)2} HE-E-A] A

S Aoz Wi olth (Esterbauer.et al., 1989).
Human LDLO| AFspAlel] thgk g3 A5 SolA F5EEs 49 5
1

(Munday et al., 1999), A DAY (Rosa davurica) =

(i
~
wn
o™
Q
~
I8
=
\*]
S
[e)
N—

=

2]a1 FF (Ligularia fischeri) %= (Jeong et al, 2009)2] =2 &Atsl §59]
SHol FUNASE dWet=d 23U dFol BRauddnk e Feld

SHtE 2+ 29 puerarin A& (Park et al., 1997), &5 (Dispacus asper)©]

o]
H

dicaffeoyl quinic aicd 3% (Hung et al., 2006), &2 2123} (Previs ensifovmis)<]
caffeic acid < (Wei et al., 2007)5 2] human LDL 4Fs} SA & G50 B
Aok a2yt A8 4ZF2 F3 oA += human LDL 2Fs}l Ao gl A
7F B wp glrlel Adeete] dds 38kl
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3]
=2

rlo

o]

M
Oft

Z319] MeOH FEE3 MeOH FEES A%7 &1

e A2

]

L

CH,Cl,, EtOAc, n-BuOH 3 E7 H,0 < human LDL 23} A2
S W748l7] $18ke] TBARS o= AFetglon] 1 AFE Table 40] U
B AT

=39 MeOH FZEE2 human LDL 4F3} A& th3dt 1Cs Fkol 5.6
+ 0.05 pg/mlZ YEFSTH H399 MeOH FEE225EH A& 7H7te] RIEE
o] W%+ human LDL 43} A& 2 EtOAc #& =0 7F4 a7t =4 o
Ebtom ICsy @2 3.04 +0.13 pg/mle]th B30 2= CHCL 38 &E3} p-
BuOH #359] ICsq ak2 717} 4.58 + 0.09 pg/mlTt 4.54 + 0.02 pg/mlZE A=
FrALE A S JE o, MeOH FE59] ICs) $-S 5.66 + 0.05 pg/ml
olt}. MeOH FE&} Zh #3559 human LDL Absh oA &4 Aol A
H,0 &8 52 30 pg/ml O Goll A% & a37F vehtA] ettt o] A3 ol
A 2T 22 % ascorbic acid®} probucol®] AFE-FH ST EbsiAR LR
ascorbic acid (Esterbauer et al, 1998)2] ICsy 4= 2.59 £ 0.01 pg/mio|™, A|H
5 A B8A| o)A FAks) 7] %5 0] = probucol (Joseph et al, 1991)°] ICsy Ak
4.69 + 0.52 pg/ml = L} ERET}

w3 9] EtOAc & E A EDL Akst Aol -tigt &do] A4 Yegor

= o] B ol kel B4 Re] SiHe] 9 Aol AztAL

[o)

iyt
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Table 4. Anti-atherosclerosis activity of the MeOH extract and its different fractions

from Ecklonia stolonifera on Cu**-induced human low density lipoprotein oxidation

LDL oxidation
samples ICso (ng/ml)*

Mean + S.E.M.
MeOH extract 5.66 £0.05
CH,C], fraction 4.58 £0.09
EtOAc fraction 3.04+0.13
n-BuOH fraction 4.54 +0.02
H,O fraction > 30
Ascorbic acid” 2.59+0.01
Probucol” 4.69 +0.52

LDL : low density lipoprotein.
“The 50% inhibitory concentration (ICsp) values were determined by regression analyses and

expressed as mean = S.E.M of triplicate experiments. “Ascorbic acid and probucol were used as
a positive control on the human LDL oxidation inhibitory activity.
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Fig. 17. Anti-atherosclerosis activity of the MeOH extract and its fractions from
Ecklonia stolonifera on Cu*"-induced human low density lipoprotein oxidation.

ME = Metanol Extract, HF = Hexane Fraction, CF = CH,Cl, Fraction, EF = Ethylacetate
Fraction, BF = n-Butanol Fraction, HF = Water Fraction, AA = L-Ascorbic acid, PB : Probucol.
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2-2. #2]¥ 3EEE9 human A% AT Ak} oA g

+39] EtOAc w8 E=ZHE 2|8 phlorotannins S PEES UFOZ
human LDL 43} A A S S5t 1 A3E Table 59 YEFH AT

T FEE FToA stE s7F 7P Y Abs A2 S e
RO, ICs) FOZEE 3.10 £ 0.24 pMo| T} ThF o2 3F3HE 4 (ICs = 4.34 +
0.07 uM) > 3}3HE 3 (ICs = 7.47 £ 0.05 uM) > 3}3H=E 6 (ICs) = 9.07 £ 0.79 uM) >
3l3HE 2 (ICs = 16.57 £ 1.16 uyM) > 3}3HE 1 (ICs = 87.30 £ 5.71 uM) =22 &}
ol 4= AT o] AFe TS = AFEE ascorbic acid®} probucol9]
ICsp 2t 77} 14.70 + 0.05 pM S} 9.07 + 1.01 uME LT 313HE 33 4=
HzrEd Basds w 2 =28 a8 dAaFdE Uelde AL 39l

T Ao o]F 2 phlorotannins S} Fol Al H|aLA | FER}EFo] A a1
hydroxyl 715 29| 743 &= =Y 4§ human LDLO] tfdh =2 Ab

sholAl &b Yehile Aoz Az
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Table 5. Anti-atherosclerosis activity of the isolated compounds from Ecklonia

stolonifera on Cu®-induced human low density lipoprotein oxidation

LDL oxidation

Compound ICso (M)
Mean + S.E.M.

Phloroglucinol (1) 87.30+5.71
Dioxinodehydroeckol (2) 16.57+1.16
Eckol (3) 7.47 £0.05
Phlorofucofuroeckol (4) 4.34+0.07
Dieckol (5) 3.10+0.24
7-Phloroeckol (6) 9.83+£0.79
Ascorbic acid” 14.70 +0.05
Probucol” 9.07 1.01

LDL : low density lipoprotein.
“The 50% inhibitory concentration (ICsp) values were determined by regression analyses and

expressed as mean = S.E.M of triplicate experiments. “Ascorbic acid and probucol were used as
a positive control on the human LDL oxidation inhibitory activity.
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2-3. 8 SIFEEY AL X dw Aksle] t)$k conjugated diene 57

w28 3gE FolA human LDL 4Fst Ao st 2SS wlgtoz 7}
ARG o] Hold stFES] FFE 3,4, 1831 55 A ¥ste] LDL AFs}
o t)gt conjugated dienes =43+ o™, 71 ZA3}E Fig 187} Table 69| YE}
YAtk webA] lag phase timeo] A=W E45 LDLY dAtsiHE o] S7hE
= ¢ T Utk

Fig. 187} Table 6914 & & %ol 3t3t= 57} conjugated dienes 43t
T AIZFE @l EQF A AR O™, 1 uM E =014 lag phase time 101.79 +
0.04 min, 5 pM F A= 116.08 £ 2.54 min, L2l 10 pM & =0l A+ 136.61
+0.39 min® = H7ME SgES T4 G AdaRTr ddn o r=
35tE 39 1 uM s 2o Al 54.54 £ 0.79 min, 5 M F =4 97.65 £ 2.64 min,
10 uM F =014 117.48 £ 0.15 minS YERHATE 313HE 45 1 pM =4
59.14 £ 1.37 min, 5 yM 3=l A 93.66 +£2.56 min, 10 uM 5=l 4 105.42 + 0.59
mine YEFAAT I uM SRl A= ShehE 30] 3hetE 432U lag phase time
o] Wkl s=7} S71E4E 3gE 4K 313E 39] comjugated diene
o] lag phase time E%l T A A=At

SAE SFEES gxTde= A84E probucol (1 pM = 55.60 = 2.47 min , 5
UM 74.48 + 1.82 min, 10 pM =91.07 + 7.16 min) 2.T} conjugated diene FAl S HX

H AdA7I= Ae & AT
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Fig. 18. Dose-response effect of compounds on Cu**-induced oxidation of human low
density lipoprotein, as measured as kinetic of conjugated dienes formation. LDL (50 ug
protein /ml) was incubated with 1.5 mM of CuSOy in the absence (control) or presence
of test compounds. Conjugated diene formation was determined by measuring the
absorbance at 234 nm every 20 min for 4h. The results show the inhibitory effect on
conjugated diene formation in the presence of different concentrations of eckol (A),
phlorofurofucoeckol-A (B);- dieckol (C)|and probucol (D). * indicates statistically
significant difference from control group (p < 0.05).
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Table 6. The effect of compounds on lag phase time for conjugated diene formation in

human low density lipoprotein

Lag phase time (min)“

Test compound

1 uM 5 uM 10 uM
Control (10% DMSO) 51.28 £1.39
Eckol (3) 54.54 +0.79 97.65+2.64 117.48 £ 0.15
Phlorofurofucoeckol (4) 59.14 +1.37 93.66 +2.56 105.42 £ 0.59
Dieckol (5) 101.79 + 0.04 116.08 + 2.54 137.61 £ 0.39
Probucol” 55.6 £2.47 74.48 +£ 1.82 91.07+7.16

All the values/are expressed as Mean + SEM of duplicate experiments.

“Lag phase time was determined to be the intercept of the slopes for the lag and propagation
phases. “Probucol was used as a positive control on conjugated diene formation of the human
LDL oxidation.
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2. PTPIB, a-glucosidase, 12|31 LDL 4ts} A& & =2 &5 o
Bl EtOAc &8 ES WS = silica gel, Sephadex LH-20, RP-18 column
chromatographyS <=3sle] &4 A RS F25 . 1D NMR (‘H-NMR, “C-
NMR)®] #3384 WHS o] &3ste] FEld sFEES 4o, 33t
B Tx= 7Y E9X¢ Hlaste]  phloroglucinol (1),
dioxinodehydroeckol (2), eckol (3), phlorofucofuroeckol-A (4), dieckol (5), 7-
phloroeckol (6)¥= I3tk ©olE 3= phlorotannins &2 4| 1,3,5-

(3

trihydroxybenzene (phloroglucinol)= 7|3 T3 %9 & 3} phloroglucinol 5 %
A Feje] H=A 3FEEo]th (Regan and Glomitza, 1986; Waterman and Mole,
1994). =3 o A" i=2] % phlorotannins &}3t=2] 2|2 AdAts 24 (Lee
et al., 1996b; Kang et al., 2004a; 2005a; 2005b; 2007; Nakamura et al., 1996), &=
Mol &4 (Lee et al., 1996a; Han et al., 2000), 4124 A& &3 (Taniguchi et al.,
1991), tyrosinanse ©] 7124l (Kang et al., 2004b), 12| 12 3u|H w3} &4 (Kim
et al., 2006; Joe et al., 2006; Bu et al., 2006) 5°] &% A"t 121} PTPIB,
a-glucosidase, LDL s} A 23 2 conjugated diene Aol tsiA = <
vboglth weba 2 ATl s Sy EFE EE] % phlorotannins  $F3 9
LDL 4tsto Al &3 2 conjugated diene Ao the =% % PTPIB, 1¥ i
o-glucosidase AA &£ 75 7183t

i
rlo

3. PTPIB: Sl=d Aol Rt 25, e]ar APGA| R A A4
o]z} ki, endoplasmjc reticulum®| cytoplasmic 3ol ¢ X]3}al AT} (Tonks
NK, 2003). o] &Ae Qladae] whg 7)o Qlikstd Qlad &A1 <l

29 T84 78S €S 7]= & negative regulator©] Tk (Lee, 2007).
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olo] uwiz} PTPIBE JAlet= A

& Azdte oER AMEE F ASS et 2gste] Iy EAE
2] ¥ phlorotannins 3}3tE 5o gk PTPIB A 2L As)| A#AAAE
A7velodct 3HeE 3-6= 43 PTPIB A& Ul od, ICs, #he
2.64 £0.04 uM, 0.56 £ 0.10 uM, 1.18 £ 0.02 uM, 2.09 + 0.09 pMZ E}E o, 3}
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