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Cholinesterase and lens aldose reductase inhibitory activities of
phlorotannins from Ecklonia stolonifera and their protective
effects on tacrine-induced hepatotocixity and hyperlipidemic rat

models

Na-Young Yoon

Department of Food and Life Science, Graduate School,

Pukyong National University

Abstract

Ecklonia stolonifera OKAMURA 1is a perennial brown alga, belonging to the family
Laminariaceae. It is frequently used as a foodstuff, along with Laminaria japonica and
Undaria pinnatifida. This alga was found| to have antioxidant, antimutagenic acitivities
and feeding-deterrent effect. The beneficial effects of E. stolonifera are thought to be due
to its phlorotannin constituents. Phlorotannins, phenolic secondary metabolites of brown
algae, are produced entircly by polymerization of phloroglucinol (1,3,5-
trihydroxybenzene). Recently, phlorotannins have been shown to have many positive
physiological effects including potent feeding deterrent, nitrite-scavenging, antimutagenic,
antioxidant, antidiabetic complication, tyrosinase inhibitory, angiotensin-converting
enzyme inhibitory, algicidal, antiallergic, antiviral and anti-skin aging activities. However,
cholinesterase and len aldose reductase inhibitory activities of phlorotannins from E.

stolonifera and their protective effects on tacrine-induced hepatotocixity and



hyperlipidemic rat models had not been investigated. The bioactivities of the ethanolic
extracts from Korean seaweeds were screened using in vitro assays, such as
cholinesterase (acetylcholinesterase and butyrylcholinesterase) and lens aldose reductase
inhibitory activities, and hepatoprotective effect on tacrine-induced hepatototoxicity in
Hep G2 cells. Among them, E. stolonifera exhibited promising inhibitory properties
against cholinesterase and lens aldose reductase, as well as potent hepatoprotective effect.
Moreover, the organic solvent-soluble fractions, such as n-hexane, dichloromethane
(CH,Cl,), ethylacetate (EtOAc), n-butanol (n-BuOH), and H,O fractions derived from F.
stolonifera, were evaluated via acetylcholinesterase and butyrylcholinesterase, and lens
aldose reductase inhibitory activities and tacrine-induced hepatoprotective activity.
Among the five fractions tested, the EtOAc soluble fraction had noticeable inhibitory
activity towards acetylcholinesterase and lens aldose reductase, and potent
hepatoprotective acitivity. Conversely, the n-hexane fraction had profound inhibitory
activity against butyrylcholinesterase. Bioassay-guided isolation of the active n-hexane
and EtOAc soluble fractions, obtained from the ethanolic extract of E. stolonifera,
resulted in the isolation of twelve compounds (1-12). These compounds have been
identified by direct comparisons of their spectral data with the reported ones: two sterols
[fucosterol (1) and 24-hydroperoxy 24-vinylcholesterol (2)] from the n-hexane fraction,
and ten phlorotannins [phloroglucinol ' (3), dioxinodehydroeckol (4), eckol (5),
phlorofucofuroeckol-A (6), dieckol (7), triphlorethol-B (8), 2-phloroeckol (9), 7-
phloroeckol (10), diphlorethol (11), and fucofuroeckol-A (12)] from the EtOAc fraction.
Among these compounds, compounds 8-11 were isolated from E. stolonifera for the first
time and compound 12 was first isolated as free form from natural sources, although
hepta-acetate of compound 12 has been previously isolated from Eisenia arborea. The
molecular structure of these compounds was elucidated by 1D ('H, "°C, DEPT) and 2D
NMR (HMQC, HMBC) spectral data, and by comparison of their spectral data with those
previously reported. The inhibitory activities of cholinesterase and lens aldose reductase
of compounds 1-12, and the protective effect on tacrine-induced hepatotoxicity were also
evaluated. Of the isolated compounds, compounds 4-7, 9, and 10 exhibited potent

acetylcholinesterase inhibitory activities, with ICs, values of 42.66 *+ 8.48, 20.56 + 5.61,

X1



4.89 £2.28, 17.11 £ 3.24, 38.13 £ 4.95, and 21.11 £ 4.16 uM, respectively. On the other
hand, compound 2 showed marginal inhibitory activity, with an ICs, value of 389.10 *
2.29 uM. Conversely, compounds 1, 2, 4, and 6 exhibited moderate inhibitory activities
against butyrylcholinesterse, with ICs, values of 421.72 £ 1.43, 176.46 £+ 2.51, 230.27 +
3.52, and 136.71 + 3.32 uM, respectively. However, compounds 3 and 8 showed no
activity toward either acetylcholinesterase or butyrylcholinesterase. These results suggest
that the degree of polymerization and closed-ring structure of phlorotannins may play key
roles in the inhibitory potential of phlorotannins toward the cholinesterase (ChEs). The E.
stolonifera-derived phlorotannins exhibited lens aldose reductase inhibitory activity with
except of compounds 8, 11, and 12. The ICsy values of compounds 4 and 10 were 21.95
and 8.51 pM, respectively, the most active in the lens aldose reductase assay. The ICs,
values of compounds 5 and 7 followed, at 54.68 and 42.39 uM, respectively. Compound
6 exhibited marginal activity in the lens aldose reductase assay (ICsy 125.45 uM). Among
the isolated compounds, compounds 4 and 6 showed hepatoprotective activities with the
ECsy values of 62.0 and 79.2 pg/ml, respectively on tacrine-induced cytotoxicity in
human liver-derived Hep G2 cells. The hepatoprotective activity of compound 4 is
comparable with that (ECsp = 50.0 pg/ml) of a positive control, silybin. However,
compounds 3, 5, and 7 did not show any hepatoprotective activity.

Because phlorotannins isolated from FE. stolonifera showed potent activities in vitro
assays, further experiment in vivo was conducted to clarify the bioactivity of E.
stolonifera and their phlorotannins using the hyperlipidemic rat models. The
hypolipidemic effects of E. stolonifera and its major phlorotannin constituents were
investigated using the hyperlipidemic rats induced by poloxamer 407 and
hypercholesterolemic rats fed a high cholesterol diet. The hyperlipidemic rats induced by
poloxamer 407, a hydrophilic non-toxic surface active agent, had remarkably high serum
levels of triglyceride (TQG), total and low density lipoprotein cholesterol (TC and LDL-C),
and significantly increased atherogenic index (A.l.), while they were significantly
decreased by the administration of ethanolic extract or phlorotannins rich EtOAc and »n-

BuOH fractions of E. stolonifera. In addition, high density lipoprotein cholesterol (HDL-

Xil



C) level in serum was reduced in poloxamer 407-induced hyperlipidemic control rats.
However, the oral administration of the EtOAc and n-BuOH fractions significantly
increased the HDL-C level. In particular, the EtOAc fraction showed more potent
hypolipidemic effect than the n-BuOH fraction. The hypolipidemic effects of compounds
5 and 7, the main compounds isolated from active EtOAc fraction, were also investigated
using hyperlipidemic and hypercholesterolemic rat models. The elevated TC, TG and
LDL-C levels, and A.L. values in poloxamer 407-induced hyperlipidemic rats were
significantly decreased after the oral administration of these compounds, while the level
of HDL-C led to a significant increase. Moreover, the serum lipid levels, such as TC, TG
and LDL-C, were elevated in high cholesterol diet fed rats, while lipid levels were
significantly decreased in the rats administered by compound 7. Furthermore, A.L. value
was lowered by administration of compound 7. However, compound 5 did not show any
protective effect in hypercholesterolemic rats. In the present study, compound 7 exhibited
stronger protective activities on hyperlipidemia than compound 5, which was indicated
that the degree of polymerization of phlorotannins seem to play key roles in the serum
lipid level lowering potential.

The effect of E. stolonifera and E. stolonifera-derived phlorotannins on the ChEs, lens
aldose reductase, hepatoprotective, and hypolipidemic activities were assayed with in
vitro and in vivo assay in the present study to demonstrate for a potential utilization of
functional food resource to treat or protect for Alzheimer’s disease, diabetic

complications, hepatotoxicity, and hyperlipidemia.

xiil



- ME

B

K

i)

o
O
AL
00
,.EO

o)

shofol Ao} 2

]
=~

=

ddelol, w2 #H

HA 7] witel dFH 7HA]

°©

ai7t =4

o

A7) A

g X
i

2Ll A

o

B}, 2000). $-

o

i

ti A
7R o2 74 e]

T

9
pal

[e)

=

Fr= ol&stal nk (ol tEl, 1994).

iy

=
1o

T

Ty

A

%

I8

A

oA 2 ARE

2

ofs et A

18
13

o] wirtel @il

= 1.
= A

N

==
i)

(eczema), HA1Z (gallactone), 7"

]

A
T8

—

x
!

oF
=

Al (vermifuges), Wt A%, T3,

=
5

1t} (Chapman and Champman, 1980; Hoppe and

[

gAY A Seueelq ol gH:

S

RN

o

A
414F0|H,

ry
==

o
=

6337} 178

Lerving, 1982; Srivastava and Kulshreshtha, 1989). -2 vkl A A
olgfar & A Ut

e ek

1

s

=

o

==
1o

ojo

—_

<

19, thAle}, e,

K

==
i)

gupete] s2F

[e)
T

(AFH=EAY 7199, 2004).

dl, =t

1

s

Ioheh o MBEo] AA e

I3

H] kol e}

Y



A 2E
o] 2000

=
.

=

o5

o

i=]
o] Zof

RS

5

s H AMA S

S

184% FEo2A ofF o

& oz vl

of ofo] MA 391 AAik=olH, 2003 7]
5.0 kg (FFFE 119%)°] W=},

Al

A

ok
o}
=

9
pl

1o

155

|

PR

[e;

| AR A
ba g, A

A

°©

7}

Kl
=
[}

1
s

o5

11.6 kgl A-FE°] 134%

(AFH=EALY 718, 2004).
ol

773

=
QLN

- T Y zjw __OM Wﬂ eﬁ o ﬂm 0 T ﬂm o Hr B =
P BN o0 W o H o Y g | %o
@ﬂ%%ﬂﬂ%gﬂm P ™oy 2 % o
,H,IA ~ —~ h - ,UI — Ir_‘_ N M MW,._ w .hw, m
KL oo TRl o KU o - =) ) e T &
5 i G -G A
o of Neo d MoK 9 M o o 2 o W™ o
—_— v - 15} ~
%m_x%oﬁﬁmwwww% wﬂaﬁumﬂm
nl f 4 ~ ° ,m O o-
Aok s 2w B E a5 8 S 8§ . 5 8 @ m
% S - R = SR B S m B2 2 g 3
g A o= i 7 S EX B o o
o~ T LW g B = T £ X
o N vﬁ Tal, N _ZT.E e £ = ﬁa =
T ™ mt § SO M S 8 - oF
I A S RO R iy
vl w = oH — e Tl IR w o~
1 = © = o N S 3l R
X CESCCORCEN . & —~ — N = )
T oW = o og o B o LAY e Lo oa
< oo o oo o= or R o
oy X0 = oo T N /= = B ﬂmm — = <H ML = kS
_Lmo Jo & < N N =T - = R © 8 T
oK "L o = n W mF F g MR 2 g
Y - e~ 6 N . g % MM - T T Mc m
A R B AT S T I .
oy X TOQ. <o L s T o
! | T A B W F0 ~a o 9
R o v N S Rt R 2L wuw S AL ¢
o e s R A B - A T R
3o Lf o 0~ _., o S 17_.0 _IT = o) X O#E Og ‘_ﬂa ' ™
Mo S ~ o B i ﬁa = Jo B N Ne Ul 7 ajo w xR =0
Mok My T g T oo
% NoE T _,ﬂ T ok ok Wﬁ < CL X To° m W
. a0 ToH
T B CER A A R T R S
N OR e m R Mo W ow W W T " s o



o 7|elsle Aow dHA Juk FIolA LY 22 UrREEER =
phloroglucinol (Lee et al., 1996a), eckol, dieckol (Kang et al., 2004a) &= X33l
phlorotannin¥ 3} %= (Taniguchi et al., 1991), ecklonialactones (Kurata et al., 1989;

1993) 1¢] 31 vanadium bromoperoxidase (Hara and Sakurai, 1998)7]' =) Rz e e

ZFoll= 22 dARFEZA] phenylZt phenoxy”]E 7FA| = phloroglucinol=
712G Q]Z 3} polyphenols®! phlorotannin  Ad-°o] o & FFE
Phlorotannin $} 3%+ 1,3,5-trihydroxybenzene (phloroglucinol)= 7|24 9=
Sl phloroglucinol & FEje] #HsA &%= =4 phloroglucinol unit®] 2
g W olu sht =& 1 o]/4ke] F7FA <l phloroglucinol unit®] Aol whet
T GeAIH, xR ol AxRFo FxFol d¥ FX3%th (Regan and
Glombitza, 1986; Waterman and Mole, 1994; Arnold and Targett, 1998). T =4
3} phloratannin d-2 ZxZFol €8 Cl =2 Bry 2 =27 447 2
FH FJEHZ EA%) (Regan and Glombitza 1986; Zhao et al., 2004; Fan et al.,
2003; Xu et al., 2003; Park et al., 2001; Choi et al., 2000; Kurihara et al., 1999a; 1999b;
Wiemer ef al., 1991). 2= (Phaeophyceae)®] 74-9- phlorotannin 3}3&S Ax
Z9] 25%= A 3FH (Targett et al., 1992; Van et al., 1999), =39 Zej7t &
MU= Ecklonia ¥ W% el &l QI= Eisenia S T53 o5 A&
MEHE FAsE 583 AJo|t}t (Regan and Jamieson, 1982; Waterman and
Mole, 1994; Arnold and Targett, 1998). ©]& Al polyketide pathwayelil 2]+

acetate-malonate pathways &34 AT, o5 Aol oAU 49

1y

physodes (phenolic containing vesicles)™= Z}2|4d #o}gh ZAle] djal AlES H

st 93-S $ttl. Phlorotannin g2 ZA & digh 84 W& o

foi

K

e A2 28l A gd oz Fa3sk 9388 3t} (Waterman and Mole,
1994; Steinberg, 1988; Targett and Arnold, 1998; Arnold and Targett, 2000; Pavia and
Toth, 2000a; Seiburth and Conover, 1965; Wikstrom and Pavia, 2004).

Phlorotannin®] & HZF7F AsHe wikel @, %k, W9l o7t



A, A 2AE 5o A axld o A FFE we JowE g
Z] At} (Yates and Peckol, 1993; Peckol ef al., 1996; Pavia et al., 1997; Pavia and Toth,
2000b; Honkanen ef al., 2002; Swanson and Druehl, 2002).

Phlorotannin<>- phloroglucinol unit Z W Hl| we} A4 472 +7T 5
A

A A, phloroglucinol unit FFoll ether ZA3S 3t A-FolH, txygo=
fuhlols¥}  phloroethols®] ATE oY <79 fuhalols,  phloroethols <}
hydroxyphlorethols<> 2% Carpophyllum & (C.  mascalocarpum, C.
angustifolium) [Glombitza and Li, 1991; Glombitza and Schmidt, 1999; Li and Glombitza,
199113} Sargassum & (S. spinuligerum, S. muticum) [Keusgen and Glombitza, 1995;
Glombitza and Keusgen, 1995; Glombitza et al., 1978a]ol A ¥1t o}l 2} Halidrys
siliquosa (Glombitza and Sattler, 1973)2} Laminaria ochroleuca (Glombitza et al.,
1976)°ll A 2] = At}

T A, phloroglucinol unit Foll phenyl Aol o)sl JAdH 3}3H==ZA fucols
o] omw, o|lE 313=2 Himanthalia elongate (Glombitza et al., 1977),
Plenrophycus gardneri (Glombitza and Knoss, 1992), Analipus japonicus, Fucus
vesiculosus (Glombitza and Zieprath, 1989; Glombitza et al., 1975) 52| s =F=Z5H
] = A

M A, phloroglucinol unit®] ether®} phenyl 2o =3FH e ZA
fucophlorethols©] %) ©.™, Fucus vesiculosus, Cystoseira baccata, Analipus japonicus
(Glombitza and Zieprath, 1989; Glombitza et al., 1975; 1978c), Laminaria ochreluca
(Glombitza et al., 1978b), Cystoseira granulate (Glombitza et al., 1985) & olA] 2| %
AT},

YR A, phloroglucinol unit”} dibenzo-[1,4] dioxin ZA3tel] &3] FAdE Zo=
eckol?} carmalol®] WAl s}§t&Eo|tt. o5 3}8E-2 Eisenia bicyclis (Okada
et al., 2004), Eisenia arborea (Glombitza and Gerstberger, 1985), Carpophyllum
masculocarpum (Li and Glombitza, 1991), Ecklonia kurome (Fukuyama et al., 1989),



Ecklonia stolonifera (Kang et al., 2003a; 2004a) oA 2] ¥ Atk

©]= phlorotannin 3}3&E9] 4# 3 YL o == ks A (Lee et al,
1996b; Kang et al., 2004a; 2005a; 2005b; 2007; Nakamura et al., 1996), & Ho] &
A (Lee et al, 1996a; Han et al., 2000), 42 A3 &3} (Taniguchi et al., 1991),
tyrosinanse & Al €4 (Kang ef al., 2004b), &3] 5F =3} &4 (Kim et al., 2006a; Joe
et al., 2006; Bu et al., 2006), antiplasmin & ¥} (Fukuyama et al., 1989), 3v}o]2|
24 (Ahn er al., 2004a; 2004b; 2006), A &P HZ I (Kang er al., 2003b),
glycosidase & #| €4 (Shibata et al., 2002a), 71714 &3} (Myoung et al., 2005),
hyaluronidase ] #| 24 (Shibata et al., 2002b; Bu et al., 2006) L& 3+ 27]
g4 (Sugiura et al., 2006) 5 ©] 7% S, phlorotannin A ++-2] cholinesterase
A 24, lens aldose reductase & A &4, tacrineC. 2 X% IHAIE SAo] gk
e &4 aga aAEF A5 B Ao AXAEFT mdol ik AT

ol# WIEA WY,

4

i~

rr

in vitro°ll| 4] cholinesterase 21 A &4
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Foz HAHQ 7o, Akar B @ g E HERITE (Alzheimer, 1907). 1907

T7F o] Fo A dAA MEE
TR ETH, FHTH Abdo]l WA HA d=stolme] Hejde 9 Iy
717l s B Aal dvh. d=stolw el thEk delxl Hlo® = amyloid
B peptide (Ap)e] 234 = HA, 2744
2] 3L cholinesterase®l] |3t ZHA] A AM L] A Fo o3 o] Fx4 W
sl Sol Ak (Coyle et al, 1983). L=sdfolmHe]l ¥y 0 F 3}l

acetylcholinesteraset= &=3slo|Mu Z7|o] 217 HAg =22l acetylcholineS

o] Alois Alzheimer’} #*]& ®H.I138F o]o g o o

Jo
1o

9% (neurofibrillary tangles, NFT) 1



choline?} acetate® WA A FHAH FTHS LA 7L, FHAY ANAAES 7
AAA L=slo|HH &
o} g7 d=slolmuo] dlow <X butyrylcholinesterase™ 43t 7] 7d -
, Q1A A u) #Ape] wo A tigom WA, X )

g sk 444 paqued Pt Agstm, 2xsfolugel T4

:(o

HFsko} (Fig. 1) [Greig et al., 2001]. Acetylcholinesterase

ob4 WA A kAT

=

acetylcholine®] 3= H@dsle] xujeo] gxle] FAalgo] & &S F= 7
o= dHAd Atk (Yu e al, 1999). 2YEE, d=slo|wr X H A
acetylcholinesterase®} butyrylcholinesterases W& 2402 AAet= AL ¢ &

A% &3E e 5 Akn eA AT (Yueral, 1999)
Fxstolm g o] ABAR W oFEo] AUH T ot AMAA FAs €
5

A9 AR fEe o} gl Agolth Tt x|y Fo

o,
rob

0%,
o

o 7] A5 (basal forebrain)®] =/ Aol &7del o3 7]d¥ Aol
gt 7O vigS T QA7) 5l Aol th 3l acetylcholinesteraseS & A 5}
M AGEF (synaptic cleft)oll A acetylcholine®] & S7HAI7]1= Al S,
acetylcholinesterase AAA7} 7Hd €L a3E Ued loen, ol
cholinesterase A 4|7} vl= FDACA 1S Wi ddelA g AH&5a
2t} (National Institute of Clinical Excellence, 2001; Lee, 2006). Acetylcholinesterase
AAA e dzslolm e =7 H T7] A 25~40% B A A 7] 9
IHE Boy, 1w Huje Af 1 mds A HAEHE HAoE
A T} (National Institute of Clinical Excellence, 2001; Qizibash et al., 2002). 3
A7FA] wlar FDARHFH 5<% cholinesterase Al A| == tacrine (Cognex),
.olE ¢
|
o] Aesolt mye] AolE AL eAs wHAl v EE oAl
HWAT7F Al glo] gatel thgh Aozl F494S Hehdi7= A=At

Fwolghal By il 9Ith (National Institute of Clinical Excellence, 2001).

donepezil (Aricept), rivastigmine (Exelon), galantamine (Reminyl) 5 ©] %}

N

A oMo Ag7de] £FH thEvt olefd Aol7t AA| Aol A

h=
>
rob



F <t Aol 9JSHH cholinesterase S A A S 7|7F A& 49 QX FHolL
AT TS dsAZ Rk ofyet HAANE B8-S 3 ThsAdo] A7
3 At} (Hashimoto ef al., 2005; Krishnan, 2003). 3t4] 3 o]& ¢FES 583 &
FTEA0 FAE 22 acetylcholine®] S7F= s 941, AAL AS7E, &
4 FHFge So] el & doH, s 2 A3 d3s fds)
A S2E F& F=9 AEH o] &l Holg dor]7] el oF &

o] Apg-o] AZrE AL T} (Schulz, 2003; Small et al., 1997; Melzer, 1998).

Ho
oM.
i

hai

O rg, HAAEZRE FAgo] i B} eFd3l cholinesterase & A A o]
et A7h weol FdEa 9loew, ol dAyelM HE4MEESFH wdd
cholinesterase & Al 4% S 2+ alkaloids (Bruehlmann et al., 2004; Rahman et al.,
2001; 2002; 2004; Claudia et al., 2005; Cho et al., 2003; 2006; Kim et al., 2004; Decker
et al., 2004), farnesylacetone derivatives (Ryu et al., 2003), pyrazoline derivatives (Ucar
et al., 2005), withanolides (Chounhary et al., 2004), terpenoids (Perry et al., 2000;
Savelev et al., 2003; Yoo et al., 2005), shikimate derivates (Lee et al., 2004a), flavonoids
(Orhan et al., 2003; Kang et al., 2001; Urbain et al., 2004; Ahmad et al., 2003;
Bruehlmann et al., 2004), sterols (Ahmed et al., 2006) 5°] <H A Ao}, =5l

Al 2% phlorotannin A -9l TS+ cholinesterase®] &A@ ol ths]A = oF&



Cholinergic neuron |
Cholinergic
neurotransmission |

}

Alzheimer’s
disease

Fig. 1. Mechanism of acetylcholinesterase (Greig ef al., 2001).



in vitrodl| A lens aldose reductase <A &4

T2 dadd AdAel stuzE, Adese 4 gEo &g o]
MTstEHA HAE 32 7 Sobskal Aok (HEF F, 1998). B A
W MEoA =TS AFEE F A= s Felrt A LA 7F F7std
A, BeFe] o] Ao R iy = gAY A3 = (Abuja and Albertini, 2001),

et 2 AAEG Sl g AdAdel A7) wiel, LY dRH A

N

L o H = fid N
S == L == == ==
FHTorE 4 BUS, T4 AT, Tud AT e

)
o= A7 S o)t} (Seaquist et al., 1989).

oA nddo] AT TR TIHder uddel 93 polyol
pathway2] ©]%4; (Sato and Rifkin, 1989), AFs}4 ~E# 2~ (Williamson ef al., 1993),
myoinositol®] 7+4A~9} Na', K'-ATPase®] &4 74 (Greene et al., 1987) 5 ©] Hil
A A G = glucoser= BHE S FAISH] H18 T8 dUA LR
Y B AMEAA FHE = insulindl] oJsl] AlZ= FE 3, dlFEo] S
o Al thA}E 3L, polyol pathway (Fig. 2)E Sl UALE = &2 3% E3sic)
(Greene et al., 1987). L&t} ol &8 sleFo] A&E™A AFAE, AF
ME, F8A, FHAEL} A5 5% glucose Y] insulinol] & E38HA] Rl
gabell & = ol MEWO glucose EE= AEHOE AT @
U} (Travis et al, 1974). AEW] Fd%E 1559 glucoseod <3 aldose
reductase’} &3 s}5 o] G el oF 2~4¥1 9] glucose’} polyol pathwayE A
A sorbitol?} fructose”} AY/d E T} (Malone et al., 1980). A% sorbitol> 74 &
= F9lel we W SAde] v, ded M, ded wES, 9k

3

4 Zpatz

¢

o

X

g AAF Fuy A4 2 FGu FUSS

[e)

e

T

o,

ul

s T H

(Heath and Hamlett, 1976).

T} ol58.0] gsorbitolE FAo] ol A|FEub o' Aol o]Hy] wEo|



sorbitolo] A|ZEujoll FHA =11, FA % sorbitolol] o8] AXZU AFEES F7HA]
A, FRAANE FETYs FHste] Alxe Asts dov|H, o] Bt 4
Al ArAEe] F3de kL, Na'e F943 K, obv]=4h, S1Eko] =, ATP,
myo-inositol 55 &A]ZIt} (Gabbay and O’Sullivan, 1968). ©] <} s Al Al
d Aol Aol FAATE YA Hedl, olet #2 A &
o2 Yehes WMy S 94 gAY 3 ARE AMESH
(Dvornik et al., 1973).

O] Z24 O 2 sorbitolS AASIE @49l aldose reductaseE JASHE H
sorbitol®] A& AT ¢ dvkar Azsigkon, dAAlz B2 A5 KHad
o)A, in vitro A3 Ao1A aldose reductaseES A= E 2o A o
d g AR ARl galactosemic ratsoll A WuUjde] FAdo] AdAE 5 &
o] 818 At} (Verma and Kinoshit, 1976; Parmar and Ghosh, 1979).

AR dAEZHH aldose reductase G AN A sk B2 AF7F Y=L )
o, I gRHQ Aio2zE SAAEZRY £8ld flavonoids, phenol’d 3}
3=, terpenes 5 °] ¢ T} (Verma and Kinoshita, 1976; Kawanishi et al., 2003).

H] = aldose reductase A Al st ZS A7} o] Fo]X| a1 AT, FHFXF
o} s|z=Fol A 2% phlorotannin d &0l )3k aldose reductase A& of st
A= obd FREA R

10



Increased

Inactive alcohols |

glucose )

Glutathione
reductase

NAD+ NADH

Diabetic complication
:Neuropathy, nephropathy,
retinopathy and cataracts

Fig. 2. Mechanism of diabetic complication: polyol pathway (Kador ef al., 1985).
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in vitrool| 4] tacrine. 2 FEH A¥E EAOCZHEH MRS a7
He AFACZRY F4EHE F3dt 52 (endotoxins) HRF ol gl A}

Bzl o3t SR AAE Boshs 7uoRA Ege A4 AdE

2774 e=42] acetylcholines <3l 5F= acetylcholinesterase®] A A| = A A}
8%+ tacrine (1,2,3,4-tetrahydro-9-aminoacridine hydrochloride)< =%14d X]uj] 2]

ox!

obmolAt, F7I7 B HEW HEBA 30~50%7t WFH

2

g
glutamate pyruvate transaminase (GPT) €43 &7 71 A<l M54 & ERY
A 5802 A&k A o] A= AT (Watkins er al., 1994). Tacrine®| 3l
Hhy] = ZbE A o] Aek 71 Ae ob7 " A %] ek 9kA|uk Hep G2 cello]L} <17t
TAEAA ROSY BEEs FIAA FA4S wdste Aoz dEA U
(Fig. 3) [Osseni ef al., 1999]. 1H=520 fd 7)ol dish B2 A7 T8 Q)
A9k, FAkstE I 7R S Aol AuaAl= o2 AEetA wre A A &%
o, B2 Aol 9 o4 7IdFH ols F LY FABAE HE
7] 18 =Hskar itk
2 AFdAME A3+ kG AMESS [Hep G2 cellS tacrine®. =2

Ao et 7R e ga¥E HASEE ARE ST Hep G2 cell> A A|H o

o T
[t
s
=
B

S|
% F ¢ primary hepatocyteoll A 2171 & {MAIFE O] EolA AE FH
receptor?} plasma el JHAAI FH[7| 5 S HES glom, FH
primary hepatocyte®} 2 7]5S St Aoz A 7] Wl 1HEA
Aol @o] ALgE a1 AT} (Grant ef al., 1988; Viau et al., 1993).

g i o FE S5 98 AR EE W SR invirooll A Hep G2
cell?} primary hepatocyteE ©]-83}3l tacrine ©]2]o] Q272 oWty X
5o A}-8-3l+ nitrofurantoin {1-(5-nitro-2-furfurylideneanmino)-hydantoin} [An et

al., 2005]%} palmitate (a long chain saturated fatty acid) [Song et al., 2007], D-

12



galactosamine (D-GalN) [Ninomiya et al., 2007] &< ©]-83}™, in vivool A&
carbon tetrachloride (CCly) [Chen ef al., 2006; Wong et al., 2000; Bodakhe and Ram,
2007], 31¥ *& A< paracetamol®} acetaminophen (Uskokovic-Markovic et al.,
2007; Yapar et al., 2007), 23 XZAZ A}8-% T isoniazid2} rifarnpicin
(Adhvaryu et al., 2007; Santhosh et al., 2007), Sl 7] &F-=o A= A&
Z 3F4<Ql dimethylnitrosamine (DMN) [Kim et al., 2007], {t=54 Fd=d=2 &
1%l thioacetamide (TAA) [Sehrawat et al., 2006], Aspergillus &2 =291
aflatoxin-B; (Naaz et al., 2007), & Z =2 T2 ethanol?} H]|A~ (arsenic)

[Donohue et al., 2007; Manna et al., 2007] 5= ©]&3lo] AAFEA 54

oFE AL Wbg FHXIAIQD cytochrome P-4500] Whg-alo] [ dAMHES

& glutathione?} Zgste] =248 HTH (Orecnius and
Moldeus, 1984; Dahlin et al., 1984). ©] HESO A A H = B2 AMIES Al
Z oA superoxide anion¥} T} free radicalS- A AJ kAl %31 (Vries, 1984),
ol FZtHAREE ] ZHEY. AAAHE  free radicals A2ATH] $EHA
glutathione<> AX %™, glutathione®] ' F-=5oll 98 &2AHA| FAY A= A
% radical> DNA, T, A3k Agst] A4 3AikstE fibebal, 7HA
X2 IJAAA FA S FEeta deA Jtk Mitchell er al., 1973;
Recknagel et al., 1989; Janakat and Al-Merie, 2002; Weber et al., 2003).

HHS o] digh B2 AFoA HAEZHE sesquiterpenesZ] (Oh et
al., 2002a), coumarins”| (Oh et al., 2002b), diarylheptanoids”| (Cho et al., 2001),
phenol’d &}3HE (An et al., 2005; 2006; Oh et al., 2004) “12] 3l polysaccharides
(Chen et al., 2006) 5©] tacrine®. = % IHAEZ FAdol tiste] FHE &



K
e
i)
2
30,

A9k, S| 2570l 4] =2]¥ phlorotannintF &}3H= 9]

of teire obd7tA Bad uhe gloh
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NH,
N )
N/

Tacrine

Cytochrome P 450

Glutathione | Covalent Binding to Liver Protein

!

ROS generation
and —) S
Lipid peroxidation

Fig. 3. Mechanism of tacrine-induced hepatotoxicity (Osseni et al., 1999).
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invivo A@NA 1AEF 2 IF digk Rsad

daAdge] wWEW phlorotannin - A AEWA A d™o] e
ONOO™ 2~ &4 7} angiotensin-converting enzyme <A G35 YEIYE Ho=
el ATt (Jung er al, 2006). ©l2]dF AFE HtFo R tixAl A A3
¢l olHFAEHASSH ol WA #HdHol e AAFFAY
phlorotannin ¢ 1A T AAaHAE IAGFT T2ELES o83 in vivo
AN AF-skarat At

AR5 F Z8 2~ E, low density lipoprotein (LDL) Z| 2~H &, T4 4,

A

AAA, FE AR gL Y ALAA S} B 1 o] MPYHow

=

E
lom, ol BAEMANT, AL, A ge 4uw %

=

il
r

st dho] 2o 9138 QAAZ & A At} (Talbert, 1997; Wald and Law, 1995). ©]
AL gk o A FS} FAA JEe Ad HFH ol ok AoE A

of Frjgh Ao HAH o g s A FFo] {FLET} (Oliveros et al., 2003).
FU=HES AAY 7eS AR FAATI=H B AR

2 Ao A3 VA s28 53 g2 322 Y Y8 HH, |
FS WEty olfF R A= WEEA] H a3t Jdro|t} (Libby et al,
2000; Berliner and Heinecks, 1996). i}, =& ~H =9 H=3g HFH = Fd2~
HEs o SAA7AL, €45 1=
e, o W FAikst mal] U G2 FRSA F7] dZol AAW
free radicalsS A| A sl 4k} Wo] 7| (antioxidative defe
TP A Hol, AdA des st sa3 HAdoR Agria B
3% 31 9T} (Levy, 1981; Lee et al., 2003; Yokozawa et al., 2006).
HAEF PR A Wdd B2 oA EdEE otk W
IAEF HEI R D2 fructose 7] 2 Triton WR-13392} poloxamer 407 F
oo o3k s=RHol glom, o0y WHRELS uFezHE Aold o

FHE s AzdaHEES 2ol 3t (Ham er al, 2005). WG IAEZ

=
[>
o,
il
o2
=
=,
2
>
ot
2
[>
[
=)
[>
)

nse system)°l B3 S
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ZAlo) A ALS-E = poloxamer 4072 XA F5A AAZAZ MxEe F
43, @ A, ofE gAY e 22 5ol 7|HdE 7kl Aow &

@14 21t} (Schmolka, 1991; Johnston and Palmer, 1997; Cogger et al., 2003; Yasuda et
al., 2005; Raymond et al., 2004; Ricci et al., 2005; Sanna et al., 2004). ©] °F=& 23
=l FAFEE 2441%F ol ApEA A el Aate]l A w
(Nash et al., 1996), lipoprotein lipase®] 285 Walst= A A FaHEE
#+2-A17]13L (Johnson and Palmer, 1993; Wout et al., 1992), AU F & ~HE
7 FAA "ol FrtE=dH o] A ] 3-hydroxy-3-methylglutaryl CoA
reductase®] TS ATFAIA A TS FUSHA Hok [Wout er al., 1992]. <
A LAGFTY HERAS AHAA FeEHE AolE Holw oA &
3}-& <=4 chylomicron (442 90%)°] F7}etA = a1, 5718 chylomicron
lipoprotein lipase®] Z}-&° <J3l] 7hpEall7F Aoyt 70~90%2] T Aol |
A=A o] A o] PejE 7o g et frh. o|w A &EFHQ T~
HE 2ol AdH o zhe] Aebwlo] ZF7istA koA very low density
lipoprotein (VLDL)2] W&=Fo| F7FslAl Ht}. o] Ao A lipoprotein lipase”}
ool TR Aol F7kekA Hal, LDL F el H = 8417 7H4Adte] LDL
2 Eo] S7tetA "ok olg g AFAAG Lol TIHsHA HH o5& *Rb
3} high density lipoprotein (HDL) & #|&H &0] AR E o] 1 %ol
WA 2 gFo] FE T} [Jain ef al., 2007].

Adsoz F7td 5 FHzHES Asi7le BHez=E A FHx

oy
ol
o
)
i

J__
HE Aol o) FAZHT A% GBS Bs Pel Ankw elA Ak
g3 FH2HE 555 AoMA| 7]+ 9= Z & lovastatin, simvastatin, pravastatin-

Na Z12]3l atorvastatin@} #-2 statinZ] $}5t=0] Ao, ol FJFE=2 ol A
FH2HEZY FAAAES AFASHE 3-hydroxy-3-methylglutaryl  coenzyme-A
reductase (HMG-CoA reductase) 285 A|ste], AsdH FH2HE% A

S ASIAA IAEF A gAZ o] &Il Th (Pazzucconi et al., 1995). L2}
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4 HMG-CoA reductase S AIAl= =38 x5l 5 T4

A7l Z237F E38kE AL, FE, AL B8, A9y 22 FAES fdeke A
o2 <Xt (McKenney, 2001; Erkelens ef al., 1988). ©
ol FHZe dHAEY FRE HF] fste] AAES o] &3 Aola
U gk, TIEa S o] &3l % LDL FHAHE IS WdEoEs Ad
A dstow olgtd HAS AstAlA B ofyTt s stE
A5E 7lsotAl & o+ dv B A77F I o, fFA SR 2o

A+ (Yamada et al., 2003), 21 =4 sterols (Nigon et al., 2001), ¢F% FE& (Oh et

i)
ot
bl
o,
X
>,
1o,
Hz
)
ofo

EI

al., 2002c; Megalli et al., 2005; Ren et al., 1994) “12]3. &% (Elwood ef al., 1982)
sol &R vk o] el szl W FuAdT Dol LA UARE
2] Caulerpa racemosa, Colpomenia sinuosa, Iyengaris stellata, Solieria robusta,
Spatoglossum asperum (Ara et al., 2002), = (Hisikia fusiforme) [Amano et al., 2005],
3}l (Enteromorpha linza), < 3}2)| (Monostroma nitidum) [Ren et al., 1994]2} 1l 3
o] (Capsosiphon fulvesecens) [Lee et al., 2006]2] 5% =3} carrageenan, agar,
laminarian (Kim et al., 2006b), alginate (Kimura et al, 1996), fucoidan,

ZAlEON

glucuronoxylorhamnan (Wang and Yang, 1997) s 2} polysaccharides®} fiber

ol X Aok, 28y, 39 G312 A& AF<2 phlorotannin®]
Az AT DeANE ok @ FE I Sl

2 AFaAE 599 T3 Aggd A phlorotanninoﬂ gt =3}
ol H, @/ AHF, tacrineS =
= cholinesterase & A &AW, lens aldose reductase & A|&AH, 7FH
23 DA EF AL HE in vitoS} in vivooll A T35t
A] 2% phlorotannin AJito] &=slolwH, G FHF, FES

ofyel uA TS ARt AR ¢ Ae Ve AE 2ARA T

2
2 oE ol
q
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oA ALE-sE F3] = 20004 2499

=
o, A4, A, g, 7P, wigel, olatel, dhel, A Baed, o,
i=]

h
for, BTk, mA 7], Al He-T S8 2004 199

2. Al E 7))

2-1. A9k

Column packing materials+= Kieselgel 60 (Si gel, 70-230 mesh ASTM, Merck, Art.
7734), Sephadex LH-20 (bead side 25-100 wm, Sigma), RP-18 (LiChroprep” RP-18, 40—
63 um, Merck)= AF-8-3}91 ™, TLC platex= Kieselgel 60 Fas4 (0.25 mm, precoated,
Merck, Art. 5715)3} RP 18 Fasy (Merck, Art. 5685)5 A}F-8-3}% 2™, spray reagent=
50% H,SO. & AH&3t3ltt. 1g]il 525 % column chromatographyoll <= 135 A]¢F
S ARESIYE. NMR 5749 AFE3sH &uli= DMSO-ds (Cambridge Isotope
Laboratories, deuterium degree 99.9%)°©]T}. RPMI 1640 medium, trypsin-ethylene
diaminetetraacetic acid (EDTA), antibiotics+= Gibco Laboratories (Grand Island, NY),
fetal bovine serum (FBS)© Hyclone Laboratories (Logan, UT), 96 well®} =2 Hjj %k
€ dish= Nunc, Inc. (North Aurora, IL)ol| 4] +43}$] 2™, tacrine, silybin, 3'-(4, 5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), electric-eel
acetylcholinesterase (EC 3. 1. 1. 7), horse-serum butyrylcholinesterase (EC 3. 1. 1. 8),
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acetylthiocholine iodide, butyrylthiocholine chloride, 5, 5’-dithiobis [2-nitrobenzoic acid]
(DTNB), eserine, berberine, poloxamer 407, pL-glyceraldehyde, B-nicotinamide adenine

dinucleotide phosphate (NADPH), quercetin<- Sigma Chemical Co. (St. Louis, MO,
USA)ol A -3} 3, NaH,PO,4, KH,PO,, NaOH-2 Yakuri Pure Chemicals Co., Ltd.
(Osaka, Japan), Na,HPO4+= Junsei Chemical Co., Ltd. (Tokyo, Japan) o4 %3}%}
U} Lovastatin> S 2HE Aguigton, F4A4d, T FU=HE,
LDLY} HDL Z#2HE 548 kit A 92 Shinyang Chemical Co. Ltd. (Korea)?]|
A sl

22. 43 &
g9l 120 go] 7 Sprague-Dawley (SD)Al #+ Samtaco Bio Korea Ltd.
(Korea)oﬂ A Fdsksl T

2-3. 717]

'H-2} “C-NMR-2 JEOL JNM-ECP 400 spectrometer ('H-NMR 400 MHz, *C-NMR
100 MHz, JEOL, Japan)S A}-83}o] 5748}% S, 2D-NMRQ! HMQC, HMBC+
pulsed field gradientE AF&-ske] SASET TLCS2 3h3tE HAS 98 &3t
(365 nm)¥} T3 (245 nm) -8 UV lamp (Model ENF-240C, Spectroline,
USA)E AF&-3k3ltth

HH S ado A HAME AEEY cholinesterase A oMo FFE S
]2 microplate reader spectrophotometer VERSA max (Molecular Devices, CA, USA)
= SAsAL, aAdT qALdANM SEAHE, T U 2EE, LDLY HDL
ZY2HE S 53 %E9 lens aldose reductase & A| A A2 SHE+=
UV spectrophotometer (Ultraspec® 2100 pro, Amersham Biosciences, USA) = =74 3131

.
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(

3] © ®WHESlo] ZbZ}e] S|Z T/ ethanol FEE= AAUATE 2429 ethanol F&

skarzt skl

=3 (Ecklonia stolonifera)®] ethanol % % 27} &uj¥ #3342 Scheme 1

o Yebgtth. w3 |{3AE 242 F £EE UE AR 3 kg $F ¥4
7

i=]
715 F2%E F71He @2 § 5 LY ethanolS Yal, 24 oA 3 A

e
o 1%
rlo
e
&
ofr
ol
£
-
=%
k>
<
[
(@]
<
o
B
(@]
<
o
]
Q
=
=l
9
il
S
>
ofo
ol
o
£
off
o
ol
o

9] p-hexanes, 2ol S ZUV]E =€ e H
olF %9 n-hexane 7FEFE ol F Bl #
anhydrous) &= A 23k Th5 oot FF3opqitt o]
HEE51o] pohexane w8 &E 91.9 g& AT L W
o 7Fste] 359 CHCL 7HH-5 Eof C 2g

o EtOAcE 7Fsto] 452 EtOAc 7875 ot EtOAc TH & 58.7 g& ¥%

o} B3 p-BuOHO| WM % 53 vl o g Ajgdsle] A9 4-BuOH &+

E& (sodium sulfate,

T2 WHeR 43 ¢
)

84.8 g7} 3152 H,0 E & 4244 ¢S A%
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Ecklonia stolonifera (3 kg)

‘ EtOH (90C reflux for 3hr. 5L X 3 times)
Ethanolic extract (670 g)
n-Hexane: HyO: EtOH (10: 9: 1)

n-Hexane fr. (91.9 g) H,0 layer
CH,Cl,
CH,CL fr. (10.2 g) H,0 layer
EtOAc
EtOAc fr. (58.7 g) H,O layer
n-BuOH
n-BuOH fr. (84.8 g) H,O fr. (424.4 g)

Scheme 1. Extraction and fractionation procedure of Ecklonia stolonifera.
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3-2. SAHE £H
H3 9] ethanol FE== 7} &= tste] acetylcholinesterase & A €A,

lens aldose reductase A A 2 FH G A oA EtOAc w8 & 7 w2

gt o] YEFSEO ™) butyrylcholinesterase A AN E BIFEE FolA au-

=
hexane w8 &Eo] 7} & JA|EAd o] YEFST o]ol n-hexane &8 &3} EtOAc

N

S1 535 S = silica gel, Sephadex LH-20, RP-18 column chromatographyS <~
oty S ES sl er, 2 14 S Scheme 29} 30 YERATH

3-2-1. n-Hexane &2 AL £

=3¢ #8EE S butyrylcholinesterase A A E/de] 7Hg Hold n-hexane

d

T8E (919 g CHClx:MeOH (20:1, 10:1, 10:3)2 silica gel column
chromatography & -3 3}o] 137]9] subfractions (HF1~ HF13)2. 2 U+l t}. HF3
7} HF4E 33t %, CH,CLY} MeOHZE A} 27 3}o] compound 1 (300 mg)S A A
U} HF5 (1.64 g)= n-hexane:EtOAc (5:1)= silica gel column chromatographyd}©]

compound 2 (50 mg)E 45 F UATL

3-2-2. EtOAc &9 Z48E 24

Acetylcholinesterase®} lens aldose reductase A4 <H4] 12]al RS G/ ol A
74 Z37F Holdtk EtOAc 38 E (58.7 g)S EtOAc:MeOH (50:1 ~ 5:1)& silica
gel column chromatography & <=8} 107112] subfractions (EF1 ~ EF10)S.2 U
T}, EF2 (34.8 g)= RP-18 column chromatography (H,O ~ 100% MeOH, gradient)3}
o] 1170¢] subfractionsS A Th EF2-(1+2) (3.3 g)& RP-18 (20% MeOH ~ 100%
MeOH, gradient)¥} WF5-2 <1 Sephadex LH-20 column chromatography (MeOH)E- 3}
o] compounds 3 (400 mg), 8 (100 mg), 11 (8 mg)S 2| 3}FA T EF2-5 (1.5 g)= HH
7219l RP-18 column chromatography (10% MeOH ~ 100% MeOH, gradient)2}
Sephadex LH-20 column chromatography (MeOH)Z “d A 5}l] compound 5 (600 mg)
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= At} EF2-(6+7) (10.0 g)S RP-18 column chromatography (10% MeOH ~ 100%
MeOH, gradient)Q]— Sephadex LH-20 column chromatography (MeOH)= A A 3Fed
compounds 6 (250 mg)¥} 9 (9 mg)E VAU S EF2-(8~10) (17.1 g)= RP-18
column chromatography (H,O ~ 100% MeOH, gradient)®} ¥H5-2] Q1 Sephadex LH-20
column chromatography (MeOH)Z “ Al &} compounds 4 (17 mg), 7 (2 g), 9 (26 mg),
12 (7 mg)E AU
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n-Hexane fr. (91.9 g)

‘ Silica gel (CH,Cl,:MeOH=20:1, 10:1 and 10:3)

2 3+4 5(164g) 6 7 8 9 10 11 12 13
Recrystalization Silica gel
(CH,Cl, and MeOH)

—

Filtrate Compound 1 (300 mg)

Compound 2 (50 mg)

Scheme 2. Isolation of compounds 1 and 2 from the n-hexane fraction of Ecklonia

stolonifera.
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EtOAc fr. (58.7 g)

‘ Silica gel (EtOAc:MeOH=50:1 ~ 5:1)

1 2(348¢g) 3 4 5 6 7 8 9 10
RP-18 (H,0 ~ 100% MeOH, gradient)

142(33g 3 4 5(15g) 6+7(10.0g) 8~10(17.1g) 11
RP-18 RP-18 RP-18 RP-18
Sephadex LH-20 Sephadex LH-20 Sephadex LH-20 Sephadex LH-20

v v v l

Compound 3 (400 mg) Compound 5 (600 mg) Compound 6 (250 mg)  Compound 4 (17 mg)

Compound 8 (100 mg) Compound 9 (9 mg) Compound 7 (2 g)
Compound 11 (7 mg) Compound 9 (26 mg)
Compound 12 (7 mg)

Scheme 3. Isolation of compounds 3-12 from the EtOAc fraction of Ecklonia

stolonifera.
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3-3. ZYoA 9 IFE 1-129 238 J2

Compound 1 (fucosterol)

: The compound was identified by TLC with an authentic sample.

Compound 2 (24-hydroperoxy 24-vinylcholesterol)

: The compound was identified by TLC with an authentic sample.

Compound 3 (phloroglucinol)
: The compound was identified by TLC with an authentic sample.

Compound 4 (dioxinodehydroeckol)
: The compound was identified by TLC with an authentic sample.

Compound 5 (eckol)

: The compound was identified by TLC with an authentic sample.

Compound 6 (phlorofucofuroeckol-A)

: The compound was identified by TLC with an authentic sample.

Compound 7 (dieckol)
: The compound was identified by TLC with an authentic sample.

Compound 8 (triphlorethol-B): Pale brown powder, CisH;40o. 'H-NMR (400 MHz,
DMSO-d;) 8: 5.94 (1H, d, J=2.7 Hz, H-3), 5.84 (2H, s, H-3", 5"), 5.82 (2H, d J=1.9 Hz,
H-2', 6), 5.80 (1H, d, /=1.9 Hz, H-4"), 5.52 (1H, d, J=2.7 Hz, H-5). "C-NMR (100 MHz,
DMSO-d;) 6: 160.7 (C-1"), 158.7 (C-3', 5'), 154.6 (C-4"), 154.3 (C-4), 153.1 (C-6), 151.1
(C-2,2",6"), 123.3 (C-1), 122.3 (C-1"), 96.2 (C-3), 95.7 (C-4"), 94.8 (C-3", 5"), 94.1 (C-
2', 6", 92.8 (C-5). [Fukuyama et al., 1989]
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Compound 9 (2-phloroeckol): Pale brown powder, C24H;cO1,. 'H-NMR (400 MHz,
DMSO-d;) 8: 5.96 (1H, d, J=2.3 Hz, H-8), 5.86 (2H, d, J/=2.0 Hz, H-2', 6'), 5.84 (2H, s,
H-3", 5"), 5.84 (1H, d, J=1.9 Hz, H-4"), 5.82 (1H, d, J=2.7 Hz, H-6), 5.80 (1H, s, H-3).
BC-NMR (100 MHz, DMSO-dg) 8: 160.7 (C-1'), 159.2 (C-3', 5"), 155.1 (C-4"), 153.5 (C-
7), 151.6 (C-2", 6"), 148.1 (C-2), 146.5 (C-9), 142.9 (C-5a), 142.0 (C-4), 137.5 (C-10a),
124.7 (C-4a), 123.0 (C-1, 9a), 122.4 (C-1"), 99.1 (C-7), 96.8 (C-4"), 96.4 (C-3), 95.3 (C-
3",5"),94.5 (C-2', 6'), 94.3 (C-6). [Fukuyama et al., 1985]

Compound 10 (7-phloroeckol): Pale brown powder, Co4H¢Op,. 'H-NMR (400 MHz,
DMSO-d;) 8: 9.61 (1H, s, 9-OH), 9.40 (1H, s, 4-OH), 9.20 (1H, s, 2-OH), 9.12 (4H, d,
J=6.3 Hz, 3', 5-OH, 2", 6"-OH), 9.00 (1H, s, H-4"), 6.14 (1H, s, H-3), 6.01 (1H, d, J=3.1
Hz, H-8), 5.86 (2H, s, H-3", 5"), 5.80 (1H, t, /=2.0 Hz, H-4"), 5.79 (1H, d, J=3.1 Hz, H-6),
5.72 (2H, d, J=2.0 Hz, H-2', 6). "C-NMR (100 MHz, DMSO-d;) &: 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). [Okada et
al., 2004]

Compound 11 (diphlorethol): Pale brown powder, C,H;;0¢. H-NMR (400 MHz,
DMSO-dq) 8: 9.05 (2H, s, 3', 5'-OH), 9.01 (2H, s, 2, 6-OH), 8.94 (1H, s, 4-OH), 5.84 (2H,
s, H-3, 5), 5.76 (1H, t, J=2.0 Hz, H-4"), 5.66 (2H, d, J=1.8 Hz, H-2', 6'). "C-NMR (100
MHz, DMSO-d;) 6: 160.7 (C-1"), 158.6 (C-3', 5"), 154.5 (C-2, 6), 151.2 (C-4), 122.6 (C-1),
95.6 (C-4"), 94.8 (C-3, 5), 93.7 (C-2', 6) .[Fukuyama et al., 1989]

Compound 12 (fucofuroeckol-A): Pale brown powder, CosH,40,;. '"H-NMR (400 MHz,
DMSO-ds) 8: 10.05 (1H, s, 14-OH), 9.88 (1H, s, 4-OH), 9.76 (1H, s, 10-OH), 9.44 (1H, s,
2-OH), 9.18 (2H, s, 3', 5'-OH), 8.22 (1H, s, 8-OH), 6.71 (1H, s, H-13), 6.47 (1H, d, J=1.1
Hz, H-11), 6.29 (1H, s, H-3), 6.25 (1H, d, J=1.5 Hz, H-9), 5.83 (1H, s, H-4"), 5.76 (2H, d,
J=1.5 Hz, H-2', 6'). "C-NMR (100 MHz, DMSO-d,) &: 160.7 (C-1'), 158.8 (C-3',
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5,158.3 (C-11a), 157.6 (C-10), 150.5 (C-12a), 150.2 (C-8), 146.9 (C-2), 144.4 (C-14),
142.0 (C-4), 136.8 (C-15a), 133.6 (C-5a), 126.1 (C-14a), 122.6 (C-4a), 122.4 (C-1), 103.1
(C-6), 102.4 (C-7), 98.2 (C-3), 98.0 (C-9), 96.3 (C-4"), 94.6 (C-13), 93.7 (C-2', 6"), 90.5
(C-11).

29



Fig. 4. Structures of the compounds 1 and 2 isolated from Ecklonia stolonifera.
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Fig. 5. Structures of the compounds 3-7 isolated from Ecklonia. stolonifera.
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Fig. 6. Structures of the compounds 8-12 first isolated from Ecklonia stolonifera.
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3-4. AT A¢

3-4-1. in vitro A3

3-4-1-1. Cholinesterase A &A A3

Cholinesterase 2} 4| 842 Ellman ef al. (1961)2] ®H-S oF7t WA %

o

Ot

bl =73t

S Acetylthiocholineiﬂr butyrylthiocholine% 71 A2 o] &3t= acetylcholinesterase

ol
|\

9} butyrylcholinesterase®] A2 S A 3F3UTE 100 mM sodium phosphate
buffer (pH 8.0) 140 pul, AlE 20 ¢} acetylcholinesterase (0.36 U) =
butyrylcholinesterase (0.36 U) 20 plE ZtZ}F 96 well microplateol] Eal Ao 4] 15
w7F vjeFet o] 10 pl®] DTNB [5, 5'-dithiobis-(2-nitrobenzoic acid)]2} 7] <l
acetylthiocholine = butyrylthiochoine 10 plE& Yo HF o2 HH-g-Ho] 200 ul
o] FX== 96 well plate] ¥t} o]ul, DTNB2} 7] <l acetylthiocholine <2
butyrylthiocholines Y oloF @ARbEo]  AJ#% 31, acetylthiocholine =2
butyrylthiocholine®] & 44 7}i3dlol] <]d] A’d %= thiocholine?} DTNB7}
HE-g-5to] A E = =g 9]  5-thio-2-nitrobenzoate anion (Fig. 7)< microplate
reader VERSA max (Molecular Devices, CA, USA)=Z 412 nmol| 4| 15%&37F 543813
ot

Cholinesterase A %= U2 #4202 85Tt

Inhibition (%) = {1— (Asan— Acon) / Aga} < 100

7+7} o] S A =79 cholinesterase A &4 S ICs, value® YEFHRATE o] = 7]



29l acetylthiocholineil} butyrylthiocholinegl 7RSS 50% o

pg/ml <& pM=Z YERH 3O 2 log-dose A curveZF-E] Ak
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Acetylcholinesterase

(0] (0]
| |

CH3CSCH,CHoN(CH3), + HoO ——— 3 (CH3),NCH,CH,S™ + CH,CHO
Acetylthiocholine Thiocholine Acetate
B
HOOC COCH
5, 5'-dithiobis-(2-nitrobenzoic acid)
\/
-
O,N S—S—CH,CH,N(CH), + S NO,
HoOC COOH
2-nitrobenzoate-5-mercaptothiocholine 5-thio-2-nitrobenzoate
(yellow)

Fig. 7. Mechanism of the cholinesterase assay (Ellman et al., 1961).
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140 pl Sodium phosphate buffer (pH 8.0) + 20 pl enzyme + 20 pl test sample

l

Incubation at room temperature for 15 min

|

Addition 10 ul DTNB

l

Addition 10 pl acetylthiocholine or butyrylthiocholine

l

Measurement of absorbance at 412 nm for 15 min

Scheme 4. Measurement of cholinesterase inhibitory activity.
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3-4-1-2. Lens aldose reductase A& 3§

Lens aldose reductase AL S SH37] gt a4Ye] A= Haymand}
Kinoshita (1965)7} 3 st WS W3t AFE3kQlth. AH 9 AdFolA
FAAE AEcty, 1 F5F W dAZF [8A 170F sodium phosphate
buffer (pH 6.2) 0.5 ml 3 7}H<| sodium phosphate buffer (pH 6.2)5 7}s}o] 23}
SEATE o5 4TolA 10,000 g2 20%7F YA B3t & 1 A5HS FH 3l
ardoz ARESISITE 1.5 ml 49 FF¥lel potassium phosphate buffer (pH 7.0)
621 pl, &4 90 pl, & A< NADPH (1.6 mM) 90 ul, DMSO°l 529 SHAZ 9
= Yo, mxeto® 7]AQl pr-glyceraldehyde (50 mM)E 90 plE Ho] &

2

HE-g-oMo] 900 ul7t & =5 3Fo] 340 nmol| 4] 433t spectrophotometerS =7 5

NADPHO| Za&& SAH3SH (Fig 8).
Lens aldose reductase & A %+ T2 HIA A o 72 L3513}

SR = (0% FHE 48 FFE)/ 4G} x 10,000

Inhibition (%) = {1— (Acont — Asam) / Acon} * 100

Z+7kol SAA 59 lens aldose reductase A &S ICs, value® LFEFU AT
&%l NADPHO| #4E 50% A= =8 pgml 52 yM=Z e
Wl ZtO 2 log-dose & A| curveZH-E A4kt

37



H O

H—(I:—OH
cH,on Aldose reductase

= |nactive sugar alcohol
v N

NADPH NADP”*
HO—C—H
CH,0H

pL-glyceraldehyde
(Substrate)

Fig. 8. Mechanism of the lens aldose reductase assay (Hayman and Kinoshita,1965).
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Rat lens homogenization in sodium phosphate buffer (pH 6.2)

l

Centrification at 10,000 g and 4 C for 20 min

l

Supernatant (enzyme preparation)

621 pl potassium phosphate buffer (pH 7.0) + 90 ul enzyme + 90 pl NADPH
+ 9 pl test sample

90 ul pr-glyceraldehyde

Measurement of absorbance at 340 nm for 4 min

Scheme 5. Measurement of lens aldose reductase inhibitory activity.
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3-4-13. PR3 A A

Tacrine®. 2 %3k 7HA|E 54 23E Song et al. (2001)9] HHS oFzt W
Jsto] 4-33F3Ith. American Type Culture Collection®. 2 F-E <Q17+e] 7t AE
2] Hep G2 cell2 743+ 10% heat-inactivated FBS, penicillin G (100 TU/ml)<}
streptomycin (100 pg/ml)©] % 7}FE RPMI HIA| o welld 2x<10°7] 2] AlEE Yol
37°C 2] CO, incubatorol| Al B3tk MTTH (Fig. 9)S o] &3&to] AX=AS =

okl 1.2 mM9| tacrines WAY £ WA &2 wjHol 2413 St A

Y5 wgeta, MY e R (FEE 52 ©EE: 100, 200, 300 pg/ml, 3}3H
£: 10, 50, 100 pg/ml) o] A5 ¥i, A2 AEES 570 mol A FFEE S5H
shAlth ZH7te] SAHA R tacrineoZ ¥ HAE HAo dig He g3
= 50% AEX AES FE2Q ECs value® YEFHRATE o]+ tacrinel® f- %

7}7}9] control ¥k 50% AE BEE FEE pg/ml = pME YERH Lo

H

concentration-inhibition curve = <1 t}.

HAZ Sl o AE AEEe doel BAgo Fadn
/\ﬂ}]‘i_ }\g%% (%)Z(AC01lt_ASm) < 100

ASam %;ﬁ/\]‘g‘% ]:ggi% UH‘O/] %‘%E

Aco: SBAIRE B4 FS W] F3=
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/© Mitochondrial
Ny

2 reductase
=N N — >
\(/

Yellow
3-(4,5-dimethylthiazol-2-yl)
-2,5-diphenyltetrazolium bromide
[tetrazole]

NH

i
N N
N~ \(/
/
S

Purple
[formazan]

Fig. 9. Mechanism of the MTT assay (Mosmann, 1983).
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Hep G2 cells (2 X 10’ cell/well) incubation at 37°C for 24 h

Cell incubation at 37°C for 2 h in medium including 1.2 mM tacrine

Addition 100 pl/well of combined MTT solution

l

Incubation at 37°C for4 h

Measurement of absorbance at 570 nm

Scheme 6. Measurement of hepatoprotective activity.
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3-4-2. in vivo ’é'@
3-42-1. IXEF A AY
3-4-2-1-1. A =&

AYsES 4 789 120 ~ 130 g& % Sprague-Dawley (SD)Al FHE
Samtaco Bio Korea Ltd. (Korea)=5-E 43It AP 5ES 2% (22 + 27),

o

AEE (50 £ 10%)9} light:dark cycleo] 12417+ 7HZ 0] HEE ZHYE= 55
ARG A 1090 A 1493 ARALE S B2 A

5
ol u] AbSElg o, AdEEo] AFo] 200+5¢0] HH H AHS AAEA

3-4-2-1-2. Poloxamer 4072 43t 1 X8F 7d IJ
AFo] 200+5g AEEE ou] AFLE AFFES 7 vlEy SHA R F20|

A & Utk 235 ES 6A17F AAAIZ] $, poloxamer 4072 400 mg/kg

Al
ARAEEY 5 FULHHES FAE 71717 A% 1Zd2EHE 2o
Z.9| (crude carbohydrate 48.3% (wt/wt), crude protein 23.5%, crude fat

5.9%, crude ash 5.9%, crude fiber 3.9% [Sam #31, Samtako Inc.]), cholic acid,
FY 2" Z3 olive o0ilS 950:5:20:259] B2 E3te] A e o, A%

Aoz Ao m RhEo] 60ToA 43 xste] ¥s HystdA FF3kaich
(Ro et al, 1994). ERE AdsLd nIP2eHZ 2olE2 747 AFFA

2]
AFAst=E st nEUaHEdS FEoFE Fdsr] skl #H9
njgm o 2 RE gHS A FHslo], cholesterol assay kit (Cholestezyme-V)=E

sl el ol = i AR

i
G
it
off
o
i
i\t



N PE el Adgel Hel ZRARE 19 18, 307 T

shelut.

3-4-2-1-4. A

Ao F5Eo SAHAIRS npA T HFEo] T 1247 A2 A 71T} Ethyl ether =
R AIA kel IS A AF T oA A2 303 WA g
. 4ToA 3000 go LR 1087 ARl AEoel dHS 2ok

o A2 -70C 9] deep freezerol]l Hl=Z Ho] H#ASISIT)

3-4-2-1-5. A3} GAAY
Poloxamer 4073 1 A E 2ol F2H IXEZ3 nIFryEdE

Ao @Y AAHE FAAAL, F 2oz

| =, HDL = 2F=)S Shinyang

£
)

Chemical Co. Ltd. (Korea)l| 4] =3t kits Al 2FS ©]-8-3}9] enzymatic colormetric

3-4-2-1-5-1. F ZH2HE 55 53
Z ZHZHE (total cholesterol, TC) FE=+= FFE& kitAl¢F (Cholestezyme-

Ve z SAskt @7 0.02 miol] ASE TR A eFS 3 mlB H7Feko] vortex

mixer®= <3stal 37C 2] water bathol| A 5E7F HE-&Al 7 505 nmol A SHEE

Total cholesterol (mg/dl)= (A A& 3% / Zx-qe F35%) X 300

3-4-2-1-5-2. XA &= 54
gyl FAAA (triglyceride, TG) &X=+T triglyceride kit A 2F (Triglyzyme-
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voE Hgsg. 4gPde & FAsdE SPUn S5y, $449
EFEGAe o gatel Slo Wk BAskA WAAA 505 nmol X FHEE
54 F, AR FYE G oo Aol dustel BY FHAY RS
Astsict

Triglyceride (mg/dl) = (A ] F3%= / FFNe] F35) < 300

3-4-2-1-5-3. HDL ZY2HE T 57

g2 o] HDL Z#~ElZ (HDL cholesterol, HDL-C) %+ A& HDL

Y 2~EHE kit (HDL-C555)= S7Astch AdHe &2d €3 0.2 mlol

Bgaek 02 mg wol & Z33le] 1087 A2 W3 3 4T A 3000
|3

gl 1083 AR 5, ASAE 50 w FHeke] E=AFE wEAe
m¥y S H7pstel thEa, REe F
WE5o]  vortex mixer® =9r3lth Estale 37T 9 water batholl A 5E3F
A 608 ool A 555 nuel N FHES ZAsm, AR FHE

& 4 sty HEL S = HEatE = 75 3t

)
o

HDL cholesterol (mg/dl) = (A A Y FFE / T SF5%) X 50 X 2

3-4-2-1-5-4. LDL ZH2HE sE% THEIAT (AL)

LDL Zd Z2H&E (LDL cholesterol, LDL-C) %9} =73} %] (atherogenic
index, AL)E 919 oz =A3 TG TC, HDL-C & o]&3te] g9 W
o2 1 gs T8It (Kim et al., 2001; Choi et al., 1991).

LDL-C = TC - HDL-C - '/s TG

AL = (TC - HDL-C) / HDL-C
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3-4-2-1-6. ZA1A 2

H

i

SAANE H + TR YERAAL, F9/d2 Student’s t-test
(Systat In., Evaston,IIl., U.S.A)Z 753} o1
0.001=2 YERJ AT

Jo
1o
b
MN
rlo
=

<0.05,p<0.01,p<
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m. 23 9 u&

L =394 22E 3FES 7= 24

1-1. n-Hexane EEA £ H 3gE9 +x% 23

+3Y ethanol &= 8 & F butyrylcholinesterase & A &/d o] 7}

Elir
rlo

n-hexane 7}8-4 =8 E S silica gel column chromatography2} #4742 &3}

T 709l 71A] compounds 17} 2 (Fig. 45 2]} T}

Compound 1 (fucosterol)= 24} 2] gEen, xeEd
HlaL  TLC3FY] fucosterold = &SIty o] 3ES  Twrbinaria ornate,
H=F=5E LgeAnen,

a3 FA (Lee er al., 2004b), &2F3} FA (Lee ef al., 2003), UHAIE Fo T3t

7439 4%

(o

=

i
=3

ol

Sargassum carpophyllum, Pelvetia siliqguosa ‘& 2]

ME=SA] &3 (Tang et al., 2002), angiotensin-converting enzyme A& 3}

(Hagiwara et al., 1986)7} <& #] 3)th.

Compound 2 (24-hydroperoxy 24-vinylecholesterol) = 21419 Aol Ao
Y E e, ®EEEY Hlal TLCSES] 24-hydroperoxy 24-vinylcholesterol§ S
Slstl Tt o] 3}3+E-2 Turbinaria. ornate®} Sargassum carpophyllum 52
AEFEHH L=, dAxE Fol digh AE54d a3 (Sheu et al,

1997; Tang et al., 2002)7F <4 Ao}
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1-2. EtOAc 8&A &€ s 72 244
3] ethanol =&Y T8 EE F acetylcholinesterase®} lens aldose reductase
AAEHI RS DAAAM T BT Hold EtOAc 7HEA EEES

silica gel, Sephadex LH-20, RP-18 column chromatographys ©]-83}o] 107)] <]

J

compounds 3-12 (Fig. 5 and 6)5 #2]3}At} o]52 %2+ 'H¥} "C-NMR 52

LFH4 data®t LIAE Wuste] FRE AAsoH, #EE s T
compounds 8-11= TS ZZxFol|A Hiy vl oy, FyoAs HSFo=

R %= A&l compound 12 Eisenia arborea®|*| acetylation®l hepta-acetate

BHE FYEHA O free®d S AAZoNAM = HAgom Fed stgEolth

Compound 3 (phloroglucinol)= Ao &g e] AAHo=Z FHIYomH,

=3

Z} H]n TLC3Fe] phloroglucinol & &<21skA ). o] 35HE2 ROS

=
LN

032

=
AA| (Kang et al, 2004a), DPPH 4724 (Kang et al., 2003a), peroxinitrite
7€ (Chung et al., 2000; Jung et al., 2006), tyrosinase S A| &4 (Kang et al.,
2004b), b oofue} ¥R Xylo] FEAstar, ¥ o ©EHES FA|EHA b=
elastinS 33}  elastase JA|Zd H 93 AHQJE  hyaluronidase

AAEZ} (Buetal,2006) 50| <&l [Slt).

P>

Compound 4 (dioxinodehydroeckol)"i Ak, B|Me - FAEY FEUE
2y Eglon, ¥} H]3L TLC3S}Y] dioxinodehydroeckolY) = 213}t 9]
3}3HE-2 DPPHS} ONOO™ AA &/ o] 4el#] St} (Kang et al., 2003a; Jung et al.,
2006).

Compound 5 (eckol)i= <3+ ZAeo] Fod=z F|Hon, TFF Hlu
TLC3Fo] eckol& 2HQletRitt. o] 319=2 DPPHS} ONOO ¢} 32 radical
2784 (Kang et al., 2003a; Jung et al., 2006), 2Fsh4 &40 2 Frrw &= # 9
ARFRAZAAN AE E4A (Kang e al, 20052), AF]X Akl o]t

48



collogens] T3S} <lzre] W A% RAXA §HEE ArdAdzAe
=7 A17] = matrix metalloproteinaseS A3 (Joe et al., 2006), anti-plasmin
a7 (Fukuyama et al., 1985)7} &&#A glom, ¥nt ofye; Ty o
TS A% a-amylase?} glycation®] S JAstE Aoz LA 9

(Okada et al., 2004).

Compound 6 (phlorofucofuroeckol-A) <1k ZAlo] Rz Fa|yQlom
X% H]lal TLC3S}O] phlorofucofuroeckol-A%) = 2218} 3it). o] 3}g&E2

DPPH®} ONOO A~A &Aool & At} (Kang et al., 2003a; Jung et al., 2006).

Compound 7 (dieckol)2 3+ ZAo] b=z FE|Eom FFHEF3 Hal
TLCa}o] dieckoll= &2letqith. o] 3= radical 2224 (Kang et al,
2003a; Jung et al., 2006)3} a-amylase®} glycation 34 A &do] L&A Ut
(Okada et al., 2004).

Compound 8 (triphlorethol-B)> <Ak Z Aol Fak= Frglon, fuf
DMSO-d¢= 'H-NMR (Fig. 10)7} “C-NMR (Fig. 11) spectrums =74 3}lo] 1 data
= A9 HLEitt (Fukuyama ef al, 1989). 'H-NMR spectrumo] A 77§ <]
aromatic 52> [3: 5.94 (1H, d, J=2.7 Hz), 5.84 (2H, s), 5.82 (2H, d J=1.9 Hz), 5.80 (1H,
d, J=1.9 Hz), 5.52 (1H, d, J=2.7 Hz)]2} P"C-NMR spectrumol| A X 3% %] & 77§
o] &ae} 11719 AFAE 7FX] aromatic §49] EAZ 371¢] phloroglucinol
mit® TAE SFEAS & F O AUJSH, eckol®] TEo= Y C-58 €27
Abolell aryl-ether ZA3©°] $l& opened-chain T2E A3 FF==A
triphlorethol-B= %27 a}¢ltt. o] $3t&- Ecklonia kurome=5-H 2] ¥ 3]
oy FaoA = Ae F8l¥ 3t3tEo|tt (Fukuyama et al., 1989). ©] 3}3&-2
ONOO A EA (Jung et al., 2006)T} H,0,2 FE¥ A|¥ &4 djgh v g
o} Ho] MFEAE HEaY (Kang et al., 2005b) 123l o]23} ZAlol| o3k

49



H3$ a3 (Kangetal.,2006) 5°] <& Atk

Compound 9 (2-phloroeckol)= <13+ ZAle] Fwrz F=on, &
DMSO-d¢= 'H-NMR (Fig. 13)¥} “C-NMR (Fig. 14) spectrums =74 3}%] 1 data
= F3 29} B a3 th (Fukuyama ef al., 1985). "H-NMR spectrum®l| 4 § 5.86 (2H,
d, /=2.0 Hz)¥} 5.84 (1H, d, J=1.9 H2)°| -] AB, system, & 5.96 (1H, d, J=2.3 Hz)}
5.82 (1H, d, J=2.7 Hz)°l /] AB system, & 5.84 (2H, s)$} 5.80 (1H, s)°1 A 2] 271 ¢]
singlet2 870 2] aromatic 542 574 & YEJ T proton signals©] YEFSEIL, Be-
NMR spectrumol| A 871¢] X &= o2 v 16719 AtAE 7HAE=
aromatic §tAE YEMEZ 47) 9] phlroglucinol wmit’} =TS & = AU
Proton¥} carobon®] T &3} assignmentE 9|34 HMQC (Fig. 15)$ HMBC
(Fig. 16) 2dS F3s3h ol AHZHE eckold] HA F7F4<l
phloroglucinol unit®] A3t Qx| = C29= & 5 I} +3FEH datas}
AR E H|wEto] o] 3}3+ES 2-phloroeckol® T35 FAISF oM, o] 33H=
2 Ecklonia kurome=*4-¥] 2|5 v} 9Jou F3dAE A EEd 3FgE0]
U} (Fukuyama et al., 1985).

A% Ao poz Femglom, §u)

DMSO-d¢= 'H-NMR (Fig. 17)¥} "“C-NMR (Fig. 18) spectrums ZA3}o] 1

Compound 10 (7-phloroeckol)<

dataS 31 X9} 8] W&} TF (Okada et al., 2004). 'H-NMR spectrum©ll 4] § 5.72 (2H,
d, J=2.0 Hz)%} 5.80 (1H, t, J=2.0 Hz)o1 4 AB, system, & 5.79 (1H, d, J=3.1 Hz)%}
6.01 (1H, d, J=3.1 Hz)°l| | AB system, & 5.86 (2H, s)7} 6.14 (1H, s)°l A1 2] F7} <]
singlet 2w} o}U 2} §9.00 (1H, s), 9.12 (4H, d, J=6.3 Hz), 9.20 (1H, s), 9.40 (1H, s),
9.61 (1H, s)°ll 4] 8711¢] #H|=7d -OH proton®l] “J-8-3} proton signals©] YEFSEIL,
BC-NMR  spectrumoll A 87]1¢] A gh¥#] ¢k w9l 16719 AtAE THA=

aromatic EFA7F el = 2 47] 9 phlroglucinol units7} =218 & = I
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538 data®t EHXE Wuste] o] S{HES 7-phloroeckol®  FERE
TSR o] SFE2 Eisenia bicyclisZH-EH +2lE vl oy, HIjo|A=
Agde] dHA Udnt

12

A weld 3gEol™, a-amylase®} glycation AJ4d

(Okada et al., 2004).

Compound 11 (diphlorethol)> <13 ZAleo] Rtz FHdom, £
DMSO-ds= 'H-NMR (Fig. 19)31} BC.NMR (Fig. 20) spectrurn% =A3s}o] 1 data
= F3 29} B a3t th (Fukuyama ef al., 1989). "H-NMR spectrum®l| 4 § 5.76 (1H,

t, J=2.0 Hz)¥} 5.66 (2H, d, J=1.8 Hz)°ll 4] AB, system, 5.84 (2H, s)°l| A ¢] 37| 9]
singlet, ¥ 7F o} 2} § 9.05 (2H, s), 9.01 (2H, s), 8.94 (1H, s)°lA 571 HAl=A -
OH proton®] -&3}= proton signals®] YEFSETE PC-NMR spectrumol| A 571 2]
2 3hE A] e Tt 79 AFAE 7FA]+= aromatic BTV EAEo. 2 27) 9]
phlroglucinol units7} £A &S & 4= U ATE HMBC (Fig. 21)E S8t A ehst
phloroglucinol unit®] Z2391# & <

o o] 33ES diphloretholZz +EE FAsISTE o] SFELS FHoA= A
& 8% ggE|Y (Fukuyama et al., 1989).

Compound 12 (fucofuroeckol-A)= A"k ZAMo] Fuz Fjxglow Luf
DMSO-d¢= 'H-NMR (Fig. 22), "C-NMR (Fig. 23)3} HMQC (Fig. 24), HMBC (Fig.
25) spectrume 54 5lo] 1 datas A A9} H] ST (Fukuyama et al., 1990).
'H-NMR spectrum-> AB; system signals<! [§ 6.71 (1H, s)¥} 6.47 (1H, d, J=1.10 Hz)]
o} [6 6.25 (1H, d, J=1.46 Hz)¢} 5.76 (2H, d, J=1.46 Hz)]°] set= ©]F L, 27]2]
singlet [8 6.29 (1H, s), 5.83 (1H, s)]3} 870 2] phenolic hydroxyl signals (§ 10.05, 9.88,
9.76, 9.44, 9.18, 8.22)°] YEF%EIL, PC-NMR spectrumol] 4= 770 2] methine, 1571 2]
MAE THAE B4, 2709 45 A (8 103.1, 102.4)=2 A E 2471 2] aromatic
BAE 7HXITh ©]& spectra dataE &34 o] #¥HE 4719 phloroglucinol

units® T4 ¥ eckol-type phlorotannin®! S & 4= AATE 4702] phloroglucinol



units®l] 4] A ring T2 units®} ether 23S dlal 0™, ether®} aryl-aryl A3
o2 FAE e TUE HoldE wmitsd] TRE 47| A eckol@} H] XL
ST} Eckol 320l 4] A9} B ringsoll 33} carbon signals (C-1, 2, 3, 4, 4a,
10a, 1', 2", 3", 4", 5", 62} o] &}3&2] Al Brings® carbon signals< U X|3l2 =2,
gk 78¢] dibenzo-1,4-dioxin =45 7L as & F AU °] FFEF=2 C
ring eckol®] C ring¥} € X|&}A] &=dl, T3 Cringoll 3 719 45 B4 (5
103.1)7F =A317] wZo|t}. o] 4573 ¥FAE dibenzo-1,4-dioxin®] ¥1% side ring
of &£ohi= A= YElyth Alt}7l 5715 = phloroglucinol unit D& unit C<}
aryl-aryl 29SS4 AAE o 9lom, o|u units CF D Alolel H,O7F Wik
A furan rings F/dsHAl "k F3H4 data®lt LA E BlaLsto] o] shgt
=< fucofuroeckol-A= X5 EAsITE o] 3t9HE> Eisenia arborea®| A
actylation®] 2] 3} hepta-acetate® 0. 2= W27} EHAA|TE freeHF > HAEZo A=

A& 85 At (Glombitza and Gerstberger, 1985).
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Fig. 10. '"H-NMR spectrum of compound 8 in DMSO-d.
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Fig. 11. "C-NMR spectrum of compound 8 in DMSO-d.
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Fig. 12. HMBC spectrum of compound 8 in DMSO-d.
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Fig. 13. '"H-NMR spectrum of compound 9 in DMSO-dj.
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Fig. 14. "C-NMR spectrum of compound 9 in DMSO-d.
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Fig. 15. HMQC spectrum of compound 9 in DMSO-d.
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Fig. 16. HMBC spectrum of compound 9 in DMSO-dg.
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Fig. 17. '"H-NMR spectrum of compound 10 in DMSO-d.
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Fig. 18. "C-NMR spectrum of compound 10 in DMSO-d.
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Fig. 19. '"H-NMR spectrum of compound 11 in DMSO-d.
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Fig. 20. "C-NMR spectrum of compound 11 in DMSO-d.
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Fig. 21. HMBC spectrum of compound 11 in DMSO-d.

59




L

T

Fig. 22. '"H-NMR spectrum of compound 12 in DMSO-d.
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Fig. 23. "C-NMR spectrum of compound 12 in DMSO-d.
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Fig. 24. HMQC spectrum of compound 12 in DMSO-d.
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Table 1. 'H- and “C-NMR spectral data of compound 12 in DMSO-d;

"H-NMR

Position BC-NMR
o (m, J in Hz)
2 9.44 (1H, s) 146.9
3 6.29 (1H, s) 98.2
4 9.88 (1H, s) 142.0
4a 122.6
5a 133.6
6 103.1
7 102.4
8 8.22 (1H, s) 150.2
9 6.25 (1H, d, J=1.5 Hz) 98.0
10 9.76 (1H, s) 157.6
11 6.47 (1H, d, J=1.1 Hz) 90.5
1la 158.3
12a 150.5
13 6.71 (1H, s) 94.6
14 10.05 (1H, s) 144.4
14a 126.1
15a 136.8
I 160.7
2", 6 5.76 (2H, d, J=1.5 Hz) 93.7
3,5 9.18 (2H, s) 158.8
4 5.83 (1H, s) 96.3

Assignment based on HMQC, HMBC experiments
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2. A AF
2-1. in vitro 23

2-1-1. 3| ZF ethanol =Z=E2] cholinesterase®} lens aldose reductase <A &4
4 7th3s 84 A
d=stolm ], P AT LY tacrine® FiEE HEAHORFE H
B W3t g3}E A} 4F s|EF  ethanol FEES  ©]E31Y
cholinesterase 2] 4| &4, lens aldose reductase & A 4, tacrineC. = F+= % 7HA)
A0 Hie PAE RS FAsG o, 1 AFE Table 20| YERYS
t}.
Cholinesterase ] A B4 oA 1000 pgmld] FEE f2FHF FEE9 IS
AN o, ol dxF FEFE Fol Eckonia Fol &=yt 7HE9
ethanol FEE 2 acetylcholinesterase®} butyrylcholinesteraseS 212} 4595 +

3.10%%} 30.90 + 4.20% Z12]3l 21.28 + 2.21%%} 13.14 + 2.24%= cholinesterase

AAlggdol uEhgn. 53, wyl= gEHEG U FE3I cholinesterase
AAdES deEtlS=H, o= olsdlEire 2T 2AdA o]l wEl

Uehte Aoz AztET dald oA v = 2
AA G o] RIAEUTE Ryu et al., 2003). 2y 2 AFA XA Sargassum 52
w571, Aol B - A Fo] 9] ethanol  FE=c] tH3E  cholinesterase
AALE e SAHIAN, Ane a3 % YehA] g, o= T Aol
o] Zpolo] o3k Alow Azt

Lens aldose reductase A& 50.0 pgmle] oA 3x2F F==9
24 A, ol dxF FEE ol w39 HES lens aldose
reductases  57.16%, 52.55%% Z+z} A A|35te] FAFSE lens aldose reductase

AA@gol YEtol, #ush o B oABAel Uy muk A4

ZFAES] butyrylcholinesterase



ol A 7} =2 lens aldose reductase & #| &Ad o] LEFYET]

Tacrineo.=
(B

el

)A
%

ethanol

1o

ICs, %ol 300

-

=R

198.1 pg/ml

cholinesterase?} lens aldose

O
3T

oM 74

SRR

reductase
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Table 2. in vitro activities of ethanolic extract of Korean seaplant

AChE’ BChE’ RLAR’ HP*
Seaplant Inhibition (%) Inhibition (%) Inhibition (%) EC 5o (ng/ml)
Mean + SEM Mean + SEM
Capsosiphon fulvescens -6.23 + 1.63 1355 £+ 425 48.87 -
Ulva pertusa -2.35 + 1.49 -1699 + 145 - >300
Enteromorpha linza -14.12 £+ 6.66 -1293 + 1.11 - >300
Enteromorpha prolifera -16.38 £+ 4.15 -10.91 + 0.86 - -
Codium fragile -6.61 + 6.80 2523 £ 3.09 - >300
Undaria pinnatifida -1.80 + 547 4.59 + 027 - >300
Pelvetia siliquosa 1.77 + 5.31 22.10 + 029 35.43 >300
Sargassum fulvellum 2.75 + 2.53 -10.80 £ 0.30 - >300
Sargassum horneri -16.12 + 1.38 -23.91 + 0.78 - >300
Sargassum thunbergii 8.38 + 1.01 -18.69 £+ 2.12 - >300
Ishige okamurae 2194 £+ 6.56 -12.63  + 1.50 - -
Ecklonia cava 21.28 + 221 13.14 + 224 52.55 -
Ecklonia stolonifera 45.97 + 3.10 30.90 + 4.20 57.16 198.1
Laminaria japonica -5.51 + 6.99 4.02 + 4.89 - >300
Hizikia fusiforme - - 249 >300
Ahnfeltiopsis flabelliformis -10.12 £+ 0.62 5.46 + 439 - >300
Callophyllis japonica -5.91 + 198 -18:15 F===1.37 - -
Chondracanthus tenellus -1890 + 1.19 -2.20 % #8.21 15.45 >300
Chondrus ocellatus 7.19 + 431 =33722—1  2:00 - >300
Chondrus pinnulatus 7.74 + 4.25 2146 + 1091 - >300
Meristotheca papulosa -18.78 + 0.71 -17.60 £ 2.04 - -
Gloiopeltis furcata -6.09 + 3.05 81 51890 + 12:28 - -
Gelidium amansii 9.94 + 3.09 2398 i 0.76 - -
Gracilaria verrucosa 8.35 + 1.44 6.65 .35 - -
Corallina officinalis 423 = 1575 -16.50 + 1.28 - -
Chondria crassicaulis B 18 + 4.67 2930 + 4.17 39.98 >300
Symphyocladia latiuscula -2.81 126 -3543 + 129 - -
Porphyra tenera -6.00 &+ W07 15.83 Sl 89 - >300-
Eserine 35709 X% 17 PR =+ 555
Quercetin 82.53
Silybin‘ 50.0

ACHhE: acetylcholinesterase, BChE: butyrylcholinesterase, RLAR: rat lens aldose reductase, HP: hepatoprotection

“Cholinesterase were determined at a concentration of 100.0 pg/ml for the ethanol extracts and 0.0064 pg/ml for eserine as
a reference compound. *Lens aldose reductase was determined at a concentration of 50.0 pg/ml for the ethanol extracts and
10 pg/ml for quercetin as a reference compound. “Hepatoprotective activity was expressed as the mean of 50% effective
concentrations of triplicate determinations, obtained by interpolation of concentration-inhibition curve. “Silybin is used a

positive control on hepatoprotective acitivity.
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2-1-2. #9]9] ethanol FEEF Z+ EIEE2 cholinesterase®} lens aldose

reductase JAEA L 1R S &4

AAZE slxzFold 7 w2 2SS dEhd 599 ethanol FEEI
ethanol F=5S A4 v £33}e] 92 n-hexane, CH,Cl,, EtOAc, n-BuOH

S &% H,0 Sol thgk cholinesterase®} lens aldose reductase A &A 3} 7HH. S
44 S8R om, 1 AIE Table 30| HEFH AT

39l ethanol FEES  acetylcholinesterase?}  butyrylcholinesterase
A A ZAd oA ICs gko] 108.11 + 2.35 pg/ml¥} 161.54 + 4.20 pg/ml= LHEFE
H3]9] ethanol FE=EZFHE H2 FEFE9 acetylcholinesterase <A &4 2
EtOAc 285 (ICs= 2646 * 4.76 pg/ml) > CH,Cl, 282 (ICs= 71.52 * 5.46
ug/ml) > n-BuOH E3E (ICy = 8215 + 323 pgmhe] w02 Uehto
wdE FolA EtOAc 8 =o] 7Hd ZFH 3 acetylcholinesterase & A €/d o
et Tl HEHO) | butyrylcholinesterase &H Al &2 ol A = n-hexane &8 & (ICs) =
68.40 + 4.03 ug/ml)T} CH,ClL, 3% (ICso=71.01 * 3.58 pg/ml)o] 73k A o]
LEF AL, EtOAc #€&3 n-BuOH &8 &2 ICs #tol ZH2t 17350 + 5.04
pg/mla} 258.80 + 4.03 pg/ml= S butyrylcholinesterase < Al &4 o] YE}G:
a4y, +8EE FoAA HO0 F3ELS w3 cholinesterase AAEAHE
VERA] 9kt o5 Aol A acetylcholinesterase G Al &A= YA =
=S4+ 7FX EtOAc =2 =] 7HE & &4do] YESAL, butyrylcholinesterase
M= HFAY p-hexane &0l 71F 2 oA EAHES YeEUE Ao=

o]
Ho} EtOAc®} n-hexane 3 &9 &AL I E o] EtOAc 8 & F53h

rlo

phlorotannin  “d<&#} n-hexane &= FH 3 sterol FEHUS F5E F
UM

3 8= lens aldose reductase & A &2 10.0 ug/mle] 5% o4 EtOAc
BEE (2663 £ 1.02%) > H,0 232 (20,67 + 0.55%) > CH,CL 282 (19.98 +
0.67%) > n-hexane 3% (1849 + 0.62%) > n-BuOH 232 (17.98 + 1.22%)9]
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o2 Yelyt EEEE T4 EtOAc ¥E8E9o] 71 7+E 3% lens aldose
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Uw A Y ZoAs ojwdt RS
tacrineC. 2 FEH IHAXE A gk (tHE g3+ 539 EtOAc +3E 9

53k phlorotannin Aol oJs]A YEIUE Aoz F53 4 QAT

uwte} A butyrylcholinesterase & Al €H4d o] Ll
81 = 3} acetylcholinesterase®} lens aldose reductase &A1 &/d 7 7FE. & A of A
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Table 3. in vitro activities of the ethanolic extract and its fractions obtained from

the ethanolic extract of Ecklonia stolonifera

AChE BChE RLAR’ HP*
Samples IC 5o (ng/ml) IC 5o (ng/ml) Inhibition (%)  EC 5o (ug/ml)
Mean = SEM Mean = SEM Mean = SEM
Ethanolic extract 108.11 +2.35 161.54 +4.20 57.16 £ 0.35 198.1
n-Hexane fraction >300 68.40 + 4.03 18.49 + 0.62 >300
CH,Cl, fraction 71.52 +5.46 71.10 £3.54 19.98 + 0.67 >300
EtOAc fraction 26.49 +4.76 173.50 = 5.04 26.63 = 1.02 195.2
n-BuOH fraction 82.51 +3.23 258.80 = 4.03 17.98 + 1.22 >300
H,O fraction >300 >300 20.67 +0.55 >300
Eserine 0.004 = 0.001 0.02 = 0.004
Quercetin 50.0
Silybin? 75.62+0.18

ACHhE: acetylcholinesterase, BChE: butyrylcholinesterase, RLAR: rat lens aldose reductase, HP: hepatoprotection

“Eserine is used a positive control on cholinesterase inhibitory activity. "Lens aldose reductase was determined at a
concentration of 10.0 pg/ml for the ethanol extract and its fractions obtained from the ethanolic extract of E. stolonifera

and 10.0 pg/ml for quercetin as a reference compound. ‘Hepatoprotective activity was expressed as the mean of 50%
effective concentrations of triplicate determinations, obtained by interpolation of concentration-inhibition curve. “Silybin is

used a positive control on hepatoprotective activity.
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2-1-3. & H 335HE9 cholinesterase$} lens aldose reductase A &4 2
R3S &4
Butyrylcholinesterase & Al &4 o] 7 =7 YeEbd 9 n-hexane 8 &%

acetylcholinesterase®} lens aldose reductase A L2 HHE DAoA 7+
2 245 UE EtOAc w8 =S YO E silica gel, Sephadex LH-20
712] 31 RP-18 column chromatographyS G3J35t], o5 €4S YEl= A&
w2, AT 5399 n-hexane w8 =4 25 sterol $3E (1 and 2)7}
EtOAc w8 =olA 1059 phlorotannin 3 3&E (3-12)S w2lsglom, 2%
319ES 2= cholinesterase?} lens aldose reductase ALy} FTHS
™, 71 A3E Tabledol LreRISdT

RO
+3 9] ®8EE F butyrylcholinesterase A &/dNA 71 =2 &4 &

filo

=

¢

-

=
EFH n-hexane 2= 3} acetylcholinesterase & Al &S U EFH EtOAc w8 &

H

FH HEEA Q] column chromatographyS -3 5}¢], n-hexane 8= Z5F-F sterol
S EtOAc #8 = =25 F phlorotannin & #23F¥ oM, olE 3=

cholinesterase & A| &S =4 5k}

lo

2% 3}3E F dioxinodehydroeckol (4), eckol (5), phlorofucofuroeckol-A (6),
dieckol (7), 2-phloroeckol (8)3} 7-phloroeckol (9)<= ICs, #t°] 42.66 + 8.48, 20.56 +
561, 489 + 224, 17.11 + 324, 38.13 + 495¢} 21.11 + 4.16 yM=Z =3
acetylcholinesterase < A& & YEF QI S, 24-hydroperoxy 24-vinylcholesterol
(2) acetylcholinesterase & Al &AJ ol 4] 1Cso 3k©] 389.10 = 229 pMZ S
ghado]l yERstt). HbHO fucosterol (1), 24-hydroperoxy 24-vinylcholesterol (2),
dioxinodehydroeckol (4)¥} phlorofucofuroeckol-A (6)= ICs, #k©| 421.72 + 1.43,
176.46 £ 2.51, 230. 27 + 3.52, 136.71 £ 3.32 uyM=Z U4 92 butyrylcholinesterase
AAEAde]l  YyEFTh. 22y, phloroglucinol  (3)¥}  triphlorethol-B  (8)&
cholinesterase Al &/d o] YEFEA] 2F8kt}. Eckol (5), dieckol (7), 2-phloroeckol
(8)2} 7-phloroeckol (9)<> acetylcholinesterase®l|] tdl A& Aoz s&% oFEZHQI
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A G S YERH BHA dioxinodehydroeckol (4)3} phlorofucofuroeckol-A (6)+
acetylcholinesterase2} butyrylcholinesterase =74 743t A &g o] YELS:
ol ZA¥}ZHE phloroglucinol?®} - monomer®} opened-chain trimer$!
triphlorethol-B$} # FX %  cholinesterase A4S YEA] =t
AE & 5 AT 2HE =2 phlorotannin -39 4] phloroglucinol®] 3 %=
closed-ring®] 3+ cholinesterase AL Fa3 IJITS = AS=E
A7t

or=slolm o] W Y F 3] acetylcholinesterase™ 7] & 50l &
AR2A A 2o A AR HE=EAR] acetylcholines  choline ¥}

=94 AdHdES

A A

d=slolMH S Fstt;  (Greig et al, 2001). Acetylcholinesterase®} 7|
d=slolmgel o =®  4#H Xl butyrylcholinesteraser= plasma® %20

EA5tH, 714 v 5old gA4= ¥ 9t} (Silman and Sussman, 2005). ©]

29 AFGE 71 obA HHAA AR, w1 X #ALe] oA
O¥os 2AEY, AulE gRteke Ad4A plaques FA st A&t
| acetylcholine®] &3ll& w9t X uje] 3z}
e & IS 5 Aoz 4HA QU (Soreq and Seidman, 2001; Mack

e
N
—orL'
S
)
ok M
e
-
Iy
2

and Robitzki, 2000; Rakinczay and Brimijoin, 1988). Cholinesterase || #l|+<=
dz=stolmH FE o A v fAol A T F ARBAE UEHe GERA
Z19eE s Jedd 2 dAsE R degold a¥E vEdu ¢#A
It} (Giacobini, 2004). Acetylcholinesterase SA|A|= U=3fo]HHy 3=}
oAl acetylcholine® %5 F7HAA, F94 ABdAGEdsS F7HAIA

Al gAFe] ] of] A

7 A8 plaqueE HAEATI= 9SSt Aom dEA o

1458 S S7FA7]4Al,  butyrylcholinesterase & Al| Al =

(Giacobini, 2004; Yu et al, 1999), acetylcholinesterase®} butyrylcholinesterase=-
FPHoZ oAt A& GxsfolWy Awel YoiA o T ENE e
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G A (Yu et al., 1999). Wb #3]¢h oA #-2¥ phlorotannin A #-&
acetylcholinesterase®} butyrylcholinesteraseS & Aol Ao =2H < =3}o
He adHoR e 5 e 7heAol vk AbsET

=39 BIAEE FolAM 71 =2 lens aldose reductase &A1 EA S e

EtOAc w8 EZHE A2 phlorotannin 8}51E0] 3+ lens aldose reductase

)

[‘

A &AM triphlorethol-B (8), diphlorethol (11), fucofuroeckol-A (12)E A| <]t
L} 2] phlorotannin  3}3t=2 lens aldose reductase Aol YEFGL
dioxinodehydroeckol (4)3} 7-phloroeckol (10)2 ICs, #ko] 21.959} 27.54 yM=
7 32 lens aldose reductase & A|&/do] LEFSEAL, eckol (5)3 dieckol (7)9]
ICso #t°] 54.68% 42.49 pME 1 tTh& 0= =2 oz|gido] vrebgtnt 18t}
phlorofucofuroeckol-A (6)¥} 2-phloroeckol (9)2] ICs, #t©] 125.459F 99.62 uM=
tha W& ddo] et

ABFoE gy FoUs WA S @A AT o, olg F
T FoE2 TAEHe FAHseaE Hud SAqA AEE JtALE
Al Zbsk {MH Solt} (Seaquist ef al, 1989). Wi H S0l A aldose reductase
gl i3 #dAddd B3k A= ad@e] dHFTs FEAVIE Ve

|

ndge] ogHikstd ~Eg A9 F7keF polyol pathway®] o]del] 7]¢ls}
Aog d#HA vl (Lim et al, 2006). 118 Ho] A&EW ALY FY=
s

[
XS
o] glucose®ll ©]3} polyol pathway®] 24l g 229l aldose reductase’} 2733

L,

al

Hol A AdEje]l oF 2~4¥19] glucose’} polyol pathwayES A *  sorbitol}
fructose’} A =™ (Travis et al, 1974; Malone et al, 1980), 3’3 % sorbitol<>
X5 = 9ol wE By 3ol YERGT) (Heath and Hamlett, 1976). 18] 22,
sorbitol A& A5t aldose reductase AN A7} FA FHS WS
AAE A HE Aolth. AdgPAFte] uw=w, FIZFE #E]¥E  phlorotannin
& AE3 @44 4F ROS) AAEAE HEde Aow dEA Aot

12

o,
AL
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(Kang et al., 2004a). ©] A =ZFH ndFoz X35 aldose reductases
AAlst= 5¥ > phlorotannin 0] 7HA AL Q= S gAkstE o3|
ey oz ®Helth

yo FYEE T4 P F HEIE A4S UEd EtOAc
w8525 2% phlorotannin - 3}3tE  Fol|  dioxinodehydroeckol (4)3}
phlorofucofuroeckol-A (6)+ tacrine®. 2 =¥ <27+ IFF AXEFQ Hep G2
cello A 8] Al 5700 ek 50% Al EAYE Al ECsp #kol 62.02 79.2
pg/ml= =23 7tH s o] yeElth E3], dioxinodehydroeckol (4) &
GEQl silybin (ECso= 50.0 pg/mb@ ®Hlu g whgh =gk 7tHS g3s

H

N
off
H

o

L,

=
EF

i
g

Tacrine SF= AL oA AU glutathione & =5 WA A, AUl
22T ROS)= sk, azxew | IAxe A HiIEE

fFasle] PHEo] EAS dodl= Aow Adex At} (Osseni er al., 1999).
122 #ist wm3E M= =] tacrineo = FE  THAE

S4o2RY TAxE Hod F Qlae vtk Kang 2 (2004)
w9 27 2% phlorotannin 3}3& 2] ROS A4S A vt ®ilskgict
(Kang et al., 2004a). ©]+= phlorotannin &3] 7=s}7] ROS A& A5t
tacrine®. 2 F=W FHHE HAo] W3k TIAE BT gdol] T3 e
Ao 7 Wl

ozt A3=ZH¥E phlorotannin Aol d=stolmy, FYnAd FHF

d

_‘d
o,

o

aifsta A7 ¢ U= 7 AE 2A2AMY Thedel de=

A A 8t T

32
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Table 4. in vitro activities of compounds isolated from Ecklonia stolonifera

AChE BChE RLAR HP?
Compounds ICso (uM) ICso (uM) ICso (uM) EC 5o (ug/ml)
Mean + SEM Mean + SEM Mean + SEM
1 >500 421.72+£1.43 -¢ -¢
2 389.1+£2.29 176.46 +2.51 -¢ -¢
3 >500 >500 72.54 +0.36 >100
4 42.66 + 8.48 230.27 £3.52 21.95+1.40 62.5
5 20.56 +5.61 >500 54.68 +0.99 >100
6 4.89 £2.28 136.71 £3.33 125.45 +£1.09 79.2
7 17.11+3.24 >500 42.39 +1.99 >100
8 >500 >500 >300 -¢
9 38.13 £4.95 >500 99.62 +2.27 -¢
10 21.11+4.16 >500 8.51+1.99 -¢
1 e e e e
12 e e e e
Eserine’ 0.02 +0.002 0.06 £0.02
Tacrine” 0.06 £ 0.004 0.001 + 0.0001
Berberine® 0.06 £ 0.001 1.29 £ 0.007
Quercetin” 2.54 +1.99
Silybin® 50.0

ACHhE: acetylcholinesterase, BChE: butyrylcholinesterase, HP: hepatoprotection, RLAR: lens aldose reductase

“Eserine, tacrine and berberine were used a positive control on cholinesterase inhibitory activity. “Quercetin was used as a

reference compound on lens aldose reductase inhibitory activity. “Silybin was used a positive control on hepatoprotective

acitivity. “Hepatoprotective activity was expressed as the mean of 50% effective concentrations of triplicate determinations,

obtained by interpolation of concentration-inhibition curve. “ No detected compounds.
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2-2. in vivo ¥

22-1. 59 FEE 2 IS4 £¥E9 aAEF JALH

2 ASgM = dF A poloxamer 407 Foiste] IAEF sEERUS
e, axdFol FIE HAFHE o|&st] HH ethanol FEE Y
phlorotannin 3}3F=0] FFHo] U= i SAo] L& Fd=5 =

8%, nBuOH w#3E74 HO0 w+IFES Fostd AAIZF ans
= ]
=

Poloxamer 4075 S5 uXd5 S AT HuE S o,
TAA4, F ZYXLHE, low density lipoprotein (LDL) =#|2HE X7}
AAA Frtstleon, FHMASATd AL = FoHeE FUhekA,
A Fo] FEEHATS Fent. uxdFeo] FdE AdAdeEd AT
kg3 1259} 250 mge +3] ethanol FEES 1Y 13], 3U3F AFFA 313
O Ay, F ZFU2HE FAS 15.6%SF 200%, LDL FHZHE FA &
26.2%%F 34.6% AP orm, FUWASATE 26.1%2F 39.1% A

e A g Fo

aw

32
&

32
=

N

_

mU.‘.

ol AYZHE I3 ethanol FEE-2 poloxamer 407=
i AFAAAM AAEST 27 HEEH 9o AAE
TAHeE glst7] 9184 phlorotannin  }3=o]  FHF

2]
Y ES o]&3sty aAlET AAEAHS SASIA UL Poloxamer 407%
|

ofN
il

=
=]

i)

aly
=]

ok

lo

L
=

o,

o

aAYZFo] fFiE 33| EtOAc 8=, n-BuOH #3E3 H,0 FIES
AT kgD 100 mgs 2H7F AR89k, 1 A3 EtOAc #3% T3} -
BuOH 3 & Fojiolr uAEF oy HusdS v, & Fydy=

27V 24.2%%F 24.3%, =AAE FA7F 21.1%2F 22.6%, LDL | ~HE

27} 43.0%%} 40.9%= o] A 02 7+43}$l AL, high density lipoprotein (HDL)

ZH2HE FAE 399%9 3L1%E FY9Z¢ FU71E Bt olE
o3|

AnrE ol FUASAFE AT FUTH vlase] 7

o,
-l}l
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52.2%%F 50.0% FHAstivh ol AdolA EtOAc w&E T n-BuOH
TEE Fowd A fAbgE ARE BN, F o9 Agt aAd8F
A & o] Vel 28U H0 B EL oyt AXEF 3= UERA
ket

ols ZAdrFEH ¥ Y AAESFT gy 24 drREEQ]

phlorotannin g -0l ¢J8]A Yel}s= How F=3 4 9ldrh

&2
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Table 5. Effect of the EtOH extract and its polor fractrions on serum levels in poloxamer 407 induced hyperlipidemic rats”

Treatments Dose TC TG HDL-C LDL-C AL
(mg/kg bw) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Control 2759 + 10.1 293.1 + 153 489 + 29 1683 + 12.8 46 £ 0.5
(100.0) (100.0) (100.0) (100.0) (100.0)

EtOH extract 125 2328 + 11.8° 2614 + 178 520 + 1.9 1242 + 8.0° 34 + 02°
(84.4) (89.2) (106.3) (73.8) (73.9)

250 220.7 + 105 2597+ 10.4 587 + 4.5 1100 + 7.1¢ 28 + 027
(80.0) (88.6) (120.0) (65.4) (60.9)

EtOAc fraction 100 2090 + 579 2313+ 10.7° 68.4 + 3.4¢9 96.0 + 5.1¢ 22 + 0.1¢
(75.8) (78.9) (139.9) (57.0) (47.8)

n-BuOH fraction 100 2089 + 1429 2268 + 18.9° 64.1 + 2.3°¢ 99.5 + 10.3¢ 23 + 0.2¢
(75.7) (77.4) (131.1) (59.1) (50.0)

H,0 fraction 100 2488 +117.5 2911 + 12.9 493 + 43 1435 + 5.7° 43 + 05
(90.2) (99.3) (100.9) (85.3) (93.5)

Lovastatin 50 1839+ 1317 193.0 =+ 17.0¢ 723 4+ 427 703 + 9.5¢ 15 + 017
(66.7) (65.8) (147.9) (41.8) (21.7)

“TC: total cholesterol, TG: triglyceride, HDL-C: HDL-cholesterol, LDL-C: LDL-cholesterol, A.L.: atherogenic index.

Values are mean * S.E.M. for seven rats. Figures in parentheses are percentage of the control value. °p < 0.05, p < 0.01, “p < 0.001 vs. control group.

76



2-222. Y2 R 3FgEL aXEF AAEA

Poloxamer 4072 A dZFo] s dFoA 7P w2 AXEFT 24
UEld EtOAc 3 E 2K E o Eald Fuo FA4E2l eckol (5)FF dieckol
(7)< poloxamer 407% ¥ IAHEZF dFo| HFFoAste] 1AFF A

qe EAsg o, 1 AFE Table 60 EFHATH

Poloxamer 4072 MA|dZFo] ity fia2 83 FAAXA, & FH2HE,
LDL Fel=HE FX¢ sWAs A7 dA A Frtetadh. 1A d 5]
el 33l eckol (5)FF dieckol (7)S A% kg T 10 mg¥} 20 mg® 27 1Y 1
3], 343 A-Fol8klth Eckol 10 mgs Fol3h oA d4 F ZdxHE
(16.8%)3} LDL @ ~HE (34.6%) FX|<} 57 31%] 4= (36.6%)7P o)A e
2 ARSI, 20 mge Folgk oA B SAAAE 272%), & FEl2E

fl

Jo

E= (38.6%), LDL ZHZ=HE (56.6%) T2 W ASA T (49.0%)7} &%
EFHo7 f9%e 747} Vel DieckolS 10 mg¥ 20 mgS Fo]3 o
e 83 FAAA (155% 31.0%), = Fe2H= (25.5%%} 43.4%), LDL =
A2ElE (51.0%2F 75.5%) A2k, S A 3kA] = (58.2%%F 72.6%)7F = &
Hog oA HAA7F dEson, R oplel %3 HDL ZHZHE
(31.1%%}F 35.4%) +A17F @A SHA S7hskSlEE. ©ol& Ay eckol (5)¥ dieckol
(7)°] poloxamer 407= % AXIT A= Hdox ] X HJEe
zAdd A nAIF dALARTT sl UEpen, £%, AIAEFT A&
AZ L& HMG-CoA reductase ¢ A A2l lovastating: |5 kg & 2

mgSs ATFAS sEL vladnigt g3t e o2 Fujo A

phlorotannin “J+-°] 4 statinAl oFES AT ¢ & A3 1A GST GA

ofd] ZHl=HlE £dddA ¥ #F&3 Eee e AAET ARAE
B7rek7] 9E wRlew  APdEEd aFUzHEE AolE o] &35
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3o o} - eckol (5)3} dieckol (7)% AT AHE
1EYAHEEST TERDS o]&ste] nFdHE dAEY
1 A3}E Table 79 YERN AT}

AZYEHEI TS FEs7] 98l Ro & (19948 WHE o] &3k

(1T
o,
fru
do
i3
i

o|N

=
gt wlaste]  FA4AA, F Fdl~HE, LDL FHZzHE FA9
A S7ketglal, HDL FHHl&HE FA= 54

Aot 1Fd2HEds Tl AT kg T 20 mge] eckol¥} dieckol S
Zbzy 1Y 18], 393 A58t Dieckols Fogt wEdolAE €A
T8AE (189%), & FuU=HE (164%), LDL U =HE (21.9%) A
Tl AEASE (26.8%)7F fFrelHo® #4aFAR, HDL FI2HE FAE
T or F/AHA &t 2EY eckols Fol AALANM= EF
Aol Tl ME7E YA gkt tEa o2 AFE3 lovastatin
poloxamer 407= -4 AdS HdeadsE RdoAM= FoAd azrt
Uebstoy, 22 E Hol2HE FRE nIU2HEdSs fFETdAe
oA s vehA ok

ol g AFAZHE dieckol> AAETI nFYAHEEST B A A
gy X@AdFe 4o A eckol HrTl HA
UElY = Z o2 Hol phlorotannin St gEA T} =7F & s5t=o] ¢ sk
AAEF B AFH2HEES ARG S vEhvte S & 5 AT

ole} 2 dieckol®] ¥ AAET fAlmI= dieckolo] 7HA AL
& bstes} o Qg LDL FdlZ=HE dikstE oJAlste a3 97

a
o] el Aoz AlgHtl (Kang et al., 2003a; 2003b; 2004a; Jung et al.,

kel
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7Hl 5 ALY s2E Astr7I= AL otHEAd e A sSat 19k &
A

g A oAy A5l ko] d ¢ dvkal A T (McKenney,

szl Wit AAES a3+ Caulerpa racemosa, Colpomenia sinuosa,
Iyengaris stellata, Solieria robusta, Spatoglossum asperum (Ara et al., 2002),
(Hisikia fusiforme) [Amano et al., 2005], 3} (Enteromorpha linza), &3}
(Monostroma nitidum) [Ren et al., 1994]2} A | (Capsosiphon fulvesecens) [Lee et
al, 2006]°] FEEA dHA glon, sxFe diEAd YL

carrageenan, agar, laminarian (Kim et al., 2006b), alginate (Kimura et al., 1996),

2 polysaccharides

fucoidan, glucuronoxylorhamnan (Wang and Yang, 1997) 53}
Aol A Stk ol A2 A ddAel HAHHom #ofst= Ao
ofyzl ©@A AeA AAAHEL FFE At AADT adE Uede
&2 ATt (Michanek, 1979). 22{v} F3] o A] #2]¥ phlorotannin
lipoprotein THALZA S| ZRg-oke] olH|EA TR A S AP AAS
LDL ZdxHES AstA7]aL, mAES  os  ddeld AEEH=
44T (ROS)T ONOO A S oA e =4 LDL Fel~HES s s

JAste] ol AT WA HEL YT F itk ApmE,

pa)
(o
i

ox
ML
rlo
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Table 6. Effect of eckol and dieckol isolated from Ecklonia stolonifera on serum levels in poloxamer 407 induced

hyperlipidemic rats”
Treatments Dose TC TG HDL-C LDL-C AL
(mg/kg bw) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Normal 88.9 + 10.0 775 + 4.1 460 + 7.9 305 + 5.7 093 + 0.2
Hyperlipidemic rats
Control 2556 + 8.7 2402 + 14.0° 599 + 5.6 1451 =+ 104 347 =+ 04
(100.0) (100.0) (100.0) (100.0) (100.0)
Eckol 10 A2 144200 W3 ~E--179 589 + 4.5 949 + 17.9 220 =+ 049
(83.2) (88.8) (98.3) (65.4) (63.4)
20 157.0 + 979 1749 + 146 = 662 =+ 52°¢ 63.1 + 10.1¢ 1.77 + 03¢
(61.4) (72.8) (110.5) (43.5) (51.0)
Dieckol 10 1904 HHI10.87 N & o7 787 + 3.4 711 = 9.6 145 + 0.2°
(74.5) (84.5) (131.4) (49.0) (41.8)
20 1447 +-89% 11657 + 1079 814 =+ 47 355 + 9.7 095 + 0.2¢
(56.6) (69.0) (135.4) (24.5) (27.4)
Lovastatin 25 2165 + 17.4% 2215 =+ 182 70.1 + 59¢ 1012 + 10.0% 218 =+ 0.2%
(84.7) (92.2) (117.0) (69.7) (62.8)
50 1553 + 14.1¢ 1701 =+ 158% 775 + 87 490 + 17.7° 1.14 + 03¢
(60.8) (70.8) (129.4) (33.8) (32.9)

“TC: total cholesterol, TG: triglyceride, HDL-C: HDL-cholesterol, LDL-C: LDL-cholesterol, A.L.: atherogenic index. Values are mean®S.E.M. for seven rats.

Figures in parentheses are percentage of the control value. *p < 0.05, p < 0.01, “p < 0.001 vs. control group. ‘p < 0.05,’p < 0.01 vs. normal group.
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Table 7. Effect of dieckol isolated from E. stolonifera on serum levels in rats fed a high cholesterol diet”

Dose

TC

TG

HDL-C

LDL-C

Treatments kg bw) (mg/dl) (mg/dl) (mg/dl) (mg/dl) Al
Normal 110.0 + 45 1184 + 6.9 496 + 43 37.0 + 15.1 131 + 0.2
Hyperlipidemic rats
Control 2399 + 13.2° 2711 + 14.3° 25.1 + 3.0 160.6 + 12.1¢ 755 + 0.7°
(100.0) (100.0) (100.0) (100.0) (100.0)
Eckol 20 2613 w413 9" 2567 + 7.1° 256 + 3.7 1468 + 14.8° 714 + L.1°
(94.3) (94.7) (102.2) (97.7) (94.6)
Dieckol 20 2001 = S 219.8 ks 308 | #PM° 1254 + 53b¢ 553 =+ 04"
(83.6) (8L.1) (120.3) (78.1) (73.2)
Lovastatin 25 2374 "3 Tk 2429 + 14.8° 252+ 4.1¢ 1573 + 21.4° 703 + 1.3°
(97.6) (89.6) (100.4) (97.9) (93.1)
50 2279 + 10.4° 2258 + 6.5 29.1 + 2.8 1518 + 12.3¢ 6.76 + 0.9°
(95.0) (83.3) (115.9) (94.5) (89.5)

“TC: total cholesterol, TG: triglyceride, HDL-C: HDL-cholesterol, LDL-C: LDL-cholesterol, A.L.: atherogenic index. Values are mean = S.E.M. for seven rats.

Figures in parentheses are percentage of the control value. “p < 0.05, “p < 0.01 vs. control group. “p < 0.01, “p < 0.001 vs. normal group.
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V. 8o 4 &

B Gavbe T4 gEREA el BRsh delotd] Fxsim,
GAELS Fleds g g0 olg
AAA adE dehd, olg #F83% =
Aoz <4#A <t} Phlorotannin A2 ZXF9 HE=Ad 2 2 ARHER
phloroglucinol (1,3,5-trihydrobezene)®] 3= A% o] 1O, Ecklonia &3}
Eisenia &° @A ARozE vt Aeg@dde]l d4dAd Aok FFY
AgAN A EI ol Eme
phlorotannin S 2|3} 31, 2] phlorotannin Aol tdF &=3lo]mHy,

5, tacrine 0.2 F5H IMAMXEX A g3 axFI st
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ald]
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rlr
ot
2
®
ot
fft
r o
g
o,
e
oX,
A

NEF F=E T in vitro

o
ok
N

A &= cholinesterase 2} lens aldose reductase A ZFAH, 7HHS FAH
a8]al 2R EE AR S in vitro & invivo 23S FETIA] o] &

B BYe 75k

il

2
A
1o

mﬂH

1. FeEivatedl At slEFY olEE  FE=9  cholinesterase
(acetylcholinesterase®} butyrylcholinesterase)®} lens aldose reductase & A €4]
2 Hep G2 cellolA] BA#- o2 [ FEH AE SAd 3k 7tis &3
£ in viro PSS Fotd HASTh A dExw TSI
cholinesterase®} lens aldose reductaseol] THgF ZFst A& ¥l olz}
sk RS dde] yeiee 59 odlghE FEER5EH do4X a-
hexane, CH,CL, EtOAc, n-BuOH #% &7 H,0%9 thil 71o] &85 F
EtOAc 352 73 acetylcholinesterase 2 lens aldose reductase < #l| €4
o AEet Rs g@4do] UE% S, n-hexane wEES S

butyrylcholineserase &} Al &7d o] YEF%:
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Bioassay-guided 2ol wel @48 UEFH n-hexane ¥ =¥ EtOAc
w8 & oA column chromatographyS ©|-83}o] 12719 & (1-12)= #
2] 3} Th n-Hexane T8 =A +2l¥ -+ 719 sterols [fucosterol (1) and
24-hydroperoxy 24-vinylcholesterol (2)]37Jr EtOAc #3Eo|A &g 10719
phlorotannins  [phloroglucinol (3), dioxinodehydroeckol (4), eckol (5),
phlorofucofuroeckol-A (6), dieckol (7), triphlorethol-B (8), 2-phloroeckol (9), 7-
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