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ABSTRACT

Ecklonia cava, an alga belonging to Alariaceae (Phaeophyta), is
widely distributed at ~5m depth in the coast of Jeju island. Ecklonia
species have been known to contain phlorotannins showing
antioxidative activities. In this study, we described the chemical
1solation and biological properties of antioxidative phlorotannins using
E. cava collected in Jeju island.

Dried E cava was extracted with 80% methanol, and the crude
extract was partitioned into ethyl acetate and water. The ethyl
acetate fraction was applied to celite column chromatography (CC),
followed by sephadex LH-20 CC ' to give 11 fractions. Each fraction
was analyzed by NMR spectroscopy to prove known phlorotannins
such as phloroglucinol, triphlorethol-A and eckol as pure compounds.

Additional purification of the other fraction by prep-HPLC
provided a new phlorotannin, which was tentatively named as
fucodiphlorethol-E. The chemical structure of new compound was
identified using 1D ('H, "C NMR) and 2D (HMQC, HMBC) NMR
method as well as FAB Mass spectrum.

Phloroglucinol, triphloretho—A  and eckol exhibited  strong
antioxidative activities using the study of DPPH radical scavenging

test and intracellular ROS scavenging test (DCF-DA method).
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o7 A 7psAdo] 7|ty Hofo|t)!
Polyphenol> 57, sl2a&E2] 22 dlAb=o|t). 5733 3]1Y<2] polyphenol

& ZEAo=m & FstxE Xz Ak SAAE9]  polyphenole

Of

flavonoid4t gallic acidE 7]#- o2 3= A o) A vtk &l %2 &9 polyphenol
<2 poly hydroxylated phenol ¢! phlorotannin®]™ phloroglucinol(Figure 1)

7vol aryl-aryl, aryl-etherZ3 oz o]Folxl ZFgAoltt? S 2E 9]

e

polyphenol®] A2 &4 itsliely, x|, dFYdd & w2 A

o
-

7h AgE Ao ol Hl&f sl =72l phlorotannine] Wgh A= oFz wjH]s}
t}ar s 4= 2t} Phlorotannin® W$k <94+ Eisenia bicyclis®] glycosidase
AL’ E wEste] FarsteAd, " hyaluronidase A2, A4, F=
= AHRA° To] dov A ALt g V5 AFAY Ray
1tk 1% Phiorotannin®] A E]&4-S phloroglucinol®] 34w wel x}o]

7F v o] 312 hydroxylZ]ell gk GalgAte]o) ofd AFs o] ok Ao

Kl

2 X 9tk

Vel (Ecklonia cava)+ W|2A]E d|xF= Z4F2E tA|vbE(Laminariales)

et ek AlFAQh, Al A4

atal Qth(Figure 2). ZolE 1~2m ol &7]& 97]1% EYolu WEre

2] Eofoltt, hEd FES A uf
2

al
of M/ Bk F7] Beli BYRAL AR dAF 1) Aheuel @

vl 3 (Alariaceae)?] AE2 T2 ST



7Heje] AegdAd E2E& phlorotannino]l® o] S g AL
HIV-1 9AA G4 AdE4 .12 xanthin oxidase AdNEA,"° tyrosinase &

QARG PS50l AT Haw uvl Q)
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2 Ao AE 7rEfol A phlorotanning AHAAZALE IS Ed}o]

gEgstn  FAstade  dvingor Agdz  2dd @ A9

OH

HO OH

Figure 1. Chemical structure of phloroglucinol

Figure 2. Picture of Ecklonia cava
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Aol AEE FEE AFE BAFE Qg AL el Al
9 Aol FEAEG F PV ol BRFEZ YFu ol LG
sheieh

2 AFA A5 FE AFEE &5 Merk Co., Junsei Co.9| A|
=S5 AFESFTYE. Celite column chromatographyoll+= celite(Celite 545,
Celite Korea Ltd.)7} AF&% %12 ™, sephadex column chromatographyol
+ Sephadex LH-20(25~100 o] A&t FEAAA ALEH
TLC(Thin Layer Chromatography)T precoated silica gel aluminium
sheet(Silica gel 60 Fazss, 2.0 mm, Merk)E A}-&3}3Ath TLC ZolA &
1 =dEs syl #stel UV lampE ARESAY TLC plates
visualizing agento] FAA|Z] & heat gung ©]&3te] HAEXAHC.
Visualizing agentZ+% 3% KMnOi, 20% K.CO; % 0.25% NaOHE =3t
TEAS AFE3F Y. Prep-LC(Preparation Liquid Chromatography)i=
LC-9104JAI KOREA)E AH&3Flal ODS-Columne 2ate] #-2laqich.
TZEAM o]8&%+= NMRWNuclear Magnetic Resonance)< JNM-LA
400(FT NMR system, JEOL)& ©]&3}ith. &A= Sl &%= FAB
Mass JMS-700(JEOL, 6 kV 10 mA)E A}83}al gast argons AHE3}
At
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3-1 A % % #a

ethyl acetateE ApE3te] S35 slo] EtOAcsY H.05S I

(Figure 3).
3-1-2 Celite column chromatographyel <3+ &34

S E3E sl Aojx EtOAcHE S Celite® &% 3+ glass columne 9]
At €81 hexane, CH.Cly, diethyl ether, MeOH<
AL&8Ee] ZH7Zy 47019 B8 S 9S F AT (Figure 3).

3-1-3 Sephadex LH-20 Column Chromatographyel 23+ &2 37

3-1-20|4 doJ@ E3F ZF  diethyl ether ®3& Egslr] 93]
Sephadex LH-20S %3 Columng ©]&3F%th o)A o2 CHCls
/MeOH = 2/1, 1/1, 0/1& A}&3te] 11719 £8S A (Figure 3).
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3-1-4 Compound 19 ¥z #A

3-1-3014 ezl 11709 #3285 8 25 ODS

Prep-LCE o] &3to] #el3te] E-3-8-4(Compound 1)

o] 54& MeOHS AH&-3FltH(Figure 3).



Dried Ecklonia cava powder
(4026.4g)

1) extraction with 80% MeOH
2) stirring for 24h at room temp. X3

3) vacuum filtration

80% MeOH Ext. (1012.59¢g)

¢ 1) suspended with H2O(1L)

Y Y

EtOAc Ext. H20
(226.82)

1) Celite column chromatography
(450g, 5cm><40cm)

n-Hexane (34¢) i CH:oCls (60) | Diethylether (9.50) i MeOH (50)

E-1 -
E-2 (1.0667g E-3
(5.8mg) (13.9193g)

—

E-4 (176.7594¢g)

1) Take 11.7g E-3
2) Sephadex LH-20 column chromatography
(7emx30cm) with CHCls/MeOH (2:1-1:1-0:1)

Y oY v

E-3-1  E3=2  E-33 E-3-4 E-3-5 E-3-6 E-3-8 .. BE-3-M
Phloroglucinol PhlorotanninA ~ Eckol Triphlorethol-A  (514.1mg)
(661.1mg) (142.3mg)  (4639mg)  (221.9mg) Prep L.C-ODS
with MeOH
E-3-8-4
(159.5mg)

Figure 3. Isolation Procedure of Phlorotannins from FEcklonia cava



3-1-5 Compound 1 (E-3-8-4) ¥} Triphlorethol-A%] Acetylation.

Compound 19 #A3Zst %= F<lst7] 98] compound 1 52 mgs F
3to] acetic anhydride 1 mlE 7}stal pyridined &w2 A}&31o] oA €
3t AlA compound 1-a(E-3-8-4-Ac, 7.1 mg)E <LUH(Figure 4).
Triphlorethol-A 53t Fd gk ®H o2 ol d g} AJZlT)

Compound 1
(E-3-8-4)
(52 mg)

1) add Acetic anhydride 1ml

2) add Pyridine 1ml

3) stirring for 4 h at room temp.
4) partition with CHCls & H0

CHCl3 Layer H20O Layer

short pass

column chromatography

Compound 1-a
(E-3-8-4-Ac)
(7.1 mg)

Figure 4. Acetylation of Compound 1



DPPH #t)zt 274 84 2382 Blois'®' S o] 839}, wetLq 3
A st sl AR 0.3 migt dEE 0.2 mlS &3 & HEEo|
0] 110" M DPPH €425 mlE 78t HE 39S 3 mlz @3t} 5

o]

scavenging effect(%)=[Ao—(A-Ap)/Ap)*<100]

Ao : 520 nm DPPHO Z3%
A 1 520 nm DPPHS} A|8Hbg-lo] 3w

Ay @ 520 nm A89Y FIFE

7y A= ICsoT A& Fotal oluf ICso BhuZAaA &4 sHol 50%Y

el Aol HRE ojndt)
3-2-2 AIZ U ROS EA41% =4

=A3t7]9) 8l DCFH-DA WS Ab&319)

o

A U EASE ROS9 %
E]— 21

2,7 -Dichlorofluorescin diacetate(DCFH-DA)+= Ao FY %W AE
W esterase°] 93] 2,7 -dichlorodihydrofluorescein(DCFH)S. & 7} &
= aL AE ol AkskAl7F EA 8 A 27,7 -dichlorofluorescein (DCF)& Ak



350 §33S WA FhFigure 5). Wb AE W ROSE %ol wia} DCF
Fo] AQHE R ROSYE 54 & + Ut
V79-4A3ZE 96 well plated] 1x10° cell/ml
COz z=7elA 6A1ZEtT v
3‘3;

1 mM Hx0.E5 7}ste] 30&
DCFH-DA £9& 7}

T o8 FEo AR
5

N L
ok 37CAA A

30
At 30 & ¥ 25uM
5l & spectrofluorometer® DCF9 HAALEE =A
&ttt DCFe &4342 485 nmelil WE34S 535 nmelth. o] o
DCFe] W&o xE FAste] 24t 229 Ax W ROS AAsHS &<l
.

_‘IO_



DCFH-DA

llllllllli?llllll.llllllllllllllllllllllllllllll

— Cell Membrane
RARARRARAARAR RARARARARARAARAARAARAARARARAARAARARAARARAARARARARAARAAARR

esterase

DCF

Figure 5. Mechanism of DCFH-DA Assay
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1. Phlorotanning| = 20l

7 AZET(4026.42)S 80% MeOHZE F%3F & EtOAcY H.0Z &-1f
o]z EtOAc #8907 Hexane, CHyCly, diethyl ether, MeOHS

ul

AFE3Fe]  celite column chromatography® ##3te] Z}7z; 4742 £33 &

At dojx zF BEE9] phlorotannin £3F 9J5-= NMR 7]7]15 E3}9]

gelakal et

o] % phlorotanning 7} o] X331 Y+ diethyl ether #3&
(Figure 6)2. = A7/l&v] (CHCls/MeOH = 2/1 to 1/1 to 0/1)E A}&3}e]
Sephadex LH-20 column chromatography® 11789 #38& Adr}. 7z &
35S WA TLC(HZNEm : CHCly/MeOH = 2/DE &<l ¥+ NMR7I7IE
Esto]l ThA] &l ko] 4709 steS 2e ¢ AT

E-3-3 282 'H NMR A% 5.7 ppmolA singlete2 yels Aoz

s o 4 dglm AP v 2 Ax

Hol aromatic ring®] U=
tHFigure 7).

E-3-4 282 'H NMRAF} 5.95(d, J = 2.0), 5.98(d, J = 2.0), 6.00(d,
J =20), 6.02(d, J =2.0), 6.13(s) ppmolA IS gt £H*z
vl et A3} phlorotannin A7F &5 ER1stglom oFfke] EFEo] ¥ g
wlo] 9lo] FA7t Hadk o= ofAXIH(Figure 8).

E-3-5%%8< 'H NMRZH} 5.93(s), 5.93(s), 6.13(s) ppm oA =S

o

32

phloroglucinol®] & #els}

golslgm 73129 vwst A7) eckold S Q15 tHFigure 9).
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E-3-6%8<S 'H NMRZ#H 5.7(d J = 2.7), 5.8(s), 5.9(¢, J = 2.2),
0(d, J = 2.2), 6.0(d, J = 2.2) ppmellx ¥aE5 Fsgn £7% 5}
H w8 A3} triphlorethol-AYS 2-¢1&}9 th(Figure 10).

7} 238 F ool Wi wwA 'H NMRZAZ7F vz 7132gd E-3-8
w385 ODS7F #&3 Prep LC(o]&% : MeOH)E E3+% compound

1(E-3-8-4)0.7 Ra]&u).
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2. Compound 1 (E-3-8-4) % Compound 1-a (E-3-8-4-Ac) 9
Tx g9l

Compound 19 % 3212 [ NMR, "C NMR, FAB MASSE %3}

'H NMR& %3ate] g2l & 43 §6.1(d J = 2.2), 6.05(s), 6.03(d, J
.68), 5.91(s), 5.69(d J = 2.68)¢] signal® H.o}
3l coupling constantE E3] A= meta 9

| coupling 3tal A= & & AAG.(Figure 11, 12).

PC NMRE 3ol el & A whel F /57t 247 o4l S
skt (Figure 13)

Tk Zrefoll A olv] E2]% triphlorethol-A%] NMR data®} ®]xl
g '"H NMR spectrumol A 424 33 37 zko] wrom BC NMR
spectrum ©°lA+= A = 6707F  ZFo]l  WrR(Table 1). uwhahA]
compound 1< triphlorethol-A¢°l| phloroglucinol ©¢] 3417} ] A 245

Rleka F3aqc.
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%3k compound 19 A& hydroxy”Z]e] 7S <791 ohAEs)
A7l 3 A 'H NMR, C NMR, HMBC, HMQCS E3te] F+x22 g9l
a9tk hydroxy”] 7} obAlE 712 X35 o] dojxl 'H NMR spectrum®]

A RS Bkl 10709 methyl 2FS s £3 C NMR

[‘E

spectrum®| A1 = 10702 methyl Z1F= &<218tS tHFigure 14, 15, 16).
HMQCE &sto] ghael 49 HsaAE gelsigleon HMBCE &
& A7 th(Figure 17, 18).

HMQC NMR spectrumel A 8702 =2 ¥ =7t 2zt d el v
Q3ks] wabgs g2l HMBC NMR spectrumoll Al B3 4719]
7t aromatic ringdl QT AFRF B9} 2719 $A4az7re] ¥ F7F wAEE

o wol a7t 208 EAFL FASUHFigure 19). AAE A

Y

81+ aromatic ring AFe]ol A4+ long lange coupling= ¢l & 4

o aryldHl2 dZ2450e] 99= aromatic ringlA 277, 677 A9}

A/ 1)
2 2

4437k long lange couplings #9138l F aromatic ring®] A&

250l d&s el

L %
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Figure 17. HMQC NMR Spectrum of Compound 1-a
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Figure 19. HMBC Correlation of Compound 1-a
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Table 1. NMR Data of Compound 1 and Triphlorethol-A

N Compound 1 Triphlorethol-A

position
éc Su(multi, J Hz) éc Su(multi, J Hz)

1 124.9 125.7

2 157.5 152.7

3 98.0 5.6(d, 2.68) 98.0 5.7(d, 2.7)

4 153.7 156.1

5 94.5 6.0(d, 2.68) 94.9 6.0(d, 2.9)

6 152.0 153.7

1 124.3 124.6

2 152.1 152.1

3 96.0 5.9(s) 96.2 5.8(s)

4’ 157.9 156.4

5 96.0 5.9(s) 96.2 5.8(s)

6’ 152.1 152.1

1” 159.4 162.4

2" 102.0 95.4 6.0(d, 2.2)

3" 159.2 160.3

4" 97.5 6.1(d, 2.2) 97.5 5.9(¢, 2.2)

5" 159.5 160.3

6" 94.3 6.0(d, 2.2) 95.4 6.0(d, 2.2)

1 101.8

2 156.3

37 96.4 6.05(s)

4 159.2

57 96.7 6.05(s)

6" 156.3

"H-NMR : 400MHz in CDs0D, "C-NMR : 100MHz in CDs;0D
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Table 2. NMR Data of Compound 1-a and Triphlorethol-A-a

Compound 1-a

Triphlorethol-A-a

Position
o Su(multi, J Hz) | HMBC e Su(multi, J Hz)
1 133.4 3,5 133.6
2 144.2 5 144.5
3 108.5 6.4(d, 2.6) 112.1 6.7(d, 2.7)
4 147.5 147.5
5 112.1 6.6(d, 2.6) 3 108.5 6.5(d, 2.7)
6 149.9 150.8
1’ 136.6 3", 5 136.2
2 143.8 143.5
3 115.1 6.8(s) 5' 115.0 6.9(s)
4’ 146.9 146.8
5 115.1 6.8(s) 3' 115.0 6.9(s)
6’ 143.8 143.5
1” 156.6 158.9
27 112.2 4" 6" 107.1 6.56(d, 1.9)
3" 151.3 151.6
4" 104.8 6.3(d, 2.2) 6" 110.2 6.6(5
57 150.5 151.6
6" 110.7 6.7(d, 2.2) 4" 107.1 6.56(d, 19)
1 116.0 3", 5"
2 149.8 6"
37 113.8 6.9(s) 5"
4 151.0
57 113.8 6.9(s) 3"
6" 149.8 6"

'H-NMR : 400MHz in CDCls, *C-NMR : 100MHz in CDCl;
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E3F compound 1-a2] C data® ©] €3] compound 19 F+2E =
BE AU

1985 S. Wegner 52 o}A€3} ¥ polyphenol® C NMR data®}
3tupe] aromatic ring A &7]o] whE 7|£9] additive ruleol] &%k A4k
frol & t=2A UEs & A {3 webA polyphenol#o] =9
aromatic ringo] 238 Fxo| A= C chemical shiftgko] &34 o3&k

of os) olFdria AztatArh. ofMEstE v} polyphenol®] C

NMRE =43l Ad gk 714 2484 st= o8] 3 (increments)S<
AAREA At = olAl€3dE polyphenols ZF &= (Table 3)¢ ALk
of o A&7 ¢

A 9 EFFE G F 5 A FJuF oakA
compound 1-a 7} 49 F7H4 9%, = acetoxy®} phenoxy? 94|
of we} g9 ¥C chemical shift7} @AE= 272 Azt 28zt

S H]EtSY compound 19 F+ZE T & 4 AATHTable 4).

)
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Table 3. Increment (ppm) for Acetylated Polyphenol

Acetoxy Phenoxy Steric

Bl | 1A oA |MA|PA| IP | OP | MP | PP |POA| SO |SO1

128.0121.9|-6.1| 0.7 |-3.0{28.8|-7.7| 1.0 |-5.1|-3.9|-1.2|-2.4

BI = Base increment 128.0 ppm

IA = Influence of acetoxy substitution at C-1 on C-1 (ipso).
OA = Influence of acetoxy substitution at C-2 on C-1 (ortho).
MA = Influence of acetoxy substitution at C-3 on C-1 (meta).
PA = Influence of acetoxy substitution at C-4 on C-1 (para).
P = Influence of phenoxy substitution at C-1 on C-1 (ipso).
OP = Influence of acetoxy substitution at C=2 on C-1 (ortho).
MP = Influence of acetoxy substitution at C-3 on C-1 (meta).
PP = Influence of acetoxy substitution at C-4 on C-1 (para).
POA = Influence of 2,6-diacetoxyphenoxy substitution at C-2 on C-1.
SO = Influence of acetoxy substitution at C-2 on an acetoxylated C-1.
SO1 = Steric influence of one or two acetoxy substitutions

at C-2 and/or C-6 on a phenoxylated C-1.

_35_



Table 4. Calculation >C NMR Chemical Shift(&) of Compound 1-a

C TEZEZZ? Acetoxy Phenoxy Steric Ccillzuml?ct:f Difference
atom| - shift | 15 1 oa |va|pa| 1P | oP |MP | PP |POA| SO |sO1|  Shift (ppm)
(ppm) (ppm)
1 1334101011100 ]1|0|0] 136.1 -2.7
2 1442 |1 1(0|1(0|O0|1]1|0]O0|0|0]| 143.9 +0.3
3 108510200001 |1]0O0|0|0] 111.7 -3.2
4 1475111010 ]O0|0O0O|1|1]0|0|0] 1465 +1.0
5 112110101011 |O0O|1|0|0] 112.2 -0.1
6 1499 1010|201 (1]0|0]0O0|0|0] 1505 -0.6
1" 1366 |0 20|11 1]0|0]0|0]0]|1] 139.2 -2.6
2'11438 | 110|210 ]0[1]0|0] 0 |0|0] 1429 +0.9
31115110210} 1]0]0|1]0]0]0]0] 113.8 +1.3
4' 11469 | 1101 2]0]0]0]0|1]0|0]0]| 146.2 +0.8
5111511020 110}(0|1[0] 0|00 113.8 +1.3
6' | 1438 |1 ]012]0]0]1|10]0] 0 ]0]O0]| 143.6 +0.2
1" 11566 |00 [ 2|0 110]0]0]0]0]|0]| 1582 -1.6
2" 1112210101 10]1|0O0]0|0]0]|0] 111.2 +1.0
3" 11513 (1|0(1]010O0]O|1]0O0|0]|0]0]| 151.6 -0.3
4" 1 1048 (0|20 10|00 |1|0]0]|0]| 1077 -2.9
5" 11505 (1101|0100 1]0|0]|0]0]| 151.6 -1.1
6" 1107 0] 10| 110]1|O0O]O0O|0O0]0|0] 111.2 -0.5
1"]11160 |10} 2|01 1]0[0]O0O|0O0O]O0|0|0] 1128 +3.2
211498 |10 (2| 1]010]0]0|0]0]|0]| 1476 +2.2
311138 1020|101 0]0]0O]0]0]|0]| 1128 +1.0
4" 1151011702 10]0]0]O0O|0O]O|0|0] 151.3 -0.3
511138 0| 2]0|1]0|10]0]0]0]0]|0]| 1128 +1.0
611498 |10 2|0]0|10]0]0|0]0]|0]| 151.3 -1.5
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o]} o] NMR datas #43}9] compound 19 #AF2]o] CouH1z012
S oFatslar, FAB MASS 23 [m/z = 498.5686(M")]&5 ‘&3}c]
TAFFo] 4989 S S tH(Figure 22).

Zkzye] @84 ARE EWE compound 19 BAFEE 4
t}.

o=

o
i

ot
st

=)
=2 EYE F3S A3 A3 compound 1= AEAR F
@} compound 19 o]&L ZAA3sl7] & phlorotanning 9
H K 9k}

Phlorotannin®] 7]¥%$]21 monomer phloroglucinole] A& Z3§a}lo]

o
i

dimerE A3t} dimers aryldEle] difucol®} etherd Ej<l diphlorethol
2 v F drh difucol> WATxolmE AZES7E F 37 ofth
diphlorethol T3 A 7% o=z 6719 ZATEYS 7HAZ 3
(Figure 24). Compound 1< difucol¥} diphlorethol?®] A%l tetramer©]
o FHA7bA] HaE 22 Feo tetramer®i=  fucodiphlorethol A,
fucodiphlorethol B, fucodiphlorethol C, fucodiphlorethol D7} 9] om vt
A8 sAedl 93] W] Hoh mEkA compound 18 fucodiphlorethol
E=2 sl th(Figure 25).
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Triphlorethol-A Eckol

Compound 1

Figure 23. Chemical structures of separated phlorotannins from

Ecklonia cava
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Monomer OH
HO OH
Phloroglucinol
Dimer
OHHO OH OH
HO OH HO O—Q
OHHO OH OH
Difucol Diphlorethol
Difucol
OHHO OHHO OHHO
OH <|) OHHO o OHHO
Diphlorethol
OH OH H OH

OH 0
" ° % HOQOQ
OH OH o}

OH

_g

OH
HOQ—O
OH
OH OH OH OH OH
HO o HOQ—OQ %—OQ—O
OH N, OH o OH

o—% H

Figure 24. Name of Phlorotannin Monomer and Dimer

_40_




OHHQ H

[e} HQ
HOO‘QOAQOH
HO

OHHO HO

Fucodiphlorethol A

OHHO OHHO
R a S IS, O
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Figure 25. Name of Fucophlorethols
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3. Phloroglucinol, Triphlorethol—A, EckolQ| &tAtstEte A}

3-1 DPPH &tz &AEA

Column  chromatographyS  &3t¢]  #3¥  phloroglucinol®}
triphlorethol-A, eckolol] W& DPPH 2}tz AAEA AFS st iy
ZH a2A TS g5t 1 A3} phloroglucinol®] ICs0 %+ 0.38
uM, triphlorethol-A2] ICs0 X+ 0.56 uM, eckol 9 ICs0 FH+=

0.62 uMZ "¢ 3 gz 27 A4S H Y} (Figure. 26, 27,
28).

3-2 A2 W ROS AlA &4

DCF-DAAE HW S  o]&3}e] phloroglucinol® triphlorethol-A,
eckol®] A3 W ROS #A1A &3E AHHottt. 1 A3 phloroglucinol
9] ICs0 FX+= 0.26 uM, triphlorethol-A%] ICso X+ 0.34 uM,
eckol 9] ICs0 +x]+= 0.28 uM= YEY o] & phlorotanning©] A|X W
ROSE s34 AATS & 4 AAHFigure 29, 30, 31).
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Figure 26. DPPH Radical Scavenging Effect of Phloroglucinol
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Figure 27. DPPH Radical Scavenging Effect of Triphlorethol-A
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Figure 30. Intracellular ROS Scavenging Effect of Triphlorethol-A
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Figure 31. Intracellular ROS Scavenging Effect of Eckol
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ZE 80% WEhE FEFES EtOAcst BF5o= &njigstal EtOAc
F3lo o3 celite column chromatography, sephadex chromatogaphy,
Prep-LCE A}£3}o] phlorotanninES 3%t Eod B3I
NMR 7]712 @2lstx #+dE¥ ¥k A3} phloroglucinol, eckol,

T el H A= T A
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st

triphlorethol-A, compound 19]
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£33 Prep-LCE 2gl® 23 compound 1< 'H NMR, C NMR=Z
g2l A3 phloroglucinol?d] AlgAZ  AzEAct. Hop s
compound 19 T+ZE &o}H 112} compound 13} triphlorethol-AE o}
Agst AA 'H NMR, “NMR, HMQC, HMBC data® vla 3 2}

triphlorethol-A®°l| phloroglucinol®] arylgejl= ZAds xS 13}

ok

o Al1&E-Z9] fucodiphlorethol EZ A&X]3it}.

Column chromatographyE &3] #2]% phloroglucinol®} triphlorethol-A,
eckol®] DPPH #tjzt 7@/ dxrp 242 1Cs = 0.38 uM, 0.56
uM, 0.62 uMo.=2 vl -3 a7} epsnh £3 Al W ROSAIA
A Ao A ICs = 0.26 uM, 0.34 uM, 0.28 uMS. 2 phloroglucinol
3} triphlorethol-A, eckol®] d4tsla 37l HoldS &2 & 4 UL}
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