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Elucidation of Anti-tumor Initiator and Promoter Derived
from Seaweed-3 : Anti-tumor Promoters of
Ecklonia stolonifera Extracts
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To elucidate anti-tumor promoter from seaweed, the anti-tumor promoting activity of Ecklonia stolonifera,
Undaria_pinnatifida and Laminaria japonica extracts were determined by Epstein-Barr virus (EBV)-early
antigen (EA) induction caused by a tumor promoter, teleocidin B-4. The methanol extracts of seaweed were
subsequently fractionated with diethyl ether, distilled water, chloroform and ethyl acetate. Among the solvent
fractions tested, chloroform and ethyl acetate fraction of E. stolonifera showed a high anti-tumor promoting
activity at the levels of 88.0 and 85.9% by the addition of 20 ug/m/, respectively. To characterize anti-tumor
promoters from solvent fractions of E. stolonifera, the effects of phenols, chlorophyll derivatives
and carotenoids on the anti-tumor promoting activity were investigated. Phenols, such as bromophenol
and phloroglucinol showed anti-tumor promoting activity of 57~66% at 20 ug/m{. Pigments, such as
chlorophylls and carotenoids exerted hi%h anti-tumor promoting activities. Chlorophyll a and pheophorbide a
exhibited the activity of 77.4% and 66.6% at 5 uM/nl, respectively. The active compounds of carotenoids were
tentatively identified as lutein and a-cryptoxanthin from the profiles of visible spectra and R value of their
authentic compounds, and showed anti-tumor promoting activities of 76.9% and 84.4% at dose of 20 pg/mé,
respectively.
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M B Aol & a3 Hog ANHIT Ut} (Berenblum,

1941).
gote wde @AZ FA3PH7] ROE initiation, 49 promotione] YA #I AFE A,
promotion ® progression 59 GRAE AH JPd  F 59 kY %3 FEF 5, AEE o] &F A7
g Aol ¢8AL 9t (Berenblum, 1941), 2} pro- RELS AT ik AF7AA E1HT Sl g

motion®l #93E 2 promoters ZEEE 7L promotion HAUAE BH, HEA dy Ejge
AAE Fot, 1 Ao MERFY receptors "7/ anthraquinoneF T =HFA ok ZHE caroteneo] ¢
2 3] FAH FEAEY FHAE 28, 338ted B4 UL (Konoshima and Kozuka, 1989 ; Nishino,
#ojstn 2 Y initiation® promotiond] BAE T 1993), ¥ FEEZHEHT catechin®] d ¢HA
NNT7E A7) ERHLE EASe AoE 4R o At (Yoshizawa, 1989). 281, FRAEZHEE
(Nishizuka, 1988, Wang et al, 1995) %], %< ini-  flavonoid, chalcon®, 1'-acetoxy-chavicol acetate, car-
tiation®AE E¢ 1Y HZF @71kl ZA 7493 damonin E curcumin o] ¥£8 FFEHIL IAtH (Mu-
o2 A== v}k, &t promotion@ A= B717F rakami et al., 1992a, 1992b ; Kondo et al., 1993 ; Liu
o 2A 7194 3 E4% YeEZ TG AA et al, 1993).
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o2 B2 A7t o]FojA gou sty A 8
ZF9 o]fo] Bz EF331 LY promotiond] 9
Ao g AAR A7 Fe Aol

g2A, & dFgMe 27 F9 2 promotion
A AAE W43} Agte] AH (Park et al, 1996) )
A9 et promotion G4 A4 AMe) ARg wigow
dted 22 F F9 F9 2 promotion HA A
tidte] AHERT)
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Ao A" #9 (Ecklonia stolonifera), ¥ (Un-
daria pinnatifida) % ©tA1vt (Laminaria japonica) ¥
AZGA 713X 22 FLsAt 2 promotion o
AN AHE¥ CCL-86 Raji ATE ATCCAN 2ok
BT, AL Wi%E RS RPMII640 (GIBCO), fetal
bovine serum (GIBCO), HEPES buffer (GIBCO) %
penicillin-streptomycin (Sigma)E  AH3lgz, ©¢
promoter$! teleocidin B-4= Q¥ ZEoigd A AT
o} Ab8-3t%th. Epstein-Barr (EB) virus®] 3¢ - h4)wh
& 93 AHEE A3FE BAXFd serume AEU
oM AFERI, FFEAUAE [gG-FITC (DAKO) &
AHSEt AT 23 olute] AMES EE Al Aok
SEEE AH3g
ANEFES =H
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Phenol &t8t22 =&
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28e YAt F, A T3 E%o 2N HCIE 7}t
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Chlorophyll®f & ¥ 1 RZH|9f M=
Chlorophyll a9 AZE - (1984)9) W& 4359
& ZHE I 24 S99 FANHE, 7)) 4

CRAE - FEA - AERold] Y - AAR

£ ecther benzened] EFEA (9: D& Heed 311
o HEZ 73t (A7 ¢ BAEY AR F 4
9 FHTE 7 AEEZ S AASGAY ©|E alumina,
CaCO; % sucrose® oA RE &MUz FA47
column® FY3L A ether ¥ benzene (4:1) EF
4422 HAAA chlorophylle] F2E sucrosed S
diethyl ether2 %3¢t Chlorophyll® ©A] sucrose
2 33% columndl FY3}I sucrose?] 3}F22FE
chlorophyll a& #3234t Chlorophylle] #E=H+
Isaksen (1919 WH o2 AzdAd. 3, chlorophyll
a (SigmaAt, USA)E diethyl ethero] 9], chlorophyll
ag =< diethyl ether® 9.5M HCI9) Hl&& 1:28 &
Fate] Aol A 1085 @335t chlorophyll a2 5-E
pheophorbide& A &3t}

Carotenoid?| =& % 2&

Carotenoid®] %% Shim et al. (1994) 2 4 (1984)
ol S dF W¥IA ALEEAh F, 299 chloro-
form F#& acetone (3 {/kg) 22 33 FZ32, 35T
A 2 F%F F, o] E diethyl ethers} thEe) 224
2389 carotenoidE diethyl etherZol oA Zith
Diethyl ether &2 2AA7F FAIM 24 FEA2

&, 10% KOH/ethanolS 713t 2%t F A2
o gl B, A3sta. o] WA 2 FA3
1, diethyl ether® F&% ¥ Na,SO.2 F&& AAF
AT Crude carotenoid & &2 A4 7|F3lo)A Az
%, petroleum ether®t &#F2] 90% We&& 718 crude
xanthophyll& | ®-&%, crude carotene® petroleum
etherd] 22} o] FAIAT o} F crude xanthophylle be-
nzene2 2 FH3IA 7 silica gel column (2.5X40 cm) ol
F9)3+3, benzene® ethyl acetatedl FEE 10 032H
0:107hA MA71HA &% £ compound A %
BE petroleum ether/acetone (8/2) 2 TLC (silica gel 60
F254 precoated) & F3tH o FUdT 203 9A TLC
g P EF lutein (Sigma Co)F ¥lL3} G}

Crude xanthophylll4 2% compound A, B %
crude carotene petroleum etherd] ¢ §% 2¥EY
g ZA%n, BEY2UFNAM 248 EF fcarotene
lutein®] &% 2HEJH @3}

2tot promotion M AIE

W promotion JA AL EB virus B43 I A
¥ (Tto et al, 198D o8& RASE o] ¥WL EB
virus?t phorbol ester®t 22 LY promotere] 93
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gA43tHo] 27 Y& FEFTE Ao 7%
o2 2% promoterd] @7] AEHLEZE o] &HT gl
2™ EB virus 8438 AAZEH 2 promoter A
Agde A2 & AR de oz A Qi
(Murakami et al,, 1991, 1992b).

24 well plated] 25X AE 5uf, EB virus
genomed FHF Rajidl X (5X10ml) 1mé, n-butyric
acid 3GmM) 6 ¢ 2 %<} promoter?! teleocidin B-4 (50
mM) 5 plE 7} 5% CO, 3ol A 48A12H5Qt vl ¥
ol WY AMEE 1500 rpmelA SEFUL FAE 3o
HEE JFAANZ F slide glasso] L3 7)o 4%
F& 2R FAE HSAIIL 37CH A 408 wigA]
2L %, A ¥BE4 QAR [gG-FITCY ¥-3A17)x,
37CAHA 402 WA HTE old A8E =7 AEE
13 FFEAYE o839 n-butyric acidTE 7}
279} Hmste] e promotion AAEFAE Jeh)
At

X=F

21 S

#d
Rl

xR 20 289 YU promotion HHEE

9, 719 € gA9e qeEE F2EZHE 49 2
g3 7t &9 =Y promotion YA LTS Table 19
et Aok 39, v]d 9 thAInke diethyl ether, chlo-
roform Z ethyl acetate FE-L 50.5~880%F I A
7t Hlud A JeEgod, £44 R H9e
AR EFM T QA AT 24% R A e
xR FTREZ 7140 FEES LY promotion
A4S Hwad By udg 2 dAvke diethyl
ether Y&olA 27} 850% L 849% 2 $53%x, &
%= chloroform B ethyl acetate Z¥M 27 88.0%
2 859% 2 S AAERE e o] 2o] &)
Z%Y 2% promotion AL oj= EFH Luf
RoA JEUYA e ZoE nFo] Bol ¥y 3§
of ofd o7 &FEo] BFPAHoT 43 1 &7
dehlie AoZ A4, matA, 39 Fo &
o] e &l 7}&49 phenol, chlorophyll ¥ carote-
noid & 4T AHEg

uy

Phenol &t8tE2| &t

21 F9 A5 phenol 329 @t promotion
AR EFHE Table 28 YERAD F3) 9 crude phe-
nol& 20 ugH7H 2% A=2 JAELAIL @A ey
o1}, bromophenol ¥ phloroglucinol 20 yg H7HA

a4

promotion YA <14} 589

Table 1. Anti-tumor promoting activity' of solvent
extract of seaweed

EBV-EA’  Viabili
Seaweed Extracts inhibition (%) (%) v

E. stolonifera Diethyl ether 50.0 73.1
Chloroform 88.0 63.1

Ethyl acetate 859 74.6

Water 138 80.7

U. pinnatifida Diethyl ether 85.0 738
Ethyl acetate 799 814

Water 234 85.1

L. japonica  Diethyl ether 849 734
Ethyl acetate 614 76.5

Water 21.8 810

'20 ug of each solvent was added.
’EBV-EA ; Epstein-Barr virus early antigen.

Table 2. Anti-tumor promoeting activity of phenols
extracted from E. stolonifera'

Phenols Concentration  EBV-EA’  Viability
() inhibition (%) (%)
Crude phenols 10 177 57.1
20 41.5 400
Bromophenol 10 56.4 77.1
20 66.3 756
Phloroglucinol 10 50.1 753
20 513 752

'E. stolonifera was hydrolysed with 2N HCI at 120€ for
30min and crude phenols were transferred to diethyl
ether by adding water followed by repeated washings
with distilled water until neutrality.

*EBV-EA ; Epstein-Barr virus early antigen.

o] B} thd £& 663%9 573% 9 AAAAE YEA
o ANHoR £3 Fo #fHo A phenol HEE
9 ¥ promotion HAEFHE Bkod, AX 54L&
crude phenol®]A T #A el

2354 & promotion AU AE phenol FFE
o 9 Aoz @A gloew, & promotion AL
Ao} ¥& phenol 2 € hydroxyl 2 acyl?]9] YAl
et 2 A AT Aol ot o]EY BV T
¢ promotion Aol A FAETE Yvehiz ot
(Konoshima and Kozuka, 1989 ; Kondo et al. 1993
; Ferriola, 1989). =& tannin®# phenol3t§&o] &
< promotiond JAENRE Ueld g BRusn glo]
(Okuda, 1995), Zx29] #|ZF o< phloroglucinol &
¥ 83224 phlorotannins 5 EAF S 1 &
7 (Glombitza and Knoss, 1992 : Knoss and Glombi-
tza, 1993), ¥ ZAFo)9 Zo] F2 phenol AF
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Bof g Z¢ promotion HAZE & phlorogluci-
nol &3 3§ Eo| %t promotion A F& o Foj3}
e Aoz &€,

Chlorophyll &89 gt

H2Fo FHE HIFA ALGFE Fole porphy-
rinl M4Q) chlorophyll a7} 538/, 232% ¥ $%F
o 354ez ¥fH gleng ZHZEH chloro-
phyll a8 $%3lo olE FEAE ARdY 2 pro-
motion AAEHE Table 39 et gich

Chlorophyll a& 5pM A7 774% 9] €% promo-
tion JALAE YEPUL, AEEAE A YeE
#tAo) chlorophyll a8 FX# ¢ pheophorbide a FAl
5uM H7HA] 66.6% 9 2 promotion A AFE ViE
WAoo, AEEAgo] Fatgict

Chlorophyll 8 2 E3IEC 9§ @t A8
FE2 Edvoldy A did @dH $%ou (Guo
and Dashwood, 1994 ; Negishi et al., 1989), ¥ €79
Ao gl Zo] chlorophyll ¥ 2 E#4HE2 pheo-
phorbide ¥4 2% promotion YA &EFHE e
422 9 chlorophyllase®] Z&o o3 vladlg %
phytol7]9] A A & AHd=He Fad EHHE
pheophoride®} chlorophyll2 2% initiation #9 o}
2t 2 promotion JANE A 7 Reg 47
g

Carotenoid 3&H52| dg

TH%F 9 carotenoid $+8E9 ¥¢ promotion HAIE
#g 249187 93 F3ZRH crude carotene % crude
xanthophyll& F%3te LY promotion JAALAE
Table 4 YeRH AT, Crude carotene 2 crude xantho-
phylle 20 g B7HYL o, 27 601% 2 814%9
29t promotion A EFHE eI O] crude xanthoph-
yllo] crude carotene Bt Hold JAEZHAE YUY
.

Table 3. Anti-tumor hromoting activity' of chlorophyll
a and pheophorbide a

EBV-EA’ inhibition

Pigments (%) Viability (%)
Chlorophyll a 774 759
Pheophorbide a 66.6 46.8

'5 uM of sample were added.
‘EBV-EA ; Epstein-Barr virus early antigen.

gy - A - oA - AT

#-olHy] - e YA

o} promotion S A E#7F Hold crude xanthophyll
%9 carotenoid SHFHES UolR7] Y5t TLCE A
A% (Fig. 1), o158 ¥ Fo+= R@t©] 074, 065, 048
2 0149 4% F FES A7 EAHAG olFAA
R@kol 07420 B3FE (compound A)S ¥4 ~HEH
(Fig. 2) 2 TLCY Z3, authentic luteinZ FY& 422,
447 % 476 nmIM Y 5344 2 R & vee A
08 Bo} lueineE FAHAG. ¥, Rekol 0652

3132 (compound B)- Fig. 391 A9} o] 4250, 446.5

Table 4. Anti-tumor promoting activity' of crude
carotene and xanthophyll extracted from E.

stolonifera
Pigments EBV-EA(- ‘7: 1)1h1b1t10n Viability (%)
Crude carotene 60.1 73.3
Crude xanthophyll 314 76.3

'20 g of sample were added.
’EBV-EA ; Epstein-Barr virus early antigen.
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Fig. 1. Thin layer chromatogram of crude xanthoph-
yll extracted from E. stolonifera.
Developing solvent : petroleum ether/ace-
tone (6/4, V/V)
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Fig. 2. Visible spectra and thin layer chromatogram

of authentic lutein and compound A isolated

from crude xanthophyll.

Absorbance

Wavelength, nm

Fig. 3. Visble spectrum of compound B isolated from
crude xanthophyll.

2 4745l A F5343-E Jehl o] Nakabayashi et
al. (1979)0] B33t g-cryptoxanthin® L& JFEE
3 €

22 Iutein® g-cryptoxanthin® %% promotion 9
AZEE Table 5ol Veblidch 499 23, lutein®
a-cryptoxanthin® 2% promotion YA 2HE-L 20 ug %
bl A3 47 769% 2 844% 9 53 JAARES
yehiglen AE Aze £3 g2 Aoz Yt

2] 3, crude carotene 59 A AR Fig. 4014
Zol EEE Bcarotened FYF 4475 L 4770molA
F5343S Yeh o] Bcarotene 22 FS€rt

Tsushima et al. (1995)& carotenoid 33HE9] L¢
promotion HAAHE A3 lactucaxanthin Tl 1
AdA a7t Aevn sgen, olf FFEL pcaro-
tene?)= Q1T 3-hydroxyl-e-ene?17t €% promotion &
A Agol A BT g} £ Schwartz et al.
(1986)& a ¥ B-carotene macrophage % THES Z
& WIANEE 43 FHAEE ANEATE T

o o B ol
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Table 5. Anti-tumor promoting activity' of lutein and
a-cryptoxanthin isolated from crude xantho-
phyll of E. stolonifera

EBV-EA’ inhibition

. L (%
Pigments (%) Viability (%)

Lutein 769 729

a-Cryptoxanthin 84.4 734

120 pg of sample were added.
*EBV-EA ; Epstein-Barr virus early antigen.

20

«un ; Authentic A-carotene
~~ i Crude carotene

Absorbance

550
Wavelength, nm

Fig. 4. Visible spectra of authentic p-carotene and
crude carotene extracted from E. stolonifera.

A HAGR e FANLLRA THAE TH2
AAlgte Aoz Busx gl WA, F35 9 caro-
tenoid 3+¢Eo 9% 2 promotion JAF-E&-2 lutein,
a-cryptoxanthin 2 B-carotene 5 carotenoid 3E ]
FeAoz FEdo AHAES vdelle Aoz AL
Hrh

ol ol e} go] 3 FEE Yehlle T pro-
motion ¥A E = phenol 3, chlorophyll fr= 3}
lutein, a-cryptoxanthin B p-carotene 52 carotenoid

s gt 42eEn.
e ¢

22%% ¢ 2 promotion A AAE ¥3]7] Y3t
of T3, w9 % gArle] £uFEES o] &3t et
promotion A EHE 2Ag A I3 wd 2 ¢
Ak £44 F22EE AAT F7180 EYEA
e AAERE JehhdT o FolA dAEFHS}
& B9 ol 43t @ promotion HAYRE &
2 Z3 F9%9 bromophenol, phloroglucinol &
phenol & ®1£3}9 chlorophyll ¥ carotenoid 3
EoA 94 a#7} A vewth 39 chloro-
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phyll a B pheophorbide aolA] 5 yM H7IA 774% 2
66.6% 9 JAAEI7 JEg o™ 99 carotenoid 3
TE FNAE lutein, a-cryptoxanthin ¥ p-carotene©]
F2 AAJNAZ #H AT Lutein ¥ a-cryptoxanthin
¢] 29} promotion YA E = 20 yg A7l A3 42
76.9% % 844% 2 $3AAL, AE AFEE BA Y
Bttt

LAre 2
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