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Feeding-Deterrent Effect of Phlorotannins from the Brown Alga
Ecklonia stolonifera against the Abalone
Haliotis discus hannai

Kazuya Taniguchi,®** Kazuya Kurata,** and Minoru Suzuki*3

For the purpose of clarifying the reason why the laminariaceous brown alga Ecklonia
stolonifera are not grazed by marine herbivorous animals, such as abalones and sea urchins,
feeding-deterrent effect of the methanol extract from this alga was tested on the abalone
Haliotis discus hannai by the bioassay with cellulose plate method. Concurrently, another two
laminariaceous algae Eisenia bicyclis and Ecklonipopsis radicosa were examined. A large
amount of the water-soluble fraction was obtained from the methanol extract of Eck. stolonifera
showed potent feeding-deterrent activity when compared with those from the other two species.
The active compounds that were isolated from the water-soluble fraction by a combination of
column (Sephadex LH-20) and thin-layer (silica gel) chromatography, were characterized as
phloroglucinol oligomers and polymers, phlorotannins, on the basis of spectroscopic analysis.
The feeding-deterrent activity of phlorotannins depends upon the degree of polymerization of

phloroglucinol (the polarity of the polyphenol).

We concluded that the algal phlorotannins

play an important role in the chemical defense against marine herbivores.

o v 7TRBE Y v T 5 2 Ecklonia stolonifera Oka-
mura %, JLEEEEDE» LAMRETTO R
VEREECARE L, RIBE A R 3¢ TL e T il
BIDHLUWEREZHERESES &b ) REEHEEL L
> T b T dslts Lic B T I8 AR BT
BB oy TREERL, T, v SERNCE
EHIcHHAEY O BE KT % T ERRR-CEE AR
BT X CR D BIFTRHEE LR b T nBE?
B, YT AR, BE 10~20 cm BE O LETHYE -
WERIICE & 30~100cm BEOERTEZ SO E VD
DU ARBHEYE LN RLIESF I Y LT
WAL LT, G TR DERBIMCIRRA CIEA
Thinvlk, RECLFEE LKW XL INT
W5 zofed, HAERE T AER iR &
BUEED IS D, TV EOEMEEDO LD
Fio, FoWEAEOHAETNS BB ERE CRIE
ElnoTb,

WEDIL, VAT T ANRT 7 R AR B RS
%@:&ﬁ%ﬁ%%ﬁ&?é*&r - TEAIH Lk

R L TV AR ThB EEL, £ &7 — i
Y& B-C= V"7 v ¥ Haliotis discus hannai Ino fE Rz
R B IEAFIRERR LT, BHhICEAESEER
DFERCIES ZGHEWE O BERBRE 1T - T

MHEE L UHE

1988 £ 6 AU BEREWC TIHELY AT T 2 &,
YANT 7 ADT VT ABRAEE R ORE Y L
THICDICFAET ACEERCHEMRCTRELLT S
# Eisenia bicyclis (KJELLMAN) SETCHELL 33 X U'[H4E 6
RFEERMINCCEE LICT v + 7 2 Eckloniopsis
radicosa (KJELLMAN) OKAMURA % JREH, 2 X% /2 —
REWH, gL =7V R THE U TR &
KRB OB S % . B 1LIRELS OFEIRD X 5
AT o Tz BEHERE 5% HiiED U KEBIR ThH, 1M

*1 gk Kk EERFZE T (Tohoku National Fisheries Research Institute, Shiogama, Miyagi 985, Japan).
*2 AR TR s E P ses (Department of Industrial Chemistry, Hakodate Technical College, Hakodate,

Hokkaido 042, Japan).

*8 Al ok
kaido 060, Japan)

23 (Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo, Hok-



2066

BEACEMIC Lcts, =— 7 Vi U CIRERR (A) 215
Too ETe, JREHEIRD DERER LM L Y 0 DI,
WERADIRA Elnicd, ThadpEg (N) &L,
KIBHIRTIEM R 5 2WCBER, 227 — B IO 2
&) —N/TvE=T/K 8:1:1) TEKREHH L, KEMH
AR —VEHER (WM), K227 —n/7 vE=
7 EHE (WMA) & L,

LR Kurata et al.” 10 3 L OEAHEMDH,
A OERIIMHDEDORECHA DN TS T Kt
MFEEDRBRELCT I O/ HRHRRy 70 v 7 3 ¥
Dilophus okamurai DAWSON 7> HIERTHZE/ER % & 0%
D 2T v R HREREET 5 s Uil 2 A
Wice 9, BER 20cm Ok wr—RA T A I v— b
(DC-Alufolien Cellulose, Merck #1) DOEBHHCER
2 cm OMEEREC 16 KE# %, chbyrv vy —
VICEREBEOEATMWE L LTHMbhE 7 4 A7
7 FUna Yy (PC, MNEHIZEEN® 7.5 pg =%/ —
TR L CHE S e RIK & sl s 75 pg & PC
7.5 pg RS U THBEICES S ¥ = RBRR 2 R Ak
Lize 20X 57sRiRE A5 0k, FEXERBREK
X577 COBAOEETHE L X H DT
Bbo & ORBITE KR 20°C CFFEE U 2ciE B & i
fo LieKiEwe ik e, Kl 20°C € 2 BRA X
IgHE 2.5cm o=V 7 v R 5 EAEIREL, K 15
REf] O IR & BBR R4 B IR SR B SR L o
EA% 0 12 Eofk iR LRI X 0 R EoxRX
LRBRCE INCRAGHEZREL, KADERZER
B DE2RDB LD, t RER L VEEZOKR
EwIT» 70

WABREIEH D=y

T, PUTHRE ORAEH, pi iTABRK DR
Baind, Bi=+1 oBs, ARRErL&EALT, E
=—1 0B, FBRREEEAELTNC EXEDT,

YNT T AR TEAEEFERIED bk Bk
o WM #, WMA $axKICREL, Bifg=s 1, 1-
7 & 7 =% A UERBERE 2T e, Big=T
W (FhZh WMAc 3 & WMAACc i), 1-7 %
—AHIEE (WMBuU #2 WMABu ), KB
(WMH & WMAH ) B LCE2%RELE L
Too BBIICENL 75, 15, 7.5 pg ORER CRRETT
es kb, MDTHETH o7 WMAAC Fxkk<
£ 7% Sephadex LH-20 # T A7 v<h /57 4 —
(2.5%90 cm, ¥ WMAc, WMBu, WMABu 3. £
£ 7 —n; WMH, WMAH #13K) X h o8 LT
3L & Uleo 5 3 kB O WA XT 75 g
W35 = CIT IR = 7o JEIRHOREIE DR WMAC 32 b8

Bwo, BE, R

Fig.
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1. Feeding-deterrent activity of fractions
obtained from the methanol extracts of Eck-
lonia stolonifera (top), Eisenia bicyclis (middle)
and Eckloniopsis radicosa (bottom) against the
abalone Haliotis disucus hannai. N: neutral,
A: acidic, WM: fraction eluted with meth-
anol from the activated charcoal column ap-
plied the water soluble part, and WMA:
fraction eluted with methanol/ammonia from
the activated charcoal column. The shaded
and dotted bars indicate the fractions having
a significant effect of P<0.01 and P<0.05 on
the feeding-deterrent by z-test.

Yields (g/kg dry weight) of the frac-
tions obtained from the methanol extracts of
Ecklonia stolonifera (Ecs), Eisenia bicyclis
(Eib) and Eckloniopsis radicosa (Ecr)

Ecs Eib Ecr
N 4.88 2.81 1.73
A 2.49 4.33 4.19
WM 10.08 1.18 0.86
WMA 6.05 1.57 0.67
N: neutral, A: acidic, WM: fraction eluted with methanol

from the activated charcoal column applied the water soluble
part, and WMA.: fraction eluted with methanol/ammonia from
the activated charcoal column,
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Fig. 2. Typical bioassay results of the fractions, N (left) and WMA (right) from the methanol

extract of Ecklonia stolonifera.

E, 75 pg of the fractionated sample +7.5 ug of PC; C, control (7.5 ug of PC).

BRI ORDBEZFEOWTL, BB e=1 757
4 — (TLC, Merck #i- Silica gel FassS, iH: v v/
AR —/EEER 4:1:1) Xy B LT BB R G
o Z O OWEIL KB/ €V v CHRIEC LD T &
T PEHEL, ThEhA7 b AL (CH-NMR,
C-NMR, IR, MS) » bZ Dbk B2 A dc,
X b Eiko B WMBu, WMABu, WMH, WMAH;f
22 bOESE TH-NMR OJMITED H 5T - oo

BRELUER

YNT S A, TIA, TV 7 2OEEEMLK 1kg X4
h DHES RS T % & (Table 1), H##Es & i
WOIREEE L FFh 7.37, 7.14, 5.92g + 3 f@E &
BT E Lo 1225, KIEEEMT T Th 16.13,2.75,
1.53g T, YT T 2ANBERBCSE 5T,

VAT S A, THTA, TV AnbBLREELK
B0 = Y7 7 AT 5 BRI EORBRERY
Fig. l @R LT, Y7 5 2 D%E, TXNTCOEHTR
B TOEANPEE Sh B EAAZR DR, t WED
R, BoERMEER» RS bhvicoit Fig. 2 1©
RBFERO 1l R Lo X 5 WMA #§ (P<0.01) &
WM i (P<0.05) Thote, 77 2ADEAE, N Tk

Table 2. Yields (mg) of ethyl acetate (EtOAc;
WMAc and WMAACc), 1-butanol (n-BuOH;
WMBu and WMABu), and water soluble
fractions (H.C; WMH and WMAH) extract-
ed from 1 g of WM and WMA fractions

WM WMA
EtOAc 193 8
n-BuOH 252 124
H:0 54 862

ELECTWITY INDEX OF FEEDING
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o o o
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WMH  WMBu

WMAc WMAH WMABuU WMAAc

Fig. 3. Feeding-deterrent activity of fractions

obtained from water-soluble portion of the
methanol extract of Ecklonia stolonifera in
application of 75 (top), 15 (middle) and 7.5
pg (bottom) each per sample zone against
the abalone Haliotis discus hannai. WMAc
and WMAAc, WMBu and WMABu, and
WMH and WMAH represent ethyl acetate,
1-butanol and water soluble fractions obtain-
ed from WM and WMA fraction, respective-
ly. The shaded and dotted bars indicate the
fractions having a significant effect of P <0.01
and P<0.05 on the feeding-deterrent by #-test.
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LPRBRE R ERTAEASS DI, WTh b EE
BT fEA 2 B, WMA 38 (P<0.05) BB iR
BRLks Tle, 7Y b2 28795 2 LENOEAYR
L, ¢t BB L VB O EREEFHY R LIE
SIEFRD BRI - oo

RRABROKER, VAT 23752, 72 ALK
NTKBEES ORESFEF S - R, Z03TTD
B CH O RBEAEEFEAELL > Tw BT LHH LA
Cirotce Thbb, VAT I 2077 EbIEEL,
SREHEEDMEV &0 SR, D Y AT 5 A NEWTE
B s TR EAEEYE Y Rk BER L LT
ERLTWAZ ERFEL TS,

YT 5 A OERHEYE B LTS DL,
WEMER R LT WM & WMA $ficouCk, 1-7 %
2=, EBR=F A DERERCOBE LT, 82 KBS
%787~ (Table 2), TLC ® 7 v = } 7’5 A L DZEFHH» D

1.0

o

Table 3. Yield (mg) of each part fractionated
by Sephadex LH-20 column chromatography
of each 100 mg of WMAc, WMBu, WMABu,
WMH, and WMAH fractions

Fr. No. 1 2 3 45 67 9 10
WMAc 9 6 8 8 4 105 5 7 23
WMBu 11 5 13 8 5 19 8 20 5 5
WMH 51 6 7 8 5 78

WMABu 8 33 22 27
WMAH 8§ 19 20 9 6 18

EE G OBBEIIED DB Bk LT WMAc, WMA-
Ac, WMBu, WMABu, WMH, WMAH #EDJIETH -
o Thb%, VI —viZ T5pg, 158, 7.5 18
Wi 3@ CRE LTSRS Fig. 3 Th b, 75 pg BER
TR, TNTOESTHLARIEAREFARZD bR
B WMA ok (WMAH &) I OM 1-7% /7 — 1

o © o =
E 2] [+-] o
]

ELECTIVITY INDEX OF FEEDING
o
[N

0.6

0.4

0.2

~ WMAC
08 oY
o8| #E
sl AR
"5 6 7 8 9 10

0123456

7

1 2 3 4 5 6

Fig. 4. Feeding-deterrent activity of fractions obtained by Sephadex LH-20 column chromato-
graphy from five fractions (WMAc, WMBu, WMABu, WMH, and WMAH) of Ecklonia
stolonifera on the abalone Haliotis discus hannai. The shaded and dotted bars indicate the
fractions having a significant effect of P<0.01 and P<0.05 on the feeding-deterrent by

t-test.
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AEH (WMABu ) COfER (P<0.01) 2382 » 72,
15 pg MEX T, WM o 1-7 % 7 — AT EH(WM-
Bu #, P<0.05) & WMAH # (P<0.01) 7R85 b2
REAHEFEALIRD bh, 7.5 pg BEXTIE, 15 pg B
EXEMEEC P<0.01 oFEZERRL: WMAH #f
(P<0.05) winkH baiciBEREEERIRD b,
ok, KB &7 —A/7 vE=7 BHEEEE =50
T (WMAAC #) © 7.5 pg TEC WLV v 7
NORRBDOIDRBR L Tl 1,

ORI L Y, KBRS SHBE SRR OE
DEFRNTh 75 pg BHER TR b iciBAHEER S
ROBNIDOT, EEDELIEET B D, WMAACK
%W 4% Sephadex LH-20 # 5 a7 r=<b 257
4 =X o THELUTE 3IRESZE (Table 3), 44
REE 1T - 7o (Fig. 4), ,

WMAc #2: boE iz 1~10 OFESD 5% 3, 6,
8, 10 (P<0.01) »3ED CHRVEEERAZRL, 5, 7(P<
0.05) LRI CTEMER LI, fukdhE vEET
e o to, WMAC Sk EER O Clidik b o
ECHEXYEATED, OB CE T HERD B
BREECHD, Bbhi 1~10 OO 2, 4, 7,
9 @)% TLC (Bt: v ¥y /257 —V/EEEE 4:1:
1) THMBELT, 2R ZhoEy Lty I (Rf=
0.46), I (Rf=0.17), II (Rf=0.14) & X0 IV (Rf=
0.25) ZHEERD B VIEHER B,

&Y 1, FOA227 + AF—x ((H-NMR, IR,
EBIMS) BMERD 7rr Sy vd F— & LR —5
Licz by zmue Sy v LRIE LK,

HEHEE OB ES Y I (P<0.05) 1%, BEwXD
EKERE Y OV TT e FbThE, F7X2T7 €T
— &5 2B, IO IR AR b AL, 7 v 2 Ecklonia
kurome OKAMURA L 78 b ivic 2-phloroeckol'® o 5
— 2 LBELIL T o, ¥HI H-NMR kIO BC-
NMR 057 — 2 & #3 5 & &1 & »C I 13 2-phloro-
eckol L RIGE L7z,

b&d ULk I oRETHD, O it I FiEc
1,2,3,5-4 B~ v Ev B IO 1,3,5-3 BIAX v Vg
ETHELIE, XBETr=T Ay 770 b v HE{E
CHEIIhD 1,2,3,5-4 BRASYEVOFELE b E
Iolceo THa—NERBIVF 22T T — MED AR
7T ERERTHI L LD, &Y I i3 4-
phloroeckol :H#i%E L7z,

¥, AbEW IV LT e+ bt I ) ~NT 2T 2T —
FaEZ B, HANMR ©0F —2 L b 1,3,5-3 v ¥
VEIV 2D 1,2,3,5-4 BV Y OFELEDRH B
Licote, DI, AEREERTHI L I-T, 1L
A4 IV X, eckol DREERAETHS IV Xx b o &M
¥ < 7R¥E Xz, Triphloroethol-B (IV) 1%, LIgc La-
minaria ochroleuca*® k» 7 = 2O LAMEIRLC\W51k
EMThH D,

5 (Rf=0.21) E4% L0 8 (Rf=0.16) By X b b
TALE IR GWIERE (P<0.05 & P<0.01) 7R/ L, Fh
ENT7Rrr AV VYDABERE6BIETHH, TOEE
RECONTHERTHTH %o

ILIL IV OAR2Z b AF— 2R HTRRET, T,
Fig. 5 w2 I, 1L, IIL, IV OfEEREZ TR L.

OH HO OH
/@\ "
HO OH

OH
1

HO o

HO\@/OH
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o
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Fig. 5. Structures of phloroglucinol (I), 2-phloroeckol (II), 4-phloroeckol (III) and triphloro-
ethol-B (IV) obtained from Ecklonia stolonifera. -
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II. IR vmax (KBr) cm™ 3410, 1616, 1480, 1200, 1151,
1013, 820; 'H-NMR (400 MHz, CD:OD): §5.91 (2H,
s), 5.96 (1H, d, J=2.44), 5.97 (1H, s), 5.97 (1H, d, J=
2.44), 5.98 (1H, t, J=1.95), 6.08 (2H, d, J=1.95); **C-
NMR (100 MHz, CDsOD) CH: 4 95.6 (x2), 95.8, 96.2
(x2), 98.0, 98.1, 100.0 C: & 124.5 (x2), 124.7, 138.6,
143.1, 144.0, 147.0, 148.6, 152.1 (x2), 154.6, 156.4, 160.4
(x2), 160.0.

II octaacetate. *H-NMR (400 MHz, CDCls): 4 1.95
(3H, s), 2.06 (6H, s), 2.24 (3H, s), 2.25 (6H, s), 2.27
(3H, s), 2.29 (3H, s), 6.28 (1H, s), 6.50 (1H, d, J=
2.44), 6.59 (2H, 4, J=1.95), 6.62 (1H, d, J=2.44), 6.71
(14,t, J=1.95), 6.91 (2H,s); HRFABMS m/z 833.1588,
Calcd. for CiHjs302 833.1565 (Mt4-1).

IOI. IR ynex (KBr) cm™ 3416, 1615, 1480, 1186,
1163, 1119, 1019, 819; 'H-NMR (400 MHz, CDsOD):
4 5.94 (5H, s), 6.04 (1H, d, J=2.93), 6.05 (1H, d, J=
2.93), 6.14 (1H, s); 3C-NMR (100 MHz, CD3;OD) CH:
0 95.4 (x2), 95.8, 96.3 (x2), 97.7, 99.5, 99.7, C: §124.5,
124.8, 125.6, 126.1, 138.4, 143.3, 144.1, 146.8, 147.3,
152.3 (x2), 153.1, 156.3, 160.1 (x2), 161.8.

III octaacetate. *H-NMR (400 MHz, CDCls): 41.95
(3H, s), 2.12 (6H, s), 2.13 (3H, s), 2.26 (6H, s), 2.29
(3H, s), 2.35 (3H, s), 6.28 (1H, d, J=2.93), 6.37 (1H,
d, J=2.93), 6.57 (2H, d, J=1.95), 6.63 (1H, s), 6.71
(1H,t, J=1.95), 6.94 (2H,s); HRFABMS m/z 833.1548,
Calcd. for CsHssOzo 833.1565 (M*+1).

IV. IR ymex (KBr) cm™ 3400, 1621, 1486, 1206,
1155, 1123, 1046, 1009, 827; H-NMR (400 MHz,
CD:OD): § 5.76 (1H, d, J=2.44), 5.77 (2H, s), 5.94
(1H, tJ=1.95), 6.01 (2H, d, /=1.95), 6.06 (1H, 4, /=
2.44); 3C-NMR (100 MHz, CD;OD) CH: ¢ 95.0, 95.3
(x2), 96.1 (x2), 97.5, 98.0, C: § 124.6, 125.6, 152.0
(x2), 152.5, 153.6, 156.1, 156.3, 160.2 (x2), 162.3.

IV heptaacetate. 'H-NMR (400 MHz, CDCl:): §
2.03 (6H, s), 2.15 (3H, s), 2.24 (3H, s), 2.25 (6H, s),
2.27 (3H, s), 6.53 (1H, d, J=2.44), 6.56 (2H, d, J=
1.95), 6.67 (1H, t, J=1.95), 6.92 (2H, s); HREIMS m/z
668.1379, Calcd. for CseHas010 668.1377 (M*).

15 pg MERE CEAEEAGED bhic WMBU
s bR &t 1~10 OE L TIET XTI boviafE
ArZD» b, B 6~10 (P<0.01) OfEANE L LH
<, 1~5 (P<0.05) BZh BRI, e, WMABuU
s bRl It 4 OB T 4 (P<0.01) & 3 (P<
0.05) B LnisfER AR bhic, WMH #fih B4 5
Ehtc I~T7 OECE T 7 (P<0.01) 23 HoEy
TER%RL, 3~6 (£<0.05) B L2TIERDRED bl

Foo 1.5 pg MEK & CLH 2 RESBRIEE TR bW
TERD BB &E L bhiz WMAH #» 5 45 & i
1~6 OELTIL, 2 OHREIFHIRD Hivigd o G
<, 1, 3~6 (P<0.01) ® 5 BEAEED THRWEELRL
1o

PLED X 5wt 3 kB O BE L A B DRSS
B I Do B T 2 ERRD b,

Sephadex LH-20 T4 Bl L7z WMAc % & < KB %
o H-NMR ZHIE Lz, EEDORED bhic TN T O
L 85.7~6.6 LT TOERBE T » b v DO TIN
PEBNCENY D, BEBCRT RIS EFE
Lizdotc, 2 BOESEIEEYEY WMAC ok
FADLERE Tre Ay v ODESETHD D LET
BTDEDOTHY, 7o, BEFEOREVDOEIHVE
BHEFEELY DO DEE L DD,

PEk, RY 7 = 7 —{LBWIE, Fucus vesiculosus <2
Ascophyllum nodosum 7t & D e~ < x BB ZECE
HENWTEY, Littorina littorea % Tegula funebralis
Tt EOMEREEROBARYIHETLIERS TH B 2 &5
B BN ENT B i, a2 v 7REEOF T,
TARTHAD—FE Alaria marginata O ATFIETIIHE
BEIVIDIPCE R 7 2/ — MEEHDEE IR
b, WERBYOERICK T 5 RN O #
EHEINT WAL LichoT, YAT T2, 2V
TRBEOF CRANICEHD £V T = -k
Y, 7rwrv=vEZRARHED L L TERITAR,
EETHLR I - T A2 HBERTARTIH 2D
— L AR CHEREFHOBERCH LT EEMCEE L <
WhERERTE D,

& 23

AR OB T Y, BB REE L Tl
WCIUBRKERRSE AR C—EEMRER, EERK
ERRS /Mg EHENERER IOCRESEREREDS
EE BREBHRBOBMBACCIEIEMT 2, Ik
2-phloroeckol i 7 rr AV VD4 ) T —~DA
R MMT = ZEFE o TN I Tl BT RS IRE
BIUFRE G5 . APFRIEMKESR DX )
FepFge T3 2 A2x AHE] O—BELTITHRI,
LTRSS OBEYER T,

X Bk
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