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Marine algae from a viewpoint of pharmaceutical studies

KAzuTosl NISIZAWA

Nisizawa, K. 1978. Marine algae from a viewpoint of pharmaceutical studies. Jap. J.
Phycol. 26: 73-88.

Various marine algae have been uszd as human food, particularly in Japan, and there
‘are many important algae among them from a pharmaceutical standpoint. Some of recent
results from the studies of this field are described in the pressnt review.

The marine algae contain various free amino acids which do not occur in higher plants.
Of these amino acids, some are uszful for pharmaceutical purpose. For example, domoic
acid from Chondria armata as well as a-L-kainic and -allo-kainic acids from Digena simplex
are known to be exellent anthelmintics, and laminine which is widely distributed in the
Laminariaceae is an antihypertensive compound. Intravenous injection of its 10 to 30 mg
per Kg (rabbit) caused a positive effect.

From such algae as Monostroma nitidum and Porphyra tenera, ssveral kinds of betaines
were isolated, and B-homobetaine was particularly effective to depress the plasma choles-
terol levels of rats fed with a basal diet containing exogenous cholesterol. Similar hypo-
cholesterolemic activity was found with alginates of a certain region of DP, and with
some iodins organic compounds such as mono- and diiodotyrosines which occur widely
in brown algae. Fucosterol which is a typical sterol of marine brown algae also showed
this hypocholesterolemic activity in the same grade as that of g-sitosterol. On the other
hand, sulfated polysaccharides, particularly from brown algae were effective as the anti-
bloodcoagulant and antihyperlipemia agent. It is further noticeable that the mucilaginous
polysaccharides extracted from some marine algae, especially from Sargassum horneri
showed a remarkable antitumor activity against Sarcoma-180 solid tumor cells as well as
Ehrlich-ascites and -solid tumor cells transplanted to mice.

From some red algae belonging to the Rhodomelaceae, a variety of brominated phenolic
compounds have been isolated and most of them were found to have an antibiotic activity
against various kinds of bacteria and fungi. Furthermore, the ssaweeds contain most of
vitamins found in other foods of vegitable and animal origins, but some of the algae
concentrate particular vitamins more than the latters.

There have been published a szries of works to attempt to protect the body from the
contamination of poisonous metals such as strontium and cadmium using marine algal
acidic polysaccharides.

Kazutosi Nisizawa, Department of Fisheries, College of Agriculture and Veterinary
Medicine, Nihon University, Shimouma-3, Setagaya, Tokyo, 154 Japan.
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Table 1.

Sugar composition of various marine algae in 3 algal phyla.

Glc; glucose, Gal: galactose, Man; mannose, Fuc; fucose, Rha; rhamnose, Xyl; xylose, uro;
uronic acid, GlcUA ; glucuronic acid, ManUA ; mannuronic acid, GulUA ; guluronic acid, SO,;

ester sulfate, examples of amount; Glc>glc> (glc).

Algal Mucilaginous Hemicellulosic Cellulosic
species polysaccharides olysaccharides fraction
pe (Soluble in water and Soluble in conc. (Insoluble in conec.
dilute alkali) alkali) alkali)
Chlorophyta
Enteromorpha sp. (PZ279%) Gal, 4-C-Me-gal, Xyl, L-Rha, glc, Glc, ara or (ara),
Ulva lactuca (798D L-Rha, Xyl, Glc, Gal, Ara, or (ara), (xy1l), rha
Chlorella sp. (70L28) GlcUA, SO4 (man), or (xyl) or
Phaeophyta (rha)
Fucus sp. (exzod) Fuc, Xyl, GlcUA, Fuc, Xyl, GlcUA, Glc, fuc, xyl or

Undaria pinnatifida (9spx)

Gal, ManUA, S04,

Gal or gal (fuc), (xyl), uro

Glc, xyl, (gal) or
(xyl), Man

Xyl, gal, Man

Laminaria sp. (I>7°&,) GulUA, man or

Sargassum sp. (RYI5K) (man), Ara or ara
Rhodophyta

Porphyra sp. (727 98) D,L-Gal, Xyl, 304,

Gelidium sp. (F>0'YR) 6-0-Me-gal,

Chondrus sp. (YIT5R) 3,6-A-D,1-Gal

Rhodymenia palmata ( 57L1)

S>THY, HEFFLELTRWTRLE L ScH
ETH5B, Lhrl, Thbohii AMEfsbnnk
HEHRYRTLONE N, WEZhbDEROREE
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ZIBEOMMFRD 2 VAT v — KBTS &,
_EA4 VA Y OFRTRHBED 70% BETH -,
HBLZ OBEIFHFD 2 v AT e — L KUE I BN 2
bhichote, ZOFRIR f-FEX21 VAR LHE

LA 1011512,18)

+ +
(H,C);NCH,COOH (H,C);N-CH,CH,CH,COOH

Glycine betain ¥-Butyrobetain

H.GOCH,CH,CHCOOH
+ CHOH N
(H,C)N-CH,CH,COOH EH.OH  (CH,),

p-Homobetain 0-1-Glyceryl homoserine
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(e) —fssk7 I /8™ : b ol 7 3 VBRI
FECIVELLEHL, Al A7) (E
prolifera) L 7Avo 1% (U. lactuca) D1~3 8
Tt BaE%rR 7 (Table 2), Ot —##
B, 1AL2ARKTBH5@DOT I VBOERIX
M DA EB LTk b, ¥ Bl
Vo RIZ, BB HEDS 6 AR ESTHZD
SETHELTHRD L, Table 3 iR+ X5, &Y
DEZ LB EBbI D X5 IR EED
ERNHEIN, VA AREDEWRD—DTHD S
AR IVEBEERE, 9 HANBRETHD,S-T I/
FRFOFEMETIE, BETAVCIE D-YRT4
2 ) VENEEMCE DR L, &Y Y vAELE

LReav i) vHIIE=2FIEEL, SSe Ve 2+
N-L-FEYATA NIBUAETL Y 2 w25
CERLTWEW), 73 iiid o,
OINCHERERRT I VBEE LT, ~F Y FER
L3732 EAEE AFY 7Y (Gymnogongrus
fAabelliformis) b= v 7)) v, FHALF=vigEn
HEtXhTuwb, ChbOERT $ VBOERBREIL
FRILHMBAT W, 7HAZHWF T Y vOIK
BHRoOWTL, BHOSWERL, BHFORIRY
I THELRHFFAODI D LB R T3,

(2 H,NCH,CH,SO0,H
NlCOOH Taurine

H

°h°ndf‘in‘; H,N (IZHCH2$O,H
(Yunaine CH,OH

D-Cysteinolic acid

CH,COOH CH,CH,CHCOOH
CIZH—NH.‘\ lS NH,

CH,COOH CH,OH

3-Aminoglutaric acid S-Hydroxymethyl-I—

homocysteine
NH
H,NCNHCONHCH,CH,CH,COOH

Gongrine
li\fH NH,
H,;NCNHCONHCH,CH,CH,CHCOOH
Gigartinine
3. k& "

BEO = — FARBEEN I, PHEEHES SO
B, ATR—LERHDH, BETIXEL2VR
7 e —ARHEIhTic, B = V1 v 5 (Pelvetia
wrightii) HH_AVRRAF v -1 L ZHTLRICAT
— R AREBEINTVSE, ThbD=—FATEOR
RitpE M, BEY <~ EoREDRVH D, F
toa v I bOREHTRRIEHFOE £ I VAEEIZR
SBEFmE ZER L TH B &5 (CL.O. TEMT
L, Fhehn 107.4 x 118.2 THBH)W,

¥, BED < Y % (Analipus japanica (F) =
Heterochordaria abientina (|B), BECEEINS)
D= —F A TEEY T 27mg/5 , F/H OF
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Table 2. Changes in the contents of free amino acids of Enteromorpha prolifera and Ulva
lactuca during January to March (uzg/g dry weight).

Enteromorpha prolifera

Ulva lactuca

Amino acids Late Middle Late Late Late Late
Jan. of Feb. Mar. Jan. Feb. Mar.

a-Alanine (a-Ala) 1201 345 2356 495 543 1106
B-Alanine (B-Ala) 484 129 1254 365 319 518
y-Aminobutyric' acid (F-Aba) 50 - -
Arginine (Arg) + ++ - 485 - -
Asparagine (Asn) 2512 210 ++ 562 775 ++
Aspartic acid (asp) 499 125 623 102 181 186
Cysteic acid (Cya) ++ + ++ - - -
Cystine (cys) + ++ 4 182 + +
Glutamic acid (G1u) 3000 861 3576 257 560 1339
Glycine (c1y) 361 113 1629 117 134 285
Histidine (His) ++ ++ 1294 75 + +
Hydroxyproline (Hpr) ++ + ++ + + +
Leucine (Leu)* 333 236 2543 218 189 835
Lysine (Lys) - - 198 11E%* 113%% 146**
Methionine (Met) 111 - 729 169 - 199
Phenylalanine (Phe) 617 274 1585 675 607 1049
Phenylserine (rse) - - 4+
Proline (Pro) ++ ++ +++ 568 4+ ++
Serine (ser) 171 114 465 450 65 237
Threonine (Thr) 336 148 1029 78 151 520
Tryptophane (Trp) - - - + + +
Tyrosine (Tyr) 340 108 1612 560 346 997
Valine (va1) 205 133 1688 95 84 525
Amount estimated 10169 2797 20579 5619 4065 7942
*Contains isoleucine(Ile) **Ornithine(Orn)

ARBULTEXD L, TOWBEMEKSY BAGEYSE 2
FeB LA UBECMEFO 2 VAT R~ VKERET
TR (B 1299, ChiiBE—BeHFETD 7
2RTr—AOHRLEBLID, COHRIEF v +T
DEFER I Y HETT> AP ILIREME LRI,
ek, COBRENDBL T AT 4, FURT AT 4
NEFRED 7 rRr 7 4 VABHEESDRAKEOHEL
RlLie 72ARAT e —LORRITRAMBCHWE -~
AT R~ LOBHRLEBERATERETHB, cOX
5ln=—FANBEEMI BT —BENC S 1k L,
PlzE=av /BT 1% (ZE) WAERRWv, =V
£ v JB/D Pelvetia canaliculata © X 51c 8% (&
&) bbhErELDD, —BCHELTHICHEIRS L

BIREOHACID 5, BOEHENMOHEXHES
TedEBbhs,

Froe oEnbO = — FARBEI D,
I VRFO—BEHBRLTB7 4 P — A0 EEEEh
TWhBA, ThITRL) BEY < — YoREPHRER
L7:1®,

4. ERBLURRFRLEY

(a) XA EY: B~y =E, av 7,
TH A, FAAE7BRILEDS b Sy RBIIE, KFR
BEFN1~3EEE LicFry vHEENR LD, iR
=V EDHTHRDLE, T/ EKEFrv v 1.4O9mg %,
CHEFEFRrYV206mg %, PIEKEFr TV
2.41mg %, Fr¥x>v (FREEALE V) 2.84mg

smnr7
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Table 3. Amino acid composition in ethanolic
extract from various marine algae harvested in
May and June (pg/g dry weight).

t; trace amount.

Ulva Undaria Chondria Neodilsea
Amino acids pertusa pinnatifida crassicaulis endoana

(Pr?xY) (op%) (=21) 70Xy
Alanine 17.7 617 11.4 25.8
Alloisoleucine [} 2.7 o [}
Arginine 2.5 36.5 t 1.3
Aspartic acid 4.4 5.4 87.1 6.1
Chondrine 28.7 41.0 193 29.0
Citrulline o 0o o 40.7
Cysteic acid 35.5 4.8 13.3 9.8
D-Cysteinolic 152 1.9 57.4 [
acid
Glutamic acid 31.86 89.86 49.5 0.7
Glycine 9.1 455 29.1 5.6
Histidine 0 2.1 3.3 0.6
Isoleucine 3.7 1.2 6.4 0.4
Leucine 6.6 19.6 5.3 1.7
Lysine 0.9 34.6 3.6 0.5
Methionine [¢] 1.7 t ]
Ornithine [} [¢] [¢] 1.6
Phenylalanine 4.1 9.2 o [}
Proline 40.0 156 50.8 8.8
Serine 11.9 64.4 12.9 2.6
S-Hydroxymethyl- o 0 o 4.6
L-homocysteine
Taurine 1.8 11.8 14.5 218
Threonine 5.7 90.3 12.0 2.5
Tryptophane 2.4 5.8 12.6 )
Tyrosine 2.1 10.1 0 0
Valine 3.5 1.1 7.6 1.7
N3 3.7 16.6 10.5 4.2
Total amount 368.1 1698.6 640.3 366.2

%, RFEREE& v 7H 2.14mg % THYH, ¥tk
Polysiphonia urceolata (4 + /W@ FThZth
0.77, 2.81, 0.79, 0.52, 0.79mg % Thb, +=T,
PxifFrEy vROHEFRrY v 0.01~2mg %,
1% aVvATe—AfiPCRALTS y bEZT
AETZ L, 2~3BEKCRMmF2 VAT R -1k
HNRHED 200 mg/dl H 125 mg/dl ifETF L719,
(b) REER{LAY: G 0BRECIEFZOFRIL
EHOFENMORTE D, Z0HIHEKEYRT
T EDHMN TR T\ B2 ¥ MAUTNER
XMW, z—FAfil (7o~YEnhd) ORDiIT, £
FAL v ESHF (Symphyocladia gracilis ¥ #-i% S.
latiuscula) OFHtD 80% =%/ —Liiv5 9 7
%, ILWRKABFES (L) LR EES (L) LepHrid,
ThEhkfx0 75 g - BEOWOBRCHE
Mz s EPERER LI, KT, 74Y, e b=Sy
&), =7V (L), 94 >vavy#), 7=V =
(Rhodomela larix) (]L) /e EDSlE-te I IO IE
DOTEEERRND L, BENODOLIDLIDE -

BICAERNOD I DM -1, TOEEDERSIT
BT =/ — M LEHTHDZ LM 5ot (Table
9%,
FLEORFL7 = 7 — M EEHEL TR, VWHLS
£HDFMORT VD2, RENLDDERIIRT,
VTR BEENRDOT Lz — AR X bIe=—F
A L TR LR TV B2,
ChbI~XDEFELT = 7 ~MLEH DY
KEFhkD X5 ThHbB, Staphylococcus aureus 20,
Pseudomonas aeruginospae, Proteus vulgaris HX-
19, Salmonella pullorum, Escherichia coli 8057,
Klebsiella pneumoniae ST 101,
uvarum 7016,

Saccharomyces
Pichia membranaejaciens K-17,
Schizosaccharomyces pombe diner O-77, Aspergil-
lus niger, Fusarium moniriforme 1AM 5062, Tri-
choderma T-1 ATCC 9645 IAM 5061, Pennicillium
citrinum 2125 OIER ICECH LT, KEHEED
BAE (pg/ml i) X, Ththst%, 1320, II
1% 29, IIT 4% 41, IV 1% 42, V43 79, VI i 106, VII i1
32, VIII i3 22, IX i 66, X i3 15 RitETH -0
5. BERMEZBOXREYHRE

(a) FiMmZREERLASEMmRER: BHPRED
WEEED 5B, ~<Y v (GICUA L 7rav 3y,
GlcA LEiRREM HELD S8 M HMEEEEAL S
b, MEHEEZ T ) MKY < —E2RIFEL Thik
e B2 ETIR28RNH2 C Li3BcmbhT
WAN, BEOMBEEDO I bIXIh AU EE%
RTHOAE,

COGFTRISIHRINATVLSDIL, BEDY
X VREETH D, 20FBANCI B, 7T2YVHT
1%, PIxi¥ Himanthalea lorea, Macrocystis pyri-
fera, Fucus vesiculosus, F. serratus, F. spiralis,
Laminaria cloustoni 7¢ X OBBEDE IR F D HEK
MEHEERD, BN X BB EERER SV Y
ARRITHRET H2ES 1 LHREET ) v a%ERuick
BEOT V2 —AHET BT, 47.5~63% TR\
5 0-Vito7aa & viEy CFEYTRE 2~3.5
7) DRGWHRNBEEZR T LD, COHERE
FLiro1®, COMOMEIBELRTLHY, <=2V
7OMEBROHE, 6,7, SADEKD 5L, 6,7 D
ISRBOLERGOMEBE I R IEVCIRYT LI,
¥t, avIBOSL TR, TAHEDRY 22V
(L. religiosa) p\IRL RN’ DHoTo LL, ZTDX
SR ED L D TRR LB AL, EORGA
H B THEhEDLRILWE LR TH D™,
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Table 4. Tests for the antibiotic activity of fractions I and II from various marine algae.

+ ; positive, — ; negative, * ; not clear result.
Dilution Dacteria tested Dilution Docteria tested
rate of o ﬁb’é‘i ; e rate of # % ®  B.mesente- P.
fraction =-8uptlais E.coli fraction B.subtilis ricus vulgalis
I 24 48 24 48 11 48 48 48
(hr) (hr)
(Green) !
Ulva pertusa 200 - + - - 200 + + +
(Pr7xy) 400 + + + + 2000 ++ + +
Enteromorpha sp. 200 + + + + 200 + + +
(73790 400 + + + + 2000 ++ ++ +
(Brown)
Laminaria angustata 200 - - - - 200 - - -
(Ywq433>7) 400 - + - + 2000 - + -
2000 + + - +
Undaria pinnatifida 200 + + - + 200 - - +
(28x) 400 + + + + 2000 - + +
(Red)
Rhodomela larix 200 - - - - 200 - - -
(ogwwve) 400 - + - + 2000 - + +
1000 + + - +
Digenea simplex 200 + + + + 200 + + +
(v2y) 400 + + + + 2000 + + +
Symphyocladia 200 - _ _
latiuscula 2000 _ _ +

(4vasy®)

AREOIEDOH TEIZR R X 51e, WEBEDOHKERK
DRERE UAEBHNEET v 7 vkl 33+5 v
Thd, ZOEETHE (1.7 SOH/Gle BE) i hif
EX ANDh, FX AL T » 3 VERE (0.5 NSOH/
Glc ##+1.1 SOH/Gle ) # AhERfiE, ~
SY v/ EDR IR LET®, AFAL "S5
4V (Hypnea japonica) oD 7 5% F v RbiEE%
B (7 ) MBS 60mg/100g hE/H) %55 b
DS EH T3 Lo ©Ca BAHL, FLEOD
ERHE~DZTORGAEN LD, COERIINIREL
THWI 7 # r —A (Pseudomas atlantica DEEFET
DRUIED D) T AFVEE-Naizabhich-
12, 5T, MR DB~ Y vk x Bt
54, B0 Ca ABEMLTLORRZERNE UBK
Rl o TZDE~NSY vORDIHZFFF vV
THOCREZORIER TS Z Licie b,

BRI BRDOFME D~ ) YIRRERBT 5
ERIINWAWBEH BN, BEAA-SE7ED S. lini-
folium B9 H y 4 i, EEED ~RY VBT
WRMERER L LR ThH B Ok, T2 &
Mot WOMENH B0,

(b) RMEZEDOIL AT A—LKERTHR: 74+
7Y, THIH Y, =avIio3EoOREKY 1% =

VAT e~ AR 5% BE, 5y MEEBOBK
ExTIOBMEERMBLT, LomigLifEo=v =
Tr—LEERIVFHEELBEELEIFLE2 VAT R~
NEBRELILEZ A, MffhDavAT e —1IT,
WENEEELRLDOTIE 2 VAT v — LERIAHR
KD# 2. 1 SR LIch, 7+ 2 IR T7H 2797
YRR ME Tl s 1.38~1.36 fZic Lok Lich
ot, THIRR LT 2 v 7RG,
LERETRIBEAEHREY RS o1, AL, BF
BaVvAT e — A KERPETIRLHEIE WTFho
WEMRBINC L - ThAbhichot, BF=v A
Fr—LEBETIIE, = v BHERIMECR - D
BRTH -1,

CDLOIRTHIVRTH 7Y VRN E
LR ERAERD 2 VAT r—ARBEHITA S
ENFETHHELTH, ThrzhboEEfcd
SHEBARCOTLIBEL TV S LIXR S,
FOHDTH 7% 7 VICKETHHETIE, BESE
LERLRBENS(C)ETANA FEBLRAES (D)
RO EHTHHEENB LN (Table 5)30,

Z DR, BREBEIVWHAEL DIAEF O LES
{OTAF VEET, HAHEED DP 0L DHRiL b M
FavRFe - A KERELSTIEWIERD B D

VAT R~
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CHO CH,OCH,
Br OH Br OH
OH H
09) (m
3-Bromo-4,5-dihydroxy- 3-Bromo-4,5-dihydroxy-
benzaldehyde benzyl methyl ether
CH,0CH, CH,0S0,K
Br. K
Br OH Br OH
H SO, K
(V) (v1)

2,3-Dibromo-4,5-
dihydroxybenzyl methyl

2,3-Dibromo-4,5-
disulfate dipotassium

ether (lenosol methyl
ether)

Br Br CH,0OCH,
HO CH, OH
HO Br OH

(vir)

2,2, 3-Tribromo-3,4,4’,5-tetra-
hydroxy-6-methoxymethyl
diphenyl methane

LIIxy gv2ay 7Y (Polysiphonia urceolata),

IV, V, VI, VII, VIII %7 v~ % (Rhodomela larix) % R. subfusa » 5,

CHO CH,0OH
Br. Br:Q
B)?\OH Br OH
H OH
() (1v)

2,3-Dibromo-4,5-
dihydroxybenzaldehyde

2,3-Dibromo-4,5-
dihydroxybenzyl alcohol
(Lanosol)

Br Br Br Br
HO CH, OH
HO OH

(vi)

2,2,3,3-Tetrabromo-4,4’5,5-
tetrahydroxydiphenyl methane

CH,0OCH CH,OCH,CH,
Br GBr ¢ Br zBr 2 3
Br OH Br OH
OH OH
(1X) (X)

2,3,6-Tribromo-4,5-
dihydroxybenzyl methyl
ether

2,3,6-Tribromo-4,5-
dihydroxybenzyl ethyl
ether

¥t Lizewmda b 7 (P. morrowii) 63, III,
F¥io V, VL, VIL ix~7

¥¥ ) a¥ Y e (Odonthalia corymbifera) i3, LT IX, X i34 ¥ 2 54% (S. latiscula) 75

BEXh T3,

(Table 6)32, = D#EE DP 226~417 DO OMRER
TH-1o

(c) BEEAZHEORESY : &b, HoOMRESEMD
—fED, BEYEEIERHEERTo D, &
SOBEDOBFCLAVBRTWS, ThERTX 57K
s, HE»ILBOLhIEMEMEICLHBZ L
AN ERT, BEEREF T B33 =1
D#ER%Y Table T CEH L THS, Zhii=v AR
Bl Bokmby EEES L, ofoBlay K
TELREBEH TEOHELRHALICLDOTH B,
WTEhORFHC R\ T 3, Sarcoma i X ¢ Ehlich-
carcinoma DORFEE % 713 KO B X BT, FO
BELSEIEZHh 2100 TlXiel, ThZhEEDE
WHEN A DRI,

IS ORKFR OB T A EMIAHTHD

2, BErSUBESENERS YT L0 L Ebh,
FLBEGIA)ILLDL DX GIcUA Y Sz
L2, v e YEREESHE (Table 1 £8) & Bbh
5, WThic® X, BEO - OBOHRBLEIALE
DMHZERTHBZ LT, SBILIBENLYELRE
LEVERRS R D, REOEDEBER~OAREMI
PERiT v, S0HMBAECERT S LBbh s,
=25 VEEY AAHCREZ ZRCARIC Y 7 A B3R
E2 T, TORBERBICRS®LERD H 55,
6. BEOEY I

bHETD, S OPRBC L -» THECHFETSD
YR I vORERETOERRER ENVELHEIRL T
%, Table 8 Lz DOFI%RT™, CORTLEMD X
51, BEOY % I VERIBEMHEARFOER
B, Db odb b0 B0 5D, Flzid B
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Table 5. Effect of various fractions from Porphyra tenera on the plasma cholesterol levels of rat.
A ; unsaponified fraction from an ether extract of original fronds, B ; residue of an equeous extract
from the ether-extracted residue, C; precipitate from the above aqueous extract on addition of
ethanol up to 80%, D; extractable fraction with absolute ethanol from a concentrate of 80%

ethanol-soluble material, E; residual fraction insoluble in absolute ethanol.

Plasma cholesterol levels

Rat group raised with Total (m #) Free (m, #) % Free
I. Cholesterol-free basal 176 + 2.0 48.8 + 1.5 27.7
diet (cont.l)
II. 1% cholestrol diet 228 + 1.5 49.0 + 0.9 21.5
(cont.2)
III. I + 5% purple laver 180 + 2.1 51.5 + 1.0 28.6
powder
IV. I +5%4 208 + 1.8 57.5 + 0.9 27.6
V. I+5%B 204 + 1.9 58.4 + 1.0 28.6
VI.I1+5%¢C 188 + 1.8 55.3 + 1.0 29.4
VII. I+5%D 188 + 1.4 53.5 + 0.8 28.5
VIII. I + 5% E 196 + 1.5 57.5 + 0.8 29,3

Table 6. Effect of Na-alginate and its fragments on plasma and fecal cholesterol levels and on
fecal alginate contents of cholesterol-fed rats (5 individuals per group).

Weight-gain Plasma cholesterol Fecal cholesterol Pecal alginate
Diet composition
(g/rat) (mg/100m1) (g/100g dry matter) (g/100g dry matter)
I. With 1% cholesterol 147 203.3 + 6.3 7.6 + 0.35 3.7 + 1.0
II. I + 3% commercial 138 177.2 + 6.9 11.5 + 0.28 98.4 + 1.8
alginate
III. I + 3% refined 137 158.1 + 15.2 12.1 + 0.28 110.3 + 5.8
commercial alginate
of DP, 417
IV. I + 3% refined 148 154.7 + 13.3 12.0 + 0.46 107.3 + 5.5
commercial alginate
of DP, 226
V. I + 3% alginate 152 210.1 + 14.0 10.3 + 0.54 67.2 + 6.1

fragment of DP, 13

o SRR %<, ¥ B, —REDERS
I REELVWOR L, BERETRBYERRELET
BOLOREL, b5 LOTREBHORE S RT
BWMLTW5, BA0BETECOWTARS L, FhEhf
BIban7H 79 Vi bRix—Bicex § val
B\, FOBRTIZE R I VO LWHRETH D, 1
BTIXRWD, Z2evSoEx I vaE ErE W

LIXERMET S, LL, ZOfEDF — X ITEp D
WEGERT, R, EE, Bl X iR ik
EREANTEDERI DD, BEDDHI, Mo
BOTF — 2 32Tk (Table 9)40,

1. BEEEROERMBREDR

EH 2 HEREI—EORFERARTHS &\ 5 ERY
HEND, AFAOKIREVEBEERTVWBART
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Table 7. Antitumor activity of various fractions from several marine brown algae.

Doses and sugar

Solid tumor

Ehrlich-carcinoma

Agal origin and fraction constituents of cells of cells
polysaccharides Sarcoma-180 Ascites Solid
1, Gloiopeltis furcata * Aqueous extract. +
(7789 79> (Galactan sulfate)
2. Sargassum fulvellum * + + +
(R>993)
3. Dictiopteris undulata * 4.4mg/mouse. Intra- 96% life span
(2 9% NZX) peritoneal injection. elongation
(Lbgg = 35mg)
1. Sargassum hornerii
(7ne2)
2. S. hemiphyllum
(4 ves)

DIP. Precipitate from salting- A polysaccharide contain- 6t 6t *6
out dialyzed solution of ing 20-30% sulfate, and (2x10° cells (3x10°cells (2x10°cells
hot-water extract, contain- Fuc. 125-750ug/mouse/day, per mouse) per mouse) per mouse)
ing 50% carbohydrate. subcutaneous or intra-

peritoneal injection.

DIS. Ethanol precipitate from
supernatant of the salting-
out precipitation, contain- Ditto + + *
ing 70% carbohydrate.

DOI-VI. Sephadex G-25-gel 75ug/mouse/day x & 75% life span + +
filtration product of elongation
methanol-precipitate from
dialyzate of salting-out
precipitate of hot-water
extract.

1. S. thunbergii A polysaccharide contain-  40-100% life +
(83 X)) X
F1. Ethenol-precipitate from  ing Gal, Xyl, Fuc, Gle, span elong- (2x10%cel1s
hot—water extract ¥* Man, GlcUA and sulfate. ation per mouse)
10-20mg/mouse/day x 10
2. Codium pugniformis A polysaccharide contain- 50% life span + +
(a>szn) ing Gal, Ara, Man, amino elongation

Ethanol-precipitate
from hot-water extract

acids, 0.25mg/mouse/day
x 6

* Yamamoto & Nagumo, 1973.

5B LIRS, PHRERC LS LUESE
T EREICED, FlxiE, Table 10 i3 X5
z, 100 ppm #Bx -EBOHELH D, LhrL—
Btz X 3 nEEEOME L FRILEWOTTH
FELTWABLDEHIIRWE WS OREH LIt T
b, FEHBHEYARXTHEOE L Bbh s & 5 idER
MU WO MEIRMW T Edlinty, ThIZEDL
L OTENBIESE (MMl K TIITRHEL) L
BRLESLTWALD TRt Bbhb, bLE
5Ch5EThE, ek, & B fHo
B, BECIRILADHOEMESE GREEESC» L
FxorFErdob0) BELEETRTWEOT, &
ChbitwWohic b, BEELTIILEEL Ot
ErBDETHESBYBRINEETHENEL L0
LTINS, BEAYIEKFOFLIETELYIGE

** Jto & Sugiura, 1976.

DEEHCOWTIE, B Tii <7 Vi@V, £
hEFRBECER S — BT &b EEoH
ExZHELT\5 (Table 11)4),
ChicBdLT, Rt vF v A& (3%Sr) ©
B ShickWikn b, BREESHET V¥ v ERRS
TERERT B L WO BDTHERRET > —EHOWR
NHBW, 5y bic ¥Sr wEBRE L, ATV
FUBELREFORSKENEE LS L, HBEik
RT 8Sr DFAOBFIRALRRILET Lz (Table 12),
FOBZDOENHEL T A ¥ vOREIK L DES Z
Lp4y i (Table 13)%, ZoFENLLHB X5,
ManUA/GulUA H &\ g FRHERNMEWGEEA AR D
h5, ShXEES KBy poly-ManUA < poly-
GulUA ¥AuwCRAERRERY LIRERTL BRTH
-1z, poly-ManUA 1z X % [HEIL 70~75% Th-



84 Jap. J. Phycol. 26(2) : 1978

Table 8. Summarized vitamin contents of various algae on a dry weight basis (KANAZAWA)10),

A D E Bl BZ 36 NiA  PaA FA Bio- Lipo- 512 Cho- Inosi- C
1U/100g (Ergo- tin ic line tol
Species of algae (Pro-  sterol) acid
vitamin
A) e /g 1/e r/le rle 7/ 1lg wr/g wie nie uwlg g r/g meg/100g
Chlorophyceae
Ulva pertusa «(7ryr¥) 0.90 2.83 7.50 2.35 118 224 420 62,8 61 330 27-41
Monostroma pitidum (Erxo'¥) 1.19 8.46 10.28 4.11 429 115 515 12.6 79 219 75-80
Enteromorpha linza ( Hasx7x/y) 2900 3 1.50 1l.21 28.05 270 198 175 97.5 417 95 10-257
Caulerpa racemosa (e>7yx9) 0.78  1.97 21.18 5.53 612 131 295 149.4 358 S84
Chlorella ellipsoidea (2ot9) 500000 111- 10- 23- 0.3- 112- 3.5- 2200- 190- 42- 2200- 1600~ 100-
183* 23 37 2.5 125 8.5 w0 230 89 2500 2190 320
Phaeophyceae
Dictyota (Pezo'y) 0.7 6.14 15.20 0.73 521 187 500 10.1 77 125
Spathoglossum pacificum (2®>2'%) 0.36 0.84 25,21 0.25 566 150 655 7.0 87 114
Dictyopteris prolifera (A3 vnx) 0.50 4.10 18,02 3.70 170 163 485 17.1 242 151 1005**
Padina arborescens (¥3Hv49) 0.29 0.99 8.86 1.74 542 160 230 4.2 27 690
Myelophycus ceespitosus (49e4*) 0.27 3.06 14.17 3.15 88 162 360 7.6 618 1131
Colporenia sinuosa (¢990/9) 0.31 5.44 5.13 2.92 46 136 540 76.5 406 116
Hydroclathrus clathratus ¢(p=s,y) 0.34 2.82 3.51 3.07 857 161 330 65.8 49 408
Laminaria sp. (ar7°) 440 0.86 0.20 0.27 30.00 3.0 3-91
Ecklonia cava (paa) 1.10 2.52 18.84 0.49 209 90 3.3 262 379
Hizikia fusiformis (k%) 450 16 0.28 2.67 6.80 1.49 218 237 230 5.7 33 326 0-92
Sargassum fulvellum ( %>9°95) 0.30 5.03 8.65 2,30 634 126 300 25.4 95 60
S. thunbergii (»grm 1) 0.38  5.34 4.46 8.76 308 282 270 46.5 28 566
5. nigrifolium (75ve) 0.40 6.21 17.19 0.49 249 159 410  20.7 24 197
Rhodophyceae
Porphyra tenera (?¥2%Jy) 44500 1.65 23.08 10.4 68.33 88 294 790 290.8 2920 62 10-831
Gelidium amansii ( =7%) 1.60 17.95 20.10 1.22 782 61 570 35.9 4885 443
Chondrococcus japonicus (7§J7F) 1.41 10.51 8.15 1.30 97 40 250 219.7 1337 449
Grateloupia ramosissima (z¥4ans’) 1.38  6.27 24.46 2.32 719 82 530 29.4 1119 55
Llojopeltis tenax (v7su) 2.45 14.60 23.79 5.85 676 37 330 15.2 319 163
Hypnea charoides (4n5/9) 1.42 2.9 21.50 6.82 540 94 355  26.5 636 257
Gracilaria gigas (xavy) 800 1.80 1.09 7.81 1.82 304 16 495 212.3 1492 324
G. textorii (mviy) 4,60 6.92 33.90 9.73 668 153 985 75.7 230 668
Chondrus ocellatus (wJ<9) 2.19 14.73 29.65 17.04 69 700 89.2 &56 111 16
Lomentaria catenata (o:zv¥4) 0.97 3.16 24,24 12,21 220 90 625 25.2 240 263
Laurencia okamurai (3§w3vv) 0.53 10.24 39.02 8.97 763 95 300 100.2 1346 89 4

* Scenedesmus ** Dictyopteris divaricata -

Table 9. Vitamin contents in various algae per 100 g of dry weight (WaDa)V,

Vitamin content

Species Efficient A Carotenoid D By B2 Nid c
A I.Uu. I.U. 1.U. I.u. mg ng mg ng
Ulva sp. (771%) 500 0 1500 0 0.04 0.52 10.0 0
Enteromorpha sp. (74/v) 960 (o] 2900 [} 0.06 0.30 8.0 10
Prasiola japonica* (»n9./u) 80 [o] 240 [o] 0.44 0.32 1.5 [¢]
Laminaria japonica (vavv) 430 0 1300 0 0.08 0.32 1.8 11
Long tangle (rwa>7) 250 0 750 (o] 0.08 0.40 1.8 -
Rishiri tangle ( #ma>>") 320 0 960 0 0.06 0.09 2.0 15
Laminaria angustata ¢ Yywssa>97) 360 0 1100 (o] 0.02 0.20 2.0 -
L. religiosa (kRyx3>7) 130 0 390 o] 0.07 0.19 3.5 -
Kiellmaniella gyrata ( rooa>v) 10° 0 30 (o] 0.04 0.14 2.3 o
Eisenia bicyclis (73 %) 50 0 150 0 0.02 0.20 2.6 o
Analipus japonica (wwe) 0o 180 - 0 3.3 - 3.3 -
Hijikia fusiformis (&%) 0 450 1 0.1 4.0 0.2 4.0 (0]
Nemacystus decipiens (& v2) 30 o 100 o] 0.04 0.04 2.0 o
Undaria pinnatifida (9px) 140 0 400 0 0.11 0.14 10.0 15
Porphyra tenera (P99%09)
Higher quality 11000 - 33000 0 0.25 1.24 10.0 20
Medium quality 10000 0 30000 0 0.21 1.00 3.0 20
Lower quality 5600 Y 17000 0 0.12 0.89 3.0 2.0
Gracilaria verrucosa (#3'JY) 260 0 800 o] (4] 0.03 0.5 (o}
Phylloderma sacrum* (z/sw>2JY) 160 o 490 0 0.22 0.37 1.7 0

* Fresh water alga
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Table 10. Arsenic contents in various com-
mercial marine algal products, determined by
the diethyldithiocarbamic acid-silver method.

7243, poly GulUA Tk 71~84% DEIB LR,
FIEREC LB KBTAE Vv CHREBET, TOT
AF YV (JRSEEM 7.10 © ManUA/GulUA=1) ofE

Samples As Samples As §$ 55% ?:ﬂ:"\', H:*;EE 2.16 'C'I—iﬁ UA H_’.ﬁ; 7.73
uy{;:d oA i bon ;:503 - 819 S Ao - 46)
::.nber ztmple number kg sample o i) 1L % OB‘E": .=.$%7J'\‘ LA™,
DX 5ERIR, Sr oLl bTFhaEIS Cd
. €3 . . 6. Hijikia 0! . s
e I (7 F $ v 2) Bl v OB RBRRCFRIEE 5
. o . 0
3. Ditto 0.9 | 28. Ditto 161 Bx2AAEELXIERL, OWLWTIISEENHEMLE
VEESET T - i, LIS IEREICBIGT 5 Zn, Cu RiC b T
ot D I 10 HEEFTLOL LA fE T 5, ¥, ManUA/
: 32, Ditto 149 —0.74 .. » e s
; :I::: :: 33. Underie plmatifids 45 GulUA‘ 0.7 D’7 ’1”‘1 VRS KR, i.:ﬂ{tf-"' F3
9. Square tangle 37 34. Ditto 39 v Aoﬁﬂ&"ﬂ"’hi 579 b %7’575‘&& 5 ZE 79"5‘33
1. ntre 7 52| 3 it 72 74P, %1z, Ascophyllum nodosum O 7 a4 £V
36. Ditt 30
2. bise N (e o @EEANE, Pb>Ba>Cd>Sr>Cu>Fe>Co>Zn
. 0
13. Ditto 38 38. Ditto 33 >Mg>Mn>Cr>Ni>Hg>Ca v, Ca 0FELETF TIL
1. Ditto B " Ba >Pb > Cd>Fe>Sr>Co>Cu>Ni>Cr>Mg>Z
15. Ditto 32 40. Ditto 66 T > u>Ni>Cr>Mg>Zn
16. Ditto 45 ::‘ gi::" Zi’ SHg>Mn Th - 1249,
. 0
Z :*‘",3 i . itto o 8. IEH. fH. BREARLLTOSE
1. tengle n1akes @ | Ly P WEEIR & LOR Bl s 25, BETS A
O T A - BEO—FE LTEL VbR T B, Ascophyllum
: iR “: . it “ nodosum DYFKBWGAT AF 5 b (Algit) 12 EDOHT,
. Ditto 3 48. Ditto . .
23. Ditto 7 49. Ditto 13 BRSO, JERcEE LThHREh, 20
M. S e N » e SR A T & 54, FL4i 200 g/5E/H
51. Ditto 0
b * DEETIOMEK & & % THEMOEERY, HBX
(100 g MPUEH AR /H/H) Db L T3 &,
4% Mehs3Ede©, 78,172kg/73,175 kg DEEENE S
Table 11. Contents of rare earth elements in various marine organisms (zg/kg wet weight).
Ce Eu Tb Yb Lu
Organism Organ (Cerium) (Buropium)(Terbium) (Ytterbium)(Lutetium)
1. Paralichthys olivaceus (esx) Muscle 1.38 0.04 0.03 0.28 0.01
Zflounderi
2. Seriola quinqueradiata (> y) Muscle 2.38 0.14 0.07 0.39 0.01
Zyellow tailss
3. Engraulis japonica (gt7o4vs) Whole body 7.34 0.22 0.83 1.50 0.06
Zimmature snchovyi
4. Meretrix lusoria (nwov) Soft part 39.3 2.06 2.54 5.43 0.23
clams
5. Ulva pertusa (P7F77¥) Whole 39.1 0.77 0.97 1.67 0.24
(green laver) frond
6. Sargassum fulvellum (&>#793) Ditto 22.3 0.54 1.78 0.97 0.26
7. Undaria pinnatifida (7nx) Ditto 3.70 0.09 0.30 0.61 0.09
8. Hijikia fusiformis (ez%) Ditto 19.2 0.24 0.62 0.68 0.22
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Table 12. Variation of bone uptake with
dosage of %Sr: Effect of feeding different
amounts of sodium alginate.

Expt.

Bone uptake —_ x 100
Control
% Alginate J_"4' 10 20
frasns (s
Dose 89Sr/diet

(mp Ci)
50 58 37 28
20 48 37 16
5 57 33 23
0.2 74 36 20

Table 13. Inhibitory effect of alginate on the
intestinal absorption of radioactive strontium.

% Inhibition

Alginate from ManUA/GulUA

'(BQSr)
Highly effective:
Macrocystis pyrifera 2.37 80
Egregia menziensi 2.13 74
Nereocystis luetkeana 1.78 69 !
Alaria marginata 2.06 60
Laminaria digitata 1.99 60
Moderately effective:
Ascophyllum nodosum 2.77 58 !
Laminaria sp. 2.86 57
Pelvetia sp. 3.45 50
Nereocystis luetkeana 2.88 54
Ditto 2,30 44
Least effective:
Hedophyllum sessile 6.28 26
Laminaria sp. 5.12 34
Alaria marginata 6.48 3
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