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Effects of Sea Tangle (Laminaria japonica) and Fucoidan Components
on the Attack of Oxygen Radicals in Kidney
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The protective effects of sea tangle (Laminaria japonica) extract and fucoidan components on the attack of oxygen radicals in kidney
were studied. Sprague-Dawley (SD) male rats (210 + 5g) were with fed experimental diets of Dasi-Ex group (sea tangle extract
powder of 4.0% added to control diet), Fuco-I, I and III groups (fucoidan powder of 1, 2 and 3%, respectively, added to Dasi-Ex
group) for 45 days. Hydroxyl radical formations were significantly decreased (10~15% and 15~30%) in mitochondria and
microsomes of Dasi-Ex and Fuco-I, II, III groups compared with control group. Hydrogen peroxide formations were also significantly
decreased (10~15%) in microsomes of Dasi-Ex and Fuco-I, II, IIl groups compared with control group. Significant differences in
mitochondrial basal oxygen radical (BOR) and microsomal induced oxygen radical (IOR) formations of Dasi-Ex and Fuco-I groups
could not be obtained, but mitochondrial BOR and microsomal IOR formations were significantly decreased (12~15% and 13~ 14
%Y in Fuco-I and ITI groups compared with control group. BOR formations were significantly decreased (12~25%) in microsomes
of Dasi-Ex and Fuco-1, I, IIT groups, and IOR formations were also significantly decreased (10~15%) in mitochondria of Fuco-I,
II, III groups compared with control group. Significant differences in mitochondrial Mn-SOD activities of Dasi-Ex group could not
be obtained, but mitochondrial Mn-SOD activities were dose-dependently increased by 8%, 16% and 36% in Fuco-I, Il and III
groups compared with control group. Mn-SOD activities in microsome were significantly increased about 20% in Daxi-Ex group,
while they were remarkably increased about 40% in Fuco-I, II and IIT groups compared with control group. Lipid peroxide contents
were significantly decreased about 15% and 15~25% in mitochondria and microsomes of Fuco-II and III groups. Membrane
fluidities resulted in marked increases (20~35% and 17~24%) in mitochondria and microsomes of Dasi-Ex and Fuco-I, I and III
groups. These results suggest that administrations of fucoidan added to sea tangle may play a pivotal role in attenuating attack of
oxygen radicals in kidney.

Key words: sea tangle (Laminaria japonica), fucoidan, oxygen radicals, membrane fluidity, superoxide dismutase (SOD), Mn-
SOD, Cu-, Zn-SOD.
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AA Hd
AR ALY 208%¢ AFAEFTANN F2 099 (Undaria FAo|ge g EAde ¥F MG A4 72
pinnatifida) ] F4EQ &7are] AP FAHez 49y 2 A3 E4o] fArste F¥AL84 (Bernardi and Spri-

(chronic degenerative diseases)®] BAAFY L 3} & A7} nger, 1962)& 23 e Abddo] Hgog HHAA HAt 1
&l e B (Choi et al, 1999, 1999b)olA) AAF v} dh.  F Usui et al. (1980)2 Eisenia bicyclis®3%H %% F3o|¢
JZE0] Y, dAlnt 5 AxF AR N2 gy Rre %9 FHAET o) 4 LUEA #AFHY 0% &2
2 %L 22 e F3200Y (fucoidan) 2 7Hs40] ¢ & E4E& 21 Jte AHdol $9HU. 53] F30de Y
oz %A glt (Choi et al, 1999a). SuAEe 22 ALHRLE veEe dE U2 d5ds

As74A v, At §9o ZxFoe HABYHRELZA dermatin sulfate$t £ EFYIY 84S dAstd d43ns
SR BYBAAATT FF L olFo FAW, Ao w$ A ARAGE AMdo] wEA Uk Alge e EA%e EE
A F8MEde 98 7HA BAEES 23 Y 28X, F32 Hle] @A A QA antithrombin I (AT D heparin cofac-

ot &2 FA4UFY ey (laminaran) e @ #447] tor 11 (HC ID= #atgFo) 22t 62,000 2 65,6009 Feddz A
g 713 Ay 44 dg RN s L-fucose?t o H&g ofnlicAl ZAL AT Ytk Aol B,
ZF g5 gle Aol HHAAA HLAE fucoidine B 3 =3 279 g3l #2324 248 vedde AL o0

£ A7E AFAFALEAEITAA AN v AYes FYHUS.
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A9 8%E FH o

Z deA e, dE: 45 FE89 4FY 42 Nakazawa
5 (1974)9 93t ALo2 WHAN, Ito and Sugiura (1974)7}
Ehrlich ¢Z S Xl $5% §4& JeuT S thunbergiidl &
F FEd9 FYEe] dFoz Bz Hzude 32
F Ao @ A7t Eu3] AYH2 Uk o kA 47
o, Folgy FFF Y WAUEL FTYATY FAAE
+33E HAGY Holg JAFAY F9 WP FE &
AgAdeozA g4 Fim €48 Jdehdgde AHE 733
t} (Yamamoto et al., 1987).

£ g7 A (Choi et al, 1992)¢] BAAT2M AH4 7
EAlg el A ul (Laminaria japonica) $%% AZET 40% 3
78S GAlnt FEE AZEY 40% F7MIEC Fo)d A
ZEDE 47 10%, 20%, 3.0%48 A7t ZAY AEE A3
4597 AHEEY AR A ¥R, A AEHA AFE HF
o 71 2o WAUIF S 23 g A% A2 PR F
ol qd ciAmt 2 o ¥ G HristuA s

1. dEsE ¥ AMs=xd

g3l st paol A 793 Sprague Dawley rats (male, 210 £
1025 7989 & A FEAZANA 238 4uAs3 0L
Ztzt qoleld s E o] Z4zhe) 2AAERA 45959 F
ot ohg, YA GA AFE P HEPESES &9 ¥
& g, —70Ce FHIY YolFn AP ATt FEAL
$48 234 (2242€, 65£2% RH)FFAA 1243 HolE
(06:00~18:00) 2 Bge] A% FEHU

2. ZHAMRS =M

£ AYe] A8 AFEZRA2 A (Choi et al, 1999a) 8} v}
AR J1BA g AL ©EE 590% (a-com starch, 440%
+sucrose 150%), & A 180% (sodium-free casein), A 150
% (lard 10.0% +com oil 50%)7} H=& Az3gx, veNH
2714 (AIN-76 mixture)2 22 1.0%, 3.5% € A7tstgen, 4
#F32 30% F7etd A FHY (Control group). GAlH} 2%
& 72 (Dasi-Ex group, dry base 40%), ¥ &-H71415
(Fuco-l, 11, IIT group)¥ Dasi-Ex groupol F¥3oldt AzE¢&
27} 1.0%, 20%, 30% 7t =S HU18te] 4597 AS4EE
3tk 53] Fucod, II, I groupe 3% A2 Z arginine 0.1%,
taurine 02%, tyrosine® tryptophan® ZtZk 0.05% 4 #H7l31,
a7}o] ©A] Z¢ (bamboo shoot), o} (soybean germ) %
E 3 (P'yogo, Lentinus edodes Sing)9] o&2-F& HAREY
005%4 &A 055% 488 H7retd ZA A

3. %30|¢t (Fucoidan)2| 22| HH|

B Age AL dAnl-32 AzETL §RALG (F)2 1Y
Gojito} AR, FR0|FL A (Choi et al, 1999a) ¢ 2
e ez nYg XAY (Sporophyils of Undaria pinnatifida) %)

3 THolY AR A% 759

A F& 58 2F30Ee dA AT 98, $EUxed @
e AAE FHo|GE AT BF 44L: 48 A4
Kit\|F 3 SOD ¥ AA&ELY ZHdE Sigmad SFAYE
AH8-3t ot

4. MzEZEe| 2¥

AZA X £EL Choi F (199009 Wl w2} HEPESEF
49 (10mM HEPES, 10mM KCI, 280mM sucrose, pH 7.4)& A}
438 nEZE o} nlo]a2d P AN EL YRS LHIHY ALS
itk oflf &9 ¥ FFE Lowry et al. (19509 ¢4
o wek A3

5. 71 9 Rosieiozel ¥y

AZEEZ) 9lo] 43}H 2E G~ (oxidative stress)d FFE
gl3dl7] 984 DCF-DA (2,7-dichlorofluorescein diacetate) &
probeZ ©]4& ¥ A X2 mitochondria$} microsomed £ 7]%
g4 Ak4 (basal oxygen radical, BOR)S A% &AL Lebel
et al. (1989)9] Wyol wa} FAHT I0RY FAHL 7|AH
s} o A4S FE37 93 ascorbic acidst FeSO, * 7TH.0Z
A8 FEAHY F 7HA 2dAM HE EF YT 7RG
g #4992 fx9 H$ EF AR 00ulE ¢899 (40 mM
Tris-HC1 buffer pH 7.4 22 108 3432, probed SuM DCF-
DA (Molecular probe, USA) 12 y¢E A7}, 10,000tpm 8¥7 9
A&

ZAHE 40 mM Tris-HCL 3.0 el 591 ¥ 2oz §x 4e9
%= 1 mM ascorbic acid (300 #£)$+ 100uM FeSOs - 7TH;0
(150 )& EF3IQ2 /AN B4e o} FRAE AU3A &
k. o) F 37CAA 3083 HEA F 37CE FANEAM FF
7] H3lE YAFEAE o] &3l 488 nm (excitation)$} 525
nm (emission) A Z38At o] o 2FPIFFxY wW3s
DCF-DAEZ ZEFo 2 X BEAF o 3te A4 € DCFY
% (nmol/mg protein/min) 22 $FAt3l%, o] Yo 24 BOR ¥
F =442 (induced oxygen radical : IOR) 9] 44 #riZ9]
B Fez A3t

6. EMMAo MNEE XY
(D 3=EA oz &3

Deoxyribose] 33 HX 2 hydroxyl radical (- OH) S A4 %
S SA%e o2 A A ALUALE 93 deoxyribose7t
¥ o] aldehyde’t A4S ©] aldehyde™ A& R thio-
babituric acid} ¥H&3te] FAHE AL o] &F Halliwell T
(1981) 9] Wd o} &A3dh

() FHAsteie dF

FAsHEA (H,0)9 A4 %S Thumman % (1972)9) B3l o
2} AH X2 microsomed#ol A AA4E HO00 3td BAHE
B2 49 ferrithiocyanate ZFHE 7122 400 mM AL LF &
(pH 74) 400 uf, 200 mM nicotinamide 200 p£, 100 mM MgCl, 200
¢, 50 mM NaN; 200 p¢9} A& 641, ¥ 73598 F7} - EFT
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¥ 60 mM NADPH 200 pt& 73k & 20m7}h A 8o 37C
e F2gA 158 712A Fo 12 M TCA (trichloroacetic
acid)& 10m¢ A7k, 3000 pmolA 1083 d4Eestd F54¢
1.0me FH3AH 43 A ferrous ammonium 200 ¢ A7} F 25 M
KSCN% 100pf ¥o] EFste] d2o 102 ¥XAt Eg43x
AE ol &3t #7480 nmolN FR=E EF3 AEAFA
93 H,0,9 #% (nmol/mg protein/min)& 3 F3+Ath.

7. BAML HWolAAl-e £Y

(1) F#AKAE YaFeoiay %3

Oyanagui et al. (1984)¢] W] @} £HIAS 2T}
A (superoxide dismutase: SOD)9] 42 AFYLE A4k
£ (pH 82)2.2 3082 4 &9 01mo] FFF 05mf, A
A9 (52.125 mg of hydoxylamine+102.1 mg of hypoxanthine/250
n¢ DW) 02mé, BA% (20 ¢ of xanthine oxidase+0.9939 mg
ethylene diaminetetraacetic acid/26.7 mé phosphate buffer, pH 8.2)
02ntE 7} E/3HY 37C FLFRoA 408 7HEE F CA
¢} (300 mg of sulfanilic acid+N-I-naphthylethyene diamine acid/
500mf of 16.7% acetic acid) 20 €& 7} EFsta ALoAM 20
L A F EBREAE A, 550 nmol A FEEE 52X 3
of EEFAFA 23 SOD €4 (unit/mg protein) S F3 3t

8. M3 AEF A Ty}
() AdGA3 29 A%

3 2 AZAX JEF9 JAAAY #FLE Choj et al.
(1990)0] AH&-§ Wgol uel £3F=AE A48 TBAYL 2
B &)L H 3] = (malondialdehyde: MDA) 9] ##& =4 31o 1}
23124 (lipid peroxide: LPO)9) #%E Q30 ®=d& %
Heozg 35 FIA A FFS Yagi et al. (1987) 2] ol
el YFEAZA FFHFEE 515 nm (excitation) @ 553 nm
(emission)®} #HFolA 243 FHA34AA o #F (nmol/mé
serum) S A F3k5itt

2 AXY #3549 23

234 £ 9] mitochondria 2 microsome +8%9 XY §%

< 3% probe2M 9 1,6-diphenyl-1,3,5-hexatrine (DPH) & A}
€3 Choi et al. (1995)°) wte} A3k 50 mM A4EE 49
(pH 72, 2750 u8), S5 (250 ), N & (100 ) E A7) &3}
o 37C g2 FxoA SEIT FAF S probed 0.167 mM
TMA-DPH [1- (4-trimethylammoniumphenyl)-6-phenyl-1,3 5-he-
xatriene, p-toluenesulfonate] €& 6.67 b & 37} 34 37¢
#& FZoA shakingdtdA 3083 WA F 37CS fA8
HA BFFEAE o83 360 nm (excitation) %} 430 nm (emi-
ssion)l A A3t

. M| SANz

2 479 L€ 4¥2%e A Aty HEAYG REUAE
Adsger, 2 AYUTUAY F94 AL ttest (Steel et al,
1960) 2 A8 At

20t 3 0H

1. Mheinid MM AxE3

Free radical2 ¥& 3 &4 (oxygen radicals)2A - OH,
FHSAE FUL(0,7), H,0, $2 ZIAAXE 439 AX
%g gIstn A4E BE9%std WS FUdL =& &
Aste Aoz A o822 (Choi et al, 1991a-b, 1994, 1995),
gAlat 328 (Dasi-Ex) B F32019 (Fucol, I, 1D F4j7 4
% mitochondria ¥ microsome3 % * OHY A4 ¥ microsome
%9 H,0,9 A4 vAe 4% ZABE 3o 48 Aoz
A= ol AY4E Table 194 vebych

A% mitochondria¥l #3¢ - OHY A YA LA E vy
B9 Dasi-Ex ¥ Fuco-l, I, Il $1F0] tho] d2I1§F thH|
10~15%¢ - OH A49%F9 #934 JAAI}7} AFHAL 1
A% Dasi-Ex 2 Fuco-L, I, Il $92E4 3lolA A& micro-
someZYF9 - OH A4 %L mitochomdria® Bt} B& F
§ - OHY AA4F JAaA7 vYedA, dz2aF B 15~30
%9 QAT JAER7} AAHADG. A4S mitochondria¥ &
FRolery H7MEL7} AR A F%AT, microsomed AN E
*OH A% dA a7} F3E 8% ope Fa0|dy A7t
of Bg &% JEAE Jeyttt o)y & AL FE (Choi et al,
19996) 8} HzA 9 d7dde Ve FFeEA, F7]d w
2t F3ojge Aol A yeiytth ol AL AUy =
A3 715 4 oz HAE

3 Table 1914 A4 microsome &3¢ H,0,% A4 oA
ARE ¥ 23 EW Dasi-Ex 2 Fucol, IL, Il 54159 H,0,
o) A4 A EHAY} mitochondria® - OHY A AA AT} 0}
AR 10~15%9 F943Y dAEFA} AFHAG. 282
microsome¥: 8 2] H,0,9 A JALZAE F3aold A3y 3
7t GE & &0 JFEE ¢ & UMt dAT ¥ F=2
olete] H,0,9 A4 JAEAE A4 microsomedAe &3
22 H,0.% 44 dA &7 dFETGE AL u$- Iz s
AH4 o)t} (Choi et al, 1999b).

Table 1. Effects of sea tangle and fucoidan on the attack of
oxygen radicals in kidney membranes in SD rats for

45 days
Groups * OH level (nmol/mg proteir/min) (nmI(-)Ili(n)lzg lgvrre)ltein)

Mitochondria Microsome Microsome
Control 460:008* -—  3661012* - 355002 -
DasiEx 4101012* (891%)** 321 £014° (877%)* 284+012°(%02%)
Fucol 4051009 (880%) 2791007 (762%)  288+006°(914%)
Fucoll 404£002° (878%) 259+01¢° (708%)  2751009°(873%)
Fucolll 405+007* (880%) 2651017 (N4%) 262+ 007°(832%)

Dasi-Ex: Sea tangle extract powder of 40% added to control diet; Fuco-l, I
and TI: Fucoidan powder of 1, 2 and 3% added to Dasi-Ex diet; *Mean + SD
with 7 mice per group; **Percent of control values; “p<005; ®p<001; p<0.001
compared with control group.
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2. 7|% 9 qx MaeiCizel ot

ARzZHY AAgH 2EY22A 72 ¥ frad goFy
A4 A RIS H7e7] 913kl DCF-DA (2',7'-dichlorofluores-
cein diacetate) & probeZ ©]&3te] 2139 mitochondria ¥ mic-
rosomeZ 8o F444 JAT vHe dAvl 2FE (Dasi-
Ex) € F2o|d (Fucol, I, DY FHERE B43to] Bt}
et

Dasi-Ex % Fuco-l, II, IIl $HIF0] AFF 9 24 gz
Ao njAle 48%E 71244802 (BOR) B FEA4LEHT
(IOR)Z T34 ¥z Hriste HWE Table 28 2tk $4
BORY A4 AAEFAE v 3 BH mitochondriag £l =
Dasi-Ex ¥ Fucol F9I1F2 AY %93 77t d4HA
XA, Fuco-ll B M FAHIEFL 12~16%9 FYFHo=
BORY A4 AA&#A7 AT Microsome® 2 Dasi-Ex
2 Fuco, II, Il ¥42F0] 12~25% AHHA fFoxez
BORY A4 A&7} AAHKA.

E§ IORY A4 JAEHRE vlHdte] B mitochondriak
Y M Dasi-Ex FHI1ES AE F948 JAE F AUA
@, Fuco-l, I1, Il ¥ 2 F& 10~15% 9 §93<2 IORY A4
AAEFH7} JARHUY. AF microsome YL Fuco-ll, III ¥
o 2F¥o] 13~14%9 F4F 2 IORY A dAEHAL Q
AHAT. G2y T FrtFe g +F &40 FH
A Ve AS7AAY =39 WU Fd #A%4-E Har
man® 7F4ZA, ‘Free Radical Theory' ¢] Y¥3=HEAM 23
#arst FAe A7t APHe] AW (Choi et al, 1995), 3
TEo] 43ty 2EY 24 (oxidative stress theory) o} AW S
FEsL =3 g FXIAE AHHol AEE 38 stn Ao
(Yu et al., 1998a-b).

Table 2. Effects of sea tangle and fucoidan on oxygen radical
formation of kidney membranes in SD rats for 45

days
Oxygen radical formation (nmol/mg protein/min)
Groups - - -
Mitochondria Microsome
Basal oxygen radical (BOR)
Control 545+ 0.23* - 1.58 + 0.01* -
Dasi-Ex 526044 (96.5%)** 137 %008 (867%)**
Fuco-1 511+ 048 (938%) 139 £ 0.09* (880%)
Fuco-II 484 £030° (888%) 127005 (804%)
Fuco-II 457+039* (83.9%) 119 £001° (753%)

Induced oxygen radical (IOR)

Control  23.59 + 1.65* - 13.95 + 0.53* -
Dasi-Ex 23122197 (98.0%)* 13741033 (98.5% )%+
Fuco-I 2107 £ 139" (893%) 1389+029 (996%)
Fuco-1I 2160 £ 577 (91.6%) 1220+010° (87.5%)
Fuco-Ill 2042 +£097° (856%) 1203 005 (86.2%)

& Fold ALY 9% 761

3. $HSAE C{ASElOMH S A HII

A A HolaL2X4 SOD, GSHPx ¥ CAT/} 984 Ut ol &
gAAE AARLFTAA 71 $83 SODY &4 vixe o
Almt 28 (Dasi-Ex) ¥ F20|€ (Fucol, IL, D $4¢ 4%
< H7187] 934 A% mitochondria, microsome ¥ cytosol¥
259 SODE4E ¥4 Hriste B¥ Table 33 2t

A% mitochondria8 &l A= Dasi-Ex F91§ 2 Mn-SODE
e dzag gy f944E 18 AFE 4+ AAAT, Fuco],
IL Il 92§94 Mn-SODEAE W2§ WY 47 8%, 16%,
36% 9 <3< Mn-SODEA F7ta#7F YFHJAT. EF mic-
rosomeE gl X< Dasi-Ex F9I1ES Mn-SODEAHC] 20%4
%718 ¥ Fucol, I, Il ¥ 1§ < Mn-SODEA¢] W22 F
uid) oF 40% 9 AT Fr1EF7E UAHY, microsomed Mn-
SOD¥A & FHo|T Fo1Fo YA FEF FAIFET 2
Wl F7tERs AR A

E3 AF cytosolF 9] Cu,Zn-SODEAL Dasi-Ex F91F
2 9 15%2 Z718 99 Fucol, II, Il ¥ 1 §& 20~25% 9
A 71577 AAHAD. AE (Choi et al, 1999b) A4 H
T uis} o] SODEA Y F7IERE AL A4 AANEH
8} slA7tA R AZT HEe F kA 3719 SOD 849 F71
E3e) AT 27} YL ¢ F UAT

4, ME AEQY AL HIL

(D BAFEY A 57

4049 A6 g Alxote] AR Hishitgel ¢
3ol AAEE TEYULHIE (MDAE 2359 Farsix 2
(LPO)Y ##F& Atste ¥la g, o] LPOT F¥T AE54
o2 FAL3}7] el AUy AR € =F3HFY AYA
A2A gy AHEE R YT

AZYEZ9 LPO A4 vAe A} 3EE (Dasi-Ex) ¥
F3o9 (Fuco], I, DY FAAFHE £43ke] Hrlste BHE
Table 48} 2t} Table 4914 Bx vl8} Zo] A& mitochondriatkt
microsome® 859 LPO9 A4 °] Fucoidan-II ¥ Fucoidan-III
o B4qRH 47 15% ¥ 15~25%A=Y ARHY JAEHY

Table 3. Effects of sea tangle and fucoidan on superoxide dis-
mutase (SOD) activity of kidney membranes in SD
rats for 45 days

Superoxide dismutase activity (unitimg protein)

Groups 5 ) ;

Mitochondria Microsome Cytosol
Control  984+083* — 6908 — T804 -
DasiBx  992+073 (1008%)** 805+072 (122%) 8M+084* (1142%)
Fuool  1063%065 (1080%) 916+088 (1390%) 855+071° (1216%)
Fuoll 1138207 (1157%) 91808l (1393%) 8471076 (1205%)
Fuodl 13381068 (1360%) 929+05¢ (1410%) 883+08% (1256%)

Dasi-Ex : Sea tangle extract powder of 40% added to control diet; Fucol, II
and II: Fucoidan powder of 1, 2 and 3% added to Dasi-Ex diet; *Mean £ SD
with 7 mice per group; **Percent of control values; *p<005; ®p<001; p<0.001
compared with control group.

Dasi-Ex: Sea tangle extract powder of 40% added to control diet; Fuco-l, II
and III: Fucoidan powder of 1, 2 and 3% added to Dasi-Ex diet; *Mean + SD
with 7 mice per group; **Percent of control values; *p<0.05; °p<0.01; p<0.001
compared with control group.
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5. MzEst RS54 ot

T30ty Fo7} A Axde FF5Ad ojdH S v
F A&7 ? tAjel F2E (Dasi-Ex) ¥ ¥30)9 (Fucol, II,
D 97} A% mitochondria 2 microsome® 2] X% %4
o lAe Y& vme] B Table 54 21}

Table 594 B+ 9} o] mitochondria8 ¥59 A X &
54& v2so] ¥ Dasi-Ex 2 Fucol, IL, I F9159Y &
FAL Zb7 8531028, 924 + 0.51, 9.57 £ 061, 9.11 + 045% &4
WZ2I§9 #8584 (716 £032%: 100%) t¥] 20~35% 4 93
A #5489 F7raA 9BHAD Fucod, I, Il FHI1FY
#%54< Dasi-Ex® %84 ¥ A 28]e) FAH F7raH7}
AFHAY. EF AF microsomeR o AEY FFA4 L Dasi-
Ex ¥ Fuco-l, I, Il 915 #5492 47 1952011, 2.00
+0.24, 203 +0.15, 205 £ 014%. 24 tZ2E2] F5A (166 0.
31%: 100%) WH 2z 1175%, 1205%, 1223%, 123.5% 24 o
17~24% 9 93 £3589 F7ER7E QAHAD A F
Feoldy] Bt 2 §548 WS EfFoez /A A
o2 Jg ¥

Table 4. Effects of sea tangle and fucoidan on lipid peroxide
(LPO) levels of kidney membranes in SD rats for 45

days
LPO levels (nmol/mg protein)
Groups 3 - .
Mitochondria Microsome
Control 448 £0.27* - 229 +007* -
Dasi-Ex 4171030 (93.1%)* 209007 (913%)
Fucoidan-l  413+0.13 (922%) 216008 (943%)
Fucoidan-Il -~ 396 £ 0.15* (884%) 203 +005 (88.7%)
Fucoidan-Ill 397 £0.12° (88.6%) 178012 (777%)

Dasi-Ex: Sea tangle extract powder of 40% added to control diet; Fuco-, I
and II: Fucoidan powder of 1, 2 and 3% added to Dasi-Ex diet; *Mean £ SD
with 7 mice per group; **Percent of control values; *p<0.05; ®p<0.001 compa-
red with control group.

Table 5. Effects of sea tangle and fucoidan on membrane flui-
dity of kidney membranes in SD rats for 45 days

Membrane fluidity (% polarization)

Groups - - -
Mitochondria Microsome
Control 7.16 £ 0.32* - 1.66 £ 0.31* -
Dasi-Ex  8.53+028° (119.1%)** 195 0.11* (117.5%)**
Fuco-I 924 £051° (129.1%) 200+ 024* (120.5% )%+
Fuco-II 957 £ 061° (1337%) 203 £0.15° (1223%)**
Fuco-Ill 911 £045 (1272%) 205 0.14° (123.5%)**

Dasi-Ex: Sea tangle extract powder of 40% added to control diet; Fuco-l, II
and II: Fucoidan powder of 1, 2 and 3% added to Dasi-Ex diet; *Mean + SD
with 7 mice per group; **Percent of control values; *p<0.05; ®p<001; p<0001
compared with control group.

o (o]
a7 =

Aol (Laminaria japonica) %% AZET 40% HVMIE
(Dasi-Ex)% 94719} F0|Q 1.0%, 20%, 3.0% B7HIE (Fuco-
I 1L, 11T group)E SDA AE] 4597 Fo3te =3te)A| 3§
X e 9% 37154 Dasi-Ex @ Fucol, I1, Il 91§
A7 mitochondria ¥ microsome®] - OHY AL 231§
ul Z+zb 10~15% 2 15~30% 9] f93Q AR} AHA
t}. Dasi-Ex 2 Fuco-, II, Il 9 2E 2] A% microsome] H,0,
o] MAE 2 F oy 10~15% 9 F3HA gAaHs} 9F
HAu B2A 4139 - OH € H,0,9 A4 dAEFdE A9
#2EHte FFo|w Ryt afHY By ofve} FH0T
H7tgo] g £F YEAE JAHAG

A A mitochondria®] A Dasi-Ex 2 Fuco-l ¥¢1&¢ BOR
AR A F4HA A7t ABE & UAAT, Fuco-ll 2 NI
E491g9 BOR AL 12~16% 9 #3 AAEA7T 9 H
Atk A% microsomeo} A= Dasi-Ex 2 Fuco-l, IL III F91F
9 BORY Aol 12~25%9 F43d JAEIH} AAHUE
Wt olye} FIo|eke HlF wWE £3F &40 JIAHHNU
. =% A& mitochondria®l A Dasi-Ex $91§¢ IORY A
S FHA AAATHIL AFE F UUAT, Fucol, I I F
3§ IOR AL 10~15% 9 F934 AR a7} FHA
. A% microsomed| A= Fuco-1I 2 III F81F%o] 13~14%
9 §93< I0RY A4 JA &7 AFHA 4% mitochon-
dria ¥ microsome® &% ¢ LPO A2 Fucoll, M8 T
B 747 15% 2 15~25% A %Y ERAA JAEFHS 9FHA
t}. mitochondria8 o)A Dasi-Ex ¥ Fuco-l, II, Il $51F9
FEAL YZ2IFY F54 Yl 20~35%9 FAH K544
271237 93 HU}. microsome® ol Al Dasi-Ex 2 Fuco-],
I, I $#93FY F548L dzIF iy 17~24%9 F943Y
F7tER7F 9B HAS.

watAy oAl &8 (Dasi-Ex) 9% FoHU F3o|g
(Fucol, IL, D9 Foi7} AA Wolai e 4L FJAT 87
oz}l BAAtAe THOZRE AR VeE AFHFHoZ B
g 4 JE Aoz s
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