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Effect of Brown Algae (Undaria pinnatifida)-Noodle on Oxygen Radicals and
Their Scavenger Enzymes in Liver of Sprague-Dawley Rats
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This study was designed to investigate the effects of 10%, 20% and 40%-addition of functional brown algae (FBA)-noodles on oxygen
radicals and their scavenger enzymes in liver of Sprague-Dawley (SD) male rats. Hydroxyl radical ( - OH) formations were
significantly inhibited (20~35% and 12~20%) in liver mitochondria and microsomes of rats administered 10%, 20% and 40% FBA-
noodles compared with that of control group. Significant differences in H,O. formations of liver microsome in these FBA-noodles
fed groups could not be obtained, but superoxide radical (O,  ~) formations of liver cytosol resulted in a significant decrease about
10% in 20% and 40% FBA-noodles compared with control group. Mn-SOD activities in liver mitochondria were significanlty
increased (10~15%) in the groups fed 10%, 20% and 40% FBA-noodles, while a group administered 40% FBA-noodle only resulted
in a significant increases (about 12%) in Mn-SOD activity of liver microsomes compared with control group. Cu, Zn-SOD activities
in liver cytosol were significantly increased (10~20%) in 10%, 20% and 40% FBA-noodles compared with control group.
Administration of 10%, 20% and 40% FBA-noodles resulted in a marked increases (20~40%) in liver cytosolic glutathione
peroxidase (GSHPx) compared with control group. Significant differences in lipid peroxide (LPO) levels of mitochondria and
microsomes in 10% FBA-noodle could not be obtained, while LPO levels of 20% and 40% FBA-noodles were significantly inhibited
about 10% in mitochondria and microsomes compared with control group. These results suggest that these FBA-noodles may play
a desirable role in attenuating an oxygen radical formations and increasing a scavenger enzymes activity by some brown algae
(Undaria pinnatifida) components.

Key words: Brown Algae (Undaria pinnatifida)-noodle, Oxygen radicals, Lipid peroxide, Superoxide dismutase, Glutathione
peroxidase.
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AT ZARRZH g $4 (AR)Y F7o) 9 9499 F x=JIAFTEAN 8F NFH ZHHYRORAN ¢ Fd
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1. d88E ¥ AISxH
FAHEATA (NA)NM F9% Sprague Dawley (SD) rats
(male, 135+ 109 & FEASAAA 155 dul A8 e,
Ztzh gutel Y 4202 Yol 484 AtEs & AfEol 44
A7IBA 4FT ASE O, A¥EL TS HEs -70C9
YER HASFEA Ao AHEEAAT FEASH 24 g2
g (22£2%, 65+ 2%RH)3IAA 1242 K0 (06:00~18:00)
2 Bee A% 23

2. ZHAMZO =M

712 A2 (Control group) ] 24L& @322 A 248 P12
(wheat flour) 720%, AZEEA £ (lard) 100% SHAZA 7}
A (sodium-free) 100%, AF22 (30%), ¥lgtw) 2 F7A
EHE 47 10% 2 35%2 H7HE9R, DL-HE L9 (03%)
2 ZUE2HI=(02%)8 R 7154 vYZ4+E A=
At ¥ T (functional brown algae noodle: FBA-noodle group)
o AEZAL UE AR 2AL dR2IET 2o Y, g5iE
$9 29 97t dAel) v e AERLS FHUE 10%, 20%,
40%7t =& Uikl A7t R 7154 vYFFE Az
gte] SDA #F ) 457 Fo5 .
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Ao A4 A vde JAFHS 5 FRs 2AY
$A71E ALg, Buslale] A (Choi et al, 1999a) % 2& Why
02 484 7% 34 A AHEEAT §44a 2 AAR
A9 g4 2HLEANGL EF 5FA Y (Sigma Chemical Co,
USA) & AH&-3t .
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DRAXY #8& Laganiere et al. (1987)9) ) @} 10
mM HEPES #%£€9 (containing 220 mM mannitol, 60 mM
sucrose, 10 mM KCI, pH 74)& A48t viEE=go} @ nlo)
A2EYLE LYo AL43IYT o) YEe A P
Lowry et al. (1951)9) We) we} F@agich
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(D) 3=EA gz 33
Deoxyribose®] %3 FEE hydroxyl radical 44 I=& &

3t WO ZA WA AR 93 deoxyribose7t A H)
o] aldehyde”} A4S ™ o] aldehyder A& Yol A thiobabitu-
ric acid®t ¥Hg-3te] EAEE AE o] &% Halliwell et al. (1981)
o el wet F43A

(2) FAsire 33

Farstra: (H,0.) ¢ B4 %2 Thurman et al. (1972)¢) 4§ el
el A E9) microsomedEA YA E H0,00 93t 444
T && A9 ferrithiocyanate EFAZS 7|22 400 mM A4+ek
&9 (pH 74) 400 p2, 200 mM nicotinamide 200 u¢, 100 mM
MgCl, 200 #€, 50 mM NaN, 200 29t A& 6418, & 7359 ul
A7t E%E 9 60 mM NADPH 200 p¢E 3A7bet % 20ml7}
A 3o 37C & F2AM 1583 7H2AZ ¥, 12 M TCAS
1.0m A7} 3,000 pmolA 1027 ALY 359 10nE
H3tH o

FZF N ferrous ammonium 200 ¢ F7F F 25 M KSCN&
100l Ho] Tt H2d 102 HA3FAG. EFFLAE o
£33t B 480 nmolA FF=E A% HEFAFA 93
H443t 4 (nmol/mg protein/min) 9] ¥#FE A HF3t ot
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FHEA = gt (superoxide radical: O,  7)9 A #F& M-
Cord et al. (1969)3} Chan et al. (1974) ¢} o] w2} superoxide
dismutase® JAT 4 U+ ferricytochrome C8 FLExE =
A3 9t 0.1 mM EDTAS 343 44589 (pH 78) 420
2o cyanided TE7F S0 Mol HEE 20 mM cyanide &
7he 3 37CH A 1027 73T o) $99) AEZ 300 uls}
0.1 mM cytochrome C 50 b & o} £ZBEAE A4 550 nm
AN FREE AT wet A ol cytochrome CS} %
& EAFZAS 19,500 M lem 12 AAEAT
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Oyanagui et al. (1984) 9] o] we} $HIA = tjaReo}
A (SOD)Y) 84 & B3 2 HAEZE S k349 (pH 82)
22 30M2 JHF & o1mel FHRTF 05m, AN (52125
mg of hydroxylamine+102.1 mg of hypoxanthine/250 ¢ D.W) 0.
2mf, BAIF (20 4 of xanthine oxidase+0.9939 mg ethylene dia-
minetetraacetic acid/26.7 m¢ phosphate buffer, pH 8.2) 02mME
A7b EF3 37C FFxAA 08T LT F CAY (300
mg of sulfanilic acid+N-1-naphthylethyene diamine acid/500 mé
of 167% acetic acid) 20mE FH7F EFsto] 2N 2083
WA ¥ £AFEAE AME, 550 nmol A FEAEE S E
7470 935 SODEA (unit/mg protein) & &3 3Ah

(2) GSHPxY &4 %3

Lawrence et al. (1978) 9] We} wia} 340 nmolA NADPHS
BAE Z2HE] 98 Yo HEIYEF NEZA 237
A& HgA oAl (GSHPx) Y 849 £3& Q44349 (03
M/40 mM EDTA) 2.2 108 2#|A3te] AHESch Addo A4
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%% &9 (03 M phosphate buffer with 40 mM EDTA, pH 7.2)
0.1mé, FF4 1.295mé, 26.56 mM sodium azideS % (86.33 mg of
NaNy/50 mé of D.W) 0.5mf, 29437 mM GSHE (45234 mg of
glutathione/5.0 ¢ of 03 M phosphate buffer with 40 mM
EDTA) 60 uf, 84 mM NADPH (350 mg NADPH/5.0 o of 0.3
M phosphate buffer with 40 mM EDTA) 110 p¢, glutathione re-
ductase (5mg of GSH-Re/1.0 M of 0.3 M phosphate buffer with
40 mM EDTA) 5mf, 1 mM hydroperoxide 320 uf9}t 349 Al
EZ 30uE AUlElo 5230 A U F, £AAEAE AL
o 340 nmolN FREE 152 1Fo2 287 243 EF4
ZFAe o3 GSHPx (IU/g protein) S E4E& At
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o] AH&-3 Wyd W EFFEAE AEEe] TBAYHLE TE
&3 = (malondialdehyde : MDA)Sl @#& ZA3o] it
324 (lipid peroxide : LPO) ¢ &%F& ZF 3¢

8. 2ol Az

BE 4¥2%e $A Agstd HoAd AFUAE AN
o 7t APERY o4 AHL Student’s t-test (Steel et al,
1960) 2 A A3t

Zn o ng

1. EiMAol MM AN ED

SDA #FHo) zAAEEN 475% ASFRA 09 F59
2o @& 7+ mitochondria 2 microsomed £ I EEA
gz (- OH) AN "Xe 4FE waste BY Table 1%
2ot Table 194 ol98T 0%, 20% 2 40%— 37 19 25
(10%, 20%, 40% FBA-noodle)®] F¢) w2 mitochondria®)
*OH 442 1441015 1302012, 1.16 £ 0.13 nmol/mg pro-
tein/min& 24 &I (1.79 £ 0.08 nmol/mg protein/min: 100
%) WYl 805%, 726%, 648% 22X 7 195%, 214%, 352% 9
@A - OH 44 JAAA7} ABHAT = 10%, 20%, 40%
FBA-noodle®] Eolo] @& microsome? -+ OH AAL 3271

Table 1. Effects of functional brown algae (FBA)-noodles on
hydroxyl radical levels in liver membranes of SD rats

26, 2.94 £ 0.18, 2.95 £ 0.13 nmol/mg protein/min2 X WZX1F
(3.70 + 0.25 nmol/mg protein/min: 100%) WH] 884%, 79.5%, 79.
7%24 & 12~20%9 F93A< -0OH A JAERI} 9AHH
Ak,

olgid ATZAIAE AR F9 HzF AR =#ddAan
(1991), ¥ 2 F2E] Aga4 (1993), 2 ¢Ud- A7} 7]
TR SR AYEAAT (1979 9FEFHY A9 A=
AHdE ¢ # sl

T3 ug T4 FHo @E ZHY microsomedE 2] FH4tst
F4& (H:00) 2 cytosol 29 +H A= oz (0, )9 A4
o oA P8-S v E3te HWA Table 29 2t} Table 2614 f
R 10%, 20% L 40%—H7t uYg FF(10%, 20%, 40%
FBA-noodle)®] ¥49] @& microsomed H,0,4 A4 djz1
E Y AY H0,9 A8 dAEHE AT ¢ dAAA 40%
FBA-noodle®] F9% ¢ 6% 3= H.0,9 A4 A7 vyepd &
oldth. =% 10%, 20%, 40% FBA-noodled F4ol w& cyto-
sol¥ 0, ~ BAL2 20% % 40% FBA-noodle o] 1 g%He] 2k 10
%9 0,79 A4 JAAHI} AFEE ¢ F AT

2. BYME MAHELe Y i

R A £83 mitochondria, microsome 2 cytosol #3529
SODY €4dl nA<= vy T4 Fo s Hibste BY
Table 33 2t} Table 391A v GEE 10%, 20% L 40% — H7}
o 24 (10%, 20%, 40% FBA-noodle)? Folo] WE mito-
chondria® Mn-SOD /4L 1266 £ 037, 1282+ 0.66, 13.16 £
0.50 unit/mg protein&E4 WZIF (11.53 £ 093 unit/mg pro-
tein: 100%) ©i¥] 109.8%, 1112%, 1141%2AH 10~15% 9 Mn-
SOD 49 Z7ta#7 ARHUL

Table 3914 10%, 20%, 30% FBA-noodled) %o w&
microsome®] Mn-SOD €42 785+ 0.10, 7.88 £ 027, 8.05+ 0.26
unit/mg protein& 24 HZEIF (7.57 £ 0.32 unit/mg protein: 100
%) ¥l 1037%, 104.1%, 1123% 24, 10% 2 20% FBA-noodle
F4q1§FS Mn-SOD 849 §939 F71ads AHE £+ ¢
QA 40% FBA-noodle E4I1EL ¢ 1229 §9A¢ Mn-
SOD €4 F7tazyt 9B AU, T3 Table 39014 HGEF 10
%,20% 2 40%— A7t 1Y 35 (10%, 20%, 40% FBA-noodle)
o) Eodd & cytosol® Cu, Zn-SOD E4-& 1908 £ 1.21, 2091

Table 2. Effects of functional brown algae (FBA)-noodles on
hydrogen peroxide and superoxide radical levels in lLi-

for 4 weeks ver membranes of SD rats for 4 weeks
* OH level (nmol/mg protein/min) Microsomal Cytosolic

Groups . : : Groups hydrogen peroxide superoxide radical
Mitochondria Microsome nmol/mg protein/min) (nmol/mg protein/min)

Control group 1792008 370£025 - Control group ~ 236+016  —  5134+431 -
10% FBAnoodle  14£015*  (805%)" 327£026* (884%) 10% FBAnoodle 234%011 (992%)° 47864320 (932%)
20% FBAnoodle  1302012%* (726%) 2941018"* (795%) 0% FBA-moodle 235+012 (996%) 4648+ 320% (905%)
40% FBAnoodle  LI6£013** (648%) 295+ 013 (797%) 40% FBAmoodle 224010 (941%) 460 +376* (896%)

“Mean * SD with 8 rats per group; "Percent of control values;
*p<0.05; **p<0.01; ***p<0.001 compared with control group.

"Mean * SD with 8 rats per group; "Percent of control values;
*p<0.05; compared with control group.
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Table 3. Effects of functional brown algae (FBA)-noodles on
Mn-SOD and Cu, Zn-SOD activities in liver memb-
ranes of SD rats for 4 weeks

Superoxide dismutase activity (unit/mg protein)
Mitochondria Microsome Cytosol
Contol ~ 1$3+0%* - 75720 - 1814 -
FRAenoodl g6 +037 (1098%)° 785010 (1037%) 1908+ 121" (1095%)

Fienoade 066" (1112%) 7884027 (1041%) 2091+ 154 (100%)
FBA-nopdle - - haad )
(3‘0%99& 13160507 (1141%) 805+026™ (1123%) 2164092 (1184%)

"Mean = SD with 8 rats per group; °Percent of control values;
*p<0.05; **p<0.01; ***p<0.001; compared with control group.

Groups

+ 1.54, 21.64 £ 0.92 unit/mg protein& 24 =1 E (1743 + 144
unit/mg protein: 100%) ¥} 109.5%, 1200%, 118.4% 24 10~20
%9 Cu, Zn-SOD 849 93¢ $71a37} AFHAG, o
3 d7dFAE AR 59 A2F AR =89487 (19D, ¢
A% 8 F2ES A4 (1993), E -7 71548 89
AEARAT (19978 SFZHY A YXdgds LS ¢+
et

9 A A BYF cytosolHEFY SFEA L HE Ao}
Al (GSHPx) 9] 849 A& vY 34 Fal9 G- v w3}
H9 Fig. 13 2tk Fig. 1914 |9 &% 10%, 20% 2 40% — 7t
0g =4 (10%, 20%, 40% FBA-noodle)?] Tod) ©E cytosol
o] GSHPx 84L& 2455+ 106, 2645+ 127, 2746+ 101 1U/g
protein® 24 WR1E (2005 £ 191 IU/g protein: 100%) th¥|
1224%, 1320%, 137.0% 24 20~40% 9] =} AHA A GSHPx
249 F7HEH7 AHH A,

3. N3N AEdAe b
24020 370 he 23 AET AA 2 vuE g
N4 zEd2d BAE GFE PRAG. BRAN 29

pAd

P 50 .
n .
(1]
T 40
Xe
O = 9
3 30 - e o
oo — = =
o Q. 1
g o 20 J I
R
== 1
"‘-6 = 10
-
2 -
(O] 0 v v r .
Control 10%FBAN 20%FBAN 40%FBAN
Fig. 1. Effects of functional brown algae (FBA)-noodles on

glutathione peroxidase activities in liver cytosol of SD
rats for 4 weeks.
**p<0.01; ***p<0.001; compared with control group.

mitochondria ¥ microsome& ¥ %9 #8tA A (lipid peroxide:
LPO)S &Fd nXE vy I4 Fojo] JFE vude B
Table 49+ 2t} Table 414 P|E9EL 10%, 20% 2 40% — A7t
o) 24 (10%, 20%, 40% FBA-noodie)d) oo wWE mito-
chondria®) LPOY #FE 488 +0.61, 445£057, 455£043
nmol/mg protein® 24 WZI1F (497 £0.59 nmol/mg protein:
100%) thH] 982%, 89.5%, 91.5% 24 10% ®l¥=4 (10% FBA-
noodle) FYIEL §79 LPOY AA JAEZHE AAY +
AAA 20% 2L 40% W D25(20% 2L 40% FBA-noodle) ¥
A28 % 10%9 #93 LPO A JAEH/} 9FHAT

T3 Table 4014 W EED 10%, 20% 2L 40%—F7F 1o =
4 (10%, 20%, 40% FBA-noodle)¥ Flo} @& microsomed]
LPOS #3& 4.16+0.20, 3.89 = 0.32, 3.81 + 023 nmol/mg pro-
tein®2M thZ1F (431027 nmol/mg protein: 100%) tH]
96.5%, 90.3%, 88.4% 24 10% ©|¥=Z4 (10% FBA-noodle) ¥
&L #9792 LPOY A4 JAEHE 94T 4 gAAE, 20
% 2 40% ")9Z4%5 (20% 2L 40% FBA-noodle) FHIF> o
10~12% 9 $94¢ LPO A4 dAEI AFHA ol F
ATFAFE A2 59 AzF 429 =39Aa7 (191), ¢204
ST2EY AL (1993), @ SUA-H7} 7158 S8 4
YEAAT (19979 d7AFs} AY dAge ALS ¢ F
et

Table 4. Effects of functional brown algae (FBA)-noodles on
lipid peroxide (LPO) levels in liver membranes of SD
rats for 4 weeks

Mitochondrial LPO levels

Microsomal LPO levels

Groups (nmol/mg protein) (nmol/mg protei
Control group 497 £ 059 - 431027 -
10% FBA-noodle  488+061  (982%)° 416+£020  (%65%)
0% FBA-noodle  445+057*  (895%)  389+032»*  (%03%)
40% FBA-noodle  455+043*  (915%)  381£023% (884%)

*Mean * SD with 8 rats per group; "Percent of control values;
*p<0.05; **p<0.01; compared with control group.
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A5 E4%48 2 AAELY 44 wAe S W
&7 ¢l8td ujde AZEYE 10%, 20%, 40% -7t ZA T
o2 (10%, 20%, 40% FBA-noodle) & 4F5¢ SDA
Edsle ud349 AL Hrisdh 10%, 20%, 40%
FBA-noodled 918§ 9 mitochondriadl - OH 44L& Wz1
F iy 42 20%, 25%, 35%9 EAF - OH A4 JAEAI}
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X 10%9 0,79 A4 JAEA ARHA
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10%, 20%, 40% FBA-noodle ¥ 1§9 Z}% mitochondrial
Mn-SOD 842 dix=2§ iy 10~15% 9 Mn-SOD 849 5
7HaH7E 949U 4 microsomed] Mn-SOD #4& 10%
9 20% FBA-noodle ¥91§< Mn-SOD 849 {93 Z7}
HETGE 9T & YUATD, 40% FBA-noodle FHIFL 12% 9
93¢ Mn-SOD 84 F71a37 9R3=RSY =8 10%, 20%,
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4e dZ2aF ¥ 10~20%9 Cu, Zn-SOD 49 #9749
F7FET7 AZHA 3 TR cytosoly SFEA L H AT
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e LPO A4 AAER7} A AT
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