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ABSTRACT

The crude extracts of 53 marine plants were screened for scavenging effects on
superoxide anion and DPPH (1,1-diphenyl-2-picrylhydrazyl) radicals. In our measurement, 4
species of seaweeds and 6 species of salt marsh plants exhibited dose—dependent effect for scavenging
DPPH radical. The methanolic extracts of seaweeds Symphyocladia latiuscula, Gloiopeltis furcata,
Sargassum thunbergii, and Sargassum sp. revealed the inhibition of 85.82%, 82.83%, 74.05%, and
63.99% againt DPPH radical, respectively. Also, among extracts of the salt marsh plants tested, Rosa
rugosa, Artemisia capillaris, Erigeron annus, and Ixeris tamagawaensis showed significant scavenging
effects on DPPH radical in order. However, most of marine plants little exhibited the superoxide (SOD)
dismutase—like ability. The MeOH extracts of seaweeds Gigatina tenella, Colpomenia bullosa, Gloiopeltis
furcata, Halymenia acuminata, Corallina pilulifera, and Gymngongrus flabelliformis, together with the
CH:Cl; extracts of salt marsh plants Rosa rugosa, Lactuca indica, Suaeda Japonica, and Imperata
cylindrica, showed very weak superoxide dismutase—like activities.
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BRI Yol AGHE <9 AR ALgH #tI,
53], opAlol A G fxF FEES AGAY g
d FT, BAHS, 1¥Y AAL 3 A 59 g
T AFY NEAZ ALEEHY FtH(3,4).

3714 AEAY Ba&d Age) FSEUEAE )
b B¥ £ 5201 @ £ AvkE Ao 84 A
2 (ROS; reactive reactive species)™ A|X¥gte] X
AFJASE Fdstn, 71 AFHEN PHY FA3EH
£9°] DNAY RNA @9t zzd) zZg3le] @S
oz 7HA A@E FANGG-7). 23 AL ¥
X8 2E QAEANES AAE o) &3t AFEHA B
83 dUAE BRI FACA gHAA
(superoxide anion, hydrogen peroxide, hydroxyl
radical 9] 3ol ozt ZEHQA A7) Wojr|FE
ZbA i Ak, & E9 superoxide dismutase
(SOD) = superoxide® hydrogen peroxide® A A
2t} hydrogen peroxide® AA3SI= catalase:= U
28 23 peroxisomeolA TPt wEA
catalase= peroxisomal oxidase & Ao <3 FAL
#18HE (peroxide) & AAFE AR ¥AY, 1 F
ol = glutathione peroxidase:= M X Ao} mEEZ
EgoteA) SODel o& AMAY hydrogen peroxide
E AA}= T A20lTH(8). ol ¥ FArE o
AAZd Aokt BE F2 Aoz & &Y oy
Zolt} DNASH A3te AWAELS AAGE 4 &4
(repair enzyme system)&°] Ut} 2|3 o]&A A
AQ EAEL =2 WAEA o =3 WAy Fa
3t AAER ol Aol RE HAFE & Ye dAA
FAZRAEE AUth 53], FAol} Az FRF F
AFRAES HERA Aoy 2 A F7HY ¢ A
g3k &%) Aty <A A(9,10).

2 d7elM e Aol viadl 98 Yy FH-3
A DL F AE AZFY ESF 98 5271 s 5
< AGe] Mgt Y A AES ez $53
I1x AT FAASAE LAY B5FH e DPPH /3
A2 24 843 superoxide aniond A dH=
pyrogallol & ©]8£3 superoxide anion—like
activity® 7438t 53% 9 &Y BE) dF Fars
EH}E HAHAL.
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ZF AEE H52 A4S F ERUZ BHEST 9%
Bagogen, 7 o) U B wIHYUEw

AEFA7edT4 BEAH B@sty ok

22. Ng #83E Hx

AP HZFES AME3]) Ao -25TCY YFx
o BE#SFATUIE siWE FA A2 Fo] WA
acetone} methylene chloride® 1:1 v]&% E%3
o Hz2F7T FEI) AVNEE o] 242 B¢ X
& F AF3At o] AL 23 NHEd JLS oy
< 40T F&4edA AF A FZ7|(EYELA
JAPAN)Z 5%3}9 acetone/methylenechloride %
FE2ES 499, E2 #FAb 9 methanold ¥
°of 99 FTLd P& 23 B9 Az
acetone/methylenechloride %<& 3 methanol %
9 )z FE2E AEE AZsGY

EE ERYES =M AR@B7T) dAzxI}An
F2o HYIEF AEF F FF@ ¥ CHCLY
MeOHEZ a3z Ztzt &35t 479 Alg
50g° CH:Cl:(AeF8 1) 7Isted A&t 24
Al W% Fo oJFbata FAte) thA] CHuCLE 7}
o] 24X F 4F3HAY. agdn ES A}
MeOH (A4 18)€ 7138k 24A% AR F o3

s AL 23 wE AgAAT. Qe 229
CHCl: 320195 MeOH 32 94E 40T F84ko)

A AE 3A ¥ZJ)(EYELA, JAPAN)Z 3% 3
Azs WARASHEA CHxCLY MeOH AEF A}
£33 ot

2.3. DPPH Xt 2iCiZiof ci 3t M 20Es EH(11)
DPPH Al¢}F 2 mgd& XE3] FF3sted EtOH 15 ml
o % £9 1.2 mldl ©A EtOH 3 ml® DMSO
0.5 ml& Eg%d. 183 A E(fc. 100 pg/ml) 50
w Az DPPHE NS Egste] 1087 A2
HEEAIZL ¥ 518 nmolA FFEE £H @ A2
F7reA 2L Uz vndtyd g Uz AAG
AE BEEE ey, 2F9 UV-Vis %
=& 0.94~0.97°) 52 A&t a8ln 33 w
B A 42 A0S 7§ go2 et

EDA (electron donating ability) (%) =[(]Z2F
E - A8 F35)/ dE2FY FFE]1x 100

3

2.4 Superoxide dismutase—like activity =% (12)
SOD fAF 84 £4& Marklund$t Marklund®) %
Hel wekd 2z Al& 0.2 midl tris—HCl buffer (50
mM tris + 10 mM EDTA, pH 8.5 3 mil%
7.2X10—3 M pyrogallol 0.2 mlE 7}tz 25Co)A
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Fig. 1. Autoxidation of pyrogallol in sait marsh plants CH,Cl; extracts
of 1 mg/ml concentrations.

1087 X% £ 1 N HCl 1 mlZ 9gS AAADN
F 420 nmeld FF=E ZA3AS.

3. 33 9 IE
3.1 d& AE F&ES SOD |FAF #H(SOD-like
activity)

gekst 233k QA= hydroxyl radical(OH-) 3
superoxide anion(Oz )& AAF}. AU =
BAEL AMAHoZ AA9 ¥redtY superoxided
UEJE g} o)# § superoxide WAL AR 376
o4 o F

T EFo] AYPHE FF FAHA BE U]HY

79 BAEo] #HUZo] oivzt EAE, fydyz
o] sl Z NSEHAE W [ HAZ A& W9
A7, 2L YoZEo] BERAn Axde)y A
DY wZFoEHN XA FASE o)A ot o]
g3k Absl HARAL oo &4 AR 3ot U3
#@do] gt & ATl AHE-¥ pyrogallold] AFAF
3 o]&4% SOD2 ¥4 xanthine oxiaseol 2%
cytochrome ¢ &gl % AF wyivtFoly ug
g Ao ByEHo 9iti(14).

SOD  (superoxide dismutase)®  AAAelA]
superoxide aniond AAo| #FAEFE Fioln, o}y
o AL E AAWNAN At FolE xIA =

Autoxidation of pyrogallol
(0. D. 420 nm)

Salt marsh plants

Fig. 2. Autooxidation of pyrogallol in salt marsh MeOH extracts of 1 mg/ml

gFol AAFA ok FY3e A2 1~3% FE7}h

HE obF W2 e At
25 2887 g, ddo] Avels <k 2 kg oA
S QA A EF5S MR ARRELS g8 9
%2 superoxide aniond AJAtstA ot AUy diF

superoxided R®HEoldit}h

concentrations.

g2 od dAAS A= E3S 37 98
SOD-like activity2 =489t 4% (Rosa rugosa
(AF3h), indica($ €% 7)), Suaeda
Japonica(AAX), Imperata cylindrica(®)) 2
dichloromethane FZE&3% 15%9 methanol F&&

Lactuca
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Fig. 3. Autoxidation of pyrogallol in seawees MeOH extracts of 1 mg/m! contrations.

A ARE AR G2 diz2Tol vld) vz3 %F
pyrogallol®] A%F Az} ¥HgE AAAFE AL
8 H(Fig. 1, 2). =%, 6F9 8xHF F, E7HH
(Gigatina tenella), 2)E# 712 (Colpomenia bullosa),
B5 71 (Gloiopeltis  furcata), A¥ole]ArE
(Halymenia acuminata), &27&AY3%(Corallina
pilulifera), ¥R (Gymngongrus flabelliformis) 2
methanol F&E&X A8E #H7)slA ¢ dzT
Hla] ¥lw3d oF§ pyrogallol AFFAHE} ¥ESL A A

71+ A& A3} (Fig. 3).

3.2 & M8 &8 DPPH aliCiat &AH &1}
DPPH #dZe digt ARAFTAHS5E 38 A7 3§
33} (Rosa rugosa), AVAB% (Artemisia capillaris), N
3% (Erigeron annus), RE&utH (Ixeris
tamagawaensis), B3 % (Tetragonia tetragonoides)
9] MeOH F&%E°] 100 w/ml(f.c) FEoNN Ztz
87.51%, 88.67%, 78.49%, 69.99%, 58.66%2 AA

Table 1. DPPH radical scavenging effect of salt marsh plants extracts (100 wg/ml)

Plants

MeOH ext. CH2Cls. ext.

Messerschmidia sibirica(S. 2] A %))
Lathyrus japonicus Willdenow(7R &)
Carex scabrifolia(d QALx)

Rosa rugosa(&|e3h)

Lactuca indica Linne(+LE™7])
Limonium tetragonum(ZRA 7 o))
Erigeron annus(Wgx)

Suaeda asparagoides(\}2A)
Suaeda japonica(AdXx)

Ixeris tamagawaensis(\A%v}+9)
Imperata cylindrica(%))
Persicaria lapathifolia(24 Fo}%)
Calystegia soldanella(ZA™| %)
Glehnia littoralis(ZR%3%)
Tetragonia tetragonoides(] 3 x)
Aster spathulifolius(3=)
Salicornia herbacea(€x)
Artemisia capillaris(AH %)
Salsola komarovi5+%4%)
Suaeda maritima(HFVHE)

a —tocopherol
L—ascorbic acid

14.27 10.39
6.30 12.49
10.39 12.49
87.51 7.97
6.72 7.24
16.79 16.16
78.49 29.59
7.56 5.14
7.24 7.35
69.99 9.76
23.29 15.63
7.14 5.46
9.02 11.54
33.68 8.71
58.66 39.87
9.02 6.09
18.39 18.26
88.67 54.67
6.72 8.39
14.57

92.13

96.33
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&2 YecH(Table 1). 284 CH:Cl, #2&8&
100 we/ml(f.c.) =N AFE%(54.67%)9) ANEE
ALJsties A a#rt e Aoz velwt. maA
A 2 El 9% DPPH #dze &4 &a37} vlug
40l & 3}EEe] go] xFgHo Y+ MeOH 2
2ol g% AYe ¢ F AUtk T DPPH Fz9)
ARE s FA3tuAME nEASdE AT FRE
FA" 4 AL phenold T2 FFEE ds)
Oz 277 doid Holgk AAEd. hEFeR AHE
1 L—ascorbic acid(96.33%) Y a
—tocopherol(92.13%) Bt} thh "= gt 7
DPPH &4 &#E 7I1A & #23(87.52%) 9 NEx
(78.49%)2] MeOH F&E& CH:Cl; FEEIA=
2zt 7.97%, 29.59%Z A ©j$ ks DPPH #dzd A
A 4% YeRddY. a8y AME %S MeOH 328
(88.67%)BTH= a4 gAol7)E dHAINE,
CHCl, FE2EJdAME 54.67%2 DPPH #Yze 424
gA4o] #AHdY. 181 H¥ERE MeOH 283
CH:Cl; F&%E°& ZZ 58.66% 39.87%2 H|w3F
%353 DPPH oz 24 #Ao] YUt

33%F =% acetone/methylenechloride(1:1)
#2877 methanol $& &) a4 DPPH #YZ &
A 8L EAAY. 2@BASLT(Symphyociadia
latiuscula) @] acetone/methylenechloride(1:1) &
£ 100 pg/mi(f.c) ) =14 85.82%2 DPPH &
Oz 2AEAHe] AN, methanol FEENAE
56.83%2 2AEAo] vebdt. 18l EFE/HAE
(Gloiopeltis furcata) acetone/methylenechloride(1:1) 3
252 82.83% <Ad Wl methanol FEEL
20.19%9 ©i-¢- oFgt ;YT A FHE BAIFU.
T3 R %o (Sargassum thunbergii)2)
acetone/methylenechloride(1:1) F&E% 100 g
/ml FEA 74.05%2] $4% DPPH @z 2AE
ol #&¥ W methanol FEEIHE 14.2%2 4
AL 2AEFHI g Aoz et 28z 2w
(Sargassum sp.) 8l 7%t methanol F&EA
63.99%9] ¥lZy %I A2A HZH} FRIHUC o
A RFLZE AL4$ L-ascorbic acid(96.64%) 9
AFEGgE oA "X A garsiAQl
BHT(55.08%) % ARtk 2% Aot 1 9 4
g3 AxHF F&EME= DPPH Uz 2A ams}
A9 A ne=w A} (Tablel).
1,1-Diphenyl—2-picrylhydrazyl(DPPH) #oz2&
o] FARE ZHYL FE  phenolic TR
aromatic amine 3}gEo|A Zo] ALEHE= wWio)r},
DPPH alcohol$ 92 518 nmolA Z3% UV FZ=7}
Nem, AN 1A A= vf$ ¢S K Yy
Zdolty. AAFAMZFE AAY hydrogen radical

vho}l phenoxy radical® AAEA §o24 518 nm
X Yetxtd DPPHS 5o]3<Ql &< band7l AlgHA
A €9 7FA1A<Ql DPPHS w8 sz £A19
5o vty PgNoz WA ok o)y
DPPHE dioxane®ly CCL&F &2 v]ZA Lo U
ME 2z, 33k Abg: Hbgo] Uojur|E 3} alcohol
44 YoM vz st sfuk3td DPPHe A
& 929} alcoholZtell =4 Aol FAH7 wEo|gt
(13).

4. 3 E

2 d7NME 2059 444 E9 methanol®
dichloromethane%% &} 33F H2E
acetone/methylenechloride (1:1) %2%% methanol
F2Ed W8 DPPH #dZ 44 4L =33t

3 AR AAE(Artemisia capillaris), 33}
(Rosa rugosa), /W&Z(Erigeron annus), A%yt
(Ixeris tamagawaensis) W& % (Tetragonia
tetragonoides), 9 methanol Z&EA 2z}
88.67%, 87.51%, 78.49%, 69.99%, 58.66%2 7¥
@ DPPH #tz 24 adfg vehiich =@ na

S5 (Symphyocladia latiuscula) &
acetone/methylenechloride(1:1) %&£ (85.82%),
methanol F2£E(56.83%) 7 ESE7M}e
(Gloiopeltis furcata) $% ) %] (Sargassum

thunbergin 8] acetone/methylenechloride(1:1) &
Eo] #Z 82.83%, 74.05%Q1, 2R (Sargassum
sp.) 8 methanol F&E0°) 63.99%Ft}. o)RAL Y=z
TOE A8 HAY AsiAlz 2 g8 o
—tocopherol®#  L-ascorbic acidd 92.13%\.}
96.33%9 AHETE F2 HAoRAT FIHA Fg
Ao AAZAAY. 281 pyrogaliold] AEAMSE
o] &3t superoxide dismutase?] SAIEAY Ao
23 ofg okgt A8 BAT) 4% (Rosa rugosas)
¥3}, Lactuca indica}3E#7), Suaeda japonica3
LES Imperata  cylindrica’™) &) AYAE
dichloromethane  #%E&3% 1539 AN E
methanol #&E 131 6% (Gigatina tenella S7}AF
2, Colpomenia bullosa, &8 712, Gloiopeltis
furcata 25 E7W} e, Halymenia acuminata; X o}g)
ARE, Corallina piluliferaZr&F£A 5%
Gymngongrus flabelliformis: 53 4) &) HNEF
methanol FFEA I SOD #AHEA o] FAHU.
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Table 2. DPPH radical scavenging effects of Seaweed extracts of a 100 gg/mé concentration
(EDA (%))

Seaweeds CH2Clz+Acetone ext. MeOH ext.

£ X & (Green algae)

Codium adhaerens(® 3 2}) 17.27 13.74
Enteromorpha linza(Q3}2)) 19.08 13.97
Ulva pertusa(7% Zv}e)) 19.22 12.08
X5 (Brown aigae)
Sargassum honerii (3 4o] B z}5E) 21.96 18.83
Sargassum confusum(¥%0] A 21.50 5.59
Colpomenia sinuosa(Zd7]%) 21.54 21.12
Colpomenia bullosa(E#H71%) 27.37 20.70
Derbesia marina(d) 24 X o}) 19.56 16.65
Hisikia fuziformis(%) 14.88 17.59
Dictyota dichotoma(1Ev9%) 19.46 16.55
Sagassum thunbergii(A]%-°]) 74.05 14.20
Scytosiphon lomentaria(i12| wi) 17.70 15.18
Sargassum sp.(B.AHH) 12.29 63.99
EX & (Red algae)

Gvmngongrus flabelliformis(%3%) 22.58 19.98
Carpopelitis cornea(¥< #34h) 19.74 16.69
Lomentaria catenata(vtt]Z2E0]) 31.60 17.28
Gelidium amansii(§-%7}A]) 15.76 13.55
Gigatina tenella(E7}AHE]) 52.76 23.33
Gigatina intermedia(*7]E7+AHe]) 17.02 11.65
Lomentaria hakodatensis(}7)v}t] &5 o)) 17.92 11.28
Carpopeitis affinis(7}2H2h) 21.65 12.40
Symphyocladia latiuscula(B.2-$-5) 85.82 56.83
Corallina spp.(AtZ'%) 19.30 18.66
Halymenia acuminata(X5-o}g]A}&E) 16.7 12.39
plocamium telfairiae(F&0)) 31.22 21.75
Gloiopeltis furcata(ZSE7}AH]) 82.83 20.19
Corallina pilulifera(&&F+&A3 %) 20.71 21.85
Chondria crassicaulis(7424) 26.53 24.14
Chondrus ocellatus(R5%) 23.10 22.68
Plocamium telfairiae(FJ &) 28.15 20.67
Pachymeniopsis lanceoiata(7)\ E8}) 23.41 25.39
Porphyra suborbiculata(G-2E7) 16.7 13.03
Grateloupia turuturu(®) &%) 13.45 14.09
L—ascorbic acid 96.64

BHT 55.08
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