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Abstract

The extracts of green seaweeds collected
from Jeju Island of Korea were prepared by
methanol and distilled water at a high (70T)
and a room temperature (20T). In this study,
we used comet assay known as a sensitive,
direct and accurate method to measure the
inhibitory activities against H20z—induced
DNA damage in the L5178 mouse T-—cell
lymphoma cell line (L5178Y—R). We showed
that most of the 20T and 70T aqueous
extracts and methanolic extacts have the

suppressive activities on DNA damage in the

49

cell. Especially, the 70T aqueous extract of
Enteromorpha showed the
highest inhibitory activity (approximately
81.18 %). And the 20T and 70T methanolic
extracts of Enteromorpha linza and 20T
methanolic extract indicated 67.15%, 64.65%
and 63.46% of the inhibition activities on
DNA damage, respectively. As the results,
this study indicate that the 20T and 70T

extracts prepared by methanol and aqueous

compressa

from the green seaweeds have the inhibitory
activities against the DNA damage in cell
and can be used as antioxidants for the
inhibition of oxidation. Further studies are
required to measure various antioxidant
abilities using the extracts of the green
active

seaweeds and to investigate the

compounds related to antioxidant effects

from green seaweeds.
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o] HAE d 7sA WA PGP EAA
st @alo] A&FH o7 Folyo we), HEFE
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Table 1. Jeju green seaweeds used in this study.

Scientific name Korean name Collected station
Chaetomorpha linum AdFa R
Codium contractum T34 A&
Codium fragile A zk A
Enteromorpha compressa 2t 5 ) zZ3
Enteromorpha intestinalis A} gt =5
Enteromorpha linza o T zAd
Enteromorpha sp. 2 7 55
Monostroma nitidum A& z3A
Ulva conglobata LRl & )| z3
Ulva pertusa T4 23t Zz3

and Duncan. 1997, Okai et al. 1998). o42E F 9t

Aae QA W 23 9 Ay Y F o et & AFolA = comet assayE o] §31
QARG oll #HAqstn FEL AES 7MY "5 ot A2 84 3ol UAH AE AF A
A EA-o|A T, wrgAo] ui$ F gP4AR A H H52F FEEE5EH DNA &4 A g
g=d YA F S oA g4 VL9 F 4 adE doliuz £33t

FE= dwtlog alkyl radical (LOO-,

superoxide radical (Oz) ¥ hydroxyl radical

(HO) 3 &2 gdz 4 ¥¢ ohye wigtgz As D By

Q) singlet oxygen ('0y), hydrogen peroxide

e

(H202), hypochlorous acid (HOCD, lipid 1. =28
peroxide (LOOH), N—chloramine J¥E&& Ago) A3 =28 20049 29 ~ 49 A}

BT (Yagi, 1987). oleld SYALEE AE o)o) 25 Aoy AAs] A=o)stm
AR AS AT, MERERYC] W3 ganstney SHWel 44 F EF Az
& X3t DNAEYE 2T HuHol  gagec fudste] 230 ojey =280 2
At (Gung et al 2000). @ A7t=] thokgh A3 22 Table 19 A A&}

A

E 33 & 2L A3H AEYAR QA% AE
U DNA &43 42 #do] = Aog gy

[_1gof powdered scaweed |

T ok DNA &4 337 94 42 A7

Hsol JidEe] fed oA AN HUW frenon mHh 10051 MeOH for MM w00

PN A3 N PHoE A2 29T

NE Aol comet assay FS GAHE H7|YFHY e o

(single cell gel electrophoresis)©lt} (Ostling Al exirat Incubazon with 100~ MeOH for 24 b w1 C
and Johanson 1984). o] ¥ & QA9 ol —
ZFQME DNA EZFEE EHY + Ao 4eOH xea [Residue |

£4 A 439 NEWHS Wew &1 APHY e i
o) gy ® okzt A& AH F B A ol
A74E 4L F U §F Y2 FIL A2 o Fig. 1. Scheme for preparations of methanol

I comet assayE ©o|&3tH AbA )z A and aqueous extracts at 20C and 70T
of 2jst DNA &4 3 &4asiAle] a4 S8 44 respectively.
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Table 2. Lot number of extracts from green seaweeds.

Lot number
Scientific name > = 5 5
20ME 70ME 20AE T0AE
Chaetomorpha linum 20M1 70M1 20A1 70A1
Codium contractum 20M2 70M2 20A2 70A2
Codium fragile 20M3 70M3 20A3 70A3
Enteromorpha compressa 20M4 70M4 20A4 70A4
Enteromorpha intestinalis 20M5 70M5 20A5 70A5
Enteromorpha linza 20M6 70M6 20A6 70A6
Enteromorpha sp. 20M7 70M7 20A7 70A7
Monostroma nitidum 20M8 70M8 20A8 70A8
Ulva conglobata 20M9 70M9 20A9 70A9
Ulva pertusa 20M10 70M10 20A10 70A10

2 90ME: methanolic extract at 20T, ® 70ME: methanolic extract at 70T, 9 20AE:
aqueous extract at 20T, 4 70AE: aqueous extract at 70T

2. 3289 &y
£7 A2 =ZHFES FA Zot 1 g€ HT
% 100 ml wlggel 4o 20Tsk 70TAA
247t FQF 223At. 1 F2ES 4% F,
aAze oE LujE FH AW F FHFA SN
& ME2 ALHART, & WM T
2o HEMAA Si9 TUF AN FEFSY
84 222 MZz 7 AHEHARAD(Fie
1). 20T @& wWeas %8S 20ME, 7
0ColA 22 wete #2ES 70ME, 20TelA
Ao 284 %%E 20AE, 70TA ¥ F%
A %2222 70AEzx AP (Table 2).
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3. Comet assayZ ©]&% DNA &4 A€4
]
Alkaline comet assay® Singh (Singh et al.
1988)9) WHe #3, B&stel FAH R
L5178Y-R (L5178 mouse T—cell lymphoma
cell line) M¥E 1 ml 7 4x10'd AEF=
e—tubeoll ¥7Hg ¥, MEZ 100 ug/mlE A28
o] 37TolA 30837 wgatsith wtd AX=
& PBSE AlHsty T, AXE DNAY A3ty AE
122 §587] gdste] 50 uM He0:2 EF3}
1 mle} PBSE Mol 587 45 HlA
oA Zth PBSE AHE 2 AES2 100 ul

[sY)

=y

°] 0.7% low melting point agarose (LMPA)
9} MojA F, 1.0% normal melting point
agarose (NMPA)Z fully frosted slide S
LMPAS A X ¥detde BEF3 cover glass®
go] 4TelAM 1083 Basgd. Gelol 22
% cover glass® AA3 tAl 0.7% LMPA
100 ulZ slide g0l dol=d F, 40% <t
4THA BBAT Gelol 22 A& AT
alkali lysis buffer (2.5 M NaCl, 100 uM
EDTA, 10 mM Tris, 1% sodium
laurylsarcosine)$} 1% triton X—100& 4]
Bl2 cover glassE H7 slideE B7F 4TIA
1412 $2 AXAA FAch ol o, DNAS
double strand’t oA A Hi, unwinding
buffer (300 mM NaOH, 10 mM NazEDTA,
pH 13)¢l slide® HAAA 208 F 4ToAA
unwinding ot ° 3L T3 DNAES
alkali labile sites7t ETUA =i, olRE
25V/300me] Agtel A&  electrophoresis
bufferdld 208 F<¢ A719%F =HAS o #
dej o8] DNAZ} #7Hez &3sHe RE ¥
&7 A8 9 HAANA A7ID9F tankE o
oz RE A A AN ArNGFol B
%, slidex 0.4 M Tris g3 g (pH 7.5l
1084 @7t Axste A3& 33 HE}AL,
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70% cVEANA 58 - NE AN dzy
o] Atk oA AZXH slide:= ML P A
Al71E 20 ul/ml ethidium bromideZ® 45 ulA
Hoja] cover glassE YU}, WY slide:=
¥% ¥9% (LEICA DMLB, Germany) 2.8 o
A5 32, CCD camera (Nikon, Japan)E %
3 B Zbzte] M ¥
comet image analyzing system (Kinetic
Imaging, UK)°o] 2X€ HAFeAtollA 24314
ot M¥2 DNA €4 AEE: MozME o|E
DNA #82 Az (tail length, TL) T= tail
lengtholl taildlel &#¥ DNA%E JF&Z tail
moment (TM) #& F33o Yehgon z}
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AT 7 2709 slideE WS Z+z} 5079 A
X5 B3] Hp0:00 2% DNA &4 9 7 2
2% 9% DNA &4 AdAFEES ey go)
A st ot

DNA damage inhibition activity (%)
=[(A-B)/A] X100

A: DNA tail percentage of H,0.—treated
cells

B: DNA tail percentage of sample—treated
cells

Inhibitory effect of cell damage(%)
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Fig. 2. Inhibitory activity of methanolic extracts
at 20T from green seaweeds (100 ug/
mL) against H20z—induced DNA damage in
L5178YR cell.

20M3 ; Null , 20M5 ; No detected
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€ A7NM §984F F H.007F AXYL
Bt} ME oM A8ta ~EHAE Yoy,
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Hz0:00 o3 91l A3la AEdA Ao A
AT A 5279 7+ 22 E550] DNA &4t
ek A4 €4 aYE JMAE NS PAad By
t}. .
Comet assayv #3207 Exlgk wal 7
olF&EIE whnaAgE AV dao 7z
3t Utk &, DNA €42 & HEE lysisAl
A gt @ F A7YE L 4 2W DNAE
el A27)7h 7—‘"% TF #ozRE Yy o)F
HER &45o Ze2x DNA 7ide] e 2=
4 meNY W 2ol ATk (Kang, 2003).
°|2}# tail movementE Z33l9 AL DNA
damage AAEY AF}E Fig. 2~69] ey
o Fig. 2~5 oA HE 9} go] Mz tha z

2] 52/ F2EE0°) DNA damage ATA
35’.3'—}3 Bid. 5xR/9 BXE 28 F 70T
T84 F%E Enteromorpha compressa’}

7 ¥& 81.18%2 DNA damage® A g4
UetN ATk, =3 Enteromorpha linza= 20T $}
70C HEE FEENM  ZZ 67.15%%
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Fig. 3. Inhibitory activity of methanolic extracts
at 70T from green seaweeds (100 gg/mL)
against H;Oz;—induced DNA
L5178YR cell.

70M1, 70M2, 70M5, 70M7 ; No detected

damage in



Comet AssayS o] &8 A= A4 =2 §F >2E9 AXU DNA &4 A 84 5% 53

8

-]

Inhibitory ettect of cell damage(%)

1,

2041 20A2 20A] 20A4 20AS 20A8 20A7 20A8 20A9 20A10

Fig. 4. Inhibitory activity of aqueous extracts
at 20TC from green seaweeds (100 pg/
mL)against H;0;—induced DNA damage in
L5178YR cell.

20A2 ; Null

64.64%°2) DNA damage A 842 YA
1, 20C de& FEE Ulva pertusac
63.46%2 DNA damage 44 &4& el
t}. Fig. 62 °lgg ARE dwol & & U
bR o2, Fig. 6AE obF Ax sHA &L A
Fo] thgt AV|GF AR ZA MEI}F EAAS
WA RS S & F UM oo vlEe] H:0:
2 AgsiA Hd AE7E TA EAE ol YR
B9 DNAVF &40 &4 meEldy 1 2ol
Hef7t JA S &9 = UATH(Fig. 6B). @
H.0: Az Ae o8 FH 52/ FE2ES
Helstg e wiel DNA &Ato] dA3] Eol=
A7%E B & AAd(Fig. 6C~F). o]g o)
2224 ol&] DNA &4o] A3 29
o7 Yol 52{FE o]t AxE F
= hydrogen peroxideel] &3 4t33a AE
HAZRE AXE R3H & 5+ UE A2 R
Q.

gzFo a3z 2z g AL fucoxathin
9l Chlorophyll® 32 M4, ¢4} phlorotannin,
fucoidan® ¥ o2H, @A Fo] Qo 19
U 2 dF 2% v 98 FFY FEENA
DNA &4 g A 84 azst ggsiA |
B A gy Aol tUd FHE &
At Aoz Alg HY, I 5Z2F FFTE
e 32 4ujg 2EE AU Y, & F
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Fig. 5. Inhibition activity of aqueous extracts
at 70C from green seaweeds (100 gg/mL)
against Hy02—induced DNA damage in
L5178YR cell.
70A10 : Null
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Fig. 6. Photomicrographs of DNA damage and
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migration observed under the extracts of
green seaweeds.

(A) negative control ; (B) only 50 #M H:0:
; (C) 100 ug/ml of methanolic extract at 20T
from Enteromorpha linza + 50 uM H:0; ; (D)
100 ug/ml of methanolic extract at 70T from
Enteromorpha linza + 50 uM Hz02 ; (E) 100
ug/ml of aqueous extract at 20C from Ulva
conglobata + 50 uM H20; ; (F) 100 ug/ml of
aqueous extract at 20T from Enteromorpha
compressa + 50 uM H30;
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