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Abstract

The protective effects of ethanol extracts from 5 seaweeds on the mutagenic and cytotoxic damage were
evaluated. They were separately extracted using ethanol from dried samples at room temperature, and freeze—
dried. The inhibition effects on the mutagenicity in Salmonella assay by Ames test and cancer cell inhibitory
effect in HeLa cell, MCF -7 cell and SNU-638 cell by MTT assay were assayed. Seaweed fusiforme, sea tangle
and green laver showed strong inhibitory effect against 2-nitrofluorene, sodium azide- or 2-anthramine-
induced mutagenicities in Salmonella Typhimurium TA 98 and TA 100 at the level of 2.5 mg ethanol extract
per plate. Cancer cell inhibitory effect was shown with all of the seaweed extracts. Green laver, sea mustard,
sea tangle and seaweed fusiforme showed strong cytotoxicity against HeLLa and MCF-7 cells, with inhibiting
by 92~93% and 89~92%, respectively. These data show that 5 seaweeds tested in this study might be potent
functional foods for cancer prevention, and consumption of these seaweeds in adequate amount is recommended.
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forme), T}AvH(sea tangle, laminaria japonica), ¥19 (sea
mustard, Undaria pinnatifida), 7} (laver, Porphyra tenera),
s}l (green laver, Enteromorpha)s ™A FotA| Ao A -
o 3te] AA, 2738l Ad A7A] -20°Col A P55 233}
st
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ARdFF 9 FdHo] $HEA : Salmonella Typhimu-
rium TA 987 TA 100 55 o] &3] FEd el S
ZA43lgdc) A7 A o2 o] 5 HF2) histidine &4, deep
rough(rfa) B¢ o], wrB ¥ o] 9} R factor 59 33
A& g4lslgdth o] 5 FF&= nutrient broth(Difco Co., USA)
o A&, wiekale] deted 1 mLw DMSO 90 uLZ 7}8}o]
WERZE FHo 9 H A2 A (Thermolyne, USA) X
Asl A L2353 Tk Master plateol] #jofd F5F nutri-
ent brothell &3}e] 37°Cell A 2F 14~164] 7k S-qF 2=l
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dium azide phosphatet> ZH-5ol 5o A1&349]c). 7 54
ol fHEEAL 2-AAQ] A4 TA 987 TA 1004 2.5 ug/
plate, 2-NF+ TA 9314 4 ug/plate, sodium azide phos-
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buffer(pH 7.4)E-, 3 Ed ol Y ol+= 05 mLe S9 mixE
7% 3 7} A 4o, 37°C shaking water bath(Vision
Co., KMC-12055W1, Korea)el 4] 303 b olju] s okshs]
o}. 0.5 mM histidine/biotin -§--& 100 mL% 10 mL & 7}§
45°C A =9 top agars 2 mLA 2 A @ el ¥31 327 A&
% minimal glucose agar plated] =23ted Z3v}. Top
agar’} &2 plate® F & ] 37°C 3-&7](Vision scientific
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Hela cells# fukgt Al .4 MCF-7 cell, 44 Z21 SNU-
638 cellol et o & Al E= Ao st o) el st A shsbal
Ao A in vitroZ weks)] & 71L& AFE35li ). Hela cell
I} MCF-7 cell, SNU-638 cell2- Z+7} 5% FBS(fetal bovine
serum, HyClone, USA) ¥ 344 345 371 DMEM
ull ek (HyClone, USA)3} RPMI-1640 uH<k<d (HyClone,
USA)E AH&-31sith.

MTT assay
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o

Zdule] &4 4 AE AR A Az} 453

= A=A ZH7 100%, 94.2%2] A 8 &8 B, o] el Bl s
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Table 1. Effects of ethanol fraction from five seaweeds on indirect mutagenicity mediated by 2-anthramine” in Salmonella
Typhimurium TA 98 and TA 100

Salmonella Typhimurium

Seaweeds (mg/plate) TA 98 TA 100
Revertants/plate Inhibition rate (%) Revertants/plate Inhibition rate (%)
Seaweed fursiforme (.25 1,123+46” 57571283 2,143+38 33.16+£4.11
05 63470 76.38£3.38 1,341+73 60.17+1.62
15 34+4 99.74£0.06 142£5 99.77+0.21
2.5 28+3 99.96£0.20 93*3 100
35 26t4 100 84+3 100
45 22+9 100 64*2 100
Sea tangle 0.25 1,640+31 452+1.42 1,251 £83 3444193
0.5 1,218£25 2955+1.91 1,101+36 42.90+1.60
1.5 515+24 7143+1.41 68256 66.78+5.42
25 303t24 84.05+1.41 336+25 87.81X1.96
35 132£18 94.24+0.99 292132 90.27+2.37
45 607 9850+0.33 223+51 94.11+3.38
Sea mustard 0.25 2867191 0 29457 0
05 2817183 0 286719 0
15 2744185 0 2,844+18 0
25 2,786t 115 0 2,774+29 0
35 2,680+=95 0 2,7718%+30 0
45 2,637£70 0 2,755+40 0
Laver 0.25 3,084£82 0 2,3891+39 0
0.5 3,049+=90 0 2,288+50 0
1.5 3,058 x50 0 2,274+ 46 0
25 3,051 £31 0 2,260*+15 0
35 3,070+38 0 2,218 +20 0
45 3,087 =68 0 2,132%61 2.45*2.19
Green laver 0.25 798 £26 0 788+41 37.16%5.16
0.5 801+13 0 211+1 9551+t1.75
1.5 72628 459%4.02 136£2 100
25 502£18 36.73+3.07 9717 100
35 - - 93£10 100
45 280133 6851364 1092 100

D2 Anthramine: 2.5 ng/plate. 2Values are mean= SE.

TA 98 TA 100
120 120
100 4 — s 2 4 2 100 A
g 80 - :.\; 80 -
k] ©
£ ®
s 7 5 -
3 8
€ 4] < —&— Seaweed fusiforme
- —&— Seaweed fusiforme = 401 —&— Sea tangle
—&— Seatangle —a— Sea mustard
—a— Sea mustard —O— Laver
20 —O— Laver 20 4 —{—~ Green laver
—{— Green laver
—
0 - T T T Q0 +—0—=0C T T T T
o] 1 2 3 4 5 0 1 2 3 4 5
conc. (mg/plate) conc. (mg/plate)

Fig. 1. Antimutagenicity of five seaweeds against the mutagenicity of 2-anthramine in Salmonella Typhimurium TA 98
and Salmonella Typhimurium TA 100.
Each bar represents the mean=* SE.
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Table 2. Effects of ethanol fraction from five seaweeds on direct mutagenicity mediated by 2-nitrofluorene’’ in Salmonelia
Typhimurium TA 98 and sodium azide? in Salmonella Typhimurium TA 100

Salmonella Typhimurium

Seaweeds (mg/plate) TA 98 TA 100
Revertants/plate Inhibition rate (%) Revertants/plate Inhibition rate (%)
Seaweed fursiforme 025 422+ 4% 3355+3.83 1,703 %81 0
05 462£52 27.49£7.64 1,192+244 35.59+9.47
15 219+14 67.24+3.73 459+11 78.82+3.51
2.5 172*15 75.37£2.39 17251 9749421
35 154129 78.44+£4.30 103=39 100
45 125+9 83.22£1.26 96127 100
Sea tangle 0.25 478+12 0 1,293£38 0
0.5 451+13 0 1,153+34 0.82%£5.29
15 403£18 7.68E£8.75 1,120%+63 3.84+7.33
25 3847 13.11£2.85 15£15 100
35 325%5 26.96+3.15 18£12 100
45 31010 30.87£1.32 0 100
Sea mustard 0.25 903+21 0 230476 0
05 769£2 1517275 2,228 £61 0
15 543*8 41.08£1.55 1,998 £83 0.73£3.02
2.5 410£28 56.56+=2.34 2,061 £74 0
35 33010 65.44+1.63 2,092£7 0
45 261113 73241189 1,917+£69 3.87%t2.30
Laver 0.25 810x15 0 2243159 0
05 714%11 1.99x2.61 2279112 0
15 597*+14 18.63+2.381 2,230£27 0
25 471+30 36.56£4.53 2,206 14 0
35 423128 43241496 2,228+ 46 0
45 380+£12 49.68+0.47 1,859+12 2.38£2.90
Green laver 0.25 633*1 0 1,519+34 21.36£2.64
0.5 613£26 0 322154 92.54+3.22
15 281118 53.87£2.74 317 100
2.5 272E24 55.32£4.69 11*1 100
35 180+ 16 71.86+2.64 10+5 100
45 174+ 16 729312.67 112 100

Y2-Nitrofluorene: 4 ug/plate. 2Sodium azide: 2 pg/plate. >Values are mean*SE.

TA 98 TA 100
120 120
—&— Seaweed fusiforme
—8— Seatangle
100 1 | —A— Sea mustard 100 -
—O— Laver
—— Green laver
g g o0
£ £
Ju T
AS _S 601 —&— Seaweed fusiforme
= 3 —a— Sea tangie
= = —a&— Sea mustard
= £ 404 —0O— Laver
—O— Greenlaver
20 1
; . ‘ ‘ 0 = . ‘ =3
0 1 2 3 4 5 0 1 2 3 4 5
cone. (mg/plate) conc. {mg/plate)

Fig. 2. Antimutagenicity of five seaweeds against the mutagenicity of 2-nitrofluorene in Samonella Typhimurium TA 98
and sodium azide in Salmonella Typhimurium TA 100.
Each bar represents the mean*SE.
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8l Undaria pinnatifida®] 44~ 3% &9] 2-acetylaminoflu-
orene(2~-AAF)®} 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]
indole(Trp-P-D2 Fr=d oI )& foxoz A
&3kl 3, ohA vhis Btk Sl A, Wl S o Sl A
o 7% Edwe] Ayl Jehyt$-& R n) Park
(29 HE2FY dHE FEFES o] 43l 7Y A FE

ool EAl dEH 2 ALl FY oluld]
sgEdHe] A3E dolid A A2 F Foll

% 2% FaF uls) Fo % FEAHe]
fop} goo) BEF FAAE A, 24, B3 FelA

I A2} $pdicin Rt o, o) d A9E Yehy =
EA 2+ phenol %%, bromophenol, chlorophyllin, lutein
# o -cryptoxanthin 5-& ¥t Ryu 5-(30) % v, v} Alat,
=9, A7}, g, 2 52 dx FFE°] MelZQ9} aflatoxin
Bld d& £¥44) gEadde] &AL Aoty 213y
o} o]9} e 5T B AT AAE vus] & o, B3
thA|ute) gl 9 gFAW o] T FAR AHE el o

& 472

=2 L.
£3 2337 d¥el vehd Aold oz AW

AME MEAH F3}
HeLa cellel] Higt tA E AR A &3 : 24 si25F 3
QA A AF7d 9k Al EQ Hela cello] W3k oA Z

=
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ZA - olel%

QA QA AF= Table 3% 2t} 257 Awe 2255
BT 50% o] A9 A EHE B} o] F 90% o]At oA
AHE Bl HE2FE F92%), hAvH92%), 719 (93%),
2 (92%)9 3, AL 56% 24 o2 2 Frc) tha e
AAARE Je o 4 2 F dehE 35 o u
FAZ AR QA EE A g, oA nke} vl e
=7} Eolalel wel oA &y} Folg o, £ slg=
250 ng/assay®] EXedA o AAAA £-E Bt 4
HNEF ANDE FE2F T5§9 Fo]o upe} ICx(50% A Al
) bl & AX5A S 49 29 (Table 6), 8|7}
052 mg o2 7V 237} £9t1, 919 (1.06 mg), tHA =H(1.68
mg), %(23.24 mg), Z(23.30 mg) =it}

MCF-7 cellel 9§ Al E AR A 53 59 A
Z3] MCF-7 cellell W& 2} s 257 589 Al A3
Al A= Table 49 3} )25/ &S FFEEY
GA Z FA o g A e &S A B, 50% 0|4k A&
FE Bal dE2Fe F89%), thAwH00%), =19 (92%), 3}
#(91%), H (B0%) 2 BE | Z=F Ne-& FEEdA oA xE
AAAA Z37t e A2 Jepdth 2 2759 5=
off & A& 2 A5 FEIt Fobilel mel A E
ARAAA AH7F st A2 ety ICx 3t viet
e 24 sl =F9) Ax=57Ae(Table 6), 27} 0.64 mg 2 &
7Y AL & 22 Jebga, v, gAlbl £, 71
Z+7F 1.18 mg, 2.12 mg, 3.10 mg, 18.29 mg & 11elytrl

Table 3. Inhibitory effects of ethanol fractions of five seaweeds on HeLa cell growth

Conc. Inhibition rate (%)
(ng/assay) Seaweed fusiforme Sea tangle Sea mustard Laver Green laver
20 6.191260" 2.10+0.71"% 5.29+151 124+174 1.04%+1.31
45 45.72£2.30 10.22+2.49° 33.04+351° 553%1.99° 38.93+4.34™
75 51.30£1.27 27.45£152° 41.17+0.83° 13.34+1.08° 56.09+5.69°
150 91.64+0.71 39.59+5.03° 4850+ 1 47 21.17%£0.99° 91.96+0.31¢
250 91.98+0.11° 49.99+550" 66.30%2.38° 28.21%0.74° ‘90.58+0.81°
500 86.81+0.90° 85.39+0.12° 92.86+0.26° 35531268 80.99+1.21°
1000 78.9411.07° 92.47+0.23° 93.39=0.30° 56.38+1.82° 78.22+1.90°

YValues are mean=SE.

?Values with different letters within a same row are significantly different at p<0.05 by Duncan’s multiple range test.

Not significant.

Table 4. Inhibitory effects of ethanol fractions of five seaweeds on MCF-7 cell growth

Conc. Inhibition rate (96)
(bg/assay) Seaweed fusiforme Sea tangle Sea mustard Laver Green laver
- 20 0.88+152" 267£0.89™ 0.54%0.12 0.38+0.41 355+1.92
45 55.07+2.79% 12.81+£3.02® 20.51£3.31° 740+ 145 2370+5.42°
75 71751 155° 17.68£2.86 34.83+393 16.29+0.45° 45.14+7.10°
150 81.64£0.75° 2452+ 628 62.72+£0.71° 29.92+2.68° 89.85+0.30°
250 88.45+ 1 66° 4058+ 8.76° 62.06%1.45° 35.76+2.42° 90.62+0.37°
500 89.39+0.64° 81.75%0.15" 91.07+0.33° 42.95+0.93 90.41+0.29°
1000 87.93+£1.07° 90.59+0.29° 91.74+0.38° 50.49+ 2,58 87.37+1.28°

YValues are mean®SE.

Dalues with different letters within a same row are significantly different at p<0.05 by Duncan’s multiple range test.

¥Not significant.
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Table 5. Inhibitory effects of ethanol fractions of five seaweeds on SNU-638 cell growth

Conc. Inhibition rate (%)
(hg/assay) Seaweed fusiforme Sea tangle Sea mustard Laver Green laver
20 12.20+2.12Y2 1.10+0.21° 209+0.77° 6.13+£0.66° 2.13+1.40°
15 43.47+164° 5.2610.92° 12.42+0.81° 13.64+2.65° 15.89+3.40°
75 49.78+1.02° 8.72+1.29° 32.13+257° 18.89+1.53° 41.79+3.56°
150 68.50+1.83° 18.8822.80° 54.033.03° 20.51+2.90° 67.44+1.64°
250 75.26 £ 2.77° 39.21+2.05° 56.61+1.66° 29.25+531° 69.20+2.76°
500 75671152 66.52 1 1.40° 69.79+0.38" 40.27+2.04° 74.68L2.87
1000 71.81+0.93" 76.36+2.82° 7257+ 1.61™ 68.21+1.38° 7468 041°

D
Values are mean=® SE.

DValues with different letters within a same row are significantly different at p<0.05 by Duncan’'s multiple range test.

Table 6. ICs values of five seaweeds on HelLa cell, MCF-7 cell and SNU-638 cell growth

HeLa cell MCF-7 cell SNU-638 cell

70% EtOH ext. dry wt 70% EtOH ext. dry wt 70% EtOH ext. dry wt

(mg/assay) (mg) (mg/assay) (mg) (mg/assay) (mg)

Seaweed fusiforme 61.7" 23.24 59.0 3.10 34.4 443
Sea tangle 183.6 1.68 231.1 2.12 353.9 3.24
Sea mustard 1189 1.06 133.2 1.18 207.2 1.84
Laver 1053.3 23.30 826.9 18.29 667.7 14.77
Green laver 60.4 0.52 74.9 0.64 126.1 1.08

b .
Values are mean of triplicate measurements.
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