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Elucidation of Anti-tumor Initiator and Promoter Derived from
Seaweed-2: Investigation of Seaweed Extracts Suppressing
Mutagenic Activity of PhIP and MelQx

Yeung-Beom PARK, In-Soo KmM*, Sung-Jae YOO, Jong-Khan AHN, Tae-Gee LEE,
Douck-Chon PARK and Seon-Bong KiM
Department of Food Science and Technology, Pukyong National University, Pusan 608-737, Korea

*Department of Food Science and Institute of Marine Industry, Gyeongsang National
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The present study was conducted to prepare seaweed extracts suppressing mutagenic activity of 2-amino-1-methyl-6-
phenylimidazo[4,5-bﬁpyridine (PhIP) and 2-amino-3,8-dimethylimidazol 4,5-fIquinoxaline (MeIQx) derived from cooked
meat products. The tumor initiation activity of PhIP and MelQx was assayed with Ames method using Salmonella
typhimurium TA98 in the presence of S-9 mixtures before and after addition of methanol-solubles of seaweed, such
as, Phaeophyta; Undaria pinnatifida, Ecklonia stolonifera, Ecklonia cava, Laminaria japonica, assum  fulvellum,
Sargassum horneri, Sargassum miyabei, Sargassum thunbergii, Agarum cribrosum and Hizikia fusiformis, Rhodophyta;
Porphyra yezoensis, Grateloupia elliptica, Lomentaria catenata, Plocamium telfairiae and Gracilaria verrucosa,
Chlorophyta; Codium fragile, Enteromorpha compresa and Ulva pertusa. Among seaweed tested, Phacophyta was shown
the higher desmutagenic activity than Rhodophyta and Chlorophyta. E. stolonifera, E. cava and S. miyabei, among
Phaeophyta exerted the stronger desmutagenic activity (above 90%/2mg). The ethyl acetate, diethyl ether and
chloroform extracts except water extracts from E. stolonifera exhibited a high desmutagenic acivity. The ethyl acetate
extract of E. stolonifera which showed highest activity was fractionated with Sephadex LH20 column chromatography
to give active fraction A-7, which showed desmutagenicity of 90%/mg against PhIP and 80%/mg against MeIQx. The
active fraction had the absorbance at 207.7 and 232nm.
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Table 1. Desmutagenic effects of methanol-soluble
fraction obtained from seaweed on the
mutagenicity* of MelQx and PhIP toward
Salmonella  typhimurium TA98 in the
presence of S-9 mixtures

Seaweed Dose  Inhibition (%)

Division Species  (mg/plate) MelQx PhIP
Phaeophyta  Ecklonia cava 1 063 82
2 952 978

Ecklonia stolonifera 1 618 574

2 931 R

Agarum cribrosum 1 416 238

2 819 859

Undaria pinnatifida 1 00 795

2 782 %S5

Laminaria japonica 1 85 868

Japo 2 911 951

Sargassum  thunbergii 1 8B4 3R2

i 2 504 896

Sargassum miyabei 1 414 600

i 2 95 %96

Sargassum homeri 1 122 142

2 46 600

Hizikia fusiformis 1 0 47

2 376 713

Rhodoph: Porph €Z0EnSIS 1 0 268
pe  Foply 5 2 48 552
Pachymeniopsis 1 0 265

eﬂzpt}g: P 2 0 302

Gracilaria verrucosa 1 0 05

2 70253

Lomentaria catenata 1 0 07

2 0 121

Plocamium telfairiae 1 471 300

2 27 707

Choroph: Codium fragile 1 181 666
Py g 2 B3 954
Ulva lactuca 1 0 0

. 2 0 303

*Revertants induced from MelQx (30 ng/plate) and
PhIP (400 ng/plate) as positive control were 1036 and
982, respectively (substracted spontaneous revertants 30
and 34, respectiverly)
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Table 2. Reducing powers of methanol-soluble frac-
tion obtained from seaweed

Seaweed .
— - Reducing power*
Division Species
Phaeophyta Ecklonia cava 271
Ecklonia stolonifera 267
Agarum cribrosum 142
Undaria pinnatifida 0.34
Laminaria japonica 0.22
Sargassum thunbergii 1.04
Sargassum miyabei 0.71
Sargassum horneri 0.3t
Hizikia fusiformis 121
Rhodophyta Porppyra yezoensis 0.21
Pachymeniopsis elliptica 0.07
Gracilaria verrucosa 048
Lomentaria catenata 0.08
Plocamium telfairiae 020
Chlorophyta Codium fragile 021
Ulva lactuca 0.09
Control 0.01

*Reducing power was indicated as changes of absorba-
nce at 700 nm by 2 mg of methanol soluble fraction.
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Table 3. Desmutagenic effects of solvent extracts
fractionated from E. stolonifera on the
mutagenicity* of MelQx and PhIP toward
Salmonella typhimurium TA98 in the
presence of S-9 mixtures

Sol Dose Inhibition (%)
oivent extract (mg/plate) MelQx PhIP
Diethy! ether 0.5 204 756
1.0 87.9 93.7
1.5 923 96.4
Chloroform 0.5 139 73.7
1.0 81.0 95.4
1.5 923 97.5
Ethyl acetate 0.5 353 82.9
1.0 93.6 973
1.5 98.6 100
Water 0.5 0 380
1.0 5.7 54.5
1.5 31.7 66.0

*Revertants induced from MelQx (30 ng/plate) and
PhIP (400 ng/plate) as positive control were 1,094 and
1,281 respectively (substracted spontaneous revertants
35).
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Fig. 1. Sephadex LH-20 chromatogram of ethyl ace-
tate extract of E. stolonifera.
Eluent : CHCL-CH:OH (50/50-0/100, V/V)
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Table 4. Desmutagenic effects of each fraction sepa-
rated from ethyl acetate extract of E. stolo-
nifera on the mutagenicity' of MelQx and
PhIP toward Salmonella typhimurium TA98
in the presence of S-9 mixtures

Fraction Dose Inhibition (%)  Reducing
(mg/plate) MelQx  PhIP  power’
A-1 0.1 ND? 364 ND
0.5 0 61.0 ND
1.0 0 723 0.858
A-2 0.1 ND 204 ND
0.5 0 62.8 ND
1.0 6.3 73.8 0.346
A-3 0.1 ND 10.8 ND
0.5 0 363 ND
1.0 04 54.5 0.279
A-4 0.1 ND 238 ND
0.5 0 511 ND
1.0 28.1 711 0.889
A-5 0.1 ND 24 ND
0.5 25.1 74.0 ND
1.0 61.7 93.4 2.192
A-6 0.1 ND 256 ND
0.5 8.7 455 ND
1.0 242 69.3 1.706
A-7 0.1 ND 49.7 ND
0.5 388 824 ND
1.0 80.5 99.8 2981
A-8 0.1 ND 20.7 ND
0.5 326 66.2 ND
1.0 71.6 96.5 2.865

'Revertants induced from MelQx (30 ng/plate) and
PhIP (400 ng/plate) as positive control were 1427 and
848, respectively (substracted spontaneous revertants 18
and 35, respectively).

*ND ; not determined.

*Reducing power was indicated as changes of absorba-
nce at 700 nm.

PhIPS 7S¢ ¥j&F 94 733¢S Vel 9, methanol
9 " go] L o]Fdo s £&H Fubie HE
A5, A7 2 A8 A Ed el AAETTT Helwth
D, MelQxol th 2 §2 FE o WA IA
E3= PhIPY HEE £ of Muldoz we Aoz
Vel st}

ol EdHIYA AL BEE B4 ¥R
7] sl 3 FEe FIHE AHEW  PhIPH
MelQxol & 2 £% ¥ 1.0 mg/plate®] ST doldd
A JAEZHE AT>AS>A>A4A, A-6>A2>A-1, A3
9 #olgloH, FIH LS ATSAS>A>A6, A4>A]

qA3E dz

28 249 47 585

0

>A2, A-39] &ololA Sl A aA} Hold
FE A #499E& YA

gy H2F F2EY 29H)EN AL (Ta-
ble D #42 (Table 2)0] FRE ZFABAE et
A ggd ARe g8 FA FHo| AYLrE =9
o9 A AT FAFHL YA JAAAE e
S ¢ 4 Atk ojgk #AFA ascorbic acid, carote-
noid, lignin FAH&3, a-tocopherol, BHA, BHT$ 22
Fastad s Jeile 48 29EE9 848 27
of AssAY BF7)de AXW DNA 28-S At
of wolg gAlEle Ao R B3 319 Sephadex LH
20 €% YEX )T Fod A3 EQHoldA dA
245 velle Aoz #5490 (Kada et al, 1984 ;
Shinohara et al, 1988 ; Natake et al., 1989 ; Morita et
al,, 1978 ; Inoue et al. 1981).

B33 g8 A-72 methanol, chloroform ¥ & (7/3/
0.5, vA) & 1542 E 39 silica gel plate (Silica gel 60
F254 precoated)®] spot® 23, 039 R#E 7HAH,
Gibbs reagent ¥5 ¥, ¢RYc}l F71& A FA Z
289 spotE FAFALH, 2077nm B 232 nmol| A
U F594E Yehle Aoz Hof 54 EF=
FRHE o] EHERY FRE HY F9 Uk

(@) [o]3
I =

K-}

ZF F32ES o839 71 AF 79 a4l
£ PhIPY MelQxol thd Ed¥ o4 dAIa
AE MEs] st d7# 23, PhIPS MelQxel
Y3 Edvio] AAREL 22F7 52F ¢ 257
HE S5 53 2xF FoAAde Z2H, 39, o
Aol o wotd| gl 1 &AFHF L4 AG I F
ol F3E diethyl ether, chloroform, ethyl acetate %
F84 YJrog B S W, 784 S AYT
HFA HRAA dAaHI} FeA vdElgE, ethyl
acetate ENA Aatgct. FH 9 ethyl acetate Y&
Sephadex LH20.2 £33l 223 23 G4 E A-
7€ PhIPY W3t 90% /mg ©1/3, MelQxel tidtd&
80%/mge) A AFHE YERAAL, 2077 R 232 nmol A
Fr93E Ve

fr
J

ot ek
N

Al 2

o] ZEL& 19959 % FF4&IFATY FERA o
THld oJgte] AFHALE, o]e] FA=EHYT.



586 %Y - 495 - 444
3 n 2 d°

Arimoto, S., Y. Ohara, T. Namba, T. Negishi and H. Haya-
tsu. 1980. Inhibition of the mutagenicity of amino acid
pyrolysis products by hemin and other biological pyr-
role pigments. Biochemical and Biophysical Research
Communications, 92 (2), 662~668.

Doll, R. and R. Peto. 1981. The causes of cancer: Quantita-
tive estimates of avoidable risks of cancer in the Uni-
ted States today. J. Natl. Cancer Inst., 66, 1191~1308.

Inoue, T., K. Morita and T. Kada. 1981. Purification and
properties of a plant desmuatgenic factor for the muta-
genic principle of tryptophan pyrolysate. Agric. Biol.
Chem,, 45, 345~353.

Ito, N., R. Hasegawa, M. Sano, S. Tamano, H. Esumi, S.
Takayama, and T. Sugimura. 1991. A new colon and
mammary carcinogen in cooked food, 2-amino-1-
methyl-6-phenylimidazo [4,5-b]pyridine (PhIP). Carci-
nogenesis, 12, 1503~1506.

Kada, T., M. Kato, K. Aikawa and S. Kiriyama. 1984. Ad-
sorption of pyrolysate mutagens by vegetable fibers.
Mutation Res., 141, 149~152.

Kim. IS, SB. Kim and Y.H. Park. 1994. Desmutagenic
effects of seaweed and vegetable extracts against muta-
genicity of Maillard reaction products. Bull. Korean
Fish. Soc., 27 (2), 133~139.

Maron, D. M. and B. N. Ames. 1983. Revised methods for
the Salmonella mutagenicity test. Mutation Res., 113,
173~215.

Morita, K., H. Masako and T. Kada. 1978. Studies on natu-
ral desmutagens: screening for vegetable and fruit fac-
tor (s) on the mutagenic priciple of tryptophan pyroly-
sate. Agric. Biol. Chem., 42, 1235~1238,

Natake, M., K. Kanazawa, M. Mizuno, N. Ueno, T. Kobay-
ashi. G. Danno and S. Minamoto. 1989. Herb water-
extracts markedly suppress the mutagenicity of Trp-
P-2. Agric. Biol. Chem., 53, 1423~1425.

Nishiyama, C., T. Nagai and T. Yano. 1991. Adsorption of
mutagens in distilled water by dietary fiber. Agric. Biol.
Chem., 55 (3), 797~802.

L AER

ole7] - el - B

Noda, H., H. Amano, K. Arashima, S. Hashimoto and K.
Nisizawa. 1989. Studies on the antitumour activity of
marine algae. Nippon Suisan Gakkaishi, 55 (7), 1259~
1264.

Ohgaki, H., S. Takayama and T. Sugimura. 1991. Carcino-
genicities of heterocyclic amines in cooked food.
Mutation Res., 259, 399~410.

Oyaizu, M. 1986. Studies on products of browning reaction;
Antioxidative activities of products of browning reac-
tion prepared from glucosamine. J. Japan Nut, 44 (6),
307~318.

Ryu, B.H,, B.H. Chi, D.S. Kim and M.S. Ha. 1986. Desmu-
tagenic effect of extracts obtained from seaweeds. Bull.
Korean Fish. Soc., 19 (5), 502~508.

Shinohara, K., S. Kuroki, M. Miwa, Z. L. Kong and H.
Hosoda. 1988. Antimutagenicity of dialyzates of vege-
tables and fruits. Agric. Biol. Chem., 52, 1369~1375.

Sugimura, T. 1982. Mutagen, carcinogens, and tumor pro-
moters in our daily food. American, Cancer Society.,
49 (10), 1970~1983

Sugimura, T., K. Wakabayashi, M. Nagao and H. Ohgaki.
1989. Heterocyclic amines in cooked food. In Taylor,
S. L. and Scanlan, R. A. (eds), Food Toxicology: A
Perspective on the Relative Risks. Marcel Dekker, New
York, pp. 31~55.

Wakabayashi, K., M. Nagao, H. Esumi and T. Sugimura.
1992. Food-derived mutagens and carcinogens. Cancer
Res. (Suppl.) 52, 2092s~2098s.

Yahagi, T.. Magao, M., Seino, Y., Matsushima, T., Sugi-
mura, T. and Okada, M. 1977. : Mutagenecities of N-
nitrosamines Salmonella. Mutation Res., 48, 121~130.

Yeo, S.G., IS. Kim, CW. Ahn, S.B. Kim and Y.H. Park.
1995. Desmutsgenicity of tea extracts from green tea,
oolong tea and black tea, J. Korean Soc. Food Nutr.,
24 (1), 160~168.

94, 1984 A28 A7, pple. WAL A

1998 394 9¥ A+
19983 7€ 10¥¢ ¥



