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Summary

Desmutagenic and antimicrobial effects of the extracts by different solvents
and different ethanol concentrations from Hizikia fisifporme, Laminaria jponica
and Undaria pinnatifda were investigated.

Desmutagenic effects of the solvent extracts from Hizikia fusifprme were the
higest against methyl methanesulfonate(MMS) in hexane extract and against
2-methoxy-6-chloro-9-(3-(2-chloroethyl)aminopropylamino)acridine (ICR191) in
ethanol extract, but no against sodium azide in all solvent extracts tested.
Desmutagenic effects of the solvent extracts from Undaria pinnatifda and
Laminaria japonica were the higest against ICR191 in ethanol extract, but no
against sodium azide and MMS in all solvent extracts tested.

Desmutagenic effects against MMS and ICR191 of 90% ethanol extracts from
Hizikia fisiprme were up to 70 and 95%, respectively. There was no
desmutagenic effect against sodium azide. Desmutagenic effects against ICR191
of 30~90% ethanol extracts from Laminaria japonica were up to 70%, but
there were no desmutagenic effects against sodium azide and MMS. Especially,
all ethanol extracts showed high desmutagenic effects against ICRI91.
Desmutagenic effects of ethanol extracts from Laminaria jponica against
N-nitrosodimethylamine(NDMA) were higher than from Undaria pinnatifda.
Especially, 70 and 90% ethanol extracts from Laminaria jponica showed 97%
of desmutagenic effects in TA100.

Antimicrobial effect of 70 and 90% ethanol extracts from Hizikia fisifprme
had potent antimicrobial activities against Escheichia coli, and Bacillus subtilis.
Ethanol extracts from Laminaria jponica showed more effective antimicrobial
effects than those from Undaria pinnatifda. Only 50% ethanol extract from
Undaria pinnatifda showed growth inhibition effect against Saccharomyces
cerevisiae. Seventy percent ethanol extract from Laminaria japonica showed
growth inhibition effect against all strains tested, while 90% ethanol extract

showed against E. coli. and B. subtilis
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I. A &

HT 4% qboll o4& APgEol FA Fvhsta glEd, olo) g Yle HAQ
A, AFHVEE, SEA, PAA 2 wlolyA T BE, 53] Q3] AHse
SHEAAM FHlzle oo FAZE RSt T e AA o)t Sugimura, 1982).

AF Foll EAste A5 EH 2= nitrosamine, aflatoxin Bi(AFB)), g4 W
g5 B3, obret AR HE L Maillard W AAHE Fol LA Utk
(Bailey &, 1993). o] fr=&2

g+ dialkylnitrosamine2 7323 @A EBAIZ A EFVIE A3 & A A(mixed

oA} N-nitrosodimethylamine(NDMA)Z& H]&

ofj

function oxidase system: MFO system)ell &&3}:= cytochrome P-4509) a-
hydroxylase®] Z-8] 23] a-g4 929 hydroxyld7} Zeilgn thAld o g 3
Astd F 54, FEA F0 AAAEEQ alkonium o]2202 AHFEo g do
714 "B HGuttenplan, 1984).

FH AAATERH & A5ES BY, FUAFo 5J M HJAE A AL
LY T g AE Fhel B A8L s on], EF o5 ATQN &
Aes AAEL o APARE JsiA G2 YAHL Asste Roz &
A1 At Wattenberg, 1990).

AF Fo EAd= ¢ A BAH EAZE oleic acid, linolic acid, vitamin
C, E, B-carotene, selenium, glutathione, uric acid, ©F}¢] phenol A& o] ¢
A AtHLai F, 1980). AF Fol FHH e FEAMlY EHo] N A7
2= 48§ okale] AF(Kada, 1978: Lai, 1980), 32t9(Kada 5, 1985 Oguni =,

1988), M (8 T, 1987), AbH(™ %, 1990a, b), EAU (o] 5, 1993), =
9] AN} dFHF(Noda 5, 1989), W% =R ok}l @ AZX(Shinchara %,
1914, b), okl F 2 WA(Ueda 5, 1991) o] ot

dAxfe LAANH PPUAE HRY FEAAAM AeHn 7, v,
1Al 5, 1980; FH I KA, 1973 ©l, 1983) ol FAUA EXH o] glolA

_2_



rir
>

HAbAHE-S MAES 28, AR=e oldHfEM BFNEH FEE
A AAaES 1, 1986)7F s, 53 Y 4 ue® R AL AgdE
A dgn ZHl2HEXS A4S (Ayako T, 1992 &, 1986 H T, 1986), &
oM (Ryu %, 1989: Ohkawa %, 1992, 1993) 59 &7t e Hoz <A A
ovl, Mz Fo UFR(HAKELER, 1983 Noda 5, 1989) R AAFA(AAL
EEHE, 1986) Sol= &, FFBPel L E3n AF ol A% A7} 9
7ol A1 itk

gt 2 QATE Ames APAES olgdte] dxAFoz 28 ol8HL A,
ol Aabel @ olef, oAl Xe & R FeEE FE8A] BE
Edwoldel MMS, ICRI9, sodium azide R 722 WyEE2 42l NDMA
of 3 dEAol At P oS TEW FEES FTAJE HAIAT

o

=
e
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AF9 71E, A%, 2] Foll AF AEDY A or AdEes guld &
B8 AE, N-nitrosamine, A £} 7l2Rd FBEL 5AW]E dodl= e
2 9434 dHHodge %, 1972 Nagao$®} Sugimura, 1983).

MMSE tAEA43t glol DNAel A3 #gshs 2dstA2A guanine®] O
Aajol 283t WS Yetdle 232 M(Koch 7, 1994), €r1x84d a9
ol A {8% T3 Salmonella typhimurium TA1003 TA102¢] g <&
A Eddold BAZA &5y Ui Maron®d Ames, 1983: Callais &, 1991
Einisto &, 1991; Fracasso &, 1992).

ICR191-& W3-7]17} DNA®} guanine®] 7-N 9zlo] ZfaA A4S vedl=
acridine =& 2M(Levin 5, 1982b) TZols4d EdWeld AR TFL S
typhimurium TA97¢l Wi AlHold Ed=Z ol&5w lthMaron®} Ames,
1983).

Sodium azidet EREEAE ol&d Sl HAYAAME 842 YA
Za ARt Agolut AlEg ol &7 HAAYAAMT FA4E Uehlle F71A8E =
Aol FUEAZM(Koch 5, 1994), higG46 B F AL £wrsl= Salmonella
typhimurium TA1000] tigt FAdweld EHZ ol&x JH(Maron} Ames,
1983: Crebell %, 1991; Nielson &, 1992; Krivobok &, 1992. Prival &, 1991:
Forster &, 1992).

N-Nitrosamine2 723 WotEA=z A 19563@9] Magee®t Barnesol <34
N-nitrosodimethylamine®] W42 Bug ol B F7F9 N-nitrosamine$
wobAo] 1Fs 1 9lth. N-Nitrosamine2 44 pHelA gol3tAl A4
(Mirvish, 1970), = 434 pH7} AA 9] 4} pH =337 FASIEZ AA] ol
A} N-nitrosamine A4 7bs/ido] vl¢ T3 EJ FAAEIY pHE Zte dV&

o] AFAME 7tdel s A= (Scanlan, 1975), 283t formaldehydeyt ZFuiAld
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22 AEY FuAZE S A FACY AvlA dddME A"
(Oshima®} Kawabata, 1977: Yang %, 1977).

NDMAZE Bl %% dialkylnitrosaminee 7228 WhE A2 A N-nitrosoamide 9}
= @8 f7E 23k A4l &8 cytochrome P-4509] a-hydroxylase®]
2H8-oll oa] a-PA Bz hydroxylstrl Zujgo] dalA o @AsEo] B4
R T AFAER alkonium o] 20w Mol & AoFA Hid),
N-nitrosamine®] a-hydroxylst® hAIE AL vEAzoz Big 3 AT =9
HoldkQl methoniume] -2 &3 (Guttenplan, 1984), guanine® 7-N X =
methyl8} A1 71 AW OP~methylguanines WA A 7 92 DNA d71E xgAa oz
M e dodAl Aok(Pegg, 1983; Tricker®} Preussmann, 1991).

N-Nitrosamine®] A4ddAlo]l dlaiMe e A7rh olFojxa ),
Mirvish -§(1972)2 ascorbic acid7} 4+ &< AeloA w9 &xxHoz YE
285 Asgttir &1, Tannenbaum® Mergens(1980)& d-tocopherole] &
‘3ol Al ascorbic acide} ulwdle] vj$ AHHo 7 UERZIES ANEFT stgon,
Gary <} Dugan(1975)2 tocopherol, ascorbate 2 polyphenol 3t§t2e] Algo =z
N-nitrosamine®] Aol AAHoZ AAMHYTT HHUTh. Kato S(1987)
Maillard ¥H-g- 4/dE<Q] melanoidino] o}d4t9d ¥-3s ¥ N-nitrosamine A4 ]
Aeol Arkil Hiust},

S. typhimurium< ©|&§ Ed¥ol {4 HAL 27 S typhimurium
L'T-2 histidine auxotroph #5-2] dE¢dwio] ML E vy ZAsle SdAuo] §
H3S ARG o, Woldel dg A4S Eolv] Yste B4R Edwo)
(repair deficient mutation) ¥ A XY ZEAWo](cell wall mutation)E T34 1
(Ames &, 1973), ®3 I4+4S Eol7l 9184 R-factor plasmid$! ampicilline
A2t pKMI10L(McCann &, 19753, b)& X¢lA171 TA98 TA100 o %
R-factor plasmidQ] tetracycline #8912 pAQl(Levin 5, 1982a)& S<JA]71
TAL0Z t57F E2Ho] FF 9] Aol ol ggnUrt

ER in vitrodl A AR XREES A ARET fA 2PoE @
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U FYEA S0 A Freol BA4E F EdMolE Yo steA oy
£ F4317] 8, XREE 3+ microsome &A% Al (liver microsome enzyme
complex)?! S-9& ¢ AM8-3t AtHAmes E, 1975 Garner 5, 1972).

8 Salmonella 74w F 1A histidine2 873 e Sddold:s 24 =
dwlo] 9o G-C A7I%E etk &, -C-C-C- 97184 T30 TAL00
(Bames &, 1982), -C-C-C-C-C-C- FZFol5A #F< TA(Levin 5, 1982b),
-C-G-C-G-C-G-C-G- #=xolsA #F<U TAR(Isono %, 1974) 187 BH =
dArio] HHol A-T g71%4S 2= TA102(Levin 5, 1982a)oltl.  ol& S
typhimuriume ©]-8-% Ames AEAS olg-3o HAH st A AL
=dRol oz Yehded, BaE A 85% ol4e] Edwol A
Bh Al 9t (McCann 5, 1975a; Ames, 1979).

AWl FEg oAlEy] S Wyo s dEddo] At T Awr) dy
F3led 211 =, Kada 5(1978)2 obal A¥ F ol tryptophan Q83 A2 3
ge 5dde] BA 842 JdAFe A9l ddn 9o, La $(1980)&
obE B3I} ofMESZ FF3lY Ed¥ol AHE AYPF ZA} 3-methyl-
chlolanthienes} benzo(a)pyrene®] &4o] xj&djxlo] ofafje] AFol FSAWe] &
H7 ALe BHaudtYrh Sato $(1986)-& humic acid”} benzo(a)pyrened 3-
aminoanthracene®] Fd®o] {3 AP} st

#E983) HFLLELEZA HERA Fo @5 T2 wiFAZ FHEol Us
polyphenol 2}3tEo] F¢F AAzgo] QUSS WD, Kada $(1985)e #4919
polyphenol ¥ % catechinfi’} #Eq¥o] A8 & Foko] whag-e oxA|7l
oo stk

Ong &(1986)2 & T& &4y 2l 31 o] U MM HH=H=
=Q¥el BEHAEE S typhimurium TA9SE ol &3l Z22HA 97 J=59
Wol adE AP A3 W% o149 ol Aadrt vk 3. Ueda
(19912 107%2] ofAle} 60% < WAL B2 239 S typhimurium TA9S
< |83t Trp-P-1ol Wi FEQo] AAE AFF A ops)] FZ2Eo] o

tio
L
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A FE2ERYG dEQWe] a3yt Zadvn Bty

d F T P Zte AHIAEAA #AF ATES J2d gx=
By 29 i 444 (Moon T, 1983 Lee 5, 1989), Gt FHolA
2984 (Ahn, 1989), 3 5(1987, 1994), Wiz}t 3H(1990)9] AHMAHFoF Atz A A
ZHRARE ] Aol ARG, o] F(1993)9 EAY FEEY FE Ao
T g RuEe] Ux, 7 F(1993)9] & {4 FEAWe & R &
A A9 &dEA(Noda, 1989), Helser®t Hotchkiss(1994)9] EnlE &5 F
vitamin C$} phenol #¥-2] N-nitroso 31§18 A4 Asfodl #g 27t U 2
2z =3 iz up(1993)9] A FEEC o dEdde] AT, o] F(1993)4
Axsta Aiet ALYFel Fsawol A, I (19939 ZtelAM Eed
4~decanol 9] FEAWo] o] i B E] At

Hx2Fo dFo2 TR e oz EFHA FAA dBHRES o
d A age] de AogE dHA UAtk(Noda F, 1989: Rositto &, 1985).
A2F AR FPAd AP ATFE2 = HE T(1984)9 GAnl § F£FY AZH
Z A Aee 9852 o8 £ Uthe B3, ZahiA 4L dgR £l
Az ZdIto & Sugimura, 1976), ZZF, 227, TZ2F T & &
F(Noda %, 1989), Ryu 5(1986)¢] 3=/ F2E<9] Y=<d¥e] &x, Kim &
(1986)¢] | =F Maillard W& 482 S0l &4 Aol g BuEol
t}.

Ohkawa %(1992)e] 3}, AQA dAlatgl ¥4 dAleklY, 2A)E EE 2
3o £84 FY B4 Yoz FEIL, S typhimurium TA9 dFo &
Aol B2 dinitropyrine(DNP)o]l tid = do] AxE A¥Y A oA
ol B84 P¥E Smg/ml F7181S W DNPY %ol &40l 30%7F H4ast
A3, Aol B84 B8 g 20mg/ml F71EAS @ DNPY S4do] #¢
Aol 85% AU Budn gled, ot AHA At HolHdRE FAHE
Thajole] Bg4 PEo] RasA g AT Uz FAHo AF Fo &4

pok



e Eddelde] a2 Wiyl WEY Folztr RudtETh

Ohkawa (1993)& Azxn|¥, AzxohAnt @ AxRS Ite 6% 27
S T84 289 284 RYor &Y ¥ B84 £8E IdEAR LR
DNP, benzo(a)pyrene, Trp-P-1, Trp-P-2, 2-aminoanthraceneol t3le] 43§t
A3 B& 540 A2 23 A on, ug € dAnte 9o ¢4 W
old EAd dizte] 3 Axe FEAW] A3t Ay RUFAG.

T, AE EAdE FTAEAS AF EE ol&3ua = ATE
LAARE FYHJL FAT olo] g A3Vt LI JP= 1 Y (Beuchat
9} Golden, 1989). ol&ljt HQ T4 EF2A e BH A (Ashtond} Busta, 1968),
f714HCox &, 1974:Yamamoto &, 1984), 447} 12~187H2] A%4H(Neiman,
1985), &A1 8 (Sahika®} Mehmet, 1986) Fo] &alA Uch.

AxF T OBFHEE 1983 Noda 5, 1989, YFA(BALAEENBE,
1986) ol 3@, ¥gEH]l RXEHO SUolA, &, ddEH HAAA 4F9
olg3lzle A7t w3 AP e, ol AN(191a, b)e AF v
o] F4& dAzle AQ FAAHEZ] AN L AF FAAE iy A I
AAEAY] s L 2Ed 73 S4o A AF, ¥ 5(1992a, b)e] FA F
ZFE3 Ax F2E a5 A dF Ruso] U



1. Alg9 =4

o] g3} gAjoks AFAY FEAZANA, B2 BAFE Y AA&AdM 74
] Ax71(40T)ellM 2413 Bt AZAIZ F AARH71(AFA7], KH-20D=
B 432 50 mesh ol AL HEsld &4 A 22 Y

2. Are 2

Alge] &l F22 2o A F7/HF, Ae8(999%, Hayman Ltd, USA),
Aol el 2(99.0%, BDH Ltd., USA), 2 #4H(86%, Fisher Scientific, USA)-& A}
€3, T3 ngs} Aot A FHS, v, vE2(99.9%, Hayman
Ltd, USA) R #2 Ag3ly FEaglon, dvg ¥x¥ $3& 0, 30, 50,
70, 0% AE2E AHE3AT. F, FH0E FRYAHE FAAY FAZY2x
Ao A5 20g3 8v1E Az 500mid Wi 40 Tl 34 D)ol 343
T F23 de Ae FHY 2 ARG F, 4A(Toyo No. 5A)2 Az}
A3t o] AL 0 TA HHIFT FLFF7I2 &4 AdANY F, FFH
T8 A8t 100miZ 391, o] 94& tA] Whatman GF/C o2 3§ ¥
M8 A2 AME-3 T

3. #Eddl A
1) #F sdvod
MMS(Aldrich, US.A), ICRI9I(Sigma, US.A), Sodium azide(Sigma, U.S.A.)
2% NDMA(Wako, Japan)& E& S@wlcldoz Arg3qth.
2) #59 &34
AN@FFE S. typhimurium TA97, TAI00 2 TA102E AH8-3tgov), TAITS

_9_



TZxolEA Wold HAd UHF dFoln TAI0FH TAI02E H7IxE4 o)
9 HAC AP} dF=2M A 71322 histidine 874, deep rough, UV 44,
R-factor 59 #3382 #A §F AETFTZ AMS3IAH ol #F 9 RAYL
Table 1o el AUt

Table 1. Genotypes of the TA strains used for mutagens testing.

TA 97 hisD6610 rf AuvrB +R
TA 100 hisGG46 rfa AurB +R
TA 102 hisG428(pAQ1) rfa + +R

All strains were originally derived from Salmonella typhmurium LT-2.

Wild-type genes are indicated by a +. The deletion(A) through wvrB also
includes the nitrate reductase and biotin(bio) genes. The rfi mutation
eliminates the polysaccharide side chain of the LPS that coats the bacterial
surface,

R = pKMI01;, LPS : lipopolysaccharide.

From Ames et al.(1983).

(1) Histidine® biotin 8734

Alg @59 his” A& A9 wAFo A histidine 8 T74€ YSFLZHA 89
HAd. ABAFE bio FAAE T3 #8FE wrB AL #Fo|7] BE
TA102E AP ZE EF Y TFo <8} 7€tk 01M L-histidine 2
0.5mM bioting 2tzt 0.1m! H7HE vl F7FsIA] 4L HiwhRlo| ztzhe] T
FE& =28 wldW-& @ histidineo] F7tE WiRolMEe {3 histidineo)
71 A gL MiAAME AX3A g 7 A4
(2) Deep rough(rfz) <ol

Deep rough ¥3E& Ad FFEQ crystal violeto]l g FA5AL Al¥et
2 igd AL FF 0.1mist 45TE FA 9 top agar 2miE Al¥ B ¥



402 323 ERR F Nutrient agar plateo] §-0] platedto] & HAT 2 &
o 4 ¥ol A F top agar’t 229 crystal violet 104S A7 6mme BFH
Aol FFANH Hol AFE nutrient agardtol] "Wolmay 37CE 12413 vk
k. Deep rough 82 crystal violete] 4 803 FF71 AE3l7] wEd
disc F9el A3 A Ho] WA= ok H(wild-type) FFE A&l A Qo] vreprh
2] €. Deep rough #F+ & 1dmm A9 M3 Ado] el g2
A3t
(3) uwvrB EQwo)

wrB EQRols ol FFEC] UVel dis] uade JAFgoza HAHY
}. Nutrient agar plate Aol #F& £23l49 33cme A dA 156W M A
T2 8% ZAIL 37T 12~14A13F wjdgtt,  wrB SQAWo] @3 e
plate?] UV H]ZA}L R-RoMgt 44s17] d&e wzA BN 4F3le 7F
§ A3 dd. TAI02E UVel ti@d @Adol gle @Fol7l Mo UVE RA}
&tk plate oA AF3te #F8 A4y
(4) R-factor Qo]

R-factor &5 plasmidZ} F3t B2HAsle £ 0 42 L= 47}
A71 W&ol ampicillin W4 Qze) EAloll st Fr1Ho g HALsAL

Ampicillin WA-E ZA87] A= plate(TA102E ampicillin® tetracycline)
4l histidine 274 #ldl A¥e wye A3 ampicilling FH3E
plate(TA102 ampicillin? tetracycline) gl FFE =232 12~UAF Bt
WG F plate A AFse 2FE ddaigo

3) S-9 A
1 FA3FAre §&

F % ALY REE Maron®d Ames(1983)] hyol wal ozl 200ge] K
Sprague-Dawley rat§ Al8-3l] Fig. 13} o] &3y on RE 2z BgHoz
AA &gl



Sprague-Dawley male rats weighting approximately 200g
3
Administrate injection of 500mg/kg Aroclor-1254 diluted in corn oil to a
concentration of 200mg/ml to each rats days before sacrifice
!
Be given drinking water and food until 12 hrs before sacrifice when the
food(but not the water) is removed

Kill th(le rats by cervical dislocation on the 5th day of induction
Removil of liver from rats

Kill thi rat by cervical dislocation

Place it on its back on an autopsy board

Securelthe feet with fins

Swab :he fur throughly with 70~90% ethanol or tincture of iodine
Cut thrlough the skin using streile pointed scissors or scalpel

Fold bzlzck the skin filps

Pin thelm to the autopsy board to avoid getting fur into the abdominal cavity
Swab :he muscle layer with ethanol

Cut th{ough this layer with a fresh pair of sterile scissors or scalpel

Excise the livers

Fig. 1. Induction of rat liver enzyme.



Place the freshly excised livers in preweighted beakers containing approxi-
matelly Iml of chilled 0.15M KCI per g of wet liver

After weighting, wash the liver several times in fresh, chilled KCl
!
Wash successively in KCl to insure a sterile preparation and to remove
hemoglobin which can inhibit the activity of the cytochrome P-430 enzyme
!
Transfer the washed livers to a beaker containing 3ml/g of 0.15M KCl and
mince with sterile scissors, and homogenize with a Polytron homogenizer

!

Centrifuge the homogenate for 10 min at 9000¢ (g = 1.12 x r x n’ x 107°)
!

Decant the supernatant(the S-9 fraction) and save
!

Determine sterility of the preparation by plating 0.lm/ on minimal agar
containing histidine and biotine
l

Distribute the freshly prepared S-9 fraction in 1~2ml portions in small Nunc
tubei, Freeze quickly in bed of crushed dry ice, and store at -80C

Thaw the frozen S-9 at room temperature and place in a container
!

Make S-9 mix as soon as thawing the S-9
l

Determinine sterility of the S-9 mix by plating 0.5m/ on minimal glucose
agar

Fig. 2. Preparation of S-9 mix from rat liver homogenate.



Table 2. Composition of S-9 mix(rat microsomal enzymes + cofactors)

Ingredient ' ; ~ per 10ml
Mgcl2-KCl salts 0.2ml

0.2M phosphate buffer , pH74 | 5ml
0.1M NADP | 0.4ml

1M glucose~6-phosphate i 0.05ml
Rat liver S-9 1ml

Sterile distilled water i 3.35ml

4) BF Edwol¥d9 dose-response

HZ& =dwold9 dose-responset Maron® Ames(1983)9] X & Huf AR
o] wat S. typhimurium TAY7, TA100 ¥ TAL02E AHE-3td, 2eln ARG
273 NDMAS dose-tesponse Yahagi $(1977)9] dfiulufdyel wat S
tvphimurium TA1003}+ TA102E ©]-8-3t<] Fig. 33 ol AA A

Sterile cap test tube

«————  100ul, Mutagen
«—————— 1004, Ames’ strain TA97, TA100, TA102
- 250ul, S-9 mix
— 0.1M Sodium phosphate buffer
Adjust to total 700ul
N
Shaking incubate at 37C for 30 min
«——— Top agar 2ml held at 45T
Vortex for 3 sec at low speed
{
Pour on to a minimal glucose agar plate
!

Incubate at 37C for 48 hrs

Fig. 3. Procedure for mutagenic test.

_1 4_



5) gEddo] 1A

MMS, ICR191, sodium azide ¥ NDMA®] 93] fFxd Sd¥old g X, 7|
o @ tiAlnte] S 2 g FEY FE2E9 JAAHAE HEIHI] A3Y
S. typhumurium TA97, TA100, TA102 TFE5 ol&3lo] WLE A Wi ol&
F229 g=doe]l a3E AASAL F, 4z 2R vl 23 A|E B
# sddold 1000, FEE 100, 339 Wdd FF(1~2 x 10°) 100WE %
, 0.2M phosphate buffers ¥ ol 70047} == 23 dS(HAIEEE 873
NDMAE 37ColA 20&3F onlufddet), o7]d 45CE F-A | top agar 2ml
& Qo] 3%7 vortex3t1 minimal glucose agar plated] %o T g HAA &

% 37Tl Al 48AI13F wiE3le] revertant colonyS A3l th.
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1) @F

FZ220 A% AZAH ARE HAF}y] A3 thE FF v Y2AH, &
AH EAo] vimA JA3 LA e PIAES FATFE AT & 4
GPE2A 2R AAR Escherichia coli ATCC 8739, 1@%¥4d< Bacillus
subtilis KCTC 1021, AW B2 Saccharomayces cerevisiae ATCC 9763 ¥
AlgF2 AH3H .
2) A

oA E wlge wWiX2E diAF Z$ Luria Bertani ®WiAl, nzx7del B¢
Nutrient broth, %29 79 Yeast-malt WX & 2}2} AHg-3lQet. HAMA &=
ALg Ao HFE 0454me) membrane filter2 «}3lglon, Alg9] pH7F FA
o] Afol vjAe YL HA337] A ALA-6 T FF RA pHE =

3}ATHE, coli, pH 7.5 B. subtilis, pH 6.8, S. cerevisiae, pH 5.4).
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T 359 a4 AL filter disc, vIBFH tAnl 25259 a4 HA
< gxyo g 34

Filter disc'2 stock cultureZ2%-¥ 7} #5 1 W3 olE Hall 5mie] A uf =]
AE 3t 30TNA 24212 T2t Al Fo A e wigR 0.1mlE 244 A=
Azl nAA el freHiE Fd3 =2AZ £ HAE 4B%F AX(6mm
filter paper disc, Whatman No. 2)5 plate ERYd 2a¥2 2} FEFEL 2044
FrAA 24A 7 B uilok(E coli &% B. subtilis, 37C; S. cerevisiae, 28C)%+ ¥
disc 99 AsAL ] AA(mm)E FA3Y qF4 5 daE A2
g3t

g2 stock cultureE 19MFolE 5mie] AA x| HFdl] 1~293 vt
stk AMF viA] 5mIE FRT tubed] FEFE L 37] HlYA 0.1miE 4
Wil 37C(S. cerevisiaew 28TC)olA 24413t WG F FEEUS Y1 wdd
W GRS xdo 2 & 620nmellM &4 FFEE FHdA IFHEAS 4
3o
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1. 8% EdWold9 dose-response

MMS$} sodium azidew= G71X 84 EQWol¥o 2 TAI00 TAI2E o|& &
SaWo] FRA FYNTEAR olg= W, ICRIIIL FZO)FA SdMeld
2.2 TAJTE o83 EdWo] HAA FANEEAZ ol&5T edl(Maron
2 Ames, 1983), ol& EHE YANSEAZ 3o dose-resposeS AP H AF}E
Fig. 4,5 6 & 79 Yttt MMS+= TA1003 TA102901 A 0.9mM/plate S
o3l S W Z+Z} plate?d revertant colony $7F 1,176 2 34500.2 71% =&
Aol F4E UL, o] Huk: 2 FLdAe FAsUen, dose-
response F 4% AL JeERN A GttkFig. 4). 2y TA97d t§ SQdo)
4L g Aoz vegd. ICRINL plated 30uge 5312 o] TA974
Al revertant colony %7} 5039929, plate? 2.0ug ©)3le] ¥E3 BEAFYLS
W= A4AQ dose-response FAH-E JEhUAHFig. 5. 23U TA1003}
TAL0291 M= Sl 8L Holx Yskth  Sodium azide: plate?d 5.0ug2
T39S Wl TAI00NA 103302 71 ¥ EdWol 848 Yehuidde 1
odel FrolMe A HPL HYon, plated 50ug ©lFel FEAHE
ICRI913 np7kx2 A4 AHQ dose-response 4-& el HFig. 6). 28y
TA973 TAI2e14= Ed¥o] B4HE Bolx gtk NDMAYE plated 14uM
2 5439 W TA1003%} TAI0290A revertant colony 47} ztz} 3735 2
43172 713 ¥ E9Rol 84S Jehiod, 14uM o3t M E FE
7t S7 3ol wiEk EQRo]l Ao AMAHo 2 ZFlslAoy 14uM olde] F:
A= Aol Yo FAIUKFig. 7). WA HZF F2 24 o =4
Hol AAAAE 4 HEFE SAMlDE A dose-response FAAo)A HHdHo
2 F7hek=dl, o= @ FxE MHsle EF SAHoUERE AT &,
MMS+= plate® 0.9mM, ICR1912 054g, sodium azidex 5.0ug, 12]31 NDMAE
TuME FEdWl Ad HAA FAANEAR Mdaguh
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Revertants per plate

Revertants per plate
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Fig. 4. Dose-response of MMS for TA100 and TA102
(Spontaneous revertants are substracted).
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Fig. 5. Dose-response of ICR191 for TA97
(Spontaneous revertants are substracted).
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Revertants per plate

Revertants per plate
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Fig. 6. Dose-response of sodium azide for TA100
(Spontaneous revertants are substracted).
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Fig. 7. Dose-response of NDMA for TA100 and TA102
{Spontaneous revertants are substracted).
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1) MMSol dig FEdulol A

Table 32 ¥ &0 F&E0°] MMSe] 93 f=d EdWe] &4 AqAaHE
vetd zlolth. £& B2 FEEY ZJPETAINH TAI20A EF EQH0
49 MMSHET revertant colony & 233 F7l3le A¥S B FEAW
B34S JelhiA sttt

NEe FE2E2 Edoge] Z7)o] wal revertant colony 71 A sA=d, F
£ 52 100u/plate T3-S @ TAI003} TA102o0 A Z+zh 629 57% <] =AA

Table 3. Desmutagenic effects of solvent extracts from dried sargassum
on MMS-induced mutations in Salmonella typhimurium TA100 and
TA102.

Spontaneous . 122+3 283+3

Positive 1176 96 345097
MMS + 10 1351239 (-) 4709+ 280(-)
Distilled water 100 1231+29 (-) 3577+£208(-)
10 768427 (35) 1873+ 12(46)
MMS + Ethanol 100 444185 (62) 1493+2 (57)
MMS + Ethyl 10 803195 (32) 1441  120(58)
ether 100 662148 (44) 1193+ 43 (65)
10 740£197(37) 1480 %215(57)
MMS + n-hexane 100 245+ 44 (79) 99751 (71)

The amonut of MMS used was 0.9mM per plate. The values in parenthese are
the inhibition rate(%).
. __Revertants of positive control — Revertants of sample .
0,
Inhibition rate(%) = Revertants of positive control ~100

MMS ' methyl methanesulfonate.
Spontaneous revertants are subtracted.



o] AAANE JeEHUALh dYdHz FEEE dEE FE2EY sh7ARZ ¥
oFe] wE gAEHrt Jdeidtesd, 100u/plates TS @ TA1004%
TA102001 4 242} 44 2 65%2] Al &S ek it 3288 100u/plate
& FAo39E wf TAI00 2 TALO2eIA z}zb 79, 71%=2 =& A&} E Je
Atk Ohkawa F(1993) HZE FEEE #4844 £Y3 284 4o &
3te] g Aol AdE FEZ A7 S84 oA Aol dinitropyrene
o d3le vj¢ A} Yoty Rustgsd B A ol F A3
Table 4= v]9] &8 FZFF0] MMSel dig &=wWoel axts Yehd A

slt},

an

Table 4. Desmutagenic effects of solvent extracts from dried sea-
mustard on MMS-induced mutations in Salmonella typhimurium TA100

and TA102.

283+3

Spontaneous 122‘*‘ 3
Positive 117696 345097
1 1314+ 146(-) 353223 (-)
N o water 10 119845 () 3307447 (4)
100 116432 (-) 3136+56(9)
1 109763 (7) 321621 (7)
MMS + Ethanol 10 986 +44(16) 2389£52(31)
100 955+16(19) 2182+21(37)
1 1196 £80 (-) 355042 (-)
MMS + Methanol 10 108250 (8) 3268+32 (5)
100 1038+ 27(12) 3004 £32(13)
1 1169%11 () 3554+31 (-)
MMS + n-hexane 10 1151 %22 (-) 3248£ 45 (6)
100 106811 (9) 3094 £46(10)

The amount of MMS used was 0.9mM per plate. The values in parenthese are the
inhibition rate(%).
Inhibition rate(%) =

MMS : methyvl methanesulfonate.
Spontaneous revertants are subtracted.

Revertants of positive control — Revertants of sample %100
Revertants of positive control

_21_



E FE22 TAIONAME A3 axs Jehuld ¥y, =3 TAI02dA =
9% 5w H34E Holn QUL W A A} YU dVE FE2ELS 1004
/plate F3t& W TA1003 TAL024A 24zh 19 € 37% Axo] vjobgh &t
g Holn on, degd A FEE AoiME 100u/plate FIstAe o
& TFel dEt] oF 10%olWe] ¥ JAEAAE Holxr Utk Ryu F(1986)&
19 i FE2 &2 FEAWe] ads JAF 2 74, v, Y
2 FEELS UL 534S Holn ou, ALY A wWolAE A s

FEAWO] AFAE Holn Qled, ole FF Wdl Aoz Azdn
Table 5= ©Alrl & &o] MMSd i3t ssdde] a3E Ueld Roloh

=]

rlo

Table 5. Desmutagenic effects of dried solvent extracts from sea-tangle
on MMS-induced mutations in Salmonella typhimurium TA100 and
TA102.

Positive 117696 3450£97
1 1390£22 (-) 3301+23 (-)
MDl\i’ifm";d wated 10 1198+45 (-) 307247 (4)
100 11099 (6) 3009+27(13)
1 966 +35(19) 342054 (-)
MMS + Ethanol 10 890£27(24) 3251+34 (6)
100 875£10(26) 2967+ 30(14)
1 1274%18 (-) 3H11£68 (-)
MMS + Methanol 10 108161 (R) 3346+17 (-)
100 1077x45 (8) 317011 (8)
1 1219+11 () 337250 (-)
MMS + n-hexane 10 1135+76 (-) 3240£30 (7)
100 1118%+12 (5) 3002+=78(13)

The amount of MMS used was 0.9mM per plate.

inhibition rate(%).

The values in parenthese are the

Inhibition rate(%) = Revertants of positive control — Revertants of sample % 100

MMS : methyl methanesulfonate.
Spontaneous revertants are subtracted.

Revertants of positive control
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T FEFEL 10u/plate T3 RS o TAL008 TAL2 FFoA 24z 6 2 13%

2 5 AdAARE UL, dEE FEES 26 E 14%, WEdH g &

T2 10%olWe] dEd¥o] A4S Bo Myixo2 gAjuty ogg FEELS

gEdo] Al gle o7 wadn

%9 & FEFEL MMSH o3 fxd EA¥MCE AAsle AL
o}

2=
Aou, ol tajnt 2EHEL2 MMS SdRo] 4& dAstA] R3e AL

2) ICRI191 ¥ sodium azideo] i3 = dAwio] a3

Table 6& o9, TdAlek 3 X9 &8 FEEo] ICRI91e] e FEdHol
a3 Jebd Aol

Z godd FE2EL2 Alg %9 F7lol wWalA revertant colony 7 A3}
= 73 dedl ms taloke] B FEFEE 100u/plate FA3AES o
ICR1919] Eo] AL 7tz 58 ¥ 40%3 T dAlste Ze= Jehd wbd, ¥
9 B FEEL 100u/plate FA3AE @l 94%9] E AAEFHAES dehATh
A FEE] A v, dAet 2 & F2ES 242t 100u/plate T8 AS
w 78, 81, 94% =2 7} ES Ed®o] JAFEIAE Jedided, dagd Ht
F2E89 A%, kg dAot e 20~40%2 JAER7E aotR] TX g w
H, 29| odoez @ #A FFEM 2t} 84, 61%] AAEIHE Holx 3]
o olglg ZIAE= Ohkawa 5(1993)0] X FEFo| v|9ga tAn} 588G
F=dMol At Zalths Bugt YAda Yk

Table 72 vjd, tJAln} @ £ FZ 5 o] sodium azideo] g S@Wol JA &
F5 derd Rolth  plde 100W/plates FA3HULT W g FEENA
24%2°] AAEINE JEINO Y, £ e FE2EAAM 26% Ao AAMENE
YetT. dAlnbs &g FEFEA 6% Bxe JAA}E Helu e,
A 509 2L THF, U4 Z22¥X 2 gL gojda $3238ld o5 F

o
tjo
e



25 9] sodium azided] W3 FEdHo] T HE L FEE A 24%2] v
35 HAYT Budy Ut
Table 6. Desmutaagenic effects of different solvent extracts from dried

sea-mustard, sea-tangle and sargassium on ICR 191-induced mutation in
Salmonella typhzmunum TA97.

v , Lo Admount Revertants/Plate
'V::Treatfnent;_s. e : .
PR : }._sea-rrmstard _sea-tangle  sargassum

Spontaneous 139£8
Positive 1193£79
ICR 191 + 1 984+14(18)  1096%9 (8) -
Distilled 10 812+20(32)  910%+35(24)  462+22(61)
water 100 496+7 (58)  713%15(40) 74+23(94)
1 1134%£9  (5)  929+29(22) -
ICREEEI ! 10 684417 (43)  665+36(44)  317+36(73)
ano 100 261+3 (78)  222+8 (81) 7245 (94)
1 1246+122(-)  1145+47 (4) -
ICRMIC%; | 10 B48+32(29)  962+53(19) -
no 100 7173 (40)  842+6 (29) -
ICRIO1 + 10 - - 725+83(39)
Ethyl ether 100 N N 192£35(84)
1 985197 (17)  1171%40 (-) -
'CS_}lfelxa;e 10 945%15(21)  1131%35 (5)  1029+60(14)
100 841%4 (30) M3E17(21)  463+7 (61)

The amount of ICR191 used was 05#¢g per plate. The values in parenthese are the

inhibition rate(%).
Inhibition rate(%) =

3. dge sxd9
1) £ %89 ¥
Table 8& £2] 9

Revertants of positive control —

lﬂ

to il

r.EN

dE
d
5

Revertants of positive control
ICR191; 2-methoxy-6-chloro-9-(3-(2-chloroethyl}aminopropylamino)acridine.
Spontaneous revertants are subtracted.

Aol aH

_\;4,

_.2 4_

Revertants of sample 2100
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Table 7. Desmutagenic effects of different solvent extracts from dried
sea-mustard, sea-tangle and sargassium on sodium azide-induced

mutations in Salmonella typhimurium TA100

Spontaneous
Positive 1033+63
Sodium azide + 1 9308 (10) 1312£27(-) -
Distilled water 10 906 +£50(12) 1198+25(-) 120487 (-)
100 803+45(22) 1024+4 (-) 1096£93 (-)
Sodium azide + 1 9651+24(12) 1128+8 (-) -
Ethanol 10 877111(15) 1101+30(-) 934+ 33(10)
100 790+ 18(24) 9751 15(6) 768£95(26)
Sodium azide + 1 883+45(15) 1075+ 71(-) -
Methanol 10 880+19(15) 1041 +30(-) -
100 872+9 (16) 1030+ 13(-) =
Sodium azide + 10 T - 116915 (-)
Ethyl ether 100 = ~ 964+26 (7)
Sodium azide + 1 904+12(13) 1206+ 47(-) -
n-Hexane 10 8251+14(20) 1088+£22(-) 1122+£23(-)
100 826+ 31(20) 1066+5 (-) 1037 +44(-)

The amount of sodium azide used was 5utg per plate The values in parenthese are

the inhibition rate(%).

. _ _Revertants of positive control — Revertants of sample .
Inhibition rate(%) = Revertants of positive control > 100

Spontaneous revertants are subtracted.

£ olge $59 229 ICRIOI Be $Eddo] &3 B $222 100
u/plate FASHAE W A7 95%9) AN FoiFo] FHU4E BEAWo]
#A7t BobAlE NS BT 30% AV 2FE2L lulplate THHFYL



= FEdHe] AA7E AT 100d/plate FA3HE We dAEHT} 9T%=E =
< #BEddol AVt veidth 0% dEE FEFEAME FoFo] BI4E
revertant colony 47} #4A3dte Aol Yelvtz glon 100w/plate FH3-&
b EdEe] AAANTt %R FEAMo] Axrl FAT 0% gL F&
B2 4%, & lu/plate FAAE 81%9 AAEAE JYehiden 10, 1004
/plate Tl 47t 92, BUE L Mol ARE YU ol
Z3= Ohkawa §(1993)0] & & & 88 +£44 ¥43 284 2goz By
3t} FEAHolE AFT ZAH 284 B ZF gEAWe anrt Ydx
B A AR glen, 3 F(1994)0] WY A e FE5Ee] F=aw
ol Ad%E AP AN FEE L 16mg/plateE FA3IYL W 85%<] s=Ao)
E37F A= Bust ulssAl vebg

% #2849 sodium azideo] @ d=dWo] AxE 0, 30, 50% APgL FE2E
dxe dEdde] ARV o, 70, 0% e FE2EL 27 419 4%=
Thae] gEddoe] A3l AT 4842 Ada A

£ AHAZ Hol X FEE9 7% ICRI910 wa}l FEQAWo] F4o] glon, &
31 70, 90% @S FE2EANM 239 FE2EE ST 7S 80% o4kl &
Eddo]l AFE YeUm YoM, ol FEEL Fo g AgAo o1 A
224 sodium azided] WM &7t Qe Aoz AYAG,

2) "9 289 FEAWo] AH

Table 9& "9 @& FZFEo] MMS, ICRI91 ¥ sodium azideo] Wi§ 3
s AE Yehd Aolth

7 gxol BE 2L 100W/plate FIFHYL T 10% ole] AFE Mo
T slout AAow nld dEg ¥EY F2EEL FAWIUZ A MMSH
Watel A7} g Ro= Az ol AL,

el 289 ICRI916] Hg SQWe] AAaHE dge vE/b Z/tda=
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Table 8. Desmutagenic effects of ethanol extracts from dried sargassum
against MMS-,

ICR191-

and

sodium azide-induced mutations in

Spontaneous

Positive 117696 3450£97 119379 1033+63
1 -1398%10 (-) 3503+50 (-) 1008%8 (16) 105641 (-)

0 10 132617 (=) 3200£130(7)  386+85 (68) 1058+87 (-)
100 1291x12 (-) 3077+52(11) 39%5 (95) 1028%58 (-)

1 1120+48 (5) 3192+25 (5) 1176309 (-) 1139%23 (-)

30 10 1071£38 (9) 3169%23 (8) 357+111(70) 118221 (-)
100 930£21(21) 314229 (9)  36+3 (97) 997*11 (3)

1 1338124 (-) 3747£62 (=) 841%70 (30) 119685 (-)

50 10 1039+25(12) 3726%15 (-) 325%31 (73) 1108%+143(-)
100 884%13(25) 3594*5 (=)  45%4 (96) 992%25 (3)

1 1025%17(13) 2060+44 (40) 214+36 (82) 810+24(22)

70 10 970%31(18) 2004+7 (42) 148%31 (88) 753%91(27)
100 732£25(38) 186444 (46) 39*+2 (97) 614+95(41)

1 750+41(36) 2292+82 (34) 226%50 (81) 815%97(21)

0 10 58519 (50) 2180£74 (37) 195%31 (92) 813£63(21)
100 328+19(72) 867%114(75) 2248 (98) 581%22(44)

The amount of MMS, ICR191, or sodium azide used was 0.9mM, 05ug, or 5Sug per
plate, respctively. The values in parenthese are the inhibition rate(%).
" Revertants of positive control — Revertants of sample
[s) =
Inhibition rate(%) Revertants of posttive control > 100
ICR191, 2-methoxy-6-chloro-9-(3-(2-chloroethyl)aminopropylamino)acridine;MMS,
methyl methanesulfonate.

Spontaneous revertants are subtracted.

olg]g ZAI= Ohkawa 5(1993)9] X £ & 2282 £ B
4 2802 FEdle] FEadolE HFF A B84 BHAA F y=ad
ol A7l ity BuF A Axsa gt



Pl dEe ¥2W $E559 sodium azidedl H§ #SdwWo] AnE 90% o

2 FEEY B¢ 26%9 F59¥o] AAE YT Yo, AwrHoz 9
ol A aIst glojM HAgAo] Qe o2 wudd

G2t ojg ogg 22 ICRI9IY oig JAEFA/ Yot MMSst
sodium azideol W AAAIAE e Aoz AYHD, PrlAFA SAold
Hoe 233 7ol sddoldd U JdAAA7 e Roz2 AhL

Table 9. Desmutagenic effects of ethano! extracts from dried sea-
mustard against MMS-, ICR191- and sodium azide-induced mutations in
Salmonella typhimurium strains

3 283+3 13918 116+5

Spontaneous 1
Positive 117696 3450+97 1193+79 103363
1 1419£26 (-) 4989%187(-) 1111%24 (7) 1058+23 (-)
0 10 1226236 (-) 3950+65 (-) 823+30(31) 104126 (-

)
100 114£57 (=) 3721£33 (-) 614%31(48) 931+24 (9

1 1498+40 (-) 430168 (-) 1071%9 (10) 1027+26 (-)

30 10 141221 (=) 3693+212(-) 596+60(50) 1019+12 (-)
(7
)

100 1092+55 2080+111(13)  501+26(58) 94518 (9)

1 1419+26 (-) 4060%182(-) 1056+12(12) 102423 (-)

50 10 1295298 (-) 4050%68 (-) 616+33(48) 1001+18(-)

100 1072+4 (9) 3716180 (-) 520*19(56) 875%12(15)

1 119525 (-) 4182£220(-) 1027%12(12) 100445 (-)

70 10 1144+34 (-) 4069+212 (-) 554+49(54) 9762 (6)

100 953%61(19) 3089+58 (10) 405+33(66) 923*+18(11)

1 1241+49 (-) 353348 (-) 1036+35(13) 849+23(18)

90 10 1151+49 (-) 3398%£104(-) 557+15(53) 803*19(22)

100 1089+30 (7) 3136209 (9) 359+26(70) 759 20(26)

The amount of MMS, ICR19], or sodium azide used was 0.9mM, 05ug, or Sug per

plate, respctively. The values in parenthese are the inhibition rate(%).

Inhibition rate(96) =—Itevertants of positive control —_Revertants of sample .

ICR191, 2-methoxy-6-chloro-9-(3-(2-chloroethy})aminopropylamino)acridine;MMS,
methyl methanesulfonate.

Spontaneous revertants are subtracted.
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Table 102 tTHA]ete] g2 T FZF 29 MMS, ICRI91 2 sodium azide
o W #FEdRe] axs Jepd otk FEHEZo] MMSl tig FEAo)
A= 20% o]3t2 TA1003% TA10201A Edol AAAHTL YA

tHAlel FZEo] ICRI910] iy FEdde] Axt 10% @ FZE A
49%°] AAEA}E JeA AT, 30% ©]de] e FFEL 70% ol B
FEddo] AUt ARG, oleig A= Ohkawa 5(1992)9] ThAlnl Z{4 F
see T84 283 B84 £gor Ry gsQHes 4% 23 28
A EgoA Eddo] fEAQ dinitripyrined) E@WoldAL AAAGE 1
ek YAl 3k Aotk

tAlal S g-g FEE o] sodium azideol W ESFMo] AAEIE 10% plgte
2 EQde] JAanst gle Aoz dAddn

ot gl g FEET uY 583 oIV ICRIOY WE &
Hol A&7 tettn oy, MMSY sodium azideo] thaiAle &7 A
e Aoz Azed, gAleke] Aex ndn o2 X84 Box ¢
FolgA Qoo Wi adrl B & o2 Azt"ch

i

g

e

4) NDMA dig dEddo] a3

Table 112 NDMAC] di& v]e & tiAjo} olg g W FEE9] Aol
EHE Yeld Aolch

ng & FEEAAM= Fo3Fo] ZIsltial s revertant colony 429 %£3ig 7
25 AT & QoM FEAWe] ARES AAY £ e}, 30, 50, 70 L
N% AgE FEEAMS FAFo] B4 A Pasie FZE Boln
Ak dEE T @& TAI007 TA1029) BACl UolME oJd EFAHQ
ERE ol B 4 At 23 1EEe e g 22 AYSLE,
Fo o] WS4 E plate B revertant colony 47 A Jerda ok

NDMA®] tig thAlol olgg $589 dEddo] a3= 0, 30 ¥ 50% g



g 222dNE 259 7Y dBg FEd e EPHY 3
Hol B 4t YU, vl 22EH Fe gt AvHoz el 28|
uld e Aol A3
= TA100¢)] ti?

]
L
Sul
=
32
£
W
i
L
3
we

Aoz FEdo

Table 10. Desmutagenic effects of ethanol extracts from dried sea—tangle
against MMS-, ICR191- and sodium azide-induced mutations in

Salmonella typhimurium strains

Spontaneous

12243

“130+8

116+2

283‘*‘3
Positive 1176196 3450+97 1193+79 103363
1 133473 (-) 3533+21 (-) 1091%£10(22) 1111+17(-)
0 10 1307+74 (-)  3402+10 (=) 825£20(31) 1049%8 (-)
100 1139+34 (3) 3288%+92 (6) 602%+21(49) 966+11(7)
1 1249£35 (-)  3581%91(-)  943%=18(21) 1161£22(-)
30 10 1183£46 (-) 3460+24(-) 4897 (60) 1100£7 (-)
100 1087£28 (8) 3343+44(-)  327+7 (73)  949+22(8)
1 1175%61 (-) 3567X38 (-) 666%9 (44) 1040%4 (-)
50 10 1157%59 (-) 3502%17 (<)  517£22(57) 1024£17(-)
100 106626 (9) 316126 (8) 314+12(74) 945+29(9)
1 1234%64 (-) 3474%23 (-) 736%8 (38) 1119%33(-)
70 10 1108+10 (6) 318632 (7) 738%+21(38) 1022+41(-)
100 955+49(19) 3003+5 (13) 312+19(74) 1249+24(-)
1 1214%29 (-) 3568%142(-) 766=19(36) 1249+24(-)
920 10 1004£80(15) 3350%69 (-) 1+22(50) 1189£17(-)
100 921+35(22) 3067+49(11) 291+19(76) 1076%3 (-)

The amount of MMS, ICR19], or sodium azide used was 09mM, 0.5¢g, or 5ug per
plate, respctively. The values in parenthese are the inhibition rate(%).

Inhibition rate(%) =

Revertants of positive control — Revertants of sample % 100

methyl methanesulfonate.

Revertants of positive control
ICR191, 2-methoxy-6-chloro-9-(3-(2-chloroethyl)aminopropylamino)acridine;MMS,

Spontaneous revertants are subtracted.
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Table 11. Destimutagenic effects of ethanol extracts from sea-mustard
and sea-tangle on NDMA-induced mutations in Salmonella typhimurium
TAlOO and TA102

Amount of  __ Revertant/plate

. Ethanol

sea—mustard R

cone. (Ay) (ui/biaﬁe) , TAIOO' ' TA102 TAG - TAIZ
Spontaneous 135 267 135 267
Positive 1906 1819 1906 1819

0 1 1275(33) 1763 (3) 1425(25) 1713 (6)

10 1629(15) 1696 (7) 576(70) 630(65)

100 1094(43) 1009(45) 449(75) 436(76)

30 1 1574(17) 1518(17) 1846 (3) 1635(10)

10 1525(20) 1075(41) 1576(17) 1607(12)

100 394(79) 712(63) 996(48) 947(48)

50 1 1209(37) 1509(17) 1558(17) 1413(22)

10 865(55) 1036(43) 1822 (4) 1510(17)

100 685(64) 627(65) 579(70) 518(72)

70 1 1595(16) 1247(31) 40(99) 1842 (=)

10 1009(47) 1377(24) 39(99) 1604(12)

100 475(75) 851(53) 45(97) 151(92)

20 1 1233(35) 1219(33) 43(98) 909(50)

10 716(62) 883(51) 43(98) 1140(37)

100 420(78) 544(70) 48(97) 339(81)

Positive control : 7¢M/plate of NDMA.
The values in parenthese are the inhibition rate(%).
Inhibition rate(%) = Revertants of positive control — Revertants of sample .

Revertants of positive control
NDMA : N-nitrosodimethylamine.
Spontaneous revertants are subtracted.

=100

_31_



4. AL 58 F229 Fdad
1) X dgg sx4¥ F389 F7an

£ g s=E F2E F74E FNF AAE Table 129 2. £9) 0,
30, 50% ANEE FEEELS AT 339 FFo) WM 7L Holx Wk
o, 703 90% FEFEEL E coli®t B subtilisol W3] 3] B subtilisol ol
sted ZF FEAHe BT ok ¥ $(192b)o] A2E o U F&
st Fide AP A% Y T 2EEE ¥ FFAL Uhiddn
B A% AT Uk 53 90% F2EA A discd DHE FFol 0%
FEE vzt o 37t A2 dlE BFEa Ao TR FAAHES Bolm oY
T AoR Hol 0% FEBE FW AL RE 2ol FaHol Ax e
2 39

Table 12. Growth inhibition of ethanol extracts from dried sargassium
against Microbes.

0 0 0 0 1.299
30 0 0 0 1.402
50 0 0 0 1.351
70 10.2 139 0 0.725
0 10.1 135 0 0.275

2) A= " 3 gAvt Jge F2 89 AdFaH

0 g gAlal FEE9] o]fo QUojA AlF o] WEY o Bolsis oA
ol g AL FESI] A 23T B subtilis, 12T E
coli, & JANPER S cerevisiceE A3l tubeRd 2} 22 L 15m S8
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subtilis, pH 68), PIdEL Zzte] HAYY oA widSIQTHE coli, B.
subtilis, 37°C: S. cerevisiae, 30C).

Ul dEE FEEL 50% olg-g& FEZAXM S cerevisiaed] Walad 70.5%2]
Faasts Jdeded, 718t B, subtilis?t E. colid]l W@ FFATNE HE A
o2 veit w oAlel olge 2852 B subtilisol AT 70 2 90%
AGE FEEAM 2tzt 93 D 75.7%, E. colioll A= 70 2 90% ojets 32
=M Ztzh 962 3 87.6%) FFEAS HPth 28T S cerevisigeo] A
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Table 13. Growth inhibition effect of ethanol extracts from dried
sea—mustard and sea-tangle against microbes

- Ethanol nhibition(%)'
ccone. T E ol B sublili . cereuisias
% M. T M M T

0 226 0.0 40.0 226 538 83 783
30 09 8.6 265 235 349 135 927
50 18 0.0 248 270 705 271 9.79
70 106 96.2 40.8 93.0 439 8.3 6.82
90 16.8 876 39.2 75.7 515 74.0 2.34 2.33

n mhibition(90) = (1 — 0. D of growth culture with extract

2 Growth inhibition(%) = (1 O.D of growth culture without extract) 100
Added 1.5ml of each ethanol extracts per tube.
M, sea-mustard: T, sea-tangle
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