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Summary

The study was carried out to investigate the antimutagenic activities
against hexane, chloroform, ethyl acetate and aqueous fractions obtained
from methanol extracted of Hijiki(Hizikia fusiforme) in Ames test.

Antimutagenic effects of methanol extracts of Hijiki(Hizikia fusiforme)
were up to 80%, antimutagenic effects of each fraction obtained from
metanol extracts showed that solvent fractions were higher than aqueous
extracts in the inhibition effects on mutagens in Salmonella typhimurium
TA strains. By increasing amount of sample, it showed higher
antimutagenic activity.

In frameshift mutant, TA97 and TA98, it was found that all samples
show appreciable antimutagenic activities. n-Hexane fraction among
these fractions showed the highrst inhibition rate on the mutagenicities
of ICR191 and NPD. In base substitute mutant, n-hexane fraction
showed high antimutagenic effects against NPD and 4-NQO, too.

Antimutagenic effects based on time showed the higher 3hrs extracts
in ageous fraction. Solvent fraction has only few differences.

Hexane fractions that showed the highest antimutagenic effects are
analyzed by HPLC. Hexane fraction was further fractionated into four
fractions by HPLC. purified RT2.4 contained the highest amount of in
the four compounds of n-hexane fraction which showed high

antimutagenic activity on ICR191, NPD and 4-NQO.



Ao Aol FHAHQQ wdog 97 FANN 42 FAANY 8R1F0]
As gobgon v HFF 7] F(mechanism)& 7HAe RALZ ¢
T gk ol g aQozy FHA, AR A% 8, A%, ¢
FARS B4 2 2F A FAR] e g% EAMERH 89, B
A, e, #F 542 (Aflatoxin By §), £289 #9Y F2 BT
§, ulojH & Fo] B Aoz IHA JUHAHF A, 1996). T2 @
o) BHPL F2 Aol AFFL v FHEANA o A HHAPEeY
zd, AFHAY FoM AA=HE T2 3 dojd 7hsAol wTh v
Foli} Y9 ddATF SHAME A e U F 60%7t ol 2
GAEGT Badta JTHF, 1991).

A4 oo HAE AT B A7V olFdA 1 ey 49 A= AT
B2} go] WA Hagol gAY A4 BAES FieA ¥ F
A Mol AASA a7HR itk 2 Ads FLEAFHE BolEAN RI}E
o] A2 AF F9 FIEAE UF AT B2 #AYol AFHR JvKH
F, 1990). 59 AL AFY 71vd 18 L 84 HES HF $8€
EHoz AR MEHZ AAHon FrIHA AEE 32 JArHHuman,
1993)

HE Fo EAgte wgEe A A K= ERded, A AA
mycotoxin £ 9% A, F WA= 29 AR, 7HE, £ T TS
BRREAE, Al HAe AFHE FEAA A7 A=A o] FAME 4
9 7HE zA T LU EFL =2HE Az 299 s
del 7H ¥V "Ed t€ FoAHR Ak (Sugimura, 1983).

NEF Fole W gN AAE] BAAL Asan, AP TAT
ithe A7 AnEe] RuY o (Hayatsu 5, 1988), A} A Aol &
AAA gANo) §¢ 2% wete) GFH 2AE0] FHINE B
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olgl AL AAYT F YE LAEE WA EAsHL At (Bronzetti,
1994).

AT NEL HEH 4F AAEL tidoR Woldg AANIE AYE
HEAS) FMor} g7 Fod @Y AT AAFHoR i3] o]Fo)
2 QEd, AE74A RiHa de FEGH % ¢ A7 JdAE RY
=8M Ao B-carotene vitamin A, E, C 59 9[El71F(Shinchara &,
1988), 29 catechin(Steele 5, 1985), dietary fiber®(Lai &, 1980),
chlorophyll 2 chlorophyllin $¢ #4&F(Ong %, 1986), %§4E&E9]
tannins# flavonoid(Hayatsu %, 1988) So| £ TAH® ¢z, =3 vtx
9] allicin® W23 #¥% S¥¢EH linoleic aciddl EFo] FEFWe] & &
dgo) v Aoz Ruxy rH(Hayatsu &, 1981; Lim &, 1997).

HEFE Forrlol, FEotrol NG &5 gon, SANE F
T EA8A gv @143 &3 F9 AIAN ARV Bel FRI}n o
A et 7l Ado)l AT 9vh(Lahaye, 1991; Nishimune 5, 1991). ¢l
A2 PR AN Boldie &40 dE) dAdHdo R HELFE T
23 Yot ZE2FAE AZGZHEA £-13 ¥ glucane FHL.2 3=
laminaran® «-1,2 A% fucosed] C-4o) 717} A%¥ fucoidan®] A=
H, o]AL AEFAE & HEHFE o] dF A=A &8 A7)
850 FoHAH, 1999).

ANE2F £ EHizikia fusiorme)d Z2Z2B(Phaeophyta) F-Autake] u}
SREA, £8 YoM e FEI oldddA At gt 2 AFL
M ehe AAAY A Eolrh(x, 1998). 53] AFE AUdAA BEda gl
T HRF 5 AdFe M L FYLEE oEAY A4 FEE

F Jen(FHFAELDAIA, 1996), FAMde JEFFoE Z4FE WX
XRov A= gdFHvt A9 &5 4E8A 2, A, FF5Y F39
2, FY2dHES] 98 W JFA BX F9 aH7 i Ao wHAL, F
2ol BHAE ol & FetgLo] dvtn BuEi Jvi( Cho 7,
1998; 4 F, 1995 Noda %, 1989; 2 &, 1998 ).

-2 =



x9] Foldd dPA AFAA BRauxe AT J3E ded EF
8 fid FEE e AYL o|FAXT glov AR %9
Wold zrgate EF W oid I uES Ao 7 £ 4
TE 2§ WEEE FEF §F FH, hexane, chloroform 2 ethyl acetate
2 oAz 939 Ames AFAE ol&so ®Wold EAA 2-
methoxy-chloro-9-(3-(2-chloroethyl)aminopropylamino)acridineICR-191),
4-nitroquinoline-N-oxide(4-NQO) % 4-nitro—o-phenylenediamine(NPD)¢]
3 FEHE Ed¥oly JAEHE ARt E§ FHo|dAge] 7%
¥ < hexane ¥8EL high performance liquid chromatography(HPLC)Z
e BY% F o] F #Fo] /1 BE R uF SdWe dARAE
Ao Ro FHE gl FHoldd B FIstaA 3o



O. 9434}

1. Salmonella typhimurium LT-2 histidine 8 +F

WetE A Yol B @A Y dTEEFE EQWIE /T
dte B9 oF 83%7F UGERAZ LA $U5(Ames, 1979, Ames}
McCann, 1982; Maron®} Ames, 1983; McCann® Ames %, 1975, McCann
T, 1975), o] WoldEL AAX EQHIE doA d4E FEAIE A
o2 FAHL itlAmes %, 1975). Wolgd9 dote (B AANE
o] 7tx] W Ee ¢l&Hz e, o F Salmonella typhimurium?)
histidine auxotrophE ©¢]-&3% Ames $(1973)9 i L A ol B
2 AEE AAY ¢ de vy e dio s e u glojN e
el E8¥oldY A¥o g8 ol &Hx YrHAmes T, 1975 Committee 17
Appointed Council EMS, 1975; Rinkus$} Legator, 1979).

S. typhimurium<: ©]8-% Wol¥Ad HAAL 27| = S typhimurium LT-2
histidine auxotroph #5¢ HHE@Wo] HILEE v ZH3o SFWo)
FEEE AARALY, Holde] g AEAHE w7 At HEZHA
E A ¥ o|(repair deficient mutation) ¥ A ¥ ¥ EA¥dol(cell wall mutation)
g€ EYUsHil(Ames 5, 1973), E=F ALAHE E°17] 93X R-factor
plasmid9! ampicillin A3z pKM101(McCann %, 1975)€¢ 9243
TA983} TAI00 ZF 9 tetracycline %2 pAQl(Levin %, 1982)& &=
A2 TAL02 FF7t 2 Hol EF W94 AR o) g53 gt

B3, in vitrol A AHHLE ERFTEY AA PAFEH HA 2P
2 8 HPAHEAE] A ol FeEo 458 F EdNolE Yo
7bsAd AFE Wal7] A3, EX/FEES] I microsome A E A liver
microsome enzyme complex)?! S-98 £¢3te] A% 2 AHL3n Qg
(Ames &, 1975).

Ald a5 TAITL S. typhimurium LT-2¢] histidine auxotroph ZelA
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Zo]EA EFdwWo]l FF(frame shift mutant)?l hisD66102 EH#o 2 3o
hisD6610 EdWo] 9o F71H 0.2 6709 cytosined QAAIZ AEZA,
e dig FHAAHES Folvl Hs AEH FAHYAHEL lipopoly-
saccharide’} ¥¥ 222 Zod deep rough(rfa) E9H]9} DNA AA
M Al ~¢l(excision repair system)& ZY3le HFHAAE A9 uveB
deletion E9WelE 714 TAI1537 #Fol| ampicillin #3129 plasmid
pKM 101€& =43t A4S %A dFoltkLevin 5, 1982).

TA982 S. typhimurium 1LT-29 histidine 4 %¥8 74 ' o]F(auxotroph)
% TZ0|¥A (frame shift) Yol ¥ hisD30528& =402 e uvrB AAl
+8g 71 #F<Q TAI15389 ampicillin A #<¢] plasmid pKM1012] =<
22 #ATFAH4E =Y TFo)Y. HisD3052%  histidine dehydrogenaseE
codingd}= hisD Al EAWHC|E Yo AR BHE JLFo|F5AH EY
Wol(frame shift mutation)7} Yol 2o 8719 HEHE -GC- A7 E
€ 7FA 3L H(Isono$}t Yourno, 1974).

TA100 S, typhimurium LT-22 histidine F¥8F4 ®WolF
(auxotroph)% 97128 o] Y(base repair mutant)$] his G46& = HO=Z
&t deep rough(rfa) Q¥ ol9} uvrB deletion E¥o|E 713 TA15359)
ampicillin A%< 29 plasmid pKM 1018 E o2 Z5AL =9 #F3o]
t}. His G462 histidine 4§49 HZ2 A4S codingdte his AR &
AWOlE FEAP2EZHN DNA U714 A(sequence)d] £4A] oFAl & (wild
type)® -CAC-/-CTC- (leucine)®] -GGG-/-CCC-(proline)o.2 A3 = o]
ArHLevin &, 1982).

TA102= @71A84 Ed¥e] FF(base substitution mutant)?] hisG428
& Edo2 3a deep rough(rfa)st plasmid?l pKMI018} pAQI
(tetracycline A &< 2HE& £YF FFo|tHLevin 5, 1982).



2. 4FoNAM 9 EdWolYY EF

AFAA WMol S UEhlE o S3FEEC] #Q1FT Jx, oE ¥
olES A7 &Zr|BAA At RAERY BAANA F2 AL &
3 IvHDoll# Peto, 1981). AF 59 @4A E2& 12 Yol 2F9
7V, AR R zE FA e, A2de $AF ¥ EQez
Gt dEAEE FUMEe FAHAS 4, 1996). AEFYAHU #A
X 2Fe 71F, AFHARAA 22142 Qs Wold A F ;A
ol AFHZ & dEHS & EY olANdH ol wtgow FA
% & nitrosamine¥ (Hotchkiss %, 1981; Hotchkiss, 1988), Z%o]g] & o
2 AANHE aflatoxinf(dh, 1984), A& AE9 719 Eiz AHPE
benzopyrene(Lijinsky, 1991) % A F A& Fizxgoz AAHE
heterocyclic amine(Wakabayashi, 1992) $o] $lt}.

Nitrosamine2 783 w4842 1956d 6] Magee®t Barnesol 284
N-nitrosodimethylamine®] #¢t/do] Bog ola B2 %72 nitosamine?
FgAdol AFHAJY. Nitrosamine®] AL N F9 zxu, 7}, BE 334
ol A o} A3} olFe whgo] oF A9 v Fo EujHE 2o
A o3 FASE ofdidel ATAEAA F 4 WM AF Fo olwlF o} w
&3he A+E dEH JB(CKE, 1990). Nitrosamine® AH4 pHelA 4
A AdE =, Mirvish(1970)= 2 #2 g4 pH”} 349]3, Scanlan
(1983)% olv AAY A pH A3 FASEE QA 9 WA AN
2 7hedol Mg xva dRon, 2F FAHREY pHE ZE gry9
HEFAME 71ge] 93 E, 233 formaldehydett ZHM 2 Ze Zu)
A7 A2 AE T L7tEY FYGME AP E BuEe] I
(Oshima®} Kawabata, 1977; Yang 5, 1987).

FW el A9 nitrosamine®] Ao #EH Rao] m=w 7 oM @
o] 2= AU BAAZ e FAHR Jow(T §, 1999), AX
% FA FARA nitrosamine®) FE(F F, 1999b; £, 1997)% FAAFE



ol A €] nitrosamine®] F&o ¥ ATF(Lim &, 197)8°] Ruxu g4

ZPolo) B80T AAHE aflatoxin® & Aspergillus flavus®t 1 AL
ZE o3 23 PAIEZ AAFE mycotoxin F9 shutelvk(¥h, 1984).
Aflatoxin® 7128 88 FFEEZE AL oA ZAsA T3 By,
B, Gi, GeE°l™ 2 9] My, My, Bg, Gu, parasiticol, aflatoxicol®} GMi &
o] A% ZAc}(Patterson, 1977). 2 FAAE Aflatoxin B2 Heol 4]
9 A3 Aoz, AA WA e EFRLA(mixed function oxidase
system: MFO)ol| 2]8] A& 8l 5ol 2MAAd el AFB;-2,3-epoxide® &
H3 ojAo] A#HAQ #HA(RNA, DNA)oW @Az} A R7l APES
AT =N g Er WHoE MUY T ¥ A UtH(Heathcote %,
1978).

£7F % TEA HEY /1Y, A A4dEHe dEHA Weld EFLS
heterocyclic amine®]t}. Heterocyclic amine® RWHTRE 3l 7] W&
o] DNAY 971% Ael2 710 E0j7F MEEAWIE dove Ao ¢
B4 A tH(Turesky, 1992). Okai 5(1993)2 ¢lr|4te] 71 EsE € 7}
dz8 AFo2HE Tmp-P-1, Trp-P-2, Glu-P-1, Glu-P-2, 1Q, MelQx
9 PhiP 52 FAsFow, Ed¥el AIFANA S typhimurium TA100
RBriE TA9BAA ©] =& Wo|dAdE Bon, die AFAA ¢ 4 W
o] 9 E A2l aflatoxin Bi, 4-NQO, benzol elpyrene BT v Z&3$ wolgA
2 yehlet. 282 imidazoquinoline® imidazoquinoxaline §%A<Q 1Q,
MelQ, MelQxe AaC, MeAaC, PhlP, Trp-P-120} © & do|gdAg
Bdvts BuEo] K (Sugimura ¢ Sato, 1983; Sugimura %, 1988).



3. Ed¥olgY A a3

Nitrosamine®] A4 A g B AF7t o]Fo4Ax Aed, Garys
Dugan(1975)2 tocopherol, ascorbate 3 polyphenol 3}3&& AM&-51d
nitrosamine®] o] AR o2 JAHYIn BRudHvl Kato F(1987)
2 Maillard ¥-& AAE9 melancidin®] ATEAQ o}dAd s 2
nitrosamine A4 HAFol Uy BaEPY, a3 FikTe] 7
nitrosamine>} o}ANH S LA WF AFIE &L o|FAn U
(Hosono, 1990; £, 1997). A T(1999)2 t$ Y dee F2E2ZRE 24
4 29 oldAY 2AFEL Im/me Be FEAME RE £
10% ©14¢ 2AE YR =7t FUMAAN AARE QYT BX
3t91.2.5, Nakamura®t Kawabata(1981)% A4 427 o}91# 9] nitros}
RbeAl 52 EF280] old g JA 28] dew, polyphenole] Z
®F#F< pyrocatechol, pyrogallol, gallic acid¥® nitrosamine 43Ado| =313}
A EHE HolARE catechinl M+ 23l8] £AEINE Holx, flavon,
flavonol- &#E HolX] @k, o] A=A =329l polyphenol 3H5HE
o] 25 ok #9 nitrosamine?] YA hFF EHE Bvim 4t

Shin $(1989)2 ¥ 7o) AFB:#& benzopyrene?) #Hol¥AL AAd:s &
A7t vkl Bag vk oy, o] F(1992)2 A iAo WL F5B
°| AFBioll W3} ¥< WHolgAg Yehdvtn RustPa, o $(1992)L
Y] W& £&EFA aflatoxin Biol Wk ¥l %7 £ phytol
3 methyl 11,14,17-eicosatrienoateE ¥, EA3}HY.L™, Moon S(1996)L
#Z4l9] chloroform #8A aflatoxin Bi® DMABY ths] &wo)ldg 2
= €4 9lE E983x, o] FolA benzoic acid®t 2,4-decadienal®] 7}
E37F wdvia don, ¥ F(1988)2 914} saponin©l aflatoxing] AJ4-&
2471, AAE aflatoxin®] 3] frame-shift mutant$] TA98¢] w3l
saponin®] o] F7HgH] we EdWe|dAe] HAsHUYn RTEYT)
ojf % vlz HEE FEE I & BYE9 aflatoxin Bl g ¥



Eawo] Algo)A chloroforme] 2 EA 74 &37) ggton, A2atE
a#s), GC-MS, NMR, FT-IR& |43t £3, #3€ S3¥EF methyl
linoleate?} T+ FHEHJLH, o] REF2] FEAHo] AAE RAG A
A7) g & AR RuFHHHKim 5, 1991).

£79 714 ZYA APEHE 294 EAQY heterocyclic amined
polyphenol(Fukuhara, 1981), Maillard #+-8 44 E(A T, 1994), & F&&
(2 %, 1998, ¥ T, 1998a; ¥ %, 1998b) Bl o3 HdAEve RiEo
1o Ao]AH<¢ hemicellulose$} lignin®: heterocyclic amine %2 &t
ol IQo whal dde] EFUE gk Buzb vHA, 1997). ¥ B(1999)2
AA FE2A02 FFF AT YA, HA, A FEEO Y ¥
4 4 1Qo) g gA xR/ HH€stgd oyt A dHold EAH A
T Ak FA7MdE & "t didde ZdH#E Busded, F424
gx F&F A F2EQ EAWe JAAH 7ML A FEEE| Wl
B4 AY A3t EQWolg AAEY] Rue Ed¥e] 249 AW
g43 AL AAsie EFR ALE JoE AAHAZIYG 4
B4t

Surono®} Hosono(1996)+ S, typhimurium TABZHH F X% streptomycin
&Y dF<¢ SD510E AME3te AxuAofe] 17]9 & A4 pasteZ
HEe FEFRY Terasidld EQWo] HFU¥E WA on, x| Ao}
9] FAEFS Dadihol A 2 d FAtEo] Terasio]l 98] fFrsle S99
ol A= EAV ANFE R HY. Hosono F(1990)2 A&
Trp-P-1, Trp-P-29] thaiM = FEdde] aH7t dAen, FAFS PR
o9 FATY AxY JFH g E49 A e S AAEA
o}



4. =79 A 1

HZzFe QU okAfFo FHHo Ux BTHR4E uUE Y TR F
o] BFL 4%sA stu, A9, FF4& Fo WE Zd26E9 "B W
AZ A Tol EH7 wWlg g Aol Wi, HIde A=2FY 7
FAEC FYFALo]l UL AFAE AF wIHAR 3e8(Cho T,
1990; Lee %, 1992), o)1= Aol d {7t AF F9 Woldyd 2 FE3A
AN 45 AsA717] dEQ Aez2 91 9l (Hayatsu, 1991).
Aze AR 2L 1Y A AEF 40~65% A=t @EEA
o] 094 3lil(Amano, 1991), °|& ©3E YREL FYAEANE BX
b e 5 T2 oFA HAA vFFoltH(Mackie$t Preston,
1974). o1& AAA dFie AHEEFE0] e Aoz d#A L Je=H,

HE JFF 2 2R FE alginic acid, laminarin, mannitol ¥ fucoidan

%ol 913, 3ZFoE agar-agar, carrageenan, porphyran $°| €& A 9l
= %, 1997). & B3Fe) AF2E FE2A0 0 Holdf9 &3
o #E AFE T, 1997), HolHdFEAY A%EYd G Suznki F,
1993), ¥& carrageenan®] ¥¥PA &M} ZZF fucoidan®] A LEF
(Yamamoto 5, 1981)%} 38 A8 1#&(Church 5, 1989; #H &, 1998),
fucoidan®] 284 EA(F 5, 1995)%°] 3.

o] o #ZFe THH A FIE, KR, FEL & = &
A, terpene F4-& FASE B, dER, A4 @344 128 JIRE B
4, 223 ARE FH AFE Fol FHAo Je EIAE RIHIT
No.w(#%, 1979) sz FFEHA e G2A%) MsFAM T271 &3
A AL B 83§ Eoly, o] bromophenolFr F2 EZF M 09FEe] ¥
7, 345U} (Mautner ¥ 1953).

¥ 5(1998)2 &7 4F9 FVERYH $2% €043 phenol &
&, bromophenol, chlorophyll ¥ 2 R %3], carotenoid A% % lutein ¥

a —cryp-toxanthin®] PhIP 2 MelQxol t)ste] WolflA oA zgo] gt}

_10_



i1 B3adck Cho $(1990)2 Z% sz Wad F3E0] AmesA A
A g #o] F71gl wat aflatoxin BiZ MNNGO €3 f=€ Wold4d %
Az FHo AAEAI} Yt HAT EF oA dTFAES &3 3
% A53E 50 Hoa EHEe] Ho 9E FYI} sarcoma-180ME ] F
Ae Asgvte BaHded, o] EEEY F FAHLLE dRFolL, ©
FFoA FAY FAHAEEL #F glycuronoglycanol At Rt
(Okai 5, 1993; Yamamoto %, 1981, Yamamoto®} Maruyama, 1985). 7|4
EAGAA FE2F LUA] A3t dAE FHE A, E=F FRo|
A7) e 237k ItH(Cho &, 1998). &4 2 A F 9 HAA 4
ol f & FAEL uronic acid (manuronic acid®} guluronic acid)eliz, ¥
g3 e AL Zon, 74 FEAWoUAdn FIgde
homopolymer 1—4  linked 8 -D-manuronic  acid(MM-block) %} a
-L-guluronic acid (GG- block)®] #Ad] &@# rHFujihara®t Nagumo,
1993).

5. X9 A9 JAaH

% (Hijikia fusiforme)& 2z E(Phaephyta)?l Z2Adzte] vt B2 A4
HEAE A2 Bz AYe, 7 454013 13 -3 @R L=
YA 7F ZEtAl = A2 FolvtH(E, 1988; T ol A M) A o ¥ AL A, 1983).

2 AFE detdA A& de A2F F ANF0996Q 71E, 857
€)o] 71 w2 $EIIAEIY A AFE ojE&A Y L5499 FFTE o]F
I JYeHF PFAERALE, 1996). £ 713 F ZeS GFEFEn 9l
i, Aol df 53 44E OF §HI Ae AZRe JFo2XM, o
ARE AL, 85 FH26E Astadt, Fuy &3 ¢St e
T A9 dMaSs EAn Yok EF 715 829 fucoidano] thF
HEe A, ddol EF WY7IF FUMAE, s FLe] de AL
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2 paEa el (= T, 1997, 2, 1997).

Eo} gt atHolgAdd dE AFZE KJIF #K1993)9 #AF AHEF
o] WolgdA A Aol tha) A7 wio Y E2F F R EE
Ay BEAJE o] WMol EAQ 2-aminoanthracene, DNP, Trp-P-1,
Trp-P-2 Sl W3 il g A7sd d5Ednd E44EHE0
o B o994 Yl ol Y JEHfd 4@ ERd A
olg} AT £ 7 F(1998)2 Lvld] }E F FEE9 FWolUA
& 478 Cho F(1998)& % WS FEEo| Wojdd EZQ
aflatoxin Bi® MNNGe| sy Eddo| JA&#HE Holn, FAEN A
ANE F4 ARHBE Rud olddx & o/ &% 17 BYHF
Mol B QTN £ FEAES BAdHo2 &80 A%t &uid
2 Ao FE3te YA AN FRALY, Y8 A, ¥T Y
4 B2 502 A¥T F9 7ivHE FAY RAE T, 197 A F,
1996), ¥ 45528259 % €9 ¥¢n4yd dIid ¢ d7H
%, 1998)7} 31t} Ryu F(1989)2 %¢ 4 &S 100mg/kg/day®] & 10
U T3 9 566%9 FTF AAAANEE RUH FAL, Lee F
(1992)2 Sarcoma-180 M E& o]A% VFHY n¥Y JAFE AAs= A
g B33
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m. As 2 3y

1. 4848

B2 AT 99 Av28 oE&AdA AZxE AL FYdo +EE
2 2~33] Mol 4EH} E£EZ AANI, 60CAHA E€F AZAN v+
ANEHI7Z FH5d 258 AER L

2. A8 F=

B8 2% lke) methanol 32 & 718t 45CAA 742 3A1 3+ 1243
¢ FEI}AGY AL A, FHINA WEEE AAR}L, FHFE oY
NA SAAZGY, FAAZE £9d & 7Hsld §8A17)3, U
FALEE FAo] ¥ #7419 hexane, chloroform, ethyl acetate® 7}3}
o gaAder ZYRAHFig 1). °J& £ARYEEL 7Y 58 F
dimethylsulfoxide(DMSO)E  100m{ #8-3ld FHoldA Algo] AL
22

-13 -



Dried Hizikia fusiforme (1kg)
|*-methanol 3¢
Extraction

(water bath 45T, 3hrs and 12hrs)

Concentration under a vaccum rotary evaporator

freeze drying

‘iﬁddition of water and then centrifugation

Residue

-

Residue

Residue

Fig. 1. Scheme for fractionation of methanol extracts of Hijiki(Hizikia fusiforme).
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3. ¥dolugde A

1) EEEddolyd

g2 dolg EAL 4-nitroquinoline- N-oxide(4-NQO, AldrichA}b), 4-
nitro-o-phenylenediamine(NPD,  AldrichA}), 2-methoxy—chloro-9-(3-(2-
chloroethyl)aminopropylamino)acridine(ICR191, Sigmarh)& A}-8-3F % ot

2) ARTF
B A7e 937 oo 435 ALFFE AgHAL. NPTFE
S. typhimurium LT-29 histidine 9% 874 Wo]F(auxotroph)dl TA97,
TA98, TA100 R TA102& AHg3gem, 4P A" ARFF /A
A F244L Table 1% 2t}
Table 1. Genotype of the S. typhimurium TA strains used for mutagens
testing

TA97 hisD6610 rfa AuvrB +R
TA98 hisD3052 fa AuvrB +R
TA100 hisG46 rfa AuvrB +R
TA102 hisG428(pAQ1) rfa + +R

All strains were originally derived from S. fyphimurium LT-2. Wild-type genes are
indicated by a +. The deletion(A) through uvrB also includes the nitrate reductase and
biotin(bio) genes. The rfa mutation eliminate the peolysaccharide side chain of the LPS
that coats the bacterial surface. from Ames et al(1983),

3) #59 ¥4

_15_



(1) Histidine3} biotin & 74

HAATFE9 histidines FAA Ede AL HE agar platesol A
A7ste F¢ histidine .74 & Ao =4 HAFHIATH TAIZE A9
¥ RE EEHUALTFES bio FAAE E3 FHEH uwrB AA TFEoR
Z bioting L7%T ZF24e plater 0.1M L-histidine 0.1m¢¢t 0.5mM
biotin 0.1mE 75 WA &} H A @2 HA2WA 4z 4FE =
et WFP-E W histidineo] H7ME AN = A{sht histidineo] H
7 A @2 wRAA e &R ¥ og A9sdd.

(2) Deep rough(rfa) S o]

Deep rough #3142 Ad #FE9 crystal violetd] W§ 74L& A8&
Aok Zu wige AAH 7F 0.1l 45CE AW top agar 2mlE A
Ao B3 3xT E¥F F nutrient agar plated] ¥-o] platedo] & H =)
& sl ¢ A £ top agar’} O crystal violet 10uE A7 6
me HE@AA A EFFAN FH Tol HFE nutrient agardel] dejmgn
37CAA 12412 %3t} Deep rough® 2 crystal violetd] 54 z+go.
2 #F7F AEE7) HEed disc FHA4 As Aol AAHY ofA ¥ (wild
type) FFE AMA Yol FEYA v}t Deep rough TFE Wie 14m
Ao A o] Uette #FE A

(3) uvrB QW9

wrB EAWo|E o]E FFEC] UVel dis] N4de AFFeEn &9l
52t} Nutrient agar plate 4o T#FE E23to 33eme) ATolA 15W
A AL 8L RAMERL 37TAA 12~144%F viFsglch. UvrB
EQM] AFE UV UlZAL F-EoAMT H338t7] o] vlRA R oA
AR dFE AE3A. TAI02E UVl A& 754l gl T3]y
HEe UVE ZASAE plate YoM AAste 58 A9y

_16_



(4) R-factor QW]

R-factor @& & plasmid7t 97t BeAded £F 1 IS doivE e
Z7F 917) W&ol ampicillin WA ¢1Re) EAd dat Fr|He2 HAE
%}, Ampicillin W& A7) Y84+ plate Aol histidine 874 &<
of 4399 Wd& AHE-3te ampicilling ¥-3= plate(TA102< ampicillin
7} tetracycline)del FHE SHatn 12~2447 <k w4 F plate 2
oA A4gste dFE A9Art

) 25 u@ L W

(1) YERE

AY FFo RHAL Ames?t McCann(1982)¢] el w2t frozen
permanentE A X3 -80Ce AL YE Do RAINFAT}. AmesEH-H
A-&E¢L TA97, TA98, TA0 ¥ TA102& oxoid brothell A 37C incubator
ol 1041t wigdt & 7% DMSO £4¢ MY 1w Ve 715tz
$H43 E3F F 78 2m9 eppendorf tubeol] ¥F3te] -80C W5 3L
A F& F4A3ad.

(2) Master plate?] Az

o Ay AA AFd EASIWo)(spontaneus revertant) F+7F A el A
RHold 3¢, 4 & 4o¥id 35 2 FFEddo gl g3 g4
o] Ho]d o] frozen permanent=%-E] v]%¥HE AU master plateE A=
#Ach WEFE RE IFE Y ALd 5 ¥ HEE Yoz ¢y
colonyE #83to TA97, TA9S E TAl002 ampicillin plate’de] = @3t
37Tl A 48717t vl¥atal, TA102E ampicillin/tetracycline plated] =9 uj
G F Fd colonyE WFolE FHEt AAwFdelM thAl vt
ampicillin plate %=+ ampicillin/tetracycline plate $]o #goj2 1& *
37CAA 12A12F wlg3te) 4T ¥F o] R@sH,

- 17 -



3 AlgaFe A M

Difco nutrient broth 125g& FHFF 500mlo] &3 st DYEd7]A
121C, 2087 97§ 5 979 glass test tubed] 10m¥ EF3Ge o7)
o master platecllx] %8 AFTFE Z4F 1 Uaeol HFHF ¥ 371C A
g grlol A 7~10A1F wiFatgich. vzt W& FF=7F 0.25~0.30
o] H-g o Ao AMGaATt EF AHA L 12A410E 23317 FE
2 3t

5 EFEEdolde doserespnse

AXS dgs F2E € 1 BHEY WHol9A HAYE S typhimurium
TA97, TA98, TA100, TA102E& ©]8&& Maron¥} Ames(1983)9] XEH I
Wz Hel] wel JAET Heldd AEdE BE HoldERAYU 4-NQO,
NPD 183 ICR191& AM&3tith.

Z v 2¢EAL vE]l dFAZ glass cap tubed] 2+ 10044 7}
i oile) Wig®E FF 100E 7Y ©e 02M sodium phosphate
buffer(pH 7.4)2 A A o] 700u7} ¥ =& 3%k o] 2 & histidine/biotin®]
A7bE top agarel 2mH 7iste ZnF HAEEZFH F ovE) EuH B
minimal glucose agar plate Ao =2Z3tn B m3A A 13E plate
B 37ToA 4823 wigste A7 HAEAH](his' revertant colony) F
g §ATe] BAWUUEY FFE BAIAT

6) Spot test

nlg] ZA % minimal glucose agar plate 4ol BH Y glass cap tubed)
7+ E 10042, histidine/biotin®] H7}¥ top agarg 2mE 718l 2z £33
% platedol] =E3td 1A F FAFE disc 9XNE I HVAoE A
Tl wol & wHF 3, 449 Fd Ho|gEAS 60uy wlolaz
Aoz Hg F disc A & o=t} o]& 37TA 484K 4]

_18-



Fte] 7o Aol FEALA F& At HEAE FASHAH.

7) FHoldd AY

Foldd NPE A EFE Wol¥d 39 4-NQO, NFD % ICRI91E
Abg-Etch 4 A 8E v)g] 9 AR glass cap tubed] 22} 50u8, 100404
Zbstal 7)o wigFE E5F 100w E 7H the Wold EXE 4 10044
7}&ta, 0.2M sodium phosphate buffer(pH 7.4)2 A A o] 7007t HES
AT oJA& 37CTAA 48A1t MigE §F BEASAH| 8 2H&o §
Holdd RFE B3 o] gL ol B &4 it A
759 AAL(%)Z e

Revertants of positive control - Revertants of sample

Inhibition rate(%) = - x 100
Revertants of positive control

4. HPLC| 2|3 JEAvioldg 49 £

D) A& AHg

ATH F28d & F4d0] ¥2 £vid hexane®H chloroform, ethyl
acetate THE F&3Ah 347 FHEL 7Y F25 dPgL 3o
membrane filter(0.45/m, Millipore Co., USA)Z oi}3le] B8 A|8Z A}
&3t}

2) AEHF
Spectrophotometer(Hewlett Packard 8453)% scanning®dle F3%=7F &
43 A9t

3) ol54
°] &< methanol® 3% FF+E 47 0~100%, 100~0%2 2439

_19-



A #4L 1.0nt/min, EFY 10p FAstd £A3A.

. 2dd EA9 gEdiol A3 AHA

Hexane +8&(3hr)& HPLCE £&#8lW Z peak T #Fol /M3 B2
RT 2402 EA Wsix o] &#4E HAIAY. ALEFFT TAYT,
TA98, TA100 ¥ TAI02& AH43t9x, A8 F& plate T 44 50
100408 Hrtatg o

-20_



V. 4% 9 n&

1. FET%

Azd EoAM FZ% methanol B & EXAEYES] 55 &L Table 2
s}z, 1kge] AFEO didtd 45TeAM AL F&F WEE FE=
17.00g, 12X+ &% WgE 8L 3B67ge AU FE25E2 27
1.70%, 3.57% ©]%lt}. methanol & &°] W3 F /5, hexane, chloroform,
ethylacetate®] $&F&2 33X F2EU 4% 47 1.17%, 0.24%, 0.03%,
0.07% 91, 1247 25 747} 1.14%, 1.94%, 0.10%, 0.04%9ch. 232
X FEFEL NFI 9 ARE Ve eH, gRrE S0 12
Z75d £RHJAT U R FAEL S0 @& n-hexaned] tHFE
£HHNT, £33 12A FERHESE FHFA L8 BA9 F&2 W
7t A9 9A % n-hexaneo] 2t} B2 EFo] &3HU.

flo

Table 2. Extractions vyield of Hijiki(Hizikia fusiforme) by various

solvents.
3hrs extracted 12hrs extracted
Fraction We]:i):ﬁq) Yield(%) We?::ig) Yield(%)

+*Methanol 17.0 1.70 35.7 3.57
Aqueous 11.7 1.17 11.4 1.14
n-Hexane 2.40 0.24 194 194
Chloroform 0.70 0.07 1.00 0.10
Ethylacetate 0.30 0.03 0.40 0.04

* Methanol extract was fractionated into four fraction

dried weight tract jon(g)
Yield()-21e% Welght o extract fracion(e) o,
dried Hizikia fusiforme(kg)
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2. ¥F5 9ol 99 dose-response

4-NQOE @7/1X &4 EPWlgos TAI00% TAIOZE °-8¥ EdW]
ARAN FANEBAR, ICRI91S Txo|FA EdWe|deR TAIE ol &
3 EQ@o] HAANY, NPDE FZolF4 E9Wold TABH A71A R4
Ed¥olg TALNE ©l &3 Edwel AA og4H3 JvH(Maron 3}
Ames, 1983). 2dd0]Y & Fxo| @& revertant colony F7F ©t27] W
of ) AXEE FAsr] A EdWolde 4, & HAHFEE dAE
= Ro| F83}7] W Eo) plate test®} spot testS B sl HHFLE A
A3t A .

EFEAHo| Y9 dose-response A ICR191%= TA979|A plate ¥ 2.5u8
o| A revertants colony 7} 2,164% £ Bd¥o] A& Ro|n, 1 o)A
9 FxolA fud FME BHo|n plate F 25ug oSl E AHAH &
dAWo] gL wolxm Utk 2} spot testll AT 2.5ue/platec] F] FE
oA ICR1919] #Fd Wit AXTEAHoZ st AHAEL A=z
AN@el AF3F FEF colony countingo] £ol&i AHEL FAHSA &+t
plate 3 1.2549 FQEEE A9t

EFEdlYd NPD oig AN¥EEF  TABH TAW009 d@
dose-responsex Fig. 4°] VeI TA9Be did NPDe HFAEAHo]
TE plated 100 FAFE 7HA AAHA FIHFE Heln YA,
Fig. 59} 6°142] spot testol 4] TA98C 50ug/platec] 2] HX oA A=
€ BAste= 5 AEYd 93 HFFEE plated 26uo 2 3L,
TA100%! A9+ F9 %7} plate 9 50ug 7HA £ revertant colony”’} &
TAPe} a2 oje] RAFRAgME dFd UF EA ALz A% F
2 FAE Rolu 3l 223 spot testo]Al & plated 100ug€ Z 343l
FEAME FFY AR SA4FLA g3 AHSE YA B F
WHS yals A4 TAL009] ik Holy EAQ NPD® dose-response
8 % E plated H0ug= A s

- 22 -



ANQOO W3+ Alg7F TA100%} TA1029] dose-responset= Fig, 79 1}
Bl 21t TA1002! A%+ 4-NQO7Z} plated 0.1ug7tA & EHE AR &+
7t AAAA F7F FAE Rolu, 0.1uglA 05ugiteldls @ig 71
Rojg REAEAMe] 71 Hadte FAE BHAh ole XY F7to o
2 #F9Y 5A4FLY FFeoz Rt spot testll A X 02ug/plate ©]732)
Fod e AaAlES F4se AE B 7 AT wEgA o] FrRE 9
B3 # A dose- responseZIUL plated 0.1pgd A=A TA1029) )
& 4-NQO9 dose-response= A AHQA F71F HolW (2ug/platedl A =
Agddo] £7b 115000 oj2m 1 ofde FraAE 200000 Y W
colonyE HATt. spot testil M= EQWo] plated 0.5ugo] e s oA
ANEE A8t AT, A3 counting®] -Fol8tL spot testol A AHNEL o
AetA] v 999U 02us/plateS 3R,
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3000

2500

2000 ¢t

1500 |

1000

Revertants per plate

500

0 L ) L L |
00 05 1.0 15 20 2.5 30
Concentration of ICR191(ug/plate)

Fig. 2. Dose-response of S. typhimurium TA 97 to ICR191
(Spontaneous revertants are substracted)

Fig. 3. Spot test of S. typhimurium TA97 for ICR191.
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2000

g

1000 +

Revertants per plat

0 25 50 75 100
Concentration of NPD(ug/plate)

Fig. A. Dose-response of S. typhimurium TA strains to NPD
(Spontaneous revertants are substracted)

¢ TA9, B TAI00
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Fig. 5. Spot test of S. typhimurium TA98 for NFD.

Fig. 6. Spot test of S. typhimurium TA100 for NPD.
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Revertants per plate
&
o
Q

1000

500 |

L - L L 1

0 01 0.2 03 04 0.5
Concetration of 4-NQO{ug/plate)

L.

Fig. 7. Dose-response of S. typhimurium TA strains to 4-NQO.
(Spontaneous revertants are substracted)

¢ TA100, M TA102
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Fig. 8. Spot test of S. typhimurium TA100 for 4-NQO.

Fig. 9. Spot test of S. typhimurium TA102 for 4ANQO.



3. EAN G AH

)& A FY59 Qo9

E dee 2889 S typhimurium w50 g AU AE 4
= Table 3, 49 Zth ARl g AW AP FXE AR A9
EduoldAe eI, ANRFESY T/ ©E FFo dF AXFA
&3, £& FEAWe] EHE Feste FEAWe] AP AYY FEE
sty A8 AA ATk 24 &g FEEES FEE 4% plated 50~
200ugE H7I8le W A ¥ AT FEE e A 2YEY 54
ANE AR ¢844 BEEA AT H7tFel FUHEIEAN RE EF9
negative controle] ¢ Htl tiik w2 EASAWHE BRI, ol
44 BEHEFA 8 24 EFo FRHEA A& A FA4HEH, F
7187 EHEAMT =7t T/ mE B9 2Nl Ft Fade
FAE Roli dudl, ol Al T @Fd A ATEARE
U 2ddo] Ald FFS vAL g3z 4HA. A, FEAEe] A
el AT w=E T AT AE SAHAERS WAA FE plate B
100ugol 3o FXolA FAE A,

A E L2AZ Mg 28 A SALHES SdW0 AYPAME 3
Azt FE2ET Zol 44 FHEQ 74 negative control®th td& F
2 B9l E B, FU18v REBoME AEFo] Frewy &F
AfF AMEFAPZEoR FEHAEAFI FAhde AL T AU
o] EdWol A AREA AERFo| TFA FFE FAYE FE WA
plate® 100utol3tel X FE AWl A1FE AA AL



Table 3. Mutagenic activity of fractions obtained from 3hr-methanol
extracts of Hijiki(Hizikia fusiforme).

A R A —

" ““\“\ i W FAL d T

Negative 7146  13%2 94%5 164%7
control

50 1105 18£8 102+11 168*x12

Water 100 1172 286 1198 2158
200 141£2 21£8 170+11  255%5

50 65+4 11+2 B8+8 15612

n-Hexan 100 5116 9*+2 82=+7 140*+11
200 52 0X0 62t7 8518

50 75%3 8+2 1001+10 16710

Chloroform 100 622 10+2 88+6 158+4
200 3t1 00 788 99x£2

50 771 112 84+3 174110

Ethylacetate 100 66+3 174 94*8 161 +4
200 56E1 10£3 N*+10 1634

Each value represents the mean*=S.D. of four plates.
Negative control © 100xf of DMSO per plate was added mnstead of extract fraction.
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Table 4. Mutagenic activity of each fraction obtained from 12hr-methanol
extracts fo Hijiki(Hizikia fusiforme).

i 46

Py T

Negative

71x6 133 94+5 1647

control
50 388+10 132 120+13 211*10
Water 100 98t5 284 110£8 223+4
200 103£9 134%+11 135*15 239%15
50 677 9+2 907 17718
n-Hexan 100 47+4 10*+4 87x4 138+6
200 359 2*1 25+6 10012
50 88*9 14£1 902 161£6
Chloroform 100 58*3 11£2 75*5 154112
200 373 0£0 0£0 140£3
50 7512 102 99+10 192=*11
Ethylacetate 100 698 114 100£5 188 L6
200 762 5*1 78+11 152x2

Each value represents the mean*S.D. of four plates,
Negative control : 1008 of DMSO per plate was added instead of extract fraction.
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2) & ved £889 gEddioldy

%9 £ RYF9 EdWody JAFEE AEF ZAAE Table
5~90] et Table. 55 ICRI91¢] 2j8) f =8 =QWojd d& %
289 FEAWol AlgAgoe)|t}t ICR191S #8717 DNA9 guanine®
7-N 91X AFAHH 54& el acridine F%3 24 (Levin 5, 1982)
FRo|EA EdAWolY ARFFR S typhimurium TA97 W3t FAl Mol
4 E42 o452 JdtHMaron¥ Ames, 1983). Table. 594 HE= vpg}
Zol -84 FHE HF fr]&vie] A¥ EYEY FEAH AR}
Edon, FHEL Hrto]l F/letHA Ed¥e] JARAAE & EAHE
RS ok FEA 9§ Eje /7189 EYEAHE & AolE
Bola A= FAT, F84 FEEAME FEAL] 1240 B 34
L FENDAA B £ FEAWe] A AAE BRAFI Jon, {7]&
o 2YEFGE @Y HrMFol FUMEHEA Q38 ¥EQWo oA A AU}
A PolAe ARE RAFRA 1247 358 AP eHY F44 BY

2 plated 1008 FHAE @ B B4 £ FAIE AL
RAFEAD. 7180 EHEANNE T4 /M EE& hexane FHEA
M4 & AARE Holxn Yvd, plated 100 FAHE v F2A7)
FEYol 97%013e JAEHRE RT3 Qo) 12 ethyl acetate &Y
=oM% plated 100uE 7M1 o 324 FE A7 wi} 69%, 66%
o] Eddo] JAANE HAFT Yud, ol nydFol v ¥33 =
< AAET}E BAFT QIvh ol FY EYE ¢oF vimd Ro| oy
g 2E ¥ FEANEAM €Az 329 FYE @ vjmEA, o
B39 FEdWoldAol 3 9¥EE A= vaste AL FEQ £ v
AA vgd EYES FEAWe] EFHE ML FEENA plated 1004
& F9UE W 96%e PEAHo] AFJE Hol:, 1243 FFENAE
83%9 FEPWe] ARE BRI ol TP S FEAW 4L B
AT L1}, hexane FHENA B FEQW) AFHTE da 2L 3
#E BAUH
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Table 5. Antimutagenic effects on ICR191-induced mutation of fractions
obtained from methanol extract of Hijiki(Hizikia fusiforme).

Positive control 1,136
50 110£60(-90) 270+ 35(-76)
Methanol
100 503 20(-96) 197 £39(-83)
50 592 1 60(-48) 1,280 £60(+13)
Water
100 5021 94(-56) 1,125+25(-10)
50 95+ 30(-92) 136 £10(-88)
n-Hexane
100 18+9(-98) 32£9(-97)
Fr.
50 443+ 45(-61) 368+ 24(-68)
Chloroform
100 173+40(-85) 246+ 40(-78)
50 5391 23(-53) 675198(-41)
Ethylacetate
100 350+ 40(-69) 387+ 50(-66)

The amount of ICR191 used was 1.25sg per plate. Spontaneous revertants (negative
control) are subtracted. Negative control: DMSQO was added instead of sample

Fr.: Fraction; ( ): Inhibition rate; +, acceleration, —, inhibition

Methanol extract was fractionated into four fraction.

Table 62 S. typhimurium TA98¢] thslX WMoYl NPDel 93
Ed BEASAE ) W 4 £8E9 FEdde] a4E yed Aot
T&4 ZHE ¥ /718w EEHEA g7 FEHEC AHI e
B, EAEYE FolA hexane® Eo] FEAW] a#7 A vgd
A2t g Aol 7] 8wl BHFAME Zol7t WA, &4
BEYEANAE AL 289 A2 FYEAH Bt 5 EHE BAFY
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. a2n {78 Y HUMFol FrhEtEA FEHAWO ENE T
74ste 28 B9F 1 vk AA methanol FEE W AW &
HE A7 1243 & E0A plate 3 100 FAA 24 92%9] ARE
BAFT, 50ug FAANNAE Zz 789 84%S EHE KA.

Table 6. Antimutagenic effects on NPD-induced mutation of fractions

obtained from methanol extracts of Hijiki(Hizikia fusiforme).

Positive control

50 320=13(-78) 227+21(-84)
Methanol
100 107 £18(-92) 110£9(-92)
b0 708 £ 45(-37) 1,383+ 36(-5)
Water
100 720 £50(-36) 1354 +£50(-4)
50 349+ 51(-76) 800 £56(-45)
n-Hexan
100 168 £23(-85) 43+ 19(-97)
Fr.

50 509+ 18(-65) 524+ 20(-64)
Chloroform

100 407+ 28(-72) 291 +46(-80)

50 931 £65(-36) 873£7(-40)
Ethylacetate

100 728+ 86(-50) 698 = 21(-52)

The amount of NPD used was 25¢g per plate. Spontaneous revertants (negative control)

are subtracted. Negative control: DMS0O was added instead of sample

Fr.: fraction; ( ): Inhibition rate;

-, inhibition

Methanol extract was fractionated into four fraction.
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Table 7€ S. typhimurium TA100 TF& A3 25ug/plate®] NPDO
g8 FEHE EddolgAdl oid Z BEE FEAWe] &3 FIol
t}. 9A] hexane ¥HEoM FFAWe] EFHI} o, +84 FEE
M 3N 323 EYEL 100u/plate® FAHE o 40%9 HEAWo
EHE B ¥wd hexane R chloroform 2¥E2] 100ul/plate TN+
97%9) A% FEAVLAAE Rol o Gr1AFAY EWHolo A7 A
&g stnvtn & ¢ AUtk 285 FAFEE FHl Aoj2 HAPEH
o] FEdY EFde 4FH AolE HoFa Yk

Table 7. Antimutagenic effects on NPD-induced mutation of fractions
obtained from methanol extracts of Hijiki(Hizikia fusiforme)

Positive control 733
50 360+23(-51) 2401+ 10(-67)
Methanol
100 121 £16(-83) 64+9(-91)
50 659+ 17(-10) 754+7(+3)
Aqueous
100 437+7(-40) 527+ 36(-28)
50 601 =29(-18) 388 +65(-47)
n-Hexan
Fr 100 21 +£8(-97) 21x7(-97)
50 461 +26(-37) 564 £14(-23)
Chloroform
100 0 (-100) 95115(-87)
50 5H20£52(-29) 652*14(-11)
Ethylacetate
100 2021 17(-72) 366+ 7(-50)

The amount of NPD used was 254 per plate. Spontaneous revertants (negative control)

are subtracted. Negative control: DMSO was added instead of sample.
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Fr.. fraction; ( ): Inhibition rate; +, acceleration; -, inhibition
Methanol extract was fractionated into four fraction.

Table 8 A¥dF TA1000] 238 F=¥ ANQOS EHASAWld &
Z BYEo gEQEe] g Ao Aot} AAHOE Z ZHEL 9F
7128 Eddold WA 43 & JAEHE A1 Jdo T8 F
EENME plate? 100u0E FANE W 4749 FEAN BE EHE
of W3 69%, 53%9 AAAHE Ho|a own, 53] AL FEE U
hexane®} chloroform 28 & M Hold EAo fxd EE A
EAWolE 80% ol =& oA AME RAF3 ot FEFA ¢ E
Z 2YEY gEAW EFE A7187 BHEANNE 2R Aol B
2 g3 YA LA BEIEANME 1243 FEE Ry} A FEE
T84 BYEdAME o & FEd¥o EFAE Rolx gled, °v #
AIZbE FE3AA Aol dAdE JASE 849 R0 248 Aelg 3
"
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Table 8. Antimutagenic effects on 4NQO-induced mutation of fractions
obtained from methanol extracts of Hijiki(Hizikia fusiforme).

B TN
%”gﬁmv by

Positive control 1,095
Methanc] 50 73+8(-93) 60+ 10(95)
ethano 100 32+ 4(-97) 0 (-100)
Wate 50 551 +50(-50) 1,051 £32(-4)
aver 100 342+ 9(-69) 514+12(-53)
. 50 164+ 49(-85) 186+ 65(-83)
- nriexan 100 0 (-100) 0 (-100)

r.

Chorog 50 142+ 34(-87) 307-£54(~72)
oroform 100 0 (-100) 0 (-100)
eriacetate 929 +33(-79) 503 £ 54(-54)
ylac 100 142+ 10(-87) 175+ 22(-84)

The amount of 4ANQO used was 0.1xg per plate. Spontaneous revertants (negative control)
are %gglzzt?d._{vfgﬁrgﬁoﬁonml: DMSO was added instead of sample.

Table 9% @71A84 SdWo] AA ol &= S typhimurium TA102
8 ol&% Fsavle] AF Aol 84 E2HE dHEMe 12N 3
Z2E Bu 3N FEF ¢ w2 FEAW AHE Rol1 o, FH9
FroE & Aeolg Roli AT 4tk #7184 EHES ¥ FE=4
Hol e diAZE ¥d AFAE Roli AW 53] hexane ¥§E
AfA o & FS5AWe] £3}E BIAoH, plate F 100ue F9 HNE
W, Zt7} 83%9t 96%9 FEAWe] AME RAFI ot

- 37 -



Table 9. Antimutagenic effects on 4NQO-induced mutation of fraction

obtained from methanol extracts of Hijiki(Hizikia fusiforme).

Positive control

Methan] 50 930+ 12(-80) 391 + 23(-66)
ethano.
100 138+23(-88) 209+ 46(~74)
Acteons 50 876+ 23(-24) 1,130 £29(-2)
dqueo 100 641 + 35(-44) 1,127+33(-2)
u 50 368+ 69(-68) 414+ 29(-64)
- Xdan
nohe 100 195+57(-83) 46+23(-96)
Fr.
Chorog 50 483+ 21(-58) 690 54(~40)
orm
oro 100 987+ 59(~75) 392+ 23(-72)
- 805 + 18(-30) 632+ 48(~45)
e
yac 100 953+ 49(-78) 575+ 57(-50)

The amount of 4NQO used was 0.2ug per plate. Spontaneous revertants (negative control)
are subtracted. Negative control: DMSQ was added instead of sample.

Fr.: fraction; -, inhibition

Zt Yojde] E £AZHEY FgEAA EFHE f7180 E2HEA 9
& AV =A R, Fo 27t FUMEA WAold AAEHT} =
Ve ow, &3] hexane FHENA £ 748 2d9F vt X &
A(1993)2 A& R B F2EE 584 £ 84 822 ¥
o FEAHE AYT d3 E44 EHolM A FEAW] ARt o
tn sgen, % 5(1998a)& % WeE F3EL diethyl ether, TFT,
chloroform % ethyl acetate2 £33 22 F&3% FYHEL 7HA 1 494
E7Z< PhIP% MelQxd] S|4 AAl £44 FE2ERYE ¥SAHY
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Ro) 9% gEAe] st A e st

A719) Aol wetd R FEES ghHcldA AdE HISAH HEAA
JEaAve] TR/ B ASE A E AFdMe wFH & F
n-hexanedl A 714 & FEAW) F4& B o FHEL dE B
TAA EAo] aFxo] At}

4. FEA] E49 E7

Z} Wol9 Bl W HYge gEdde] ad F AR AH/t &
hexane ¥ E(3hr)& 7MAa FEQPWe] AHE Bole AE 7HE 439
HPLCZ hexane ¥¥E9 AH#¥& £, A9 gEdde AR jle
A gelstit.

D A&y A9

hexane £ &2 Z¢ 3= A 23 200-250nme] 3 HHAA &L
Fr e 24en, 216tnmelA e FHER(Amax)E YeRITHFig. 10).
J#) 1 hexane, chloroform, ethylacetate®] £33 E4) e HNESF 33 HH
£ Fig. 119] Jehdit 2 28 &9 8 A% Y F554832 200~
250mmell A 2+ AEE A 225mel M 4 FAGES] B 7 ol FoA
o}

X
F-
!
¢
:
4




Fig. 10. UV-absorption spectrum of hexane fraction obtained from

methanol extracts of Hijiki(Hizikia fusiforme).

Fig. 11. UV-absorption spectrum of each fractions obtained from
methanol extracts of Hijiki(Hizikia fusiforme).
(A, chloroform fraction; B, ethyl acetate fraction; C, distilled water fraction)

2) ol FAe] A9
HE o]F42 methanol® 334 ZHF9 HE 95:52 MHAsGon,
Table 103 #Z& zHo = 2g 3t}

Table 10. Condition for analysis of Hijiki(Hizikia fusiforme) extracts by

HPLC
Instrument Amersham Biotech Asia AKTApurifer
Column Alltech Cis column(250X 4.1mm)
Detector Wavelength 225nm
Column temperature Room temperature
Flow rate 1mé/min
Solvent system Methanol: H20(95:5)
Injection volume 1048




3) HPLCell <& #94

Z BYEL HPLCY 9&] #4381 chromatograme Fig 121 YENASR]
t}. AE hexane #¥Eo] ¥ chromatogram® 2<¢1 Aol B9 Ce
Z}2} chloroform, ethylacetate?] & & ¥ ¥4 4o},

hexane 28 E29 7} A% & £, A7 9439 Cis colum(Alitech), H
&3 FH54(955) o] %4, injection volumeS 1002 Al&3le] &A% &2
3} retention time(RT)®] 2.40, 2.98, 3.48¢! peakS el ilv}. 2+ peake]
EAL 24, AAE7 93 retention timed 072 UH Z peaksl ER
& 4% 5 UAC. (Fig. 13). o] F 714 %ol & RT 240 EFo] &
EQHolYEE HAINIEH, o] EFo tidk UV &4 spectra 542
275nmA X SHEFE RAFAHFig 14).
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Fig 12. HPLC analysis of fractions obtained from the Hijiki(Hizikia fusiforme).

(A! hexane fraction, B: chloroform fraction, C: ethyl acetate fraction)
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13. HPLC analysis of hexane fraction obtained from the
Hijiki(Hizikia fusiforme).
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Fig 14. HPLC profile of compound separated from hexane fraction.

5. ¥eEld 42 gsdvo 3o U@ AFA

EUgE 22EZHE ¥ 83 n-hexane £¥EE HPLCE &I &3
o] FgEdde] Add did AHAHAN A" FFE TA97, TA, TA100
9 TAL020]52 £¢¥ol9 EZL ICRI9], NPFD ¥, 4-NQO& Al&3149
plate testZ ZA}g o 1 A3 Ly g

hexane EHE2Z2E Ed3W RT 249 E3zo] Sddoly 24 ICRI9]
o o3 f=d FASAA dAAAE Table 113 Fig 159 e
ot Aol Hrbgel S0ut/plate@Wlis 72%9] A EFHE Hol, plate
F 100uol M= 80%9 =& A8l AARAE YUY F, F o Fol
F748tEA EdWe] JAEFAE wA YEReH, Fxo|F4H Bl
o st B E2dWolE F=8te TAA Wstd &L 4L ¥dF
I .
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NPDol W& RT 242 £39 sEdwo] A & 13%, 24%9 2
Feddo] aAE Yelidsd, ole e FRoIFTAH Ed¥ldd oy
ME Zao] Ko 67019 cytosinee]l ¥ZAAIA F713 Q] cytosined A4
Ed o) Yol RIzZHsA g st AR FAAT

4-NQO th gt RT 249 s-EdWo] ity Hrige] F7HbAATAL0000 A
= 60%9 68%9 A &AFHE, TAL020 A &= 78%9) 82%< JAEHE B
o, GrIA#Y Edel e dig %2 #4E Roln Ark TAI00E T
TA102014 A & A4S Holau Ued, ol DNAS A-T 97IX%
A E2QdoldE dAEte &7 Ads Aoz FAHEY o+ Q.

w2tA n-hexane ¥ FA €28 3719 84 F RT 24 539 &
duiojd AL 2 A94E Holx 7] HE ol Ui FHAHU B
ol digh A7 o] R Aok &M, £% RT 298 % RT 348 &4
g FEdWolT 4 EAVHOR R FEHW 4L KHolx YU
AL 7Hdled B kYo Hag Aoy B

N 2

Table 11. Antimutagenic effects for mutations by compound RT 2.4 purified

from hexane fraction.

' ! v B
cagnt T
o \ W

C;;ini und u rA
RO ut/plate)  TAYT

ICR191
Positive

607 1,342 502 1,008
COHWOI ---------------
50 167£18(-72) 1,169%=33(-13) 202+14(-60) 220+15(-78)

RT 24

100 120+23(-80) 1,015£45(-24) 162+9(-68) 180+12(-82)
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Fig. 15. Plate test for ICR191-induced mutations of compound obtained

from hexane fraction in S. typhimurium TA97.

(A, positive control; B, added fraction obtained by using HPLC from hexane fraction)

Fig. 16. Plate test for NPD-induced mutations of compound obtained

from hexane fraction in S. typhimurium TA98.

(A, positive control; B, added fraction obtained by using HPLC from hexane fraction)
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Fig. 17. Plate test for 4NQO-induced mutations of compound obtained

from hexane fraction in S. typhimurium TA100.

(A, positive control; B, added fraction obtained by using HPLC from hexane fraction)

Fig. 18. Plate test for 4ANQO-induced mutations of compound obtained
from hexane fraction in S. typhimurium TA102.

(A, positive control, B, added fraction obtained by using HPLC from hexane fraction)
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FZ A7t d# FEdde] AAE F84 BHEU AF AN FE2E
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ole 719 Ut
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