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Summary

Antimutagenic effects of methanol extracts from citrus seeds and the
solvent fractions from C. sunki against the mutation induced by ICR-191,
NPD and 4-NQO using Ames’ test were investigated.

Methanol extracts from citrus seeds showed more than 80% of the
inhibitory effects against the mutation induced by ICR-191. Especially,
the methanol extracts from C. sunki, C iyo C junso and C grandis
showed more than 90% of the inhibitory activities. Almost all of the
organic solvent fractions, except for distilled water fraction, from C
sunki showed more than 70% of the inhibitory effects.

Methanol extracts and the organic solvent fractions from C sunki
showed the inhibitory activities against TA98 and TA100 induced by
NPD. Especially, these extracts showed more than 90% of the inhibitory
activities against TA98, but showed approximately 60% of the activities
against TA100. The distilled water fraction showed less than 509 of the
inhibitory activity, while n-hexane, chlorofrom, ethyl acetate and n-butyl
alcohol fractions showed more than 90% of the inhibitory activities.

Almost all of methanol extracts and the solvent fractions showed the
inhibitory activities against TAIO0 and TA1l02 induced by 4-NQO.
Especially, methanol extracts from C. grandis, C sulcata, C. obovoidea,

C tangerina, C aurantium and Fortunella margarita showed more than



80% of the inhibitory activities. The distilled water fraction showed
approximately 60%, while n-hexane, chlorofrom, ethyl acetate and
n-butyl alcohol fractions showed nearly 1009 of the inhibitory activities
against the mutation induced by 4-NQO.

These methanol extracts and solvent fractions induced no mutation
and didn’t have genotoxicity. The inhibitory effect of methanol extracts
from citrus seeds were the more effective in frameshift mutant(TA97
and TA98) than in base substitution mutant(TA100 and TA102). Almost
all of the solvent fractions from C sunki showed high sensitive

inhibitory activities against the mutation induced by NPD and 4-NQO.
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I. A &

T

g8 7€ IR gAFE v R AL 849 NH For A9

B ol vid Fhste ¥, o4 A E(neoplasm)Q! o2
FEol Tt Utk oF HAR_JS FHH 84k YRR, FE AL
QAR A At & FAoly, 1 FolME AFo] HF
I AT(EH, 1993).
HAEALS AFY 7, 28 F 7HE Tl g3 A8 7HA
o] e =, 715 AP E Fol7]l A JtE AMeErt
T 5A4EFES A4 Rl HIUlE o EF otv| it JHE
T2 <& heterocyclic amined, HF A9 7€ RIZ AAHHE
benzopyrene¥, AAH I ofRlF o] RE-goZ AAEHE N-nitroso HEEE
AE A F 3% UAlZ WY HE aflatoxinfF & & WoldA EHE
o] Aol o]RAEL WE £EEZ DNAo| Ed¥olE doHA 48
A Z1tH(Ames %, 1975; Chu, 1991; Hosono 5, 1986).

EdHo|Y etz s HASE Wl Salmonella typhimurium®)
histidine auxotrophZ ©]€ 3+ Ames $(1973)9] W, E coli® tryptophan
autotrophE ©] &3t Green®} Muriel(1976)2l ¥, Bacillus subtilis®] rec
assayE ©]-&3% Kada 5(1972)9 ¥4, 7Iel FBolR{, AE, TF & ol &

ot
>
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g Wy Eo] 9o 1 FolA Salmonella typhimurium reversion assay
© Ames F(1975) 93X At MY EF HMoYd 54 AlY
& HH3E & £ e WYHogA S typhimurium LT-22%E {3
histidine &74 &AW o]F(histidine auxotroph)E ©] &3 A|gYo|t} =
Aol #F & HFA(repair system)E F3to] Elo ofld #Fa B

(reversion)dto] 2HA| A © 2 histidine® A4 sHHA histidineo] A 7}E A



B2 iR E K3tz EFAste sdAWo|(revertant)d TEHX &4
HoldA AEE H¥ste AFHoEA EQWOlE fuses 2H9 o
83%7F U EHZ A YHAmes, 1979; Ames®t McCann, 1982;
Barnes %, 1982; Isono®} Yourno, 1974; Maron® Ames, 1983).

Eddo] AAEZALS A& e ma ME Jf FEd¥oldd R
(bioantimutagen) ¥} A X 9] EAWMo|YdAd E H(desmutagen)Z2 FEIH =
d, Hzae 5d¥oldo] DNAd =23t= RS JAsAY oln] DNAd
dol dojd 4§ ME DNA 5 % EARAE F3o WHol9
2 Fv 98S ste EHEEA, polyphenol® &9 @4k}
sEAda AL Fo] oo @t FAE Aol DNA F3 &
do7)7] Aol MELoM EAWolY AAE BEEAS} A7IAY AR
dol Az | FFE JAsts AL AFEZC] Ed¥Ho|dY EAR A
5= A4S A= EFEEA FAdFo| UAxe FAFA, peroxidase
T Riae HoldF T AA A £F Fol £ EH(Kata F, 1982
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Kata 5, 1986).

AFEoA ZHdo]l AAFYH AuiHARN=A SHF Adizt A UA
o At otd WA FFFUred)d "getolA HES A4 s
e 71Fe2 vRo B AFEM o HFE FHEo]l AuHIUSTS
& 7 JrHaet A, 199%). T3l 7ISd AAREY FHES FA,

A, 7, w4, BAE, 3F, A7, NFE, BEE, 54T, 9F, A4, 4
2, 37 $ol AU, lz4ol 21, BF EFNT Sol A dAE
FRA, F4, 4F, 9B, FAEF, 48 L Aol o} Uxm, doly

Nayez ofHu e AFoGHAFAE A AT X, 2000).
e Fde A, 94, Iubol 2N, LAY T 84S 2= =4

52 astn dt 2oz UeAn gom, £ HHGE GH 47



£471% W2 71 AF2AR o185 Ju(FHH & 1997), I 5
53 g Bdsa dF vEgyl C& /3t 7] Wi Aze} 7
T8 FHZE 9 ol&H o (FT} &, 1995), Lol M HKE KK
gt 3t WEgAd WY, FF, A, MGz a1 FE A, §E,
T 5o ALAR ol &HL JUTHF= Y 2 3], 1997).

g 29 = limonoidF 9+ « -tocopherol o] {50 ¢lo] &¢, 3
Az 59 o7 AeEA JiFel did Burk dARH(E, 1990, =, 1995
Miller &, 1994; Vincent &, 1980), Zt&ol dis A3+ #8574 ¥AdE F
Aoz olFojx1 glon ZHaE FAe Ao i dAT+E A Qe
Aot weta Z AFdME AFA FHEF T did HgdER

g(r:

S BAE7] A% dgos FEWMAALS HAFA FAU



m. A7A

1. Salmonella typhimurium LT-2 histidine & 73

Salmonella typhimurium reversion assay© 1975 Ames©] &]3iA] At
5ol Ames test2 229 A =4, AFdFFE S typhimurium LT-22 %
F 2 g histidine 874 &< ¥ o] F(histidine auxotroph)E ©|t}. Frameshift
type ¥ base substitution type®] EdWo|FEZA Woldo] DNA 7%
Atolel A EHAY @7t X$EHW, ols EAWo|FE BT A(repair
system)E& E3lo Eao ofAH FFE HF(reversion)dtd A Ho g
histidine€ A4 3tHA histidineo] H7FHA & wjRQME AF3lo2
EFAste Ed¥ol(revertant)®] 24 ®oldAd AHLE ¥ Ih(Barnes
%, 1982; Isono®} Yourno, 1974).

of ANERS ZAAE Y A8 22 HAA A& B
d oA E {FHdx SARlE ol &3 AFHOEA UWAEATN ®od
27t BA Y3 AFERRY EFdWolE F¥ste FH9 o 8%
b wetEdE dHAn AtHAmes, 1979 Ames F, 1975 Ames$}
McCann, 1982; Maron® Ames, 1983).

S. typhimuriums ©) &% Ho|dAd HAAHL z7|d& S
histidine auxotroph @59 HASAWHe] HILE vl FAslo Ao

gutde AAstgont, Woldd Wi A4S
=
=

rﬂ

g A

typhumurium LT-2

=
@AW ol(repair deficient mutation) 2 AXEH EdAWHo|(cell wall
mutation) & E=YFFAZ(Ames T, 1973), T ZFAS =ol7] YA
R-factor plasmid?] ampicillin 3812 pKM101E€& X4A12 TA9IRH
TA100 #5F ¥ tetracycline A &2 pAQIl(Levin %, 1982)8 E=<A17

TA102 #5771 5ol EF WHoldA HAA ol&dyx Yo, =3 in



vitrodl A A o2 XHFEY A WAL fA 2P & v|E
HEAE0 AA ol FF=Ho 84sld F SAWlE do 7t o
B2 w7 Ysld, EHF5E9 7 microsome HA ¥ A(liver
microsome enzyme complex)$! S-98 E=9I3ld AR AlE3t At}
(Ames &, 1975).

AN&EdFF TA9I7E S typhimurium LT-2¢ histidine auxotroph % °llA]
T ZolEA Ed¥o] #F9 hisD6610& EFC 2 319 hisD6610 S AW |
2ol 71 o2 6709 cytosined AZAAZ Ao ZA, 3tetEH g
E34A4E ¥ol7] Ha AEHe T EQ! lipopolysaccharide?} # &2 ©
2 ZAo® deep rough(rfa) EdWol9} DNA HA A 2"l(excision
repair system)g& ZQ3e FAAE ZAAANN wrB HA Y& 7HA
TA1537 # ol ampicillin 282129 plasmid pKM 101€ =3t 7
4& ¥ #FoldH(Levin 5, 1982).

TA98L S. typhimurium LT-29] histidine QG F+A Wo|F F X0
FA EdWoldd hisD3052E 7o g do wrB HA 588 7R

el

o

91 TA15389 ampicillin A &<l plasmid pKM101¢] =gz Z+A4
=9l #F o)t} HisD3052& histidine dehydrogenase® # 93+ hisD + 4
zlol] EQMolE Uojzl Ao HE FRolFA E<AHo|(frameshift
mutation)7} dold F 2o 879 wEEHE -GC- WVES 7HAZ Ao
(Isono &, 1974).

TA1002 S typhimurium LT-29) histidine §¥ 874 ®o|F F A7)
23t wWolf(base repair mutant)?] his G465 REFoZ 3l deep
rough(rfa) Ed¥ol9t wrB Al 538 712 TA15359 ampicillin A 391
ZQl plasmid pKM 1019 =¢io2 A& ¥ TFold. His G462
histidine A& H%x §4F IFY3E his A EA¥lE A



71024 DNA ¥7]4A(sequence)d] A A ok ¥ (wild type)e] -CAC-/
-CTC-(leucine)©] -GGG-/-CCC-(proline)2.2 A% = <dci(Levin F,
1982).

TAI02E H71X &3 Ed¥e]l #F< hisG428& ET 22 3t deep
rough(rfa)¢} plasmid¢! pKM101$} pAQl(tetracycline A &AzxHE& =113
o]t (Levin &, 1982).

Azt Al HAEE ¢ 2SS AE 373 A FAAME AF ¢ 4
g 2HE BAE 7HAZ AokDoll# Peto, 1981).
BAEA(EAN)D)L AA Y EA WMol Y(indirect mutagen)# A H
(direct mutagen)2.2 FEEHEY, HH SAHo)YgL A Ao
ol o] W& A] cytochrome P450& 40 9|3t Ed ol
Uelll= Edoln 2 AWl dxo o3 diAtA &4 gl
HoldAd S Yetdle 22484 A 4 HHEAH|YE HFLENH 4
b Aaso] $toh(Rechieigl, 1995). A FoA felsls HEH
EAROIYES AFY 7tE, A% Fol A SdoldoE A
o] 7t A H FAAMYA obAMAF ofvlHe] vigor AMAHHE

=
N-nitrosamine(Hotchkiss %, 1981; Pearson® Dutson, 1990), 4%

2 i
5 2
R o
rE r;g
ox
tjo

t
2

=
ol
o
rir
e
-

N

#] &+
% Aspergillus flavus 2522 AAJEHE aflatoxin % aflatoxin B;& =9
Hold o] g 743 Aoz x| Qi (Pariza 5, 1983), WA AF

o] 7td, ZeAl ABAAHEHE dHEAHA SdWolYS benzol e Ipyrenedt 3-
Amino-1,4-dimethyl-5H-pyrido(4,3-b]-indole(Trp-P-1), 2-amino-6-me-
thyl-dipyrido[1,2-3’,2’ -dJimidazole(Glu-P-1) % 2] amino acid pyrolysate$}

carboline¥, 2- Amino-3-methylimidazo-[4,5-f]lquinoline(IQ), 2-Amino-3,4-



dimethylimidazo-[4,5-flquinoline(MelQ) 5 <] quinoline®$ %<& hetero-
cyclic amineF 24 ol AL HHUFLZE sl U7] "o DNAS ¢
71% Alol2 7o} Eoj7l MEEARE dodle Aerw A Ud
(Pariza, 1982; Person® Dutson, 1990; Sugimura &, 1988; Turesky &,
1992).

Eddo] JAERL AL WA wt AE ] FEAWoldd
(bioantimutagen)¥ A ¥ 9] FEAHolYA & Z(desmutagen)E2 TE I =
b, Ma}= Woldo] DNAY =g3dte AS JASAHY o|v] DNAA &
o] dojt % MXo DNA 8 % EAAHE 33t oo HA
EE 93 F& 4%E ste EFoln, ¥ Woldo] DNAC #HsE
07171 Aol MELoAM ®old AAE B AFIAY Holde] MXE
W 545 dAste A8 € A7 EFC] ¥ojdyd EFE AEHE AR S
A= EFolch(Kata §, 1982; Kata &, 1986).

A1E %9] bioantimutagen® dZE I zatolA E2l ¥ epigallocatechin-
gallate(EGCg)¢} &< polyphenol 3}§E(Kada 5, 1985)°]™, desmutagen
o] dZ¥x %¥ul32 peroxidaseo] 23t tryptophan pyrolysate®] &4 3}
(Inoue &, 1981} #A, AAF Aol fell o d¥old F+
(Kada %, 1984) 5ol Ath. dsdvoldAd EF A olejg SAR]
AAEA & WFUEES neigdoazs ol o3 sy 7o
AE A2 7IdEHy AFA LY HAE 7t ol 22 " F
Hfgo 2 gulold S Jeidie EA g d77t &3] olFoAxn
Arct.

AE Fd gEdodAd A7 E AHEYE, 54U HEg FEEAA

ml



aflatoxin Bioll & IdEAdWoldAd aHst 2 £F S &, AH}AG
I Budda(e] T, 1992), Y49 aflatoxin Biol i3] FESdHoldA S
Zte BEAS REdddr BRuda o™ (Moon 5, 1996), U4t saponin©]
aflatoxin®] A& #1719, AAH aflatoxinol] W3] FEo]FA SAWo]
&+ TA98 th3dld saponin®] %ol F7tgel wel EAH) AN S 7
2N Rasgo (Y 5, 1983).

A A e FE2E59 7 EA Mol Ul benzol @ Jpyrene®} aflatoxin
B3 AHEHH] YA N-methyl-N'-nitro-N-nitrosoguanidine(MNNG)l|
EdHoldAd AAEHAE RIdd Q3 (H T, 1999), Streptomyces sp.°ll
A ¥23%F streptovaricin®] heterocyclic amine® ¢! Trp-P-1, Trp-P-2,
Glu-P-1° S. typhimurium TA983 TA100°] EdWol¢A AAEHRE B
23R tHOoka 5, 1999).

Hd 3 ofsfollA F2 9 phenolic 3HES0] FAHlAA AAEHA o
&t B st o (Malaveille 5, 1996), v @ 3Fol B -carotene
o] AW EdRoldAd JdAMEHRE B Ao (Aidoo F,
1995), vt=9] wigE FE8 g 7 EYE9 aflatoxin Bioll g &
¥lo] AlgolA chloroforme] ¥ 8 &4 713 &7t ¥kow, A=viED
2t3, GC-MS, NMR, FT-IR& ol&3te] &2, 54849 3dE F methyl
linoleate7} ©F #FFEHAoH, o] EH9 FEdWo] a3}r} wjg Attn
st HKim &, 1991).

4-NQO, Trp-P-1 % 2-AF°l| ¢dto] {F2sE HoldAddd dig +2H
FEEY JAEH diM BusRn(dt F, 1997) HA FExUoR
FEF Bdal ma2, $F8a FEE] A EdRd £ 1QA Wi o
A A7t Yoy A d¥eold A ddMe AvE A7
e & W37l gdde 232 rudgded, 8 2HdA F23



3229 Edvo] JAlad 7|HL A FEEESC Wold 223 AY 4
et EQWolE ARG E EAWol EFY AW &43 dAAA
AA st EAZ &It FJHE F, 1999). ol FAAE
heterocyclic amine®ol w3t FSddolgAd a7t JAvn BRI

(Hosono &, 1990).

tlo

4. 38 T PP &4

#EL WA EF4red)d getdlA HES AU E 7152 1
Fol A AFToA AGiE o AMHISTS ¢ & Az FH,
199%5). & 7158 AAgEY FTHES A, @32, 2+, F
A&, AE, N, A8, 358, §4F, #F, 42, 4E, 5F Tl AU
ou dAe 2R, A, g, 83E, 54, 2 2 Aol Qs
JHAFHZZsAH T ET, 2000).

22 553 g tFe] vetyl CE FF3t 7] HEe AF 5
Adndz A Anet AEFSHEE dE ol&H1 Y. EF  flavonoid,
limonoid % carotenoid &°] #fFHo] lojA AYBHEH i A+
R 7S AELEZAY A AxPHR Qv (F3} &, 1995), 53 7
g/ EAE flavonoide FLeiAA, A, FutoleizAg, A T
o 4% zx e A2 49A UW(Eun T, 199%6). =¥ #E «
Aol dfx g Aezd 7l didd 748 HFLAZ ol &Ho &
ooj(A} <, 1997), A2 HE WA HEE d2AA BFAE 19,
T, AE, Aegoz AaRd FE A, 55, s Tl ol &H:
CH(E = o3t 3t 3 9] 3], 1997).

229 ulet 3}8ol= hesperidin, rutin, narirutin, naringin, neo-

hesperidin, nobiletin, poncirin &3 #& flavonoid7t 9% gH=o A1

-



(Eun %, 1996; & %, 1977), 7| ¥ 22 d-limonene ©|9 o o2 7}X]
limonoidE o #R3t Jom, MAPFEE carotenoidAl EFE ¢ A
T Q9 (el, 1997; Johnson &, 1995).

#ao BYgd % 7158l e AT EE hesperidin®] A EAHERET
olel X/F T in vitro} in vivodll A A8 7kA g L <y A&
(A3 A, 1990), naringin®] ¥<$}733128-(Oshiba &, 1981) ¥ 3o 28(¢
5, 1988), & Wg& 89 ¥4 Z&(Tanizawa T, 1992), 723
3] FZE9< limocitrin 3-8 -D-glucose, limocitrin-3- @ -L-rhamnose,
3,6-di-C- glucosylapigenin &9 #8733 &3 (Matsubara %, 1985), 7+ &
9] sinensetin, nobiletine ¥ NF 2L Fulo]g A 2L (Veckenstedt,
1976)c] B 3n =3 o ZEFHY F9 nobiletin ¥ tangeritine benzo
[ @ Ipyrene, 2-amino-fluorene(2-AF) ¥ 4-NQO°| W& FsdWolgdAd &
#}7} = o (Calomme %, 1996), quercetin®} tageretine 4o 259} Ho]
g TolF(Jie, 1997, Marc, 1994), limonin, nomilin®} & citrus
limonoide F72¢E dASddn Rusda Jqoi(lam 5 1994, Miller 7,
1994).

ZEo AdF grapefruitd] FAFEFEESS elgotet FFolo W
g aHE Ze AEol ool F, 1995), FHAT HA gaA=z 2 &
go] 7Y YthZ 5, 1995 = 5, 1998).

e T FE URFA EAEH, ol FAHAEL AEo] 203%, i
Bz 50%, SFA 35%, st=E 25%, 5ZA 1.7%, 2E}lx|(sudachi) 1.1%,
old 0.9%, &7 21%Z(F, 1994), ZEFFol wet zpolrt ag. #ad F
Ztoll = limonoid®} @ -tocopherol 0] &= o 3t s 59 o
2] Y 7l%50] UL Aolgdn BuH T Qo(F, 1990; %, 1995; Miller
%, 1994; Vincent &, 1980) ololl gt A7 #A4o] Aty & 4 Ut}

OE

~—
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1. 43 A=

AFE W Feday A £33 2F/(Table DA FALE E2st
o 24Xt £AXE D BR 3~43] AE ARl AHF F 45ToN EF
Az7)M AZAA BH4712 B4 28 A82 A

Tabel 1. Scientific name of Citrus varieties

Varieties Scientific name
Sankyool Citrus sunki
Hakyool Citrus natsudaidai
Iyeakam Citrus iyo

Yooja Citrus junos
Dangyooja Citrusgrandis
Kumkamja Citrus obovoidea
Sambokam Citrus sulcata
Peonkyool Citrus tangerina
Jigak Citrus aurantium
Kumkam Fortunella margarita

#aEF A 47 100go] WeE 500mE 7Hete] 40C FE XA 34
F FE3A, o]AE AYFFNA HEE S AAFAHFig. 1). 7]
dimethyl sulfoxide(DMSO)E 7}ste 2z} 50m2 A &3ttt o] A& 045
im syringe filter2 o 3sle] AWMU AJPE A A2 AR
o

_11_



Dried citrus seeds (100g)

<—methanol 500m¢

Extraction

(water bath 40°C, 3hr)

Concentration (vacuum rotary evaporator, 40C)

Crud extract

Fig. 1. Schematic diagram for extraction of citrus seeds with methanol.

3. %FFA FERF =
229 ZHEAESLS AARY7|2 BHYAIZ A8 W SR =A
2 1056TM 43t7td Adxye= A3

4. FEFA %
22 3 o

s % 3
25 7 A0 g SEUBL RS FHA

. 1100,y _ _ solid content of extracts (g)
Yield(%) = dried citrus seeds (g) x 100
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5. 42FA &l >3
AZE2E ¥R Fig. 23 2ol FE3AT. = AEFFA 500g°l ol

g2 308 7tete 40C 8% AR T FE3

2
o
2
off
H
et
o
of
b

Az s FHol MY Be FRS

N

g we i Z22XE dYoiAHoE ¥ Y ¢
FEFANA 3NN FE2F F Y BFT FEES A A9 gz
250m¢ A £33t .
oJE A2 FA vl £ FEEES TFT §E4UXE 0

o B5mME FHFFE ZE3T 045m filter2 A3 F FE AWl A Al
ol Alge AHgstdY aela #at, 222X F, dHoAHE % Fd
d3E FEES 47 5omy EHst oyt &ds] AAE WA At
¥%38d o] ¥F A DMSOZ 50mt A &3t 045m filter2 A#43 F
gEaAdoldd Algel ARE A&

6. 4FEA 87 F2E 1YY UF L 7258
HBEA g8 322 1Y
s 2 Bl U@ SRS wYsd P

. 10,y _ _ solid content of extracts (g)
Yield(%) = dried Citrus sunki(g) < 100
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[ Dried C. Sunki(500g)

]

|<—methanol 3¢

[ Extraction(water bath 40C

. 3hr) |

F Me-OH extract |

Concentration(vacuum rotary

evaporator, 40T)

|

Residue l

—water 1¢

[ Freeze drying |

| Extraction(water bath 40°C. 3hr) |

l

[ Water extract J

I

Concentration{vacuum rotary

evaporator, 70TC)

]

Residue l

<—n-hexane 1 ¢

r Freeze drying I

[ Extraction(water bath 40, 3hr) |

I

[ n-Hexane extract J

l

Concentration{vacuum rotary

evaporator; 30C)

]

Residue |

«chloroform 1 ¢

[ Extraction(water bath 40, 3hr) |

[ Chloroform extract ]

Concentration(vacuum rotary

evaporator, 30C)

Residue I

—ethyl acetate 1¢

[ Extraction(water bath 40°C, 3hr) |

l

[ Ethyl acetate extract l

l

Concentration{vacuum rotary

evaporator, 40C)

]

Residue I

<n-butyl alcohol 1¢

[ Extraction(water bath 40, 3hr) |

[n—Butyl alcohol extractJ

Concentration(vacuum rotary

evaporator, 40C)

|

l Residue

Fig. 2. Schematic diagram for fractionation of extracts from Citrus sunki.
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7. FEQAUA

1) EFEQUl 4
Ames Alg¥ol ALEE I Qe EF ol A FFo W
44L& Table 29 2tt

Table 2. Diagnostic mutagens for confirming reversion properties of
tester strains in spot test

Anount of
mutagen sportted in S9 TA97 TA98 TA100 TA102
100

Daunomycin® 5.0ug - - + - 4
Sodium azide 1.0ug - + - i -
ICR-191 1.0ug - +Ht++ + ++ +
Mitomycin C 2.5ug = inh inh inh 4
2,4,7-TNFone 0.1ug - 4+ 4 ++ ++
NPD 20.0ug - ++ 4+ +++ +
4-NQO 10.0¢g - + ++ FHEE
MMS 2.0p8 - + - 4+
Dexon 50.0ug - 4+ +++ ++ +++
2-AF 20.0ug + ++ R +

Symbols for the number of revertants/plate(spontaneous subtracted) @ -,<20; +, 2
0~100; ++, 100~200; +++, 200~500; ++++, >500. Daunomycin and sodium azide
were dissolved in water. All other compound were dissolved in DMSO. PCB-induced
rat liver S9 was used in a concentration of 20ul/plate for the activation of 2-AF.

’Produces a minimal response in the spot test: should be tested by plate
incorporation

Abbreviations : ICR-191, 2-methoxy-6-chloro-9-(3-(2-chloroethyl)aminopropyl-
amino) acridine - 2HCI; 2,4,7-TNFone, 2,4, 7-trinitro-9-fluorenone; NPD,
4-nitro-o-phenylene- diamine; 4-NQO, 4-nitroquinoline-N-oxide; MMS, methyl
methanesulfonate; 2-AF, 2-aminofluorene; inh, inhibition of bacterial growth due to
toxicity of the mutagen. Form Maron & Ames(1983).
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2 Ao A" SAQWlYEL Salmonella typhimurium TA979 &
2-methoxychloro-9-(3-(2-chloroethyl)amino-propylamino)acridine(ICR-191
, SigmaAh) & FTEAVOIYLE FXRo|F5A AWl E HAsI=d AHE
st9x, S typhimurium TA983 TA100°= 4-nitro-o-phenylene-
diamine(NPD, AldrichAh)& AM&3t] FxolFAH F7284d EAd¥l&
HAASe EFEgdoldog 3dden S typhmurium TA100% TA102
ol &+ 4-nitroquino- line-N-oxide(4-NQO, Aldrich*hE g7]1x84 =4
Holg HAsE EEEAWo|Hd LR AHE3A T

2) AddF

NP dFE Salmonella typhimurium LT-29] histidine %874 wo)
F(auxotroph)?! TA97, TA98, TA100 ¥ TAl02E A}&3Hovw AP
F9] 542 Table 39 #t}.

Table 3. Genotype of S. typhimurium TA strains used for mutation

test
. Histidine )
Strain ] LPS Repair R-factor
mutation

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

All strains were originally derived from S. typhimurium LT-2. Wild-type genes are
indicated by a +. The deletion(4&) 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).
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3) &5 4
(1) Histidine®} biotin & 743

AR FFE9 histidined FAsHA R3te FFL A9 agar platesoll A
AAstE EQF histidine & 74 ¥ 2 FA=ATh TAI2E A EE
EEARTFEL bio FAAE B3 &HE wrB ZA TF°]EZE biotin
< 873 ztzte) platex 0.1M L -histidine 0.1mé®} 0.5mM biotin 0.1mé
2 AUt w9 HoretA R HAw|Ro ZHzte] #FE =uste] Wi
#2 o histidineo] ¥7te WXl E L3 histidineo]l H7HH A @&
s ASEA e 78§ AU
(2) Deep rough(rfa) EQ o]

S. typhimurium TATFEL ME¥Y A¥ F lipopolysaccharided #|A
3t ¥z} ZA F4+E £o]3A RHE Deep rough EA¥olo]y, oA
S crystal violetdl]l i3 A ow HAS AP, R wigdE A
& 75 0.1met 45CTE FAE top agar 2mlE Al @l ¥ 323 &Y
%+ ¥ nutrient agar plateo] o] plate’del] & HAEH sto] FEo] A
¥ top agar’t 2.9 crystal violet 10u0E 27 6mme] Hod Aol FFA]
2 ¥ o] ¥ZF P nutrient agardoll Boj=elil 37TClA 1243t wj st
At Deep rough® & crystal violet®] 54 2802 #F7F AtEs7] o
£l disc FHol AaiEo] BH=HY kB H(wild type) TFE A3 Eo]
Uelh}x) ¢=t) Deep rough 75 e 14m =9 AHES FAste
o7& A3t
(3) wrB Qo]

wrB Ed¥olE o]E FFEo| UVel diafl s d5gozy &2l
5 At} Nutrient agar plate Ao #5F8 =23l 33cme] AglolA 2 LA
A5 (15W)E 8% 7F ZFANS T 37TCAA 12~14A12% w8t o wrB =



AWo] FFE UV B FA BRI FAstr] gl vz F9dlA
Agste #58 Ad9sdth TAW2E UVl g #Zs4dol e #F9
7] & UVE ZASH X plate ollA 4343
(4) R-factor 5 W o]

R-factor ##F = plasmid7} 2F7F B¢tAso £F 1 FFE dolve e
F7F 271 W&o ampicillin WA AALe] EAol dist] A7 o=z HAL
st

Ampicillin WAE ZAM7] 943iM = plate Aol histidine 74 Ao
Aoy WS A28t ampicilling $ /3= plate(TA102+ ampicillin ¥}

a?
=
N
fj
2
=
2{_:
8
£

tetracyclin) Aol #FE =Ust 12~24A12F 5 vfjg3d £ plate Aol A

Nyete #52 Ada

4) #39 va 92 g
(1) ¥rE

AN 5= Ames®t McCann® 3 (1982)0 wet 324X ES & 5 A
¥ frozen permanent® A Z3to -80TC<2 WE ol BASIHA Al A}
£33t 5 AmesEHE A FLL TA97, TA98, TA0W % TAIZE
oxoid brothol A 37T incubatoroll A 10417+ wjg3 & ddE DMSO £
S gl I e sl s TEF F o8 2me] eppendorf
tubeoll ¥F3t -80C WF oM F& TZsA

(2) Master plate®] A%

of Ay HA AF EAESIHol(spontaneous revertant) F7F A Adol A
Yojd A9, fd F4S& Jojd A 4 FFEA ol tig u7A
o] WolA w frozen permanentZFE vjFAE 7AWl master plategE AX

sttt WE Ry FFE Y H2d 5 F FHod WMgoR ©d
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colonyE #8339 TA97, TA98 ¥ TA1002 ampicillin plate’dol =23}
o 37ColA 48A)17F vl 43t 32, TA102= ampicillin/tetracycline platedl =
Tl GE F DY colonyE WMFolE HEo AAufFAANA T v s}
o ampicillin plate =+ ampicillin/tetracycline plate $lo] Wgolz2 21&
F 37CAA 12713 st 4T W3 rasst
(3) AlddFo A v

Nutrient broth 12.5g& F#4 500meo] £3iste] mdE A 7oA 1217T,
2087 A% H dFE glass test tubeo] 10mA EF3HTh o 7))
master platecll A WiF® AFIFE 247 1 Wgo] HFE $ 37T I=H
F71o A T~10A12F vt oh. M gAIel e {3 =7F 0.25~0.300] &
RNE W APl AHEEA o, B AFATE 12AE 2HeA] FEE
o

5) ¥ Aol 2 dose-response

ZAEd TH MEE FEE Y ASTH Suid FEE9 ®oldd A¥
< S typhimurium TA97, TA98, TA100 ¥ TA102& o] &3 Maron®}
Ames(1983)2] EE&HAui APl wet H Ao

%, 7t =¥ 2AdEAS v dFAIZ glass cap tubeol ZHzE 100404
7beta 7)ol wig® #F 100wE 7F3F ©hS 0.2M sodium phosphate
buffer(pH 7.4)2 A &Zo] 7007} HEZ 3} o] A& histidine/biotin
o] A7te top agarel 2mH4 7iste] Fn R HAEE @ F vl Fs
¥ minimal glucose agar plate Aol =l A u3kxA At n3td
platee 37TelA 48X wigsld A EASAWol(his’ revertant

colony) +& FH4ste ol F7& AAH A

-19_



6) Spot test

o]2] ZA| ¥ minimal glucose agar plate 4ol HH ¥ glass cap tube©ll
T FE 100x¢, histidine/biotin®] H7}¥ top agarg 2mE 7}t & &§
g ¥ plate’doll =slod 1A F FFE disc JAE AT Ao
A Fdol ol AR EeiFEd. a8l 744y Frd SAHoUdEAS 60
wA vrolag HHog FHF H disc JX o AH Hoj=YUr o]RE 3
TCAAA 48213 vt 52 Aol fF=dH=A 5L A7t HeAE
g3t o.

7 FEdWoldA] NY

gEddoldd AlgE 8 EF EdWold E3Ql 4-NQO, NPD ¥
ICRI91E AH&-3e. & A8 € vlg]l BHFAIZ glass cap tubeol Z+2h 50
pl, 100pe4 7hsta A7)o vl 7T 100mS 713 g Eddold E
A& 7}7z} 100u4% 7F3ha, 0.2M sodium phosphate buffer(pH 7.4)2 A A
Zol 7007t HEE sATh o] RS 37TAA 48212 wigt & HAEA

Mol £ Z4stel FEANIAY T E BARAL. FEANe] FHL

it
2
3
2
e
i
w
Lo
gt
oX
2
=
o
)
o
Lo

2
2
o
X
it
£
o
£
2
*
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V. 43 9 n3

1. 3334 283

Azxd ZAFFAES AYEAVIZ
T Table 49 2ot AFFAEY TEHEFS 41~65%E FF 5%°]3}
o] FEFAFL B oYy o] F HIE(Citrus tangerina) 6.4%, A ZH Citrus
aurantium) 65%2 & ZFFARY A JERth

Table 4. Moisture content of citrus seeds

Citrus varieties Moisture content(%)
Citrus sunki 4.7
Citrus natsudaidai 44
Citrus iyo 4.2
Citrus junos 5.3
Citrus grandis 4.8
Citrus obovoidea 4.1
Citrus sulcata 4.2
Citrus tangerina 6.4
Citrus aurantium 6.5
Fortunella margarita 46
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Table 5. Solid content and yield of methanol extracts from citrus seeds

Sample Solid content(%) Extraction yield(%)
Citrus sunki 3.2 3.3
Citrus natsudaidai 2.2 2.3
Citrus iyo 2.7 2.8
Citrus junos 55 58
Citrus grandis 2.2 2.3
Citrus obovoidea 3.8 4.0
Citrus sulcata 3.2 34
Citrus tangerina 4.3 4.6
Citrus aurantium 35 3.7
Fortunella margarita 2.2 24

3. A4Z2FA §vid FE2E9 YR FF 2
i

4EFA §o0E FEE

lo

HEFER Y FE 5
#320] 33%2 7MY £

TPE FFEL 1% A

Table 6. Soild content and yield of extracts from Citrus sunki with

different solvents

Solvent Soild content(%s) Extraction yield(%6)
Methanol 3.2 3.3
Distilled water 0.8 04
n-Hexane 0.8 0.4
Chloroform 0.8 04
Ethylacetate 09 05
n-Butyl alcohol 0.7 0.4
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4. FFEAWM oY 9 dose-response
dRol HA FFY TAY FAHNSERI=ZE ICR-191,

TA98 A& NPD7} ¥AutgEZAZ o]&50, NPDE g7Ix84 =99
o] 74 #%< TAI00, 4-NQOE TAI0Z TAl02e] FAWgEA= o
71X 8 Eddo] HFAo o] &dH(Maron®} Ames, 1983). ol & FAduHeE
49 FXxo W& revertant colony &7} ©27] W&o Hd AxF&
FA37 AHd Sddoldy HAFEE ZAASE ol Fastn=
dose-response®} spot test(Fig. 3~12)2] AI}2HE SAo] Qi Sgte
2 A7 8ol =8 HHs2E AA A

TA97# T digt FFEAWolY ICR-1919] dose-responsex Fig. 39l
A HE uie} ol Fxrl F7Eol wel  50ug/plate”7t A revertants
colonyZ} A& e Frtatx Jon, v Frted mE 4L &<
& spot test A3(Fig. 4) ICR-1919] #Fo izt AE=4S Yehiz] ¢
I EAEAM] FE ATty &old HHFEE Sug/plates A A

NPDeoll i3 TA98 #3F2| dose-response: Fig. 59} -t} TA98d] tf3t
NPD BEHESd¥Ho] =+ 100ug/plate FE7tA] A A ZFHQ F7l%S Holx
2, spot test A3 (Fig. 6) TA9Bl tha] SAdo] g, BEASAMo] &
g AlF3l7] 8013 2B5ug/plated A 52 AA3IYct

NPDel th& TA100 #59 dose-response: Fig. 73 #on ¥%7} 50
pg/plate7k A& HHAESA™] F7F Frhstn YA, 1 o] FEAAME
a2 FAE BRY3, 283 spot test(Fig. 8)Z2 3 25ug/platedl] A 3ol
HE S0l YetdA g, AlFrt §oldtd HAsxa A3 A

4-NQO°| Wg TA100 #59 dose-responsex Fig. 99 Zrt}. TA100%!
3+ 4-NQOZ} 05ug/platetA e EHEAWo] 71 F71E Holy, 05
pg/plate 01739 FEAAE EAFAH] 7t BAdte FAE Holx 9

tio
)
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o

th ole Fx9 Frbd mE SAWoldY SAAL FFOEH spot
test A3 (Fig. 10), 0.5ug/platedl Al AHMES HAsFt welA dose
-response$} spot test® T AL YA X3 AF7F Lol HF
3552 025ug/plate® M &34 o}

4-NQO°l Wld TA102 #59 dose-responset Fig. 119 YeElA 3,
TA102%= 1.0pg/plate7tx] EAEAR™] F7F A& F7hsta glen, spot
test 23 (Fig. 5), @5 g 5Ao] Qon A7t &o|7 0.25ue/plated
HA 2 MAgsigdot
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Az

Revertants per plate
N

g

1 i 1 1 J

0.0 10.0 20.0 30.0 40.0 50.0
Concentration of ICR191(ug/plate)

o

Fig. 3. Dose-response of ICR-191 for S. typhimurium TA97 strain
(Spontaneous revertants are substracted).

Fig. 4. Spot test of ICR-191 for S. typhimurium TA97 strain.
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3000 r
2500 r
e
©
a 2000 r
o
Q
o 1500 r A
C
o
2 1000 +
[}
[od
500 r
O L A4 1 j
0 25 50 75 100
Concentration of NPD{ug/plate)

Fig. 5. Dose-response of NPD for S. typhimurium TA98 strains
(Spontaneous revertants are substracted).

Fig. 6. Spot test of NPD for S. typhimurium TA98 strain.
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Revertants per plate

800
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400
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200

100

L i I s

25 50 75 100

Concentration of NPD(ug/plate)

Fig. 7. Dose-response of NPD for S. typhimurium TA100 strains

(Spontaneous revertants are substracted).

Fig. 8 Spot test of NPD for S. typhimurium TA100 strain.
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1600
1400
1200

-

Revertants per plate
® o
o o
o (=)

0 & 1 1 it J
0 0.25 0.5 0.75 1
Concetration of 4-NQO(ug/plate)

Fig. 9. Dose-response of 4-NQO for S. typhimurium TA100 strains
(Spontaneous revertants are substracted).

Fig. 10. Spot test of 4-NQO for S. typhimurium TA100 strain.

_28_



Revertants per plate

1000

500

0 1 1 —_ J
0 0.25 0.5 0.75 1
Concetration of 4-NQO(ug/plate)

Fig. 11. Dose-response of 4-NQO for S. typhimurium TA102 strains
(Spontaneous revertants are substracted).

Fig. 12. Spot test of 4-NQO for S. typhimurium TA102 strain.
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Table 7. Mutagenic activity of methanol extracts from citrus seeds

"Dose Revertants per plate
(ul/plate) TA97 TA98 TA100 TA102
Positive 100 858+46 959+35 452+47 1059%53 1209+ 85
control
Negative D.W. 76*+12 21%6 91+18 233+£22
50 6911 21%2 69*5 18614
C. sunki
100 3516 10£1 6616 176 =30
50 75+8 18+1 874 1675
C. natsudaidai
100 53+3 15%2 665 1247
C i 50 586 20+2 876 227124
. 1yo
Y 10 3949 11+] 45+ 4 17248
) 0 Sostl e, 253 906 263£13
C. junos
100 49*16 11X2 61*+4 193+7
c di 50 61%13 19+3 68+3 17111
. T
grandts 100 31413 14+3 50+3 80+1
50 83+13 22+7 7412 268 £33
C. obovoidea
100 58*16 15*6 52+7 159£6
50 87+5 26+7 7110 264116
C. sulcata
100 58+15 18%4 50+11 157+ 22
) 50 653 33%9 1207 21612
C. tangerina
100 5414 202 100£13 1635
, 100 813 30+3 113*+13 205£21
C. aurantium
100 615 19£2 97+8 164*8
] 50 87 22+7 765 281 +17
F. margarita
100 56t+4 16*5 49*9 154+ 15

Each value represents the mean*S.D. of four plates.

Negative control

Mutagen : ICR-191(TA97), NPD(TA98 and TA100), 4-NQO(TAI100 and TA102)

extract.

‘Dose : Extract of citrus seeds.
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2) FEFTA F2EY FEdNo)9A
(1) ICR-191°l fr=d SdWol e A7

ICR-191° o8] =¥ S typhimurium TA979] 3t ZFZx ma
FEE FEAMolUdY S AP ABE Table 87 Fig. 13% 2o}

AEFA HGE FEES plate?d 50 FAT 9, T o] Ul Yis
=2 WHEHOR plated AHEo] 0.38mg, & 1.08mg, o7 1.38mg, 2
2.76mg, BFrAt 1.08mg, 532 1.92mg, 227 1.62mg, HEF 2.17mg, #12H.74

o] 1.10mgo] t}.

Positive control® v EAMol U AAMBHYL HEFS A3 g&
TETA FEEL 50% old9 AAMEHE wYon o F AF, old
R FRAE 0% ol FS AA 4L B

HEFA WS FEES plated 100w N FAsTE dgFdyon
4ol 0.79mg, 3t 2.16mg, °ll7 2.65mg, A 552mg, FHA 2.16mg, =
At 3.84mg, AtE.7E 3.24mg, WE 4.34mg, A2z} 347mg, ZF 2,19mgo) v, of

FE 80% ool & AAMANE Ron, 2 FAME 53] AF, o]
2, A R ZFRAE oF 95% ol AAMEAFE B FU)

ICR-1912 %r& 717} DNA9| guanine® 7-N $91xlo] A#sHA =4S

T acridine FEAMZ FxolFAH EdWolE fusAT PN

W
Ed¥ole sl e dAEAWolUdAd ER o]} (Drake, 1973; Levin

ol

fl

D\J

TEO|FE Ao FF S typhimurium TATAN N = A&, 8H&, o
dz vgE FEEo] 3 FEdwold AL YUY on, uH(1994) e

Ul gAote] dEoH 2o HaAFEE H(1999)S £ WEe 2220
ICR-1919l W3 73 gEdold &AL 2t Ao2 By,
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Table 8. Antimutagenic effects against ICR-191 with induce mutations
of methanol extracts from citrus seeds

"Dose Revertants per plate
(1h/plate) TA97-ICR191

Positive control 10993
. 50 381£8(97)
C. sunki 100 0+0(100)
Positive control 847+94
o 50 227+36(73)
C. natsudaidai 100 134 25(84)
C ivo 50 69£8(92)
- 100 40+ 8(95)
C iunos 50 286 £ 22(66)
I 100 49+9(94)
C orandis 50 97+ 12(89)
£ 100 33+13(96)
Positive control 760 £ 49
) 50 318 £ 34(58)
C. obovoidea 100 135+ 7(82)
C sulcata 50 263 £33(65)
' 100 170 23(78)
F marearita 50 343+ 41(55)
L marE 100 256+ 17(66)
Positive control 727*36
C tangering 50 647 £37(11)
- fang 100 75+ 13(90)
C. aurantium 50 354:£50(50)
’ 100 190+ 14(74)

Each value represents the mean*S.D. of four plates.
Negative control @ 100pf of DMSO or D.W. per plate was added instead from citrus seeds
extract.
Spontaneous revertants are subtracted.
‘Dose : Extract of citrus seeds.
(), inhibition rate
q _ _Revertants of postive control — Revertants of sample
Inhibition rate(%) = Revertants of positive control x 100
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50 ul/plate

C.sunki
C.natsudaidai
C.iyo

C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantium

F.margarita

0 25 50 75 100
Inhibition rate(%

1004/ plate

C.sunki
C.natsudaidai
C.iyo
C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantium
F.margarita

Inhibition rate(%)

Fig. 13. Inhibition rate against S. typhimurium TA97 with ICR-191 of
methanol extracts from citrus seeds.
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(2) NPDoll fr=d EdRoldd 9 A a7

S. typhimurium TA98% TA100 #F & o] &8t #BEF2 deg F&
Z°] NPDoll 93 fress Sd¥oldAd S dAste a8 BAag 29
i Table 99 Fig. 14~159] Yeb At

TA98 A NPDol 9] fxd FXolgAd ESdRoldAd A #EF

4~

2 gg FEE9 A G L plated 0w FA3I L W, L& FFEX
A o 80% ol AAEHRE YHEUALY, 7 FoAME 53] A2, o
A7 L FHAE F 95% ol & AdAaNE B BEFFA ue
F2ES plate T 100 FA939S W, BE #FFZT A o 85% ol
= JAERE EYed, 53] A, 3, oldz, &, dHAL #H
2 % A Zo] of 95% ol L& AAEHRE HYon olE W F&
TET FAFY v&7 54 E A AdAEHE RAC

FzolFAH EdWoldel h3 AMEHF 2 NZTL A4 saponin(W
5, 1988), E&¥FEE(Okabe 5, 1996), 4=, FulF, w9 2 Hx
(ol &, 1997) Seo] Ryusx 9t

NPDoll oJ&f f=d gAY Sddolddol dig #EFA vae
FEE AAEAHL TAI00 #F°l plated 50ul FAAS u, o
A, RIS BHEES o 50% o4 JAEAE el en, 2 Fd
ME Fiate 8% =& AAEZNRE R ZIFEA fge 228
plated 100t F3tAE o, RE B HFE o 50% oYl JAEZHE B
olx lew, I FAME Abd, oldzt 2, DA ARz, 33 wHFL
oF 70% ool AAMERE BHAT
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Table 9. Antimutagenic effects against NPD with induce mutations of
methanol extracts from citrus seeds

"Dose Revertants per plate
(u/plate) TA98-NPD TA100-NPD

Positive control 774+ 14 519%13
C suni 50 18+ 2(97) 498+ 19(4)
- sund 100 0+0(100) 90+ 33(83)
Positive control 1139+ 44 531+94
. 50 79+7(93) 395+ 100(26)

C. natsudaidai 100 47+8(9) 230+ 32(57)
o 50 16+ 4(99) 253+ 94(52)
- WO 100 2+ 1(100) 146 +67(72)
iy 50 83+11(93) 326 +53(39)
- Junos 100 20+ 7(98) 110+ 29(79)
C orandi 50 18 +4(98) 61+ 12(88)
- granats 100 242(100) 25+ 14(95)
Positive control 1093* 16 454+ 27
C obovoid 50 207 £ 63(81) 325+ 30(29)
- obovolged 100 127 + 44(88) 164+ 23(64)
C sulcata 50 182+ 56(83) 2361 77(48)
' 100 114+ 62(90) 127 +94(72)
J— 50 953+ 47(77) 263+ 70(42)
- margarita 100 138+ 42(87) 138+ 15(70)
Positive control 828+ 64 3014
C tancering 50 121 + 14(85) 150 £ 11(50)
- lang 100 0+13(100) 36+ 14(88)
C aurantium 50 145+ 43(82) 222+ 60(26)
: 100 0+5(100) 113+51(62)

Each value represents the mean*S.D. of four plates.

Negative control @ 100pf of DMSO or D.W. per plate was added instead from citrus seeds

extract.

Spontaneous revertants are subtracted.

‘Dose : Extract of citrus seeds.

(), inhibition rate

e Revertants of postive control — Revertants of sample
0 =
Inhibition rate(%) Revertants of positive control x 100
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soud/plate

C.sunki
C.natsudaidai
C.iyo
C.Junos
C.grandis
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E.margarita
0 25 50 100
inhibition rate(%)
1004/ plate

C.sunki

C.natsudaidai

C.iyo
C.Junos
C.grandis
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0 25 50
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nhibition rate against S. typhlmurium TA98 with NPD of

Fig. 14 1
acts from citrus
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504 /plate

C.sunki
C.natsudaigaj
C.iyvo
C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantiym
F.margarita

0 25 50 75 100
Inhibition rate(%)

1008/ plate

C.sunki
C.natsudaidaj
C.iyo
C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantium
F.margarita

0 25 50 75 100
Inhibition rate(%)

Fig. 15. Inhibition rate against S yphimuriym TAI00 with NPD of
methano] extracts from citrus seeds,
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A A 3l= &= Table 108 Fig. 16~179] YRR T
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R AAE °F 80% ol & AdAEIE Jehidd BEFFEA WEE
Z2% plate? 100 FA3AES wl, & #HEHFE &F 70%0ldo] JA
EHE BHon 1O FAME &, 3, ARz 37, #1E € (%S
°F 90% ©°]de] w& A EHRE BAh
TA1020] 4 4-NQO°| 93] e SduoldAde A3 dag F
=% plated 50 FAsAS o, ARz HE D A zpwre] of 50% o]F
ANERE HAF2 glow, 2 FAAME HF °F 80% Hx9 =2 o
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Table 10. Antimutagenic effects against 4-NQO with induce mutations
of methanol extracts from citrus seeds

"Dose Revertants per plate
(u0/plate) TA100-4-NQO TA102-4-NQO

Positive control 990x35 1405+90
C sunki 50 326£16(67) 1051 £7(25)
’ 100 297 £8(70) 700 £ 55(50)
Positive control 111974 1159+ 26
. 50 854+ 32(24) 723+21(38)
C. natsudaidai 100 114+ 6(90) 456+ 23(61)
C iyo 50 644 1+ 29(42) 599+ 16(48)
’ 100 267 +13(76) 494+ 23(57)
C. junos 50 576+12(49) 762 +23(34)
' 100 258 +32(77) 558+ 24(52)
C grandis 50 535%34(52) 588+ 27(49)
100 140 = 6(88) 180+ 11(85)
Positive control 1218+£55 10621195
C obovoidea 50 534+ 26(56) 671+ 120(37)
’ 100 87£9(93) 210%70(80)
C sulcata 50 220£57(82) 429+ 125(60)
100 58 *£10(95) 174 £13(84)
F. margarita 50 525+ 61(61) 606 + 38(43)
100 79+16(94) 170x37(84)
Positive control 907 £ 45 121027
C tangerina 50 451 12(95) 213%£13(79)
100 0£12(100) 82+ 18(92)
C aurantium 50 19%£15(98) 410%18(59)
100 0x9(100) 122+ 37(88)

Each value represents the mean*S.D. of four plates.

Negative control : 100gf of DMSO or D.W. per plate was added instead from citrus seeds

extract.

Spontaneous revertants are subtracted.

‘Dose : Extract of citrus seeds.

(), inhibition rate

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

Revertants of positive control
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C.sunki
C.natsudaidai
C.iyo
C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantium
F.margarita

C.sunki
C.natsudaidai
C.iyo
C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantium
F.margarita

50ut/plate

Inhibition rate(%)

1004/ plate

25 50 75 100
Inhibition rate(%)

Fig. 16. Inhibition rate against S. typhimurium TA100 with 4-NQO of
methanol extracts from Citrus seeds.
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S0ut/plate

C.sunki
C.natsudaidai
C.iyo
C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantium
F.margarita

100
Inhibition rate(%)

10044/ plate

C.sunki
C.natsudaidai
C.iyo
C.Junos
C.grandis
C.obovoidea
C.sulcata
C.tangerina
C.aurantium
F.margarita

100

Inhibition rate(%)

Fig. 17. Inhibition rate against TA102 with 4-NQO of methanol extracts
from Citrus seeds.
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6. 42FA gl F289 (F)EAWol YA

1) 32FA &vld 589 EANoAA 53

AR H7HF S7tel @& FFo AESEAH 2 FSAwWolUA AFo A
A2 FAstr] Aske AZ(Citrus sunki)EAF Sl 2B S typhi-
murium A ZFo] i EARYN S AP A= Table 113 g

o}
g F A # FHS, n-hexane, chloroform, ethyl acetate 2 n-butyl
alcohol TYEE9 FEAWo| YA A gol AT M e AAS7] 93

ozt gl RYZES plated 50w L 1002 Hrlstd METEA G2
T A% Ax, FF g AESAHol UehuA Yton negaitve
control®] FH I} A9 H]3 AARAEAH)E Kol Lujy HyTo
FEddoldd Agol A8 FARS plate™ soﬂm 1002 2dA354

TEZA Guid YL FoHd mE Fr: g¥Hoz plaed
0wmd o, TFF FYEL 04mg/plate, n-hexane ¥ & o] 0.38mg/plate,
chloroform 0.4mg/plate, ethyl acetate 0.47mg/plate n-butyl alcohol #3&
&< 0.35mg/plateo] t}.
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Table 11. Mutagenic activity of extracts from Citrus sunki with different

solvents
*Dose Revertants per plate
(ub/plate)  TA97  TA9S TA100 TA102
Positive
1141 £132 1138+ 139 449+56 642+90 1081 * 152
control
Negative ~DW.  62%16  23%2 69+ 16 192425
control  pMSO 47411 16+3 54+19 178+ 22
D.W. 100 42+11 19+2 53+7 188+ 14
50 57+2  18+5 55+ 2 205+ 11
n—-Hexane
100 5144  11%2 31+8 17115
50 624  14+3 7249 189+8
Chloroform
100 44+3 9+1 49+7 151+ 11
Ethyl 50 54+9  14+1 62+ 12 188+13
acetate 100 39+7  10+1 58+7 172+ 16
-Buty] 50 52+12  19+4 61+ 10 216+ 12
alcohol 100 4248  11+1 45+3 163%5

Each value represents the mean*=S.D. of four plates.

Negative control : 1004 of DMSO or D.W. per plate was added instead from fraction C sunki
seed extract.

Mutagen : ICR-191(TA97), NPD(TA98 and TA100), 4-NQO(TA100 and TA102)

Dose : Solvent fraction of ¢ sunki seed extract.
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2) 4234 vl 289 FEaAogy

(1) ICR-1919 fr=d EddoldA e A7

EFEE ol ICR-1919) 98 F%9 S typhimurium TA97 T Zo|%E
4 EANol FFE o8 AFFA guid BEE AxaHE Table
123} Fig. 18] el }.

AFTH Bl RYEES S0u/plate F95Q9L o, ICR-1919] <
3 e Sd¥oldl thsla] 55~69%] AAENE BYY FoTe =
o 100ut/plate2 FA3AE w, EAdMo|UAY JMERE DW.IF 31%
n-hexane 79%, chlorofrom 84%, ethyl acetate 78% % n-butyl alcohol&
81269 @Mo] AAANE B MFEA RYEE) ¥57} 2452 3

Qo] A7 & Aoz YeEp)
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Table 12. Antimutagenic effects against ICR-191 with induced mutation of
extracts from Citrus sunki with different solvents

*Dose Revertants per plate
(ul/plate) S. typhimurium TA97

Positive control 1044+ 85
D.W. 100 719£37(31)
Positive control 1237+179
50 558 +59(55)

n-Hexane
100 256 £60(79)
50 491 £56(60)

Chloroform
100 268 £ 36(78)
50 378 £ 40(69)

Ethyl acetate
100 195+ 36(84)
50 437174(63)
n-Butyl alcohol

100 223+59(81)

Each value represents the mean*S.D. of four plates.

Negative control @ 100xf of DMSO per plate was added instead from fraction C sunki seed
extract.

Spontaneous revertants are subtracted.

‘Dose : Solvent fraction of ¢ sunki seed extract.

(), inhibition rate

Inhibition rate(%) — Revertants of postive control — Revertants of sample x 100

Revertants of positive control
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TA97-50.4/plate

n-Hexane

Chloroform

Ethylacetate

n-Butyl alcohol

100

Inhibition rate(%)

TA97-100u8/plate
D.wW.
n—-Hexane
Chloroform
Ethylacetate
n-Buty! alcohol

100

Inhibition rate(%)

Fig. 18. Inhibition rate against S. typhimurium TA97 with ICR-191 of
extracts from Citrus. sunki seed with different solvents.
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(2) NPDell fr=d Ed®o)dA Y A g}

HFZ=dWol¥A NPDoll 98 S%9 S typhimurium TAIRT TA100
T SAdWoldA ol it JAMEAAE Table 137 Fig. 199 vhehjot.

NPDell oj3] ftd TA9S FFo g Fxo|EA ZWolgAd o3t
AEFEA ol B YEE S0u/plateR T3S ), n-hexane £ & 2o
94%, chlorofrom 96%, ethyl acetate 94% 2 n-butyl alcoholS 91%Z 182
EFHATh 100xt/plate2 F93+%1 S ®, n-hexane°] 97%, chlorofrom 98%,
ethyl acetate 97% % n-butyl alcohol 97%9] E& FEdMo] AL B Y
oY SRT 2YEAME FdEAH] BAHLS Y 4 At

HEFA} Guid REES plated 50 FAHAL W TE o 2y
oA oF 90% o] AAMANE JEHALSH, plated 100 £A3Y LS
W TFT SHES A Uz Lo EYBSL 959 ojAte] =& of
AEZHE 2o

NPDel #X=9 TAI00 #Fol thg F71x84 SdAo| Ao sl A
234 &l EHEE S0uplater F3AS W, n-hexane 99%,
chlorofrom 97%, ethyl acetate 98% 2 n-butyl alcohol 100% A&7}
B3len, 100ut/plate® FA8AS wf, ZHES 529% n-hexane 1009,
chlorofrom 100%, ethyl acetate 100% 2 n-butyl alcohol 100% oA & 7
€ YEh A

AEFEA ol REES plated 5040 P 100 EAAL W g

al

TYEE A n-hexane, chlorofrom, ethyl acetate n-butyl alcohol
g

= 5 S @AYol 5% o4 & JAMEANE Yy
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Table 13. Antimutagenic effects against NPD with induced mutation of
extracts from Citrus sunki with different solvents

*Dose Revertants per plate
(pl/plate) TA98 TA100

Positive control 1153+108 451 63
D.W. 100 946 £ 76(18) 216 £40(52)
Positive control 1122£170 44648
50 69158(94) 41+14(99)

n-Hexane
100 36 £6(97) 0x3(100)
50 47+19(96) 12£19(97)

Chloroform
100 201 16(98) 0x£7(100)
50 65%£9(94) 8+ 10(98)

Ethyl acetate
100 31£10(97) 0x9(100)
50 96+33(91) 0x11(100)
n-Butyl alcohol

100 39%+12(97) 0£5(100)

Each value represents the mean*S.D. of four plates.
Negative control : 100 of DMSO per plate was added instead from fraction C sunki seed
extract.
Spontaneous revertants are subtracted.
"Dose : Solvent fraction of ¢ sunki seed extract.
(), inhibition rate
e _ _Revertants of postive control — Revertants of sample
Inhibition rate(5%) = Revertants of positive control e X100
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TA98-50ut /plate

n-Hexane
Chloroform
Ethylacetate
n-Butyl alcohol

0 25 50 75 100
Inhibition rate(%)

TA98-100 ut/plate

D.w.
n—-Hexane
Chioroform
Ethylacetate
n—Butyl alcohol

0 25 50 75 100
Inhibition rate{%)

TA100-50ut /plate

n-Hexane
Chioroform
Ethylacetate
n-Butyl alcohol

Inhibition rate(%)

TA100-10042/ plate

D.W.
n-Hexane
Chloroform
Ethylacetate
n-Butyl alcohol

0 25 50 75 100
Inhibition rate(%)

Fig. 19. Inhibition rate against TA98 and TA100 with NPD of extracts
from Citrus. sunki seed with different solvents.
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oX,

(3) 4-NQOd| fr=d =dHoldA e A Z 7}

EEEA¥old 4-NQOo 93 Hwx¥d S typhimurium TA1003
TA102 #5¢] G71A8A] Sduolo] i AFFA Lo 229 o
A & 7= Table 149 Fig. 209 e o},

4-NQO°l ¢j3f &€ TAI00 759 SHojYdAol] gk AFE2 L)
d B2YEY JAAHE= 50ul/plateR T3NS W, n-hexane £ & Eo
94%, chlorofrom 98%, ethyl acetate 97% % n-butyl alcohol 91%<2] <A
Mg BYow, 100u/plate2 FA3YS W, =H4 37%, n-hexane
100%, chlorofrom 100%, ethyl acetate 100% % n-butyl alcohol 100% 2
AANEHRE e A

AEFER Bud BYES plated 50u, 100w FA3YL W =55 B
8 &S A& n-hexane, chlorofrom, ethyl acetate 2 n-butyl alcohol =
of Foll Faglol 0% ©] 49 ¥ JARFHE BYL

4-NQO°ll 98 g71x84 Ed¥ol7l 25 TAI02 F3o) g Ak
2F2 Bod £EE9 AAMEAHE Table 133 Fig. 200 el on,
AEFEA Bod FYES S0u/plateE FA3AL W, n-hexane 86%,
chlorofrom 85%, ethyl acetate 91% % n-butyl alcohol 91% A Z A=
YeEt Atk 100ut/plateR FA& Qe @, =FF 52%, n-hexane 100%,
chlorofrom 95%, ethyl acetate 100% % n-butyl alcohol 100% <A & 3=
Holx 2t}

HEFA Sl EYES plate? 504 FAHAS W, 85% olite) oA
BHE Moy, plated 100 FAIYE W, FFF FE2L A9
n-hexane, chlorofrom, ethyl acetate @ n-butyl alcohol & 22 95% o]

Fol B2 FEAWo] YL BAT
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Table 14. Antimutagenic effects against 4-NQO with induced mutation of

extracts from Citrus sunki with different solvents

Revertants per plate

"Dose
(ut/plate) TA100 TA102

Positive control 621 +24 952276
D.W. 100 390+24(37) 357%129(52)
Positive control 663156 121027
50 42 1+54(94) 39 £25(86)

n-Hexane
100 0£45(100) 0x8(100)
50 11 £18(98) 41 £ 36(85)

Chloroform
100 0E£8(100) 15%x21(95)
50 22+14(97) 26£19(91)

Ethyl acetate
100 0£9(100) 0+22(100)
50 58+21(91) 24£10(91)
n-Butyl alcohol

100 0x12(100) 0425(100)

Each value represents the mean*S.D. of four plates.

Negative control : 100 of DMSO per plate was added instead from fraction C sunki seed

extract.

Spontaneous revertants are subtracted.
‘Dose : Solvent fraction of ¢ sunki seed extract.

(), inhibition rate

Revertants of postive control — Revertants of sample X 100

Inhibition rate(%) =

Revertants of positive control
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TA100-504t /plate

n-Hexane
Chiloroform
Ethylacetate
n-Butyl alcohol

0 25 50 75 100
Inhibition rate(%)

TA100-100 ut /plate

D.wW.
n-Hexane
Chloroform
Ethylacetate
n-Butyl alcoho!

Inhibition rate (%)

TA102-50ul /plate

n-Hexane
Chioroform
Ethylacetate
n-Butyl alcohol

[ 25 50 75 100
Inhibition rate(%)

TA102-100L /plate

o.w.
n-Hexane
Chloroform
Ethylacetate

n-Butyl alcohol

Inhibition rate(%)

Fig. 20. Inhibition rate against S. typhimurium TA100 and TA102 with

4-NQO of extracts from Citrus sunki seed with different
solvents.
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ojde #EFz WYL FEEF =
duio] HAA, REFA WEgE FEIEESL TRoITAH SdWe FF

dale] Z¢ FEAddo] B4 non NEFEA SuE RYEEe S
j=:]

HZ AFS HXRT 4F HAES E2E 3o ESddolds dAA
7= A8 EFEY HMo] &3] o]FojA 1 lon, FEAH|UA
L gty AAE B 33 49 B-carotenet HEIR A E, C %
o] vl &1 H(Shinohara &, 1988), =2} catechin(Steele 5, 1985), 2] o]A
frf(Lai S, 1980), chlorophyll ¥ chlorophyllin 59 “MA#(Ong %,
1986), &2 29 tannins¥®} flavonoid(Hayatsu %5, 1983) So] B o1
At

Z#o)| & hesperidin, rutin, narirutin, naringin, neohesperidin, nobiletin,
poncirin, nomilinic acid, deacetylnoilinic acid, isolimonic acid, limonin,
nomilin, obacunone, deacetylnomilin 53 %< flavonoid®} limonoid =3
£°] #FH Aukul, 1997, Mantheyd®} Grohmann, 1996; Johnson %,
1995; Vincent %, 1980).

Zad 3= v flavonoid AEELS U7 sH(Matsubaras, 1985),
&8 (Tanizawa &, 1992), 74 (¢ &, 1988)3 2] 712 Ay 2 e
2 8-(H 7 A, 1990)8 7R Qe 53] sinensetin, nobiletin& 33 A
128, Futol 22 &(Veckenstedt®t Hron, 1976), quercetin®}
tageretin o] HF9 HMo|& olF v (Marc$ Eric, 1994; Jie %, 1997),

nobiletin® tangeritine 7% S Ho|dA A (Calomme 5, 1996)S
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