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Antimutagenic and Antioxidative Effects of Perilla Leaf Extracts
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Abstract

The methanol extracts of perilla leaves reduced the mutagenicities mediated by of aflatoxin B1(AFB1), 3-
amino-1-methyl-5H-pyrido (4,3-b) indole (Trp-P-2) and Benzo(a)pyrene (B (a)P) in Salmonella typhimurium
TA98 and TA100. The methanol extracts were more fractionated, and the fractions of hexane and butanol
revealed the antimutagenic activities against AFB1 and B(a)P. The production of malondialdehyde (MDA)
was decreased when the methanol extracts of perilla leaves were added to the system. The significantly
higher antioxidative activity was observed in the butanol fraction. 2-Propyl furan, ethanedioic acid, dibutyl
ester, benzaldehyde, 2-methyl-2-ethyl-3-hydroxy-propanoic acid and octahydro-3a-methyl-2H-inden-2-one
were identified tentatively as major compounds from the butanol fraction.
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E7)+ & o] Perilla frutescens Britton &= Perilla
ocymoides L.2 FZ Zf3ld w824 AL4H
g Aoz A43l: fo Aobr i} vbell HA] wint
o= o] g3tz . EAUYL dEAA E72 A
2l o Al v &g o] ArR ol EH L YL
1} 71} b & Yt A s A 822 55 A HH. §
Arietol A= 19700 o] F FrlAFo] FrhEHA
S5F9 A 4wzt F535km, o] wek ALY
F2 5 FA3) Z7tste AL QA FAEEA
o] fo] ohizl A Aae sz Adel FAH
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7} o] Fo x| 3 gl v}, E78 %l ol = anthocyanins, flav-
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FHZ EAY 9] o] Axtbel F3F Bl A o)
< F2F9] A ol EEEAl Biofl 93l fitE
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B AF o A3+ 5719 (Perilla leaf : Perilla frutes-
cens Britton, Perilla ocymoides 1.)& B-ALA} &2 A| =}
X AT AR A Re] Mol FAAZSI AT
F 4 dale YELBGAN ARZ Asstenh
#74-2- vjjet-2(methano) . 33 F&slo] 7}1¢t
Ak (hexane) @ Fek&(butano)Z A}e| 2
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Aflatoxin B1(AFB1) @ benzo (a)pyrene (B (a)P)-& ==+
Sigma 3] AHSt. Louis, Mo. USA)ell A 9] 3l9x, 3-
amino-1-methyl-5H-pyrido (4,3-b) indol (Trp-P-2)=
A& Wako A} (Tokyo, Japan)ell 4] +3]ste] AFB1 @
B (a)P< spectrophotometric dimethyl sulfoxide (DMSO)
o, Trp-P-2%= {=b&ol %014 Aol A5

EBEHH| B0 AN

Ames A3 ol webx] Salmonella typhimurium
TA983} TA100 58 7H7} ALg-she] 3HEalulo] g
£ P3gt. FF= A7)A & histidine 74,
deep rough (rfa) Ed W o], uviB Ed¥ ]2} R factor %
o] YL G F AYFFE A3k B
W] {2 Ql AFB, B(a)P} Trp-P-25 @48 o 2
2HE7] $18bed A Fo] oF 200g% & Sprague-Dawley
rat(male)& o]-83}od S9 mixtureE ZA) s} A sy
t}. S9 mixture F 2] 7t 2 B E] 93-& S9 fraction 10%
o] MgCl2-KC) salt 2%, 1M glucose-6-phosphate 0.

5%, 1M nicotine adenine dinucleotide phosphate

(NADP) 4%, 0.2M phosphate buffer (pH 7.4) 2 34
F £33l A st G

o] A #-2 Matsushima ' @ Yahagi 592}
HH of] w2} preincubation mutagenicity test& ]85
Pslgd o). Z 9 mix. 0.5ml, 3134t vl oks F(1~2x
10°cells/ml) 0.1ml, o] H4EA 50u 2 A
28 A& 50ulF ice bathel] 271 cap tubedl) 2] 7}
WA vortex3tal 37°C oA 3087t ou]wekatdct.
45°C9] top agar 2mi4-& 7} tubes)] X7 327} vortex
3l minimal glucose agar plateo)) T 23l3 37° CollA]
4847} vl o¥gk F revertant £A}-2 A 43} ).

AER EAY % A8 FEE A" AR F
A& DMSOs)] 541 %(2.5, 5.0, 10.0%) 2 24 5] §
Saio] Ay AHgsdnt. 1elm Ay A4-9
A8t Ede] F1EAY FEE uA g (dose
response ¥ S P)E ol AA st o A48
AU FEEY SR AFTA da S A
3 vtehdA] gt '

Barst g 5
MasE

349 ICRA ohe-28 FFARAFA T2 AT
ZHE 74ty 1397 1A AFFAIF AR
el A3 oh-g A 30g A5 AL AYA AF23)
k.

Malondiadehyde(MDA)2{ &X

ul9-2 9 748 A Fdle] 50mM phosphate buffer
(pH 7.4) 2 109 343} homogenate 1.4mlo] 50mM
phosphate buffer (pH 7.4) 0.3mi& 713 A A, 0.5%
H202 0.3ml, 10mM FeSO. 0.3ml 2 50mM phosphate
buffer 0.3mlI& 713 HJE2FF 0.5% H202 0.3ml,
10mM FeSOa8} 74 9] wlete 325, €4}, 2et
&4 $445 S A7 emgmiA 71 Aelzoz
31, 5%, 108, 20% EaF 37°Coll4 incubationX] 2
t}-& stopper solution (TBA-TCA-HCI-BHT £-9)&
3ml 7k et 2 2 95°Cell Al 2087} 71 she] b
A7 o5 B7A] 7] 2, 3000 rpmel A 3082t 4]
283 535nmellA] 1 A5 Ao FREE &4 q
=32

AU Beb2 22 GC-MS(Hewlett Packard ;
HP 5890 GC-HP 5970 MS)E o] &-3}e] B A3l o]
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olw] A}4-8F column& HP-5 fused silica WCOT cap-
illary column o] glt}. Mass spectra= 70eVe] electron
energyol] 4} record .2 ion source temp.i= 280°C
At Column%+= 100° Coll 4] 280° C7+A] 4°C/min
2 2, temp. program. 2 3} 2 carrier gasE
helium& A}8-3tg F(1ml/min, split ratio 1/25). Z+
peakAd ¥-5-2] mass spectrumell vel}d Bz} ion}
fragmentE-& Chamstation (HP 91153C, NBS-REVF. L)
mass spectral data base 2] Z 3} ¥] w3} 4} data base
AA Z-& 5 e HEEL A5 o1E9 ion fragment
2 Y S EES AAH R Ao

A ¥ 0@

g2 23l Lafld EAU FFEEL 25%, 5
0% % 10.0% ¥ &2 DMSOe =4q] ¥ o] Fdwe]
EAT A A 43 A7 Table 13 2o} 4
Hol B Z L 59 mix.of &3l FAHPo T HE
AFB1, Trp-P-29} B(a)P& Alg-3lglon) F5x= S. typ-
himurium TA983} TA1008 2143} ). AFB1S &4
Holdo g 3¢l o 4% vetE F£2E
TA98 B TA100 FFollX ¥ FEdwe] £4F
=l 10% H7HA 242} 89% H 90%2] &9
o] f A A A7} vhebydeh. 3HH Trp-P-2¢1] 9%
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Table 1. Effect of methanol extracts of perilla leaf on the
mutagenicity induced by aflatoxin B1(AFB1, 1ug/
plate), 3-amino-1-methyl-5H-pyrido (4,3-b) indol
(Trp-P-2, 0.02ug/ plate) and benzo (a)pyrene (B (a)P,
5ug/plate) in Salmonella typhimurium TA98 and

A9 3289 I

Hol o A 535 177

dwe] i AU wEE F2ES 2.5% A7t
& W= A9 AA=HA kot 5.0% 2 10%
7R Al go] 48%2} 80%2, FE7) S ol wa)
FgEdie] A7t AAL o 4 Al BaPell &g
FEAHo AL TAI8 FFoNM EAU FEES A
7FtRE o 10% FxolAut ozke] Fdwe] oA
28-S Jehi ol & ¥ FEddo] Adbe vl ¢S
Hol et
EA49 uﬂ < FEEE oA dads wige 2
 HERE PETG e HE
Wol a3-2 FF3sict. Table
2°ﬂ*1 LR B}S%}ol AFBi g Eqdde] EEAZ 4}
43152 TA983} TA100 FFol| A At 33} Rebe
o] A% AAEFAE deplid o 44 FE AY
A97) 92l TAI8 FF-o} A A& 2.5%, 5.0%
Y 10% H7HA] Z+2F 51%, 83% 2 91%9] fdzﬂ%ﬁ-
et QT TA100 FFAAE 34%, 82% 2 92%2]
A7 et FRESE A Bled HiAFEL
10% A7 90% B =9 Fdde] A35 #Ad
7 et
BaP& %ﬂeﬂol FEEAR AHSHAS Al
a3z pek dwle] 4L vehe
o FEAS AFBwﬂAM o i ol = g P
A et (Table 3). A4}Z3} 3o FEdo] &
AL AFBrell X ot del cfa Aelr} gldled, ik

2ol %E

Table 2. Effect of fractionated samples from methanol extracts
of perilla leaf on the mutagenicity induced by aflato-
xin B1(AFB1, 1ug/plate) in Salmonella typhimurium

TA100
Revertants/plate
Treatments
TA98 TA100
AFB1 1473167 1630+129
AFB1+ Methanol 2.5%' 1412+£155(4Y 1104+ 62(34)
ext. 5.0% 651%x 58(57) 529x 21(72)

10.0% 196+ 29(89) 264+ 21(90)

Trp-P-2 2920+ 87 -
Trp-P-2 + Methanol 2.5% 2756+ 48(6) -

strains of TA98 and TA100
Revertants/ plate
Treatments
TA98 TA100
Spontaneous 37+ 4 105+ N
AFB1 1473 +167 16304129
AFB1+Hexane 2.5%' 735+ 52(51) 774+£118(34)

Fr. 5.0% 279+ 14(83) 376+ 92(82)
10.0% 168+ 41(91) 229+ 20(92)

AFB1 + Butanol 2.5% 1145+ 56(23) 1310+132(21)

ext. 5.0% 1523+ 38(48) - Fr. 5.0% 540+ 91(65) 503+ 76(74)

10.0% 610+ 96(80) - 10.0% 170+ 17(91) 270+ 56(89)

B (a)P 220+ 42 307+ 7 AFB1+Aqueous  2.5% 1533%+152(-) 1892126(-)
B (a)P + Methanol 2.5% 170% 19(31) 338+ 42(-) Fr. 5.0% 1355%124( 8) 1761+ 24(-)
ext. 50% 166% 16(33) 339% 27(-) 10.0% 11444£107(23) 1509% 54(8)

10.0% 138+ 25(51) 252+ 21(27)

'Percent represents the level of dried methanol extract in DMSO
*The values in parenthese are the inhibition rate (%)

! Percent represents the level of dried each solvent extract in
DMSO
? The values in parentheses are the inhibition rate (%)
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Table 3. Effect of fractionated samples from the methanol
extract of perilla leaf on the mutagenicity induced
by benzo (a)pyrene(B(a)P, 5ug/plate) in Salmonella
typhimurium TA98 and TA100

Revertants/plate

Treatments
TA98 TA100
Spontaneous 58+ 8 102110
B (a)P 220+42 307+ 7
B(@P+Hexane 2.5%' 230+ 5(-) 341+23(-)
Fr. 5.0% 186+23 (217 249+ 6(28)
10.0% 164 +24(35) 210+19(47)
B(a)P + Butanol  2.5%  .120%+ 7(62) 269146(19)
Fr. 5.0% 107+ 4(70) 255+26(25)
10.0% 69+ 4(93) 144+15(80)
B(a)P + Aqueous 5.0% 210140(6) 298+ 14(4)
Fr. 10.0% 197 +36(14) 292+25(7)

'Percent represents the level of dried each solvent extract in
DMSO :
The values in parentheses are the inhibition rate (%)

= 0 10% A7}A] TA983 TA100 F3 4] ZH7} 35%
o} 47%9) A EaFA7} dd e} FR_ESES 2.5%, 5
0%} 10% A713+d& W TAIS Fell A= 62%,
70%2} 93%2] oA &5 b, TAT00 T3l A
= 19%, 25%9} 80%2) AAEZF}/ AAFGon
aZnco} e Ba)Pe] EdH|FHRAS
Z43HA AA S & 4 it (Table 3). whehA] S5
&3 £A3ts A EE0] BaPy WAt 485 =

A JAG Aoz A}

EAYS Y43 e GBS Ao A E
ol HT-29¢|4 Al 22 ZAE 34 JAFe &4
= e A" 244052 A 2F3E A
wskehe. o2t H o2 o] EAYS & (A
-‘—}— A 2 B E5e EAf3le 44 AL A

2 &5

AU Pt 44710 E FR97] 95ke] ek
2] g} factorZ 4] Al free radicalZ inhibitiond}& 3
A3}l 248 A E3tG}. In vitroo] 4] incubation A]
Zhell W& w}$-~ 9] 7} microsomeel| A MDA A A2
o) W3S 535nmelA] FREE BYste] T
vl w3t A A E 3} ). FeSO48} Ha02 H 7}l 23}
o Aol £31% &= MDA thiobarbituric acidel] 2]
3l complexE AT o 24 535nmeilA FFEE
&3t 1 QTS & 5 Qlrt Fig. 12 A S
el shd A MDA A4 %e) WSt HEY oz o
Z 7oA FeSOs8} H202¢l &3] &35 2| 2}p4k3)
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Fig. 1. Inhibitory effect of methanol extract from perilla leaf
against lipid peroxidation in microsome of ICR mo-
use liver.

O0—0 : FeSO« and H202
A—A : FeSOs, H202 and methanol extract of perilla
leaf
o—0 : No addition of FeSOs and H202
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Fig. 2. Lipid peroxidation in microsomes of ICR mouse liver
induced by FeSO4 and H20: after 10min incubation.
Samples are solvent extracted fractions from methanol
extract of perilla leaf

FFEAYY R 22 ES HAFo 2 A
AL £ 5ot 223 o) EdE Rhe 1Y F
ol A w3t B3] HAY 5 gl Fig. 2014 B
*ﬂ”ﬂ%ﬂiﬁ#%ﬂﬂﬂﬂﬂ%mmmm
9 ¥ £g FFEAES Vehuglon 2 abss)
A3 ‘?1?‘1]%— ot 4 9t} WEba] REHE I Eole

FALE A A YA L o A shi= 3FALS AL L ZhE AR



719 23%9 B3

Table 4. Compounds identified from butanol fraction of me-
thanol extracts of perilla leaf by GC-MS

Compounds Retention time (min.)
Pentane 1.612
Cyclopentane 1.727
Propanol 1.855
2 — Propy! furan 2.398
Ethanedioate, dibuty! ester 4,064
Benzaldehyde 5.745
e
zgct;n%iinro%32?fr;ethyl 1172
Unknown 40.544

o] EAjdl= Aoz AZE e o] HFEL Gl #
23 ule} o] AFB17} B(a)Pol i3} dSdwe] &
A7} Zd oh FA A A FEQWe] A &
Z|Fe g FE2HE AR FASAAR Q3 o 2
A& At A3} ole A2 At aEH A

Linolenic acid& ®el 3-{3tx Q&= B4R Ad=
42 arachidonic acidel] 3§ eicosapentaenoic
acid®] u] (EPA/AAYE F7HA71 MDA A&
FolA HAA RS FaAA SHALS AdA7IE
2 B A AU E 49 4 sivk g,
EAYR 9 &S5 o] HA] MDA A& A& A 7=
2 Eref Faptehal Ao AR E Al o ofju}
o =g& F Aoz y|vsl.

S99 o8 & 1L FEdre|azs) it
sta vzt Jdehd AgkgEo EA3te 33ES GC-
MSE. 2], A 8}glc} (Table 4). 2-Propy! furan, etha-
nedioate, dibutyl ester, henzaldehyde, 2-methyl-2-eth-
yl-3-hydroxy-propanoic acid, octahydro-3a-methyl-
2H-inden-2-one 5-9] 3}3}5-o] ¥ EA =%}

Kong 5-'9-& furan3} 3§} &-o] TA983} TA100 5o 4]
Trp-P-13} B(a)Pe] EdHoe] & A3l AAE 713
o2 st¢l e E3] 5-hydroxylmethyl-2—furfural,
furfural & 2-acetylfuran& =& 3Eaiuio] &4) & 1}
bt B sl Furand =3} olv] At o]
amino-carbonyl ¥k-$-o]] 2]3le] A== Ao 7 AL
a3 o Trp-P, Glu-P9} 1Q 5-9] Ednio] f+EA
o Azt AR} Qlekn el Qlek. ol & &
Z Zzhe] BEE A% shEde] 2 4kst &
ol gk A7) " A Al Fe 9ot

we] gl galat A 179
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AU wivtg FEF-L2 Salmonella typhimurium
TA983} TA100 &3] AFB1, Trp-P-2 ¥ B()P2] &
Aol fg AN FIE Ar) gldled 15L&
2 o FYYPL o F3elA e At YA T dat
Y3} 32g YRl FEAMo] L3k} AT
Lipid peroxidation2 S74Y4 9] gt 552 A7tst
A& 9 AP 53] v1E J¥ HHA =24
qAHE AL 5 Uk Sde] FudA 9
Atgt 2371 AR F5-& E oA 2-propyl furan,
ethanodioate, dibutyl ester, benzaldehyde, 2-methyl-2-
ethyl-3-hydroxy-propanoic acid, octahydro-3a-meth-
yl-2H-inden-2-one o] FAA o 2 SA =9}

adAtel 2

ol A7 ¥xehA g A7) A AFHALE : 90-
0500-03)l &} & A 3}2] o F-oln o] & ZHAL=r}.
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