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Antigenotoxicity of Ginseng Petroleum Ether Extract and
its Action Mechanism

Moon Young Heo'
Kangwon National University, College of Pharmacy, Chunchon 200-701,Korea

ABSTRACT — Panax ginseng C.A. Meyer has been extensively used in the traditional oriental
medicine as a restorative, tonic and prophylatic agent. Petroleum ether extract of panax ginseng
C.A. Meyer (GPE) and its several fractions (P1-P5) were tested for the evaluation of antigeno-
toxicity against N-methyl-N-nitrosourea (MNU) and benzo(a)pyrene [B(a)P]-induced micronu-
cleated reticulocytes in mouse peripheral blood. GPE and P2 showed more significant anti-
clastogenicity than other fractions did. To elucidate the anticlastogenic action mechanism of
GPE and P2 against B(a)P, the alteration of B(a)P metabolism was studied. GPE and P2 in-
hibited B(a)P metabolism in the presence of S-9 mix and decreased B(a)P-DNA binding in calf
thymus DNA with S-9 mix. They also decreased ["H] MNU induced DNA binding and methyla-
tion to 7-methyl guanine and O®-methyl guanine adducts in calf thymus DNA by HPLC analysis.
These results suggest that the anticlastogenicity of GPE and P2 on the B(a)P or MNU-induced
clastogenicity is due to decrease of DNA binding with B(a)P or MNU, the inhibition of meta-
bolism with B(a)P and the inhibition of methylation in DNA. Therefore, GPE and P2 may be use-
ful chemopreventive agents of alkylating agent like MNU and secondary carcinogen like B(a)P.

Key words (] Ginseng, Peripheral blood micronucleus assay, DNA binding, DNA methylation, In-
hibition of Metabolism, Alkylating agent, N-nitro-N-nitrosourea (MNU), Benzo(a)
pyrene, Cancer chemopreventive agent
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44 AA3ted vl astal, MNUS} B(@)Poll 23 DNALE
29 73 4= 9l= DNA binding@} methylated DNA %

B(a)P metabolites 249 F3to} 2-8711& A73307]
B 313 wlolth

AUy

OlAl XIBN MEo| M=o} MIRERe] M=

wl AH(Panax ginseng C.A. Meyer, 4d3)s 7132 3

& petroleum etherZ 24A7F 23 AT HAIA A4t
A G0 g 222 (GPE)E 3ttt oju) GPEY] & HHF
2.24%%t}. T3 GPEZ petroleum ether Ao Zo|x
petroleum ether:ether £ A& 9:1, 8:2, 7:3, 6:4, 5:540
2 8£%A]7)% silicagel column chromatographyol] 2J%t
partition& A A|sted P1, P2, P3, P4, P5¢] 5719 #&$&
|t

Alek 3 xiE

N-methyl-N-nitrosourea(MNU), benzo(a)pyrene[B(a)P] 2
7-methyl guanine[7-mG) 5 7B} A|9E-2 SigmaAlel| A
913}49t}. [PH]N-nitro-N-nitrosourea(1.7 Ci/mmol; 1 Ci=62.9
GBq)& Du PontAlZ HE Fiste] AHEstdch &4 O
methylguanine(O°-mG)&- ) 318ty AFFus7t 4
& AL AHEEITh. FBS 5 M Eujokel] Had AkEe
GIBCOA}oI| A )8 ] AE-3Ha T

HEEE

B AFo)| X ALgHE ICR mice: (F)HFE P Tl
FFwol A4 ol FEARANA M= dte FatE
2ol A 23+1°C 2 AUEE 55+7%9] ZHOR T~
109§ HGA7) F AgEIATE ARE F)tdaAe
o928 pellet ALRE FLH BE ARFA HANAL,
12h/12h(L/D) cycle®] Z7o)A A @5t

OFRA AA|# (in vivo micronucleus test)”

In vivo micronucleus A]E-& ICR mice(3, 25~30 g)=
Abgste Axjstgon APTE phe-AE SuhEE E9)
o}, FHUZEAZAE MNUS B(a)PE AHE3SAT =t
o ro) NS reticulocyteE o]-§5Hs 2YAFE A
Alatath A3 M8 E B@PE T3k 48A17HE ad
Ao A TxPRE NFH3l] o] acridine orange’}t
coating F 0|3l &elo]= Aol "ol AngSio|=E
de rhe yaFHu|AoZ AR (reticulocytes, RETS)
Z A"L 7P HARE Y (micronucleated reticulocytes,

MNRETs)9] HIEE #asigon ojnf nhes dojeid
1,0007)¢] RETsE #2313

W, FAEAAANES dside FddzEEY
MNU(40 mg/kg, i.p.) & B(a)P(150 mg/kg, i.p.)} Q1AM+
& 9 BEHE(O, 0.1, 1, 10, 100 mgkg)S 77}
ATEAS T A B 4827+ Tx AL 1FH st
AR HS AN BT B AFA AMEE Al 22
Z= MNUE 13} 9e}EA9Q) alkylating agentZA] DNAY|
245, Ba)P= 23 LrEAZA tlAIEAS DNAJY)
g3k 24|t

o

MNU/DNA binding 2"

Calf thymus DNA 100 pgoll [’H]-MNU 10 p Ci, MNU 2.
5% 10° M& Tris/HCI(pH 7.4)0] 0|11, Q14Ha fol| el
2 9 2I4ES 2FFE7 HEE V8l 37°C in-
cubatorol| A 24417} Z-¢F ikt wl9kE 2 M Na(Ac),:
EtOH(1:50) 4.5 m/& 7}3ts] 3,000 rpmoll A A4lE-2)8t L,
DNA pelletel] 95% EtOH 4.5 mi-& ¥t MF sl YAE
a8l= 7148 23] w2315t} DNA pellet2 N, gas%oll
A AZEYTh N, gas® 7AFA]7]1 DNA pelletg 50 mM
EDTA/0.1 M NaCl 100 p/2 5913 DNA §0 2 3190
o, o8N 10WE FFF 299miz} 4o} 260 nmol A
UV 2A43to) DNAYS Attt o] DNA®S 10 e
cocktail 5 mi7} EolglE glass vialoll Y3 A3 ¥ li-
quid scintillation counter(LSC)= 734 th.

Methylated DNA M2}

A7) 50 mM EDTA/0.1 M NaCl 100 pigol Soljle
DNA £ 80 wWE w2 3l 1N-HCl 50 us 7V¥sha,
70°Coll A 1A 7 sty 7HEEs|A]ZF T 2 N-NaOH 20
WE 7hste] F3A21 £, o] 150 wizt ® A E 5,000
rpmol A} 1027 AR5t A5 80 wE FHat) £
EFA 16 WE 71| AR 3

HPLC 8412 standard base ¢! adenine, 1-methyladenine,
guanine, 7-methylguanine(7-meG), O°-methylguanine(0*-meG),
cytosine, thymine5-3} &8 Al7]:=H| A}-8-3F methanol, DMSO,
free MNUE-S injectiond}ed peakE &9 & £ o,
2% A zbz} 20 pg/mio] A ZFENOE Az
AA 20 WE injectiondted 7-meGe} O°meGe] &S
dlo} cocktail®} &3+t ¥, LSCE 74315 th. HPLC=
Shimadzu 9A, column-& shimadzu C-18(ODS, 4.6 mm X 20
cm)S AMR-31¢ 3L, mobile phase= 10% citrate buffer(pH
3.8)2 AMEslgch 52 1 mimin, HEV|9) FREE
254 nm= 33t}

Journal of Food Hygiene and Safety, Vol. 13, No. 3



Antigenotoxicity of Ginseng 245

S-9 mix2| =A|
S92 ZHeuigtn Al aFERRE Bt BE
d 22 0~4°Cel YoM FaFo s P #

i, comn oil 1 m{F 10 mge] BFE £3)5led S LEd2
ARt H3E FEEE AFol 198+6.2g9] 75H
% § Z)(SD, male)S AHE3H00] 1Al 30 mekge]
PBE, 247+ 60 mg/kge] PBE, 344+ 60 mg/kge| PB
9} 60 mg/kge] BFEZ, 405 60 mgkg?] PBE E 7)o
Folgh & SR IF eikste] Fi8 WA AT B4
3 #o] 7ol YA AATE P3| 71ste] A G AA
stdom o] A& wlE] e Gl Yo TS G A
"ajo] 3u) FeFe] WZHE 0.15 M KCl 804 7ha ohS
teflon pestle = homogenize 3}$1t}. HomogenateE 9,000%
goll Al 1087 YAl itelsted dojzl AbG o] S9 fractiono]
™ o]ZS 1 ml¥ microbial centrifuge tubed)] o} dry ice
bed FolA T4 A & -80°C deep freezero| B &3
A Aol AR So-mixi= A7 2ol 8ol
Alg o] go]24 251 pl, 0.2 M NaHPO, buffer(pH 7.4)
2.5ml, 0.04 M NADP 0.5ml, 0.2M glucose-6-phosphate
125 i, Mg-K salt solution(1.65 M KCl+0.4 M MgCl,) 144
W, 9 148 mie) £A2 745l T Egste] F 257} 3
mi7} 955 A,

B(a)P0j| 2|8} DNA binding effect”

Calf thymus DNA 100 pgol] 10° M2} B(a)P/DMSO 100
ul, Tris/HCI buffer(pH 7.4) 100 Wi, S-9 mix 100 pl, 1AM
frodFEE 49 B4R AFEEY 100wE 7etn
37°Coll A 6A17F F¢t vlekdt ¥ cold acetone 1 mlg 7}3}
of Hhe-o Ax] AJ71ZE, 2 M Na(Ac),:EtOH(1:50) 4.5 m/-&
7F8ke] 3,000 rpmofl Al 94152l 31, DNA pelletol] 95%
EtOH 4.5 mli& 7eted M&sta A felshs A4S 23]
HHEELGITE. o] w) AJ7] DNA pellet-S Ny-gas 5ol Al A=23
% 50 mM EDTA/0.1 M NaCl 100 piol] 0] DNA §Ho 2
3tHom, o] &H 10 WE FFF 2.99 m/z} 430] 260 nmej|
A1 UV &3] DNA & AAFstdet. & 90 ploll 1N-
HCl 100 W& 7}t 75°CellA] 1A17E B2t 728l & 8
F 2 N-NaOH 50 /g o] F3tr| 7t 3,000 pmell A 94
Ba#dle] A& Azl 150 pl& DMSO 2.85 mil|] el
Perkin Elmer Fluorescence Spectrophotometer(Model 1.S-3)2
Excitation 370 nm, Emission 407 nmol| 4] &3-8- 2319}

Benzo(a)pyrene metabolites X 2"

Tris/HCI buffer(pH 7.4) 280 wioll B(a)P 10° M 10 pi(FZ
FEE 2x10° M)l A fodREE 2 FIHES
10 pl, S-9 mix 200 pl= HES-& 7fAI8HS 6A]7F ot ik
3 & cold acetone 1 mlg 7}&fed wke-& A=
ethyl acetate 3 m/ 7}3}o] v|dk3- Ba)P 2 gAIEEL =5
ato] AF2ollA] 7HFEEEE -, methanol 2 miof] £-81A]1A
HPLC(Shimadzu 9A)$} fluorescence detector(Ex. 370 nm,
Em. 407 nm)& AR&-3te] v|Hke B(a)PE EAlslgict. o)
AR&3E HPLC 51342 Shimadzu C-180)11, ol FAMS
75% acetonitrile2- A5} ).

A8 MM CHEt E20t

n}-9- 2o A MNU % B(a)PH= MNRET®] thgh 4]
H3ZE0 29459 EHE Table 1] el
MNU-5 MNRETe] t)sle] 734 %A GPE, P1, P2}
P4z} Bl AP A EAE FREA JERARACE B
(a)P = MNRET®] thair+= GPE, P1-P5 2% A&}
£ Uehil ot GPES} P27} vl L% gaFol& Q] A%
3FS LFERYQITE Fig. 19] GPES} P20 tj3le] MNU =
B@)P%= MG digk AHEnE wwsids uf
GPES} P2v= AR AAEES UEhlle Aog HobA
GPEQ] AAZAE 1 Fo THEol A= P29 AATA
I #Ho] 2 Aoz AT}

QIMMRUHFEE U BEEQ AMMF I}

S, M R dFE B0 FEYEEY A4 &4
Ae d79ste ZHzte] A8E 100 mgkg A T1EAYS
o] Adfusg Table 20 YehQIth. GPES H]E3
PI-P5 25 Gujohztel vlate] H3 fAde S5
UEhA] eksheh. mebA] B Al ol AFEE 1Ak fol el
EEE2 Fo43 olUlolA = GA)EAM (clastogenicity)
7h e o ohAd A gaE o

MNUO0|| 2|5t DNA binding %! methylated DNA A§A
0l 0jX|l= &1}

Table 3014 YJebd ZxE calf thymus DNA] MNU 2.5
x10° Mz} [H}-MNU 10u Ci 9@ Q1AM foledlF22-2
A2)8k%L @ DNAS PH]-MNU®] bindingo] GPES

o
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Table 1. Effect of ginseng petroleum ether extract and its
fractions on the frequency of MNRETs by MNU

Table 2. The clastogenicity of fractions of ginseng petro-
leum extract

or B(a)P
Treatment' MNRETs/1,000 RETs (Mean=S.E.)’
(mg/kg, po) MNU (40 mgkg) B()P (150 mgkg)
GPE 0 37.4+2.80 7.4+£0.24
0.1 33.2+2.87 7.840.48
1 29.041.38* 6.5+0.65
10 27.0+3.99%* 5.240.58
100 21.8+2.96* 3.44£0.51%*
P10 24.0+0.71 8.8+0.86
0.1 21.4%1.29 4.8+0.37*
1 21.0+1.14 5.040.71*
10 19.0+0.95* 4.4+0.68*
100 12.441.69** 5.8+0.80*
P2 0 25.24+1.66 8.8+0.86
0.1 22.440.68 6.8+1.02*
1 22.0+1.34 6.0+ 0.45%*
10 18.3+4.50* 4.0+0.55*
100 11.441.03** 2.840.58**
P3 0 20.8+2.65 7.440.24
0.1 18.2+2.33 7.6+1.36
1 20.0+3.03 6.4+0.75
10 16.8+2.59 5.840.58*
100 21.0+3.16 4.4+0.60*
P4 0 28.6+1.50 9.6+1.03
0.1 20.0+2.84* 8.6+0.24
1 19.0+1.64* 5.0+0.63*
10 19.4+2.62%* 7.840.58
100 26.243.06b 7.240.58*
P5 0 23.6+2.11 9.6+1.03
0.1 19.6+1.63 7.4+0.87
1 24.041.05 6.8+0.86*
10 21.0+£0.63 8.6+0.75
100 23.8+3.64 4.240.37**

"Mice (n=5) were treated with MNU (40mg/kg, i.p.) or B(a)P
(150mg/kg, i.p.) and sample (p.o.), simultaneously, and then
peripheral blood was collected from tail after 48h.

1,000 reticulocytes (RETs) per animal were examined and
the frequency of MNRETSs was scored.

Significantly different from the control group at *p<0.05 and

**1n<0.01 (Student's t-test).

2 2% 107 Mol A 12.2%, 2x 107 Mol| A} 26.4%, 2x 10" M
ol A 24.9%90] AR ZFAE UYehiglon, P22} A5 2x 10"
Mol 86.4%<] A &S YeplRov FeodE4 o
A7 gL A3tk

313, Table 494 Ueld AAZ calf thymus DNAY
MNU 2.5x10° M3} PH]-MNU 10 p Ci 2@ Q14+ ol 3
222 x73tg-S w 7-methyl guanineAiAdo] GPES] 7
9 2x 10" Mol A 13.5%2] AAZATFE YRR oA P29
A9 2x10" Mol A 67.2%92] AA7ZA S YA O

Treatment' MNRETSs/1,000 RETs*
(100 mg/kg, p.o.) individual value Mean+S.E.
Mitomycin C 29 28 30 29 30 29.2+0.37**
Corn oil’ 0 1 0 1 3 1.0+0.55
GPE 3 1 0 2 0 12+058
P1 0 1 1 0 0 044025
P2 0 0 0 0 0 00+000
P3 1 0 0 0 0 02+020
P4 1t 1 0 0 0 044025
P5 0 1 0 1 0 04+025

! Pheripheral blood was collected 48h after treatment.
*Mitomycin C was administered introperitoneally (1 mg/kg).
*Corn oil was administered orally (0.1 m//25 g).
1,000 reticulocytes (RETs) per animal were examined and
the frequency of MNRETs was scored.
**Significantly different from the solvent control group at p
<0.01 (Student's t-test).

MNU (40mg/kg, i.p.) B(a)P (150mg/kg, i.p.)

100 100
80 - 80 -
-
c
£ 60 - o 2 60 v
g il
g 40 - & 40 - .
3 o a
(7] " R *
*® 20 4 20 |
[ 0+
T T T T T T T T
4 10 100 1000 4 10 100 1000

Dose (mg/kg, p.o.)
*P<0.05,*P<0.01

Dose {mg/kg, p.o.)
—8— GPE —&— P2

Fig. 1. Suppression of GPE and P2 on MNU or B(a)P-in-
duced micronuclei formation in mouse reticulocytes.
Mice (n=5) were treated with MNU (40 mg/kg, i.p.)
or B(a)P (150 mg/kg, i.p.) and sample (p.o.), simul-
taneously, and then peripheral blood was collected
from tail after 48h. 1,000 type I and H reticulocytes
(RETs) per animal were examined and the frequency
of MNRETSs was scored.
Significantly different from the control group at *p<
0.05 and **p<0.01 (Student's t-test).

methyl guanine4d & GPES] 7% 2x 10" Mol A 11.6%2]
A AL JERNY o P2o] A9 2x 10" MollA] 31.8%
o] A AEFE Ul oy FEEH AR TS AUt

Benzo(a)pyrene2| DNA binding0{| O|X|= H&

Table 49 JElH RAAZ calf thymus DNAC] B(a)PE
10° Mo| HEE 7bsln 97)o] S99 mixE 20%7} HEE
74 & QA GOl FE RS FRER Hrtste wigat
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Table 3. The effect of GPE and P2 on MNU-induced the
DNA adducts of nucleotide and DNA binding

Table 5. The suppressive effects on benzo(a)pyrene meta-
bolism with S-9 mix by GPE and P2.

% Suppression™

Treatment'

(ng/mi) 7-methyl O°-methyl  Total DNA
guanine guanine binding
GPE 2x10° 0 0 12.2
2x 107 3.6 30.3 26.4
2% 10" 135 11.6 249
P2 2x10° 0 0 0
2x 107 0 0 0
2x10" 67.2 31.8 86.4

'"DNA was incubated with MNU (2.5x10° M) and [’H}-
MNU with sample for 24h at 37°C in Tris buffer (pH 7.4).
*% suppression =
100 DPM/ug of DNA in the presence of sample %100
DPM/ug of DNA in the absence of sample
*% suppression from duplicate experiments.

Table 4. Suppressive effects of GPE and P2 on DNA bind-
ing effect by benzo(a)pyrene with S-9 mix

Fluorescence intensity (Ex. 370 nm, Em.

1
Tze‘z/me;)“ 407 nm) Mean+S.D.>

m.
H GPE P2

0 55.0+5.56 56.6+3.51
2% 10 56.0+6.08 57.6+3.78
2% 107 16.6+3.51** 49.345.13*
2% 10" 6.6+ 1.15%* 4134+7.63*

'DNA was incubated with 10° M B(a)P, 20% S-9 mix and

GPE and P2 for 6h at 37°C in Tris buffer (pH 7.4).

*Triplicate experiments

***Significantly different from the control group at p<0.05
and p<0.01, respectively (Student's t-test).

42 o DNASH A3tE B@)P 3328 248 A, <4t
Aol 2E 2 EojsE Z7)0] ulg} DNA binding &7}
FTEYEH LR A A YERAT webA GPE
9} P2 B(a)P metabolite52 DNAS}S] AjHS A A|517]
L} £ DNASLe] AEH3Ef¢l ultimate form O 20] tALE
AAEH= 7ML E DNA bindingS 7HAA|FE ASZ
segh

Benzo(a)pyrene CHAI2{ M| Z 0}

Table 50 vtebdl A2 calf thymus DNAC] B(a)PS
20 uMo] HEE 71ata 7)o S99 mixE 20%%E =2 7}
g F R EES TEEE HUSIA wi sl
S u DNASF ZEslx] @3 273t 3= P|UALA] B(a)
P 3}51E-S ethyl acetate 2 25l HPLCE ¥43% A3},
M FADFEE FAFEF7lo wet o|dAbA B(a)P

Treatment' Residual B(a)P (UM)’ Mean+S.D.
(ug/m)) GPE P2
0 1.73£0.057 1.73+0.057
2x 107 1.761+0.057 1.66+0.115
2x 107 2.534+0.057** 2.26+0.115%
2x 10" 2.90+0.100** 2.50+0.200*

'20 uM B(a)P was incubated with GPE and P2 for 6h at
37°C in Tris buffer (pH 7.4)
*The residual B(a)P was analyzed by reversed-phase HPLC.
*Triplicate experiments.
*,**Significantly different from the control group at p<0.05
and p<0.01, respectively (Student's t-test).

o] ke lenolEAM oz 7haste Age Jehgith. ot
A GPESH P2i= B()P2] tjAlE oj4|lod DNAste] 2%
Helol ultimate formo 2ol HIIE A= sAo=
Table 494 1}ebt A 3¢l DNA binding S ZAA7| & A
° 2 e

n #

w2t (Panax ginseng C.A. Meyer, 433)8 7152 3 o}
& petroleum ether2 24X|7F F&F 719t 5EA)A QA
Fo| 452 (GPE)E 3ttt GPEE petroleum ether 48
of] =0]31 petroleum ether:ether Evj A2 L& A]# P1-P
59] 5709 8-S 4t qH A LS B £ S
A FAYEEAEY BN 7P FEEA Holwe AL
P23lt}. P2= MNU, B(@)P X5 tisjA GPESH frAHE
AAH &S Ho|HA AAGANE A JeRtr). uebA] P
27} GPE7} Hole A AA Al e Bdol e
E32 BAE AL

olg} e A=A A L7 HE L7 93t
AA1gE MNU} 23+ DNA binding# Og-methyl guanine
4 7-methyl guanineA-dol] JAAME A M &S e}
wisich g4, B@Po tiAlel vlx= g&s A A7
GPES} P2:= S-9 mixol] o3 4E49 Ba)PUlALS AAAI A
ot w2by, GPES P2 MNU$F 22 & 3ix|o] <]gh
DNA alkylation 94|, B(a)P<} 22 2xpitEZ o] ZAd)
Al A E E3F DNA binding 4] 59 71HoE A3 PA
o FAEAE AR e Ao ATE )

252 214ke] petroleum ether B8 o] YA L] FAS
A gt Zo] HEH,Y 2F 14te] ek Fol) B
A7t Bol sy gt A MK EollA po-
lyacetylene 3}g&o] ¥ej=o] F27F WA NE5A
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o] golgl uigict.” 3 Fof Aol g3t &, ¢Z(95%),
22238, dd, 4fd T FFEo] L1210 s 4
A Yelle AEZAAA &L A fedn 2 854
o] & grje] FEEA Rt ool ulet AfFel el 3
&5 253283 FEAAS AE(7:3 GX)o] AIESTA
AR E S Q1A saponinA} A&} polyacetylene ] 3}3HE
¢l panaxydol, panaxynolz} B2 A &3t Ay}, A-Foll A x5
ZEHTF SRR AR g3y} Fow, saponinAE
g2 237 ¢%leL), panaxydol, panaxynole- H-i-
AAE ARRT 2L wroA SAGA a7} U =
3} sarcoma 1800] FEH FLFFANE FEZALD &
o] iz B} £ AL EII} Z o] HHAHY. olelet
polyacetyleneZ 2 E9] A X5 7150 23] DNA, RNA,

protein 4 A sloll 28 Aolzla BaE| Yt
QA Rl o]t holbabga} A1 vtel] gt
Balo] AR v} dEabel AARNE e do =
AVet A3, QatAAl el MFHE 24 g ey, 14
1A Buhg B89 A9 lhkray 2 S8 AS
B FR o Eds S-S WL @9, A4t g
A, Y 5 22 B B

o] B m] ¢lAEd|= nitrosoamine, benzo(a)pyrene, afla-
59 ARl HEAEE st B
Eo] B vk B
ARl o3 WAL BEE s FELsHA A
T gk AP AU Eolut BAE i3 dezt
48 BN 2 faleici ol A H AT ERE, B
Wo|, =3}, ¢ 52 fstugivh wabaAl Qlate] AR
B3 doAe] gwel WHE Fdo] & = 3
t}. Zhang 5 Q1] 8434 % 0] yAol dgte] K3 ®
7} .01, protein©|L} carbohydrate #8-2 & 37} 2k
o1 saponin 28 &37} glAcky Rustich” 4,
olte] R AR Go] uhpolA] yilo oig woizt
£, CHO M ¥o)x 9] zpe)xol} zistalel o3k 2ujg
AR wg L G0l d A&}, A €]F DNA
repair 41 32H8 5 W asheh
wdh, 7 5ol oatd XA 2 FA42 AP Z=24 vt
o o] tiated QYA QAHET, oFHEANUFLT
Zo|EAEF QET 2 ARMAA EFHE He T
oA FEGo] kon, ofFEANS H & 53] a3
7t Ao, ZbNEe AAs 2 AN EHIT R
22 oAb Eo] 2%t R A ARGl B A= E

= wA) S

A 5& A7) 27t Ames EAHOIAIFAMN TAA 2
= wolfge] 98-S uIF Mtk YT BALYE
A ¢l benzo(a)pyreneo] TiaiA 1ol & F2E, 75% et
& 2% 3} panxynol, panaxydolo] benzo(a)pyrene2] A
t)Alel] k= enzyme modulation®} metabolite 2§43 o)
Boisto] webyo] 2 tiklE el A4S A7l B,
5002 27107 DNAste] 2 BAE ofAlsts)
th g3 vpgleh ) o]ejgt A2 benzo(a)pyrenedl ©]
3t G0l cytochrome P4S00] 213 EAJthAAHES]
benzo(a)pyrene-7,8-diol-9,10-epoxide7} DNAS} 1|7} &
A%E B3l B¢dol, b dorE 7AE nHHE
o ¢l4te}l ERAGRE] o]F Ly A& blockingdted ¢
et g#E Vet ¢ lvka BojXith

&, dorzhgol ¥ 1% polyacetylene & (panaxydol,
panaxynol)5©] benzo(a)pyrene FH =42 oY EaH =
dejaa Qgol Yehdt,” Aoz AEEHel 9l
= YUAEE TN WebAlz Hgahs AL
WZol o5e A% AL Frigle ATl
Hrly BoJAc) vk =& CHOA XA benzo(a)pyreneo]
2.5 % DNA strand break ¢} replication inhibitionol| tf3}]
panaxadiol saponin3} panaxatriol saponine] A& 77} 9l
213, DNA adduct A= 225 U-S-S Badh upgloh?

3, A Sl gstd FAr| 2 F R 3d ¢
79 d&F 8 A3} cyclophosphamided]| 2]3F vl-$-2~F 5
AslaAdo] A5 o™, urethane¥} ethylmethane sul-
fonateo] 93 2HAAHE FAGUA AAHA FUEE
BISGE? B A2} T QAFEEY AHPYIAR
Fol M Q4te] gt AF Y, AR H2FEEF HF
of 8] 2 %% E-o] B(a)P, cyclophosphamideo thate] A&
A7l 4 Avds: Bad wpgleh? 8, calf thymus
DNAE o|&3 DNA binding 2 H|A= GPES} P2 22
Q144 ol 45 E F 5] MNUS| o1& DNA binding &
Aot Y= AoZ Yetom, o] QI3 7-methyl guan-
ine¥} O°-methyl guanine®] A= 74 At o]k A
£35S GPESH P2 & 4HAIfel2+E850] DNA
HEHEL gorA 2L dAlshs A AY A
o] A& Aoz FAHL. Bla)pE= 7H) CYPs AE 9
3] B(a)P-7,8-diol-9,10-epoxide 72 ultimate formso| A4
5o o]Eo°] DNA®}e] v7k A AE O 24 mutation
o] o= Aog F LAY B@P FH5AHA
Fe] 2H871 1S FE371915He] DNA levelol X B(a)P
o] tg calf thymus DNA}2] binding &35 AN de =
} cytochrome p450 1A2 inducer?] B-naphtoflavone-> B(a)
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P29} DNAS}LO] bindingg FEEH 0 Z Z71A 7Y quer-
cetin @ 2 WiRAEL FrEH o2 AT wel
A B Add GPES) P29t 22 AMNAfodREEES
CYPs inhibitor 24} 2}-8-3l= 71 02 Johdth. o] 22 A7
T o] d7AEe] Bug vt e Qi Fol CYPs ##
AAEY AaYE 23 vke ARy x|
weh B Ao GPES P29 22 A Rolld 33
E50] UeE Fd5AdgAFEol ETHE ZEr]dY
4 9)E DNA repair modulation 72 H3 wjAE + ¢
A2k, Ho]Xx B(a)P metabolismE- 2] #|5}e] DNA%}LS) ad-
duct §4-& 7oA doluh= Ao FHAGRY

¢, FHEE9 NMRTZFA A3 Pl PSe EHE
0|91, P3%= panaxydol, P43= panaxynol2 FA =T} 7}
A gAo] ZA JeElGH P2= NMRT GCMSZT ali-
phatic ketoneF¢} EFEZA CpHyx0, CiHi,0, @ CH
$0; Bo] THE SAL3EE S £8E(Data not shown)&
FAHo] T 288 B3 HUFATETEE AAE 4
Aolr}.

ko] AaAA dojus SR ol (mutationy} 44
A £AH(chromosome aberration) 52| -7 =74 (genotoxi-
cityyo] izt JA|EZAEL 9F9] initiation, promotion %
progression THAIGIA] M E W JAFS] modulation, DNA ¥
A 2259 blocking, DNA replicationo|1} DNA repair
modulation 2183} Z+-& 7|H o2 SdHo| L} A A &4
2 EE qitd e AoR VdEa gtk 3, ol
FHEA JAAES AESHE 2AZE T A9
2], 2 AHEAME MESH 2 Fa540] A9 ¢l
7] W&ol Aol kAsA AHEE 7HeAdol EoH, cell
transformation o]} cell proliferation S0l A2 o & =}
B3to] AetAlY] R QA 231 ¢ oS ALS
b€ RAFI ot webr] 2 Aol Abg-sta gl
= GPES} P28} ZH2 14 A8 A RES 74+ &=
FE FAZ AN Eoles 2 wdeiAEd I B

[

S2EH oo dtadAEAMY F87FsAde] A B
ot

g4 £

Wl i (Panax ginseng C.A. Meyer, 432) 71% = 3 ¢}
$- petroleum etherE 2477} &% 7MbeEAA 1A
ol & &2 (GPE)Z 319 th. GPEZ petroleum ether A2
off 0] 31 petroleum ether:ether SujAE 2 A4 P1~
P59] 57)9] £8& AU A7 EA4& B3l £ F
A FHAZEAE dsiA 7HF FEEA Kol 2L
P23t} P2 MNU, B(a)P 250l diair GPES} fAMGH
AA A EE HolHA AR L A Vepgth mebx P
27} GPEV} moli Aslggeiaane] 28 Bao] gl
£ FEHAT

olsh pe SHEHA LA HE7)HS A7) SA5hol
A A% MNUo| 2]3 DNA binding@ O°-methyl guanine
% 7-methyl guanine Aol YA = A A FE e}
Wdtt 48, Ba)Pe diAlel wixE d3s A7 A3
GPES} P2 S-9 mixol] oJ3] f-=¥ B(a)PtiALE AAAA
o} wekA, GPEY} P2= MNU$F -2 47 3iA|q) o3t
DNA alkylation %} 4|, B(a)P$} 22 2xpaetEdo] A4
At A€ 53 DNA binding 4| 59} 7102 A 34
T RS ZAAT I e Ao =Y. w2t
A1 GPE$} P29} 22 14 A 8AAHREL 4F 7o
FE AR Aol gojee Z4F ddjixlsd] g »
2831 ko] ofHkQ W Al (cancer chemopreventive agent)
2X¢] §-87HsAe] Atk ReZr.

ZAlY| &g

B =22 dagsiAd dAHAEA T (FANE 951-
0711-063-2)A A 0.2 FP= Y on x| Yo ZAL=HYth

=2Q0}

Witk (Panax ginseng C.A. Meyer, 432y 7}F 2 3} thg petroleum ether2 24|17 223 719 e 24| A

A Fol|dFZE(GPER STt ol GPES] ++&-&

Bt 2.24%9 T} =3+ GPES petroleum ether &2}

Zo] 31 petroleum ether:ether S-viA]E £ silicagel column chromatographyell 2]%} partitionS AA15}e P1, P2, P
3, P4, P59] 5719 £8& At E dAYer e L3 APA 8291 N-methyl-N-nitrosourea(MNU) 2 benzo(a)
pyrene[B(a)P]E ©|-8-3t] PP AALHE sttt 4719 5712 B8 ZFollA] MNUe| thsjM+ GPE, P1,
P2oj| A A &7} et} 3HH, B(a)Poll thalAl= GPE, P1, P2, P3, P4, PS 2504 A EAE Vel
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