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# @t Chinese hamster ovary(CHO-KI) v} oA S-158 8o ol &) A3}
¥ bezo(a) pyrene (BP)#} 3-methylcholanthrene(MC)ell &} 4@ DNARAAG
% DNAZAA 9 21 3| ZHo] viae #24 A4F2E saponing] A& Z4}
te] b $e ANE AU

S-15§-8 o2 #Agd 10° Mo} BP £ MCE 1.0-10ug/ml9] saponind} &4
21 3¢ BPs} MCH Sz o vls) DNA @Al d g o] Zasigeh. DNA g4 g2
#4 st 107 Mol BPs} 10 Mo} MColl ofa] 242} 50% % 75% A5 ovk, 0.1-10
vg/mle] saponing Aol Mg A9 DNA @4 Eol o 10%ol4 Ea5 Aok
124} 100pg/ml o] 449l saponinFEA A= DNA Exeide Rrixe 38 uehy
Atk w1070 Mol BP =& MCHe & HAgw«el widd 79 DNA ZadAx:
el B 1Azt A HAxE Boltst A sEHo] 4A7 FEA AAsrzoR 3
HHAT a2t 10ug/ml saponing] EA sl NeE WMEFE 1A TN DNAGYE
of AT EoR FEsly, 6A17HFA WERFEY 150%0l4 Zr15tyh ol ABE
saponino] DNA 4af22le) of# Edwde] 2@ FREAYo| HaHA AAE YIS
HHH o2 AlAtete Rolth

]

Benzo(a)pyrene(BP)¥ 3-methylcholanthrene (MC)& polycyclic aromatic hydrocarbon
(PAH)9 &ale dEHQ Eddo] @ G4 BEAEZN §7] 2d9 Bod A2 s A4
He do 48AX vk o2 vu3 d4E axao) o8 dAHo U Bt I
o] g17] W&o 1 AARE Fasit AHMNZ Eolzr A9 aryl hydrocarbon hydroxylase
(AHH)Y expoxide hydrase(EH) T3 #& oarix] #A4st a4d 93 DNAY v A
By e He2 #4589y (Levin et al, 1977 ; Selkirk et al, 1982). o] &8t t]A}L7

+ ¥ d7E QuazATL A7 oo sAE A9

ir
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#/d (metabolic activation)2 AN HEHLe] A& o2 microsomal mixed function
oxidase (cytochrom P-4503} P-448)9 918 F % 9 t}(Selkirk et al, 1982).

oA NAH o2 BAdstE WAZTAY AR EL AP 9| ¥ 3 s) S (conjugated detoxifica-
tion) & gl o8 Aol W& A (Nebert et al, 1982), o] sEH 4% AgAstg AR
Z7 A= —-BP9 A% 7, 8-diol-9, 10-hydrodiol (BPDE) (Huberman et al., 1976), MCe2] A
£ trans-9, 10-hydrodiol(Eastman and Bresnick, 1979)-DNAS %3t 288 S 717 A H o)
Eddo] B Ao AFAQ AT E A"t o2 d B4 Heg FAE A TUAA
DNA ©@rpdd 9 BAox 5& 2@ste gyl DNAGAE fudteoan g8 7
27 € th(Park et al., 1985, 1990).

@8 Q4rel TH4E saponind] W AFE F2 Aol % YHY WM BE A7
7} R ol gk}, & saponing F-Alo) A catecholamine®] ¥H|& Z 59 (Lim et al., 1987),
£ A A g e HAFgons FAGH S AU, ol WA Sugde §4L8 A
oz Aol §A% g & MNAe Ao i YFHKim(Jun) et al, 1989). 18]
1t DNA Zsjaciel o g DNA fAEA vxe dFd st d7e ARS Aot

Wb 2 A7s S-1583ow sty BP9 MCol old f2d DNA dalddal 2
Al 2 2 F¥e HFe vAE saponing] AFE FHFo2M EdHe € I JA K
Feof #EA AR E B A sty

Mz R Wy

1L A3A8 2 AENG

Chinese hamster ovary(CHO-K1) M¥& A d¥o) A ALE-3lg T wi gl & Fagle's 3 &)
#A(GIBCO ; Grand Island Biological Co., Grand Island, N.Y.)o 10% 29 dA(GIBCOYH A
=4 AU E-G(100 unit/mD 9} 2 E 3 B ulo) 41(100ug/ml)& M 7} 8lod L4519 2, 10mM 2] HEPES
buffer(Sigma Chemical Co., St. Louis, Missouri)$} 75% 2SN UES 0 2 &FAH pHE 7.2
7482 FAANZAY A¥e 5% BAIAY ZEEE 37C e 7)o A rE:ulkEld m, 0.05% trypsin
-EDTA, pH 7.2(Sigma Co) & o 2 2-3Uwic} Achu)dal gt Saponind AT R A3 A
AAM AMEF 3T FHeR 359 FHA saponing Ag&stE

2. S-158-8 9] A=z

S-158 8o AzPo R Matsuoka F(1979)¢) W& 97t 4%l AL a9 ) 180 —240g )
99 Sprague-Dawley# = RE 712 wo|1f Qliteb% 4% 5 (phosphate buffered saline PBS)
fHoz Mol 18, 0~4CollA Sucrose-HEPES £ N (250mM sucrose, 2 mM MgCly, 20mM
HEPES, pH 7. )& 7tel 293 3wl 2¥ g o] Potter-Elvehjem-type Teflon®E 4712 23
stttk 2E4REVINAM 9,000xg2 10%, 15000xg2 20% 59 2z QAR o 4E9E
FH AHgsrY o

3. Benzo(a)pyrene(BP) ¥ 3-methylcholanthrene(MC)2] 3z

BP$} MCt: dimethyl sulfoxide(DMSO, Merck)oll €814171 % PBS= 8 M3lo] Qa(0.1M)S
TED Al A Ay TR Aol SojUR ¥ wjgAoz g M sle] S-158383 3}
A ALgstTh olm W EYEE 3mle S-158 48, 2mle] 20mM HEPES$Z ol (pH 7.4), 1mle]
50mM MgCl, Imlg] 300mM KCl, 3ml9] 3x} g4 a8z AR A o] ZF A28 3mMe] NADPH
2 FAAsEH.
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4. &7te] §EH

DNA @A-det s ZAst7] Aste Kohn 5(1976, 1981)0] 7148 «7ta] §28S 37+ A8s)
of a3kl 0.24Ci/mle] *H-thymidine2. & 24— 48A17t ¥ =3 ¥ PBS=Z 33 A &3 BPu
MCE H&t7] HHA7A FFMGA o2 447 B wWFstdot. BP 2= MCE s & 24
3 PBS-Merchant8 9 (147mM NaCl, 1.47mM KH.POi, 2.70mM KCl, 8.10mM Na,HOP., 0.53mM
Na:EDTA, pH 7. )28 HEE FAso pore-size 2um9] polyvinyl chloride filter(Millopore
Corp)#lol &2l¥ il XA PBS-Merchant&¥ o2 3~58 AAstgd. 2% pH 10090 &5 8N
(0.2% sodium lauryl sarcosinate, 2.0M NaCl, 40mM EDTA)o. 2 A &g % 20mM Na,EDTA(pH
10. 3)g Qo2 A A ¥ty 20mM EDTAS 20mM tetrapropyl ammonium hydroxide?} &
4 pH 1219 fE8AL D3, d4AM %% z(Monostat Instrument Co., N.YDE 2183}
o £ 004mle] HxZ {FE2AIHAM Al7teich B8 A 7)1 (LKB, Sweden)2 1247+ ¢t 2y g
AU 2 #8te] BALE L liquid scintillation spectrometer(Packard Instrument Co.)@
ZRgon, AAAd dolle FAE e ABRAE 04mle] IN HCIZ 70°ColM 127 B¢ A
31 2.5mle] 04N NaOH=Z &ox 308 F<t #8471 ¥ scintillation cocktail(4g PPO, 0.1g
POPOP/1L toluene)& o} scintillation spectrometer® %74 3}<t}.
5. DNAZHHE =

A 2 & 0.024Ci/mle] “C-thymidine (specific activity 50~60mCi/mM, Amersham International
Ltd., Amersham, U. K)2 2 24~48A17F <+ MFA & F 24137 F< A Ao A ] %¥stz, BP
e MCE M AF T BT AT 5 A4A o] Wi dstn 10xCi/mle] *H-thymidineo)
EFE Ao A 108 T pulseX A AT AEE W5 o2 A= U %2 thymidine(100
ug/mbho] Soifle A4tekE P42 39 AAF F SSC(150mM NaCl, 15mM sodium citrate)
ENE AHRE £ABHT AT AEE 05M FASUEFEN o 30587 £HA7 F 4Ca
WZHA 71 4% trichloroacetic acid(TCA)& Mol 18417 M el &t . DNAE GF/A o %% (Whatman
glass fiber filter, W & R Balston Ltd. England)oll $+#8led A2 A171 % 0.5N HCl& % o & 90°C
o A 2A17F F< &8 AFI T scintillation cocktail® W 1 liquid scintillation spectrometer& o]
& A#R fel dol e WAlge ¥ ZFF3dth DNA $A &S SH/MC WA 59 van Aa
A k.

z o

Fig. 12 ¥e] W& ol &3td DNAGAE S &S 243 Ao, 10° M| BP9 (Fig.
1A) MC(Fig. 1B)E S-152 1Azt 487 3 10sug/m! ®¥ 10pg/ml9] saponing 34
A2ty & W, BPe} MC @& 3to] vlste DNA ©hala e go]l Zastdn. o9 e 2
¥+ saponino] BP9} MColl 213 DNA ©APE @GS 4172 Al AFgiu

BP¢} MCell 2] DNA A A Ao v %]+ saponin®] F3FE 2ASI7] 938l “C-thymidine
o2 A3 CHO-K1M X 10° M BP L& 10°°M MCE S-153 &7 22314 0.1, 1.0, 10,
100 28] 1000¢g/mie] saponing 1A% F¢ el sty th. 215 H-thymidineo. & 105 Eot
pulse ¥ 3 o-& DNAFAES ZAH A d(Table 1). 10° M BP @32 Fo A= DNAY
AEol tiETo) vla] 9 50%, 28] 10°°M MCe] A= oF 79% A&l 59 o, 0.1 10pg/mi
F%9 saponing Al HEALE A%, 108014 DNAGAH AN Esh= Aok 189 100xg
/mloj 4] saponinFmel M 238 # DNAGAGS 271#el xa 48 Jeli Aok (Table 1).

Table 164 @& ZAa 5 Edl& DNA B4 o4& F3147)% saponins £(10zg/ml)ol A
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BP9} MCel| oJ3t DNA EAI Ao s B#lHo]| v]x= saponing] F&FE ZA}stgdh(Fig. 2).
Rt o8 CHO-KI1 AjXo| BP %= MCE S-15 4o} 1A17F Hal st & =]o) vl
s AE F 1AM 7HE & DNA 4947 $258d, 2F Ha3 JE250] 44 &
e AY F4 FEoz vdebdok(Fig. 2A & B). 284 BP & MCH2l F 10ug/ml ¥ %
9] saponine] EAst= FeiollAl Al o) wigFEd, AHH DNAFA A 9 3|84
A ol 1A AW g2 £F oldos FEA W ool 6A7ole R 150% o
4 DNAZE o] "Asl T74=Uch oleigt #42 BP(Fig. 2A)9 MC(Fig. 2B) # 2] A9
2% Yeigtedl, o)e Z3E saponine] DNAA S| .10 )3k DNAZH & Al 2] & 5314

N Za® 98¢ FA4T AL e AAele Aol

Table 1. Effects of saponin on the inhibition of DNA synthesis induced by S-15-activated
BP or MC in CHO-K1 cells.

Chemical Saponin Dose Specific Activity % Increased®
Treatment?® (ug/m1)? (%)b
None 10 100 —
10°M BP - 50.3 -
0.1 58.0 7.7
1.0 62.5 12.2
10.0 70.2 19.9
100.0 48.9 -1.4
1000.0 42.5 -7.8
10°M MC — 79.5 -
1.0 90.4 10.9
10.0 94.9 15.4
100.0 97.6 18.1
1000.0 52.3 -27.2

a, GHO-K1 cells were prelabeled with 0.02 uCi/ml " C-thymidine for 24 hr, treated with
S-15-activated BP or MC for lhr, together with indicated doses of saponin in the serum-
free medium, and then puls-labeled with 10/.1Ci/m13 H-thymidine for 10 min.

b, The rate of DNA synthesis was expressed as specific activity:
% 3H-thymidine cpm / £ * C-thymidine cpm

¢, Percent increase means the precent value enhanced by saponin in the indicated doses
relative to that of independent treatment of BP or MC activated with S-15 for 1 hr.
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Fig. 1. Effects of saponin on DNA single strand breaks induced by S-15-activated BP
(Panel A) or MC (Panel B). CHO-K1 cells were prelabeled with '* C-thymidine
for 24 hr, treated with 10> M of BP or MC which had activated with S-15
fraction for 1 hr, together with indicated doses of saponin. Thereafter, alkaline
elution was carried out as described in Materials and Methods.
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Fig. 2.

Effects of saponin on the recovery process of the inhibition of DNA synthesis
induced by S-15-activated BP (Panel A) or MC (Panel B). CHO-K1 cells prelabeled
with 0.02 uCi/ml ' C-thymidine were treated with 10" M of BP or MC in the
presence of S-15 fraction, washed with phosphate buffered saline (PBS), chased
for indicated times-in the normal medium containing 10 ug/ml saponin, and then
pulse-labeled with 10 uCi/ml 3 H-thymidine for 10 min. The rate of DNA synthe-
sis was expressed as specific activity: Z°H-thymidine cpm / Z'¢-thymidine
cpm,



Z S-S 2ugA LA 29 A oltt methyl methanesulfonate (MMS)S} #& A A9 DNA
galalel o3 DNA dhapdd 2 B Ao @3 d7s A 204 < B2 A7 +
8} 5] o] ¢t} (Edenberg, 1976 ; Park and Cleaver, 1979). Z1#]\} benzo(a)pyrene(BP)o]r} 3-
metylcholanthrene(MC)# & Edwo] W et ol AFEA s AFde MA FF9
AAEL SHAA HAGAY AT RAHS F0A9 54 2 AsEH 59 4% Fol
F2 Zotso] gk HT B AFHeA T o e wgAd T EA BPe MC 93 DNA ¢
AlEY 2 BAAAY S & FES v Ak(Park et al, 1990). £ dAqe AR
saponino] BP H& MCol| 9|3 DNA GAET gl BA94 Fo fFA5d BA2agH8E A
YeAE 8el7] sty s8stdr

10pg/ml &% 9] saponind S-158-8 o o3 &5 BP9 MCol| 93 DNA TAlH T
fel AsjERE BRAd(Fig. D ole tAIEAH e #A ZFo 471 BP =& MCo FA%
saponino] B A& o|Fo] FAY Ao A, = DNA Falol 3o #Hoste a4(DNA
repair enzymes)9] 84 & FUIAN 224 B A} oldrt 2E5A . £F 01 10ug/ml
F %9 saponing BPY MCeo DNAEA Asfladts S3AHS ¥ oty (Table 1) 1 4
AAZREH HES NEHFAAH(Fig. 2). 53] Fv2 & AL CHO-KIA xo) BPu MC
€ A3 ¥ 10pg/mle] saponine] 3-8 HAduj=lel M Fa & Wl 14 o] F DNAGHE
ol T &S dAHIL 62T 150% 14 & dAATdE Ao d(Fig. 2A & B).

dutd oz DNA A4 g9 A3l DNAMs e o3 &Adslslo] 9 replicon?] A4
o} 7]213 A} (Painter and Young, 1976 ; Painter, 1977), ojn] EA7} MHAd EAxE=
(replication fork)e] 2 &8 DNA Asl7t wrsfste] Ao <o# A 2ot (Edenberg, 1976
Hanawalt et al, 1979). 35 EA Ao FHEIANAr AN=EE BAYA(hewly avtivated
replication origin)@] Al & 7}5 Al o] A= 9l th(Meneghini and Mello-Filho, 1983). o] ] 3t
AMEEE xSt B o BPU MCo) o3 Ao a5 fAels DNAGAY &9 #43 St
T saponindl] 23 &4 replicon?] £ ZF7le HEo] N2ZE HALHY ALEol 23 w714
g3 % A" (Park and Cleaver, 1979 ; Meneghini and Mello-Filho, 1983 ; Tayler, 1984 ;
Griffiths and Ling, 1985).
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Effects of Saponin on DNA Strand Breaks and Replication Inhibition Induced
by S-15-activated Benzo(a)pyrene and 3-Methylcholanthrene in Chinese
Hamster Ovary Cells
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The present study was determined the effects of saponin extracted from
Korean ginseng on the DNA strand breaks and replication inhibition in Chinese
hamster ovary (CHO-K1) cells induced by $-15-activated benzo(a)pyrene (BP)
and 3-methylcholanthrene (MC).

The frequencies of DNA strand breaks induced by 10> M BP or MC were
significantly reduced by cotreatment with 1.0-10 ug/ml of saponin for 1 hr,
compared to those of independent treatment of BP or MC. The rates of DNA
synthesis were inhibited to approximately 50% and 79% by treatment with
10° M BP and 10® M MC for 1 hr, respectively. However, the inhibition
rates of DNA synthesis by BP or MC were alleviated to above 10% by coin-
cubation with 0.1-10 pg/ml saponin. In addition, the recovery of DNA synthe-
sis inhibited by 10" M BP or MC treatment was increased by the addition
of 10 ug/ml saponin. These results seem to suggest that saponin may exert
its inhibitory effects to mutagenic and/or carcinogenic properties of DNA
damaging agents in mammalian cells.



