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dZd5AA MMSA 3 FASAHY Had A THFEEY
d%& W F NIH3T3 A EAANAN EM3AY. ImM9 MMSE 308
g F AL W AAA EFET ADTHA de Ax FEE
St Rl FAFEEC] FHE WMAANN WEFH = &
17% 3= $71¢ BEES BAY. MMS A F 4" DNAEA
b A A M FALd B Frldte AERE FHFEES FAY
g A dA4%% F/4E BAv. MMS 43l & 3537 A3 A3
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25 FHF2EL AYY S AANF 348 HAY. o
BANZARF K2 g AAGANL FAFEE Aol 8 &
49 e BAEE AL B FRHAT. A4 A A9

B3| A MMS 3o HAGAE BAHgsle T4 ads 4 oA
Aeg Holy, MMS 4aig 5 AR g T4 axe A
o BAEs FABIALH, MMS 3ol 93 DNA FEA Al &3t Al
IAETEL AYAY TRASEY FHd g3 ¢ FhE SHEE Ao
ol o AFAE ZFHAFEFIFo MMS Ade HAYEN KFYnd F
7HE Roln oM fFASAH4S AaNde FxgdAEH AET F
AT & AATH.
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Abstract

We have studied the effects of red ginseng root extract on the decrease of
MMS-induced genotoxicity in cultured NIH3T3 cells. The increase in survival
and the recovery from DNA synthesis inhibition in MMS-treated cells as a
funtion of normal medium incubation time was potentiated, at a rate higher than

those 1n UV-irradiated cells, by the presence of the ginseng extract. The extract



also increased the MMS-induced excision repair as determined by unscheduled
DNA synthesis. The amount of MMS-induced DNA single strand breaks that
are accumulated by polymerase inhibitors was increased, but at a rate lower rate
than in UV-induced strand break, by the presence of the extract. These results
suggest that the red ginseng extract increase MMS-induced repair and could be
used as a reagent for protecting alkylating agent-induced genotoxicity and
cytotoxicity.
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A Aol fFAJAE 34 Agdeolut AN TS &3 ada 4d3A
59 883 g2ld s H/IFIETY FHE FLL ol2g At A
AgE o 7| g BEFHA Fod AXEH o Fud Eddel &
do] AHAQ Ads 2YsA Fohe Aol FHHol gl 383 DNA
AHfedE LAJAEL DNAE I RKrlEAEY IYAH F4A
(nucleophilic center)oll ™3t 3 A4S zk= I AR (electrophilic) 3}FEE o]t}
dutzo g @r1E9 13 A2UARSo] A2xUxET o JAAPS 2, guanined]
N'#} adenine®] N°o] 7b4 wb3-4do] Fol 44 4AzHo F7|1H/NE0 A5
T, 5d80 2 AX AYFLS FLstE o= AR

Methylmethanesulfonate (MMS) #& &ZA3lA o 93] fFiddE Aic ¢
71 HAE & mAFE. Fr7IAsE  deoxyribose- phosphate
backboned] @718 HZA3E N-glycosylic bonds& DNA glycosylase”} 7}
B AFE7IE AAS ZAF=E P+ apurinic T apyrimidinic
site 5’ apurinic/apyrimidinic (AP) endonuclease®} 1 ¥ 5'-> 3’
exonucleaseX = 3’ AP endonucleaseol 93] Q71845 A A,

AAGA Fole LAI gapsE S DNA polymerased 3] AL+ T/
Aol dojttt THFEFEAMATIA+= DNA polymerase a, §, 2 87} o] FAH
TaHE AcsE G AHI* DNA polymerase a/82] A3} Al aphidicolin},



B9 A3 A dideoxythymidine triphosphate FL o]€34, DNA
polymerases<2 DNA &g <olut f3o wal DNA FHEAAH vz
Zlsdoe Aol €A v} Dimethyl sulfateS o] LA3A o) st 3=
/el polymerase ast 8 F7tx7 o Fo@cn <A gt 2 g3
AeE dFFHAA MMSe 93 DNA B FAH9 FHFHYdE DNA
polymerase a/89} 87} £x&H o2 FAFS Hudgs
o213 DNAZEFH A FAE 248 & e EAEL ¢, Eddo,
g ke3Fol ta BEoh AT FHIF g FEA ZEHT o
% &9 saponin® R AIM A catecholamined £H|E ZR3ln, A
HAAFE ANFoZ2AN FAFEAHL AUY ol tHA radical?)
S AANG22M YAY £ FFL v Aoz dHAT Y
o =3 4 HARELS AN de Lolaw, gABAd T G
A o] FH HAY FolamH, MIAEAAN EdHo] LAY AZTHY B2
adFo]l Hug v ok U ol B dAxaE MMSY 3# FASA
Haosde Ao dUdo] He AHEFA DNA 329 o =Hol 34
FE2 Y3 BAHFGH=AE FHIZA A
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2-1. AZW ¥, MMS X2 FEEH7T

NIH3T3 AlX &2 10% fetal calf serume] A 3 MEMS2 =2 37°C
COz humidified incubatoroll A Al thu] F3 AT MMSE= EHo] gle WY
Wl Aol 3 Astd Heletn A2 Fol= phosphate buttered saline <2 2¥
AL F OF BHES P840 T4 F222 4tz HEe o
EHALY, A8 FEE 05ug/ml2 o] FEAANA F2E A9
MEZAL AZHEE EAZA AAU2ZS 9% Aol7 1t

2-2. AE YEE A



WA EA N MMSE Astr FAMA == F4FE2E TR A
AN Y AESd Y F AZLE A, JH4G F o 1-2 F B¢
v 3l A== colony® 4E Giemsa staining3te B AR F o o3
HE&2 T3

2-3. DNA ¥4& &4

'C-thymidine2 2 HEAF AEE MMSol =ZEA7 F FAu A
T ZHEHAE T wiAAdA wiFSH dFA AT 108
H-thymidine(5 pCi/mD2 2 pulse BA3 T AAH 59 HATE £33
2N NaOH &9 ¥i 48Xt &< 37°C oA WA3o A Xl RNAS
Tttt 539 2N HCIZ F33 F tA $F9 256% TCAE 3H7ts
o 4°Co 441 T WAAN FH GF/C filterdl ZFAZH T 10% TCA
9} 95% ethanol®2 A3 3d F liquid scintillation counter® WAlE & =3
& F PH/MCY vlE FET AR W YT e EAAHE DNA
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2-4. W]F7]4 DNA ¥4 (Unsheduled DNA synthesis)

2-39%t "C—thymidine2 2 %3 A HEANF HAEE /A53A WEFD
% hydroxyurea A 2o 2§ DNA FAANE F=F & MMSE A3l
I, AAEE THEF EF WA dA v Ydte 3A7HE ¢ hydroxyureash
SH-thymidine(5 gCi/mDE 2 E AT oot Zo] NEES 474, £33
F A S 238z n/tc v Taga.

2-5. DNAAL @Atd &4

Tritium thymidine2 2 AE A A X MMSES Astz FHELAE
gt i A e A ANA E A wiYF F oskA AL F
o BALH G =Z37] Y3l hydroxyurea®t dideoxythymidine-& 3 7}3t
dok. mal FuE 5-20%9 AFUEZFu AFHR Y &38 Y



Hol 4 A THFQU A2dA =AU F 25000 rpmolA 4 A 7EL LAR S
3 B3YL A3 GF/C filterdl o3, A=Z3A liquid scintillation coun
ter2 HWAIS S £33, DNA =798 ExE 33lHt.

3. A3 ¢ 3&

31 AEEA AR

ImM9 MMSE 3087 HHAET Wy AXTHEEL FHU=
Zol vd F 94% FEE HIAH(IZH 1). MMS HaF HA WA
ol A w3 A A wal ME AEEL FUEFAH 24 A
) A$E F 2% A FAAFHY FE BAG(2™E 1, O).
H, THFZ2E FRHE MAANAN wMId A BE W FAL
el AAuA wiFEd HF & 17%% o F71% AFELS 2A0
(238 1, @).

32. DNA EAAA «3stazaH

MMSl 93] 4" DNA dA4Eo] FAFEFE MHAILA wt oA
M3l e Hol=AE H- thymidined A YEN o3 ALYt

AIXo ImM MMSE 3082 A2 & T4 FEES 0 - 24 A&
A AL, T FEEL MMSOH 93 DNA ¥4H4&Y HALE 9 38
AE%7A &t EH#E B YH(Table 1). FH2E AMEL2 THY =&
A7 MMS A3 F 2-6A1ZolA = el 23 DNA EA A <3t
AR dod v FrdMeE Euvde o2 ol& DNA A8 FF
9} olo) W 3FE FFo e wel THEFAI G dedue

9o F ZArde THAFZEC MMS Aol 93 DNA EA Az Y
£33 MEYZEL F/HAE Rez ANHAD
o] 2 DNA 3 &9 Fdo tia] =A138t7] d3f oo 43S FP3AT.



33. DNA ZHA|3|Ho) g &7

g AE U FE MMSE 3087 M F AAFA IEH
Aol A FE¢ ¥ F7]14 DNATA (Unscheduled DNA synthesis)g& A3
ZAEAY FAHY7) ol AH/E oHFT JLE PAEAE B2
Hoz BMIAT.

MMS9 X7t F718 42 DNAJ A Asic F7sHL AEE o F
3 &3y Y& vF714 DNA &4E o %ol A HuY 2 mMo|&49 2
FEodAMeE MEY diide g ¢dsrst 438 doju B F7]4 DNA
FAdol Ha AAEA(E 2. O). FHFEFES AT B MMS 4
e ES7 A% FANEFTL EE MMS T=EHH0A {90
g F71E EATG(2Y 2, @) 28y ZHAFEEC] D dd dg
432 aHF22 HosAT ¥ AR BYT.

o] AF}E AYJAY AL wIFIAZ MMSE BLdME F
A9 DNA BAJA 9 3@ o] DNA HAIEFEY Frtd 93 4
haoez wa DNA A E AAF g3 =g & AlATO
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34. DNAA} el thih &z

9o ZAEAFH7 DNASIEHAF AGdAdA TA=AE F&3] ¢
7l 913l DNAA @AM E @2 EAstgoh. 94 *H- thymidine2 2 4 EX
g AEo] ImM MMSE 3083 AYs g Aed ZHES 4
g AdA WMEFd F FHIAE Adce 2HAA 1 ATFS T W
oFslm MEE 4 A3t alkaline sucrose gradient sedimentationeoll ¢] 3%
DNA =719 B2x& I3t DNA =79 EXJ 93 100 mega
dalton DNA®IA ¢ DNA o] B dojR=AE Uetdic GAE DN
=5 AdsAn.

o] M MMSE Hz3A &L FAUHETLE £8 58 FZdA
peaks st Aax ¥ 7 Zole] DNA ZVIEXE HAFIX

Wi BAFL oF 180 mega daltonF =& JEIHAT. MMSE A stx



FAM AN g MEE WMEAT Aol g DNA Ao Fio
WE SAPEY HEY ZAE RAEY o 12047 ATME Az
Z =9 DNAZ7E RYH(2d 3. O). @H, T4 FRMANAN u)
Y MEEL BE MFATNN o FEF DNAAY 23 §23e
¢ & JAUHY 3, @).

A4 A el AL v MMS 43 BAGAES TAHNE %
o) BEHE 7 FojAE ROE Mo, MMS A8 e And o
F 4o AAE AYMo] Ao RABALH, MMS Add o
DNA ERAe 23 AZAZTEL M TRSHT T4 94
o 2718 32U HAT ol#@ Aols T TPy HREo Nz o
2 AEsgel 457 gEo TANE Res HA@)

4. HE

ol HAIAE FHAFEEC AYH AW oty LAHAQ
MMS A43ly HAZNE AAGAL 299 GAS ZAHIY
DNA 3 EFHE F7HA711, oldutal DNA A7t A
DNA EAAA=ZRE e FAsso AERAETESL FNHAAL 9
o3t A FHFEEL EYF 8AY AgA® olyg ¢
AU e FFEHA AT FAEAHE B2ANINE F=FqAZH
AHEE F A S A AAET

* o] AT YRE FTAUFAY A AGYAATAEY Aoz Sysigon
olel ZHAtE G,
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Table 1. MMS A3 ¥ T3 AEd AFuAZ w3 NIH3T3 A XA
o] DNA EAgAzRE o g43}o] dF FA4A F2E £xa 9 A
ay

MMS A2 F uj¥Azt(h)
0 2 6 12 24
% * S.D. 0 81%+19 195+39  352*63  384%76




Fig. 1. Survival of cells treated with MMS and then postincubated for
various periods in normal medium contianing red ginseng extract

(closed circle) or not (open circle).

Fig. 2. Unscheduled DNA synthesis of cells treated with various
concentrations of MMS in the absence (open circle) or presence

(closed circle) of ginseng extract.

Fig. 3. DNA single strand breaks of cells treated with MMS and then
incubated for various periods in medium in the presence (open
circle) or absence (closed symbol) of ginseng extract. At the end of
each incubation, DNA polymerase inhibitors were added for

accumulation of strand breaks.
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