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ABSTRACT : Among short-term in vitro genotoxicity assays, micronucleus assays are rapid,
inexpensive, and less labor-intensive system. We have undertaken a comparative study of
sensitivity of cigarette smoke condensate(CSC) by general micronucleus(MN) assay and
cytokinesis-block micronucleus(CBMN) assay. In this study, V79 Chinese hamster cells were
employed to evaluate and compare the genotoxicity of CSC of Kentucky Reference Cigarette
2R4F by 2 kinds of in vitro MN assay methods. To determine the optimum concentration of
cytochalasin B(CYB) to obtain the maximal number of binucleated cells for CBMN assay,
triplicate cultures of growing cells were treated with CYB for 15 h. CYB treatments caused a
concentration-dependent increase in cytotoxicity(1~4 wmg/mL) and proportion(0.25~1 m/mL) of
binucleated cells. These data suggested that 1 gg/mL of CYB is as an optimum dose for
CBMN assay in binucleated V79 cells. Short treatment(4 h) of CSC induced a micronucleated
cells with a concentration-dependent response in the presence or absence of CYB, but
CSC-induced MNs were weakened when S9 was present. Long treatments(19 h) of CSC also
induced a significant increase MN formation with a concentration-dependent response. At a
concentration of 75 g/mL, the MN cell frequencies of general MN assay and CBMN assay
were 6.5% and 11.7%, respectively. Linear regression analysis revealed a good correlation in
CBMN assay between a concentration of CSC and MN cell frequency. All these data indicated
that CBMN assay is more sensitive to the induction CSC-induced MN than general MN assay.
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Lo] o]gHrHDeMarini, 1983; Doolittle et al,
1990; Veltel and Hoheneder, 1996; Bombick et al.,
1997).

FRASAE QA FFA Hrkshy] Sl g
gl ALEE in vitro L E T FAAO]EAIY
(chromosome  aberration  test)Z}  AMAH
(micronucleus test) §°| vk &P e
Aol o3l nAGA oz P45 4£HE Al
FAELES Hrtshe WA, QA1 EAE
Hrl ZilAs FAAEA AgHeR deA
gl.om(Kirsch-Volders et al., 1997), AZAEAS
AABHE cytochalasin Bl Ael & - Foll wal A
ARG LA duk LA eR FE
%o} At French, 1993). AEARAAA] LAY
(CBMN assay)2 €l A#AH(MN assay)ol] H]
3 wigbAe] =m, AlPEA o FHEAS
Bet BAEsA 4T 4 A, cytochalasin B
AATY AEFAo] Slery HA AlPziE
gRlsliok ke el glrh(Fenech, 2000). £
Aol Al FEFIG(Kentury Reference Cigarette,
2R4F)9] chilleir]-g-3Eol thsle] dub £
I AEAEAAA] LAAFE Flste, T A

O
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Mz 2 Hh
A=
Dulbecco’s modified Eagle's medium(DMEM),
fetal bovine serum(FBS), L-glutamine, penicillin/

streptomycin solution, phosphate-buffered saline
(PBS) % GIBCO(Grand Island, NY, USA) A5

A-gsk3ict.  Dimethysulfoxide(DMSO), mitomycin
C(MMC), colchicine, cyclophosphamide, Giemsa,

nuetral red 52 Sigma(St, Louis, USA) A¥-<
A-gstiel, A AIS-9 mix)@t cytochalasin
BE Moltox (Boone, NC, USA) AEFS A&t
31, tHARA Al AHEE cofactor= Wako Pure
Chem.(Tokyo, Japan)olld £dslgich = ¢lo] &

AgHEE SFA%E Agoieet,

EHicIV|SEES HZE

Pled 7] SHE(CSC) EFEHN 20709 E RM20/

CS EF9Ax(Heinr Borgwaldt, Germany)& o] 83}
o] CORESTA #EFFd=Z(puff volume: 35 mL,
puff frequency: 60 sec, puff duration: 2 sec)&}oll
A A4A7)31, 92 mm cambridge filter padZS- ©]
g3to] EFHAE. DMSOE AH83llA filter pad
ZXRE] CSCE FZ3sl9) T2 10 mg/mLe] =%
5 3 3 -70Co) BshrA Algel A-gsisivt

MNEF 3 NIZEHYQF

Aol A83t V79 Chinese hamster lung
fibroblast(V79) AlEFE rxAIEF23Y(KCLB)
o2 RHE Bobitol Agsiglon, AEFVI= 14
+2417kolel, V79 AEE 10% FBS, 100 U
penicillin/mL, 100 ug streptomycin/mL2} 2 mM
L-glutamineo] ¥3t%] DMEM uljokol-g- AL83}%
oh uwjekEl AETE 2~3Yuh} 0.25%  trypsin-
0.03% EDTA-2-ME o]dsle Al fAB Kk Al
EF AU FAHo| A S Hasbslat
79} FHE] 104 vigke g Al kg AEuE
Aol Agsidictk ke CO: uiE71(VISION.
Korea) s o]-g3lo] FalFrslella] 37C, 5% COq
el weksiieh,

AlEEEQ XMal Y oY=

RE Aoy AgEe dzde HiTEY
CSColl H71=l DMSO(1.0 =+ 0.75%) Helstez
sl CSCY HeAI7HE drIHEl A9 A
FAAS-9 mix) F- 52 FAIZe] 4A7 Xl *
A2g wjofom w3lsio] 15 Al7F ©] wHtslad
ok A1l 73S A Al gle] CSCrbs A
74A 19 AI7E ok & AT EA 1l L A4S
FAE AlEARG A LA AL
ajeko] T}zl 15 A|7F Ael| cytochalasin BE %

7Fstsich

HNESM AIE

Cytochalasin B ¥ A|@EA L] AEZEAL g4
Zoll 23t neutral red Fr HEZE A=
neutral red cytotoxicity assay WHHS ARgslgich
(Borenfreund and Puerner, 1985). V79 A ¥(1x10°
cells)Z 96 well plate(n=3)o1] o]A 34 24 AJ7Hs

- 153 -



APA - £S5 0197 T
3 3 APEAS Aelsigink AdEd

ARE
el F AEX ko] EpH wigRE AAG F
20041 2] neutral red -&Y(40ug/mL)-S X zlslo] 3
7ColA wiokslrt. 3417 7t ¥ neutral red &
NS AAsL, 20049 FTAN0.5% formaldehyde-
1% CaClh)oz AEE AAstct 780 &4
(50% ethanol-1% acetic acid) 100 W= d7}sHA]
Aox 15 E7Z} neutral redE FHEI X
microplate reader (BIO-TEK, USA)E Ahg-sllA]
540 nmollA FHEE FHs%dk BE AR
= AIZE widslA o2 wellolld 48 3%
of sl RAzIlon], FHEE APEAE A
2letA o2 E2TH nlasie] A
et

AAIE

V79 AlE(14%x10" cells)E slide chamber 8
well plate(n=3)ol] o]Alslo] 24 AJ7kg<Qh nlokgt %
AEEAE AEgich AREAS AHelsio] 19
A|7HEE vidst & AIEE PBSE AlIXsla, 0.75
M KCl &4 ”01 4CollA 5 3k st
*P—‘5°“§ 14]71 3 314 H(methanol:acetic acid
EE5 J—’%"‘WI b 71z
2 &ifol=E AFsle] 5% Giemsa SHo 2 30
7 sl 8 diEzderEs 7 weldd
=49 5ol wel tAZAAl vHEAEFAH)
ANAE MMC0.5 w/mL)E, tHARAA 284
¥ cyclophosphamide(5 wg/mL)& A&}l gyt
A Al FEE 1,000 AEE
s}&iu) 4 (Nikon microphot FXA, Japan)& o]-&3}
o x1,000 si-gollA AHMAEE HA=3) 5, Al=E
ARAdAA AP 27 o] Fe] g 713
AZ((B00MelA EHAEZE AlFslich B4

1/3 2719) #e suoz BAstelon, dhiol4
o} zug AT g AES SRR Aldel
ek,

SHEHC uY
2E A3
o SPSS(version 10.0) SAIZZ 1S
o] one way ANOVA testE AAs}gda, A37A

qEg + EEANE B9
ol &3}

B35 SAD - o %S - A
223 Dunnet’s multiple-range test® E3lA4]
p<0.059] FEllA AelETe] fo4e AAHY

th A9 HEw AT A go| B3 &
ATA L AYAALAE Felo] BT,

A 3 oE

Cytochalasin B X2} MY 2 H#A

4@ V79 AE ullokA7F-E, Krishna
5(1989)°] Cytochalasin Bol] &J3lj4] 28 A|Z<7}
H7) =l AEF7I(1412247H 8 AEF)

kinetic ¥-41& Eslol Adslctn Xk 15 A7+
02 39ick AIEAEAAA LAY ALE

+ cytochalasin BY] AAFEE AAslr] 3l
V79 AlZol| tIgt cytochalasin BY w54 AEE
A g 298 PR AEY #F 2ASIch 4w/
mL9) cytochalasin BE 1 522 o] A
o7 3|Mste] AEZAHLS FAI A, 1~4 w/
TR R EHOR AEFA ] F7iH
% cHFig. 1).
1 wg/mL®] cytochalasin B X|g]lA] A|EABEE0]
ek 95% olRert, 4 pg/mL HelA] AZTYEEL
F 70% 2 7r4%|9 v} Neutral red cytotoxicity &
Holl 98l AHE TAHE, cytochalasin B X
(0~3 w/mL) 28 AX HH FF =A% A,
0.75 wg/mL oldollA] 28 Ax57} Frhslr] A1z
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Fig. 1. Cytotoxicity of Cytochalasin B in V79 cells.
Cells were treated with various concentration of
Cytochalasine B for 15 h. Cytotoxicity  was
determined by neutral red up take assay and
calculated as a percentage of the control. Data
were expressed as mean+S.D.
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Fig. 2. Cell cycle kinetic analysis of V79 in
various concentration of Cytochalasin B. Cells were
treated various concentration of Cytochalasine B
for 15 h. Cells were washed with PBS and fixed
with a solution{methanol : acetic acid, 3 : 1).
Cells were dried in the air and then 5% Giemsa
solution was applied to stain micronucleus(MN).

stem, AE5A0] ket FEQ 1 w/mL A2
o) 284 HE9] n)go) o 55 %E UENFOH,
1 w/mL o}ge] FEolA 284 E£e) nl&d Z7}
HA AdrhFg. 2. B F5A45 w/ml)e)
cytochalasin BE 483+ human lymphocyte &
AAYPFs Gl AEFE o] &d LA
AEe] B kAL AESF gl wlekzdel ulw)
4338 2ol Z Holx UrHKirsch-Volders ef al,
2000). =S V79 AEE 0|83 AEAZIAA
A ALEE 29 AES HES 50~
80%2 vrkebAl YEpHE QJeHEllard et al,
1991). B od7-o] MEAEAAA LR S

X cytochalasin B 5% 284 AAIn]go]
Eom A E(55%), AMEZA o] oFt 1 w/mLeg
Aelgdr).

oluh ASIAIE N MEZEHM LA CiS
CSCo AsiMM H|w

In vitro &9ATH A A e] el
2712l 2~6 h) Ex Z7IAE0~24 b7t i
o, grlHelelle HARAAE A Helsle
iAgA S 2 AR A vl g) Sol S
th, 2 oIFollA & neutral red AFEZA FAWH
ofl o3t B4 HalE T/ Z(data not shown)slod,

it &S T AlEA A £/ GeNA CSColl
3k A4S nlasly] sl 719k A7IA
g F dhe o H8sto] 3. Fig. 3 ol
A9} Zrol Auk LAYl AE tRE shte] )
S 7R AlEoA Ldo] EE{(A), 1,000/ Al
Taie L8 AZE Alesiglon, AR
A YA PAAE 2803 AEB) 500MEH
B &AEE AlFsiat

AuiEAAgENA AAR F 50% ofsl NES
AL NAE 4 A9 FE0, 25 50, 75 wg/mL)
2 CSCE =7)xel@ h) & &, Utk 298yt
AFALA AR LA ANNE B4 E-F v
23 Ay, F APy EFld CSC AHElexst
Z7lgtel ule} AWNEV}F FUtEE AL s
ArHFig. 4). 9 2NN G GTAEAAA] &
WA ollA e APdA £NANE PSS A7 21
+0.3%$} 3.6+2.0% olgom, CSC 75 we/mL
YA ZMAE BAE 2 4.110.8%9F 9.6£1.5%

A

Fig. 3. Photomicrographs of typical (A) mono-
nucleated cell and (B) binucleated cell with
micronucleus indicated by an arrow.
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Fig. 4. Effect of short treatment of CSC on the
induction of micronucleus in the absence of S9.
Cells were treated with various dose of CSC for
4 h and then, cells were washed with media and
replaced with fresh media in the presence or
absence of cytochalasin B(1 ug/mL). The -cells
were cultured for a further 15 h prior to fixation
and staining. Data were reported as mean=S.D.
DMS0(0.75%) was used for solvent control.

2, AFAEAAA] £YAHA] 2B gol
vebdoh F el S48 Kol &)
AZE Fse APdo] AEEA A - 39 o]
2A, dub £ B AFEREGEY] Al
Eg) Foll &S FAS] diFo] AEGA A
Al A9 gutgog 4dlls AR g A3
o &¥g 71R AER FEEd 2= Py
LAl e £ AE A& AEEY
ZIAZANAAZAEAAA LR )] L4
& Bt UA Jehles 2o Asdd m3E A
o] HRAA) Yehes 4 AEAEY 58
AR A AZEe] B Alzule] o AAL s5
Aol 9lgoz Yul AMAE R}l AT E G
LAl B gl ¥ & THEAHE
Ag 4 gthFrench, 1993). AZAA &4
ASAE XS vz A, AEARAAA &
MG CSC 75 we/mL X2 PLul LAE
7b thi SR o, AR A v A A Bk
AL QA go] dShrhFig. 5).

olo}zte Ayl CSCY FAFAE Aufd &
ARG ol FA% A, AABAAE A&
Fguirt vl H A Hh FASA G EA] |l
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Fig. 5. Effect of short treatment of CSC on the
induction of micronucleus in the presence of S9.
Cells were treated with various dose of CSC with
S9 for 4 h and then cells were washed with
media and replaced with fresh media in the
presence or absence of cytochalasin B(1 wug/mL).
The cells were cultured for a further 15 h prior
to fixation and staining. Data were reported as
mean+S.D.

E47)o] YopAth= B3 (Bombick et al., 1997)%}F
Yx|sl= Adtolr), aEhy wtelglol FFE ol&
sto] EdwloldS ZEA3E Ames assayol] €3}
wl, CSCel Fdwelde UARAAE e
3 Z7kEldn BaEls QcHDoolittle ef al.,
1990; Roemer et al., 2002). CSCE =EH(0~75
vg/mL) 2 A71X2|(19 h) & Iut A9 A
EARAAA] LMol o3t LWMAE PSS
T Ay 25l FEoEH T FUt =ik
CSC 75 wg/mL XA UHt
AAA LR HollA ] SAAE A4
65£0.6%SF 11.7£1.1%5 ATARAdA L84
Yol o Egkon, thr|xalel] nlsl ZAE A
Ago] F7t=ElUcHFig. 6).

A el uhE AMAAES vl
shazl Ay AHEAS Ak Table 19 3
HAAlollA veld wike} zro], dr|A el A7]H e
EF AZEAAA LAFHe] Yut £ Ec}
434 wlEgrl =gkl CSC Helwyel] whg
£ ADBAE 2A% A, FRAT FRE
At LA P BT} AFEATAGA LA A
1ol 77t e, A7 0.895% A7}

aYAT AR
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Fig. 6. Effect of long treatment of CSC on the
induction of micronucleus. Cells were treated with
various dose of CSC without S9 for 19 h. In
cytokinesis-block method, cells was added with
cytochalasin B(1 ug/mL) and then cells were
cultured for a further 15 h prior to fixation and
staining. Data were reported as mean=S.D.

7V A b

Wiled7 S Bolde] FAEH 24 SAS
49 § -7 PNtk $4549 JEF M=
Hrlehe 7ol sl Wl AUl WE 9

=
w7+ (susceptibility)o] & AEARAAA] L=
A& o) &l Zo] HgFH o)zt AgHt

=

4 =

B odqtol|Al= V79 Chinese hamster lung A|E5
£ o|g3lo] ZFEN2RAF)Y A7] SEHE(CSCl|

A3 FYA FAA P

373 vla

gk ARk LA PH AZAEGAA LA -
AAA-E vl Frisigich. AZARG A L¥4]
g& 9l AHg-=l= AAE cytochalasin B 35
AR Y8 V79 ATl gl cytochalasoin B
9] F=(0~4 wg/mL)ell whE AESAF 28 A%
9] 2 243tk 1 w/ml cytochalasin B #]2]
Al AEAREET 298 7H AIZS v]go] A4
ok 95% ¢} 55 %E JElgen, oty ARE
He] AZAZGAA LGS 9l ALEe
cytochalasin BY 5% 1 w/mLE 7Z43sch
CSCe EEH(0~75 we/mL)E ck7]X2l(4 h) ¥+
Ant AR P AZARGAA] LR A £
AL Y &S vzt AR, 7 AEHEFIA
5 9d&EX oy ANEIE S HAddh diAE
AAl AgAlolle ATAEDAA LA ARt
L7} k& F7b =T, viAAAA vl
Al Bebes &slE QA Ee] dgkh CSCel A7
A2l(19 h) 735 F AP EFollA 5% oEH
o2 £MANEI} FUF HAA, AEARGIA &
RIY R LA ] F7HEo] v ik 3HEA
<+ o] &3l CSC Helyoll whg A9 s
5 AR Ay, RE o AdelddlA duk £
AgEet AZEARAAA] LAl APy
e et ARAlT ghR)ol v =il o) A
2 RE] G se] A4 Hrtdle £9A84
&o] A FAH T AFAEIIA 2 gHS
o] &3l Zlo] EAY AoE ekdlch

Table 1. The dose-response relationship in induction of micronucleus in V79 cells by the CSC

" . . . Correlation

Treatment condition Linear regression equation coefficient p value
General MN assay

short exposure(not S9) Y = 1.63 + 0.0269 X (ug/mL) 0.722 0.08

short exposure(S9) Y = 1.82 + 0.0076 X (ug/mL) 0.314 0.32

long exposure Y = 1.09 + 0.0594 X (ug/mL) 0.836 0.01
Cytokinesis-block MN assay

short exposure(not S9) Y = 2.10 + 0.0868 X (ug/mL) 0.841 0.01

short exposure(S9) Y = 3.46 + 0.0265 X (ug/mL) 0.660 0.04

long exposure Y = 261 + 0.1030 X (u«g/mL) 0.895 0.03
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