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ABSTACT : In order to examine the mechanism of asbestos clastogenicity, CHO cells were treated with
chrysotile and crocidolite. Crocidolite and chrysotile were able to induce lipid peroxidation in a dose de-
pendent manner. Ultrafiltrate of culture media from CHO cells treated with chrysotile/crocidolite induced
sister chromatid exchange in CHO cells. Ultrafiltrate of culture media from CHO cells treated with chrysotile
induced chromosome aberration but it was not statistically significant. Simultaneous treatment of 3-Am-
inobenzamide (3-AB) or cytosine arabinoside (Ara C) with crocidolite had no effect on the frequency of chro-
mosome aberration by crocidolite wherease posttreatment of caffeine significantly increased the chro-
mosomel aberration by crocidolite. This indicated that DNA damage by asbestos took place at late stage of
cell cycle. The resulis suggested that the ultrafiltrate of media contained clastogenic factor (CF) and lipid
peroxidation might be involved in the formation of CF.
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gk Hk-g-2 A xute] wistE 7H]AH8<(Emerit, I,
1993)of] £J3F 712 & W ¥ 3 glv}.
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s AAE EA> AX wickdod R FelE 5 9l
t) o] 24 & A2l Mel3lS welx G A o4t
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phorbol-myristate-acetate(PMA)S Al2he] &) A3z
o WAz AP W WHAL A Fele b
gFo] 1,000-10,0004 £81 CF7} &A1%H-8- #aldt <= glsd
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7] eb2 efel A& frEsls XA (Wienke, J.K. and
Morgan, W.F., 1987), bleomycin(Chung, H.W. and Ryu,
E.K., 1993), #l|§+& 4 (Chung, H.W. et al, 1981), 22|32
7} =% (Chung, H.W. adn Maeng, S.H., 1991)2 *&]3}
a z7] o 5A44& 7hxl DNA 35304 A sl 3-
aminobenzamide(3AB), cytosine arabinoside(AraC),
hydroxyurea(Hu), caffeine 58 A|7] ®2 *2|3|& ul
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1. M|Z H{ 2k

Chinese Hamster Ovary(CHO) A £&5 10% -$-ejo}3 A
2] 100 unit/ml&] Penicilin, 100 pg/ml2] Streptomycin®]
E3+% McCoy's 5A (GibcoyA] oA 5% CO7} F-35]
& 37°C 32704 wiekslaich

2. 4H £¢4

UICC(unit internationalis contra carcinogen) 35~ 4]
% #49(Crocidolite)=} w4 (Chrysotile)s- 214Hsh
flol| 2.5 ug/mlE vHE F 23 Rr| 2
a3kl A 2ol ol spdeh. o] Amie] 2

o]= Hu|AA A L W7t cleksied ot 10 ug/ml
o]4o] v & ApA]sh= A& st

ok offe (B

3. MHx2|F Y FESO 2e

w510, 20 pg/mi, FA9 5, 10, 20, 30 ug/ml-<
Al gt Azejofal-S FEHE 3 culturesE ?{}3}0:] vl
ofelg £x13hE 150 & 687+ YA EE T 045
pum filter=. 41932 Azjujglict. o] F Ak 10,000 dal-
tonS He]g 9l Diaflo ulfrafiltration filter(YM10)
7] 1,000 daltong ¥-2]8}= filter(YM2)E 221 1,000-
10,000 daltong! E2& 500 plE ¥%, Felsidct. o
o) 25 AR 4°C o] sfol| A A Ak}

4. JMH| ol&F BN

M

2% ¥-z}gF 1,000-10,000 dalton Alo]e] EAlS-
CHOA| Eol| Fod3F F 1847} wjoFslo] B 2HAI3}
Qrt. AZE 100704 qloja Aelsle] st dujge
2 A, B sl

5. XA AR wgt 24



2oy EAS Ao Foigu} 10 uM2] 5-Bromo-
2-deoxyuridine(BrdU)E FA] ] 2] 3} 364] 7k wljofgt &
oA FRE 2AJE o}-2 Fluorescent plus Giemsa
(FPGyell o8 A7 F S50 e 25 ¢z
Aesle] Fat fAv|A 02 3HF, FA e

6. Vitamin C9| ¥ &}

CHO A%l Vitamin C(5.7x 10* M)S Agis} 7to]
e]3}A}, Vitamin C7} 235 v =)ol 7-997F whok
g F Mg Aesta A A wHIe s 2Aabs)
Ak

7. DNA 3|28 XM Q&

CHOA| %0l 493} 314 3-aminobenzamide(3-AB)2)
74§ 2x10°M2] 5% &, cytosin arabinoside(Ara C)2]
745 5x10° M| Fxg 74z Fojsha 243t vkt
F Atk g-f o g A o 2 wikde o
I 16417 wleFF A4 A& Farsledot. =3 CHO A

E ™ Fo{F 16417 v’ v} Hydroxyurea(Hu)
o] A9 5x10° M2 %= catteine?] S 1x10°M
9 FEE A F 2417 o vk o AAAHE &
zkstod ot

8. OiX| & nits B

Martha et al, (1986)2] Hl#H ol wle}l thiobarbituric
acid (TBA)¢} ¥F2-3}+= malondialdehyde(MDA)2] <fF o
2 ZA39ch & CHOAM 2ol A} WM& 747}
5, 10, 20, 30, 50 pg/ml2 He)sted 1847k wjokgh the-
0.9% Ae)AlGdr-E Qu AR E ATE Zgic)
o]F U¥A|EE Bradfordibyol 2 whd HAL
83 = TBASH 1112 E3Fsted 100°CollA 1587

119

HAF 800 g2 YA LVTHE 43NS Aot 535
nmell 4] 4= 24shaic.
L. & o}

1 MBIX2I% YR E0 oI5 HMF 0T

CHOA|Zo)] WA w 5 10 2 20 pg/ml == HAM9 5,
10, 20, 30 pg/ml&- EA] x&]5}e] 18 h wjoFAIZ1F filter
£ ol& =i £4E ohA] CHOA 2 A=ssr).
oje] zte|e] WS APA} A AAH M| F )
FFEEL AT Ao AHE el A= o))
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w3 Ao 1270 R e 57Kl vls) &
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20 ug/mi2] 739 WxT FARE FFEo2 YAl
o] Yehts Zo g Hol 23]8] MEEAE Jehlle
FroM = AL BAle] FAER] o= AL
& 4 st

Ao A9 5 ug/ml o] 2ol FollA | A=
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7Vehe AEE B 9 elsloh

A7F AR A HepA = fstey v SFEE
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2. A2 F HiLFES0| QS XHoHA AR w2
1) Mol £0f Sol w2t FME sidFE=0 2
5 Xj0) QAAH TS BIE

CHO A Eol] Y Ao]ALS ftsles FE5
w5 ng/ml, 10 pg/ml 2 20 pg/ml 18] 32 HAH

Table 1. Chromosomal aberration in CHO cells induced by concentrated ultrafiltrates of media from CHO cells treated with asbestos.

Structural Aberration/100 cells

@Treatment N()C.ozrfncc;lls Agg:::;t c(z:flls Chromatid Type Chromosomal Type
Exchange Deletion Total Exchange Deletion Total

control 100 6 0 5 5 0 1 1
med+CR 5 100 7 0 4 4 3 0 3
med+CH 5 100 7 0 5 5 2 0 2
med+cell 100 6 0 S S 1 0 1
cell+med+CH 5 100 12 0 12 12 0 0 0
cell+med+CR 5 100 6 1 3 4 2 0 2

med: medium, CR:crocidolite

@Treatment: Concentrated ultrafiltrates of media from CHO cells treated with different type of asbestos
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Table 2. Effect of concentrated ultrafiltrates of media from CHO cells treated with crocidolite on the SCE frequency in CHO cells.

(@ Treatment No. of cells counted

Total No. of chromosome

Total No. of SCE SCE/chromosome(Mean +S.D.)

control 100 1909
medium 100 1902
CR 10 100 1917
CR 20 100 1905
CR 30 100 1919

767 0.403 :.0.53
752 0.395 - 0.049
760 0.397-0.12
842 0.442 - 0.059
875 0.457-0.052*%

*Observed value is significantly higher than control value(p<0.05)

(@Treatment: Concentrated ultrafiltrates of media from CHO cells treated with Crocidolite

Table 3. Effect of concentrated ultrafiltrates of media from CHO cells treated with chrysotile on the SCE frequency in CHO cells.

(@Treatment No. of cells counted Total No. of chromosome Total No. of SCE SCE/chromosome(Mcan - S.D.)
control 100 1894 816 0.432.0.45
medium 100 1886 88(0) 0.467 :.0.54
CH 5 100 1886 1063 0.564 - 0.37 #*
CH 10 100 1889 977 0.518=0.028*
CH 20 100 1886 951 0.504 :.0.025%

*Observed value is significantly higher than control value(p<(.05)
**Observed value is significantly higher than control value(p<0.01})

(@Treatment:Concentrated ultrafiltrates of media from CHO cells treated with Crocidolite

Table 4. Effect of crocidolite on lipid peroxidation in CHO ccells
(unit; nmoles MDA/mg protein).

Table 5. Effect of chrysotile on lipid peroxidation in CHO cells(unit:
rmoles MDA/mg protein).

Dose(ug/mi) MDA(Mean +.S.D.) Dose(ug/ml) MDA(Mean—S.D.)
control 4.91+0.36 control 5034047
CR 5 5.76 - 1.06 CH 5 8241 592
CR 10 4.624 1.86 CH 10 8051 457
CR 20 8.21+4.00 CH 20 20,60+ 8.96
CR 30 7.29+4.93 CH 30 27.61 1 14.79
CR 50 13.3317.52 CH 50 32.03117.86

Kendall v=0.3581 p=0.0203

10 ug/ml 20 pug/ml 2, 30 pg/mle xelste] 1844}k
ok A7 & Xa]gk wjo) Z.%E, S vlA| CHOA XZol
2] &}od 36*17P B ekstadrt.
o] 79 20 pg/ml} 30 pg/mle] 5ol 4] Dﬁi
94 of A A} Apujod A A wEhHl =4 0.4030]] W8 7
b 0.442, 04575 Z7}g)on B8] 30 ug/ml 5% W
= EAA o 2§08kl th(p<0.05)(Table 2).

_._,3:,“;0

wiadwd o] -9 5 ug/ml, 10 pg/ml & 20 pg/mle] 5%
oA o) =2 04%201} vlal 0.564, 0.518, 0.5047 Z7}
kel on wf EAA o2 f-ol ekl v (p<0.01)(Table 3).
gofant = elgh 4 -9+= tHat3) v)S=gh 558 v}
WHo 2 ufjofoll 2pA olgh o gk w4 9lal
v},
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Kendall t=0.63405 p=0.0001

A A pabe} A it vl seeakol ol

Table 4ol 4] = nje} 7lo] A
pg/ml g7z oll x—1 R R R
7} Z71EE 576, 4.62, 821, 7.29, 13.330.5 &
4919 H]oH 27k A 8kS e} (kendall 1=
0.3581, p=0.0203).

Table 5ol A9} zbo] wirmde] 795 yxov) S7hgh
of mli} tht 5130 Blsl 8.24. 8.05. 20.06, 27.61.
32,0305 E7Fshi- A ES- nolvh(kendall 1=0.63405,
p=0.0001).

30 % SO pg/mlg A3k F 4415l MDASES %4 afod
1

Aol 49 102} 30
AAlA e o g

4. Vitamin C2| sk

A3 Vitamin C3F M 2ol S5-4] A 2| gk 2 -9-2} Vi-
tamin C7} 223F5] vl Alel] 7-9217F vle] wioF A7 j 52
of] Aml-8- xfu)sl F.o] nfjofiaS- o] A eld)od
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Table 6. Effect of Vitamin C treatment during G, on the SCE frequency induced by concentrated ultrafiltrates of media from CHO cells treated
with crocidolite.

(«Treatment No. of cells Total No. of chromosome Total No. of SCE SCE/chromosome(mean +S.D.)
control 50 996 482 0.484+0.130
medium 50 989 477 0.482+0.132
med+ CR 30 50 997 462 0.46340.175
med+cell 50 989 457 0.46210.162
med+cell+CR 30 50 991 534 0.539+0.170
med+cell+CR 30+Vit C 50 985 491 0.498+0.162

med: medium, CR; Crocidolite, Vit C; Vitamin C
(«@Treatment: Concentrated ultrafiltrates of media from CHO cells treated with each dosc

Table 7. Effect of Vitamin C treatment during G, on the SCE frequency induced by concentrated ultrafiltrates of media from CHO cells treated
with chrysotile.

(e Treatment No. of cells Total No. of chromosome Total No. of SCE SCE/chromosome(mean + S.D.)
control 50 985 475 0.48241.62
medium 50 974 461 0.473+0.137
med+ CH 5 50 985 438 0.445+0.153
med+cell+CH 5 50 979 529 0.540+0.196
med-+cell+CH 5+Vit C 50 977 500 0.512+0.155

med: medium, CH; Chrysotile, Vit C; Vitamin C
(' Treatment: Concentrated ultrafiitrates of media from CHO cells treated with cach dose

Table 8. Effect of concentrated ultrafiltrates of media from CHO cells treated with crocidolite on the SCE frequency in CHO cells which were cul-
tured with Vitamin C for 7-9 days.

(e Treatment No. of cells Total No. of chromosome Total No. of SCE SCE/chromosome(mean + S.D.)
control 50 Y88 410 0.415£0.150
medium 50 986 436 0.442+0.150
med+ CR 30 ,f() 989 419 0.424+0.142
med+cell 50 984 421 0.428+0.152
med+cell+CR 30 50 1001 452 0.452+0.132
med+cell+CR 30+Vit C S50 982 429 0.43710.163

med: medium, CR; Crocidolite, Vit C: Vitamin C
(@@ Treatment: Concentrated ultrafiltrates of media from CHO cells treated with cach dose

Table 9. Effcct of concentrated ultrafiltrates of media from CHO cells treated with crocidolite on the SCE frequency in CHO cells which were cul-
tured with Vitamin C for 7-9 days.

(' Treatment No. of cells Total No. of chromosome Total No. of SCE SCE/chromosome(mean +S.D.)
control 50 992 432 0.435+0.155
medium 50 987 431 0.43740.150
medium+CH 5 50 990 426 (0.430+0.162
medium-+cell 30 968 423 0.43740.164
med+cell+CH 5 50 983 508 0.51740.194*
med+cell+CH 5+Vie C 50 987 446 0.452+0.159

med: medium, CH; Chrysotile, Vit C; Vitamin C
(e Treatment: Concentrated ultrafiltrates of media from CHO cells treated with Chrysotile
“Observed value is significantly higher than control value(p<0.05)

Al a4 A aLgkR) et vl aiskgl el ot SAH o8 fHelshA]a= edotrt. Vitamin CE &
Al Ael gk 7g- A A 0498824 ARl gl ] 4] 9}

1) A{TH o} E/\I7<13I§ 4% ko] 7+ lsd et
Table 60ll4] W= 7181 HA3- 2|k 749 o1 4 WA A A s E] Al elli= 054005 T
A zpofed A A s s: Bl evh ol Al 05395 o 2yt 0.482, 0473, 2 044580} Zv)ak S B 4= glgjon
0.484, 0.482, 0.63 ) 0.462K )} Z7}5k A B 4 g) EA % o ¥kA-e glelr). Vitamin CE 54 A28k 7%
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Table 10. Effect of 3-Aminobenzamide(3AB) on the frequency of chromosomal aberration induced by crocidolite in CHO cells during G,.

Structural Aberration/100 cells

No. of cells Percent of

Treatment counted Aberrant cells Chromatid Type Chromosomal Type
Exchange Deletion  Total(M+S.D.)  Exchange Deletion Total(M+S.D.)
Control 300 4.0 0 2.5 25+2.1 1.5 0 1.5+0.7
3AB 300 6.0 0 4.7 4.7+31 1.3 0 1.3+1.5
CR 5 300 7.3 0 5.7 5.7+3.7 1.7 0.3 20420
CR 5+3AB 300 10.7 0 8.3 83%£29 2.3 0 23+15
9.3)
CR 30 300 9.3 0 6.7 6.743.2 23 0.3 27+1.2
CR 30+3AB 300 7.3 0 5.3 53+29 2.0 0 2010
(11.3)

The value in parentheses indicate expected values.
The expected values are the sum of the yield by asbestos alone, plus the yield induced by 3-aminobenzamide(3AB) alone, minus the control value.

Table 11. Effect of Cytosin Arabinoside(AraC) on the frequency of chromosomal aberration induced by crocidolite in CHO cells during G,.

Structural Aberraiion/100 cells

No. of cells Percent of

Treatment counted Aberrant cells Chromatid Type Chromosomal Type
Exchange Deletion  Total(M +85.D.)  Exchange Deletion Total(M +S8.D.)
Control 300 4.7 0 3.0 3.0x2.6 1.7 0 1L.7+1.5
Ara C 300 10.0 1 6.0 7.0+£1.7 3.0 0.3 33415
CR 5 300 9.0 0 7.6 6.7+2.1 2.0 0.3 23106
CR 5+Ara C 300 10.7 0.3 9.3 9.7+3.1 1.3 0 1.3+1.5
(14.3)
CR 30 300 8.7 0.3 5.7 6.0+2.0 23 0.3 27+1.2
CR 30+Ara C 300 13.0 1.7 9.3 11.0x5.6 2.0 0 20+1.0
(14.0)

The value in parentheses indicate expected values.
The expected values are the sum of the yield by asbestos alone, plus the yield induced by Cytosine Arabinoside(Ara C) alone, minus the control
value.

Table 12. Effect of posttreatment Hydroxyurea during G, on the frequency of chromosomal aberration induced by crocidolite in CHO cells during G

Structural Aberration/100 cells

No. of cells Percent of

Treatment counted Aberrant cells Chromatid Type Chromosomal Type
Exchange Deletion  TotalM+S.D.)  Exchange Deletion Total(M +S.D.)
Control 300 3.0 0 1.7 1.7+2.1 1.3 0 1.3+1.2
Hu 300 3.7 0 3.0 3.0x1.0 0.7 0 0.7+-0.6
CR 5 300 53 0.3 3.7 4.0x3.0 1.3 0 13215
CR 5+Hu 300 7.3 0 6.3 63+1.2 1.0 0 1.0+ 1.0
6.0)
CR 30 300 8.3 0 6.0 6.0+2.0 2.0 03 23115
CR 30+Hu 300 8.7 0.3 7.0 7.3+6.7 0.7 0.7 1.3+0.6
(9.00)

The value in parentheses indicate expected values.
The expected values are the sum of the yield by asbestos alone, plus the yield induced by Hydroxyurea(Hu) alone, minus the control value.

E 05122 M9l sh5A]2] Aok Zbo]7} glsitH(Table 7). 7F isdch. Vitamin Col] w12) wiekgh- And& eigh 7
Soll 2 04375 A A Al whE-Ae] Al of 2fe] 7} gisdvt

2) MlzZof| Vitamin CE X 2|5t04 BHAAIZ] 2 WA o) A §-3= Table 9ol 4] Bi= upe} 224 A

Table 8of|A] H.i= upe} zro] HAMmint 2|3l 49 < gb Helgk A4 05172 dRT 0425, 0437, 0.430,

ATl 04522 2T~ 0415, 0.442, 0.424, 0.4283} *}o] 0.4373.c} §-2lshA S7balsd oo (p<0.05), Vitamin C&
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Table 13. Effect of posttreatment caffeine during G. on the frequency of chromosomal aberration induced by crocidolite in CHO cells during G..

Structural Aberration/100 cells

No. of cells Percent of X
Treatment counted Aberrant cells Chromatid Type Chromosomal Type
Exchange Deletion Total(M £S.D.) Exchange Deletion Total(M+S.D.)
Control 300 3.7 0 1.7 1.7+2.1 2.0 0 2.0+0.0
caffeine 300 4.0 0 33 3.3+1.2 0.7 0 0.7£0.6
CR 5 300 7.0 0 5.0 5.0+2.6 2.0 0 2.0+1.0
CR 5+caffeine 300 8.0 0.3 6.3 6.7t 1.5 1.3 0 1.3£15
(7.3)
CR 30 300 7.0 0.3 5.7 6.0+2.0 1.0 0 1.0+£1.0
CR 30+caffeine 300 11.7* 0 9.3 9.3+1.5 2.3 0 2.3+1.5
(7.3)

The value in parentheses indicate expected values.

The expected values are the sum of the yield by asbestos alone, puls the yield induced by caffeine alone, minus the control value.

*Observed value is significantly higher than expected value(p<0.05).

- olo

A ekt 4§ 04528 FAM SR feofatAle o
HLF(p 0.07) ¥ D52 2]A] 051780} st 24e

b=
5. DNA 3|=8tM XslimIe] &k

Table 1004 Bi= Z A8 A7} 3ABE 54 A2
74$- Aol 57 S pg/mld wf oA o] AdE A A
¥29] H]go| 10.7%= 7|t %] 9.3% K} k7t F713]e
u EAH g foskx] gkt 30 pg/miel A= 7.3%
2 702 113%ef S o Ao) 8 e
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