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= Abstract =
In Vitro Assessment of Cytotoxicity and Mutagenicity of Rock Wool Fibers

Yun Chul Hong and Kwan Hee Lee

Department of Preventive Medicine, Inha University Medical College

This study was carried out to evaluate the cytotoxicity of rock wool fibers(RWFs)
such as cell division disturbance, chromosomal and DNA damage, and mutagenicity
using cultured cells. RWFs were the man made mineral fibers. In order to find the cor-
relation between the cytotoxicity of RWFs and the phagocytic capacity of cells, the
phagocytic processes were observed using scanning electron microscope. Cell division
disturbance by RWFs was evaluated by the formation of multinucleated giant cells.
The chromosomal damage was evaluated by the micronucleus formation. For the eval-
uation of oxidative DNA damage, 8-hydroxy-2'-deoxyguanosine (8-OH-dG) formation

" was measured utilizing calf thymus DNA. Mutagenicity was determined by the point
mutation of HGPRT and the effect of RWFs on cell transformation was also observed.
1. Compared with the results of chrysotile, RWFs were no or little effect on the cell
growth according to the results done by the tests of cell proliferation inhibition and
relative plating efficiency. 2. The frequency of multinucleated giant cell formation was
increased by the treatment of RWFs and it was dose-dependent. However, the effect
of RWFs was weaker than that of chrysotile. 3. The number of micronuclei formed in
the RWFs treated cells was between those of cells treated with chrysotile and those of
untreated cells. 4. The 2 fold increase in the formation of 8-OH-dG in calf thymus
DNA was observed in the cells treated with RWFs in the presence of H,0,. On the
other hand, chrysotile had no effect on the 8-OH-dG formation. 5. RWFs had no effect
on the HGPRT point mutation and cell transformation. These results showed that
RWFs could induce chromosomal damage, cell division disturbance and oxidative
DNA damage in the RWFs treated cells.

Key words : cytotoxicity, mutagenicity, rock wool fibers, chrysotile
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& e 17| Slste] 2P E BF3 DNA
o W% L calf thymus DNAS ©o]&3t

8-hydroxy-2'-deoxyguanosine(8-OH-dG)%| L=
924 298 BT GHle] WolRAe] e
2 W] $4sked HGPRT AWHO|HAE Al3d3id
3L S ool AlEMdle) S nAs=RAE #E

sttt
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A feluReld AlgEL gle dud HTdE
Bole HFAANE AR B AFS s
Agaon Hig sl S48 Hr uaA
8ol o]Fojd e Hus ol&sifa 47 A
MAHAEE UICC standard sampleQl chrysotile©]
o FEEAE sk FARAAAR] P (SEM) HARS}
Energy Dispersive X-ray(EDX]'E-}—‘?% Al&)slHc

32

2) Al B _

A &o)) AM&-3F v 94| = BALB/3T3 clone A3l Al
F(ATCC CCL-163, USA), V79 AE(ATCC CCL-93,
USA), CHO-K1 A|3E(ATCC CCL-61, USA)} MeT-5A
A E(ATCC CRL-9444, USA)°IATt. 0] Met-5A Al
& AEART 48 922 F Sle FRRAY Y
A FoA FEUE AFoln VMR AEE If
F9] Aoz Foltt. BALBAT3 AZE wjgksl)
5 wjokde 233 10%2} Dulbecco’s modified
Eagle’s medium& 41°] Y& v79 AL E wjds})
215 vjofol.e 2 efolE A 5%2} Dulbecco’s modified
Eagle's medium® 4j0] ¥HE10 CHO-K1 M¥E
wjgFstzl flst wjgAe elotdd 10%9F Ham's
F-12 mediumE 430 TERIL MeT-5A A ¥E vt
a7] 93k iR fefoldH 5%} 0.4pM hydro-
cortisone, 0.87xM insulin, 3.3uM epidermal growth
factor, 20mM HEPESE ¥ 33} Medium 1995 41

REC,
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ujoke T 37ColA] BALBAT3 AlES V79 AlZE
10% €0, CHO-KI AZe} MeT-54 AE= 5% €O,
humidified incubatorol|A] 2z} wjokatsich.

2. HIZSEZHAL

1) AlEg

60mm Petri dish®l] cover glassg Z3L 1189l v79
AEE UGS A chrysotiles Fo{3t § 9
A 2 FARAR A 02 ST FAL
&7 o] Axe|2 MEE phosphate buffered
saline(PBS)Z 33| 412 ThS- 0.1M phosphate buffer®
vhE 4% paraformaldehyde-1% glutaraldehyde sol-
ution®. 2 T3 F 1% osmium tetroxideZ 307t
2] 8l ethanol?} isoamylacetate® TAZCZ 7
ZAZ

2) A EF2 94

7zt g9 Fe2 H YA chrysotile V79 Al
7} 80% B2 §UEE olFL e 47 Y
o wjdEetaad | m¥ Asilth. 1% 2443t
3} 48| 2k trypsin 2]2]3l hemocytometer
2 AEFE AU AxFAAA s d2a s vl
HEF PAHEZ 319, cell viabilitys trypan
blueZ FAalo] -3}t

3. CIM ZE N ZIAL

25em? FATANA  MeT-5A4 AlZol OPDHJ}‘

chrysotileS =2 2IY4 3U3+ LZA|1% PBSE
28] washingdtal AEMFAL 5 m¥) H7}sHAc) 3
A5 methanol 2 IR Giemsa® G5}t shto]
Zefaag 400 Wlg Aok 6xoA] g Alxel 2 of
Aol dS 71z QM EE Al

5. 28

o

ST

CHO-K1 MEE 25 cm? Eeh2Ao] wjdars ¢H
7 chrysotileS %"Etgi Vi Fofshal, 16M70F
cytochalasin BE PBSY| B14A|A wiekeiol] 3.0 ug/ml
7} 514 Hveroict. vk 2447t PRSE 23) wash-
ing®t ¥ carnoy solution{methanol:acetic acid = 3:1)
o2 A3} slideE FHIEF GiemsaZ B3I
th. A7 10008) 2] FEHAR| A S AMSEE L, 27)9]
&g 7} cytokinesis-blocked(CB) cellst-& =3
on Falol 138 |A) e AWE Ao 95
2t

5. BHO| Rl ZAL

1) HGPRT Ao} A

HGPRT o] 7l AFS-E cHOKI HX= 25
7t 105 M hypoxanthine, 3.2 x 10°¢ M methotrexate,
5 x 100 M thymidine®] ¥3M8 back-selected me-
diumol| A wisted ARESITE 75 em2 EekAIA
back-selected CHO-K1 A7} 80%A=Y =2
HAe o] SHA T chrysotileS FEHE A 24717t
Zg2 A1 psE 33 Me F A AEujdds
15ml H7lste] 27k wieFstth, Sebaad 2 x 106
cellso] FA platingdle] 5987k st & o]5 th
100 mm Petri disholl 212} 5 x 105 7|1 MEE plat-
ingstal 15 ml9] selective medium(6-TG 10 g /ml
7hHell A 237 vkt Fol] methanol®  TA3IIL

‘GiemsaZ “*“3}04 Hol ZAESFE HYu). ol

Al E 8-S 47| 98t back-selected CHO-K1
Hzoll P} chrysotiled 24717t BRF E2AE
z} v FE ek A¥EE Ao Al A AEs
22t 300 A} FE% AEALAS HA5H
o 224e] B89 | mi2 AZEGNo] 4 mid Sol
2} 60 mm Petri dishol] 21 64 7F HIYAIZIE m

hanol® 143} Giemsa A 3lof A & H]

.4:.

Q. e §k0z Aol B F Qi 27]9l 3

gk Mo YR sS L2 Uephit
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2 HEHEAAL

25cm? ZEf23 oA v BALBAT3 Al Fol] 9
7} chrysotileS FEHE YY) 244 7H5SE F2A)17)
T PBSE 28] AL A EEiYHE 5 mH WA} o] F
UFYol| 23] vt S ZolFHA 3330 methanol
Z DAL Giemsa FAE st MEHEBAALE &
Aok AEEo] vlay ZskA FM= 1 wiko] ABl
2o|n F5& olF= BYS st AEESo] A
goz ozy gle METS HIAEFY 7lEoR
Kt

6. 8-hydroxy-2’-deoxyguanosine(8-0H-dG) &
=S

Single stranded calf thymus DNA 250 4gS& 5 mM
H,0,%} 2 mg® %A %& ChrysotileS X5 50mM
Tris/Hcl buffer(pH 7.4) 2 mlol} €31 37°ColA] 2473
St Mgt Z2 240710 fiberS FHAIA A
Asta 24X 7 E9F 44 0.3 M Naclo] H-RAS
B A2 % ethanol precipitation®] 2}3] DNAE 3]
3HATt. DNA sampleg 200 %09 20 mM sodium
acetate buffer(pH 4.8)9 %?1F nuclease P15 H7}3}
o 37CoIA] 3083}, E. coli alkaline phosphatase

7} 37°CoA 1417t F2t incubationdld nucleoside
74 digestionA Zith. ©| sampleS electrochemi-
cal detector(ECD)7} #2¥ HPLC(Gilson; column,
Waters symmetry C-18; eluent, 10% methanol)o]
4ste]  deoxyguanosine(dG)E ultraviolet detector
(280 nm)2 8-OH-dGE ECD(+600 mV)Z 7435t

103 dGol| th3} 8-0H-dGY] FEH|E AXFeI ).

AtEA2]
RE FAe AeHdd REVAE FABHL
27 AolE 5‘_7] st #AREA 2 multiple

comparison testE A3ttt o]df FFEL a=0.

052 3.

mz =

pm LS F7E AR %L}EM%IJ— chrysonle4 3
£ A7 0.22 ym BEE YRR THFigure 1). ¢HE
24 % B8k U RIRIEA S AR A
$i0,7} 47.5%, Ca0 22.5% T2E o]FolA YTt
(Table 1).

Figure 1. Scanning electron microscopic findings of rock wool fibers(A)} and chrysotile fibers(B)
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Figure 2, Scanning electron microscopic findings of phagocytosis of rock wool fiber(A) and chrysotlle

fibers(B) by V79 cells

ke vy /‘ﬂj’;‘)ﬂ FH) chrysotiles o3t
FARAZIEN o2 st AR chrysotiled] gt
g8 a9 Easlal & /N9 chrysotile A0
o AEso] B e BEE 7 AN o
o daide F2zge] W =EA HAHOT
& e 27} 3 Y HGE Eeide Ee B
e A THFigure 2).

Table 1. Elemental composition of rock wool fib-

ers by SEM analysis

major components content (%)

Sio, 47,5,
Ca0 225
ALO, : B kX
Mgo 8
Fe,0, 5.5
Na,0 <1
K,0 <1

ME7}F 5x10¢ /mlE S0+ flaskol] L&)
chrysotilea ZZ AT 244 7L, 48R 7EE) M2
£ Es A g 73—?— AEZZAAA g7 A

of gAY 28)8 A 24 A2ehe Hoz y
E} 2.9 chrysotile] A= AEF 747 B
a7 LR olelat B4 E T e B

“riTable 2, 3).

NEZEGNY H=g B8ty Aote e}
chrysotile S MeT-5A |2 & o] &3t T}
NP Ao 23 Fosert goldeE o
HA L7} GOkl 7 UL 53] chrysotiled]
A @A A o8 Jebdth Chrysotile®] 739 £l
©7h Bobdg Al g9 $E Fash 37}

A}
[}
=}
e

)
e
4011

Table 2. Effect on cell growth in V79 cells after
24 hours of fiber application

concentration cell number viability viable cell

treatment (ug/ml)  (x10¢ cells/ml) (%) " (x104 cells/ml)

control 0 306+29 975 29.8
RWF 16 36.2+5.8 925 335
8 34.0+6.4 929 316
0 33.4+43  96.8 323
200 31.6+44 946 29.9
chrysotile 1.6 28.4+4.8 97.6 27.7
8 31.8+50  97.0 30.8
w0 . 28.2+6.8 946 26.7
200 15.4+3.2 905 13.9
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Table 3. Effect on cell growth in V79 cells after
48 hours of fiber application

concentration cell number viability viable cell
treatment

{ug/ml) (x104 cells/ml) (%)  (x104 cells/ml)
control 0 124.8+15.7 97.7 121.9
RWEF 1.6 133.2+10.4 98.8 131.6

8 110.4%+13.0 99.2 109.5

40 121.0+ 8.6 97.8 118.3

200 140.41+28.1 98.6 138.4
chrysotﬂe 1.6 109.8+18.9 96.7 106.2

8 105.2+ 7.5 97.8 102.9

40 93.6+ 9.1 96.3 90.1

200 41,2+ 4.8 91.8 37.8

Ao g o] A4S olefdt a3yt BoskA] gk
t}. Chrysotile 200 ug/ml F3F A= A L7} &
& AbEste] 71k 4 gith(Table 4).

CHOM| £l A cytochalasin BE ©] &3] Q191H o
2 binucleated cell& THEF A HALE AT o
% chrysotileol| A B T o] FrhatH A Ao
2} Zo] fEEE RS G4 Slo] dHol FxE
A& FEE F ASS & 4 ATk 2 ol @
&= chrysotiledl ®i8le] 2] UEFHTHTable 5).

Ho| A4S 17 9lste] HGPRTHARE & A2 uf
FE LA vlAE FEFAM YR AFrore 23]

Table 4. Induction of multinucieate giant cells in MeT-5A cells following treatment with rock wool fiber
or chrysotile
restment concentration number of multinucleate giant cells (mean +SD)

(g/ml) no.of nuclei 2 3 4 5 6 total
control 0 2.08+0.79 1.00+0.60 0.50+0.67 0.67+078 058+0.79 4.83+1.47
RWF 1.6 3.33+£0.78 1.58%1.08 0.50+0.67 0.33+0.49 0.08+0.29 5.83+1.47

8 3.08+1.44 1.50+1.00 1.08+0.79 0.50+052 0.67+0.78 6.83+1.11

40 2.75+1.60 2.00+0.85 1.17+1.11 0334065 0331049 6.58+1.68

200 29241.00 133+1.23 1.67+1.23 0.67+0.65 0.67+0.65 7.25+1.86
chrysotile 1.6 2.58+1.38 1.58+1.24 1.42+108 067+0.78 1.25+0.97 7.50+1.73

8 267+1.07 208090 1.75£1.36 1.25+062 1.17+1.19 8.92+235

0 233+1.15 208+1.16 1.67+1.23 100085 217+1.19 9.25+214

200 ND ND ND ND ND ND

Table 5. Induction of micronuclei in CHO cells following treatment with rock woo! fiber or chrysotite

concentration number of cells carrying one or more micronuclei micronuclei /
treatment (sg/m]) ) 5 3 4 500 CB cells
control 0 10 2 0 0 14
RWF 1.6 13 0 0 0 13

8 12 2 0 1 20

40 13 2 2 0 23

200 21 1 1 1 30
chrysotile 1.6 18 2 0 0 22

8 15 4 1 0 26

40 23 2 . 1 1 34

200 19 9 3 0 46
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2 wjgdage] FtHe de AE ¢ 4 e
chrysotile®] 7-¢- WjgFaSo] 43s] 2
Ae ¢ F AN ole AEFAAAZ A} dA]3}
£ &740]%0c). HGPRT ol AW 8 sg/ml, 200 p
g/ml T A b2 2 x 1076, 1 x 10622 Ve
o} & nj= §IE Ao AZEY chrysotiled] A
© A3 JERIR] %o} chrysotile SA] o) @44 ¢l
= 22 YEpstHTable 6).

3750 BALBA3T3 A EoAM WX FS watel
12 a0t P chrysotile EF FEIZH WSk
XS FA33A 3ttt 22y chrysotile®] -9 A
9] monolayer’} A1 M EF0] o S48t 9

Ao| AAHU}. AEFE Hoj& Az QhHolA
2T Hlate Axrt i Sk e 23
TAHCEE u|7} gIA S chrysotile®] 73-F-o &
B AR AEse fodd SoP A2 53]
AFES 1.6 pg/mts AGlatie B ol u]s
of frolgh 71 vEhfle] Az P
7t 2AHUEE & 5 UATHTable 7).

Calf thymus DNAE ©]-83td 8-OH-dG S &
HE A3 dHE B A9e 10,9 Hr o
285 sodas] 390l SHE A Y 3
o chrysotile—o‘ FoAg A9 1o, UE2TH A9
0o 42 e} e b
2 Z7MI7I chrysotile H S
WA

g & UAHTable 8, Figure 3).

fr e Hil

l‘l

r.l

rE

3 N o

hydroxyl radical A

Bl2)7] =t

Table 6. Plating efficiency and HGPRT mutation
test in CHO cells treated with rock
wool fiber or chrysotile

treatment concentration plating efficiency mutation frequency

(eeg/ml) (%) (X 107¢)
control 0 65.0 0
RWF 1.6 86.2 0
8 ’ 87.8 2
40 79.3 0
. 200 69.5 1
chrysotile 1.6 55.2 0
8 25.8 0
40 0.2 0
200 0 ND

Table 7. Cell count of BALB/3T3 cells after 3
weeks treatment with rock wool fiber
or chrysotile

treatment concentration cell number

(pg/ml) (x 104 cells/ml)
control 0 7481t17.8
RWF 1.6 78.8+14.7

8 90.0t13.2

40 82.5+10.5

- 200 795t 5.5
chrysotile 1.6 68.51+16.4

8 132.6 £17.5*

40 121.9%+12.9*

200 99.2+13.4*

*: significant difference by multiple comparison test
(P {0.05)

Table 8. 8-OH-dG formation of single stranded calf thymus DNA after 24h treatment with rock wool fiber
or chrysotile in the presence of hydrogen peroxide

treatment 8-OH-dG/103dG
control(DNA) 0.41
5mM H,0, 5.94
1 mg/ml RWFE + 5 mM H,0, 11.60
1 mg/ml chrysotile + 5 mM H,0, 5.84
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8-OH-dG

A B AU L L 1
0.00 2.00 4.00 6.00 8.001

AR AN RS RS AR AN RN s
0.00 2.00 4.00 6.00 8.00

Retention time(min)

(a)

(b)

Figure 3. Detection of 8-OH-dG by HPLC-ECD. (a) DNA treated with 5mM H,0,, (b) DNA treated with
1mg/ml rock wool fiber in the presence of 5mM H,0,

Vo &

e
A
-

ir

= o] Mz vlAle 9, FAA)

9} DNACH thE FF 5o MESFT HolddS B
drolt. olA7A Az HRE
Q

Y B 475 Bl gue HEFol st 4
o] A9 gl HoldAE gle o2 Ve
9} Aot A xS HAS ZefE 5 9
&7 DNA &4 2 7hsAo] e U
el =43k A4S Wkl B dyedAs
oz AEE ARSI Et ZH A Eett) o)E # 37}
g 7 e AEES et ARS8l
AEZFAGA Y 2E 2 YA chrysotiled]
Hlate AEFAe X dFo] A9 gl Aoz

Ueton] 938 MEFAE td 2P Je8
&4 AT}, Aragoniteol] Hi g AHEEE 5, 199)
ANA Adfoll g B2 zk8o0] MESA A9} 2AHE

FEL 7T Y Ao YeiRiE 4R viod
FofA] &2 zhg-o] A9 dojuir] ol MEZA A
7 YA g FE oz AAFA. B
o] Afe T2AH BAo] MEEA #osle Fd
829 Aoz @A JeH|(Stanton 5, 1981) Y
& 2730] 4.48 ymBA NE7F EARES Y O7]7]
of ¥ #7) ol MEFAAAZI} e
%2 Aoz At v g FFos AMS
chrysotile> &217) vh 2 A ¥ 2} B4 280] ghits}
I AEFAGA ZA dehbks 2& ¢ 4 Aoh

U= TE FEHFY 2ol AEREY TS
n]d Ao 2 A7t=o(Dopp 5, 1995) THH AWM E
oz Axe] FAREERANE 715K tHKenne
2, 1986). THIADAES) GHL 2 AL BRA
o] Eo]AHQl ubgRE  olx|THPrieditis 5,
1996) FAREEGNE A7kl AfEA &8E 5
AtHHong 5, 199). 53] & Ao e EHAHEI]
mesothelial cellS ©]-&3te] #7515 7] migel] 1 9
o7t Avkal & 4 YUk YA EHEAAE nH &
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S chrysotileo] B3l THYARMEE HA FA
H7le QAR e Hlws} GukswAE
Boln golxl& A& ¢ # Ut oy UdHE AX
2agolg ¥ 4 Avke A& Yrgtt. Cyto-
kinesis-block method £ ©]§-3t¢] A2 AHF 4
ks HAAELS H7] 9§ AolcHPenech
1985; Krishna &, 1989; Wataka &, 1987). 284
AT QuBaFoA tizxrrrt YAl B
o] 7] 5':_ o]dA] oHlSHAE By Yo G
AEGE 9o F e A& ¢ F Ul 28y
chrysotiled]l H|3te] & wj 1 o] HA vyttt
ke A7) A ol& 2 <13} DNA &8

27] 91314 8-0H-dG B4 HHE 23 4HL hy-
droxyl radical 3% Z7A171=0) ¥]31] chrysotile
& Gg AR e Ao YT o] gHd
3] U Fe o] T8 9485 ¢ Ao A7
5™ chrysotiled] = Fe7t $101 hydroxyl radical A
& Z2ANTA 2= Ao R AAFAG. CHO-KI AIE
o]43led HGPRT FHo|HAIR HoldE ZA
PO XHEEA T forward mutationd
O 2 hprt frAte] Wgks RAFo RN X
FHY] HIE e A5 B
E}(Mlyaki 5, 1979). & AP = ojn} &
= mutationS 8191719138t backward selection
b Foll HGPRT HHO|AANE Aldsiglons of
79 mutation TEg & 5 IS B} H 88t
orward mutations 7+ & AQTH. HAHEHE

A9} chrysotile ZFOA €W lE mutation
o

m\m

FIF

Ou‘.

i rﬁ
o rlo

I

e e
oo o
,
=3

o
i

(0]

i

o X PN o 2 ofr
4

gl 4= QISlth. o] chrysotile®] mutations
2712 &} oA mutationS Yo7 the 71E
Z¥HHuang, 1979; Both 5, 1994) 3 UX|3h=
27e0l9om gwl A Woldgde] glue A& ¢
F AT AEABAARS BALB/3T3 MEE o83}
= o] AEe FyAAFHEol U At
78] dojutA] ghethe §40) thHeidelberger 5,
1983). ChrysotileS FI& 3¢ WA 240] glo]
(o1

ST
A0 AEEA0] ASE AL BAF & Aot ¢

A&m&m{o

me] A9 2R F3g FIHE Holx] ¥skrt

Z oo M¥o HHY ] HIlE ZsiA e A

22 A7 HGPRT @ﬁdo)w}aqw o] 1
[e]

02 F7HE I
P& A TR MZ“HQ}
hy

oLt @RSl EME%EE %ol AN
N BAN o] E2ete] gals|ofo} 1T
170] A7] dizel Aol A2
ol o] oko MMM 2T G nj S F

=2 Hr ox o

o
fr lo
4

to S
ORI
o,
T

)
*’j
gﬁ :

Afoll g drdas duRd Rl
28 Z2Ap dolM #Ho) XA a7, 337
1715 & ] st drdihs duidos b
zH A e A o2 JETHWright, 1968;
Nasr 5, 1971). Weill 7,-(1983)4 ATAAE EHE
H Zdzle] QlojA FAF19) small opacity rH-8©]
Aol A3 Z27)2k) #Ho] Je AR Y
gy o] ATAE HAo] e Mg E2gw

ZA %= S0 small opacity”} YERATHL 31%dch.

FEAY] AAE Aued FEERE ratd} ham-
sterdl] intratracheal injection ¥+ 23} H o] WA}
A1 AZol7}h 10pm Bk & 74 guinea pigsol A
63 zYsIHtHPort 5, 1987, Wright 5,
1977). Stanton 5(1972)2 3%7Y MU T 659
A%, 229 silica 2 2—‘—/] ZH.219 1ar9] Huko)]
A A7E Aged QU A0 Tk f24
2 AT 3¢ 1218%9] $9F TS UEh
Stk o] ATAEE MRt AR Behe B
esjsta JARTR: oleid 724 Bust 72 ¥
Axlo] itk stk WSl Stanton 5(1981)2 o
H7kx) 318k, 123 Aol tle EAE dA1E §
A 7Fe1 2 ARt olEd 829wyl
AR 9TE ke A0 AES U Pott &
(1976, 1984), Wagner 5(1984) % Davis(1976)=
ARE AEEEY S 2 B I8 A

2
4

i oy o
o
L}
o

rlou

—

e
&%
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g gorlnm HTHA 7Fex 1 A7 MK
o] Ackx S EF AN Mol dura-
bility7} wobds Yehlls b $83% 8481 319
T}. Harington(1981)%} Stanton's(1977; 1981)% <42
7HA FEARE A7 A3 Afrel Zolr) 8m B
o 41 270] 0.25um Bt 22 79 AR o
rat®] pleural mesothelioma®] “a""g{}oﬂ FRAol &
Ao Bt

AEHgE ol &3 HAEUA A7rdass 4L
H Syrian hamster embryo cellss ©]-4-¢ A¥ 27
2 FEAF015m)7t B FelAdfEn ¥l ¥
7F 8% 2A YebgtHHesterberg 5 1986). Hester-
berg 5(1984) Trfq” F2 milling®t 27 ol
o] Zidhs AL BRASIATL AWE millingd 23}
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