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Analysis of Mineral Fibers from Stone-kettle

I1 Je Yu, Naomi Hisanaga, Kiyoshi Sakai, Hyeon Young Kim,
and Kyung Bum Suh

Department of Industrial Toxicology,
Industrial Health Research Institute
Korea Industrial Safety Corporation

34-4, Kusan-dong, Buk-ku, Inchon 403-120, Korea

- Abstract -

To analyze mineral fibers found in serpentine which is used for stone kettle
manufacturing and to protect workers 'in this factory, samples obtained from the
factory were analyzed for their metal contents using an electron microscope equipped
with energy dispersive X-ray analyzer. In addition, the metal contents were compared
with other known asbestos, Although many kinds of fibers similar to asbestos were
observed, amy known asbestos fibers were not found. These fibers may have similar
toxicities to known asbestos even if their toxicities are not known at this time. It
is suggested that pulmonary function test and other chest X-ray are needed for the
protection of stone-kettle manufacturing workers. Further epidemiological study is
also required,
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1. A

rf

Felutelold JHPAE ARRYA HAdos ASHE ARG HY (L4™), A
He e #AMYUS AAAYANE 9 o] MRy, Hnjgt FyuL, MY 2}y
A2 BAol o3 P4V FdHY N9 MR Pelz EREC (P $F, 1987). 24H
< 3EEY, FVIE 7FPolN AEFI chrysotiled] Hyo|n, M|y AE %3, 5%
AL ZFol &= sepioliteztx ALRE L, ZHMA NHS AE zot ’e}-r:r’-°11*1 At
Sdria gl

U dFolME AFFS Yol AT Qe ML ST TN ARSI
AFSEE ddollA A El—t—- A4 EA& E431o o3 Edo] yausl EUQXE meo}
3kt stgla, o] Azke BF Y& 71 T2l ARRIY AURALY At=27t H3
2} st




2N 7 FA AU HARTS 2a]ste] AP Bt} ’ﬁxﬂ“%:l"
PHZZE WDl Yol HUSIALL 200 nle] ohAZt Wal HREALTS FaBe Az
U SR 100 0l JbSiA 147 B 2SWE HAUE BYAH (nuclear pore
filter, 0.2 un diameter) 3}gITh Filtero] Rt&ZF3¥F I ¥ (o 3m® HAZY)E wta
HE A AxPo]R grid (200 mesh, Ni)ol] )93 chloroform vaporg ©]&3%le "EE
&3l8to] AAAZTE KEVEX-70000% ou=]E4H X- £ %X] (Energy Dispersive X-ray
analysis equipment: EDX)7} ¥-%% Hitachi-800% Hxldn|%& AM2sldn Mue] Ny
M2 HR 843 240 wet Axsect

Table 1. Major constituents'of Asbetos#%

Si Fe Mg Na Ca Al

Serpentine Chrysotile o ®
Amphibole Crocidolite L o O O
' Amosite o ® O

Anthophyllite o A O
Tremolite o @ A
Actinolite [ ) [ A

@® : nmore than 20%

A : 10-20%

O : 4-10%

* ! Summarized from Environmental Health Criteria 53, 1986, WHO.
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482 AES AAEATE AE AL HALGTI Y A Ut M2 LT EAg 23
I3, Figure 1A MA|&7 s & Bo{&rh AR BE: Figure 1BollA i uje} o} A
AZE ° dHola A& Ck E T} FL 47 W ¢HolAT (Figure 1IC), A8 D=
UNE © gz ZolgiTt (Figure 1D). '

old AEEY £I& FUWn|Fos NP U4 EAL UAY & ialct.
X7t #-39 FEnF ez EAsideul, AR AdAE ded BEde] Tusgn
(Figure 2 A, B, and C), 2712 ¥ele] M7} AT Si, Al, Cao] F4EQ H&
(type 1, Figure 3A)2} Si, Mg, Fe7} /¥l H-# (type 3, Figure 3B)7} WA ic}.

AE BAME HA] 4/ 842 BUSAD (Figure 4 A, B, C, and D), 57}%] &)
o MR7t wAH el si, AL, Ca o] F4E< YEl (type 1, Figure 54), Si, Al, Fer} &
8 BEl (type 2, Figure 5B), Si, Mg, Fe7} T8¢ Hel (type 3, Figure 5C), Si,
Al, Mg, FeZ} 484 el (type 4, Figure 5D), 1g]3L Si, Al, Mg, Fe, K7t 48 3
el (type 4, Figure SE) 7} 2= gt}

AE COAME HRFEHC] YAHAT (Figure 6), 4712 Heje] 447} A= olct.
Si, Al, Fe7} $/3&<4 type 2 (Figure 7A), Si, Mg, Fe7} 448 type 3 (Figure 7B),
Si, Al, Mg, Fe, K7} &4&9 type 5 (Figure 7C), Ig|x Si, Ca, Al, Fe, Mg7} S E¢!
type 6 (Figure 7D)7} WA= gt}

AE DlME dfd BAol WAEYon (Figure 8 A & B), 371x] Hefje] H¥87} w
A=Y} Si, Al, Fe 4EQ type 2 (Figure 9A), Si, Al, Mg, Fe, K7} 34Eq type 5
(Figure 9B), Si, Al, Mg, Ca, FeZ} 3484l type 6 (Figure 9C)7} WA= gt}

#ollA Biulel go] 439 ABolqE MU ASEHA ook}, A8 EAY ux
T2 A (51)3 gFnlE (Al)o] FgEoldrh oux] Baly x-M 2o sy chiged
=42 6 7H FElE U4 gk type 12 Si, Al, Caol F4EIL, type 2= Si,
Al, FeZl 48, type 3= Si, Mg, Fe7l 4 &, type 4= 8i, Al, Mg¢} Fe, type 5% Si,
Al, Mg, K, Fe, type 6= Si, Al, Mg. Ca, Fe ¢t}

ol 67k el MHRE chrysotiled} amosite®} Bl 3ttt Figure 10A oA
chrysotile A2} HFelg HAFa U3 FHEL sig Mg 9 RS 2 £ Q) (Figure
10B). Figure 11A%|A{= amosite 42| HelE ¥4 9lm, FgEo] si, Fe, Mg, MnQ] A&
¥4 9t} (Figure 11 B). Type 37} Si, Mg, Fe& FZESE 3lo] chrysotilez} A3 A
< glel} chrysotileo]d LUARE BAIZE x|z 4= okgt:l, Mg/sie] w7} zm
(chrysotile®] -9+ Mg/Si= ¢} 1), Fed ¢ 10% ol Rt o], talcx ophgpi &
FEoh 283 old HRES THE ¢ Huy Bl a5t &u)l (Table 1), 7]&¢] ¢aid
e ol gEl§ RojFa gt

of

2L o




Figure 1. Samples used for EDX analysis




*Figure 2. Fibers found in sample A. A, magnification x5000;
B, 7000x: C, x3000. Arrows indicate fibers.
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Figure 4. Fibers found in sample B. A, magnification x5000; B,
x4000; C, x4000; D, 5000. Arrows indicate fibers.
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Figure 5. EDX patterns of sample B.
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Figure 6.

Fibers found in sample C. A, magnification x5000: B, x3500: C,
x4000. Arrows indicate fibers.
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Figure 7. EDX patterns of sample C.
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Figure 8. Fibers found in sample D. A, magnification x8000: B, x10000.
Arrows indicate fibers.
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Figure 10. Amosite fiber and EDX pattern. A, magnification x4000: B, EDX
pattern. Arrows indicate fibers.

608 GOSEC 29787 1wy
152048 Hs1OKEV 1130 an-adfsu 18

Figure 11. Chrysotile fiber and EDX pattern. A, magnification x5000;
B, EDX pattern of chrysotile.
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439 AREHFAN Rol: uigl Zo] MagFoNs BTR RN AY F7Y
ARE 49 ARG o 488 EUL dutgos ¢ra yuEa & chrysotileo]
1} crocidolite, amosite5z} M3 ChE HEQ 4L HojZ:a gich old BAe falxg
olut SEUAA d7E B Holdx] 4 Aejoitt. 2@} o] HET e Falde o4
Af2t flgdol Ao HYUsitia ¥t} (Nozaki, personal communjcation), uiFow 2
AZAME HdR4 B9 R3lygol 713 iz dad goms M- 7Hgo Ysta
A= ZEAY HUehAL} FEX-H HRE] FyuARAY} Sz A} STt Yzt
et
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EDX patterns of fibers from stone-kettle.
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V. 2& 2 99}

FEUel HAET 7F FAAA ASEHE €N (ARMoA UASE H49H Eag
TH%te] MY BY EWAAE 2AAA H2A7LE 22l ARRIY Yzl A2
Zt27t HI198 HAETF HFB RN A2E st AAYUn Aol PP X-ray 43}
S °18%e LT BNl V& Mua wiasigch we R FE 484 220 w
BHAUIL o188 €S BT 23 71& NES UAYA QYO Huz gal EE
ol AR g RHYL ol YA Udgtort MuI A AP LHHL Mol
o2t FHUT. HAET 1B FHN 22l Yl BAY FH X4 2P To A
437 Atz Gzt Algsict B9
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Growth and Differentiation of Macrophages by
Asbestos

11 Je Yu

Department of Industrial Toxicology,
Industrial Health Research Institute
Korea Industrial Safety Corporation

34-4, Kusan-dong, Buk-ku, Inchon 403-120, Korea

- Abstract -

Asbestos has been implicated in lung fibrosis and mesothelioma. The disruption of
cell division cycle as been suggested for on of mecﬁanism for the disease processes,
To understand the poésible role ofr asbestos fibers on the cell division cycle, RAW
macrophage and Chinest hamster lung cell (CHL) were cultured for 6 days with 200 ug/ml
of chrysotile fibers (average size 4 um). In each day, the duplicate cultures were
processed for histopathology and impunohistochemistry, The histophathology of RAW
macrophage treated with asbestos fiber showed continual cellular differentiation from
the third day, the macrophages were developed into multinuclear cells and the asbestos
fibers were completely covered with cellular ‘materials. In contrast, macrophages
without asbestos fibers showed continual cell division. The histopathology of CHL cell
treated with asbestos showed massive cell death from the beginning, while CHL cell
without asbestos fiber showed continual cell division. Antibody against p34cdc2
kinase, an essential enzyme for cell division cycle in eukaryotic cells, was employed
to monitor changes of p34cdc2 kinase, In addition, p34cdc2 specific peptide was also
used for measuring the kniase activity, The macrophages differentiated by asbestos
fiber swhoed significant decreases on p34cdc2 kinase level. Immunoblotting of p34cdc2
aslo coincided with the results of the kinase activity level, Taken together, ouer
results indicated tbat asbestos fiber induces cellular differentiation for macrophages

by suppressing cell division cycle.
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o] 2]}t asbestosislt %% (mesothelioma) oju] da] galA Alalejr};. g
1} o]} asbestosisu} FuF2] 7AW Wz ExpgEete] wgs =3y A A3] 43|
3L glt}. Asbestosist ¥ FEo] mze} FYRA (connective tissue)?] Frldale] 2%t
diffuse interstitial fibrosis#} small airway fibrosisZ HR=x|oJ3 <4 gt} HHE o)
A HRAMXE (fibroblast)e] Ichydae] =2 WP ToA cytokine, tumor necrosis
factor (TNF), Interleukin (IL)&] £u]7} Z7}3%te) we} dojylt}, Brown 5-& (1991) Ha
2] 7]BAo amosited ¢} (instillation)i-gu} S AAMXE (BAL macrophages)ol|A] 2]
IL-13} INF2] $7HE ¥3gclh 223 TN Buls Zols} 71 ¥Hde7 ge AFduijrc)
o €S 2HE fEHE 2asiinh J1BAUR U chrysotileo] &3} LAF = 2al
ol &3] fibroblastEol @3t FIHOE fibrosisS dozrinn B a¥ct (Lemaire
et al., 1986). Fibronectin Z& &3l o] BAL macrophageol 2]3} AI4d® o] Mo 44 &
WA= girta ek Hde] E2H FEM 2719 fibronectino] TAF QT Begin
S (1986)2 ¥ a3}t -

=t Iivé- (growth factor)ell 2]3} cell division cycle AL I glo] AR
A Eofoltl o]o] TeBH= growth factori platelet derived growth factor (PDGF),
fibronectin, IL-1, insulin-like growth factor (IGF), transforming growth factor (TGF)
E°l cell cycleo] 223 J8g 3t $ch Alveloar macrophagest= o] & (IL-1,
PDGF, fibronectin, TNF-a, FGF, EGF, TGF-B && 43} =¥t} (Kovacs, 1991).
Asbestosol 2]3] o]dl E3o] PDGFE] HAHAIE X 7331 (Kumar, 1988), =71¥ IGF-19
mRNAE asbestosis ¥x}2] alveoloar macrophageoi] TEY 4 9tz ¥t (Rom et al.,
1988). MHEEE¥ 13004 24F71x] BUY A ZFg A AP3 FYsHA ¥y
alveolar macrophageoll”] ¥-&] FGFU} MDGF (macrophage-derived growth factor) 5&] Fu|&
‘g- 4 Sl9lciaL ¥l (Lemaire et al., 1986). Fibere] Zolofl A@glo] fibroblast £g 3
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EE& FuUThe BAE 9=t (Adamson & Bowden, 1990), long fiberoJ A= fibroblast
4 Y FAshe T=EQ BUY S oA PR g BuY 4 ggm,
short fiberof M= 2|4l g3o] ¢lo| fibroblasts] Edg FAsh= 22Eg By
T AT gl (Davis et al., 1986).

Aol 2% cell cycled] &g F= T=Ho| ot A7+ tha Aol Egont,
TFAHA AP sz Hue] o cell cycled] WA cell cycleo] A= a8t
23 g gy A A7) Holglx et} Cell cycle®] 718 293 #A9] shal
p34cde2 kinaset:= eukaryotic cell cycleg A3k glojy 713 2o 22 33 g
th o] Y cycline|gl= regulatory subunitZ} p34cdc2¢] catalytic subunitO. Hojgl=
ol ME7F £2]8Hs M phaseo]A] o] Fae] BEE7 Hozt Aok el gl g A
FAME o] HLo] WHEE n) U Ag B & ot

= A= o] fibroblasti} macrophage?] cell cycleo] o YL F=v)
€ dstazt g}, 2y AlAR O 2= RAW macrophage cell linez} CHL fibroblast
(Chinese Hamster Lung cell)& o] &slgdrl. B8 yau macrophget= Z@3}x] ¢x|ut &
A st AHER Y 4 i HolA o] AXES o]g3lar). EdAZojh: 4
BE ©HA T NS ow ZZP 2| Pel§ Roj2Lrg EABIE A, old ZFEo
A3 Al ol cell cycleo]] ol¥ YU VXN E=JME Axsidrn.
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1. 44
UICC chrysotile (BT 4 um)ES AM&3}4ct.
2. Mxuje

RA¥W cell2 mouse macrophage cell 1ine®.®A] heat inactivated 10% fetal bovine
serun?} penicillinZ} streptomycin (100 unit/ml) ¥-8-§1 RPMI 1640 (RPMI-FCSHI)efA 37°C
ujoFrloll A ufje¥slgirt. CHL (chinese hamster lung cell)® lung fibroblast®A] heat
inactivated 10% fetal bovine serum®} penicillin®} streptomycin (100 unit/ml) 3¥-§%
DMEM (DMEM-FCSHI)oliA 37°C ujoslell A wjerstedct.

© 3. =FeY

100,000 7§e] M X 24 Vell ujdg7lo] Yol R2] coverslip (12 mm diameter) £
ol Al 37°ColM uieFsigith TEl3 UM MEMRE HAY 5= gsidol. Mwe
TEE 200 ug FE 0.1 ug 7HA] Lk HAMLRE U LAI] A wjGNEE=
WrightY& ©]-8% Leukostat (Fisher)oll &3] gA3slgdct. 2 ¥a|etad 7HAR= Olympus &
u 3 & ARt

4. Protein kinase assay

PeptideE ©]8€3}o protein kinase activity® &A3}4c}. Peptide= ADAQHK
TPPKKKRKVEDPKDF (CSH 103)2] olm|x4t MEE 7RI 917 SV40 LTAge] olm|i=AbAdS =]
Ui slddrt. o] A& ]88t pldcdc? kinase?] activity® &Fstglth. FEYHL o
Al Sl 27 Wi AHgstach. [P0} pdcdc? Fol7] A peptide?] threonineo] Eol7}
t A& WA FUL4LE o183t &Asigch WA AR 5 ulE pddedc? buffer (20 mM
Tris-HCl, pH 7.4, 10 M MgCl;, 1 mM EGTA, 1 mM dithiothritol(DIT))o]] Yol 1 mM 7] A =}
100 uM [y-®P]-ATP (1000-3000 cpm/pmol) H# % 30 ulz} A %) FANRSS WS
s ATPE o2 AR A Yot -2 trichloroacetic acidE HF 10% 7} 7
Hste] FA At TANEE] =& Qibe] phosphocellululose papero] FH Ag =
AL4SFZPHoE FFPr) (Kuenzel & Krebs, 1985: Marshak & Carroll, 1991).
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5. AJ|9%3 Inmunoblotting

sodium dodecyl sulfate (SDS)&E=z|5}olA 12.5% (w/v)8] polyacrylamide gel& o]-&35}
o A/|9%5e stdch (Laemmli, 1970). AJGSF Hed wale Asjdes
nitrocellulose paper (NC)ofl &A Hr} (Towbin et al,, 1979 & 1984). NC paper: 3%
(w/v) bovine serum albumin (BSA)E B]Holxa F2hg W37l 93l blocking 3tdct. 2
2|3 A A3lA MY anti-p3dedc? kinase ¥A| (G6)2 ¥F-gx|F1 ¥, goat anti-rabbit IgG
alkaline phosphatase7t -2 2x} TAjo] 23] gAtslig o}

_.28_




I11I. d 3

A (200 ug)& chrysotile Mg Tidte] Wiyt MEola M=o Hejojmiat AH

THE AIEH 22 ¥ 4 Sglch Figure 1 A (1d), C (2d), E (3d), 6 (4d), I (5d), K
C(6d)= MEg T8} Q431 1 day ¥¥] 6 day 7HA] W% CHL AIEE AXEs} B 2ds)
U7t HES7E FAH D S8 I1E 1SS A 4 ok o8 whlE Mug gs)
o uloF3t CHL AH2= (Figure 1 B (1d), D (2d), F (3d), H (4d), J (5d), L (6d)) 1 day
HE cell death§ 847} %3 2 day FE&= A Aolgle AEE [EY 4 gdich o
A¥e] AT CHL lung fibroblast: chrysotile fibere] olF QIZIRT ¥I-2 S B cell
death 427|3 wje}&7lo] ¥-23lo] 443 (growth with attachment)dh= S8 AM¥ 3}
= 2& ¢ + dddrh
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Figure 1. CHL cells cultured with absence of chrysotile fibers. A (1d),

C (2d), E (3d), ¢ (4d), 1 (5d), and K (6 d), and CHL Cells
cultured with presence of chrysotile fibers B (1 d), D (2 d),
F (3d), H (4d), J (5d), and L (6 d).
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RAW cell (mouse macrophage cell line)& CHL cell = dE Mo o3 Mxe B

e WY <+ YY) Figure 2 A (1d), C (2d), E (3d), © (4d), I (5d), K (6d) oA B
ol 23 Zo] RAW cell HHlo] gl Sayee THRIEA A48 Edste] wjergy]

S 6Yrlols S A A B 4 rh olg} wigs MAE T RAW cell2 Figure
2 B (1d), D (2d), F (3d), H (4d), J (5d), L (6d)oflA] Hol:= 2R3} ol chrysotile A
of &3] NEEEL W23 2 day ¥ pultinuclear cellE ¥/dsto 4, 5, 6 ¢ zjoj=
giant multinuclear cell® Wshe & ¥4 ol W HEEol Yug WAL Az e
lct.

olFA Mol 23] MEEEL R T¥eh= A4S FEEA 81y 99, HEEd
of (cell cycle) 713 FAFel 288 3= p34cde? kinase 2] activitys} % (amount)o] of
2A A= 2 A7), Figure 304 B Hi2} Zho] p34cdc? kinase®] activity: '
HEE Ushx] 42 AEAE 2 us goy chrysotile TI¥t M EojrL= ujorau4}
S713HAA FAE activitys} Holxl: g B 2 Q).

EY p3ede2®] ¥ immnoblottingg o|-g5}ed S881dE dolx, ¥9g gsix] g
= ME| A& p3dcde? kinase?] oA T wilE BolFa] qgtou). Mg gsled ujor
T RAW cellol M= p3dcdc2e] 4Fo] mfotd<so] ma} H&3h= Z2g 8 4 YAT} (Figure

W
~
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Figure 2. RAW cells cultured with absence of chrysotile fibers. A (1 d),
€C(2d), E(3d), G(4d), I (5d), and K (6 d), and RAW Cells
cultured with presence of chrysotile fibers B (1 d), D (2 d),
F(3d), H(4d), J(5d), and L (6 d).
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Figure 3. p34cdc2 kinase activity of RAW cells cultured with chrysotile
(closed circles) and without chrysotile fibers (open circles).
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j

Figure 4. Immunoblotting of p34cdc2 kinase of RAW cells cultured with

chrysotile (lane 1, 2, and 3) and without chrysotile fibers
(lane 4, 5, and 6). lane 1 & 4 (1 d), lane 2 & 5 (3 d), lane
3&6 (54d).
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Iv. 31 &

ol @F ZelME chrysotile o] HEukZo] oW H&L 7X= 7HE 2} ’5:}
STt Fibroblast®} macrophage: H¥ THE AHIWILe HoZgd Hu 2] 5t
fibroblast TR cell death® RAW cell £ W2T Eslshe 7g & + art,
Mol oBA MEZEEE WA SeAE olF 3 ¢4 gloy HEg galy MES AlZ
A (Signal transduction pathway)7} fibroblast®} macrophgel= A tlE gale
A8t glth. CHL fibroblasti= F A} apoptosis® o]mwi AZAGEAE 7IA I U3, 2H
Aol R&o] RAW macrophage:= cell division cycle& "33 #3} (differentiation)sd}
Ashs AZALAR 7He AE B4 drh. 29 dFodLE oa apoptosisel] FA R
ded YURAAL p53& ZAPSEA] kR F p53¢] g MU AR AT UA W
THA p34cdc22t p538] BAE - cell death®} cellular differentiationg& FU 314
& 7t A& Zolt)

°l Z3E in vivo Aol AR TE FUH AL t}¥E alveolar macrophagel}
interstitial macrophageol 23] ®4l%|o] interstitial fibroblastﬁ]?‘]]—}:‘_- o] &Fo] G3ES ul
Xelet BZWrh  wher MW fiber7l interstitial fibroblaste] oJs} ERAE®
interstitial fibroblasti= & &A ¥ Zlo|3 Tt}A] macrophgeol] 23] &BHAlE &) g} BZHc}
2l M9 fiber§ ®A¥ macrophage: WS 33l cellular factorE® ¥u]3}o
fibrosis& &Z3te|elz A2}

Y AYolM = ¥ & AT nacrophagert Bulste EAEL 2ASHAE Estgc)
HE ©AY macrophage?] culture supernatant& fibrobalst cultured] sl H
thymididined ©]-&%t labelling® 3t HMEEQo] FAHEE AHEE A2} 4F3 ] o]
oF & Zloltl, 1283 supernatantol A 2] PDGF, fibronectin, TNF-a, INF-v, EGF, FGF £2]
fibroblast 4 XHEZAL FHsl= A7t Weasicia 31z
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v. g 2 o9

M2 w4 fibrosise} F¥FE Ut LA gt old Aol MEEL o]
& (cell division cycle)®] 37} 3lue] 71de2 AAFHI Qrt. HHo] cell cycledi
oA E %BE oldlsty] $13) RAV AXMXE (macrophage)®} CHL M X (chinese hamster lung
cell)& 6 U wigsly =AYty or & gPtgos zasldrt. ZYdejsyos
37| FE ANMAIIL £t i AvjMEs Hs] g MEe ©ANAL B4 Q4
tho oot ©e] HEE YA 42 ANMAREE A4 Edts 2L 8 4 3tk OL cellg
223 HFo= Bog o, MU Uslx] g CH AEE A4 Edsidxn ¥ug o
T CHL AlZEe AF FE Hwo] U AMXEL| cell deathE RUshe 2E 8 4 gldtt A
ETEol A 24 p3dedeZoll T Yol E o] HAo] WHEE JHY 29 &
ol 714 HElol=F o] §3e] pdcdc? kinase?] leveld ZAFSIATE Mmool ols) 23ty A
oM Rl BEET 2AUE UAY 4 91907, immunoblotting (B LA F2h) o
E 2BlgE dE ZL4Ee] TAE E 4 gl ol AT Muo o) A M =]
o] A= £3E FAs: A ¥ 4 Aok
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In vitro toxicity testing for asbestos

and particles

11 Je Yu, and Hyeon Young Kim

Department of Industrial Toxicology,
Industrial Health Research institute
Korea Industrial Safety Corporation

34-4, Kusan-dong, Buk-ku, Inchon 403-120, Korea

- Abstract -

To substitute inhalation toxicology which requires experimental animall, high
cost, intensive labor, and time, in vitro toxicology has been attemted to test
asbestos and man-made mineral fibers. To measure cytotoxicity of ashestos, asbestos
(amosite, anthophyllite, chrysotile, crocidolite, adn sepiolite) and particles (SiOs,
and TiOz) were evaluated using MIT assay and trypan blue exclusion assay. Degree of
toxicity to macrophage showed amosited anthophyllited chrysotiled crocidolited SiOy>
sepiolited TiOz. Degree of toxicity to fibroblast showed chrysotile™ amosite™
thophyllite)> sepiolite) crocidolited Si0; > TiOz.- It is suggested that in vitro fiber
toxicity test was influenced by three factors; cell type, duration of coculture, and '

fiber type. Generally, macrophage showed more strength to fibers or particles than
that of fibroblast,
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I. A &

T

AU o= MuHI} MAANELS fiberd] Y& A1 159 s&t 8
23H= @-7olth Fiber Inhalation Toxicology (H-R4Ed FUSAH)E gas FUFAo|
U nmist FUEPRTHE U & FUSAHolth oRe srgsAE dPL TFA
fiber (Inhalable fiber)& {HEolopslt] o] E & UL oluz, YAL 3zlg ¢Egd
=2 E 2R e AR AEA E4o] Hul=A Hr}l = oA eI
AFANL GRiIEC] HE Y=| oA o} BRI I} AE T xThE o] Haslich azln
oIS YAY FEE AAAA YUBBA ZEAFE AE gy ZE 2% Jlee
838h= Zlolth. H3] fiber inhalation toxicology 7}3} u]g&o] ol T dJEA g
BAH F¢ 4P v go] 298 Hog dFA g}

oA ¥l & Al W2 UYo] ARHE UUFEL ZU FYSHY A s
wHoeg thrlzke] in vitro fiber toxicology o] tiFEE 3 Qlr} In vitro fiber
toxicology= F7}x]8] B o= 33 gl=udl, fibero] Q¥ Fof 7jA L AZJELA o
Aol ATl in vivodt VAL 4 93 o] AL o] &3} 7] 3ke] fiber2] toxicity&
238 & 4 ¥ Folvh I FAHIYQA AP BHY o&H IYSE VA fiber
BUAALEOIA QAY fiberFAhE 1% UWRANE ¥ 4 A ¥t} (Hesterberg et al.,
1993). In vitro @3¢ EAHAL fiber toxicity®] in vivoolrqt ZHo] 7Es3¥ lung
depositiono|l} clearance, durability$e] 24 3%} A EE &3317]71 ojgci= Aot} o)
o AdPEeR. widd EEFYNUES WY in vitro fiber toxicity A]go]
Hesterberg et al. (1990)o] 2]} AjA] 53 gt}
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In vitro fiber toxicity A8 FE cell culture A]A®-E o]|&3=0] Mossman and
Sesko (1990)2 AI7FAle] AlgyEL o83 ATWHE AAlstn dtul, tAAEHe|=A
X alveolar macrophage, tracheal epithelial cell2} lung fibroblast& ARE-3}31, o] &
=2 FH fiber toxicity] MEFoIFQ FUE & 4 A3, JhA WA HEYPEIR 4]
Ygewl Brh in vivost 47 AANRS gk 2o OE I PHesAE WA
in vivo inhlation &2 in vitroo]x H7}3l= ¥PHOE VWarheit 5(1991)L SZojAf
fiber& Folut 4 (instillation) A7 ¥ lung lavage ¥ AEEE BIlste whEg
ARg3tglth. E The WEesE RO ohE AEES 4ol wjysto] Ak Whye] gl
Tl Fiber ¥{2F macrophage’} fibroblasto] 7jX|= @3 ¢ (Bauman et al., 1990),
macrophage® H-E] neutrophil chemotactic factor ZAdo] tidt A7 (Hayes et al., 1990)
macrophage?] YA Eo] tht MES/4AT (Bissonnette et al., 1990), 2|3 7|T=] ujod
¢+ (Mossman and Craighead, 1980) 52 BT ojd whH& o]&3}o fiber toxicityd A]
g3taich

In vitro fiber toxicologyl W& Agtaol YA VAR d7ol We £2g 732
93 MEE in vitro o]l AF AUH Wel BrIF NPLPes A we A7AE
of o Wag AMgSIL gtk

= dFoMde oY AR AAFTYoA  fiber FYHA (fiber inhalation
toxicology) & SI719181A 71&&Re] Wyog Age ¢ A7 iy dFazo
7Hs "M} dAELY] SHAFE in vitro WHOE AESRIA il NEA &
MMME (Man-Made Mineral Fibers)$} man-made organic fiber$o| # o] wo] A}REZ Q&
o, 58 MMFE 27l2] Z4e] THE EAEC] HIo| AT U3 I3 WS WM}
AudA dtt (F22 JEe H9¢ A8HIL dE thASAY listE ¥ 1004 B4 9
th. 28y old EdY H4o] olAx wo| FWHA Y AL WolA in vitro WP T
AT 4 QL wie] A7 FAY Aot




- Table 1. Substitute of asbestos in Japan

HEHFAE A=

Construction :
A& YA H 34 Calcium¥t Pulp fiber
Alkaline-resistant glass &
A& gut Pulp fiber
Alkaline-resistant glass A&
Vinylon
AAE o sl Vinylon
Asbestos spray Pulp fiber
Rock wool
&) & (unspecified) Polyvinyl chloride fiber
Mica
Vermiculite
9} 34 Calcium®t ~Wollastonite
Friction material
Disk pad Steel fiber
2% x}-2 Disk pad Aramid fiber(Aromatic polyamide)
Glass fiber
Brake lining Aramid fiber(Aromatic polyamide)
Glass fiber
$ 7] A& Brake lining Phenol fiber
Clutch facing Aramid fiber(Aromatic polyamide)
Glass fiber
371 A& Clutch facing Pheno! fiber
XH5- A} Radial-tire belt Para-type aramid fiber
Joint sheet (Gasket, Packing, etc). Aramid fiber(Aromatic polyamide)
Glass fiber
Phenol fiber
pulp fiber
Carbon fiber
Polybenzoimidazol fiber
wa g Glass fiber
Carbon fiber

Aramid fiber
Polybenzoimidazol fiber
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Paint

Asbestos paper
Fire-proof sheet for welding

Heat-resistant cloth

Heat-insulaton
Plastic B.7Z}r=]
Rubber X7}
Filter aid

Polyorephine
(Polyethylene synthetic pulp)

Aramid fiber

Acryl @3

Phenol fiber

Acryl 3P

Para-type aramid fiber
Ceramic fiber

Acrylic fiber

Acrylic fiber

Potassium titanate fiber
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1. Alxujek

Hela, CHL, RAW AM|X: 100 mm w33 Ao DMEM-FBSHI ©|L} RPMI-FBSHIS| wjotaio =
37° c2] ui%7lol A whdstalch. Fiber toxicity AW 96 well wjopgalold wellof A
X7} 10000 7} F=7} Foi7kA Slo] widstd, AUclat MELE QBY PO fiberS A
Bl therdoll oistel A oj2irx] K4 E S Bl

2. Fibers and particles

Chrysotile2}, crocidolite, amosite, anthophyllites= UICC standard reference
sampled AME31 3, o] 4HF} sepiolite (Kuzuo, Tochigi, Japan)i= Hisanaga WA}
(U8 A UZUATLE) o AN Foibglr}h 223 Si0, Ti0r= Sigmao)A T3t ch

‘3. Trypan Blue Exclusion

2.5%2] trypan blue stock solution@& Z-F4:0j THETE 20 ple] trypan blue &g
200 w1 MEEjgelo] Yol WMo|EE pipetting TFE 20 e LA xastod
hemocytometer ofzfollx] MEE #ols HEEE FAYUCH Aojgle MEE o] FAe o
Aol HAJ0ta £ ML ¥o| ugAl JMY},

4. Cytotoxicity Assay

Fiber?] MHXH4E JFsl7] st MTEHS A3t  MIT]  als
3H-thymidine incorporationz} fAlslcl. MIT &3L MITZ7} nEE&c=glole] FIAQ
succinate dehydrogenased] ¢}3] FEM& W formazan® B wly|: A& &3l Aot}
d WBE Y4 okdls AZLOIMY YolUL, formazans] P Aolale AES] o]
]| ¥} (Denizot and Lang, 1986).

MTT (1-[4, 5-dimethrylthiazol-2yl]-3, 5-diphenyl formazan)2 Sigma® By U3}y
Ch. MITE PBSoll %] 5 mg/ml 84 THE] o§3} sle] BFalelol =777} =S Yrt
MIT assay:= 10 ul1o] MIT €& 96 well wjar&7]¢] 2 wello] Tisted 24| Sat 37 Cuj %
710l Fobr BbgAlFIZ, FAIZ Folli= 100 18] 10% SDS in 0.0IN HClS bl HEE =
ol formazano] HEWOS 117 ¥ The 242 O 37°CollA WAL 2 wellS He
e 23t W spectrophotometerol A 570 nmol|A & ¥ic}, Cytotoxicity: fiber& 0
3H2] U2 controlME2] e Heo| % of viable cell & UIERdT],
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1. 38

1. Ao sejo] & Chrysotiled] 574
A. RAW cellZ} chrysotile

RAW cell- mouse macrophage cell line® 2 AA4t# <l macrophaged] H4& ol AL
it} Cytotoxicity® &Asl7] sl MES 2zt wellF of 10000 Yol 3HF wjedsis ¢ #
200, 100, 50, 20, 10, 1 pg®] chrysotile® Ztzfe] welle]l @of 1, 3, 5 day Fof MIT
assaydPd o2 ZAHE& 3}gr}. Figure 1o K= ule} o] chrysotiled] wxo uwe}
viability7} Zt4 (cytotoxicityZ7} $7}) she ZA& & 4 9th 1 day, 3 day, 5 day oA
2% o]d FAE Boj&t}h g3 fiberslo] miQPVIAE F2Y ¥ A 1 day Hrhe
3 day, 5 day7} @A visbility 7} W& Z& ¢ 4 vk 223 25 pg FEolA 50%9
viabilitye] o]2& Z& & 4 9l (3-5 day).
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Figure 1. Cytoxicity of chrysotile fibers to RAW macrophages.

MIT assay was used for cytotoxicity test.
Results are presented as % of viability.
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B. WI 38 lung fibroblast3} chrysotile

W1 38 lung fibroblast= Efjo}&] 2] fibroblastefA] LA Zlolch o] MEX £]2]
wh ol =dstA] 20, 10, 1, 0.1 ug?l chrysotile Tigt ¥ 1, 3, 5 day ¥oil MIT assay %
WO viabilityE %33 Zojith. Figure 20l4 Rolx A Zo] AdrloAME o o}

CE BA4E BRI 93, 3-5 day o H= 1 ug ol3tol A 50% Fxo] viabilityE Ho{ETL
2|3 Il E GA] fiberste] vjR7|tE & nAE A& HAFo|A | dayRrh=
3 day, -5 day7} T & &2 toxicityE RAFE= A& ¢4 AUth

C. Hela cell3} chrysotile

Hela cell cervical carcinoma cellofA] PRt MEZA] epithelial cell AF&
HEolth, o] MEE ¢12] Wyl SUstA 20, 10, 1, 0.1 ugd] chrysotileg ¥t ¥ 1,
3, 5 day Fo] MIT assay ¥WHIH O = cytotoxicityE &A3t ZHojtl. Figure 3ojA] Ho]lx= A
3 Zo] AIAE wxo g 58S BF3 93, 1 day oA 10 g =04 50%
9] viabilityE R Frl.

D. Hela cellz} TiO:

TiOz7} Hela cello] um]x]&= cytotoxicity® MIT assay WH o2 &AL slach
Figure 40]A Mol R o] Tik & = wlal A viabilityE F2]| gt} dein
Ti0; &= control particle® AME £ 918 Aot}

2. oY 7}A] Fiber®} particle?] cytotoxicity H|Z
A. RAVW cell

5, 10, 20 pg®] fiber®} particle RAW celle] Twidled 1, 3, 5 day ¥ olEY S
MIT assay® At&Eu|23led B akth Figure 5 (5 pg), Figure 6 (10 pg), Figure 7 (20 ug)
ol Holi= Z 3} o] amosite®} anthophyllitel= 1 day ZA}A] U2 BE (5 1g) o=
50% o|3te} MEEY S RAFX|7 crocidolited} sepilitel ¥ B (20 ug)ollA] 40% o)
3t2] viability& RF Qlt}. amosite: A% FAHLE BAFA, We fiber 9}
particle&o] RAW cell®] 7ol wigdo] FAH4F cytotoxicity?} Holx Rg B4
ltt. el Tilz= cytotoxicityel]l 237} g A& & 4 At} Cytotoxicity?] 532
2 amosite) anthophyllite)d chrysotile)d crocidolited SiO sepiolite> TiO; <ojt}.
Figure 8¢]A]+= amosite (A), anthophyllite (B), crocidolite (C), chrysotile (D), SiO:
(E), sepiolite (F), Ti0; 5& ®AIY HXE Hoj23 Qt}, JATE MAL Yalsio A
7} ulhsteld A& yehix glct
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Figure 2. Cytoxicity of chrysotile fibers to WI 38 lung fibroblasts.

of chrysotile

MTIT assay was used for cyiotoxicity test.
Results are presented as % of viability.
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Figure 3. Cytoxicity of chrysotile fibers to HelLa cells.
MIT assay was used for cytotoxicity test.
Results are presented as % of viability.
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Figure 4. Cytoxicity of Ti0Oz to HelLa cells.

MIT assay was used for cytotoxicity test.
Results are presented as % of viability.
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Figure 5. Cytotoxicity of several fibers and particles to RAW cells.
MIT assay was used for cytotoxicity test.
Concentrations of fibers and particles were 5 ug.
Results are presented as % of viability.
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Figure 6. Cytotoxicity of several fibers and particles to RAW cells.
MIT assay was used for cytotoxicity test.
Concentrations of fibers and particles were 10 ug.
Results are presented as % of viability.
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Figure 7. Cytotoxicity of several fibers and particles to RAVW cells.

MIT assay was used for cytotoxicity test.
Concentrations of fibers and particles were 20 ug.
Results are presented as % of viability.
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Figure 8. Three day cultured RAW cell with amosite (A), anthophyllite (B),
crocidolite (C), chrysotile (D), Si0;, (E), sepiolite (F), TiO;, and
no fiber and partilce (H). Arrows indicate fiber ingested giant cell.
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B. WI38 cell

5, 10, 20 ug®] fiber8} particle® WI38 cello] Tislod 1, 3, 5 day ¥ o|&e 54
& MIT assay® A& u]sto] Bolr}. Figure 9 (5 ug), Figure 10 (10 ug), Figure 11 (20
ug)ollA Boli= Az} o] W sxold ¥ fibert} particle (Si0, sepiolite, Ti0z )
ol thsl MZEo] vlatglo] ASFAM MES vibilityE HHI}e AR B3R 10
ug o4e] SEelAE old WiE BoiFx Qerh sailo]l ZABAN A viability
2] 4§ 84 rt (Figure 10 & 11). Figure 11 ofA¥x chrysotile, amosite,
anthophyllite, sepiolitezo] 50% ©o]5}2] viability& R {31 It} Cytotoxicityd] T3
2 chrysotile™ amosite™ anthophyllite) sepiolite) crocidolited Si0; > TiO: o]t}

ol Hol= ulel go] MEyefo] utel fiberst} particleso] Tyt MEE] ¥
% xlo]l&§ 84 Ucr}. RAV macrophage: ©|¥ fiber and particleo] thsj vj4do] 7'-?_} HE
8-& 84 9l3, lung fibroblast: Uido] el A & 4 gt}

3. Tryphan blue exclusionof 2l %t test

Fiberl} particle®] &4 & testdh= TIE ¥HIJ O trypan blue exclusiong ©]-&3}
grh o] W2 off &4 Wholu WnlAslolM W MEE Aol A = &
ge 2 ehsty] wEol Fa3Q Ho| ©Folg} S17ct. Figure 1204 Kol ulg} ol
fiberl} particle® TIYt RAW MEE 1 day Z2F trypan blue exclusionff &8 &£ NX
E Aste] AAMRZAAN F2 AEY %  Uehlorh AJlNE Ttk SEo] Alagl
o] & viability® RS it} Toxicity®] EFL Si0r chrysotiled amosited
crocidolite™ anthophyllite™ sepiolite) Ti0; <=olt}. H7|3 R $]o] Ao} vjas) &8
w, MIT assayold 71 W 548 BFL Si0 71 713 & E4& HR: 7o)
th ol dnlFstelN Si0E ©A Y MEJ} trypan blues] 23] MM W Nz} S}
7] dEe] §2 AEE A3l ojd ZAsl vex] dsht AL o) HAIIE A9
Shd o] FrkA]l el &Rt Aol Azt & Aol ¢l ZHoT HeT)
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Figure 3. Cytotoxicity of several fibers and particles to ¥I 38 cells.
MIT assay was used for cytotoxicity test.
Concentrations of fibers and particles were 5 ug.
Results are presented as % of viability.
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Figure 10. Cytotoxicity of several fibers and particles to RAW cells
MIT assay was used for cytotoxicity test.

Concentrations of fibers and partilces were 10 ug.
Results are presented as % of viability.
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Figure 11. Cytotoxicity of several fibers and particles to RA¥ cells
MIT assay was used for cytotoxicity test.
Concentrations of fibers and particles were 20 ug.
Results are presented as % of viability.
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Figure 12. Cytotoxicity of several fibers and particles to RAW cells.
trypan blue exclusion assay was used for cytotoxicity test.
Concentrations of fibers and particles were ranged form 200,
100, 50, 25, 12.5 to 6.3 ug.

Results are presented as % of viability.
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IV. 32

In vitro fiber toxicity testo] 2z efoju} tiAHE ] cytotoxicityE &3317) 93
o] Ro|3 Ql&= MIT assay Wz} E o AEE g2 Kol gl tryphan blue exclusion u}
H& AH8ste] M2} particled] toxicity testo] HLshgir}. old WHdolx Hyqe
€82 &733h= WY (MacNab & Harington, 1967 Harington et al., 1971)3} H®u}le) =
I8 & JASH= LDH (lactate dehydrogenase) release (Tikes & Beck, 1980, 1983),
beta-glucuronidase (Brown et al., 1979; Tikes and Beck, 1983; Davis, 1980) ¢}
beta-galactosidase (Dunnigan, 1984)%} Axe] BEdEyde E3sie= colony forming
efficiency (Brown et al., 1986: Chamberlain et al., 1980: Haugan et al., 1982: Hart et
al., 1991) PP Fol AH&HI gtk & APoM AJ&Y MTEE Denizot & Lang (1986)
8 BHL =AM o UYAo|A colorimetric assay® WAMG THELL] A}go] Waglol
BFHLR JFY 4 gl whyoln).

ol in vitro fiber toxicity testojAi 2 d77} A dHRo] HESH LS A 7kA] &
Lol o3 Y Y= AL E 4 Utk AZTYE] (cell type), vje}7]3t (duration of
culture), fibere] FF (fiber type)o] el wWe xjol§ Ho&t) Macrophage,
epithelial cell, fibrobalst 2}z}e] AjXofA 2}z}e] fibere] ctjigt dose-response?} MEE
4E& RoF3 rh & Ao & macrophage7} lung fibroblastl} epithelial cell By}
= ¥ dose-responsed HolF: A B 4 9t} a3z A Zride] 713, fiber typeo]
#I#| dose-responsest THE A& HelFI YUt} thee dFA= ol & FF Fx
7] Hele Mxel =yl wjek = Macrophage + lung fibroblaste] Z3j}=ajel wmjor
T2 A& AN=Esol ¥ FHolt}. = o]y particleg ©A¥t M| viability RAjojAat o
7} 23E Zo] opzl y|s3al Y] AA (functional activity assessment)o] B @ 3}zg]
2} Az}gcl.

2 dF7 23235 in vitro®efl 2J3} fiber toxicity testi 7712] fiber$} particle
o 54 d7shenl 28X, Ygose) Ao &Y ThE in vitro toxicitywyo]
7hgEolol ¥ Zolm, MurNEYZoE ;AL 7 old tiMEWe EUY Yoz
fiber§& W=+ wWjo] s ojo} g Zola ol thAERY in vitro toxicicity test7}
B oF ¥ Rolgtx Yzt
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V. 22 4 99

AUEEE o8t Huz ATA SHUY Byl BAAS AU A W
o In vitrorld LS Fotol 43 AR SHYIYAE AEsdch. AESEE
223517 ¢iste] MIT 24483} Trypan blue exclusion *H& AH&ste Mz} EAESL
AZTELES ulz¥7t 3tgch.  Amosite, anthophyllite, chrysotile, crodicodlite,
cepioliteSe] MEI, Si0s, Til 5 EWFe| in vitro AWPAE ol-8stel B7i=igich
A2 M Zo| A= amosited anthophyllited chrysotile) crocidolite> Si0» TiO &0 8 B4
o] UbElt, Fibroblasto &= Chrysotile™amostite™anthophyllite™> sepiolited
crocidolited Si0p Ti0 08 EAdo] Uelych A=l Hel, Mz £ F/, = ul
7 zke] wat B xlolg RAAFE A& & 4 otk ulay A 4] M| = (nacrophage) 7}
fibroblastETl= {1} 3o ujs] 73 A& & 4 ik
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Abstracz:

-To analyze mineral fibers found in serpentine which is used
for stone kettle manufacturing and to protect workers in this
factory, samples obtained from the factory were analyzed for their
metal contents using an electron microscope equipped with energy

_dispersive X-ray analyzer. In addition, the metal contents were
ccmpared with other known asbestos. Although many kinds of fibers
similar to asbestos were observed, any known asbestos fibers were
not found. These fiber may have similar toxicity to known asbestos
even 1if their toxicities are not known at this time. It is
suggested that pulmonary function test and chest X-ray are needed
for the protection of stone-kettle manufacturing workers. Further
epidemiological study is also required.
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I. Introduction

. Korean asbestos rocks are classified three types: serpentine,
amphibole and fiber cluster from lime stone like rocks presumably.
" sepioclite (Kim, 1987). Chrysotile was distributed in Hong-sung of.
Chung~nam. province, and Ga-pyung of Kyung-gi province, and!
depiolite was distributed in Moon-kyung of Kyung-buk province,
dnd Je-won of Chung-buk province, and amphiobole was produced form
Chin-an and Chang-su of Chun-buk province.
Our study was aimed to verify the identities of fibrous.
aterials prcduced from rocks ‘used in stone utensil factories and
o conflrm whether they are asbestos related materinls. This result
Will‘provide basic epidemiological data éor the protection of stone
utensil manufacturing workers. .
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II. Materials and Methods

Dusts from the stone grinding factory were. sampled into
‘plastic’ test tube and transported. Fragments of the stone kettle
.were ‘also sampled into plastic bags and transported. The samples
were filtered through nuclear pore filter (0.2 um diameter) into a
"flask, - after sonicating with 100 ml of distilled water.
Approximately 2 mm® square of the filter paper was placed oun EM
"grid (200 mesh, Ni) treated with carbon. The filter was solubilized
and removed with chloroform vapor. The analysis was done using a
KEVEX-7000Q Energy Dispersive X-ray Analyzer analysis Equipment
(EDX) . (Sakai et al, 1993).
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III. Results

As ‘shown in Table 1, 4 samples were obtained from the
factory. Sumple A was dusts obtained from grinding of stone kettle.
Sample B was fragments from blackish stone. Sample C was fragments
from ' another blackish stone, and sample D was fragments from
whitish stone. Sample B, C, and D were shown in Figure 2. When
sample A was analyzed, several types of fibers were observed
(Figure 3, A, B, & C). These fibers were analyzed for their mineral
contents by EDX. Two types of EDX were observed: Si, Al, Ca (type
1, Flgure 4A) and S5i Mg, and Fe (type 3, Figure 4 B)

‘Sample B also showed fibers (Flgure 5 A, B, C, and D). Five
vtypes of EDX were observed; Si, Al, and Cca (type 1, Figure 6A), Si,
Al, and Fe (type 2, Figure 6B), Sl, Mg, and Fe (type 3, Figurea 6C),
Si, al, Mg, and Fe (type 4, Flgure_GD), an#d Sl, Al, Mg, Fe, and K
(type 5 figure 6 E).

g} Sample C was examined for the presence of fibers. As shown in

Figure 7, many fibers were found in several samples.
The’ results of EDX indicated that there are 4 types of fibers; Si,
Al, and Fe (type 2, Figure 7 A), Si, Mg, and Fe (type 3, Figure
7B,), Si, Al, Mg, Fe, and K (type 5, figure 7C) and Si, Ca, Al, Fe,
andfMg (tvpe 6, Figure 7D). '

: When sample C was examined urder EM, several fibers were
also found (Figure 8 A & B). Three types of EDX were observed; Si,
Al, -and Fe (type 2, Figure 9 A), type 5 {Figure 9B), and type 6
(flgure 9 C) major component is Si and some Al, Ca, or Fe were
found.

There was no known asbestos from 4 samples (Table II). As
shown in Si and Al were major components of the mineral fibers. By
u51ng EDX, 6 kinds of fibers- were determined: Type 1 for Si, Al,
and Ca; Type 2 for Si, Al, and Fe; Type 3 for Si Mg and Fe; Type 4
for Si, Al, and Mg; Type 5 for Si, Al, Mg, K, and Fe; Type 6 for
Si, Al, Cca, and Fe. The analysis of chrysotile fiber showed that it
contained mainly Si, and Mg (Fiqure 10 A & B). In addition, amosite
contained Si, Fe, Mg, and Mn (Figure 11 A & B). Type 3 has some
similarities with chrysotile but do not have tubular structure
found in chrysotile fiber. In addition, the ratio of Mg/Si was also
small compared to chrysotile (Mg/Si=: nearly 1). It was suggested
that it is not talc due to 10% content of Fe. Comparison of these
fibers with chrysotile, amosite and other asbestos (Table I1I)
indicated that the fibers from stone kettle showed somewhat
different composition from other known fibers (Figure 12 A & B and
Figure 13).
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IV. Discussion

. In this papei, we demonstrated that the fibers from stone
kettles are ‘different from cther known asbestos. Initially we
intended to survey the east of Chon-hkuk province to find out the
presence of asbestos fibers. We expected that this fiber may
intlude serpentine with some tremolites. Our results showed that
there are no known asbestos or tremolited produced from stone
kettle. The  toxicological data of these fibers .are Completely
unknowri at this time. Although hazard of these fibers is uncertain,
fiber is generally known to be more hazardous than particles.
Intake of fibers through oral route have been implicated in several
carcinoma including Stomac carcinoma, and others (Moran, 1992},
The working condition of stone kettle manufacturing factory was so
poor. - The workers in the factory had no proper protective
equipments or ventilation. Further investigation including chest X-
ray and epidemiological study is needed.
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Abstract

Asbestos has been implicated in lung fibrosis and
mesothelioma. The disruption of cell division cycle has been
suggested for one of mechanisms for disease process. To understand
the possible role of asbestos fibers on the cell division cycle,
RAW macrophage and Chinese hamster lung cell (CHL) were cultured 6
days with 200 ug/ml of chrysotile fibers (average size 4 um). In
each day, the duplicate cultures were processed for histochemistry
andimmunohistochemistry. The histopathology RAW macrophage treated
with asbestos fibers showed continual cellular differentiation fi-m
theé third day. From fourth day, the macrophages were developed into
multinuclear cells and the asbestos fibers were completely covered
with cellular materials. In contrast, macrophage without asbestos
fibers showed continual cell division. The histopathology of CHL
cell treated with asbestos showed massive cell death from the
beginning, while CHL cell without asbestos finer showed fiber
showed continual cell division. Antibody against p34cdc2 kinase, an
esséntial enzyme for cell division cycle in eukaryotic cells, and
p34cdc2 kinase specific peptide were employed to monitor the
changes of p34cdc2 kinase level. The macrophages differentiated by
asbestos showed significant decreases on p34cdc2 kinase activity
level. Immunoblotting of p34cdc2 kinase also coincided with the
results of the activity assay. Taken together, our results
indicated that asbestos fiber induces cellular differentiation for
macrophages by suppressing cell division cycle.
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I. Introduction

It is widely known that asbestos causes asbestosis and

'mesothelioma_ ultimately. T'he mechanisms of asbestosis and

mesothelioma become slowly disclosed with the development' of
1mmunology and molecular biology.

Asbestosis is characterized by the dleruptlon of 1lung
structure and ‘an overgrowth of connective tissue, inducing to
diffuse linterstitial fibrosis and small airway . flbrosis. The

- overgrowth of connective tissue, particularly fibroblasts, by
- asbestos exposure could be occurred by overproduction of cytokines,

tumor necrosis ‘factor (TNF), and interleuxkin 1 (IL~-2) from
bronchoalveloar (BAL) leukocytes. In rats instilled intratracheally
with amosite asbestos, there was increased secretion of both IL-1
and TNF by .BAL macrophages (Brown et aly, 1991). Secretion of TNF
was greater with a long fiber sample than & short fiber sample of
amosite.  BAL macrophages from rats dosed intratracheally with
chrysotlle asbestos released a factor that stimulated fibroblast

_ prollferatlon and that these animals went on to develop lung

fibrosis (Lemaire et al., 1986). In addition, BAL macrophages from
sheep exposed to asbestos consistently secrete enhanced levels of
flbronectln compared with controls (Begln et al., 1986)

Recently studies ‘on growth factor regulation of the cell
division cycle have been investigated extensively. Such as platelet

derived growth factor (PDGF), IL-1, insulin like growth factor

(IGF), transfcrming growth factor (TGF) are known to play a role in
the progress of cells through the cell cycle..Alveolar macrophages
(AL) synthesize and secrete PDGF, fibronectin, TNF-alpha, FGF, EGF,
and  TGF-beta (Kovacs, 1991):. Asbestos flbers were shown to
stimulate production of a PDGF homologue by AM which is mitogenic
for rat lung fibroblasts inh vitro (Kumar et al.,  1988).
Furthermore, lavage AMs from asbestotic patients were found to
produce high levels of IGF-1, although normal levels of IGF-1 mRNA
were found (Rom et al., 1988). In rats, Asbestos exposure induces
AMs to secrete a FGF, or also called as MDGF from 1 week to 24

weeks -after exposure (Lemaire et al., 1986). No fibroblast .

proliferation activity could be found in the culture supernatants
of .cells lavaged from rats instilled 1long fibers, despite
significant pathological effects (Adamson & Bowden, 1990). 1In
contrast, short fibers produced no significant pathological
effects, but significant fibroblast proliferation activity was
found in cell culture supernatants from rats exposed to these
fibers.

Althohgh studies on growth factors, induced by exposure to.,

asbestos, were done rather extensively, little is known about major
regulatory proteins. P34cdc2 kinase, a main enzyme fo: cell cycle
regulation, plays an important role in eukaryotic cell cycle
progression. It is consisted of regulatory subunit called cyclin
and catalytic subunit called p34cdc2. The activity of p34cde2
kinase is high at M phase of cell cycle, and very low in non
dividing cells.
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In this study, we are aimed to study the efféct asbestos on
cell cycle progression in fibroblasts and macrophages. We used RAW
ma?crophage cell line and CHL fibroblast (chinese hamster lung cell)
am a model system. Although mature macrophages are seldom dividing,
wa ‘used for its readiness at any time, and its similarity tq
macrophages.. In this study, we demonstrated histopathological
features of asbestos ingested cells, and investigated molecular
biochemical effect of asbestos on the cell cycle.
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II. Material and Methods
Fibers
QICC#standard of chrysotile (Canada, average size 4 um) was used.

Tiséhe'éultdre

Cultured cells (CHL, and RAW) were grOWn in 100 mm culture
¢lshes in Dulbecco’s modified Eagle’s medium (DMEM) or RPMI 1640
supplemented with pen1c1llln and streptomycin (100 units/ml), and

10% (v/v) heat inactivated fetal bov1ne serum (RPM1I-FCSHI) at
37°C. )

Histopathology

"1 x 10° cells per 0.1 ml were cultured for overnight at 37 C
ko glass coverslips (12 mm) which were placed in 24 well dishes.
Flbers were added directly to the coverslips. The concentrations of
fibers were ‘ranged from 200 ug to 0.1 ug. After addition of fibers,
the ' duplicate cultures were processed for histopathology by a
modified Wright staining (Leukostat, Fisher) and examined under a

Olympus microscope-.

Protein Kinase Assay

“The peptide ADAQHATPPKKKRKVEDPKDF (CSH103) which is based on
SV40 LTAg (Marshak et al.; 1991) was used as p34°*’ kinase specific
substrate. Protein kinase activity was assayed as described (Yu et
al, 1991). p34°'°* activity was determined by measuring the
incorporation of([*?*PO,] into p34“? specific peptide substrate, as
follows. Sample (5 pul) were incubated in a final volume of 30 ul at
37°C for 30 min in presence of p34°<? buffer (20 mM Tris-~-HCl, pH
7.4, 10 mM MgCl,, 1 mM EGTA, 1 mM DTT) with their respective
peptide (1 mM) 1in presence of 100 uM [ =-??P]-ATP (1000-3000
cpm/pmol, Amersham corp.). Reactions were started by adding
radioactive ATP. Assays using the peptide were stopped by adding
trichloroacetic acid to a final concentration of 10% (w/v) and
phosphate incorporation was determirned by adsorption to
phosphocellulose paper according to previously described protocols
(Kuenzel & Krebs, 1985; Marshak & Carroll, 1991).

Gel Electrophoresis and Immunoblotting

. Electrophoresis was performed on 12?5% (w/v) polyacrylamide
gels in the presence of sodium dodecyl sulfate using the buffer
system of Laemmli (1970). Proteins were transferred
electrophoretically to nitrocellulose (Towbin et al., 1979 & 1984).
The nitrocellulose was blocked with 3% BSA (w/v) in PBS and then
incubated with antiserum at desired dilutions in the same buffer.
goat anti-rabbit IgG alkaline phosphatase labelled was used as
secondary antibody.
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III.iRésults

_ .Different cellular response was observed in chrysotile trax
- cells, depending on cell types. Untreated control CHL cells ‘GEde
- from day 1 to day 6, as snown in Figure 1 A (1 d), C (2 d), E
~d), 6 (4 d), I (5 4d), and K (6 d), were continually growin
filled whole culture dish spaces. In coatrast, treated CHL
“with chrysotile fibers, seen in Figure 1 8 (1 d), D (2 d), = (3° -
H (4d), J (5d), and L (6 d), showed cell death from 1 day and ﬁ§4
live cells were observed from 2 day. It indicated that CHL &eife
were sensitive to the chrysotile fibers, thus induced cell dest
It also demonstrated that chrysotile fiber inhibited cell’s ability
of growing with attachment to the substrate. L
. + 'RAW cells (mouse macrophage cell line) showed cellul:
differentiation upon treatment of chrysotile fibers. In Figure 2
(Ld),.c(24d), E(3d), G(44d), I (5d), and K (6 d), RAW cells’
without chrysotile fibers showed a round cellular morphology with’
rapid cell division, and filled culture dish in the & day. 1In.
contrast, RAW cells with chrysotile fibers, shown in Figure 2 B (1~
d), D (2 d), F (3d), H(44d), J (54d), and L (6 d), showed an
arresting of cell division cycle and formed multinucleated cells’’
from: 2 day and developed into multinucleated giant cell by 4, 5, 6
day. Many cells ingested chrysotile were also observed.

To verify the arresting of cell division cycle by asbestos,
che activity and amount of p34cdc2 kinase were examined. As shown
‘in Figure 3, the activity of pl4cdc2 kinase was not changed in
kells having no chrysotile fibers (open circles). RAW cells with
chrysotile fibers showed gradual decreasing of p34cdc2 kinase
activity with increasing of culture days (closed circles). In
addition, the amount of p34cdc2 examined by -immunoblotting showed
ho significant changes of its amount in célls with no ashestos
(Figure 4, lane A, B, C). RAW cells with chrysotile fibers showed
gradual decreasing of p34cdc2 kinase amount with increasing of
culture days (Figure 4, lane D, E, F).
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IV. Discussion

. This . report investigated effects of asbestos on cell growth
and differentiation. Fibroblast and macrophage showed quite
different response to asbestos. CHL fibroblast induced rapid gell
death and RAW macrophage stopped its cell cycle division and began
cellular: dlfferentlatlon Although the mechanisnm of arresting cell
cycle division is not known, it 1is suggested that signal
transduction pathway of asbestos ingested fibroblast and macrophage
is completely different. CHL fibroblast seems to have a signal
transduction pathway leading to rapid cell death. As seen in this

‘report, RAW macrophage seems to have a signal transduction pathway
bleadlng to cellular differentiation following arresting of cell

division cycle. Although antloncoqene p53 known to be involved in
apoptosis has not been investigated in this report, if roles of p53
relating to p34cdc2 in asbestos ingested cells become known, the
mechanism of cell death and cellular dlfferentlatlon could be more
clear.

~ .Considering this result with in wvivo situation, inhaled
asbestos fibers are mostly ingested by alveolar macrophages or
interstitial macrophages and small amount of fibers may reach into
interstitial fibroblasts. If asbestos fibers are ingested by
interstitial fibroblasts, it mav induce rapid cell death of

. interstitial fibroblast and flnally be ingested by macrophages.

Then asbestos fiber ingested macrophages may further differentiate
to secrete fibrogenic factors to stimulate fibrosis.

Factors secreted by asbestos ingested macrophages were not
investigated in this report. Further researches on the stimulation
of fibroblast cell division by addition of culture supernatants
from asbestos fiber 1ngested macrophage using *H-thymidine should

be done. Researches on presence of fibroblast growth factor such as

PDGF, - fibronectin, TNF- alpha,. INF-gamma, EGF, FGF in culture
supernatants should be included in future.
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Abétract

To substitute inhalation toxicology which requires
experimental animal ‘and high cost, intensive labor, and time, in
vitro toxicology has been attempted to test asbestos and man-made
mineral fibers. To measure cytotoxicity, asbestos (amosite,
anthophyllite, chrysotile, crocidolite, and sepiolite) and
particles (SiO, and TiO,) were evaluated using MTT assay and trypan
blue exclusion assay. Toxicity degree to macrophage showed amosite>
anthophyllite> chrysotile> crocidolite> SiQ,> sepiolite> Tio,.
Toxicity degree  to fibroblast showed chrysotile~ amosite~
anthophyllite> sepiolite> crocidolite> $i0,> TiO,. It is suggested
that in vitro fiber toxicity test was influenced by three factors:
cell type, duration of culture, and fiber type. Generally,
macrophage showed more strength to fibers or particles than that of
fibroblast.
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I. Introduction

Fiber toxicology in asbestos and man made mineral fibers
(MMMF) requires high technology . and various experiences.
"’ Espécially, fiber -inhalation toxicology demands more technology
than gas inhalation or mist inhalation toxicology. To do “fiber
inhalation toxicology, desired size of fibers should be prepared.
This is not an-easy task. Electron microscopic analysis should be
followed to examine the desired size. In addition, to make fibers,
. well protected and restricted place are required to protect
general people. Maintaining consistent concentration to expose
experimental animal- al so requires high technology and experience.
Especially,  fiber inhalation toxicology is known to high cost
research. Carcinogenic study may cost significant amount of money.

"~ To substitute inhalation toxicology which requires
experimental animal, high cost, intensive lgbor, and time, in vitro
toxicology is getting recognized. Two objectives of in vitro
toxicity studies have been to increase understanding of mechanisms

of .fiber injury at the cellular level, and to find in vitro
~ correlates of in vivo toxicity which can be used to screen fibers
for their toxicologic potential. The second objective can be seen
Aas .a logical progression from the first, leading to a greater
understanding of the mechanisms involved they by enhancing the
predictive ‘accuracy - of any tests that are developed. With an
awareness of the cause-effect relationships between specific fiber
characteristics and cellular responses, the product developer will
know which direction to take in the formulation of safe fibrous
materials (Hesterberg et "al., 1993). In vitro testing has
limitations as well as strengths. Several important in wvivo
determinants of fiber toxicity are difficult or impossible to
assess with cell culture alone, such as 1lung deposition and
clearance, fiber durability .and dissolution, and immunogenic
cellular interactions. Therefore, an approach utilizing a battery
of different short-term tests has been suggested (Hesterberg in
Warheit and Johnson, 1990).

In vitro fiber toxicity testing uses cell culture systems.
Mossman and Sesko (1990) suggested a series of three different
assays, -each with a different target cell type: rat alveolar
macrophages, hamster tracheal epithelial ‘cells]; and rat lung
fibroblasts. Results from such a series, which utilizes an
.assortment of cell types, may provide a fiber toxicity profile that
‘correlates: more closely with in vivo results than data from one in
jvitro system. Another approach combined short-terh in vivo exposure
with in vitro assessment effects. In this approach, animals were
‘exposed to. fibers by instillation or inhalation. Cells were
‘recovered from the animals by lavage and assessed in vitro (Warheit
et al., 1991). Other in vitro test systems have combined two
.different cell types to study fiber induced cell-cell interactions,
'such as the effect of fiber exposed macrophages on fibroblasts
(Bauman,; 1990), macrophage production of neutrophil chemotactic
- factors (Hayes et al., 1990), macrophage cytotoxicity to tumor
cells (Bissonnette et al., 1990), in vitro organ cultures, such as
hamster trachea (Mossman and Craighead, 1980).
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| In spite of inherent limitations of cell culture systens, many
reports have an established role in mechanistic studies. The use of
in vitro approaches for short term toxicity screening tests becomes'.
increasingly feasible as researchers continue develop new methods
?nd add to the body of data on fiber-cell interactions. .
,_} To conduct fiber inhalation toxicology in the future, it was

attempted to undertake asbestos and MMMF toxicity test using in
vitro methods which would be possible in our level and equipments.
A large - number of different compositions of MMMF and man-made
organic fibers are currently in use and more are under development.
(list. of MMMF in Japan can be seen at Table 1). Very few have been
tested, thus it is important to develop in vitro toxicity screen
methods.
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II. Materials and Methods

Cells

Cultured -cells (HeLa, CHL, and RAW) were grown in 100 mm
culture dishes in Dulbecco’s modlfled Eagle’s medium (DMEM) or RPMI

.L640{supplemert d with penicillin and streptomy01n (100 units/ml),
: and +

0%_(v/v) heat inactivated fetal bovine serum (RPMI-FCSHI) at

£ For flber toxicity experiments, test cells (10,000
ells/well) were cultured in 96 well plates with DMEM or RPMI 1640
upplemented with 1% (w/v) penicillin and streptomycin, and 10%
v/v)’  fetal: bovine serum at 37°C. Test cells were exposed to
esired concentrations of fibers in next day and subjected to be
ssayed by several toxicity tests.

Fibefs

'UICC standard of chrysotile (Canada), crocidolite (South Africa),

ém051te (South Africa), and anthophyllite (Finland) and sepiolite
${uzup, Tochigi, Japan),were used. All these fiber was provided by
Dr. Hisanaga. Si0, TiO, were purchesed from Sigma.

Monqhﬁcleachell preparation

" Normal human blood was collected from hezlthy volunteers by
venipuncture in to phosphate saline buffer (PBS) containing 3.8% Na
~itrate + 50 mM EDTA in 'a ratio of 9:1 (v/v)}. Mononuclear cells
were separated by layering the blood on Ficoll Hypaque (Pharmacia),
and centrifuged at 350 g for 35 min at RT (Boyum). Mononuclear cell
accumulated at the interface of the PBS and Ficoll Hypaque solution
was collected, washed three times, and resuspended in PBS. To
remove platelets, the mononuclear cells were layered on to 100 %

.FCSHI and centrifuged at 100 g for 8 min at RT. The mononuclear

cells were washed twice with PBS and resuspended in RPMI-1640
supplemented with 10 % FCSHI (RPMI-FCSHI) at a concentration of 10°¢
mononuclear cells/ml. 10° cells were added into each well of 96
well plate. T

Viability test '
Trypan blue Exclusion:

. '2.5% Trypan blue stock solution we¥e, made into distilled
water. 20 ul of trypan blue solution were added into 200 ul of cell
culture and suspended well with pipetting. 20 ul of solution were
taken and counted for cell viability with hemocytometer. Viable
cell has no blue staining of nucleus, and dead cells has blue

staining of nucleus (Metcalf et al, 1986).

Cytotoxicity Assay
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.To measure cytotoxicity of fibers, MTT'assay was used. The

" printipal of MTT assay was similar to the ([°H] thymidine
incorporation. MTT assay was measuring HTT in to a blue coloreq
product (formazan) by the mitochondrial eénzvme succinate-

dehydrogenase. This assay was widely used for assaying cell
survival and proliferation. The conversion takes place only in
diving cells and the amount of formazan produced is proportional to

 the number of cells present (Denizot and Lahg, 198s6)

MTT ((1—(4,S—dimethylthiazol—zyl]—3,S—diphenyl fornazan) was
purchased from Sigma. MTT was dissolved in PBS to make a § ng/ml
solution and filtered to sterilize and to removed any insoluble
residue. MTT assay was carried.out by adding 10 ul MTT/PBS solution
to each well of 96 well plate (containing 100 ul of cells) and by
incubating cells 2 hr in a 37 C with 5% CO, humidified incubator.
After 2 hr of incubation, 100 ul of 10% SDS in 0.01N HCl were added
Lo each well and the plate was further incubated at 37 C for 2 hr.
Aliquots of each well were taken and measured at 570 nm.
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III. Results . )
:1._Cell tybe dependent-toxicity of chrysotile
A. RAW cell with chrysotile

RAW cell, a mouse macrophage cell line, has many
-¢haracteristics like normal macrophaye. To measure cytotoxicity of
chrysotile fibers, 10,000 cells/well were cultured for overnight
“and 200, 100, 50, 20, 10, and 1 ug of chrysotile were added into
each well then assayed using MTT after 1, 3, and 5 days. As seen in
Figure 1, cytotoxicity was increased with increasing concentrations
of chrysotile fibers. Similar results were observed in 1 day, 3
day, .and .5 day cultured cells. In addition,%culture duration with
fibers affected cytotox1c1ty thus 3 day and ‘5 day showed higher
cytotox101cy Fifty percent of cytotoxicity were. reached at 25 ug.

" B. WI 38 lung flbroblast with chrysotile

, ZWI 38 cells were isolated from fetal lung fibroblasts. Same
-_method as above was used to measure cytotoxicity of chrysotile
fikers. As seen in Flgure 2, cytotoxicity of chrysotile fibers was
" increased with increasing concentrations of chrysotile fibers
similar to the results observed in RAW cells. Fifty percent of
cytotoxicity were redached at 1 ug. In addition, culture duration
“ with fibers also affected fiber cytotoxicity, thus 3 day and 5 day
showed higher cytotoxicity.

C. HeLa cell with chrysotile

Hela cells were isolated from cervical carcinoma and is a type
of epithelial cell. Same method was applied to measure cytotoxicity
of chrysotile fibers. Concentrations were ranged from 20, 10, 1, to
0.1 ug. As seen in Figure 3, cytotoxicity was determlned by
concentration dependent manner. Fifty percent of cytotoxicity was
reached at 10 ug.

D. Hela cell and Tio,

Cytotox101ty induced by TiO, was measured by using MTT. As
seen in Figure 4, cytotoxicity of TiO, was not dependent on
particle concentratlon. 1t was suggested that TiO, could be used
for control particle. ‘

2. Comparison of cytotoxicity among fibers and particles
A. RAW cell

After addition of fibers and particles into RAW cell culture
from 1 to 5 day, cytotoxicity was compared using MTT. In Figure 5
(5 ug), Figure 6 (10 ug), and Figure 7 (20 ug), below 50% of
viability were observed with 5 ug of amosite and anthophyllite in
1 day cultured cells. In contrast, lower than 40% of viability were
observed with 20 ug of croc1dollte and sepiolite. Although amosite
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showed consistent toxicity with culture days, other fibers and’
articles showed increasing their viability with increasing culture
days in RAW cells. In addition, Ti0, showed no significant changes
of cytotoxicity. The order of toxicity is amosite> anthophyllite>
chrysotile> .crocidolite> Si0,> sepiolite> Tio,. Figure 8 shows RAW
~ Cells. with amosite (a), anthophyllite (B), crocidolite (C),
chrysotile (D), sepiolite (E), 5io, (F), Tio, and no treatment (H).
.Arrows, indicate fiber of particle ingested giant macrophages.

B. WI 38 cell

. AS shown in Figure 9 (5 ug), Figure 10 (10 ug), and Figure 11
(20 ug), low concentrations of fibers or particles inclined to show
the recovery of their viability with increasing culture days. Over
the 10 ug of concentrations, the recovery was not observed with
increasing culture days. Rapid decline of viability was seen with
increasing culture days (Figure 10 & 11). In Figure 11, less than
50% .- of viability were observed with chrysotile, amosite,
anthophyllite, and sepiolite. The order of toxicity is chrysotile~
amosite~ anthophyllite> sepiolite> crocidolite> Si0,> TioO,.
RAW macrophage showed persistence to fibers and particles, but

WI 38 fibroblast showed weakness to fibers and particles.

3. Trypan blue exclusion test

Another . method called trypan blue exclusion was adopted to
test toxicity of fibers and particles. This method is easy but has
limits such as counting of many numbers of cell under uicroscope
with naked eyes. As shown in Figure 12, RAW. cells with particles
and fibers were counted with trypan blue exclusion after 1 day.
Data were presented as percents of dead cells/total cells counted.
TiO, showed high viability as seen above. The .order of toxicity is.
Si0;~ chrysotile> amosite> crocidolite-~ anthophyllite~ sepiolite>
TiO,. Compared with MTT data, one thing needs to mention is that
SiO; shows highest toxicity. Presumably, the similarity of sio,
ingested cells with trypan blue stained cells may contribute to
this result. Besides this result, there is no significant
difference between two types of toxicity testing.

IV. Discussion

‘MIT assay which is used for drug or netabolite toxicity
testing recently and trypan blue exclusion method were used to test
fibers and particles in vitro. Besides these method, other options
include measurement .of hemolysis of red blood cells (MacNab and
Harington, 1967; Harington et al., 1271), measurement of membrane
permeability by quantifying various releasates lactate
.dehydrogenase (LDH) (Tikes & Beck, 1980, 1983), beta glucuronidase
(Brown et al., 1979; Tikes and Beck 1983; Davis 1980), and beta
galactosidase (Dunnigan, 1984) and measurement of cell
proliferation by colony forming efficiency (Brown et al., 1986;
Chamberlain et al., 1980; Haugen et al., 1982; Hart et al., 1991).
The MTT method used in this report was developed by Denizot & Lang
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(1986). This method is.rapid coldrimetric assay for cell growth and
survival without using conventional radioisotope.

As suggested by this report, in vitro fiber tcxicity test was
influenced by three factors: cell type, duration of cultuxe, and
- fiber type. Our results demonstrated dose response and

cytotoxicity to 2ach fiber type and each cell type. Macrophages
..showed . rather high dose response compared to' lung fibroblasts or
3ep1the11a1 cells. Furthermore, dose-responseé showed different
features dependlng on the duration of culture and fiber type. .
.Different combinations of cell types such as combining nacrophages’
with 1lung - fibroblasts culture should be : attempted in next
experlment Investigations including evaluating cellular viability
for particle or fiber ingested cells as well as functional activity
assessment of these cells are requlred for
next serles of experiments. .

Although only 7 fibers .and particles were evaluated for their
toxicities in this report using in vitro methods, other methods
should be developed for next in vitro testing. Sizing of MMMF and
in vitro toxicity testing for MMMF should be done in the future.
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