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Cytotoxicity and Apoptosis by Silica, Asbestos and
Man-Made Mineral Fibers

Young Lim, Kyoung Ah Kim, Heung Nam Kim,
Dong Won Lee, Won Seop Cho', Im Goung Yun

Department of Industrial Medicine, St. Mary' s Hospital, College of Medicine, Catholic University
Korea Industrial Medical Center, Young Nam Medical Center®

Exposure to various particles and fibers can result in lung inflammation that may
progress to fibrosis, even lung cancer for which there is no effective clinical {reatment
now. The mechanism involved in pulmonary injury has not been well defined; however,
most current evidence implicates a central vole for alveolar macrophages{(AM) in this
process. Also apoptosis or programmed cell death is regarded as a mechanism which is
related with the puimonary fibrosis. ‘

We propose that the cytotoxic potential of various particles may be evaluated by mea-
suring lactic dehydrogenase(LDH} from particle co-cultured supernatant and theses parti-
cles may induce the characteristics of apoplosis, DNA ladder. We analyzed rat AM cul
ture media which was incubated for 3 days with the same concentration (10 ug/ml) of sil-
ica(Sh), chrysotile(Ch), crocidolite(Cr), ceramic fiber(CF), rock wool(RW) and glass
wool (GW). And each particles(50ug/erd was incubated with A549(pneumocyte in tracheal
epithelium) cell lines for 24 hours to confirm the DNA ladder, Additicnally, silica induced
apoptosis in vivo was confirmed by electromicroscopic observation.

The results were as follows:

*lo] =R 19979 R dhal Atk gk da A7 b A 2ate AFEAR.
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1. Silica, asbestos and man-made mineral fibers(MMMF) co-cultured with AM showed
the increase of LD significantly with the time interval of 24, 48, 72 hours except for
ceramic fiber in 48 and 72 hours and crocidolite in 72 hours,

2. Silica, asbestos and man-made mineral fibers(CF, GF) showed the characteristics of
apoptosis, DNA ladder, which was induced by incubating A549 cell with each particles for

24 hours in vitro

3, Apoptotic alveolar macrephage was observed the findings of zeiosis(membrane bleb-
bing), condensation of nuclear chromosome and many vacuoles in cytoplasm, electomicro-

scopically.
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asbestosel] 9% 217} Fele He AFEE /4
v AuEe] ek oA FuFol WaAHA (o]
eI} o)A, 1992) asbestose] WA E3 ol ¥ a3}
A =H2da, ol o8] %9 man-made mineral
fiber7} 7NgEle], 19724 ol fell= I ARl %7}
3l ot (Morgan, 1984). Man-made mineral
fibere] FHolv glass wool, rock wool, ceramic

Asbestose
(fibrous mineral) &

fiber, steel fiber, carbon fiber, polypropylene
fiber ¥°] 3191, asbestos®} B84, &3 F41
g BA-E MKz slo] AAlFes apd 5009 of
3 AdsEe) aelm Sith (&A1R1, 1987). olE
man-made mineral fiberg-& EH-’?’—-S} v ZARY
At {amorphous silicate) 2 Zeold} u]e] vz}
3:1 o%ke] ARAEEA 2 5493 073 dal
Ae ol dejAA g2 FHeltt (Rom, 1992).
AR 239 54342 &8 st in
vivo °|A1 man-made mineral fiber® %8l %
AV EJAFIe At AR (Adachis,
1991; Hori %, 1994), Aljie} 73v], dgz=d 4
FAA-E BAsl] A8 in vitro oA o] F
AMEE AMEste ATE A =Act (Blowno,
1980; Mossman¥} Sesko, 1990; Koshi &, 1991;

Silica, Asbestos, Man-made mineral fiber, Cytotoxicity, Apoptosis

Pelin %, 1992; Hesterberg &, 1993).

T feliakedel Eag F oy o]
FREET wdfratell gl 7)o BAR slA F,
A2527], cytokine, A ES 7|FAEME7} Fol
BRAE YA ofz] HEE A ZHhe]l gle Ao
o}, AHEEAAY] Felatad Foio o3 @y
Frdoa wRxogaaxe] Sl dubyre) 28 #x
AE, dRFRAaEe] FHe] FRE olF FHYE
2 JWE'MA%] 2 En] SE5E A¥EaeE
ZRe o AfaRiabel 2HE cytokined] ¥ujE o]
gl vie} ok o9k 2 A APAnte)
ZAOR in vitrod 8ol /“}‘*01‘—} F el A 7]34'
2 XA H gl o3 HEea] A el FelifatE
ZA71 & 538 Ao cytokine?] Bl :J.E}
A EA] dgker oled Habel] it o AE
5E dAde BRlsAa) fa-dke, a8la §
2] 7FahER A4Ae] apoptosisrd=s € o Utk #
gl ikl 21% apoptosise 1 AR 21Hzt gl
ERAE, AELujrtele] @Edel dles ofx ¢
27wy glen ont 4y s Fe] s e
apoplosis %o} 2HE vl lvk (e ¥4, 1996).
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Table 1. Size Distribution of Man-made & Natural fibers unit @ gm
. i Geometric mean .
Type of mineral fiber length Geometric SD Range
Crocidolite 12,07 1.74 5-31
Chrysotile 23.10 1.81 5--33
Rock Wool 20.46 1.61 5~50
Ceramic Fiber 21,05 1.72 658
(Glass Wool 13.64 1.67 723
E A9 g AFel7] wEd 2 d¥lME 540 Table 2. Numbers of Man-made & Natural fibers
£ Acz 22| silica, chrysotile, crocidolitet per pg
R 7FA JAEFEARIE SEdHA R FeAE Type of Mineral Fiber Number of fiber/ug
w1, % oy ter
 LDH lactate dehydrogenase) & paxame ter ot 86, 990,69
-T2 0}'0‘% wa— cITE 0“ "4 or -"HEEH “‘] ﬂE“I TS E Cf(}CldOht.C 60, 015- 79
sk, DNA ladderst AAMPB22 apo  Ceramic Fiber 9, 770,01
ptosis® #Qlghiial B A& Alaleigict Glass Wool 23,186.10
Rock Woo! 2,003.57
Chat 20 s
Asbestost Walton-Beckett graticleol Abei sl
1. A Qg o)z o5 4000 wi&olA o) ZA) fhakst
o] pe AHFFE ISR asbestos?] Zolx 2

1) Felddt (free silica)

2ol AF8E gilica{Sigma Chemical Co.,
U.S A)e YAz 717F 0. 5-10mel
Arlep BAL of 80% i)

) -_‘126& 1*511“3

2) M

Chrysotile, crocidolites HAEEIREENER &
oA FEIT AMEE Yl AMEsITh ARSE
asbestos®] ZeolE UAsHA 31 st A7y
(sedimentation method)2 2 ¥5Fs8le] AMEs1
o} A7HbH-2 wide-mouth bottledl asbestos®)
EHIE 9 24 B &3 A2l (sonica-
tion) 83 24A13E AIBRACHE AR Eel] whet A
& wejate] ¥ 50meiA] A8 218 FuA
2 T A/E FolA AHgstadct

Asbestos :133}‘6‘” ARTE FA87 9319 pore
sizeZt 0.8 imQ]
ter ¥ vaccum filter systemell A#sle] 233
FrR B8 asbestos HEY 1 B oFAIIE
95% ethanol® A3 &ict. Membrane filter&
Az 2 glide glass 912] acelone vapor® 3

g8t

1 cellulose ester membrane fil-

o] Z43teich

3) Si=MF

Ceramic fiber (CF), glass wool(GW), rock
wool (RW) € Japan Industrial Safety &
Health Association (JISHA)elAM HE&Esl €& A
& FEol AlEsllt), Table 12 B & alelA
ZA% 2 MRHele] rleky 9 ZFEHAteln 7
ui-‘r’r’ii ugo 7Y *’%‘-{—T: ‘fﬂ”]fé’a} X 4000 wil&olA 4

2. AUy

1) & F2| =AMz LDH &3
- LPS (lipopolysaccharide) §04
Aol 250-300 e 4R EH (Sprague-
Dawley) & AAsiq ZARE s, ketamine
(25 mg/ke) & S5 FAlslA] Al olF A B g
w&A7n, AgdAdd 1md LPS (Slgma, St
Louis, MO, U.S. A.) 0.2mgo] 58 2 Aajalgd
8 Snl71 Bl R FRY8ke] 24417 RSl

— 643



- HlZEOiAMME e ES
HF el urethane (0.12 g/100 gm)& EH2hyel
ZAehe v & AFSA, Z13E AN —% %}
- A eRE ZERol AdEkeh ARlE =R o

st} 37C AADS 0.3 mz/zwg) 1082 uf
oy 719 MEE Adatm, H5E ARAL 50

ml falecon tubeo] B& F FA) Qé" Z=o} B3}y
th 718A] HF AL 1,000 rpmeE 108
geoa] 94 B F 9 AX JAAESE QY
rglo] RaAA 23 MAT F cytometerE Al
E5E 3590 HAE AE&2 trypan blue
exclusiony.o 2 A4kslg

Jﬂi’itﬁ)—‘]*ﬂﬂiﬂ 10% $lo} Aol TE DM
EM({Gibco BRL, Grand Island, NY, U.S. A)
s Alel] R-FAF, culture dishell wiA] 1 miel )
FolAAES) 1x10008 HEE BFF AL
37%¢, 5% CO, wWk7lelA] widksln, AEde 2
ojrffe], DMEM wixlz Al ¥ Aegch Cul
ture dishol DMEM WwWx 1mlE 5%
ca(Si), chrysotile(Ch},
mic fiber{CF), glass wool(GW) % rock wool
(RW)& 232t 10 ug/mio] H =5 Fgk & 9]
o 37C, 5% CO, Wid7lelA 1, 2, 39 T Wi
&, Aol 2ol LDHEA-E fste] -700cd
Fad)] Eaksisich,

gkx, sili-
crocidolite (Cr}, cera

- LDH{Lactate dehydrogenase) &%
 “3%ele] LDH (Lactate dehydrogenase) &4
+ Wroblewski - LaDue® (Wroblewski &
LaDue, 1955)% Ah&ste]l LDH AEE47)
(Hitachi 747, Japan)& o]&d}e] &gaiict

2) 8 F #HEoiAMzel MAsoig et
el B3 40mes 0.5mI9] Ale] ’l‘l‘g*rc’ﬂ
ek ¥ LPSe e o g rim % &
et 15Ae] zabetgrl o] o —-1‘%“—714&11011
2.5% glutaldehyde-2% paraformaldehyde ¥
Foig Fsted WA PN oFZ, WAF oA
22 2a FEZ A7) Fet o] Ze nA
AnFstAdz, MAHEN(4.5% sucrose in 0.1M

phosphate buffer)22 A& & 1% O0sO,% ]
2 Fagsiyen, oA AF 4 gy g A
# Epon8l22 Xvjdle] ultramicrotome(LKB-
V, Sweden)2& 50-60mF7e] ZupdH-g 9HE
o} uranyl acetate®} lead citrate g2t A
A2 (JEM-1200EX, Jeol, Japan)o® #HX
A A 3o miAlF2E FEEkg

3) AB49 MIZollA apoptosis

CCL 181 (A549, American type culture
collection}® 10% FBS 7} ¥¥%¥ Ham's
FIZK(GIBCO BRL)& 377%, 5% CO,0lA el
&tHck Tryphan blue exclusion test & 90%-¢}
4 AEE GAZ T 1x10°70e] A EE 60mm plate
of feltat, AMAY-F(chrysotile), 2l 2 Algt
AEFE 242} 50ug/cn7}st £ 244120 wi ksl
wjkE PBSE o] 88k MEE AME F apopto-
sis DNA ladder kit(Boehringer Mannheim,
Seoul, Korea)& AH88led DNAE R
ol9}zte] FEE DNAYT Spectrophotometers
Z2e& w52 FFBE0ng/m) P F 2% agarose
gel (BRL)elAl 50 wvolt, 2 A} A7|g Fstod
(50mM Tris. HCl, pH 7.8 TEbuffer) ethidi-
um bromidec] 2% DNA ladder® #<9lalich

4 EAEA 24

E AEL A¥y }7@3’"5 w7 14’5}04
WHEsle HAlelglon] Zdbe B+ Rse 3@ -ﬂr-
et m, diFoare] vlme St;udent s t-test®
fro/d-& PAgstach

Ad A
=) =1

0| O|F 24,648, 72A12F &
dehydrogenase2] B3} {Fig. 1)

lLactate

1 _IL_L

1) 24A12F ADRA|

BEAEES 10 w/mlol w22 AT 39
shef 24A12F kg & LDHE S3F A3 gi=
& 37.041.0°19, silicax 50.0£1.0, crocido-
litex 47.0x1.0, chrysotile® 48.0:+1.0,
ceramic fiberw 48.041.0, rock wool 45, 0%

1.0, glass wool& 54.0+1.0 o2t} ol& A=z
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3) 72A17F ABkA

HAES 10 wg/ml8] w22 H IR Xl F5
Bhed 72417 MR & LDHE £33 A4de gz
o] 48.0+5.6, silicaw 61.5%1.9, creidolites
51.5+7.7. chrysotile® 55.0:+1.4, ceramic
fiberv 46.5%0.7, glass wool2 58.0%1.0,
yock wool& 59.0+2.8 etk '

2. BN A0ng) 2 B0l TS %
zZo| Mol Fig. 2)

| ZCHA| A

i EQAAEE AEE 0 ge AiAe F3x)
saye] X2 apoptosiset HAJN XA
(zeiosis) & EHeolm gler] @idles oz} &5

< ez Qo

3. BFlof 23t DNA ladder (Fig. 3}

A

A v Ale] erd ZHZF S0ugel Si, Ch, Cr,
CF, GWE 24417 A= F MEollM 5438 DNA
3] #AIglel 180 - 200 bpe) Ak
ladder band® #eja Jelde

e X1 e
= #3le

2k

A

T Bitterman® (1986) 2 £31ol o1& #H2AH
o A il e "1 %"-%—9—] M EE AgzE
{networl) o] of &
X B3] MR AlE A wprgelx
o} o] F4lo] Hrje &% WES b glon] o
23 Az AR &
gtk (Mossman et al, 1986)3 &tsith Kelly
J. (1990) & 452t #elA TNF(Tumor necro-
sis factor)7} IL-1 (Interleukin-1) ¥ @7 7174
£ R e AT 8 ow 9\1%":‘&!] TNFE’ A3

z, =4 083 ETE N PR BelSelr
FAlel 3paka) o) o) A b gl 8ol 9§

se] 23 {i A& gl Akihiro%s(1995) &
Auel 71z Fo® TNF Aol F7hshsl mit
A A el %‘7/%] M FAIZ] S ] Ao e]ste
AR TNE7F AIEE W lysosornal enzyme 3
Az Aol A4#% THAE HolBE in vitrool 2%k
LDH 9 #%e] 44

e 2%t in vivo A

Fig. 3. DNA ladder formation of each dust-treat-
ed A549 cell. lane I & T, lkb DNA lad-
der, lane 2; silica, lane 3i chrysotile, lane
4; crocidolite, lane 5; ceramic fiber, lane
6; glass fiber

A& dFsted T&el dvi{(Davies et al,
1976; Davies, 1976; Brody, 1991} &}sich

£ dFdMe 48 dHFe] 8 2dE g
d) slo] 7R vigelnta ezl fFe)A AfF e 5
Fojal g Eel] o8] 74 B33 man-made miner-
al fiber® &2 343 15]10‘%}04 el s AE B4
S ME wkd ) LDH & &3slo] 442 e -
shabd A g #la AT o}_aJ]» &), il
Z& 4ol uliAEd 239 silicadt AW #AFE
48 asbestos 2% (Chrysotile, Crocidolite)
2 olo] HE i NEE AFshe 32 d2A
glov] Ee - slekd Aol REglElel o A
E4& A7 3o ¥ -1*31]7¥ 2121} man-made
Hatel] whe} 1 =27

mineral fibers 2L A=
v dxe) @& Aolz} 5’&01 A Emze] wep &

kel 7b 9lel, &, Nadeau (1987)% CF 7]'
Chrysotile |\t ot& Af4 83185 LDH ¢ 8-
galactosidase 7} Ethii Eng 2] wislo
Akihiro §(1995)& CF 7 42 A% Hr} 232
LDH ake] Wiz stglrk ol o) #i ot A
xo] AR ¢ 7-14 melB2g AkihiroEe] CF ¢
71skgaze) 7} 20,5 um, ZiskEuinlsl 1,92 um
9] AfE AMHEE o Wete Nadeau & 7|8l

P
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Aol 74 8.3 um, 718G EHYIZE 0.1-0.2 um A A
2E ol&4ly] ulel Akihiro%e Al HIE
)2 X7} CRE B2 2A8sted] §A47F ol A
N2 545 vehiA 2 olRE 1 Atk £ 9
P CFel Zolzb 21,05 mod AN HE
A Fged LDH 5 24730 {8kl &
ol & Rk F, A4 E47MeE 1 &
- BerR RS nejgofp b dnbze
2 oA3 A ’@%*3%:7‘103 in vitro A8l A
¥ OEAE & fusitls E3(Stanton
Wrench, 197_,, Poti & Friedrichs, 1972;
Chamberlain 3 Brown, 1978, Nadeau %,
1983; Tilkesit Beck, 1983)7F 2lew 53] rock
wool& A Ealgo] Fop M EF4o
otx g@A Utk LDH® &% 12-24 Alzd)] &
7}8l7) Alaste] 48-72 AlRtel] H;Ajd] Z=EBIRE
B oo e 3U7Re] FrHE st Silica
} asbestos 2812 3%9 man-made mineral
fibers7} 10ug/mie] FxolA vk 3eU7PA & 2,39
2] Cre} 3¢9 CrE A9stn 25 uieyt ¥m
st} LDHY #oldt 3718 BRoy 39 olfde
A sl ol BHolv die] BAom Ad
Aol 719l Aew FPHUT EF BHF LDH
1d ] ELISA kitE 22&d] yisle] eoplel
23 wilez Ab8sE ¥ aHF EAv] (Hitachi,
AEdela] gl AstE; 84 @“F—’:f—. "H—‘r’-
¥ ol 9. X

i
Cx

_.4_:

Wz %

r’a‘;rd

Japan) &
dal ol 7IAIR AXxe Yy 3
LDH 4#e] ELISA kite} ¥ Aol& }_0] A g3
U7pa] df=wel HlEr] RIS whgE Ho] §
Al eFAl o 8sld A 1 58S BRE + I
e AARHAYh EIF GW, RW, CFe 3%
man-made mineral fiber7} 25 A]Ztel uja}
LDHe| $71E Ho dulzo g ofelgt LDH o] A

ol Afel A/t BAE Fo Bl - HAH 44
3 WH@ o] QemE FTAY 27), HrY =
F ARE 7gstelol & Rt

AFEAEE R BRE gelshe A sl
apoptosis7t f1dEo} gty st i (Raymond

., 1996)7} E3 %=l apoptosise M XANS] g
"‘%‘HI" A necrosis) S TEEHE Aol 5
o8 A AU TAE FAUS) £5, AE

o &%
Ael 5%, 2EA AP} AXRY FRAYSFo)

!

2l ©]E2 bleomycinel &l Abere] = FEo A
1) apoptosis® elv] Hiietsd ey o) #4538}
] & oz A v slsd & Fogelnyd
AIDSel* apoptosis 9] EAl7} $A @ethe 25
FrAbg g o2 felthitel Ao ® Qe dx
A M xe] FAe Fhek 4 MEL] 57 DNA
o] 180-200 bp AEHE 1 EHoE T 5 o

B AFeA 10ug/mie] vE=2 LDH‘:‘ Thaslgli e
™ in vivedllE 40mge] {-2iibE AMEEIlaL DNA
ladder® 271 98l 50ug/ewe] thoFdr £3E% A}
B8k A8 zzte] Hgol FAE-E Weolr) sk
o] FHEEN «mAdE —5*0}01 Bojzl Aol
o}, obE A¥ (Rashi 5, 1996) <A o1 22 apop
tosis @3S Felviit ad 133ue2] STt B ER
Adeiglen) ool Be nFEolM Az alelde
24 apoptosise F HYA] Zaxqgt A4gd] &
MERYES 20T Aoz gzwo] & A= band
7y veEh R A d g9siiich 531 DNA lad-
der% ol B2 W MEo eldled DNAYF $245]o)
dele dAs el A717) o) ofgiglan o A
3}%— F o B549 23 it necrosis) 28] W
TEE g8 Annexin V-Flues (BMS, Seoul) &
ARR-gE AYE A& Folo), el apoptosise] ZE]

Aol Alzee] F2H WIHHE o] N9 phos-
phoserine®] 215 o]y we} o
Wgehs 4aE AMEEo gy Iatel Frite] yled)
A2 olgt BAlol Flow cytometry #2405 3l dko)
7FsE seg YzEn

# T apoptosise AR
cence (348]) $h d3txo] Qs 2
L ] i A £ b g B R ‘5-}@111%3 gtk

js)

o

jol] BolHow

i OP‘J 2} senes-
d5l Ehgle
oA
apoptosis?’t BET & non-inflammatoryit-g
A& a1 ¥ 4 scavenger receptord el 23t 2
Tgde] B3 At Sakslojo} ¢ Ao},

3]
-

op
=

mjo

Asbestost® AQAe)M ZRjsle FEA M54
FAor P T asbestos?] Abgo]l F)e)
o Arizre]l wpSeoll olgl AW gk, ok

& B fieuin o Alds asbestosEI o] )
Ezlol IHRdle] man-made mineral fiber?l 7



@eloit), 28Y} man-made mineral fiber E3$F
asbestos2t FARSE FEH AL 7RI o] ol
e o2bd A7 E e o

meba], B A7E silica, asbestos, man-made
mineral fiberel Wik AX EAHE Br] Hak o
i HAEel 10 wg/mie] TERZ A7) EHE 24
Bho] 1-3%9 wjF s S LDH 2 o4& A58
718 #733%9 man-made mineral fiber%}
asbestos7} Aol WAl 548 UFHeR S8t
ole} WME A549 MEo] Theksk 83 (50ug/co)
xeldr & DNASH dH o fe]Fake 40me7|=u)
F91%F F 24117ke] W EofAlal e ARH]A A
g pEsigon 1 Avhe o83 2ok

L4t

1 Silica, asbestos Z12]32 man-made mineral
fibery 10 wg/ml FXollA] W 397k LDH®
Folg ded BT & 7‘}‘3]"} A{3te] & Aol
e tkey, 34 < #3e] wer LDH
Fwlel] le] ErE g °‘="‘.°z L

2. el My aem: ?..A—”Eiwr(CF, RW,
GW)e X% 180-200bp8] DNA ladder® ‘el
o},

frefatabd el 8239 XA EE apop-
tosise] ZAAH) Alsrute] =33} (zeiosis), i F
Mol g5 MEAL] FEIT F VAT
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