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Apoptosis was measured in rat alveolar macrophage NR8383
cells challenged in vitro with respirable quartz or kaolin dust
and with the dusts pretreated with dipalmitoyl phosphatidyl-
choline (DPPC) to model conditioning of respired dusts by
interaction with a primary phospholipid component of pulmo-
nary surfactant. Quartz dust is known to induce apoptosis in
vitro and in vivo. For this study, quartz and kaolin were com-
pared as dusts of similar cytotoxicity in some in vitro assays but
of differing pathogenic potential: quartz can cause significant
pulmonary fibrosis while kaolin generally does not. NR8383
cells exposed to native quartz at concentrations from 50 to 400
pg/ml for 6 h showed a dose-dependent increase in apoptosis
measured by the TdT-mediated dUTP-fluorescein nick end
labeling (TUNEL), cell death ELISA, and DNA ladder forma-
tion assays, while native kaolin induced significant response
only at the higher concentrations and only in the TUNEL and
ELISA assays. For cell challenge from 6 h to 5 days at 100
pg/ml of dust, quartz was active at all times while kaolin was
active only at 5 days. DPPC pre-treatment suppressed quartz
activity until 3 days and kaolin activity through 5 days. Cellu-
lar release of lactate dehydrogenase, measured in parallel ex-
periments to compare dust apoptotic and necrotic activities,
indicated that components of serum as well as surfactant may
affect kaolin in vitro expression of those activities.

Key Words: apoptosis; cell death ELISA assay; dipalmi-
toylphosphatidylcholine; DNA ladder formation assay; kaolin;
lactate dehydrogenase assay; pulmonary fibrosis; pulmonary sur-
factant; quartz; rat macrophage NR8383; respirable dust; serum;
surfactant; TUNEL assay.

clay mineral-induced disease typically was not as severe as t
induced by quartz (Schulz, 1993). Seemingly counter to ihis,
vitro membranolysis or cytotoxicity assays have found kaolir
dust and some other nonpathogenic dusts to express cytoto
activity comparable to that of quartz dust, as measured [
several cellular assays, e.g., LDBkglucuronidase, an@-N-
acetyl glucosaminidase release. (Vallyathan al., 1988).
Therefore quartz and kaolin dusts are being compared for the
in vitro activities that might identify bases for their apparent
differences for disease risk. Quartz is known to be active fc
apoptosis induction (Leiglet al., 1997); the current study
provides a direct comparison of kaolin. Dusts are compare
both in their native state and after incubation in the priman
phospholipid component of pulmonary surfactant. This is t
model, in part, the conditioning of the surfaces of particle:
depositing in the deep lung bronchioles or alveoli.
Mechanisms involved in the development of silica-inducec
pathological changes have not been fully defined. When resy
rable particles or fibers deposit in a pulmonary alveolus, the
interact with the pulmonary fluids coating the epithelial cell
surface. Previous studies have shown that dipalmitoyl pho
phatidylcholine (DPPC) is adsorbed from dispersion in physi
ological saline by quartz and kaolin particles and suppress
the otherwise promph vitro cytotoxicity of the dusts (Wallace
et al., 1985). Acellular studies have shown that phospholipa:s
enzymes can digest DPPC from the dusts, with a conseque
restoration of cytotoxic activity (Wallacet al., 1988, 1992)n
vitro studies have found that cellular processes can dige
guartz- and kaolin-adsorbed DPPC (Hill al., 1995) and can
restore quartz toxicity (Liwet al., 1998). Some observations
indicate that pulmonary alveolar or interstitial macrophage
play a central role in the development of inflammation ol
fibrosis (Flint, 1988; Martinet al., 1984; Adamsoret al.,
1989). When exposed to silica particles, various cytokine:

Exposure to silica dust can result in lung inflammatiorgrowth factors, and free radicals are generated in the lur
fibrosis, and cancer (IARC, 1997). Exposures to respirallRom, 1991; Blackforcet al., 1994; Pigueet al., 1990; Wil-
kaolin aluminosilicate dust are not known to present sudiamset al., 1993) and are thought to play an important role ir
significant risk for pulmonary disease. In workers exposed the development of silica-induced inflammation. In addition tc
kaolin dust during the milling and bagging of kaolin, there wasilica per se, some of these substances may induce apopto
an increased prevalence of pneumoconiosis, however, kadlpoptotic cells are frequently observed in bronchoalveola
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700 tion of an endonuclease, are characteristic features of a ¢
Quartz - Kaolin undergoing apoptosis. Deregulation of apoptosis may contril
ute to the pathogenesis of many diseases, ranging from can
to acquired immunodeficiency syndrome (Waraigl., 1991).

The purposes of this study were to determine whether resy
rable-sized kaolin as well as quartz particles could induc
apoptosis in NR8383 rat pulmonary macrophamesitro; to
measure the effect of DPPC surfactant pretreatment of t
dusts on the apoptotic response; and to compare this wi
dust-induced necrosis. Apoptosis was evaluated by cell mo
phology, TdT-mediated fluorescein nick end labeling
(TUNEL), cell death ELISA, and DNA ladder formation as-
says; necrosis was assayed by cellular release of lactate de
drogenase (LDH).
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FIG. 1. Lactate dehydrogenase activity induced by quartz and kaolin in MATERIALS AND METHODS

NR8383 rat alveolar macrophages (AM) after challenge for 6 h. Significant

LDH activities were observed in both quartz and kaolin-treated AM. Values Mineral dusts. Min-U-Sil 5 respirable quartz dust (U.S. Silica Corpora-

represent the mean LDH activity (U/L 3 SE for five replications of this tjon, Berkeley Springs, WV) was determined by X-ray diffraction to be 99.5%

experiment. **Statistical significance comparing quartz or kaolin to control &gpha quartz with 98% of particles smaller thapi® area equivalent diameter.

determined by Dunnett'stest,p < 0.01. The specific surface area of this quartz dust was 3.9@ as measured by BET
N, gas adsorption (Brunauet al., 1938). A sized fraction of respirable kaolin
dust (Georgia Kaolin Mills, Augusta, GA) used was at least 95% aluminosili

lavage fluid in silica-induced pneumoconiosis (Leigh al., cateAWith no crystalline qugrtz dete‘cted by X-ray diffrg(_:tion, with 99% of theT

1997). Apoptosis is a mechanism of cellular death believedffSCt.lon < 5 um area equivalent diameter. The specific surfape area of thi

. . . . . . aolin dust was 13.25 fig as measured by BET Nyas adsorption.

play an important role in a wide variety of phyS|oIog|ca|< o : i ) )

L . . . Surfactant. Dipalmitoyl phosphatidylcholine (Calbiochem, San Diego,
conditions (T_hompson_, 1995) and in the resolutl_on of Inﬂ?‘n?fA) was ultrasonically dispersed into 0.165 M NaCl physiologic salt solutior
matory reactions. Shrinkage of cells accompanied by uniqysss) at 5 mg DPPC/mI PSS, followed by centrifugation at 136660 min
DNA fragmentation, about 180—-200 bp, caused by the activa-remove nondispersed DPPC. Quartz and kaolin were mixed in this dispe
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FIG. 2. Time course of untreated and DPPC-treated quartz and kaolin expression of LDH activity in NR8383 rat alveolar macrophages after expc
100 pg/ml of dust. Controls were cells in growth medium only. Values represent the mean LDH activity {UBH for five replications of this experiment.
Statistical significance comparing untreated or DPPC-treated quartz to control as determined by Dutasetiis*p< 0.05, **p < 0.01.
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FIG. 3. Photomicrographs of Diff-Quik-stained NR8383 rat alveolar macrophages after treatment with quartz or kaolin: (A) control,(8)nilGfuartz,
(C) 200 wg/ml quartz, and (D) 10@g/ml kaolin. Cells were challenged with quartz or kaolin for 6 h. Quartz caused apoptosis in rat AM at 50 ig/4€0
whereas kaolin did not induce apoptosis at 50 to 2@0m| and caused limited apoptosis at 4@8/ml. Apoptotic cells (arrows) have a dark, condensed,
segmented nucleus. Magnification 100Qoil) in bright field.

sion at a ratio of 0.1 g DPPC/g quartz and 0.2 g DPPC/g kaolin and thenTUNEL assay. Apoptosis was determined by the terminal deoxynucleo-
centrifuged at 1500¢pr 10 min. The supernatant was discarded, and the dudtdyl transferase (TdT)-mediated dUTP-fluorescein nick end labeling assa
were resuspended in complete RPMI 1640 medium to desired concentratiavisich measures the fragmented DNA of apoptotic cells by catalytically incor
Prior studies of these preparations had shown that the quartz adsorbs aboytasating fluorescein-12-dUTP at 3'-OH DNA ends using the enzyme TdT. Th
mg DPPC/g and the kaolin adsorbs about 150 mg DPPC/g as multilaydhsorescein-12-dUTP-labeled DNA can then be visualized directly by fluores
Approximately 20 mg DPPC/g quartz and 80 mg DPPC/g kaolin providescance microscopy. A 754 cell suspension aliquot (X 10° cells/ml) was
bilayer covering that is stable to rinsing and fully suppresses hemolytic activity

(Wallaceet al., 1992). s

Cell culture. NR8383 (American Type Culture Collection, ATCC, Man- Quartz Kaolin
assas, VA) is a rat alveolar macrophage cell line derived by lung lavage of a
normal adult male Sprague—Dawley rat. NR8383 cells were maintained as a
monolayer culture in RPMI 1640 culture medium supplemented with 2 mM__
L-glutamine, 1.5 g/L sodium bicarbonate, 10% heat-denatured fetal bovige
serum, and 1% penicillin—streptomycin solution. The cells were cultured % 30 4
37°C in a humidified incubator with 5% GO

Five million cells were seeded in each well of a 6-well plate for ceII
viability, morphology, TUNEL, and DNA ladder assays, anck 11.0° cells in
0.1 ml medium were seeded into each well of a 96-well plate for ELISA assal
All cultures were incubated at 37°C and 5% Cfor 24 h to permit cell 2
adherence; and culture medium then was removed by suction. Cells were
challenged for 6 h with untreated and DPPC-treated quartz and kaolin con-
centrations of 50, 100, 200, or 4Q@/ml; and cells were incubated at a dust
concentration of 10Qug/ml for selected times of 6 h to 5 days.
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Cytotoxicity analysis. Cell damage was determined by measuring LDH 0 50 100 200 400 0O 50 100 200 400
activity in the culture media using an LDH assay kit (Roche Diagnostics, )
Indianapolis, IN). Concentration ( ng/ml )

Cell morphology. Seventy-five microliters of cell suspension was placed FIG. 4. Apoptotic cells induced by quartz and kaolin in NR8383 rat
on a cytospin slide and centrifuged at 600 rpm for 7 min (Shandon, Pittsburglymonary macrophages after challenge for 6 h using fluorescein assay. Valt
PA), fixed in cold methyl alcohol for 5 min, and stained with Diff-Quik (Daderepresent the mean apoptotic cells (%) SE for five replications of this
AG, Miami, FL). The slides were air dried and examined by light microscopgxperiment. **Statistical significance comparing quartz or kaolin to control a:
under oil immersion (1000X). At least two slides were made for each samptietermined by Dunnett'stest atp < 0.01.
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placed on a cytospin slide and centrifuged at 600 rpm for 7 min and fixed byStatistical analysis. Values are presented as means SE. Statistical
immersing slides in freshly prepared 4% methanol-free formaldehyde solutidifferences between control and treated groups were determined by Dunnet
in PBS for 25 min at 4°C, with repeat washing of the slides by immersion intest to take into account that thedests are correlated, which increases the
fresh PBS for 5 min at room temperature. Cells were permeabilized btatistical power, and also to control for the multiple comparisons, whicl
immersing the slides in 0.2% Triton X-100 solution in PBS for 5 min. Slidebowers the power. Differences were considered statistically significgmt=at
were rinsed with PBS for 5 min, covered with 100 of equilibration buffer ~0.05; significance ap = 0.01 also was calculated.

for 5-10 min at room temperature, and, after removal of the buffer, incubated

with 50 ul of TdT incubation buffer for 60 min at 37°C inside a humidified

chamber. The reaction was terminated by immersion of the slides in sodium RESULTS

chloride and sodium sulfate for 15 min at room temperature. The slides were

washed three times with PBS for 5 min at room temperature. Cells were stair@djartz and Kaolin-Induced Macrophage |njury

by immersing the slides in 40 ml of 2g/ml propidium iodide in PBS for 15

min at room temperature in the dark. Slides were washed three times withQuartz and kaolin caused a dose-dependent increase in LL
deionized water for 5 min, drained, and a drop of Anti-Fade solution was addgglease from NR8383 cells (Fig. 1). Exposure to 50, 100, 20

to the area containing the treated cells. Cells were mounted using glggs;nq , g/mi of untreated quartz for 6 h resulted in statistically
coverslips and were analyzed immediately under a fluorescence microscope if LDH rel b h | ith :
using a standard fluorescein filter set to view the green fluorescence 338! icant release above the control, with a monotoni

fluorescein at 528- 20 nm and the red fluorescence of propidium iodide diicrease in LDH release with increasing quartz concentratio
>620 nm. Cell challenge for 6 h with native kaolin resulted in significant

Cell death ELISA assay. For the detection of oligonucleosomes in cyto-LDH release at the two highest kaolin concentrations of 20
plasmic fractions of the cells, the samples were processed and analyzed &ittd 400ug/ml; response was not significant at the lower kaolir
the Cell Death Detection enzyme-linked immunosorbent assay kit (Boehringgsncentrations. At the two highest dust concentrations, nati

Mannheim, Indianapolis, IN) using monoclonal antibodies directed agairﬁéo"n expressed about two-thirds the activity of native quart
DNA and histones. Cells (X 10°) from each sample were processed; 5000 this LDH assay |

cells were used for each reaction, and triplicate reactions were performed I%r X .
each sample. Cell medium was removed and washed with incubation buffer-1gure 2 shows that challenge of cells over a 5-day perio
three times, and rinses were removed. Lysis buffer (2)@vas added to each With native quartz or with native kaolin at 1Qdy/ml caused a
well and incubated for 30 min at room temperature. The lysate was centrifuggche-dependent increase in LDH release, which was significa
at 200gfor 10 min and 20ul of supernatant was transferred into the streptag¢ p < 0.01 for quartz at all time points and was significant for
vidin-coated microtiter plate (MTP) for analysis. The immunoreagent mI’ki'%lolin atp < 0.01 at 3 and 5 days. DPPC treatment delaye
containing anti-DNA-peroxidase and anti-histone-biotin, was added to each .. . . .

well (80 ul), the MTP was covered with an adhesive cover foil, and the plat%'gn'f'cant quartz'mduced LDH activity until 3 and 5 days. By
was incubated for 2 h at room temperature. The solution was remov@gdays the effect of DPPC treatment was no longer seen.
thoroughly by tapping, rinsing wells three times with 250-30®f incuba-

tion buffer per well, and the washing buffer solution was removed carefull . .
2,2'-Azino-di[3-ethylbenzthiazolin-sulfonate] (ABTS) substrate solution (10%guartz and Kaolin-Induced Apoptosis in NR8383 Cells

wul) was pipetted into each well and incubated for 5 min. Absorbance was

measured at 405 nm against substrate solution as a blank. MorphOIOglcal indications of apoptosis in NR8383 cells

_ o were seen in cells 6 h after challenge by quartz at 50 to 4C
DNA ladder assay. The samples were analyzed using the SU|C|de-Trackg/m| and by kaolin at 4OQL9/m|- Figures 3A-D are repre-

DNA Ladder Isolation Kit (Oncogene Research Products, Cambridge, M . . .
according to the manufacturer’s protocol. Cell suspensions (®° to 1 X entative phOtomlcrOQraphs (10@D0f cells incubated for 6 h

10° cells) were transferred to a microcentrifuge tube and centrifuged With medium control (A), 100ug/ml quartz (B), 200ug/ml
1000gfor 5 min at room temperature. The supernatant was removed, agquartz (C), and 10Qug/ml kaolin (D), respectively. Control
the cell pellet was resuspended in 5@iCextraction buffer, incubated for 30 cells are rounded with uniformly large, light purple nuclei anc
min on ice, and centrifuged at 15,000—-16,0G6g5 min at room temper- normal cytoplasm. In contrast, FigS. 3B and 3C show quart
ature. The supernatant was carefully removed and transferred to a CI?TBO and 20Qug/ml)-treated cells with dark, shrinking nuclei
tube. A solution (20ul) for the degradation of RNA in the cell lysate was}™ "~ ~. . ! )
added; samples were incubated at 37°C for 60 minuPsf solution for indicative of nuclear condensation common to apoptosis. Nt
isolation of DNA from the cell lysate was added and mixed gently; and thglear disintegration is also apparent in some cells, characte
samples were incubated at 50°C overnight. Pellet Paint Coprecipitantjfad by a dark, condensed, segmented nucleus. Figure K
wul), 60 pl 3 M sodium acetate, pH 5.2, and 6¢2 2-propanol were added; shows that cells exposed rfé& h to kaolin at 100ug/ml

the solution was mixed by inversion and incubated at room temperature . . . .
2 min and then centrifuged at 15,000~16,660r 5 min. The supernatant ncentration have a morphology consistent with control cells

was removed and the pellet was rinsed with 500100% ethanol and with no apparent apoptotic cells.

centrifuged at 15,000—16,000gr 5 min. The supernatant was removed Figure 4 shows the proportion of apoptotic cells (%) induce:
and the pellet was air dried by placing the inverted tube open on tiy quartz and kaolin in NR8383 cells after exposune&d at
benchtop for a few minutes at room temperature and resuspendedih 5Qjust concentrations from 50 to 4@@/ml as measured by the
of resuspension buffer. The DNA ladder sample fdpwas transferred to TUNEL fluorescein assay. (Leigtt al., 1997). Native quartz
a clean centrifuge tube; 2| loading buffer was added and the sample was L S L .
loaded onto the gel. Gel electrophoresis was run at 5 V/an2 o in TAE challenge paused a statistically significant mcrqased percente
buffer (Tris base, acetic acid, and EDTA) containing @.6/ml ethidium Of apoptotic cells above background at all native quartz du

bromide. DNA ladders were visualized by UV illumination. concentrations and percentage of apoptotic cells increased w
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increasing dust concentration. Kaolin induced a significant DISCUSSION
response only at the highest concentration ( 4@gml ).
Representative illustrations of these TUNEL assay data areBoth native quartz and native kaolin caused a concentratiol
shown in the fluorescence photomicrographs in Fig. 5. Normeitd time-dependent increase in cytotoxicity to the NR8382 r
cell nuclei are stained red by propidium iodide; fragmentedlveolar macrophage cell line as measured bjnantro LDH
DNA typical of apoptotic cell nuclei additionally incorporateg€lease assay. Native quartz dust challenge caused a stati
the green fluorescein label. The combination results in tg&lly significant increase in cell-released LDH activity above
appearance of yellow fluorescent apoptotic cell nuclei. bagkgrqund at all na}tivg quartz dust concentrationg; and LD
Results of cell death ELISA assay of control and dust-treat@gtivity increased with increasing dust concentration. In cor
cells are shown in Fig. 6. Cell challenge by native quarfEaStj kaolin cytotpxw activity was not seen qt thg two lowes
resulted in a dose-dependent increase in cytosolic histoff@2lIN concentrations. Some previous short-témmitro cyto-

bound DNA fragments, measured by optical density. Nati\}gxicity and membranolysis assays found comparable activitie

kaolin induced significant response at the two highest concéc(r%[ these quartz and kaolin dusts, such as seen at the high
9 P 9 concentration in this study (Vallyatha al., 1988; Wallacet

trations. At the highest native dust concentration, the nativ? 1985, 1988, 1992). For example, a 2-h incubation of nativ

gzz\rlz E;(glriissed about two and a half times the activity of tﬁﬁartz and kaolin with primary lavaged rat alveolar macro

, phages in serum-free buffer resulted in slightly greater LDF
Cells also were challenged over a 5-day period at a CONC¢Blease induced by the kaolin at equal mass concentrations

tration of 100n.g/ml of native or DPPC-treated quartz or kaolin g ug/ml (Wallaceet al., 1985). Andin vitro erythrocyte
and assayed at 6 and 12 hand 1, 3, and 5 days by the cell dg@holysis studies in serum-free medium have found this stoc
ELISA assay, with results shown in Fig. 7. Native quartgf kaolin to express comparable and somewhat greater met
induced a time-dependent increase in apoptosis over a 1Brfnolytic activity than this stock of quartz, with the activity of
period, which then decreased gradually with exposure tim@th dusts fully suppressed by DPPC adsorption adequate
between 1 and 5 days, while remaining significarpp & 0.01 provide a bilayer lipid coating on the dust surfaces (Wallksice
at all times. Challenge with native kaolin resulted in no activityl., 1992). However, in anothen vitro cytotoxicity experi-
at 6 h through 3 days, with activity significant pt< 0.01 ment with these dusts using serum-containing medium, exp
expressed at 5 days. DPPC pretreatment of quartz suppresagd of lavaged rat pulmonary macrophages at quartz conce
apoptotic activity to background levels over a 1-day period, btrations up to 6.7.g/ml and kaolin up to 13.4g/ml indicated
this activity was restored and was significanpat 0.01 at 3 native quartz to be almost twice as active as native kaolin in
and 5 days after cell challenge. No apoptotic activity was fouritive—dead” fluorescence assay for cell viability (Gabal.,
in cells challenged with DPPC-treated kaolin. 2000). The low cytotoxicity seen at low native kaolin concen:
To further confirm the results of morpho|ogy, TUNEL andrations in the current Study may reflect an innate minera
cell death ELISA assays for apoptotic response, a DNA agiRecific cﬁfference in native dust cytotoxicity betwgen quart:
rose gel study tested for the presence of internucleosomal DRRJ kaolin seen only at the lower dust concentrations. How
fragmentation, which is a characteristic feature of apoptoffv€"> a@nother possible cause is a mineral-specific passivati
cells. As shown in Fig. 8, treatment of NR8383 with nativE'TeCt in thisin vitro system, e.g., prophylactic components of

quartz for 6 h at concentrations from 50 to 409/ml resulted serum in limited amounts may preferentially deactivate kaolir
in readily seen DNA ladder formation; there appeared to bel til higher kaolin concentrations deplete the component:
. arlier short-termin vitro studies showing comparable cyto-

litativ ncentration- ndent incr in intensity. . .
qualitative dust concentration-dependent increase e %[o¥<|c activities of quartz and kaolin were performed using

of the ladder bands. Native kaolin at concentrations from SOs%rum-free medium, while the current study and the prior stuc

400 pg/ml did not appear to result in DNA ladder formannOf Gaoet al. (2000) showing diminished kaolin activity used

qualitatively discernable above controls. Figure 9 shows tggrum-containing medium. The prophylactic effects of som
result of DNA ladder assays of cells after treatment over;ﬂotein components of serum have been demonstrated f
5-day period at a concentration of 10@/ml of untreated and cyistopalite silica dust (Barretit al., 1999). Studies of silica
DPPC-treated quartz dust. Native quartz resulted in visibigisorption of some endogenous proteins have been review
DNA ladder formation at all ime points; the activity appearegi-upinj and Wallace, 2000). And kaolin is recognized to be ai
to decrease with time after the 12-h point. DPPC pretreatmeiiective sorbent for many compounds, including proteins fron
of quartz suppressed its DNA ladder formation over a 1-da¢gueous solution.

period, but this DNA ladder formation was clearly visible at 3 The TUNEL and cell death ELISA assays found that, simila
and 5 days after challenge. No DNA ladder formation wag their necrotic activities, quartz caused a monotonic concel
apparent for cells treated with native and DPPC-treated kaoliation-dependent increase in apoptosis of NR8383 derlls
at dust concentration of 10@g/ml for a 5-day period. vitro, while kaolin was active only at the highest concentra
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FIG. 5. Fluorescence microscopy appearance of NR8383 rat alveolar macrophages stained by the TUNEL technique on treatment with quartz or ka
control, (B) 50ng/ml quartz, (C) 40Qug/ml quartz, and (D) 20@g/m kaolin. Cells were challenged with quartz or kaolin for 6 h. Quartz caused apoptosis
rat AM at 50 to 400ug/ml, whereas kaolin did not induce apoptosis at 50 to 290nl and caused limited apoptosis at 40¢/ml. Cells were double-stained
with fluorescein-12-dUTP and propidium iodide. Normal cells show red nuclei, whereas apoptotic cells show yellow nuclei. Magnificatio(oLp00 X

tions. Native quartz was about twice as active in the apoptosisoptosisn vitro: Sarihet al. (1993) found that silica-treated
assays as native kaolin at the highest dust concentration. Thegerophages released high amounts of fLelhd underwent
is a comparable pattern of behavior between the necrosis apdptosis. Several other agents are known to be both fibroger
apoptosis activities with dust concentration, i.e., quartz shoasd apoptotic: bleomycin, a fibrogenic agent, has been report
a monotonic increase in both activities with concentraticto cause alveolar macrophage apoptosis (Hamikonal.,
while kaolin activities were significantly expressed only at th£995). Chrysotile and crocidolite asbestos, fibrogenic partict
higher dust concentrations; and kaolin activities were not kges, have been reported to cause apoptosis, whereas woll
strong as the activities of an equal mass concentration of quadrite, a nonfibrogenic fiber, does not induce apoptosis (Han
dust. Native quartz at the intermediate concentration (1dfbn et al., 1996). Hogquistet al. (1991) have also
ng/ml) induced a nonlinear time-dependent increase in aptemonstrated a possible relationship betweenglLsécretion
ptosis, increasing for 12 h and then decreasing but remainiagd cell apoptosis. Recent studies have provided evidence tl
significant at 5 days as measured by the cell death ELISA aoeftain cytokines such as tumor necrosis faet¢i-NF-«) and
DNA ladder formation assays. That decrease may be the restdhsforming growth factor beta (TGB) play a key role in
of the increase in cytotoxic cell death with a subsequent dslica-induced inflammation and fibrosis (Piguwedtal., 1990;
crease in cells available for apoptotic response. Native kaolvilliams et al., 1993). TNFa and TGF8 have been shown to
at that concentration did not express significant apoptotic anduce apoptosis in different types of cells (Pieetal., 1991,
tivity until the 5-day time point. Quartz is known to induce celBarinet al., 1995; Bursclet al., 1993; Tsuchidat al., 1995).
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FIG. 8. Agarose gel electrophoresis of DNA extracted from control,
quartz-, or kaolin-treated NR8383 rat alveolar macrophages. Sequential DN
fragmentation resulting in banding or ladder appearance is characteristic
apoptosis. Cells were challenged with quartz or kaolin for 6 h. Quartz cause
DNA ladder formation in rat AM at 50 to 40Q.g/ml, whereas kaolin did not.
Electrophotograms from left: lane M, commercial DNA size marker; lanes :
and 6, control; lanes 2-5, 50, 100, 200, and 4@0ml of quartz; lanes 7-10,
50, 100, 200, and 400g/ml of kaolin.

FIG. 6. Effects of quartz and kaolin on apoptosis in NR8383 rat pulmo-
nary macrophage after challenge for 6 h using cell death ELISA assay. Values
represent the mean cytosolic histone-bound DNA (QDESE for five repli- DPPC surfactant pretreatment of quartz dust fully sup

cations of this experiment. Statistical significance comparing quartz or kaofyressed its cytotoxicity and apoptotic activity at the early time
to control as determined by Dunnettsest at *p< 0.05, **p < 0.01. points. Apoptotic and necrotic activities expressed by nativ
quartz at 6 and 12 h and 1-day time points were eliminate
However, the nature of a cause and effect relationship betwd2RAPC surfactant treatment of kaolin eliminated the apoptoti
the apoptotic potential of dusts or fibers and their ability tactivity that had begun to be expressed by the native kaolin
produce fibrosis is not certain. In the current study, the paraleldays. Restoration of quartz activities at 3 and 5 days |
behavior of cytotoxic and apoptotic activities with dust conconsistent with other studies of tlre vitro rates of surfactant
centration and with time of cell challenge suggests but does mligestion from quartz particles by digestion processes in son
prove that the apoptotic activity may be a response of sorther cell lines: In cell-free systems, phospholipase enzym:e
cells in the culture to cytokines or other factors released logn remove adsorbed DPPC surfactant from quartz and kao
nearby cells undergoing necrotic response to the dust. dusts and restore dust toxicity that had been suppressed
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FIG. 7. Time course of untreated and DPPC-treated quartz and kaolin induction of apoptosis in NR8383 rat pulmonary macrophages after exposur
ng/ml of dusts using cell death ELISA assay. Values represent the mean cytosolic histone-bound DNA @BDfor five replications of this experiment.
**Statistical significance comparing untreated or DPPC-treated quartz to control as determined by Dtnesttidp < 0.01.
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