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ABSTRACT 

The hypothesis that freshly-sheared quartz 
makes it more reactive in lung tissue than aged 
quartz was tested by its ability to stimulate 
superoxide anion (02-) release from single ad­
herent pulmonary alveolar macrophages (PAM) . 
Fresh quartz was prepared by grinding for 30 min 
and then used within 2 hr, while stale quartz was 
from the same stock but aged 15 days prior to use. 
Also, dipalmitoyl lecithin (DPL), the major con­
stituent of lung surfactant coating the alveoli 
surfaces, was coated onto the particles . Release 
of Oz- was measured after 40 and 180 min of direct 
contact with quartz dust (225 µg/ml). Fresh quartz 
was more reactive than aged quartz, as indicated 
by the 78 and 63% increase after 40 and 180 min, 
respectively. A time delay and suppression of 02-

release was observed in the ability of the DPL­
coated fresh or stale dust to stimulate PAM. These 
results supported the hypothesis that the natural 
process of surfactant coating of inhaled particles 
in the alveoli may play a role in their phagocytic 
removal by PAM. 

INTRODUCTION 

Pulmonary alveolar macrophages (PAM) phago­
cytize foreign debris and bacteria [Brieland et 
al. 1987] . During the accompanying respiratory 
burst phagocytes consume more molecular oxygen to 
produce a superoxide anion radical (02-) at the 
extracellular surface of the plasma membrane 
[Babier 1982]. The superoxide radical then 
dismutates to other more reactive oxygen 
metabolites which help detoxify inhaled microbes . 
However, the toxic effects of these reactive 
agents on surrounding lung tissue, as well as 
their overall effects on normal lung function, 
depends on the level of production but remains 
largely unknown [Babier 1982, Forman et al. 1986]. 
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In this study , an electro-optical method de­
veloped previously in this laboratory was used to 
visualize and measure Oz- production by single 
adherent PAM [DiGregorio et al . 1987] . PAM were 
stimulated by quartz particles and then the amount 
of Oz- released per cell was measured by the re­
duction of nitroblue tetrazolium (NBT) to a 
diformazan precipitate (NBTHz). Then, from video­
recorded images the temporal changes in optical 
density (OD) of individual cells due to the NBTHz 
precipitate formed were measured. The total 
amount of diformazan produced was compared among 
cells under different exposure conditions. 

While chronic and acute silicosis develops as a 
result of occupational exposure to crystalline 
silica [Vallyathan et al. 1988, Heppleston 1984 , 
1982] , differences in disease manifestation can 
not be explained simply by the response of the 
lung to different amounts of silica. This sug­
gests that perhaps at least part of the acute 
response is due to the different surface 
characteristics of the inhaled dust [Heppleston 
1982 , Wallace et al. 1985). Therefore, the 
purpose of this study was to determine the effects 
of freshly sheared versus aged silica, and the 
effects of dipalmitoyl lecithin (DPL) surfactant 
coating of the particles, on the release of Oz- by 
adherent PAM stimulated directly in vitro. 

MATERIALS AND METHODS 

PAM were obtained from male Long-Evans hooded 
rats by tracheal lavage. The preparation of 
cells, resuspension and lavage fluids as well the 
video imaging and recording procedures remained 
the same as reported previously [DiGregorio et al. 
1987] . However, the procedures for preparing 
culture dishes were modified slightly to use 
adherent PAM that were cultured at 37°C with 2% 
serum for 2 hr prior to experiments . After 
incubation, PAM were washed thoroughly with 
resuspension fluid to remove any residual serum 
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and 3 ml of fresh, warm~d NBT solution was added 
to the culture dish. Quartz was dispersed (as 
described below) at a concentration of 250 µg/ml 
into the culture dish and the dish placed on a 
heated stage (37°C) of an inverted microscope. 
After a period of 5 min to establish video base­
lines and for the dust to settle down , televised 
images of PAM (at 550 nm) were video-recorded for 
up to 180 min. 

The average temporal changes in optical density 
(OD) for single PAM in contact with quartz 
particles were determined from the video-recorded 
images in order to calculate the mass of NBTH2 
precipitated as a function of time. Then, a pre­
viously developed phenomenological equation was 
used to calculate the maximum amount of NBTH2 

precipitated (MAX) by a single cell [DiGregorio et 
al. 1987]. MAX was used as a measur e of the 
amount of 02- produced by each cell after direct 
in vitro stimulation with quartz. 

Fresh quartz was prepared by grinding for 30 
min in a centrifugal ball mill using procedures 
developed by Vallyathan et al. 1988 . An agate 
mortar was used to minimize any trace impurities 
and then the dust was immediately sieved trough a 
20 µm mesh filter just pr i or to use. Stale quartz 
was dust from the same stock that was aged at 
least 15 days prior to use. 

DPL coated dusts were prepared as follows . DPL 
emulsions made using procedures dev eloped by 
Wallace et al . 1985 were mixed with dry quartz, 
vortexed at a concentration of 100 mg DPL/g dust, 
and incubated for 1 hr at 37°C . Then, the mix tur e 
was centrifuged for 10 min at 990 g and the super-
natant discarded . Quartz dusts not coated with 
DPL were treated similarl y. 

Data on MAX were statistically compared among 
treatment groups at different times after dust 
stimulat i on using analys i s of variance (ANOVA). 
If ANOVA results were significant at the 95% con­
fidence level (p < 0.05) then differences between 
means were determined using the Newman-Keuls test . 

RESULTS 

The preliminary results presented here are for 
cultured cells stimulated by direct in vitro 
exposure to stale or fresh quartz particles (250 
µg/ml), either coated or uncoated with DPL . After 
40 min, fresh and stale quartz induced significant 
increases (p<0 . 05) in NBTH2 production compared to 
control cells . Fresh quartz induced a 381% in­
crease while stale dust produced a 169% increase 
in MAX above control PAM ; with fresh quartz pro­
ducing a 78% greater increase compared to aged 
quartz (Table 1) . Furthermore, NBTH2 production 
continued to i ncrease up to 180 min . Superoxide 
release for fresh quartz was 64% higher than stale 
quartz at 3 hr , and 68% more than fresh dust after 
40 min. 

The DPL-coating on the quartz particles (fresh 
or stale) delayed significant production of NBTH2 
until after 40 min . However , following PAM-auartz 
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contact for 180 min, cells produced significantly 
more NBTH2 than control cells (Table 1) . 

Table 1 

Effects of direct contact of stale and fresh 
quartz (250 µg/ml), with or without a DPL-coating, 
on the maximum amount (MAX) of 02- released (fmol) 
by single PAM. Each value represents the mean(± 
SE) for 18 cells from 3 animals. 

CONTROL 
STALE QUARTZ 
FRESH QUARTZ 

CONTROL 
STALE QUARTZ 
FRESH QUARTZ 

Q!lA!RTZ PARTICLES 

!)PL-coating 

40 min exl!osure 

3 . 02 ± 0 . 39 
2 . 38 ± 0 . 67 
,~. 94 ± 1.54 

180 min exl!osure 

3.67 ± 0 . 44 
B. 98 ± 0 . 91 

13 . 53 ± 2 . 0 

no DPL-coating 

2 . 52 ± 0 . 36 
6 . 79 ± 0 . 97 

12 . 10 ± 1.46 

2.37 ± 0 . 41 
12 . 45 ± 1. 25 
20 . 37 ± 2.15 

Again, fresh quartz was more activ e biologically, 
increasing production by 269% compared to 145% for 
stale particles (Table 1) . Also, the DPL-coating 
delayed 02- release compared to uncoated particles 
such that the 180 min response was about the same 
as seen for uncoated dust after 40 min. Longer­
term time effects were not evaluated in this 
study . 

Phagocytosis of quartz particles by PAM did not 
appear to be different whether the particles were 
coated or uncoated , or between fresh and stale 
quartz . This suggested there were no differences 
in the ability of these cells to phagocytize dust 
particles but only in the amount of superoxide 
released . 

DISCUSSION 

Occupational exposure to crystalline , res­
pirable silica is known to be associated with 
chronic pulmonary disease [Brieland et al . 1987 , 
Heppleston 1984, 1982 , Cantin et al . 1988] . 
Chronic silicosis is demonstrated a long time 
after the first exposure and is character i zed by 
deve.lopment of concentric nodular lesions in the 
lung . Although much is known about the full term 
conditions related to chronic silicosis, very 
little is known about the early development of 
acute silicosis or the etiology of the disease . 
Clinical differences in the manifestation of the 
pulmonary disease can not be explained simply by 
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the response of the lung to different amounts of 
silic·a, suggesting that at least part of the acute 
response might be due to the surface charac­
teristics of the inhaled dust [Vallyathan et al . 
1988, Wallace et al. 1985] . 

In this study the toxicity of quartz was mon­
itored by its ability to stimulate 02- production 
from adherent PAM that had been cul-tured for 2 hr 
in 2% serum. A high concentration of stale quartz 
(250 µg/ml) resulted in a two-fold or more in­
crease in Oz- release after 40 min of contact and 
an even greater increase after 180 min . Freshly 
sheared quartz was more reactive than aged quartz 
under the same conditions of direct in vitro 
exposure supporting the hypothesis that it is more 
reactive biologically . 

The higher reactivity most likely occurs be­
cause of different surface characteristics induced 
during the process of shearing, so that the 
greater biologic activity might be due to in­
creased sil i con radicals on the particle surface 
that react wi th aqueous media to produce OH· 
radicals [Vallyathan et al . 1988, Wallace et al . 
1985] . This is significant because OH · radicals 
have been shown to be particularly harmful because 
they can peroxidize lipids in the membranes of 
living systems [Singh et al . 1987]. Another 
explanation might be that silanol groups (SiOH) on 
the dust surface, formed by the hydrolysis of 
silicon-based radicals, increase interactions 
between particles and the cell membrane 
[Vallyathan et al. 1988 , Heppleston 1984 , 1982]. 
For example, hydrogen bonding may bring the 
particle and cell closer together , facilitating 
the initiation of lipid peroxidation and/or 
activation of the cell membrane. 

Although lung tissue is equipped with normal 
defense mechanisms, such as scavengers of reactive 
oxygep intermediates that protect the tissue under 
normal conditions , an increased burden of free­
radicals may exceed the normal defense capacity of 
the lung. Under such conditions, biological 
damage may occur . The coating of particles with 
dipalmitoyl lecithin (DPL), the major constituent 
of lung surfactant, delayed release of Oz- back to 
control levels for stale and fresh dusts. Wallace 
et al . 1985 have shown that the time dependency 
might be explai ned by partial removal (using 
phospholipase A2 and C) of the DPL prophylactic 
cover from the dust surface during enzymatic di­
gestion in the phagolysozome . The present results 
support this hypothesis and suggest that as the 
native dust surface is slowly re -exposed inside 
the phagolysozome it stimulates release of Oz-. 

This hypothesis is being tested further with 
studies designed to look more closely at 
individual cell-particle interactions occurring 
during phagocytosis of fresh and stale quartz (or 
other dusts) by the alveolar macrophage , as well 
as some of the mechanisms involved in mediating 
this inflammatory response . 
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