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Pulmonary response to agate dust in vivo and
cytotoxic and haemolytic effects in vitro
J L KAW AND M WASEEM

From the Industrial Toxicology Research Centre, Lucknow 226001, India

ABSTRACT The pulmonary response to agate dust in vivo was investigated and also its cytotoxic
action on peritoneal macrophages and sheep erythrocytes in vitro. The results were compared with
quartz dust as the known fibrogenic dust and emery dust (Corundum) was used as a control dust.
Agate increased the wet and dry weight of lungs and induced increased collagen formation and a

non-reversible fibrotic reaction in the lungs. The tissue response and lung changes were of milder
intensity than seen in rats exposed to quartz. In vitro, the extent of dye-uptake and haemolysis
yielded results similar to those of the in vivo studies. Release of lactic dehydrogenase into the culture
medium was similar in both the agate and emery exposed cells but significantly less when compared
with quartz treated cells.

The effects of mineral dusts on lungs have been stud-
ied experimentally by exposing animals to dusts by
inhalation, by the instillation of dust into the lungs
intratracheally, and by investigating dust-cell inter-
actions in vitro, using erythrocytes, macrophages, and
tissue culture cells lines.' - 5 Using these test systems
it is possible to screen many dusts for their possible
effects on the lungs when inhaled and to understand
the mechanism of the cytotoxic, fibrogenic, and possi-
bly the carcinogenic actions of some particulate and
fibrous environmental and industrial pollutants.6-9
Agate is a cryptocrystalline variety of silica that is

used as an abrasive in industry. It replaces ballmills,
particularly in the manufacture of substances where
the product has to be absolutely free of iron con-
tamination. It is also used in manufacturing mortars
and pestles and fulcra and bearings of scientific and
precision balances. The present studies were aimed at
investigating the biological effects of agate dust in
vivo and in vitro and to comparing the results with
those obtained with the highly fibrogenic dust, quartz,
and an inert dust, emery (Corundum).

Materials and methods

IN VIVO STUDIES
We divided 53 male Wistar strain albino rats (weigh-
ing 200-250 g) of the Industrial Toxicology Research
Centre animal colony into four groups. The 16 ani-
mals in group I were inoculated intratracheally with
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1 ml of sterilised physiological saline containing 50 mg
of quartz dust (DQ). The 12 animals in group 2 and
the 15 in group 3 were similarly inoculated with agate
and emery (Corundum) dusts, respectively. The 10
animals in group 4 were inoculated with 1 ml of phys-
iological saline alone. Most of the particles in all the
dusts were less than 5 pm in diameter. The animals
were killed at different intervals up to 180 days when
their lungs were removed and the wet weight deter-
mined. The lungs were next gently distended with a
solution of 10% formal saline (v/v) injected through
the trachea. The trachea was tied off and put in 10%
formal saline. After preliminary fixation, blocks of
tissue were selected along the long axis of the lungs
and embedded in paraffin. Multiple sections of 5 pm
thickness were cut and stained with haematoxylin and
eosin and silver impregnated for reticulin. The quan-
titation of collagen in histopathological study was
assessed according to the method of Belt and King.'°

All the lung tissue except that used for histo-
pathological studies was dried at 105°C. Tissue shav-
ings and paraffin embedded blocks were added to it
and the whole treated thrice with xylene at 37°C. The
mixture was again dried, and when a constant weight
had been reached the weight was recorded. This repre-
sented the total dry weight of lungs minus the tissue
lost in the preparation of the sections. Collagen esti-
mation was performed according to the method of
Stegemann. "

IN VITRO STUDIES
Cytotoxic studies
The cytotoxic studies were carried out on guinea pig
peritoneal macrophages. The method of harvesting
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Pulmonary response to agate dust in vivo and cytotoxic and haemolytic effects in vitro

and culture was similar to that described earlier.'2
Briefly, the cells were obtained from the peritoneal
lavage and seeded in 90 mm sterilised disposable plas-
tic petri dishes. After adherence of the cells, the cells
were exposed to different dusts suspended in Eagle's
minimum essential medium. Before adding to the cell
culture, homologous serum was added to give a con-
centration of 10%. After 20 hours of dust-cell inter-
action the lactic dehydrogenase (LDH) activity was
estimated in the supernatant and cell monolayers as
described earlier. 13 14 In a parallel set of experiments
the extent of acid dye uptake by macrophage mono-
layers exposed to various dusts was assessed.'5

Haemolytic studies
Haemolytic studies were carried out on plasma free
sheep erythrocytes using the method described
earlier. 6

Results

Table I shows the changes in the wet weight of the
lungs from the rats exposed to the various dusts.
Those from the animals inoculated with the agate and
quartz dusts showed an increase in wet weight by
comparison with the lungs from the rats exposed to
emery (p < 0 05 and p < 0-01 respectively). Even
though the wet weight of the lungs from animals
exposed to quartz was more than those of the lungs
from the rats exposed to agate, the results were
significant only at 180 days (p < 0-05).

Table 2 shows the changes in the dry weight of
lungs. The dry weight of the lungs of rats exposed to
agate was more than those of the animals exposed to
emery, though the values were statistically significant
only at 60 days. The dry weight of the lungs from the
animals exposed to quartz was also higher than those
of the animals exposed to emery (p < 0-001 at 120
days and p < 0-05 at 180 days). No statistically
significant difference was observed in the dry weight of
the lungs from the rats exposed to agate or quartz
despite the fact that the values were higher in the
animals exposed to quartz at all times.

Table 1 Changes in the wet weight of lungs (g) at different
intervals after exposure to agate dust. Figures in
parentheses represent the number of animals used

Days after Agate Emery Quartz Control
exposure

60 4.33 (3) 2 91 (5) 7-46 (3) 2-92 (3)
+0 56 +0 48 +1 96 +0-18

120 5-64 (3) 2-96 (3) 7-46 (3) 2-99 (3)
+ 1-02 +0 34 +0 74 +0-24

180 5-51 (3) 3 15 (7) 8 35 (2) 2 91 (3)
+ 1 62 +0 52 +0 22 +0-24

+ SD.

Table 2 Changes in the dry weight of lungs (g) at different
intervals after exposure to agate dust. Figures in
parentheses represent the number of animals used

Days after Agate Emery Quartz Control
exposure
60 0-92 (3) 0 45 (5) 1 21 (3) 0 50 (3)

+034 +0 10 +049 +0-07
120 1-02 (3) 0-54 (3) 1 58 (3) 0-48 (3)

+037 +021 +0 18 +006
180 1.20 (3) 0-61 (7) 2-35 (2) 0-52 (3)

+035 +0 11 +093 +007

+ SD.

Two months after the inoculation of agate dust, the
pulmonary tissue showed development of dust cell
granulomas. The skeleton of these lesions was made
up of reticulin fibres admixed with a few collagen
fibres (fig 1). The alveoli and alveolar ducts sur-
rounding the lesions were emphysematous. In those
areas of the lungs with a meagre dust reaction there
was an aggregation of free macrophage, most of
which contained phagocytosed dust particles. In the
animals exposed to quartz the development of silicotic
lesions was extensive and there was a greater for-
mation of collagen than in the animals exposed to
agate. In animals inoculated with emery the dust was
found predominantly within the cytoplasm of macro-
phages whose morphological details seemed to have
been obscured by the phagocytosed dust which
occupied the greater part of the cell cytoplasm. There
was no evidence of fibrosis.

After four months, the lesions in the animals
exposed to agate dust were more developed. The
lesions were composed predominantly of macro-
phages, lymphocytes, and fibroblasts (fig 2). There
was a decrease in the number of areas showing free
cells in the alveolar lumen and the stroma of the
lesions contained a greater number of collagen fibres.
On the other hand, the formation of collagen fibres in
the quartz induced lesions was extensive. In the ani-
mals exposed to emery the pulmonary reaction was
similar to that seen at the earlier period.

Six months after the inoculation of agate dust the
formation of collagen was similar to that seen at the
four month interval (fig 3). The lesions in the animals
exposed to agate after six months were less fibrous
than those seen in animals exposed to quartz at four
months. The development of silicotic lesions in the
rats exposed to quartz was more extensive than at four
months. The lesions were less cellular but highly col-
lagenous and several fibrotic nodules had coalesced
(fig 4). In the animals exposed to emery the dust con-
tinued to be localised within the cytoplasm of the
macrophages, which tended to aggregate at certain
locations without bringing about a proliferation of
stromal elements (fig 5).

Biochemically, the collagen increase was maximum
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Kaw and Waseem

Fig I Section of rat lung 60 days after intratracheal inoculation of agate dust, showing
pulmonary lesions composed mostly of reticulin fibres and a few collagen fibres. (Silver
impregnation x 600.)

Fig 2 Section of rat lung 120 .days after intratracheal inoculation of agate dust, showing high
cellularity of nodules. (Haematoxylin and eosin x 150.)
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1 4

Fig 3 Section of rat lung 180 days after intratracheal inoculation of agate dust showing a
progressive increase in number of collagen fibres. (Silver impregnation x 60.)

Fig 4 Section of rat lung 180 days after intratracheal inoculation of quartz dust showing
highly collagenous and confluent silicotic nodules. (Silver impregnation x 60.)
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Fig 5 Section of rat lung 180 days after intratracheal inoculation of emery dust showing
intra-alveolar localisation of dust without any cellular or stromal reaction. (Haematoxylin and
eosin x 300.)

in the animals exposed to quartz and increased with
time (table 3). The lung collagen content was observed
to be greater in the animals exposed to agate and
quartz than in those exposed to emery. Statistically,
the values were significant at all periods in the case of
quartz (p < 0-02 at 60 and 120 days and p < 0-05 at
180 days) but only at 60 days in the case of the animals
exposed to agate.

Table 4 shows the changes in the level of LDH
activity in the supernatant culture medium and cell
monolayers of the peritoneal macrophages exposed to
various dusts. The LDH activity was significantly
higher in the supernatant medium of the cultures
exposed to dusts. Among the dust exposed cultures,
the maximum increase was observed in the cells
exposed to quartz (p < 0 0001). The LDH activity of
the supernatants of the cultures exposed to agate and

Table 3 Changes in the total collagen of lungs (mg) at
different intervals after exposure to agate dust. Figures in
parentheses represent the number of animals used

Days after Agate Emery Quartz Control
exposure

60 50-63 (3) 24-08(5) 85-03(3) 24-39 (3)
+23-49 +05-63 + 48-67 +0279

120 79-73 (3) 38-66(3) 1 1295 (3) 28-36(3)
+35-10 +16-20 + 21-05 +02-16

180 72-82(3) 38-98(7) 204-89(2) 32 14(3)
+ 21*04 +05-22 + 100-32 +03-56

+ SD.

Table 4 Lactate dehydrogenase activity (mU) of cell
cultures exposed to agate dust. Figures in parentheses
represent number of observations

Supernatant Monolayer
Control cells 24-10 + 0-00 (2) 91-11 + 11 27 (3)
Cells + quartz 74-36 + 2-84 (3) 44 21 + 06 96 (3)
Cells + agate 41 53 + 6 14 (3) 7503 + 11 60 (3)
Cells + emery 40 19 + 6-96 (3) 75 03 + 04 64 (3)
+ SD. mU = milliUnits.

emery were also increased by comparison with the
control cell supernatants (p < 0-02 and 0-05
respectively). The decrease in the level of LDH in the
monolayers parallelled the respective increase in LDH
activity in the supernatants. The decrease in the LDH
activity of the monolayers exposed to quartz was
highly significant (p < 0 001). The total LDH activity
(monolayer + supernatant) remained unaltered.

Acid dye uptake was maximum in the cultures
exposed to quartz dust (p < 0-01), moderate in the cell
cultures exposed to agate (p < 0 01), and statistically
insignificant in the cultures exposed to emery (fig 6).

Figure 7 illustrates the haemolytic behaviour of the
different dusts when added to erythrocyte sus-
pensions. The haemolytic effect followed the trend
quartz > agate > emery.

Discussion

The results of the present study show that agate dust
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Fig 6 Extent of acid dye uptake bi' macrophage
monolaYers exposed to different dusts.

is readily phagocytosed by pulmonary macrophages
and that this is followed by the destruction of the
alveolar architecture and the replacement of the cellu-
lar elements of the dust induced granulomas by lesions
composed firstly of reticulin and later of collagen
fibres. There was no evidence of regression or reversi-
bility of the lesions. Such characteristic pulmonary
changes have been suggested to be paihognomonic of
proliferative dusts.'7 The changes brought about by
agate dust were qualitatively similar to those brought
about by quartz dust. Nevertheless, the lung weights
(both dry and wet) and the collagen content were
significantly less in the case of agate dust.
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Fig 7 Comparative haemolytic activity of different dusts.

Phagocytosis of cytotoxic dust is associated with a
release of significant amounts of LDH both in vivo
and in vitro.'8 -21 Release of lactate dehydrogenase
into the medium of cultured macrophages, due to
increased permeability, is regarded as a sign of dam-
age to the plasma membrane.22 Maximum increased
levels of this enzyme were observed in the supernatant
culture medium of the cells exposed to quartz.

Agate and emery dusts increased the levels of LDH
in the culture medium, compared with the control
cells, but this increase was significantly less than
observed in the cells exposed to quartz. The release of
LDH in the cultures exposed to agate and emery could
have been due to an increased membrane activity
associated with the process of phagocytosis of partic-
ulate materials and an identical action on the part of
macrophage membranes. The increased LDH activity
in the cultures exposed to emery needs special men-
tion, since all the dusts that are believed to be inert
have some degree of residual toxicity in one or other
test system. Similar observations were made by one of
us earlier using mouse macrophages.23 Whether the
cells showing leakage of cytosolic enzymes could be
regarded as dead is a matter of conjecture.
The dye-exclusion and haemolytic studies clearly

differentiated between the in vitro reactions observed
with agate and emery. The results of these studies were
identical to the in vivo studies and lend support to the
hypothesis that dust toxicity in vitro can predict with
reasonable accuracy the in vivo reactivity of dusts.

We thank Mr Pratap Singh for preparing the-
histological sections and Mr AK Khanna, Mr SK
Shukla, Mr Ram Prasad, and Mr Umesh Prasad for
technical help.
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