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SUMMARY
The mechanism of toxicity of selected asbestos substitute mineral fibres was examined and compared to that of asbestos. Alveolar macrophages  

and type II cells were isolated from Fischer 344 rats and after 20 h cultivation various concentration of fibres alone (amosite, wollastonite, rockwool 
or glass fibres) or in combination with cigarette smoke were added to cells and the cultivation continued for another 24 h. After finishing the exposure 
the number of alkaline phosphatase positive type II cells was counted, the comet assay was used to detect DNA damage (strand breaks) in both 
cell types and ultrastructural changes were evaluated by transmission electron microscopy. The decrease of the number of alkaline positive type 
II cells was dose dependent in all cases. The number of DNA strand breaks (SBs) in both cell types was enhanced after exposure to all types of 
fiber, the enhancement was dose dependent, the highest level of SBs was observed after amosite exposure. The combined exposure to mineral 
fibres and cigarette smoke showed synergic effect on the level of SBs. Transmission electron microscopy showed that already 1 µg.cm-2 amosite 
caused destruction of AM while other fibres were phagocytized. 

Key words: fibrous dusts, alveolar macrophages, type II epithelial cells, DNA damage

Addresss for correspodence: Z. Kováčiková, Slovak Medical University, Institute of Preventive and Clinical Medicine, Limbová 12, 833 03 Bra-
tislava, Slovak Republic. E-mail: kovacik@upkm.sk

INTRODUCTION

As to the cell types, the lung is a very heterogenous organ. It 
consists of more than 40 different cell types. Each cell type has 
an unique morphologic characteristic associated with its function. 
Alveolar macrophages (AM) and epithelial type II cells belong 
from the toxicological point of view to the most important cell 
types. AM play an important role in the lung defence and in 
inflammatory responses. Type II cells are able to proliferate 
and to differentiate into other cell types. They are thought to be 
also progenitors of some types of tumours. Isolated lung cells 
represent a valuable system for studying mechanism of airborne 
agents toxicity. 

The fact that exposure to asbestos fibres causes an increased 
risk of  pleural mesothelioma a bronchogenic carcinoma of the 
lungs has been documented (1). Later studies on man-made 
vitreous fibers and refractory ceramic fibres have shown that 

these fiber types also cause pathology (2). The aim of this study 
was to compare the effects of asbestos (amosite - A) with three 
types of mineral fibres: glass fibres (GF), rockwool (RW) and 
wollastonite (W). 

MATERIALS AND METHODS

Animals. Male Fischer 344 rats (Anlab, Prague, Czech republic) 
weighing 200-220 g were used in these experiments. The animals 
were housed under standard laboratory conditions and were gi-
ven a conventional laboratory diet (MOK, Velaz, Prague, Czech 
Republic) and tap water ad libitum.

Cell isolation. Alveolar macrophages were isolated according 
the method of Myrvik et al. (3) and type II pneumocytes according 
the method of Richards et al. (4). Briefly, after an intraperitoneal 
sodium pentobarbital injection (60 mg/kg), the lung was perfused 
via the pulmonary artery with sterile saline and was mechani-
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cally ventilated. The lung with trachea was removed and the 
bronchoalveolar lavage was performed. Alveolar macrophages 
were isolated by centrifugation of bronchoalveolar lavage fluid. 
The lung tissue was partially trypsinized, chopped and the cell 
mixture purified on a discontinous Percoll gradient. The interface 
was collected and after rewashing the cells were resuspended in 
the medium and plated in a Petri dish. After 1 hour incubation in 
an atmosphere of 95% air / 5% CO2 the unattached cells (type II) 
were collected and sedimented.

Cell culturing. The cells were cultured on 24-well plates 
(Falcon) in DMEM (Dulbecco’s modified eagle’s medium) 
supplemented with 10% FCS (foetal calf serum) at 37 °C in 
an atmosphere of 95% air / 5% CO2 . The plating density was 
500 000 cells/well. The medium was changed after 20 h and in the 
fresh medium fibres were resuspended. Cigarette smoke treated 
medium was obtained by bubbling the cigarette smoke from one 
reference cigarette 1R1 (University of Kentucky) through 5 ml of 
DMEM supplemented with 10% FCS. The concentrated cigarette 
smoke treated medium was diluted with the medium, the final 
concentration used in the experiment was 4% of cigarette. The 
cultivation with tested agents continued for another 24 hours. 
After finishing the cultivation medium was withdrawn and cells 
were washed twice with PBS. 

Alkaline phosphatase activity. Type II cells were incubated 
(in wells) in a mixture of AS-TR phosphate and fast red at pH 
8.5 for 30 min at room temperature. Positive cells were stained 
bright red. Cells were counted by phase contrast microscope and 
only cells with four or more lamellar bodies were considered 
to be type II cells. In every experiment 300 cells per fiber dose 
were counted.

The comet assay. Comet assay (5) was used with small modi-
fications. Plain glass microscope slides were precoated with 0.5% 
normal melting point agarose (Gibco BRL) in water. Two gels of 
85 µl 1% normal melting point agarose in PBS buffer were set on 
each precoated slide and overlaid with 85 µl of 1% low melting 
point agarose in PBS in which cells were resuspended at 37 °C. 
The two gels served as duplicates. The cells were lysed by immer-
sing the slides in 2.5 M NaCl, 0.1 M Na2EDTA, 10 mM TRIS-HCl 
pH 10, 1% Triton X-100 for 1 h, then placed in an electrophoresis 
tank in 0.3 M NaOH, 1 mM Na2EDTA for 40 min. Electrophoresis 
was carried out at 25 V and 300 mA for 30 min. Strand breaks 
allow DNA to extend from the nucleoids towards the anode, 

forming a ”comet tail”. Comets were visualised by fluorescence 
microscopy after staining with 4,6-diamidino-2-phenylindole.

Electron microscopy. 2x106 cells were fixed in 2% glutaralde-
hyde in 0.1% cacodylate buffer at pH 7.4. Cells were sedimented 
and postfixed with cacodylate buffered OsO4, dehydrated through 
a graded ethanol series and embeded in Durcupan ACM. Sections 
were cut with a Reichert Jung ultramicrotome, stained by ura-
nyl acetate-lead citrate and examined using a JEOL JEM 100C 
electron microscope. 

RESULTS 

Freshly isolated type II cells exhibit intense alkaline phosphatase 
activity. After terminating the cultivation the alkaline phospahtase 
activity was evaluated histochemically. The number of cells with 
positive alkaline phosphatase reaction decreased with increasing 
dose of all fibres. The lowest dose which decreased the number 
of positive cells to less than 50% of control ones was 5 µg.cm-2 

of amosite (Fig. 1). 
Alveolar macrophages and type II cells were analysed for DNA 

damage by comet assay. Every fiber was tested in 3 separate expe-
riments and in every experiment two gels served as duplicates, it 
means that each data represents the average of 6 determinations. 

Cell
type

Fibre Dose (µg.cm-2 )

0 1 5 10 15 ∆ (15-0)
AM W 135 180.8 194.3 202.7 213.3 78.3

A 183 230 256.8 287 305.2 122.2
RW 208.8 234.2 272 294.3 305.7 96.9
GF 180.5 197.5 213.5 226.3 258 77.5

Type II W 85.4 148 159 197 190 104.6
A       163 192.8 209.7 243.3      260.5 97.5

RW 192 224 238.5 251.3 288.5 96.5
GF 154.5 174.2 189.2 197.8 216.5 62

Table 1.  DNA damage induced by fibres in alveolar macrophages and type II cells

Fig.1. The effect of exposure to various types and doses of fibers on the alkaline 
positivity of lung epithelial type II cells.
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Both cell types respond to the exposure to all studied fibres with 
dose-dependent increase in single strand DNA breaks (Table 1). 
Evaluation of the difference between the value after exposure to 
the highest fiber concentration (15 µg.cm-2) and the control one 
showed that in AM the enhancement of SBs was the same after 
exposure to wollastonite and glass fibres and the highest after 
exposure to amosite. In type II cells rockwool, amosite and wol-
lastonite evoked the same enhancement of DNA damage while 
the exposure to glass fibres showed smaller extent of damage. 
The cigarette smoke alone enhanced the number of SBs and the 
combination with 5 µg.cm-2 fibres showed synergic effect in all 
cases (Fig. 2A and 2B).

The electron microscopy revealed the changes in AM after 
phagocytosis of studied agents. Figure 3A shows the intact con-
trol cell. Lots of particles can be found in AM after exposure to 
wollastonite (3B), electrodense rectangular rockwool particles 
are seen after exposure to rockwool (3C), amosite stronly da-

maged AM (3D) and after exposure to cigarette smoke some 
electrondense bodies can be visualized in the cells (3E). The 
concentration of wollastonite and rockwool was 5 µg.cm-2 and 
of amosite 1 µg.cm-2 .

DISCUSSION

Our knowledge about possible effect of man made mineral fibres 
in the lung is limited and that was the cause of studying 3 types 
of fibres in in vitro system of lung target cells: AM and type II 
cells. The effect was compared with that of amosite (asbestos). 
The fibre size distribution of all studied fibres was similar (unpub-
lished data). 

The transmission electron microscopy showed different reac-
tion of cultured AM to fibres: amosite in the lowest tested dose 
(1µg.cm-2 ) caused destruction of macrophages while other fibres 

Fig. 3. Alveolar macrophages. (A) control cells, (B) cells after exposure to wollas-
tonite, (C) cells after exposure to rockwool, (D) cells after exposure to amosite, 
(E) cells after exposure to cigarette smoke. Original magnification: x 8300.

Fig. 2. DNA damage in alveolar macrophages (A) and type II cells (B) treated with fibres, cigarette smoke and their combination. CS - cigarette smoke. For other 
acronymes see text.

Fig. 2aA Fig. 2bB

Fig. 3aA

Fig. 3bB



S46 S47

at five times higher dose were phagocytized without destruction of 
the cell. As AM represent the first line of lung defence mechanism 
their destruction can start a cascade of events in the lung (6).

Alkaline phosphatase is a functional marker enzyme of type 
II cells (7) but the significance of this remains unclear. The de-
crease in activity may be the consequence of the toxic effects of 
tested fibres.

There are reports in literature about DNA damage in various 
cell types after exposure to both asbestos (crocidolite-8,9, chry-
sotile-9,10) and non-asbestos fibres (glass fibres-11). Crocidolite 
evoked in transformed human mesothelial cells only small effect 
which was neither concentration (1-4 µg.cm-2 ) nor time (0.5-48 h 
exposure) dependent (8). Studies on SV40-transformed rat pleural 
mesothelial cells with chrysotile and crocidolite showed concen-

tration (to 10 µg.cm-2 ) related DNA damage (9). DNA damage 
was seen also in A549 cells (human lung epithelial cells) after 
1 h exposure to 40 µg.cm-2 of chrysotile (10). Glass fibres evoked 
dose dependent (0-13.8 µg.cm-2 ) DNA damage of Hel 299 (hu-
man embryonic lung fibroblast) and V 79 (chinese hamster lung 
fibroblasts) after 3 h exposure (11). Our experiments with primary 
cells give evidence of DNA damage after 24 h exposure to both 
asbestos (amosite) and non-asbestos fibres. The damage was in all 
cases dose dependent. The extent of type II damage was the same 
after exposure to amosite, rockwool and wollastonite. In cultured 
AM the damage after exposure to amosite was higher than with 
other fibres. By comparison of our results and those from above 
cited papers we can conclude that the effect of fibres (as concer-
ning DNA damage) may be different in various cell types. The 
novelty of our experiment was that we were testing the cell types 
which are the real target cells for the fibres. Some discrepancies 
between authors can be caused also by different experimental 
conditions as for instance dose and time. Positive comet assay 
results indicate direct or indirect interaction of the test material 
with the genome. Because the comet assay is an indicator test, 
effects need not be directly related to mutagenesis (11).
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