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The in vitro effect of stone-wool has been studied in primary cultures of pulmonary alveolar macrophages (AM) 
and type II pneumocytes (T2) by morphological, biochemical and immunological methods. UICC crocidolite was 
applied as a positive control. Although stone-wool brought about frustrated phagocytosis, it did not induce serious 
membrane damage, whereas crocidolite gave rise to very severe membrane alterations. Stone-wool significantly reduced 
the activity of Cu,Zn/superoxide dismutase (SOD) in alveolar macrophages and significantly decreased the activity of 
γ-glutamyl transpeptidase (GGT) in pneumocytes type II. Crocidolite, on the other hand, decreased the activity of all 
enzymes (glutathione peroxidase – GSH-Px, glutathione reductase – GSH-Rd) of glutathione metabolism in alveolar 
macrophages. It decreased the activity of all enzymes in pneumocytes type II except for Cu,Zn/SOD. After exposure to 
stone-wool, the production of inflammatory proteins, macrophage chemoattractant protein-1 (MCP-1) and macrophage 
inhibitory protein-1α (MIP-1α) increased in both cultured cells but did not reach the level induced by crocidolite.

Although this study provided a useful insight in the toxicity of the stone-wool, we can not draw the conclusions how 
the intact pulmonary tissue may respond on the exposure to these fibres, exclusively based on the in vitro tests.

INTRODUCTION

Stone-wool is widely used as a replacement for asbes-
tos and in horticulture. Stone-wool consists of calcium-
magnesium-aluminium silicate, with ferric and ferrous 
oxide as a surface layer. Although the main exposure route 
is the respiratory tract only limited or unsubstantiated 
information concerning its long-term inhalation toxicity 
is available. Therefore the long-term effect of stone-wool 
on the lungs was studied. Further data on its direct toxic ef-
fects in pneumocytes and alveolar macrophages are scare 
and there is only inadequate evidence for carcinogenicity 
of stone-wool in humans1. 

Since more and more results imply that the formation 
of free radicals plays a role in the development of fibrosis 
and malignancies2, 3, the pulmonary antioxidant defense 
mechanism was studied in alveolar macrophages and type 
II pneumocytes. These cells are the most important com-
ponents acting against xenobiotics in the detoxification 
processes of the lungs. Because close connection is pre-
sumed between the production of proinflammatory pro-
teins and the release of free radicals, secretion of MCP-1 
and MIP-1α (which contribute to the initiation and out-
come of inflammation in the lungs4) by alveolar macro-
phages and type II pneumocytes was studied. Therefore 
in vitro studies were carried out to clarify the long-term 
effect of stone-wool and the possible role of free radicals 
and chemokines.

MATERIALS AND METHOD

Three series of experiments were performed and six 
animals were used in each experiment. Alveolar macro-
phages and type II pneumocytes were isolated from male 
Sprague-Dawley rats (Charles River Hungary, Isaszeg) 
weighing 180–200 g. Under intraperitoneal sodium pento-
barbitone anaesthesia (35 mg.kg–1 of Nembutal, Sanofi, 
Budapest), the animals were exsanguinated by cutting the 
abdominal aorta. Having open the chest, the lungs were 
perfused through the pulmonary artery with 0.9% saline, 
the lungs and trachea were removed from the thoracic cav-
ity, and subsequently, 8–9 ml of 0.9 % saline was instilled 
five times via a tracheal cannula (bronchoalveolar lavage 
– BAL). The macrophages were collected from the BAL. 
The lungs were digested by protease solutions, then type 
II pneumocytes were obtained by the method of Richards 
et al 5 and Hoet et al6. The cells were plated on 24-well 
plates (Gibco, 106 cell/ml) and placed in a CO

2 
incubator 

for 20 h at 37 oC. Dulbecco’s Modified Eagle’s Medium 
(DMEM, Sigma) was changed after 20 h. DMEM con-
tained the stone-wool (Republic of China, Gangzhou) and 
crocidolite fibres (Sheffield, UK) at concentrations of 1, 
5, 10 µg/mland were exposed for 20 h. Control cells were 
exposed only to medium.

Biochemical analysis. After exposure to fibres, the su-
pernatant was used for ELISA (see Immunology). The at-
tached cells were treated with Triton X-100 (0.1% v/v) for 
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10 min and the enzyme activities were determined. SOD, 
GSH-Px, GSH-Rd activity was measured with a Randox 
kit (Randox, Izinta, Budapest)7,8. GGT activity was de-
termined by Szasz method9. AP activity was measured 
according to the DGKC (Deutsche Gesellschaft Klinische 
Chemie) method and protein content was determined by 
pyrogallic method (Ultrasensitive protein kit, AL instru-
ments Ltd.). Each measurement was carried out by an 
automated method (AL+Clinical Chemical analyser) and 
all determinations were performed in duplicate. The re-
sults were expressed as milliunits of activity per milligram 
of protein.

Cytochemistry. Alkaline phosphatase (AP) activity. 
Control and treated cells were incubated in a mixture 
of AS-TR phosphate (Sigma) and Fast Red (Sigma) at 
pH 8.4 in wells at room temperature (RT) for 30 min. 
Positive cells were stained bright red. Only cells with four 
or more lamellar bodies were considered to be type II 
cells10. Altogether 1000 cells were counted; positive cells 
were expressed in percentage of 1000 cells.

Lectin histochemistry. Pneumocytes and macrophages 
were fixed in neutral buffered formalin (pH 7.4) for 10 min 
at RT. The cells were incubated with biotinylated lectins 
(20 µg/ml, Sigma) for 20 min at RT. Maclura pomifera 
agglutinin (MPA) is a characteristic of terminal α-D-galac-
tose/galactosamine moieties for the membranes of pneu-
mocytes type II, Bandeiraea simplicifolia agglutinin (BSA) 
is a characteristic of terminal N-acetyl-α-D-galactosamine 
sequences in the membrane of alveolar macrophages.

Immunology. Measurement of MCP-1 and MIP-1α levels 
from the supernatant of cultured AM and T2: the mono-
clonal antibody-based sandwich ELISA method was used 

for the measurement of MCP-1 and MIP-1α levels in cell 
culture supernatants (106 cells/ml) of alveolar macro-
phages and pneumocytes type II. Optical densities were 
measured at 405 µm wavelength using multiscan ELISA 
reader. Concentration of the samples was calculated using 
the calibration curve generated by software (Genesis).

Distribution of particle size. Particle size distribution 
and composition of stone-wool fibres are given in Table 1 
and Table 2.

Statistical analysis. Results were expressed as means 
± SEM. All data were analysed by one-way ANOVA. The 
significant difference between the groups was tested using 
a two-way paired t test. A value of p < 0.05 was considered 
to be significant.

RESULTS AND DISCUSSION

In alveolar macrophages stone-wool increased GSH-
Px, GSH-Rd activity (p < 0.01, Fig. 1A, B), but the activ-
ity of Cu,Zn/SOD (p < 0.05, Fig. 1C) and AP activity 
decreased significantly (p < 0.001, Fig. 1D). Crocidolite 
significantly decreased the activity of each enzyme, except 
for Cu,Zn/SOD (Fig. 1C) and GGT (Fig. 1E).

In type II pneumocytes stone-wool decreased the ac-
tivity of AP and GGT (*: p< 0.01, Fig. 2D, E), whereas 
UICC crocidolite significantly decreased the activity of 
all parameters (Fig. 2A, B, C, D, E).

The viability of both types of cells was 92–94 % in 
controls (trypan blue exclusion test). The number of AP 
positive cells showed that the purity of culture averaged 
81 % in three experiments. The number of AP positive 

Table 1. Distribution of particle size

Length [µm] % fibres diameter [µm] % fibres

< 10 24 ≤ 1 41

10–20 32 1–3 30

20–30 13 ≥ 3 29

> 30 31

Table 2. Chemical composition of stone wool (CSR Guangzhou Office, China)

Chemical mark Name Rate in %

SiO
2

Silicon oxide 37.8 %

Al
2
O

3
Aluminium oxide 13 %

Fe
2
O

3
Ferric oxide 11.6 %

FeO Ferrous oxide 11.6 %

CaO Calcium Oxide 15.3 %

TiO
2

Titanium Oxide 1.8 %

MgO Magnesium Oxide 11 %

Na
2
O Sodium Oxide 2.5 %
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Fig. 1. Primary culture of alveolar macrophages after treatment with stone-wool and crocidolite. The data presented are 
means ± SEM of three experiments (*: p < 0.05; ** : p < 0.01). A: activity of GSH-Px; B: activity of GSH-Rd; C: 
activity of Cu,Zn/SOD; D: activity of AP; E: activity of GGT.

cells was 40 % at 5 µg/ml (LC
50

) of stone wool, but 50 % 
of pneumocytes was stained at 1 µg/ml (LC

50
) of croci-

dolite.
In lectin histochemistry, membranes of the control 

AM and type II showed regular, linear staining with BSA 
and MPA. Under the effect of crocidolite, at 1 µg/ml, 
membranes of AM fragmented irregularly and frustrated 
phagocytosis could be found in AM. Stone-wool injured 
the membranes moderately at 5 µg/ml and gave rise to 
incomplete phagocytosis in a small fraction of cells.

Stone-wool decreased the activity of Cu,Zn/SOD in 
the alveolar macrophages and GGT activity in pneumo-
cytes II. With the reduction of these enzymes, stone-wool 
decreased the adaptive mechanism of these cells11, how-
ever, to a lesser extent than crocidolite. On the basis of 
these results, stone-wool did not seem to be toxic to the 
enzymes of glutathione metabolism examined in cultured 
macrophages and pneumocytes type II. These effects may 
be related to very mild morphological changes

Immunological studies revealed that stone-wool and 
crocidolite significantly increased MCP-1 production in 
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Fig. 2.  Primary culture of type II pneumocytes after treatment with stone-wool and crocidolite. The data presented are 
means ± SEM of three experiments (*: p < 0.05;** : p < 0.01). A: activity of GSH-Px; B: activity of GSH-Rd; 
C: activity of Cu,Zn/SOD; D: activity of AP; E: activity of GGT.

Fig. 3.  Primary culture of pneumocytes type II and alveolar macrophages after treatment with stone-wool or crocidolite. 
The data presented are means ± SEM of three experiments (*: p < 0.05; **: p < 0.01). A: MCP-1 production in 
pneumocytes; B: MCP-1 production in macrophages; C: MIP-1α production in pneumocytes; D: MIP-1α production 
in macrophages.
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both AM and type II cells (p < 0.01, Fig. 3A, B) while 
the production of MIP-1α was increased mainly in type II 
cells (p < 0.01, Fig. 3C, D). Crocidolite evoked higher 
production of both chemokines in both cell types than 
stone-wool.

Stone-wool induced the expression of MCP-1 and MIP-
1α to a lesser extent than crocidolite what suggests moder-
ate influence on the activity of alveolar macrophages and 
type II pneumocytes whithin alveolar space12,13. Although 
these chemokines may influence the outcome of patho-
logical alterations on the basis of above results, it can not 
be definitely stated that stone-wool induced malignancies 
in the period examined.

Although this study provided a useful insight into the 
toxicity of the above fibres, we can not draw the conclu-
sions how intact pulmonary tissue may respond to the 
exposure to these fibres.

ACKNOWLEDGEMENT

This research was supported by the Hungarian Scientific 
Research Fund (T-46773-OTKA) FIBRETOX (QLK4-1999-
01629), Hungarian Research and Developmental Project 
(NKFP-1B047-07), Medical Research Council (ETT 154/
2003-2006).

REFERENCES

 1. IARC. Man-made vitreous fibres. IARC Monograph 81. Lyon: 
IARC, 2002. p. 338.

 2. Kamp DW, Graceffa P, Pryor WA, Weitzman SA. (1992) The role 
of free radicals in asbestos-induced diseases. Free Radic Biol Med 
11, 568–76.

 3. Quinlan TR, Marsh JP, Janssen YMW, Borm PA, Mossman BT. 
(1994) Oxygen radicals and asbestos mediated disease. Environ 
Health Perspect 102, 107–10.

 4. Crapo JD, Harmsen AG, Sherman MP, Musson RA. (2000) 
Pulmonary immunobiology and inflammation in pulmonary dis-
eases. Am J Respir Crit Care Med. 162, 1983–6.

 5. Richards RJ, Davies N, Atkins J, Oreffo VIC. (1987) Isolation, 
biochemical characterisation and culture of lung epithelial cells of 
the rat. Lung 165,143–58.

 6. Hoet PHM, Lewis CPL, Demedts M, Nemery B. (1994) Putrescine 
and paraquat uptake in human slices and isolated type II pneumo-
cytes. Biochem Pharmacol 48, 517–24.

 7. Fridovich I. (1986) Superoxide dismutases. Adv Enzymol 58, 
61–97.

 8. Meister A, Anderson ME. (1983). Glutathione. Annu Rev Biochem 
52, 711–60.

 9. Szasz G. (1969) A kinetic photometric method for serum gamma 
glutamyl transpeptidase. Clin Chem 15, 124–36.

10. Edelson JD, Shannon JM, Mason RJ. (1988) Alkaline phosphatase: 
a marker of alveolar type II cell differentiation. Am Rev Respir Dis 
138, 1268–75.

11. Kugelman A, Choy HA, Liu R, Shi MM, Gozal E, and Forman HJ. 
(1994) Gamma glutamyl transpeptidase is increased by oxidative 
stress in rat alveolar T2 epithelial cells. Am J Respir Cell Mol Biol 
11, 586–92.

12. Paine R, Rolfe MW, Standiford TJ, Burdick MD, Rollins BJ, Strieter 
RM. (1993) MCP-1 expression by rat type II alveolar epithelial cells 
in primary culture. J Immunol 150, 4561–70.

13. Vallyathan V, Shi X. (1997) The role of oxygen free radicals in 
occupational and environmental lung diseases. Environ Health 
Perspect 105, 165–77.

The effect of asbestos and stone-wool fibres on some chemokines and redox system 
of pulmonary alveolar macrophages and pneumocytes type II



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


