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FIG. 3. Guinea-pig alveolar macrophages incubated with (a) chrysotile, (b) glass fibre, and
(c) glass powder of similar composition, then stained with erythrosin B. Both fibrous dusts
produced an increased membrane permeability so that many cells were stained. Although the
powdered glass was ingested by the macrophages, there was little increase in membrane perme-
ability. x 375. Interference filter.
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FIG. 4. Guinea-pig alveolar macrophages 120 minutes after incubation with fibrous dust: (left) glass fibre, (right)
chrysotile (150 Lg/106 cells). More than one macrophage are attached to the long fibres. Phase contrast x 800.

2. A secondary reaction after some dusts have
been phagocytosed is due to intracellular damage.
It increases the membrane permeability and de-
creases the metabolism. It follows the ingestion of
quartz but not corundum.

3. Long fibres of glass or asbestos increase the
permeability of the cell membrane while they are
being phagocytosed but they also increase the
metabolism (Beck, 1970; Beck et al., 1971). The
ingestion of long fibres by cells is a slow process and
it may be incomplete, thus the increased perme-
ability may be sustained for many hours. Fibres with
a length that exceeds the cell diameter may remain
partly extracellular or several cells may become
attached to one fibre, forming a structure resembling
a string of beads (Fig. 4).
The evidence for the three types of change pro-

duced in the cell by dusts, as recorded in this and
previous reports, may be summarized:

1. Quartz dust is rapidly cytotoxic but corundum
is not. Although short fibres of asbestos and glass
are phagocytosed as rapidly and completely as is
quartz, this secondary toxic effect is not observed.
This indicates that the secondary effect is due to
composition rather than shape.

2. Long glass fibres, like long chrysotile fibres,
increase the permeability of the cell membrane.
Glass powder which has an identical chemical
composition to the glass fibre behaves like the 'inert'
dust corundum, producing no increase in perme-
ability. Photomicrographs of cultures to which the

three dusts had been added and which were subse-
quently stained with erythrosin B are shown in
Figure 3. The change in membrane permeability
appears to be related to the process of incorporation
of the fibre; the shape of the fibre and not its
chemical composition must be responsible.

3. The addition of 5% serum to the culture
medium increases the number of cells stained by
erythrosin and the LDH value. Serum contains a
phagocytosis-stimulating factor so that more fibres
are phagocytosed. Protein from the serum is ad-
sorbed by the fibres but this does not inhibit the
permeability change. This suggests again that the
shape of the fibres, particularly the length, rather
than the nature of the surface is responsible for the
increased permeability. Since more fibres are phago-
cytosed, there is an increase in cell metabolism and
an increase in lactate production.

4. Treatment of chrysotile with dilute acid pro-
duces a still greater membrane permeability but a
decrease in the lactate synthesis. The acid does not
alter the morphology of the chrysotile fibres but it
removes magnesium ions and leaves a surface re-
sembling that of silica. The secondary toxic effect is
now introduced. If the acid-treated chrysotile is
treated with polyvinylpyridine N-oxide, the toxicity
is reduced; membrane permeability now compares
with that of untreated chrysotile and the metabolic
rate is restored (Beck et al., 1971).

5. Chrysotile that has been heated with strong
acid is changed structurally and chemically; most of
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the magnesium is removed and silanol surface
remains (Clark and Holt, 1961). Its action on macro-
phages resembles that of quartz. Pretreatment with
polyvinylpyridine N-oxide eliminates these cytotoxic
effects (Beck, 1970).

In this connexion the findings of Szentei (1970)
are relevant. She found that 0'25 mg chrysotile
produced 40% haemolysis of erythrocytes in vitro
but 8 mg glass fibre or 5-2 mg glass powder were
required to produce the same degree of haemolysis.
It follows that the haemolytic effect depends on the
chemical composition rather than the morphology
or length of the fibres. It is probable that the mono-
layer technique of cell culturehas some disadvantages
when fibrous dusts are investigated. Because the cells
lie in a plane, some fibres do not come into contact
with cells but form a network in the medium above
the monolayer, an effect that is being investigated.

The authors acknowledge the technical assistance of Mrs.
I. Wahle and Mrs. L. Ortlepp.
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