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SUMMARY

The aim of this work was to compare the influence of amosite-asbestos and wollastonite fibrous dusts combined with cigarette smoke on chosen
cytotoxic parameters of bronchoalveolar lavage fluid (BALF) in rats. Fisher 344 rats inhaled wollastonite or amosite fibrous dusts (60 or 30 mg.m*
air) one hour every two days combined with daily breathing of diluted mainstream tobacco smoke (30 mg of TPM.nr*air). The experiment lasted 6
months. After sacrifying the animals bronchoalveolar lavage (BAL) was performed and the viability and phagocytic activity of alveolar macrophages
(AM), lactate dehydrogenase (LDH) and alkaline phopshatase activity (in the cell-free BALF), acid phosphatase (ACP) and cathepsin D activity
(in cell-free BALF and BAL cell suspension) were examined. Exposure to amosite without tobacco smoke significantly decreased the viability
of AM and increased the cathepsin D activity in BAL cells. Exposure to wollastonite significantly increased only the cathepsin D activity in BAL
cells. Smoking significantly depressed the phagocytic activity of AM and amplified the amosite-induced increase of lysosomal enzyme activities
- especially the activity of cathepsin D in BAL cells.
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INTRODUCTION after the Second World War, when the pathogenicity of asbestos

became a world problem (1). Epidemiological studies on people
The pathogenic effect of asbestos has been known since the begin-  exposed to asbestos together with animal experiments and studies
ning of the 20th century, but the interest in it increased especially  in vitro confirmed the adverse effect of asbestos including its
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genotoxicity and carcinogenity (2, 3). The great health risk of
asbestos materials led to the ban of its usage in most of coun-
tries and started searching for other materials with comparable
technical parameters but with lower health risk. Various types of
man-made mineral fibers have been developed and together with
some naturally ocurring mineral fibres they are used as asbestos
substitutes (4). Their biological effects are still unclear and have
to be evaluated. In this experiment amosite-asbestos was used
as a positive control for the evaluation of effects of wollastonite
— an asbestos substitute.

Wollastonite is a naturally occurring acicular metasilicate. Wol-
lastonite fibers are rather similar in form, length, and diameter to
amphibole asbestos fibers but mineralogically they are different
(5). Wollastonite is considered to have lower negative effects on
the respiratory tract than asbestos (6, 7). The hypothesis explai-
ning these differences is based on the more effective elimination
(lower biopersistence) of wollastonite fibres (8). Despite of this
fact, the impact of wollastonite on the respiratory tract is not
quite negligible (5,6) and might be amplified by another noxae,
e.g. cigarette smoke.

MATERIAL AND METHODS

Details for animals, animal maintenace, exposure devices and
schemes and amosite fibre size distribution are described in the
work of Beno et. al published in this journal issue (9). Wollastonite
fibre size distribution is shown in Table 1.

BAL performance and cell separation. After the 6 month ex-
posure the animals were anesthetised by thiopental (150 mg/kg
of animal), exsanguinated by cutting the vena cava caudalis and
BAL was performed by modified method of Myrvik described
in work of Hurbankova and Kaiglova (6). The BAL fluid was
centrifuged at 450 g for 10 minutes at 4 °C, the cell free bron-
choalveolar lavage fluid (BALF) was transferred into the clean
glass tubes and the cell sediment was resuspended and adjusted
to 1x10°cells/ml by adding sterile saline solution

Examined parameters of BAL: phagocytic activity and viability
of AM (6), activity of LDH (LD 105 UV Lachema Brno, Czech
Republic) and AP (10) in cell-free BALF, activity of ACP (Acid
phosphatase EC 3.1.3.2. Randox Laboratories, Antrim, U.K.)
and cathepsin D (11) in cell-free BALF and BAL cell sediment.
Protein was measured by the method of Lowry. Activity of LDH
was measured immediately after the BAL cell separation. Sam-
ples of cell-free BALF and BAL cell suspension for measuring
other enzyme activities were stored at —70 °C until the time of
analysis.

Statistical methods. Mann-Whitney test was used for the
comparison of values from chosen groups.

RESULTS

Significant decrease of AM viability was detected only after
exposure to higher dose (60 mg.m? air) of amosite. Inhalation
of lower dose of amosite and inhalation of wollastonite did not
change this parameter (Table 2).

Exposure to wollastonite or amosite without tobacco smoke
did not change the phagocytic activity of alveolar macrophages.

Table 1. Length and diameter of used wollastonite fibres

Length Proportion Diameter Proportion
(Hm) (%) (Hm) (%)
1-10 48 =1 47
11-30 40 <1 22

>30 12 <3 21
=3 6
>3 4

Table 2. Significance of changes in cytotoxic parameters after inhalation
exposure

Fibrous | Tobbaco | Tobbaco smoke
dust smoke + fibrous dust
alone alone

Dose (mg.m?) 60 0 | 60
amosite inhalation
Viabilty | | | v
wollastonite inhalation
Phagocytic activity 1
ACP (cell-free BALF) T¥
Cathepsin D (BAL cells) T T T

Comparison of exposed groups with the correponding control group:
*p<0.05; ** p<0.01; T increase; ¥ - decrease
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Fig. 1. Phagocytic activity of alveolar macrophages after amosite inhalation.
Error bars represent standard error of mean. Comparison with the control group:
*p < 0.05; **p <0.01.

Significant decrease of phagocytic activity was found in groups
exposed to smoking without fibres (Table 2) and after combined
exposure to amosite and tobacco smoke (Fig. 1).

The differences of LDH activity in cell-free BALF between
the exposed groups and their corresponding controls were not
significant. Similarly no significant changes were found in the
activity of alkaline phosphatase.
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Fig. 2. Activity of cathepsin D in cell-free bronchoalveolar lavage fluid after amo-
site inhalation. U, . g of tyrosine released in an hour time. Error bars represent
standard error of mean. Comparison with the control group: *p < 0.05.

The activity of acid phosphatase in cell free BALF signifi-
cantly increased in the group exposed to 30 mg of wollastonite
combined with tobacco smoke (Table 2). Changes in other groups
were not significant .

Activity of cathepsin D in cell-free BALF did not change in
any group after wollastonite exposure and in groups exposed to
amosite without tobacco smoke. Significant increase of activity
was detected in combined exposure - amosite (30 mg.m? air)
with smoking (Fig. 2).

The ACP activity in BAL cell sediment of groups involved
into wollastonite exposure experiment remained unchanged. No
changes were found also in groups exposed to smoking without
amosite fibres and to lower dose of amosite without cigarette smo-
ke. A visible rising trend after combined exposure (amosite and
tobacco smoke) and exposure to higher dose of amosite without
cigarette smoke was not significant.

Cathepsin D activity in BAL cells of animals exposed to wol-
lastonite was significatly higher than in the control group, but the
influence of smoking was not detectable (Table 2). Cathepsin D
activity in BAL cells of animals after amosite exposures was signi-
ficantly influenced both by amosite (60 mg.mair) and smoking. In
combined exposure with higher dose of amosite might be the effect
of these two substances considered more than additive (Fig. 3).

DISCUSION AND CONCLUSIONS

Strongly dose dependent decrease of AM viability after amosite
inhalation (p<0.01) found in this experiment is in accordance with
previously described effect of asbestos (6).

The expected influence of amosite exposure on the phagocytic
activity of AM (6, 12) was not found. This absence might be
explained by short time of inhalation exposure (only one hour)
and by relatively long time between two consecutive exposures
in comparison with other authors (13).

Increase of LDH and AP activity in extracellular fluids are
generally accepted as a good marker of cell or tissue injury and
used for evaluation of the cytotoxic effect of fibrous dust (14,
12, 14, 15). We did not find significant changes in activities of
LDH and AP as well as in the activities of measured lysosomal
enzymes in BALF after amosite inhalation. We suppose that the
reason might be similar as we described in the case of phagocytic
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Fig. 3. Activity of cathepsin D in bronchoalveolar lavage cells after amosite
inhalation. U, : g of tyrosine released in an hour time. Error bars represent stan-
dard error of mean. Comparison with the control group: *p < 0.05; **p <0.01.

activity, i.e. short exposure time and long inter-exposure reco-
very time with consequent lower degree of lung tissue damage.
Great variability of values might contribute to the latter and also
to absence of significant changes in ACP activity in BAL cells.
Cathepsin D activity in BAL cells was after amosite inhalation
significantly changed. These results are in good accordance with
the work of Sjdrstrand et al.(20)

We can conclude that:

o wollastonite inhalation confirmed the low cytotoxicity of
wollastonite. Significant changes were found only by measure-
ment of cathepsin D activity in BAL cells;

¢ smoking significantly depressed the phagocytic activity and
increased the activity of cathepsin D in the cell-free BALF and
in BAL cells;

o influence of combined exposure was found only in groups ex-
posed to amosite and cigarette smoke (phagocytic activity of AM,
cathepsin D activity). The most expressive changes after combined
exposure were found in the case of cathepsin D activity in BAL cells;

e measurement and evaluation of lysosomal enzymes activi-
ty in BAL cells is more relevant than measurement in cell-free
BALF,

e cathepsin D activity (especially in BAL cells) can be consi-
dered as the most sensitive parameter for detection of cytotoxic
influence of studied noxious substances.
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