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Sister chromatid exchange (SCE) quantitation is a
sensitive test with which to detect the effects of
mutagens and has been used to determine the
clastogenic potency of materials such as mineral
fibres.' 4 Attapulgite fibres are used for many
different industrial purposes and their carcinogenic
potency needs to be evaluated but until now few data
have been available. Pott et al found that palykorskite
fibres were carcinogenic in rats' and Wagner reported
that attapulgite from Spain induced mesotheliomas
when injected into the pleural cavity of Fischer 344
rats6 ; short attapulgite fibres did not increase the inci-
dence of tumours.'
The aim of the present work was to test the in vitro

effect of attapulgite on SCE induction. Since pleural
mesothelial cells are target cells in fibre related dis-
eases, the test was performed on rat cell cultures and
the effects were compared with those obtained with
crocidolite fibres. In addition, benzo 3-4 pyrene (BP)
was used to assess the reactivity of mesothelial cells to
a known mutagen.

Material and methods

PARTICLES AND CHEMICALS
A sample of attapulgite was obtained from Senegal
bed. Electron microscopic studies showed that the
particles had a fibrous shape with a length less than
2 jm. Crocidolite was obtained from the Union Inter-
nationale contre le Cancer, BP was supplied by
Sigma, and dimethyl sulphoxide (DMSO) by Merck.
The particles were suspended in culture medium
(200 jig/ml) and dispersed by sonication for 10
minutes (20 kHz, 20 w). BP was solubilised in DMSO
or in acetone.

CELLS
Rat pleural mesothelial cells (RPMC) were cultured
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as described elsewhere.8 Briefly, RPMC was grown at
37°C in Ham FlO supplemented with 10% fetal calf
serum, cysteine 200 jg/ml, vitamin C50 jg/ml, glu-
tamine 233 jg/ml, penicillin 100 units/ml, and strep-
tomycin 50 jg/ml. The pH was adjusted with 1%
HEPES. Secondary cultures were used; the cells were
between the 12th and 15th passage (about 20-25
doublings).
RPMC were routinely passaged using a tryp-

sinisation procedure. Twenty four hours after tryp-
sinisation RPMC were treated with different concen-
trations of fibres (10, 15, and 20 jg/ml) for 48 hours
or with 0-5 jig/ml BP solubilised either in DMSO or in
acetone, for different periods; the final DMSO and
acetone concentration were 0-1%. RPMC were then
treated with 10 jg/ml of 5-bromodeoxyuridine
(BrdUrd) for 70 hours corresponding to about two
cell cycles.

Chromosome preparation and staining
Colcemid (final concentration 0 33 jg/ml) was added
during the final 90 minutes of incubation. Mitotic
cells were collected by mild trypsinisation, centrifuged
(15 min, 300 x g), and treated at 37°C with 0-075 M
hypotonic KCI for 30 minutes. Cells were fixed twice
in methanol: glacial acetic acid (3:1) at + 4°C.
Spreading and staining were performed according to
the method of Dutrillaux and Couturier.9 Slides were
stained with Hoechst 33258 (5 jg/ml), exposed to a
germicide lamp in 0-1 M phosphate buffer, pH 6-8 for
two hours, and incuibated in 2 x super concentrated
solution (0-3 M sodium chloride 0-03 M trisodium
citrate) at 60°C for 30 minutes. Cells were stained
with 3% Giemsa.

Scoring and statistical analyses
Thirty metaphases having 38-42 chromosomes per
metaphase were scored. The results were expressed as
number of SCEs per metaphase. The Mann-Whitney
test was used to compare the data obtained with
untreated and treated cultures and the effect of dose
or time of exposure to the particles or chemicals.
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Table I Percentage ofmetaphases in a given cell cycle
according to period ofincubation

Time ofincubation with BrdU (hours)

50 64 67 72

1 st cell cycle 90 26 12 2
2nd cell cycle 10 68 78 85
3rd cell cycle 0 4 10 13

100 metaphases were analysed for each incubation time.

Results

To obtain a maximal number of metaphases from
cells having performed two cell cycles the frequency
of these metaphases were determined according to the
period of incubation with BrdU. Table 1 shows that
the maximum number was obtained at 72 hours. A
period of 70 hours was retained for the present experi-
ments.

Attapulgite did not induce SCEs. Table 2 shows
that no significant increase in the number of SCEs per

metaphase was obtained with 10 or 20 jg/ml.
Crocidolite fibres were potent in increasing the
number of SCEs per metaphase, which was
significantly enhanced at all experimental doses.

Achard, Perderiset, Jaurand
After treatment with BP a significant increase in

SCEs was obtained whatever the solvent, DMSO, or
acetone (table 3). The SCE level increased with time;
this effect was stronger at the beginning of the experi-
ment and was more or less stationary after 20 hours.

It should be noted that 0-1% DMSO slightly
increased the number of SCEs per metaphase, but the
difference when compared with untreated controls
was not significant, except after five hours in one
experiment. Acetone 0 1% also increased SCEs and
the difference was significant at 48 hours. The effect of
BP solubilised in acetone was higher than when solu-
bilised in DMSO.

Discussion

To our knowledge the cytogenetic effects of
attapulgite have not been published. Recently
Denizeau et al reported negative results when testing
for unscheduled DNA synthesis by attapulgite fibres
on hepatocytes.50 Our data indicate that attapulgite
did not induce SCEs in cultured RPMC; this was not
due to a lack of fibre ingestion because intracellular
fibres were seen on sections observed with electron
microscopy. According to our results, crocidolite con-
trasted with attapulgite; indeed 10lg/ml of cro-
cidolite fibres increased the level of SCEs by about

Table 2 SCE induction by minerals

Treatment (ug/ml) Control Attapulgite Crocidolite

10 20 10 15 20

No of chromosomes 1 407 + 12 41-1 + 1-4 41-7 + 1-4 416 + 09 406 + 1-4 41-5 + 0-8
permetaphase* 2 402 + 14 405 + 1-4 41-7 + 04 407 + 1-3 404 + 15 -

SCEs per metaphase* 1 99 + 2-1 9-9 + 3-4 11-2 + 39 13-6 + 38 143 + 3-3 12-4 + 40
2 9 7 + 2-2 9-8 + 2-2 10 3 + 2-6 12-9 + 3 5 14-5 + 3-6 -

Test, p I1 - NS NS 0001 0001 005
2 - NS NS 0001 0001 -

*Values represent mean + standard deviation for 30 metaphases. 1 and 2 = different experiments.
Test compares control at each particle concentration.

Table 3 Induction ofSCEs by BP

Time (hours) Treatment

A B C D E
None DMSO BP in DMSO Acetone BP in acetone

5 1 11-6 + 29 11-6 ± 24$ 23-0 + 5.7** 12-0 + 3-1t 26-1 + 4-7**
2 9-7 + 2-2 11 3 + 2.5* 22-2 + 3.8** 11-4 + 2.5* 24-1 + 3.9**

SCEs 20 1 11-2 + 3-5 12-9 + 30$ 28-6 + 3-8** 12-8 + 3-5$ 28-6 + 59**
per 2 108 + 2-8 12-6 + 3-4t 29-9 + 3-9** 11-7 + 2-2$ 29-7 ± 4-3**
metaphaset 30 1 9 5 + 2-2 10-5 ± 2 5$ 30 3 + 2.9** 10-7 + 2-91 30-8 + 4-0**

2 10-7 + 2-1 11-1 ± 24t 31-6 + 3-2** 11-4 + 1-9$ 30-3 + 3-0**
48 1 102 + 3-6 11-3 27 314 + 5.8** 155 + 4-2** 39*4 + 9-6**

2 11-0 + 29 11-4 ± 2-3t 305 + 3-1** 138 + 2-7t 38-3 + 4-8**

Test: comparison between DMSO/BP in DMSO, acetone/BP in acetone, none/DMSO, or none/acetone.
*p < 0-01; **p < 0-001.
tValues represent mean + standard error for 30 metaphases.
$Not significant.
I and 2 = Two different experiments.

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.44.4.281 on 1 A
pril 1987. D

ow
nloaded from

 

http://oem.bmj.com/


Sister chromatid exchanges in rat pleural mesothelial cells

30% and by 40% in a concentration of 15 pg/mI. In
previous experiments chrysotile fibres also enhanced
the number of SCEs. " The lower effect with 20 gg/mI
of crocidolite fibres could be related to a cytotoxicity.
Indeed, the basis of the SCE method consisted in the
observation of metaphase cells; it is possible that the
cells having a high SCE 'evel are killed or strongly
injured cells and are then not detected. Similar results
have been obtained when chromosomal aberrations
were determined in chrysotile treated RPMC12; in
these experiments low doses induced a dose
dependent increase in abnormal metaphases whereas
higher concentrations resulted in several abnormal
metaphases similar to the number obtained with the
control. Conflicting data have been obtained with
crocidolite fibres since Casey3 and Price-Jones et a12
did not find SCEs increased in V 79-4 or CHO-K I.
By contrast, Livingston et al observed a significantly
raised SCE rate in medium and larger chromosomes
ofCHO cells.' These discrepancies could be related to
the different nature of the cells and also to the meth-
odology. Price-Jones et al used an experimental pro-
cedure different from the one described in the present
paper since the dusts were added while the cells were
in suspension.2 In our experiments RPMC were firstly
plated and then dust treated before their exposure to
BrdU and arrest in metaphase; this was done to assess
the unrepaired remaining DNA lesions.
BP was more potent than crocidolite fibres in

inducing SCEs. For example, after 30 hours of incu-
bation SCEs were enhanced by 300% whereas SCEs
enhancement did not exceed 48% after treatment
with crocidolite. It should be noted that acetone
induced a slight increase in SCEs after 48 hours of
incubation. This was not observed with DMSO and
suggests that the stronger effect of BP solubilised in
acetone when compared with DMSO could be due to
a synergism between acetone and BP. The results
obtained with BP indicate that cultured RPMC syn-
thetise BP metabolites which interact with DNA. This
is in agreement with a previous study showing that
RPMC are able to metabolise BP'3; RPMC may be a
useful model to study the chromosomal effects of
chemicals.

Conclusion

This attapulgite sample did not induce SCE in cul-
tured RPMC but crocidolite fibres produced SCEs. If
the SCE technique is taken as an indicator of a car-
cinogenic potency these results do not disagree with
animal data because the attapulgite sample used in
this experiment contained short fibres by contrast
with the paly-gorskite or Spanish attapulgite used by
Pott et al and Wagner6 respectively in their animal
experiments. According to Stanton's hypothesis these

short fibres would not be carcinogenic.14 Concerning
crocidolite fibres, their positive effect is in agreement
with their well known carcinogenicity in animals.'5 16
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