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Epideraiological studies have suggested that
mesoticiiomas of the pleura and peritoncum
are relucd to cxposure to asbestos dust.
Pleural mesotheliomas may ba produced in
rats following intra-plecral inocwlation of
asbestos dust and cxperimepts in 2aimals may
help in the determination of the faziers
irteocing the occurrencs of such tumours.
In tl.'s paper the results of thres experiment
in which asbestos was inoculated intra-
plevraliy into rats will be given.

EXperIMENTS

Expznin;2NT A: CosrarisoN of Tyres or
A3BESTOS

i
The treatinents were amositc, chirvsodle, crozidolite,
oil-extracted crocidolite and a s.uns contral. Thers
were 76 S.P.F. rats per traatment 2nd the cupen-
ment v-as duplicared with a similar numbor of
Standard rats. The dose wos 20 mg. of dust per rat
and the experiment wvas stoted at the end of 1962,

ExperinLiT B: VARyNG DOSE EXPERIMENT
This experiment involved oely  chryestile  and
croc:delite cach 1t § doscs, 0.5, I, 2, 4 aad S inol
pec 2t with 12 rafs per dose per dust. Iajeciion

as cueing March 1963,

ExrERIMENT C: CoMPARISON OF CaNADIAN
CHRYSO1ILES

Samples of chrysoiile from seven Canadian mines
were ustd, the same chrysonle as in exporinents
A and B aad a s:line conwrol. Thc dose
20 mg. per eot, ond there v 16 rats per Can
chr"tol'lc 3 for the oniginal sampiz of chry:
angé.;s contrels. Imscuon was curing Dicenther
19
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Thus a inssothalicnia ¢an e said o be o dimaet
result of inoculatica with asbestos.
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Mesotheliomas in Rats

number of cclls are considered at rick of
malignaney and a cancer cell is formed when
the first such cell succumbs. Sccondly the
model would hold if a cancer cell was the end
result of % successive cellular changes. With
both approachss the constant ¢ is related o
the dose and 1 is the induction or latent
period. In our anzlysis we will 2iso describe
the age-specific  nmawral death rate  as
expla + bt) which gives a satisfactory fit to
our control groups “and has been used in
cpidemiological studies.

RESULTS

F xperiment A. The percentages of rats.

devcloping mesotheliomas are given in Table
1. We note that the SPF and Standard rats

TABLE 1: PERCENTAGE OF RaTs DrveLorING Mxso-
THELIOMA~—EXPERIMENT A

SPF Standard

Amosite . . . . . . . 40 31
Cheysotile. . . . . . . 64 69
Crocidolite . . . . 59 68
Oil-extracted Crocidolite . . 59 64

gave similar results, that amosite gave fewest
mesotheliomas and that the oil-extracted
crocidolite gave similar values to the natura
crocidolite. Calzulation of the survival curve

eliminating natural death, i.e. considering only

|00['
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¢ — Amosite

& ——Chrysatile
~-=~-Crocidolite

T 20 s 750 1000 1250

Days after Injestion

Fiz. 1. Experiment A: Survival of S.P.F.
rats with incs>theliomas aftor chimnating ertec.
of mecrtality due to other causes.

mesothcliomas as causing death, gives Fig. 1
for SPF rats. For convenicnce of presentation
the oil-extracted crocidolite has bean excivded
since its results were so similar to the natural
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crocidolite. For cach dust the pattern wus
similar, consisting of an initial period during
which nc m=soth:liomas were found foliowea
by a rapid ouset of cases. However, the
length of the initial peried, ic. the induction
period, wis dependent on the dust. Vor
Standard rats simiar resulis were obtained
bur the dide-cnce between chrysoule and
crocidolite wa: smailer.

Ths model given carlier has been fitted 0
this experiment and  genzrally zave good
fits. Th= constant k had values near to 3 and
may be taken as 3 without any loss of
precision (this valuc has been assumed 1o
hold for experiments B and C also). As an

w 60T
-§ Mesothel-omas and
& sol Injection site Tumours / i
% e Observed
-
.é 401 eeewExpected
3
<30t .
£ o
0l /___-,\—/—
] ¥ Natural Deaths
Siof
0 250 500 750 [§p0]

Days After injection

Fig. 2. Experiment A: Comparison of obscrved

and expected distribution et deaths o7 croc-

dolite 1in Sizndard rats. The expected deaths

are czleulated rrom the mode! ziv o tite tens

witha = —10-44, b = 0-00336,¢c = 1-§4 N
107%k = 3, w = 332,

illustration of the fit of the model, Fig. 2
shows tha cumulative number of Jdeaths with
and without mesotheliomas for creciloiite in
Standard rats; there is closc avermend
between the observed and expecied d.:cibu-
tions.

Experiment B. Averaged over doses, 364
and 199 of rars developed riesotheliomas for
chrysotile and crocu_o‘.... respectively. Yor
cach dust the constant w was assudicd
independent of dos:. This is required on
theoreticd grouids but wich such 2 szl
experiment the duta cannot be used to check
this assumptior very rigorously. There is a
rclationship  Leiween  the estimate of the
constant ¢ 21 dose. With only 12 rass rer
Cuse the seatter is lm.ge but it hﬂs peen shov
that the relztionshis may ue talen 23
i.e. 2t any nge the risk of develo
mesothaiiome is preportiona to amount ¢

[
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dust injected. The induction peried wis !
days longzr for crocidolite than chryeous
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Fig. 3 shows the observed and expected
numbers of mesotheliomas. If we extrapolate
the results of this experiment to a dose of
20 mg. we find that for boti dusts this would
lead to a higher rate of mesotheliomas than
actually occurred in experiment A, the
difference being significant for chrysotile but
not for crocidolize.

. @l‘

Fig. 3. Experiment B: Observed and cxpected

. numbers of mesothzliomas (out of t2 rats)

on the basis that the risk of developing a

mesotheliorna at any age is proportional to
amount injected.

. 1]
Ao 4 of Dust Imjacred (ng)

Experiment C. At this stage 699, of the
rats injected with the original chrysotile bave
developed mesotheliomas and betweea 19 and
§6% for the 7 samples from differeat
Canadian mills.

Again w was assumed constant for the
different forms of chrysotile and in fact the
hest value was almost identical with that of
experiment B. Comparing th2 trcatments in
terins of the parameter &, this pirameter was
significantly larger for the original chrysotile
than the Canadian samples and the value firted
in with what would be exteapolated from
experiment B.

In Table 2 are shown the valucs of ¢, and
the brucite, cobalt and chromium contents of
the dusts. Thers is correlation between cobalt
and ¢, but mine C, which has the lowest value

J. C. Wagner, G. Berry and V. Tinbecil

of ¢ but an average cobalt content, docs net
fic into the same trend as the ovther mincs. In
fact the correlation is signiticant only if mine
C 1is excluded. The correlation between ¢ and
chromium docs not suffer from this dis-
aivantage since mine C has a low chromium
conteat. The rclatonship botween ¢ and

TABLE 2: VALUES OF ¢ AND RBrucite CONTENT
ExpERIMENT C

¢ x 10* Brucite Content

x

.

OWAOWVE ~

20%
Trace
Trace

Trace to §%
Trace to 5%
Trace
Absent

ox>wmow | X
3
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chromium is shown in Table 3. The correla-
tion is high (0.91) and significant (p < 0.01).
Nickel, scandium and ircn have also haen
looked at. Nickel gives a similar patt:es 1o
cobair except that mine C is even more diver-
gent from the relationship shown by the other
6 mines. The relationships of ¢ with scandium
and iron showed nothing of interest, Mine C
is in western Canada, the other 6 in a relatively
small area of castern Canada.

TABLE 3: INTPA-PLEURAL INOCULATION OF CaNADIAN
CHRYSOTILES
VALUES OF ¢ (CARCINOGENICITY) AND CHEMICAL
PrezertIcs

Brucite  Cobalt  Chromiura

Afine ¢ x10' Contert 2om) (p2m)
Qriginat 177 — —_ —
Sample
B 9-1 209 110 780
D 87 Trace 78 930
F 85 Trace 7 730
E 6-9 Trace 57 440
10 5%
A 54 Trace 63 529
0 5%
H 43 Trace 43 480
C 2:0  Absent 60 120
DiscussioN

All these experiments were started before the
U.L.C.C. Reference Samiples became avaiiable
but the seven Canadian dusts used in
experiment C came from 7 of the & mines
from which material was supplizd to form the
Canadian chrysotile sanpie. Also, the szmpic
of chrysotile used in all three experiments
was a super-fine grade from onc of thes:

-~
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© Mesotheiiomnas i Rats

mines (15). The difference obscrved betwesn
the original chrysotile and the sampic froin
mine D in experiment C is thereiore of
interesr 2nd conld ve due to diiferenc milling
proceuures or since the samples were obrainad
several ycars apart duc to coming from a
different part of che mue. It is also of interest
to note that the mesothclioma rate due to the
original chrysotilz in experimeat B and C
is greater than in experiment A. This could
be due 10 a change in the susceptipdity of the
rats or a change in the dust during storage.
An injection experiment was started in 1667
using the U.LC.C. Reference Sampics,
repeating the scparate Canadizn sampies and
including a pure brucite treatment, this last
treatm ¢ belug of interest in view of the
results of experiment C.

The procedure of intra-pleural inoculation
is unrcalistic when compared wita humean
experience and  rasults  obtained  from
inhalation experiments would be more infor-
mative. Chrysotile has been shown to be a
biologicall y acrive dust but epidemiological
studies sucgest that crocidolite is more
dangerous. This may be becausc the spiral-
like shape of chrysodle fibres inhikits their
inhalation. In 1967 rats were exposed in
chambers to dust clouds of the reference

- - —
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samples and 3 montbs 2go another inhalation
expezimant was started.

SUMMARY

Rats have baen inoculatsd intrapleurally with
samples of astestos. With all types of asbesics
an appreceizbic  propostien  of  animas
developed mcsotheliomas. There was  @o
differcnce in cffect between the nawural ang
oil-extracted farms of crocidolite. Amosi2
producsd fewsr mesotheiiomas tean cid
chrysotile and crocidolize, this being a result
of a longer induction period.

When dificrent doses wers apalisd the sish

- of developing a mesotheiioma at ¢ given age

could be taken as proportional o the dose.

Samples of chrysotiie {rom seven difsrant
Canadian mines a} produc:d mesotasiiomas.

We are grateful for the heip we have recsived from
our celleazues, Mr. D. E. Munday, Mr. W. H.
Roberts and Mr. J. W' Skidmuore.

The wace clemen: results ware determined by
Mr. AL Morgan and his co-workers. ‘
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