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MESOTIHELIOMAS IN RATS o

FOLLOWING THE INTRA-PLEURAL

INOCULATION QF ASBESTCS
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Epidemiological studies have sug ;stf‘d that
mesothciiomas of the pleura and peritoncum
are relaed to exposure to a:bes.os dust.
Pleural mesotheliemas may be produced in
rats foliowing intra-plevral inoculation of
asbestos dust and experimants in aaimals may
help in the determination of the facters
itvencing the accurrencs of such tumours,
In tl.% paper the results of three experiments
in which asbestos was  inoculated  intra-
pleuraliy into rats will be given.

EXPERIMENTS

Exeznia 2T A: CoMrarisoN oF TYres oF
AsBLSTOS

The treauncnts were amosita, ches sotle, crozidali
oil-extracted crocidolite and a a.uinz c0':(r~3‘
were 26 S.2.F rats per fraatment end b

ment vos duplicared with a similaz n'-m«~r of
Standard rats. The dose wes 20 mg. of dust ger rat
and the eaperiment was steoted at the end of 1062,

EXPERIMLRT B: VARYING DosE EXPERIMENT

This experiment  involved osly  chryestilc
crocidalite cach 1t § doses, 0.5, I, 2, 4 ¢
per st with 12 rats por dose per dust, Iajeci
was curing March 1963,

and

ExrERIMENT C: COMPARISON OF CaANADIAN
CHRYSO1ILES

Samples of chrysoiile frem seven Canadian mines
were uscd, the same chrysotile as in exp
A and B znd a s:zline control. The cdose
20 mg. per (74, 2nd there veis 16 rats per Canad
chr;.'solilc 3: for the originad samrl- of chryeanle
zn?é.ts cantrols. Injection was during Dzcentber
1006,

. All the expuriments wers Slr\l‘ -al experim
i.e. the a Is were i £
10 be distressed. Evr :
victe but 20+, of the rawm in Experimeat C w
w1 h\'"; 2t the ¢rnd of lanvary 1652 so the
reults preseated of this erpetiment are not

A nu.rorS\ examination was cartisd cuc on
ezch anim:l OF the rats inozulated with ashestos
an anp:“nb proporiien develsped mecorh,
in all the expariments ot w2 have newor f
“his type of tumwour with i coatrol treatmi-nts,

Penarth, Glasorg

Thus a

result of

izesothelicrar can e said @ be u &
inoculztica with asbestos.

METHOD OF ANALVSIS

The trestment cenparisons fo be
based on the incidence of mssod!
propeition  of animals  develep
theliomaus may be used for compar
an experiment but it has o be renis
this propertion is the resulr of
the first being the  naturel :
expericnced by a groap of animads whrtler

injecied with asbestos or rm, sad the sezend
the increased mortalitv dog to the
developina a mesoikelicma, It is ¢

i o

componeat we are inicrasted in
would lixe to sepaiate it [rem the
With large grovps of zaimals such
experiment A this can e achiced
table racthods and ine eesule of the o
tions depicted by a survival cur
the proportion of animz!s alive ata

when the anima’s svere -t

ire '<. N ‘,s (' .\

a mesothaolioma but the risic of Bl

has to:n climinzied. Y we knev Gl
math i of this ¢
estimte its paramatars and

a smocther version of the s
would bz partiztladiv u
B z2nd C where smsli gro
veed and it would bz < .'*“c’h"
lated  survival curves  would
irtegutarities,

A moder relating
tumoeurs v "n i
{1933) and
(15540 and U'
both fer anais
mimal L.\_Pi.h“.cﬂv.;. In ou
the age-spociiic death raie of o
with a mosstheliona 2t time ¢ 00 - -
tion the model is

=k (E—w) ¥t for 1

where ¢, & and <«
thecretizal approaches |
it 1may be coasiders
extrems value disinb

wiat !
.
£y
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Mesotheliomas in Rats

number of cclls are considered at risk of
malignancy and a cancer cell is formed when
the first such cell succumbs. Secondly the
model would hold if a cancer e2l] was the end
result of R successive cellular changes. With
both approachss the constant ¢ is refated to
the dose and = is thc induction or latent
period. In our analysis we will also describe
the 2ge-specific  natural  death  rate  as
expla + br) which gives a satisfactory fit to
our control groups and has beoen used in
cpidemiological studics.

ResuLts
Experiment 4. The percentages of rats

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

TABLE 1: PERCINTAGE OF RATS DrveLoriNGg MEso-
THELIOMA—EXPIRIMENT A

SPF Standard

Amosite . . . . . . . 40 31
Chrysotile . . . . . . 6% €9
Crocidolite . . . . . . 59 68
Oil-extracted Crecidolite . . 59 64

gave similar results, that amosite gave fewest
nmesothcliomas  and  that the oil-extracted
cracidolite gave similar values to the natural
crozidolite. Calzulation of the survival curve

climinating ratural death, i.c. cousidering only

[{Ced

g
[4
3 ”
2l S.PF.
g — Amosite
& ——Chrysotle

==-=-Crocidolite

T T30 s 750 1000 1259

Days after Injection
Fiz. 1. Experiment A: Survival of S.P.T.

rats with ingsatheliomas after climinating etfec.
of mortality due to other causes.

mesothcliomas as causing dearh, gives Fig. 1
for SPF rats. For convenicnce of presentation
the oil-extracted crocidolite has been excivded
since its results were so similar to the natural
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crocidolite. Tor cach dust the pattern wes
similar, consisting of an initial period duiing
which nc mesothzliomas weie found foliowed
by a rapid onset of cases. However, the
length of the initial period, i.e. the induction
criod, wias dependent on the dust. For
Standard rats similar results were obtained
but ths difec-ince between chrysotile and
crocidolite wai sma'ler,

The model given carlier has been fitted to
this experiment and generally gave good
fits. The constant & had values near to 3 and
may be taken as 3 without any loss of
precision (this valuc has been assumed to
hold for experiments B and C also). As an

w 60t
< Mesatheliomas and
& ool Injecuion site Tumours /;’
% ——Observed
fé OF L _Cxpected
2
Z 30
-
H -
En -
2 Natural Deaths
3
v lor ¢
----------- - @
0 250 ) 750 160

Days After Injection

Fig. 2. Experivment A Comparison of obscrved

and expected distribution ef deaths for croct

dolite 1in Sizndard rats. The expocted death

are czleulated from the model given w tie tens

witha = —10'44,b = 0-00:86, ¢ = 1-54 X
1075k = 3, w = 332.

illustration of the fit of the model, Fig. 2
shows the cumulative number of Jdeaths with
and without mcsotheliomas for cieai-lolite in
Standard rats; there is closc «vrerment
between the observed and expecied diovsibu-
tions.

Experiment B. Averaged over doses, 36
and 199 of rats developed miesoitheliomas for
chrysotile and crocidolize resnectively, For
cach dust the constant w was sssunied
independent of dos:. This is required on
theoretical grounds but with such a small
experiment the data cannot be used to chizck
this assumptior very rigorously. There is a
relationship  Letween  the estimate of the
constant ¢ 2.4 dose. With only 12 rais per
Cuse the scatter is 1. ge but it has been chow
that the relationshin may Le taken 25 ]
ie. 2t any n~ge the risk of develeping a
mesothsiiomz is preportiona’ to amount of
dust injected. The induction peried wis 22
days longer for crocidolite than chryseuic.
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Fig. 3 shows the observed and expected
numbers of mesotheliomas, If we extrapalate
the results of this experiment to a dose of
20 mg. we find that for both 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.

=

wodaret |
Pesathibenss 1
VT

1 Asirale

Al 13 T T 1

0.5 ’ ? 4 @l
Amee .t of Dust bnjected (~g)

Fig. 3. Experiment B: Observed and expected

. numbers of moesothsliomas (out of 12 rats)

on the basis that the risk of developing a

mesothelioma at any age is proportional to
amount in;ected.

Experiment C. At this stage 699 of the
rats injected with the original chrysotile have
developed mesotheliomas and between 19 and
56% for the 7 samples from different
Canadian mills.

Again w was assumed constant for the
different forms of chrysotile and in fact the
best value was almost identical with that of
experiment B, Comparing the treatments in
terins of the paramcter ¢, this pirameter was
significantly larger for the original chrysotile
than the Canadizn samples and the value fitted
in with what would be extwapolated from
experiment B.

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

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

of ¢ but z2n averzge cobalt content, doss net
fit into the same trend as the other mincs. In
fact the corcelation is significant only if mine
C is excluded. The correlation between ¢ and
chromium does not suffer from this dis-
advantage since mine C has a low chromium
content. The relationship between ¢ and

TABLE 2: VALUES OF ¢ AND BruciTE CONTENT
ExrrraIMENT C

Mine e x 10® Brucite Content
B 91 20%

D 8.7 Trace

F 8-5 Trace

B 6.9 Trace to 5%
A 54 Trace to 5%
H 43 Trace

Cc 2.0 Absent

chromium is shown in Table 3. The correla-
tion is high (0.91) and significant (p < 0.01).
Nickel, scandiumn and ircu have alse heen
locked at. Nickel gives a similar patt:ca o
cobait except that mine C is even more diver-
gent from the relationship shown by the ether
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: INTRPA-PLEURAL INOCULATION OF TANADIAN
CIHRYSOTILES
VALUES OF ¢ (CARCINOGENICITY) AND CHFMICAL
PxczerTIES

Brucite  Coloalt  Chremiwa

Mine c¢x 10" Contere pom) (pam)
Original  17-7 — — —
Sample
B g1 20% 110 780
D 8-7 Trace 78 930
F 8-5 Trace 7 730
E 69 Trace 57 440
10 5%
A 54 Trace 63 522
to 5%
. H 4-3  Trace 43 480
C 2-0  Absent 60 120
DiscyssioN

All these experiments were started before the
U.LC.C. Reference Samples became avaiiatle
but the seven Canadian dusts used in
experiment C came from 7 of the 8 mines
from which material was supplizd to form the
Canadian chrysotile sample. Alse, the szmypic
of chrysotile used in all three experimants
was a super-fine grade from one of thess
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mines (17). The dilference observed between
the original chrysotile and the sample from
minc D in cxperiment C is chercfore of
interest 2nd cor:ld be due to different milling
proceuures or since the samiples were obtainad
scveral ycars aparc due to coming from a
diffecent part of the muae. It is also of interest
to note that the mesothealioma rate dus to he
original chrysotile in experiment B 2and C
is greater than in experimenc A. This could
be duc to 2 change in the susceptibility of the
rats or a change in the dust during storage.
An injection expzriment was started in 1667
using the U.LC.C. Reference Samples,
repeating the separate Canadizn sampies and
including a pure brucite treatment, this last
treatm :nt befug of interest in view of the
results of experiment C.

Ths procedure of intra-pleurdl inoculation
is unrealistiz when compared with human
cxperience  and  rosults cbtained  from
inhalation experimants wouid bs more infor-
mative, Chrysotilz has besn shown to be a
biologicall; active dust bet cpidemiological
studics that crocidolite is  more
dangerous. This mzy be because the spiral-
like shapc of chrysotile fibres inhibits thai
inhalation. In 1967 rats were cxposed in
cbambers to dust clouds of the reference

stizgeost
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samples and 3 months 2go another inhalation
experiment was starced.

SUMMARY

Rats have been inoculated intraplevrally with
saraples of asbestos. With all types of asbestes
an  apprecicble  preportien  of  animais
developed mwesotheliomas. There was i
difference in cffect between the natural and

oil-extracted forms of crocidolite. Amosice
produced fewsr mesotheiiomas than ¢id

chrysotile and crocidolize, this being a result
of a longer induction peried.

When difierent doses were applied the cisk
of devecloping a mesothelioma ar o given age
could be taken as proporiional o the dose.

Samples of chrysotiie {rom seven difsrent
Canadian mites all producsd mesotheiiomas.
We are grateful for the heip we have received from
our celleazues, Mro D, L. Muaday, M. W, H,
Roberts and Mr. J. W. Skidmore,

The trace clement results wore determined by
Mr. A, Morgan and his co-workers.
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