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MESOTIIELIOMAS IN RATS e

FOLLOWING TIE INTRA-PLEURAL INOCULATIOXN QF ASBESTCS

. 2. WagneR, G. Berry @id V. TiMarELL
Preuntaconiosis R csca.ch Unit of the Medical Rescareh Counesl; Penarth, Glasiorgin

Epidemiological studics have suggested chat
mesotiiciiomas of the pleura and peritoncum
are trelac! to exposure to asbestos dust.
Pleural mesothelicmas may be procuced in
rats foliowing intza-plevral inoculation of
asbestos dust and cxperiments in aaimals may
help in the dc:crmm'nou of the facters
ieteencing the occurrence of such tumours.
raper the results of three experiments
Y ashestos was inoculzted intra-
plencaliy into rats will be given.

EXPERIMENTS

ExtzuwimzsT A: CoMPARISON OF TYrES or
AspEsTos

The treaunents were amosite, chirysotile, crozidaliy
oil-extracted crocidolite and a s.uins conteol,
were 26 S.PUE. rats per reatment and the
ment vas duplicated with a similar num>er of
Standard rats. The dose w.s 20 ma. of du' per rat
and the cxperiment was stooted at the end of 16623,

Exrerusent B: VAavING DoskE EXPERIMENT

Tlis expesimeat iavolved oely chrysoriie and
crocidolite cach 1t § umu. 08 I, 2, § and S ing.
peT it w uh 12 rats per dose per dust. Injsciion
was curing Macch 196~.

EXpERIMENT C: COMPARISON OF CANADIAN
CHRYSOTILES

Samples of chrysoiile from scven Canadian mines
were used, the same cheysotils as in exporiine:
A and B aad a s:linc control. The cose
20 mg, par oty 2and there weirs 16 rats per Canadinn
chrysotile, 30 for the ociginal umpl- of chryeat!s
:ggé.ﬁ cantrols. Injection was during D:cenber

All the expzriments wer: survival experiments,
ie. the ar t i

o be dist
oicte but 20 of the rz:s in Experiment C
s diving at the c..d of lavary 1643 so tha
reults preseated of this cxperimen: are not fiaal,

A necropsy examinatien was cargisd c"c on
each 2nimzl, Qf the ou :w:u \-.t‘\ ashostos
an ap,..\.nb pIopd ( 4 's
in all the esperimenis put ws e r- ver f
“his type of tumour with e contro! tn..atm_'xl...

nd B are com-

‘Thus a inssothslicma cn be said to be a dicsc
zesult of jnoculatica with asbestos.

METHOD OF ANsLvSIS

The teeatment comparicons to be
baced on the incidence of mesothelt
proportion of animals  devele
theliomus may be used for compa
an experiment but it has w0 be =
this prapcrnon is the resulr of two
the first bteing the patursd m
expericnced by a2 geoup of antrals
m)ectcd with asbastos or rof, 2ad the sesond
the increased mortality dus to. the yisk
devcloping a mesotiwelicma, It is the latter
comp: went we ars imterested in zad

would like to separate ir {rom the forn
With large groups of azimals such oS
experiment A this can te ‘.c"uu:.‘. -
tacle mcthods and the eosuls of the o
tions depicted by a sureival curve i
the proportion of ani*m‘* alivearay
when the anirmals ware «2 ot of ¢
a mesothelioma but the risk of patesi desth
has bz climinate d. 1 we Roew
matbeinatical form of this cumve
estimare its parameters and =festiv
a smevther version of the survival cusve
would be partizuiardy useful &
B end C where smali groups \.[ 2z
used and it would be expacted that
lated survival carves would  shons
iregqutarities,

A model relating ths
tumours swith ims was g'.cu )
{1933) and ducxgpcd by ¢
(1552) and Pike {1656}
bota for analysing c;:i
animal experimenis. In
the age-speliiic demb ra
with a mesotheiioma at :i:r.: t
tion the model is

m= ck(t—w}¥! for

where o, k zmd
[hLC ciizal approache
1may be COdS dere
cxm..l e vilue distc

Ui

we

Aoty
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Mesortheliomas in Rats

number of cclls ate considered at rick of
malignancy and a cancer cell is formed when
the first such cell succumbs. Secondly the
model would hold if a cancer cell was the end
result of % successive cclular changes. With
both approaches the constant ¢ is related ta
the dose and 4 is the induction or latent
period. In our analysis we will also describe
the age-specific natural death raie  as
expla 4 bt) which gives a satisfactory fir to
our contral groups and has bzen used in
cpidemiological studics.

. - Resurts

Experiment A. The percentages of rats.
developing mcsotheliomas are given in Table
I. We note that the SPF and Standard rats

TABLE Y3 PERCENTAGE OF RATS DrveLOPING MEsO-
THELIOMA—EXPCRIMENT A

SPF Standard
Amosite ., , . . . . . 40 31
Cheysotits &+« o . . 64 [
Crocidolite . ~. . . . . 59 68
Oil-extracted Crocidolite . . 59 64

gave similar resules, that amosite gave fewest
mesotheliomas and thar the oil-extracted
crocidolite gave similar values to the natural
crocidolite, Calculation of the survival curve
climinating natural death, i.c. considering only
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Fiz. 1. Experiment A: Survival of S.P.I.

rats with masbtheoliomas aftae climinating erfeed
of mortality due to other causes.

mesotheliomas as causing death, gives Fig. ©
for SPF rats. For convenisuce of presentation
the oil-extracted crocidolice has bezn excluded
since jts 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 mzsothzliomas were found followed
by a rapid onset of cases. However, the
length of the initial period, i.c. the induction
period, was dependear on the . dust. Vor
Standard rats similar resulis were obtained
but’ the diffic-ince between chrysotile aad
crocidolite was smailer. .

The model given carlier has been fitted to
this experiment and geacrally gave good
fits. The coustant & had values near to 3 and
may be taken as 3 withour any loss of
precision (this valuc has been assumed to
hold for experiments B and C also). As an
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Fig. 2. Experirent A: Comparison of observed

and expected distribution of deaths for crogi-

dolite in Sizndaed rats. The expetted deach

are cafculated from the model given m the

with 2 = —10°44, b = 0-00:86, ¢ = 154 X
10075k = 3, w = 332,

illustration of the fit of the model, Fig. 2
shows ths cumulative number of Jeaths with
and without mesothsliomas for croci-olits ia
Standard rats; there is close aererment
between the observed and expecied dirzibu-
tions.

Experiment B, Averaged over doses, 3647
and 199 of rats developed mesntheliomas for
chrysotile and crocidolitz resmectively. For
cach dust the constant w was assucied
independent of dosz. This is required oa
theoretical grounds but wich such z small
experiment the duta cannot be used to cheek
this assumptior very rigorously. There is a
relationship  ustwween the estimaie of ths
constaiit ¢ axd dose. With only 12 rais per
Cose thz scatter s 1~ ge but it has been show
that the relatdonshin may be taken 25 ]
ie, 2t any ngs the risk of developi
mesothelfoms is prepottiona’ to amount of
dust injected. The induction peried wis 123
days longer for crocidolite than chryseins.
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Fig. 3 shows the obscrved and expected
numbers of mesotheliomas. If we extrapolate
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 crocidolite.
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Fig. 3. Experiment B: Observed and expected

. numbers of mesothzliomas (out of r2 rats)

on the basis that the risk of dcveloping a

mesothelioma at any age is proportional to
amount injected.

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
hest value was almost identical with thac of
experiment B, Comparing th: treatments in
terms of the parameter ¢, this parameter was
significantly lazger for the original chrysotile
than the Canadian samples and the value fitted

in with what would be extrapolated from

experiment B.

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

T T T T ui

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

of ¢ but an average cobalt content, docs not
fiz into the same trend as the other mines. In
fact the corrclazion is significant only if mine
C is excluded. The correlation between ¢ and
chromium does not suffer from this dis-
alvantage since mine C has a low chromium
content, The rclationship between ¢ and

TABLE 23 VALUES OF ¢ AND BruCtte CONTENT
ExrcriMeNT C

Mirte e x 10* Brucite Content
B 91 20%

D 8-7 ‘Trace

F 8.5 Trace

B 6-9 Trace to 5%
A sS4 Trace to 5%
H 4°3 Trace

C 2+0 Absent

chromium is shown in Table 3. The correla-
tion is high (0.91) and significant (p << 0.01).
Nickel, scandium and iron have also heen
looked at. Nickel gives a similar patt:ea to
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
iz in western Canada, the other 6 in a reladvely
small area of castern Canada.

TABLE 3: INTRA-PLEURAL INOCUZATION OF CaANADIAN

CHRYSOTILES
VALUES oF ¢ (CARCINOGENICITY) AND CHEMICAL
ProzeRTIES
' Brucite  Codalt  Chromiunt
Afline e x 10" Contere  (ppu) (pm)
Original 17°7 — — —
Sample ’
9+ 209 110 750
8-7 Taace 78 930
F 8+s Trace 78 730
E 6°9 Trace 57 440
10 5% *
A s°4 Trace 63 520
- ,ISO 5%
43 Tace 43 480
[ 2-0 Absent 60 120
DiscussioN

All these experiments were started before the
U.LC.C. Reference Sanmples became avaiiable
but ths seven Canadian dusts used in
experiment C came from 7 of the 8 mines
from which material was supplizd to form the
Canadian chrysotile sampie. Also, the szmpic
of chrysotile used in all three experiments
was a super-fine grade from onc of thess
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mines (17). The difference observed between
the original cheysotile and the sample {romn
mine D in cxperiment C is therefore of
interest 2nd conld ve duc to differenc milling
procecures ot since the sansples were obcained
scveral years apare due to coming from a
different part of the mue. It is also of incerest
to note that the mesothelioma rate dus o the
original chrysotile in experiment B and C
is greater than in experiment A. This coutd
be duc to a change in the susceptibility of the
rats or a change in the dust during storags.
Aun injection experiment was started in 1967
using the U.LC.C. Refcrence Sampics,
repezting the separate Canndian sampies and
including a pure brucite treztment, chis last
treatm :nt being of interest in view of the
tesults of experiment C. .
The procedure of intra-pleural inoculation
is unccalistic when compared with human
cxperience  and  rosults ebtained  from
inhalation experiments would be more infor-
mative. Chrysotils has besn shown o be a
biologicall 7 acrive dust but epidemiological
studics suzesst thar crocidolite is more
dangerous. This may be because the spiral-
like shape of chryeotile fibres imhibits their
inhalacion. in 1967 rats were cxposed in
chambers to dust clouds of the reference

. -ty e s —
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samples and 3 months 2go another inhalation
cxpegiment was stacted.

SUMMARY

Rats have been inoculatsd intraplecrally with
saraples of asbestos. With all ypes of asbasies
an  apprecicble  propostion  of  animais
developed mesothaliomas. There was 20
diffecence in cffeer between the nacural 30d
oil-extracted forms of crocidolite. Amosics
producsd  fewsr mesotheliomas than did
carysatile and crocidolize, this being a result
of a longer induction period.

When different doses were applied che sisk
of devzloping a maesotheiioma at @ given age
could be taken as proportional o the dose.

Samples of chrysorie {rom seven difesent
Canadizn aunes all producsd: mesotheiionas.
We are grateful for the help we have recsived from
our coffeazues, Mr. D. E Muaday, Mr, W, H.
Roberts and Me. J. W, Skidmore,

The wace clement sesults wete determined by
Me. A Morgaa aad his co-workers. *
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