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summary.—Four experiments in which SPF Wistar rats were inoculated intra-
pleuraily with asbestos or other materials are described. Mesotheliomata were
.observed in a considerable proportion of animals with all the samples of asbestos
.used and with a sample of brucite. A few were produced with synthetic aluminium
gificate fibres and single ones with barium sulphate, glass powder and aluminium
‘oxide. The risk of developing a mesothelioma at a given time after injection was
approximately proportional to the dose. Of the UIGC standard reference samples,
..crocidolite was the most carcinogenic and removal of the oils by benzene extraction
. did not alter the carcinogenicity of these samples. Chemical properties ulso seem
“anlikely to be the main factor producing mesotheliomata but the results support the

hypothesis that the finer fibres are the more carcinogenic, and this is additional to
. the known aerodynamic advantage which the finer fibres have in penetrating to the
. periphery of the lung.
fx'-‘i‘".
Industries. Pharmaceutical -Division at Alder-

lev Edge, Cheshire in 1964 and 1968.
The following materials were used:

~ WE report here the results of 4 experi-

‘ ments in which asbestos and other test
wmaterials were administered to rats by
“¥ntrapleural inoculation. These experi-
““ments were planned to ubtain more infor-
mation on the carcinogenic effect of
«<'agbestos and other materials than could
" be obtained from our original 2 experi-
" ments (Wagner and Berry. 1969). Pre-

1, SFA chrysotile—~A super fine saumple
obtained from a (unadian mine. and pro-
duced by water sedimentation sapuaration
from grade 7. the most fully milled commer-
cial product.

2. (‘rocidolite..—Prepared from  virgin

liminary results of some of the present
experiments were given by Wagner, Berry
and Timbrell (1970), Wagner (1970, 1972).
In this paper the complete results are
given, with emphasis on the light they
throw on the aetiology of mesotheliomata,
taking into account the uvils and waxes
present in asbestos, other chemical charac-
teristics and the physical characteristics.

MATERIALS AND METHODS

In all 4 experiments specific pathogen-free
(SPF: rats, of the Wistar strain were used.
These rats had heen bred at the Unit from
stocks given to us by [mperial Chemical

fibre from & mine in the North West Cape.
Both (1) and (2) were from the same ramples
48 used in the earlier experiments (Wagner
and Berry, 1964).

3. UICC Ktandard reference samples.—
Samples of amosite. anthophyllite, Canadian
chrysotile, Rhodesian chrysotile and croci-
dolite (Timbrell, €tilson and Webster. 19)6%)
prepared following tecommendations of

{"UInion  Internationale ¢'onére le Cancer
{UICC).
4. Benzene-extracted Ul Standard

reference samples.—Samples of (3) which had
heen repeatedly extracted for 64 hours by
hot benzene using a Soxhlet apparatus to
remove oils and other henzens-soluble sub-
stances. After extraction the benzene was




first allowed to oevaporate naturally and
finallv the swmnples were warmed to %0°C for
24 hours (o remove any remaining henzene,
After thix treatment the sunples were tested
far the presence of any residual benzene by
extracting test portions with ecyelohexane
and examining the solutions by means of
ultraviolet =pectrophotometry: no benzene
was detected in these solutions.

8. Clanadian chrysotiles.—Samples from
3 mines (A. B, ... H) in Canada. These
were the same samples used to prepare the
UICC stundard reference samuple of Canadian
chrysotile (Timbrell and Rendall, [971) but
were milled for vur purpose more finely than
the reference sample.

6. Brucite—A specimen of brucite, which
however also contained chrysotile. This
specimen was from Canadian mine H and
consisted of long course brownish fibres
above S0cm iu length. The sample way
milled to respirable pacticle size!

7. Bartum sulphate—Used 83 2 control.
This was prepared in the laboratory by the
addition of sulphuric acid to barium chloride
solution.

%, Safine—Sterile physiological
was also used as a control.

8, Ceramic fibre.—A synthetic aluminium
silicate fibre. This fibre was prepared for
experimental use by grinding in a teramic
bl mill and extracting the respirable fraction
hy settlement in air. The fibre diameters
were hetween 0-5 and 1 pm.

10, Fibreglass.—A borosilicate. The nom-
inul diameters of the fibres were bhetween
15 and 2:5 pm but in fact only 309, were
within fthix range, the range extending to
7. The sample was prepared by cm-
bedding the tibres in water soluble wax.
chopping in a microtome and washing away
the wax. Over 609, of the fibres were longer
than 20 um.

11. Glass powder.—A horosilicate all in
the respirable range (less than $ um pro-
jected area diameter).

12, Aluminium oxide.—A non-tibrous mat-
erial all in the respirable range (less than
Ju g projected arca diameter).

13. SFA rhrysotile (Second sample).—--A
sample from the same mine and prepared
~similarly to (1), but taken =everal years later.

valine

Experiment 1—Varying dose

There were 5 doses. 05, 1, 2, 4 and 8 mg
per rat, of SFA chrysotile and eracidolite.

J. ', WAGNER, (. BERRY AND V. TIMBRELL

There were about 12 rats per dose per dugt
and. inoculation was durtng Marech 14965,

Experiment 2. anadinn cheysotiles

The experimental materials were 7 of the
s Canadian chrysotile sumnples. SFA chryeotile
and saline control. The cose was 20 mg per
rat. There were [6 rats for each Canadian
satuple, 32 tor SFA chrysotile and 48 controls
and inoculation was during December 1968,

Experiment 3—{I[CC sumples wad ('enadian
chripsotiles

The materials used were the 5 UICC
reference samples both in the normal and
vil-free forms, the 8 Canudian chrysotile
samples, brucite and barium sulphate and
saline controls. The Jdose was 2t} mg per rat,
There were 24 rats for each of the (‘anadian -;_
samples and 32 for each of the other treat

ments. Inoculation took place hetween «¥

Navember 1967 and February 1968. &
it

Ezperiment 4. — Furious dusts e

The materials injected were ceramic ﬁbmo.&g
fibreglass, ulass powder. wluminium oxide,

SFA chrysotile and also the second sample of ™

SFA chrysotile.  The dose was 20 mg per raé i

and there were up to 36 rats per freatment :.
{because of a shortage of animals it wag not
possible o allocate 36 to all treatments and
in addition inoculation fatalities could nob
be replaced). Inoculation took place in June
and July 1969,

For each experiment animals were allo-
cated at random to treatments. Theage of the
rats at inoculation was ahout 8 weeks for
Experiments 1. and 3 and (8 weeks for
Experiments 2 and 4. [n Experimet*s | and_
3 there were equal numbers of n:ule and
female rats, whilst in Experiment ! there were
3 times as many females as males, and in
Experiment 4 there were twice as many
males as females,

Methords

The experimental materials were made up
in a suspension of physiological suline with #
cuncentration of 50 ragjml for i xperiments
2, 3 and + and for Experiment L the code
centration was xuch that the required doss
would be present in 0-4ml of suspensiom.
‘The rats were anaesthetized with cther and
needle attached to u {wo-way rap was thed
introduced into the right axilia at the level
the secund nipple. One arn of the wo-way
tap wax uttached to a capillary ms -uneteh
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MESOTHELIOMATA IN RATS AFTER INUCULATION WITH ASHESTON (73

whiee save @ negative reading when the
peed  euched the plowml eavity,  Details of
¢he 1 thod of inoculation were wiven by

Wagner and Berry (19649),  Following injec-
pron the rats were eagedd in fours isolated 1 a
special unit. Theyv were fedd on a proprietary
prand ot autoelaved cubes, and water wi
libitum. Bach rat wax allowed to live until it
died or appeared to he distressedd and & full
gecropsy exanination was varried out, except
for & few which had been cannibalized.

The results have been analysed using the
modet giveu by Pike (1966} und shown to he
valid for experiments of this type (Berry and
Wagner. 1964).  Fuller details are given in
in the appendix. and it need only he noted that
this method of analysis allows a constant e to
be estunated for each of the treatment eroups
and * of this constant, which we will refer to
as the " carcinogenicivy factor 7', serves ax a
single index sumarizing the mesothelioma
experience of each group. Lt combines the
information un the proportioh: f animals
which developed a mesothelioma with the
times after inoculation at which the meso-
theliomata occurred.  Also, since the method
of estimation eliminates mortality due to
other causes. chance variations in natural
mortality hevween different treatment groups
do nut affect the treatment comparisons, nor
do systematic differences in natural mortality
hetween different experitents. such ux that
resulting from the animals in Experiments 2
and 4 being older than those in Experiments
1 and 3, affect comparisons hetween experi-

"ment -, .

W nere significance levels are quoted they
are usually based on the chi-squared approxi-
mation to a likelihood-ratio test.

RESULTS
There were 13 rats for which histo-

fogical wxamination was not  possible,
lenving 1162 rats included in the resalts.

The predominant tinding was that «
high proportion of most asbestos treated
sroups developed mesatheliomata and the
rexults will be given mainly in terms of the
number of mesotheliomata and the time
when they occurred. Some details of
the results are «iven in Tables [-1V. A\
{otal of 488 mesotheliomata vecurred but
the histological features of these tumoars
will not be described here us there iy
nothing to add to the features deserihed
for the orviginal experiments (\Wagner wid
Berry, 49691 Also. in the presentation
and analysis of the results, no weeount has
been taken of the sex of the rarts. The
original experiments show males nd
females equally likely to develop a meso-
thelioma, and the present cxperiments
contirm this.

Brxperiment |

There iy « relationship hetween the
uumber of mesotheliomata and the dose
tor both SFA chrysotile and crocidolite.
This implies that the cavcinogenicity is
related to dose (d) and we considered this
relationship iu the form of the curcino-
wenicity factor heing proportional to
power of dose, i.e. ¢ = bhd? where bl p
are constants. ‘The power p was estimated
separately for each dust. wiving 0-73 for
chrysotile and 96 for crocidolite.  Be-
cuuge of the small number of mesorhe-
liomata, however, these estimates arc nor
very precise and the approximate W3,
limits ape 0-3~0-8 and w2-1-4 for chry-
sotile und crocidolite respectively. There

Tarne L—Erperiment | Results

Nuamber of rats

Number with

Survivad time

(daysp of tivgt Menn

with histology & mesothelioma tessutheliomy srvivad (avs)
SKA chrysotile -5 mg 2 I Gk T4
SFA chryaotile | mg tl B "5 Ty
SFA chrysonle 2 myg 12 ¥ 25 it
SPA ehrysotile 4 mg 12 t 70 Tud
SEA ehrysotile R 3 X 31 LHE
Crac- Inlite -8 mg tt I Qs Sy
Craet1olito | mg 12 u - 60
Crae -lolite 2 mx 12 3 a62 e
Cracudolite { mg 13 K] urg ]
Urnewdohite N mg It M THY NG
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TasLe [L- -Kaperiment @ Results

Number of rats
with histology

Canadian chrysotile A t
Canadian chrysotite B e
tunadiat chrysotife 14
Canudian chrysotde D 18
Uanmdian chrysotde B ]
Uunwdiaa chrysotile ¥ g
Canelinn chryaotils H 16
SEA chrysotle 32
Congrol 18

Nuevivel time

Number with

(cluys) of first

a mersathelinma mesathelioma

N 4i6

o 416
B [3:4:1

n 61
7 His

1 421
+ B8

22 376
1} -

TaBLE IIL.—Fapcriment 3 Results

Material

1ee sumples

Amosite

Amosite benzeno-~xtracted
Anthophyllite ..
Anthophyllite benzene-uxtracted
Chrysotile (Canadianj

Chrysotifo (Canadian) henzene-extracted
Chrysotile (Rhodesian)

Chrysotilo (Rhodesian) banzens-rxtracted
Croctdolite

Uracidolite benzena-extractod
Canmdian chrysotile A

Canadian chrysotile B

Cunadian chrysotile (!

Canadian chrysotile O

Canadian chrysottle B

Canadian chrysotile I

Cunadian ehry=otile 3

Cunadian chrysotile H

Hrucita

Barinm ~ulphate

Raling control

Numbor of Number
rata with with o
histology musathehoma

32 {2
33 1l
32 S.
32 14
32 o
R3] 9
31 T
a2 b
a2 19
S0 14
2 14
22 9
24 o
23 (344
24 9
24 I3
23 I8
a3 (4
32 18
30 I
32 u

Survival time
(days) of first
meothelioma

377
290
Uy
233
ndl
632
ang
L]
SRY
48y
188
437
160
a4
(R
484
a8
249
N2
136

TaBLe IV.— Experiment 4 Results

Number of rats
with histology

Caramic fibre 31
Fibreglass 35
Glass powder 36
Aluminium oxido 33
SFA chrysotile 36
RFA chryvaoule (2nd ~unpled 33

are some theoretical grounds for choosing
p to be an integer and therefore p was
of the
varcinogenicity factor adjusted to a dose
were then 4-10 % (0—*
10-¥ for crocidolite.

taken as unity, The values

of 20 mg
chrysotile and 1-70

for

Number with &

Survival nime
tclays) of tirst

mesothelioma mesothelioma
3 43
1 -
I a8
i [1#4;1
R 325
4 ki
Experiments 3, 3 and 4

-

Mean
survival (day
H42
afg
T2
(128
573
G119
602
an3
7o)

Mean
survival
{days)

78
718
1

728
4
753
(11
686
682
657
712
636
717
{{:1Y]
6680
675
[
[H{E%
31,14
783
518

Mean
survival wlays)
736
T
Tal
T
68
639

(‘omparing first the effects of the
separate (‘wnadian samples (Table V)
there is considerable variation between
Kxperiments 2 and 3 and this is m: :n!)'
herause of the small number of anim: -1
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MESOTHELIOMATA IN RATS AFTER INOCULATION WITH ASBESTOS i

T g V-—FRstimates of Carcinogenivity
Fa o Lo 09 for Eeperiments 203 and 4

Experunent

d 3 +
Canuelian chrysotile A B T
Canadian chrysaule B tele -
(auadian chrysotile ¢ Getiy 0BT e
Canadian chrysatile D 280 1423 .
Canclian cheysutile B 1849 0.7 -
(unmdian chrysotile I 100 40 .
(‘auahen chrysotile ¢ R 1]
('anadian ehrysutile H [N TT I R -
SFA chrysotile R 2 S RS
SKA chrysoule (2nd swuple) — S
Brucite - -
Baruum sulphate - 0 -
(‘vennic tibre .a T T
tilns~ powder . — U4
Ahuneaiutn vxide — ITITEY

gacr. group. There was overall about
Juv;, more carcinogenicity in Experiment
2 than in Experiment 3 hut the difference
is not significant (P > 0-1). Sample ¢
has the fowest carcinogenicity in each
experiment and overall is significantly the
least carcinogenic (P -7 0-05) hut apart
from this no differences between the
samples were detected. These saumples
have been analvsed for certain metals
(Holmes, Morgan and " Sandalls, - t971:
Morgan and Crallev. 1973) and in Table
VI the results of these analyses are shown.
together with the carcinogenicity factor
obtained by combining the 2 experiments.
The correlation coefficients betweén the
earcinogenicity factor and the different
metals are —0-13 for iron. —-0-58 for
chromium, 0-04 for cobalt, --0-02 for
nickel, —0-39 for scandium and —t-04
for manganese. None of these is xigni-
ficant and it is reasonably clear from
examination of the chemical properties of
sample C that the luw curcinogenicity of
this sample is not because of a low content
of any of these metals.

Turning now to the UICC reference
samples (Table V1I), there are no signi-
ficant differences between the normal and
henzene-extracted samples, and overall
58 nesotheliomata occurred with the
berzne-extracted samples and 56 with
the untreated samples. ('rocidolite was
the most carcinogenic sample with the

athers in order amosite. anthophyllite,
Canudian chrysotile and Rhodesian chry-
sotile.  The difference herween the two
samples of chrysotile is not significant.
Holmes «f al. {1971 also rarried ot
chemical analyses ou the UIC'(" reference
suttples. There were verv luwue differ-
ences hetween the samples in the wmount
of the different metals present and it is
clear that these bear no relation to the
rareinogenicity,

The sumple of brucite proved s
carcinogenic «s the (‘anadian ramples of
chryvsotile  (Table V). Non-ashestos
materials which produced the aceasional
mesothelioma were veramic fibre, harium
sulphate, glass powder and wluminium
oxide.

The second sample of SFA chrysotile
proved similar in earcinogenic offect 10
the vriginal sample.

DISCUSSION

The application of the test materials
by intrapleural inoculation may be criti-
cized us unrealistic in comparison with
human exposure, about which the uninal
experiments are infended to provide
relevant information. Nevertheless. this
type of experiment has an fmporraunt
part to play. With an inhalation experi-
ment, which provides a realistic route of
entrv of the test waterial, there are o
factors involved. First, the penetration
of dust through the sirwavs and alveoli
will ditfer with ditferent «amples of dust
{Timbrell, 1965). The sceond factor is the
etfect of the dust, given that it has reached
the pleura. In inoculation experiments
only the second factor is relevany and
hence these experiments are =impler
interpres. This makes intrapleural inoecu-
fation a more suitable method tor the
investigation of questions such as whether
extraction of the oils alters the earcino-
genicity of an asbestos sample.  The two
tfvpes of cxperiment supplement .ne
another wnd we will he reporting separ-
atelvy on 2 experiments in which rats
were exposed to dust clouds of the U'TCC
reference samples.




The varying dose experiment gave
results which indicated that the risk of
developing a mesothelioma at a given
time after injection was proportional to
the dose. This form of dose relationship
was ilso found by Pike and Doll (1965) for
lung enncer and smoking in man whereas
Lee and O'Neill (14971) showed that after
repeated applications of henzopyrene to
the hacks of mice the incidence rate uof
tumours was proportional to the square
of the dose.

The carcinogenicity of the SFA chry-
sotile sample was similar in Experiments |
and 2, after adjusting the former to a dose
of 20 mg, and in Experiment + way lower
hut not significantly so. [n all these 3
experiments the carcinogenicity of the
SFA chrysotile was significantly greater
than in the earlier experiment (Wagner
and Berry, 1964) when the estimate of the
carcinogenicity factor was [-68 » [0-%
The crocidolite was also more carcinogenic
in Experiment { than in the earlier experi-
tent (¢ = 1-16 to=*) but not signi-
ficantly so. These differences could be
the result of a change in susceptibility of
the rats or of o change in the dust during
storage. )

The suggestion that natural oils and
waxes (Harington. 1462}, or contaminating
vils from the preparation of the fibre
{Harington and Roe, 1965; Roe, Walters
and Harington. t966) or from plastic
storage bags (Commins and (+ibbs, 1969)
might contribute to the carcinogenicity of
ashestos receives no support from our
present experiments, which is in ayree-
ment  with our original experiments
(Wagner and Berry. 1969} when removal
of the oils from the crocidolite sample
resulted in no detectable change in
varcinogenicity.

Harington and Roe (1965) also ad-
vanced the possibility that the presence of
trace metals might be relevant to the
earcinogenicity ot a. 3. [n our experi-
ments with the Canadian satnples the
varcinogenicity was not related to the
content of iron. chromjum. cobalt, nickel.
seandium or manganese.  Also, the fact

| —————
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that ull the types of asbestos, having very
different chemical compositions, procduce
mesotheliomata makes it unlikely thar “he
carcinogenicity of asbestos could be e
to chemical properties,

Our experiments offer some evidence
that the development of mesotheliomata
is associated with the presence of fine
fibroug material within the pleural cavity.
First, UICC (anadian chryvsotile is a
mixture of batehes of material from ¥
(‘anadian mines, and the separate samples
used were taken from the same batches
('Timbrell and Rendall. 1971). The main
difference in the subsecjuent preparation
of the material was that the separate
('anadian samples were ground more
finely than the composite UICC samnle.

(lomparing Tables V and VII, the carcino-, |
genicities of all the separste Canadiar -

samples were greater than that of the
UICC (‘anadian chrysotile. Also, the
satples of SFA chrysotile were from mine
). These were supertine samples und
regulted in & very high carcinogenicity. 1t
should be uoted that of the Canadian
samples the ene with the lowest carcino-
genicity (C) in both experiments was from
a mine in British Columbin whilst the
others were from 7 mines in the Quebec
avea. However, sample (' could not be
distinguished from the uther samples by
jts size distribution.

A full quantitative analysis of our
experimental results will only be pos-ible
when techniques are wvailable for .om-
plete size characterization of the experi-
mental materials, hoth before injection
and present in the lungs at postmortem.
Such techniques to determine the mass
and the diameter and length distributions
of the particles are being developed.
However, even with the characterization
methods at present available, a relation-
ship emerges between the observed in-
cidenece of mesotheliomata and the physical
tactors.

A further factor that must be taken
into account is the tendency of chrysutile
fibres to fragment longitudinally int fine
fibrils in tung Huids, the degree of .ug
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mentation and hence the unumber of
fibres and fibrils produced depending un
the precise physical and physiological
conditions. Amphibole types of asbestos.
on the other hand, have characteristic
fibre-diameter distributions which they
appear to retain in lung tissue (Timbrell,
Poo|“v and Wagner, 1970).

Ty illustrate this relationship, the
clectron micrographs of some of the
materinls are presented in cecreasing
order of their carcinogenicity (Fig. [-3).
For reasons given by Timbrell (1973}, we
shall consider as * significant " fibres
those that are less than 0-5 sxm in diameter
and also greater than 10 ym in lengeh.
The non-chrysotile materiais will be con-
sidered first. In the electron micrographs
for UI(C crocidolite (Fig. 23, UICC
amosite (Fig. 4), UTCC anthophyllite
(Fig. 5), ceramic fibre (Fig. 7) and glass
fibre (Fig. 8) it is evident that the number
of - significant " fibres decreases with
deer :asing carcinogenicity of the materials.
The ¢lass fibre, for instance, contains long
fibres hut the majority of these are thicker
than v-5 um. Un the other hand, whereas

a high proportion by weight of the brucite
consists of large fibres. there ave ulso
present & nunber of very fine long fihriis.
[t ig difficult to compare chrysotile samples
{Fig. 1 and 6} with other types of material
on this basis. Dut even so. the relative
positions of the chrysotiles in she classifi-
vation hy carcinogenicity appears io

correspond with the number of * signif-
cant "' fibres present. For example. al-
though the SFA chrysotile Fig. h

confains a high proportion by weight of
non-ibrous particles, even before injection
the fibres were in a highly dispersed state.
The enormous number uf iibres thas
complete fragmentation of chrysotile can
produce will be clear from the illuscration
that u single fibre may fragment into
100y fibrils. The fact that this SFA
sample was the most carcinogenic of ail
the materials used corresponds o irs
highly dispersed state and its high content
of ** significant ** fibres,

The above theory has been cxamined
further wsing the results of Ntanton .nd
Wrench (1972). Their experiments were
similar to ours and theyv used 17 sumples.
including several materials (UICC sampies
and glass fibres) after partial pulveriza-
tion. They analysed their results ULy
«liscounting submicroscopic librils wand
converting all longer fibres into micro-
tibres of standard size (1-25 . 375 @i
on the assumption that fragmenrtation of
hoth glass and asbestos occurred (n o,
‘The numbers of microtibres were then
compared with the carcinogenicity of the
materials. At firsy sight their sesuis
seem £0 conflict with vur findings. Hut,
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when their materials were assessed in the
manner used for our vwn samples. the
ovder obtained by classification of the
materials according to the number of
" significant ' tibres was in good agree-
ment with the reported ovder of carcino-
gonieity, The smaller number of meso-
theliomats observed from pulverized
materials did unot vorrelate with the
estimated total number of particles that
this pulverization would produce. but did
correlate with the estimated number of
" wigniticant "' fibres.

Stanton and Wrench (1972) also pro-
duced mesotheliomats with very fine
fibreglass. Mesotheliomata were not pro-
duced by our sample of fibreglass but they
were by syuthetic aluminium silicate
fibre, which was finer than our glass fibre
(Fig. 7 and ¥). Again, the apparent con-
tradiction is explicable in terms of phy-
sical characterizations. The 2 samples of
fibreglass can only be compared using
light mieroscope size data; in our sumple
359, of the fibreg had diameters exceeding
2-5 um compared with less than [0%] of
Stanton and \Wrench's sample.

Although o direct association between
physical factors and the development of
mesotheliomate. has not been demon-
strated, these characteristics appear to be
the relevant properties. If the tiner
fibres are the more carcinogenic when
applied to the pleura then, since the finer
fibres are also able to penetrate to the
pleurs, more easily after inhalation, these
2 factors would cotubine together to give
the finer fibres more relative importance
than even the aerodynamic differences

would suggest.

Clearly, the experiments described in
this paper have involved a large amount
of daily effort over a number of vears and
we are grateful to all our colleagues who
have contributed to this. We are also
grateful to Dr B. T. Comming of the
MRC Air Pollution Unit who prepared
the henzene-extracted samples and the
barium sulphate sample.
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APPENDIX

The results have been analysed using
the model given by Pike (1966} and shown
to he valid for experiments of this type
(Berry and Wagner 1969). The uage-
specific death rate of animals dying with
4 mesothelioma ¢ days after injection is
taken - ck(t-w)~1 where ¢, £ and w are
consta its. 'These 3 constants could be
eatimated separately for euch treatment of
each experiment but correlations between
the estimates make them imprecise. In
the original experiments, with a total of
417 mesotheliomata, it was shown that &
could be taken ag 3 for all treatments but
that w, the lapse period before any meso-
theliomata occurred. varied with treat-
ment; in particular the lapse period for
amosite was found to be about 200 days
longer than that for chrysotile and
erocidolite but there was an isolated
mesothelioma occurring with umosite after
only 388 days. For the experiments being
reported here, although the estimates of
the lapse period vary widely over the
different treatments, this wide range could
be due to the imprecision of the estimates,
and there is no strong evidence that it is
invalid to use a common value. Also,
there is no evidence of the lapse period
being dependent on dose., Therefore. in
the analysis the best estimates of £ and
1 based on all our evidence were used;
these are w = 270 and k£ = 3-25. Even
with all the data these estimates are not
very precige; for example the pairs (3u0,
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29y and {220, 3+8) would be ueceptuble,
us also would the estimates (250, 3-0) which
we used in our preliminarv reports.
However, these alternatives all fead to
=imilar conclusions.

The constant ¢ was estimated for each
of the rreatment groups and this constant,
which we will reter to as the " carvino-
wenicity factor V', serves uy a single index
sumarizing the mesothelioma experience
uf each treatment group. [t combines the
information on the proportion of animals
which developed a mesothelioria wich the
times after inoculation at which the meso-
theliomata occeurred. Also, the method of
estimation eliminates wortality due 10
other causes, so that neither chance nor
systematic variations in natural mortality
hetween different groups will affect com-
purisons between these groups.

As an example of the elimination of
natural mortality, the proportion of rats
developing mesotheliomata after injection
with SEA chrysotile in Kxperiments 2 and
4 (499, and 649,) were similar to the pro-
portion (65%,) in SPF rats in our original
experiment (Wagner and Berry, 1969,
However, the rats in Experiments.2 and 4
were injected ab 13 weeks of age upposect
to 6 weeks in our vriginal experiment, and
also the nabural mortality was less in our
original experiment, even after allowing
for this age difference. Hence the cureci-
nogenicity of the chrysotile was least in
our original experiment and this is re-
flected in the values of the carcinogenicity
factor which were (-7 » 10-Y ‘in the
original experiment, -7 '« 10~? in Experi-
ment 2 and 2:4 - 10-? in Experiment -4
(Table V). The non-significant difference
Lietween the values for Experiments 2 and
4 wus revealed after eliminating the
chance lower natural mortality in the
group used in the latter experiment.




