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THE EFFECTS OF THE INHALATION OF ASBESTOS IN RATS

(\W AI.NEIL U. HKHHV, .1.W. SKIDMOKE an» V. TLMBKKLL

From the Medical Itwnrch (UtuorivV* FtieumwoHiotiH Unit,
fwrfouffh Hospital, /&wtrth, (;lamorgnn

licovtvr<f R Kjitifho! 1173, AcsgMied 2t Xovomluu* 1072

Summary.—Two experiments in which SPF Wistar rats were exposed by inhalation
to dust ciouds of the UICC standard reference samples for periods of between one
day and 2 years are described. All the samples of asbestos produced asbestosis
which continued to progress after removal from exposure but only a little fibrosis
was observed in control rats. Lung tumours, ranging in severity from adenomata
to squamous carcinomata, were produced by ail samples but in the controls there
were only a few adenomata and none of the more serious tumours. Of the 20 tumours
which metastasized, 16 occurred after exposure to one or other of the 2 chrysotile

samples.

with only one day's exposure to asbestos.
asbestosis and lung tumours.

XVaonku, Berry and Timbrell {1973)
reported the results of experiments in
which rats wore inoculated Ultrapleurall\
with samples of asbestos. In the dis-
cussion it was mentioned that two experi-
ments in which rats had been exposed
to dust clouds of the UICC reference
samples had been carried out, and the
results of these are now presented. Some
preliminary results of one of these experi-
ments were reported by Wagner (11)72)

In both experiments the rats were
exposed to similar dust conecul rations
and the dose varied by exposing rats for
various lengths of time. The main aim
was to establish the relationship between
the development of malignant tumours
in the lungs and the dose and type of
asbestos dust but, additionally, the
amount of fibrosis was assessed

WATKLUAUS AND MKTIIODh

Caesarean derived rats of the Uistar
strain were, used which had hern bred at
the. Unit from SPF stocks given tu us by
the Imperial Chemical Industries. Pharma-
ceutical Division at Alderlev Edge Cheshire
in 19(U and 1968

In addition, a total of It mesotheiiomata occurred, 4 of which were with
crocidolite and 4 with Canadian chrysotile.

Two of the mesotheiiomata occurred

There was a positive association between

The asliestox samples used consisted of
the 6 UICC standard reference samples
(TimbrcH, Gilson and Webster, 1968) whicli
were prepared following recommendations of
lhe 1:10(". These samples are of 3 amphi balt*
types—amosite. anthophyliite and crocido-
lite—ami 2 chrysotile*—a Canadian and a
Pvhodesian sample.

The rats were exposed in 14 m3 inhala-
tion chamlicrs (Timbrell et a}.. 1970) which
contained 8 cages, each of which could hold
t rats. or. for a short fieriod with yountr
ruts, there utis room for a seventh. Kiu
chandlers were used, one for each typo ¥
jishextos The chambers were constructed
so that the rats could he tended without the
chandlers licing opened.

The dust clouds were genetated using a
specially devised dispenser (Timbrell, Hvett
and .Skidmore. 1968). The clouds wet
generated for 7 hours a day and 5 days per
week. The respirable dust concentration'
were measured using size selective gum-
metric dust samples (Cassella Type 114Ai
The collected samples wore evaluated fit
the cmi of each daily session. In order »
achieve the loquiml dosage, calculated &
the product of concentration and tin»
variations occurring in the concentration-
were corrected on the following days,
the end of exposure the rats weie left m tie
chandlers for a few days, to allow tune fot
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their fur to become clear of asbestos liefote
transferring them to a clean environment
for the remainciet of then lives. At transfer
some rats, generally 2 t 3 of eaeh sox,
were killed and the lungs renuned for
histological examination and determination
of dust, content.

As each type of asbestos has a eonsider-
able silicate eonton! (about 50%) the amount
<f dust in the lungs was determined by first
assessing its silica content and referring this
value to that of the respirable dust to which
the rat had been exposed. This method
was used m previous expetintents (Morris
al, 1967).

After exposure the rats were caged in
threes or fours isolated in a special unit
supplied with filtered air, The inhalation
chambers were also in this unit but in a
separate room. They were fed on a pro-
prietary brand of autoclaved cubes, and
water adlibitum.
killings, each rat was allowed to live until
it died or appeared to he distressed, and a
full necropsy examination was carried out.

Histological gt tuny
microscopic methods—Foi the scheduled
killings, animals were killed by chloroform
anaesthesia and follow'ing exxangumation
the thorax opened and the lungs removed.
The left lung was air inflated and suspended
in formalin  Representative portions of the
right lung were taken for electron microscopic
examination and the remainder of the lung
dilated with neutral buffered formalin. Slices
were taken from both lungs for histological
examination. After the histological sections
had been cut. the embedded tissue amt the
trimmings wore dewaxed and added to the
remainder of the lungs which wore used for
vthe chemical estimates.

For other animals, at post mortem the
lungs wore dilated with neutral buffered
formalin and after fixation were sliced
sagittally, routine sections being taken of the
whole loft lung and the upper and lower
lobes of the right lung. In addition, any
other suspicious lesions from the lungs oi
other organs were taken for histological
examination.

In all cases, sections were stained with
luiematoxylin and eosin and the lung sections
were stained for elastin. reticulin ami col-
lagen. Special stains were used in some
rases as an aid to diagnosis of the tumours.

> Assessment of

253

Sections of both lungs were examined without
knowledge of the duration or t\'|»e of asbestos
exposme and with the animals in random
order The sections were olwerved on a
viewing screen of a Projection .Microscope
4013 BK wusing a x7 objective. At this
magnification a large projwuliou of the lung
could ke assessed in a single field and, as it
was not possible lo oliserve usliestos fibres
at this magnification, the results were not
biased by knowing the type of usliestos to
which flu* animal Imd lieen exposed.

Experi»nut*

in IKith experiments and for all doses
there were groujvs which wen* expos«l to
all 5 reference samples; there were also
control groups which were not exposed.
Rats were allocated to treatments at random.
At the start of the exposure the majority

Kxeept for the scheduddcthe rats were between 5 and 7 weeks old.

a few licing slightly older or younger, and
there were approximately equal numbers of
males and females.

Experiment |.—There were 2 time, inter-
vals of exposure: in the first, rats were
exposed for 3 months starting in .May 1967
and in the second, groups of rats were
exposed foi one day only in August 1967.
In addition to the Killings at the end of
exposure, in the 3-month group there wore
also intermediate sacrifices at 5, 8 and 10
weeks.

Experiment 2 —There were 3 time inter-
vals of exposim— O months. 12 months
and 24 mouths. The experiment started tu
«Januaily 1969 and after 6 months half of
the rats were, removed from the cabinets
They were replaced and a year later these
replacement animals were m turn removed.
They were replaced by animals to he list'd
for special electron microscopy examinations
which will not he reported in this paper
The remaining animals were removed m
January 1971 alter 2 years* exposure*— fu-
tile 6-month groups, in addition to the
killings at the end of exposure. tuts were
also killed after 2 years, if 18 months
after removal from exposure.

The numbers of rats are given in 'fable 1.
In the 24-month groups, overcrowding
amongst tin* males tended to occur due to
increase in size after about a year, anti
some were removed prematurely alter 131

theseverity mbRkmextofier—analysis these rats have been
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included in the 12-monlh groups and hence
the numtxu of rats in these groups is slightly
higher, and m the 24-month groups slightly
lower, than planned.

In Table li the mean respirable dust
concent»ations and the cumulative doses
the products of concentration and time, are
shown. The one-day exposuie. was 7 hours
for ail dusts  Kor the other 4 time intervals
ol ewvposine. there were slight vaiiations in
the munliei of horns required to achieve
approximately equal doses hut the mean
times were 402. 788. 1574 and 3287 hours
respectively. The mean concentrations were
usually higher in I[€\f>enmcnt 1than Kxpeii*
men! 2. and the 3-month group had an
avetage dos<* ot UO*, ol that of the (i-montli
group  Keasonabie equality of dose between
the dusts was achieved for all the lengths of
exposure, except for the one-day which was
loo short to allow am adjustments

/ilu'tijilrinlioii oj hislolnr/H'iff funlu/i/s
('lawujivo/ion

seen m tin* lungs of i.iis-iixpused to nil types
of asbestos weie similar to those deseritied
m guinea-pigs (Wagner |iMW. ItHIA) There
were 2 mam dilietcucex* (irsllv. asbestos
lindies were never seen in the lung tissue
of tin* tat although they me frequently
seen m the pleural granulomata which follow
the intra-pietnal inoculation ot amphifmic
fibres; secondly. there was s/ fur greater
production of gratmlai ptieumncvles {t>jm*
11) alveolar epithelial cells in the tat

3.225?) Sr% 1%7 4 OX 47 103
> < 11 1
D e 18 1%21% o 0 =

10« < 10 17100
«*3 33% 10¢1 33200 10t 33000

The lesions consist initially of a deposi-
tion ot asbestos fibres, alveolar macrophage«
and cell dehri< in the alveoli ansing directly
from the respirufoiv bronchioles. These
deposits Iwcomc organized firstly by heing
enmeshed m a thin retieulin network which
coarsens with time and becomes replaced In
collagen fibres, 'flic alveolar epithelium
reacts with replacement of the type | cells
and becomes completely lined by grantilui
pneiimocvtes. In some of the alveoli the
epithelium is shed into the lamina, m other*
there is a walling of the alveoli by these
cells. This usually occurs at the bifurcations
where groups of alveoli are closed off from
the luinma of the lespuntoiv bronchiole*,
givinc the so-called pseudo-acinar ap*
peaianee In the guinea-pigs the** smilt
e\*tie spaces contained asbestos hbre and
degeueratmg maciophages, but ill the M»
numerous granular pnouinocvtes were nl-0
pieseot. The initial lesions were eoiilim'd
io occasional discrete individual lespitatniv
bronchioles scattered thioughout the lung

o f tt textoxistamer |45kt turthei exposure. more and

more rv»spiratoi\ brum luole- bec<mic invoke»!
and all the »ospiMtoiv hioochtolcs ili'MV.
Irom leinunai bioiuluoles become thicken™»
as the libious tis-ue netwoil* extends i<
the wall ol tin* ifspnaioiy Inoimhiole. aed
tin* inteistitial lead ion spnad* down nit
the jieriphend elements of the piiotuiv
mut, involving the alveolil dint* .on*
and finally tlie au sic* and alveoli Win
ptOifi*« ssloll  tie 1 nuliv jdual lesions tend »
coalesce leading to the development ot
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ihffuse interstitial fibrosis with gradual in.
eicase in the density of tin* fihron% iKmic,
ultimately resultin'; in the replacement of
most of the, lung parenchyma by a dense
collagen netwoik .surtoundmg disputed air
spaces muny
of giatiulai pneunioevtrs which, m .sore
areas, have h’srd leaving foci of hpo-ulvcolat
proteinosis.

The assessment of these lesions was
hastd on 4 grades of fibrosis—minimal,
slight, moderate and severe. Typical ex-
amples of slight, moderate and severe
asbestosis are shown in Fig. 1-4, In uddi-
lion, when carrying out the* assessment it
was found convenient to introduce' the
intermediate categories mmimal/slight, slight/
moderate and moderate/severe. Tho 7 re-
sulting categories were scored 2-8 and the
normal lung, in which there was no sign of
asbestosis, was scored 1, and the assessments
were averaged for cacti group of rats. The
repeatability of this form of assessment was
tested on 154 sections, reassessed in a
different random order and 181% were
assigned to within one category of the first
reading.

ClaMfiJi&thoH of
found in the lungs of rats aftei exposuic to
the various typos of asbestos dusts were
peripheral adenomata, widespread adeno-
matosis, adenoearcinonmta and squamous
carcinomata The rarity of pulmonary tu-
mout's m rats has been stressed in tin*
reviews by Kuschnet* and baskin (1970) and
Simhad and Pvlev (11)70) Further, these
authors have described the de\elopment and
morphological features of the tumours that
wve are reporting All these tumours were
jieripheral and appeared to arise from the
region of the respiratory bronchioles m which
the asbestos fibre Had accumulated

The origin of the adenomata appeared
to he front accumulation of type 11 epithelial
cells that proliferated m the alveoli of the
respiratory bronchioles (Fig 5 § In many
of the exposed annuals lhe-r lumouts were
multiple, and in a nmnber of animal-,
particularly those with the more seven*
crudes of asbestosis, there seemed to be
ndmomata arising from numerous adjoining
nwjuratory bronehioli's. giving an impression
<f contiguous adenomata invading large
e«urs of the lung. Dr Harold Stewart
(personal  conmnmieathm) suggested that
tins type of lesion should be referred to as

adenomatosis In contrast to this, a few
control animals were seen to have solitary
adenomata which were small in mw* The
iuh*riceareinoiuufa were of the same type
and origin as the " alveolar adeimcuremo-

ofwhich contain huggaelumpdeserilied by «Shabad and Pvlev

(1970): many ofthese tumours wen* pajnllary
adenoma-carcinomata. Tltc squamous car-
cinomata appeared to originate Irom foci
of squamous metaplasia occurring in the
as)M¢*stotic lesions in the respiratory bron-
chiolcs (Fig. 7, 8) As far us can lie ascer-
tained, all these tumours were peripheral
ill origin and not bronchial papillomata.
The classification of these tumours was
discussed in some detail in Session VI at
the («atlinburg Conference on the Morphology
of Experimental Respiratory Carcinogenesis
in 1970: and the chapter by M. F Stanton
(1974) in the [ARC Monograph on fttthofoyy
of Tumour# in. ljuborttlory Auimuh contains
detailed descriptions of the tumours timt we
have illustrated.

'Hu* rats used in this experiment are
from a caesarean derived, harrier maintained
colony and fortunately they have been kept
free of rat bronchitis; therefore the squamous

&-Thenietasidssa was not associated with bronchi-

eetosis.

Aletaxtases in the thoracic cavity to the
chest wall, <liaphragm, pericardium or the
tracheo-bronchial lymph glands were seen
in 14 animals; tho majority hud lesions
invading 8 of the sites and in ordv 2 animals
were metustases observed in the tracheo-
bronchial glands. In one animal secondary
deposits were seen in sections from a kidney
Fight ndenoenreinomata and ¢ squamous
tumours had metastasized

RESULTS

Ail except 2 of the rats in the groups
with e\|K)Sure of 12 months or less
survived for the whole gf their planned
exposure In the 24-month gioup theio
was appreciable mortality before the etui
of exposure and only 58b» survived for
the full period. Out of 1018 rats it was
impossible to obtain adequate histological
material in only S because of cannibalism

bust rbonlioH

'Pile mean weights ol asbestos dust
in the lungs of animals Kkilled at the
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Prgah of . MMU (lose Y600 <
St A  Aitosit Anlhophylhtes (YdMioito  (Criauimn)  (lintisHm)
5 uvek* 1830 I*U |3 I-1 01 01
8wi'tk* 2450 ghlg) | ft 1« 01 0-3
H ttokM n 2H 21 0-6 0-5
3 months 50.10 A1 3Hi no 0-6 07
ft months 8470 41 4% 4-5 0-4 0-4
12 months % h \ i) ft Sy 0-8 14
g A D T

folirr IMmonths " ) o1

non-c\postin')

T usi.b 1V .- Mran Kinviral* afire Find

fixirLIeig)

IdHtFIh of E‘Iil_}/sofilo riiry«oteh*

o\post! IV Amusin*  Anthophyliitc  if_NA<dyf* (aiJHtluut)  {Hh{«lo«ian)  («miml
Lilay S0} 800 01 o4 B» O»
3 moot h* 771 82» 817 70 857 3
ft months 76» 636 78 669 706

12 months 6112 760 776 778 826 . ™4

24 month« 807 778 760 Bl ™ j1

* Arijuxtwi to bn mokq{Xtulrnf af surnhctw.

scheduled times are given in Table ill
More dust was usually found in males
than in females and on average the female
lungs contained only 70% as much dust,
as the male lungs. The values in 'fable
111are the averages of the male and female
means. For the 3 amphiboles there was
a similar pattern, with an almost pro-
poitiomd increase of lung dust with
dose The 2 ehrysotiles were similar to
one another but much less dust was
found than with the ampinholes, also the
chrysotilc figure-» did not show the same
clear increase with dose. The main
features are summarized in Fig. H The
dust in the lungs of the animals which
had €months’ exposure had been partially
eliminated IS mouths after removal from
exposure. The proportions eliminated
were 74% fm amositc, 73% foi orocidolite
but oni\ 4110 r anlhoplnibte llou-
evei. the lower elimination of antho-
phyllite was not significantly different
irom the amositc and orocidolite figures.

Snretro/
'flu* mean lengths of survival from

the day the rats were iivst exposed are
given in Table IV. The survival times
have been estimated so as to be inde-
pendent of the sacrifices. The short
survival of the 24-month group exposed
to Canadian chrysotilc was largely due
to 8 rats dying before Day 400 (in the
other four 24-month groups only 2 rats
died before Day 400). These early deaths
were not due to exposure, since 5 died
due to an infection in one cage and 2
wore killed in a fight. Discounting these
s <catlts, the mean survival wor? 09s
days, which was still the lowest of the
24-month groups. When the mean was
taken over all the lengths of exposure,
the Canadian ehrysotile groups showoail
least survival, but only a month les<
than the control groups. The amositc
and anthophvHite groups had mean sur-
vivals only a few days less than tliF
controls, while the eroeidolito and Him
desian chrysolite groups had longer sui
vivals of 2 and 3 weeks respectively.
Hence, there is very little indication
that the exposure hud any effect on the
merall survival of the animals. This*
is in marked contrast to our intraplem.il
inoculation experiments in which injection

= e <
Lo N .|>—n—n—*-__4§?_\
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Weight duel
in lungs (rngl

10000

20000

i

10000

Cumulative dose (mg/ro* hours)

Fex. il

u asbestos reduces the expeifation of
life b\ several months (Wagner «l
1%73)

.Ufa sin#itt

The amount of ashes}om> was assessed
ft« all the tats killed at scheduled times
in Kxperimenl 2and after
{ months’ exposine in experiment |
There ueie 7 or < rats pet treatment for
ftcli exposure, exeept that theie were
only 3 aftei X weeks Overall the i
"(sxos lutd similar amounts of ashestosis
utd they leave, therefore, Iwen combined
to give the mean ashestosis scores in
T.thle V, whieh are summarize«! in Fig. H).
rveepl for some ineoiiMsfencs between

MM'lit ti tliiu in luiiiih @ »te8in n Lilkhi

n

anil titik

the 3- and (»-month means, there was an
merea.se of asbestosis with exposure for
all the dusts. Also, following ¢ months’
exposure, there was progression during
tin* following IS months without exposure
lor all the asbestos I\pes, hut these rats
did no! fare as badly as those which
cnid jlined exposine There were signi-
ficeeits diffdrences between the asbestos
t\pes(/J ' mil) amosite in\ariabh gave
the feast «ishestosis throughout; aulho-
ph\ llite and Canadian ehnsotile showed
most ashestosis after (i months’ or longer
ex|H»stire, erooidolite and Khodesian chrv-
sotile were intermediate.

The mean ashestosis semes of tin* rats
which were allowed to lue out their
lives are given in Table VI  Those tats
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Time (monthy)

30000
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In* m  AslhM ohln tn Miieniicrd imK hi ivintimi to ijonr shml jum .
Tahle V MoanAxbcxtoxix Scores* of Sacrificed Hats
mirth t,f (‘hrysotiir Chnvitlie
*AllO \monht* Ant hopin'Hite ("'men Solito (Cnnmhiin) (Rhoilosian) I'nnti«*!
H\\ «U 21 Jis 2a 20 27 i1
i m«antl»s 4 % 2'7 2-K m*1 vu 1"
u mtimhs > * 12 2 i Ml i ft i)
12 Month* 40 Vi 4% 41 4 a N
IK liHHh* - - =
24 month* 4t ft 2 4S IMI Vs M
(L monthx** 2 74 t7 i »7
{nftm IK month*
b K

I*ml, 2 tnmtmal.

scheduled for *4 months have born divMrrt” ~§ months' exposure of Rhodesian elirw*

info ({lose ifoil died before ecmplotion
of exposure and those that survived for
a )humoil of non-exposure. The amount
of asbestosis found in the rate exposed
for one das was no more flam that found
in control rats. Comparing Tables V
and VI for 4ho rats which completed their
exposure, progression had occurred be-
tween the end of exposure and death witli
«if dust-*, tho single exception being the

tile The r.its which died before com
plofilig 21 months' exposure had man
ushcsfosis than those .sacrificed aftei IN
months' exposure for amosite, until*
phvllite and Rhodesian ehrysotilc. The
was not the ease for croeiilolife ami
Canadian ehrvsotilo, for which tluw: rat»
that died during exposure had siaaM
mean survivals than for the other <*ei-
Meanni over all dusts, those, rats that
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Lrffj'th »i
Am* »-in« Aidilhophyilitv
1itiy 1 (20) i a (20)
3 inonibs 2% (2%) a 2 (27)
U ttmntlw i (¢4) 4 2 (20)
12 tIMMtlbs 4%S  tiv) ii-1 2.7y
Up to 24 fi*o (21 o (22)
montlh
70

24 months 0:1  (y) (29)

* Iitui, 2: ruminiti!, 4: sitato* ti: modérait*,

died during exposure hud slightly more
asbestosis than would be expected from
the sacrifice rats, consistent with the
more severely affected animals having the
shorter survivals. However, the effect
was very slight and, as observed earlier,
the exposure did not affect survival to
any extent. In Table VI there is again
less asbestosis for amosite than the other
dusts although the difference is not as
large as in Table V. For rats which
completed their exposure, the difference
between amosite and the oilier 4 asbestos
A\ pcs had a mean of 0-7 for rats sacrificed
and 05 for survivors. The results in
Table VI do not support the findings in
Table V that anthophyllite and (‘auadian
chrvsotilc produce more asbestosis than
<mcidolite and Rhodesian ehrysotile, atwl
¥ conclude, therefore, that there were
no important differences in the amount
of asbestosis produced by these 4 samples

Tumour# of the httitj

hung tumours were observed in 247 of
tlit* rats exposed to asbestos. The. total
numbers of each kind for each dust are
damn in Table VII, where for those
rits with more than one tumour of the
lwuir, classification is by the more severe
onulitton. No tumours of the lung were
*Wrved within 300 days of the start of
esxposure and therefore only rats which
»arrived this initial period arc considered
m have been at risk. Apart from the
»cladulod killings, only 13 rats died
within the first 300 days. There were 7

Mean Asiteslonia 8 Survivor#
S tuvivaiin
<*h,v sol ih*
(Ytrfil4*»iilu (CitiiHilmii)  (H li. ml#Hutil
1-2 (2«) 1-2 2.7) 14 (2:*)
t-1 (27) > (2«) - (29)
12 (24) H-7  (20) 4-2 (23)
»e(> <2f>) 8» 1 (»«*) «e 1 (27)
4 (14) r>-i (io) o | (22)
Uu-G  (20) 0*8 q
Siwxnv.

control rats out of 84 survivors in téxpéri-
ment | with adenomata, but in Experi-
ment 2 there were no lung tumours out
of 42 control rats. There were slightly
more male than female rats with tumours
— 128 compared with Hi)—but the only
2 tumour types for which there was any
major difference between the sexes were
adenocarcinoma and squamous carcin-
oma. Out of 50 ndenoearcinomuta, 3»
occurred in males whereas 30 of the 40
squamous carcinomata were in females

Métastases occurred in 20 rats, 10 of
each sex. There wore also Il meso-
theliomala (Table VII), 7 in males. Two

of the mesotheliomata occurred with
only one day's exposure, 1with 3 months’,
none with 0 months’, 0 with 12 months’
and 2 with 24 months’. The meso-
thelioma which occurred with 3 months’
exposure to crocklolite was a peritoneal
tumour; the others were all of pleural
origin.

The distribution of the lung tumours
with time after first exposure are shown
in Fig. 11 for all dusts and all lengths of
exposure except one day. In the 5
groups exposed to ashestos for one day
there were 14 adenomata ami, compared
with the 4 in the corresponding controls,
there was clearly no evidence that these
adenomata were a consequence of expo-
sure to asbestos There were 5 more
serious tumours; 2 of these were meso-
thcliomata, one with amosite after 715
days and the other with vroddoiile after
551 days. There were also 3 adeno-
carchumuitu, one with crocidolite after
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Taute VU .— Xumkrr of Animais with Lung Tumours or

Typo of lung tumour

o rats al Iutie
IOvjuwuiV* risk* tumour  Ailonoma  A<lcrtwiiiitciMv
Amostfa
i dny 4fi 3 8 0
8 montli» 87 0 7 8
i month* 18 2 | 0
mont hs 25 JO [~ 4
4 months 2 13 8 i
Total ZI(] 3 to 8
A Hthophijlliic
lday 4 2 2 a
8 months a7 6 « 0
6 months 18 G 3 1
IU months P2 20 fi 2
24 months IH 16 2
Total 145 [P] 22 12
Crondolih
lday 4i 0 5 0
3 mont h« uj 14 Jo 2
¢émonths 1S 4 2 2
i 2 muni Jim 20 1S 5 4
24 months H 18 4 a
Total 141 aa x> 18
VhrrohU*
((‘a)i<uh<in)
1 day 42 i u 0
1. moni hs (@ H in 0
0 month« 17 B 2 2
12 months 21 1 1 8
24 mont )w 2 10 2 3
Total 137 & 20 K
( ‘hitf&ofttr
(tih&h som)
1 <lav 40 a 4 0
8 mont lis i Iti H 2
0 moni h* 10 8 i 8
12 mont lis 27 H 4
24 months n n 0 i
Ti>inl 144 AY)] 10 io
t'oohul
\ &\ 44 4 4 0
4 month> » 8 4 0
$ 24 inontlw 42 0 0 0
Toial 1 7 7 0
* Hat™ \ltu'li ni ko i rtiil ifa\s jiilm ~tiri oi o\|niMiif

1 Niifnhns ht him no* ty»™' with nxi »t

Rhodesiati ehrv-
and one wliieh
(‘fanadian ehrysotile

S0” tld\s, another wiUi
sotile after 7IL dayvs
metastasized with
after SUS dav?h

In interpreting TalLle Vil and hig II,
il has t< Lu Lnino in mimi (hai tlioro \wus
a greater tendency for rats to develop

mlenoinata
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M esothelioniala

iw, win
A<lcno* iSnuumous moo*
ruremomat caromomaf liioiiorufl
0 0 1
« 0 fi
i 0 0
1 0 fi
3 fi 0
5 fi i
0 0 0
0 0 0
J 1 0
4(1) 1 \
3 fi i
8 (1) 8 2
1 0 ]
1 t G) 1
0 0 0
3 fi a
2 (1 201 0
7 Elg fi (2 4
1U) @ 0
3 0 0
0 1 0
= () 1) i
1 4 (2) |
n E33 « (S) 4
1 0 n
a(l @ i
20 0
7@ fi @) 0
ac> 0 0
ket (fi) li 4 li
0 0 0
T
0 0 0
ni i-xpcrimont | than in

UxiMMimeni *2 as shown ut the controls.
Therefore, the higher proportion of am-

tunIn with adenomata after

3 months

exposure than utter ¢ months’ eXpomili-

is
know  wi»\

proludile

Ut

ariefaet.
adenomata occurred

\Ve do noi
in the
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KFFFOTS OF INHALATION OF ASHKNTOS IN RATS

3 MONTHS

6 MONTHS
AMOSNt
nnT%
»0 no >000 loo no koo>

ANTHORHYUITE

1
okl B
750 W00 500 750 >000

CROCIOOUTE

D 70 Vool
CHRYSOTItT  Canodtan

-a.

500 750 W00 ) >0 kw

CHRYSOTIIE  Rbodeiton
-H 4 ei,
V» 750 WD 500 % »00

8 S<$uanovi carcinoma B Adenocarcinoma

‘K> 1.~

controls in one experiment and not in
the other but as the finding is significant
{* = 0-Gii) in its own right and is sup-
ported by the results from the exposed

animals, it is unlikely to be due to
chance.
There was a higher incidence of

tumours with 12 months’ exposure than
*ith 0 months’ but little difference
between the 12 and 24 months’ exposure.

Half of the 8 mcsotheliomata in
K\JH*riincnt 2 occurred with i’anadian
thry-»utile, so that in total crocidolite and

$'1H f **s

0 Adenoma/ odenomafo**»

12 MONTHS

g0 70 WD

O Other couiet

J)<«uilmiton <4 emiuurl times m tlil\'> alter- lust <-\po-u»iii

Canadian chrysotile produee<l 4 meso-
theliomata eaeh (){ the 2U tumours
which metastasized, JO were after expo-
sure to a (hrvsolile (lo with the Rhodesian
sample ami O with the Canadian). Throe
others were with eroeidolile and one
with anthophyllite. Two of the meso-
thehomata in the 12-month groups occur-
red within 400 days after first exposure,
one with crocidolite after 800 days and
one. with Canadian chrysotile «ifter 80>
days (the only rat which failed to survive
for its scheduled 12 months’ exposure)
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AS$2$(oxis ami lung Immhum

An analysis was carried out to deter-
mine whether there was any relationship
between the grade of asbestosis and the
peesenco, of lung tumours. Since the
asbestosis grade, depends on survival, it
was necessary to standardize to a constant-
survival time. This was achieved by
calculating the regression coefficients of
asbestosis grade on survival time for
rats without Jung tumours, exposed for
3 months or more and with survival of
at least 4-00 flays after first exposure.
Differences in these, coefficients between
the 5 types of asbestos and the 4 lengths
of exposure were not significant and the
pooled coefficient of 0*00304 ;} Q*000fio
grade wunits per day was used. The
asbestosis grade of each rat was then
adjusted using this slope to an arbitrary
sunival. The adjusted mean asbestosis
grades were then calculated for each of
the 2f> groups, for those with and without
lung tumours  In 15 of these, groups the
mean asbestosis grade was higher in the
animals with lung tumours: in the other
5 groups the opposite occurred but only
slightly so in 4 eases. The accuracy of
an estimate of the difference in asbestosis
between those will» and those without a
tumour is dependent on the number of
animals in each category which varies
between groups, and weighting each group
to take account, of this gave a mean
difference of 0*71 0*13. Hence overall
the animals with lung tumours had
significantly (/* *: 0-00)) more asbestosis
than those without Dilfereue.es between
the dusts were not significant but the
wide range m means -anthophxHite o 25,
Canadian elnysotile 0*42, erocidnlite 0*00,
amosde u-K5 ami IUmdesiau ehiysolile
1*22 - shows that there are insufficient
data to reach any firm conclusions on
this question.

The. groups exposed for only one day
provide supporting evidence of a relation-
ship between lung tumours and asbestosis
Thcie was vor\ little asbestosis in these
groups {'fable VI) and lestiicting atten-
tion to animals which survived for at

J. <. WAONKR, ft. i'lKKKY, J. W. SKIDMORE AM) V. TLMIiRKM,

least 000 days, the mean survival times
of those with and without lung tumours
were, very similar. There were. 17 lung
tumours in 201 rats; only O of these
occurred in 157 rats without asbestosis

while 11 occurred in the 44 rats
with minimal or slight asbestosis (23%).
a highly significant, difference (PcO-00f)

Tumours of silosother (firm lung

A total of 412 tumours, other than
lung tumours or mesothelioma of the
pleura or peritoneum, were observed.
The majority of these were adenomata
of the breast or pituitary adenomata,
which were common post-mortem find-
ings. Both of these adenomata occurred
4 times as frequently in females as in
males. The numbers of these tumours,
other benign tumours and malignant
tumours for each type of asbestos are

shown in Table VIII. Kor none of tin*
T/UitK VIII.- -A
Ofher(hnn
Hrniign iiimoui
[ J— ” . %
INt uit lima
JNIDIWt itry Other tumoui-
40 4 «
A mi h<>[>h\ liit«* S 4 in
{Hnruloht«* 0 Hi 4 10
(Hu\ ik SA Jh 7 7
(( anailmii)
Chi \ 10 H7 0 a
M.4U}
<\ml rot 20 14 2 i

tumour typ<*s was the difiercnco between
the control and the asbestos treated
significant. In ‘fable IX more detail i-
given of the sites of fbe tumours with all
\pes of asbestos combined The large™
differences between the treatoil and con
trol rats were for tumours of the ovaiv,
10 in treated and none in controls, ami
tumours of male genito-miuary organs, 11
m Irented and none in controls. However,
noil her difference was significant

A few rats had multiple malignat
tumours. 2 of the rats with mesothelioma
of the pinna also had a lung carcinoma
and one rat with a squamous carcinoma

ImulicrTumours al >§k
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of the lung ha< a mesothelioma tunica
vaginalis. Mesotheliomafcn of the vagin-
alis were seen in this and one oilier rat;
there is no evidence to suggest an associa-
tion with exposure to asbestos. Also,
in some cases there were secondaries, for
example, a synovioma had spread to the
lung. In all such eases tumours have
Invn classified by the primary site and
in the few eases of multiple malignant
tumours there was no difficulty in recog-
nizing the distinct tyjics, t>. one was
not a secondary of the other.

DIMT'SSION

Our finding that the ashestosis pro-
duml by exposure progressed after eessa-
titii of exposure is in agicement with
human experience but contrasts with
the early inhalation experiments reported
B\ Yonvald, Durkau and Pratt (1951)
m which progression did not occur
WiLMer (1903) reportoil more ashestosis
Wih amosite than with ehrysotile in
guinea-pigs, rats and monkeys but our

ijiciiments show that, of the UH'C
stamlard reference samples .unosite is the
Imns| fibrogeuic in rats.

(iross et uf. (1907) found lung cancers
«i  of 72 rats which survived Hi months’
«xpiMirc to eluysotih* duvt at a mean
mmecutration of 30 mxjr/m3 for 30 hours
vweek They eoiisuleml th.d eontumi-
t nion of tin* asbestos bv trace metals

4) rdlivary «dud
Ihvrou

from the worn hammer of the mill used
to produce the respirable fibre could
have been a factor in the causation of
the tumours. However, our results now
show that there is no need to invoke
such a Its pothesis to explain the high
rate of lung tuiimiih

The amount of ehiysotde retained in
the lungs did not show any clear increase
with dose in rals exposed for longer
than 3 months. In two earlier expeti-
ments (Wagner and Skidmore. 1905,
Morris
dust (.oneentration was used to give a
cumulative dose in O weeks similar to
that given r> the picsenl experiment
over 3 months The weight of asbestos
found in the lungs of tats exposed to
amphihole was 3 times greater than in
those exposed to ehrvsotile. In the
present experiments the ratio was @¢to |
alter 3 months, hut increased with
continuing exposure as the weight of
amphihole in the lungs continued to
increase, hut the amount of ehrvsotile
did not The previous experiments had
shown that the rate of elimination of
dust from the lungs was much greater
for ehrysotile than for tin* amphiholes.
The present results mav be explained on
this basis, the weight of ehiysotde having
reached cquthhtium level, i.e. the rate of
elimination equalling the late of retention.

There are a number of features of the
results presented above uhich we found

N, 1907) a higher airborne
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surprising.  First, in Kxpeiimenl. | two
mcsol hehomata ociuued witlt (ho one
day c.\|n®suc
with ilir 3 months’ exposuie, which had 1
dosage nene (han .10 timos greater.
Il the incidence oftnesnl heliomata was
proportional to «lose-, .is is nuheated for
tin iiio* hlklin o\ptiiimonls (Warner </
til, 1973), then the prohahditv of such
an extremo result occurring liy chance
would he about 2 in a Inon

Secondly, there was no evidence of
either less carcinogenicity or lessasbestosis
in the groups exposed to chrysolite than
those exposed to the amphiholes, even
though the amounts of dust in the hums
were so different In particular, (he
UK'C Canadian ehrysotile piodueed as
many meantheliomata as the ITI(*C eroci-
dolile. The 2 I’KV samples of ehrysotile
produced 12 of the 14 tumours with
metastases. However, much less »lust
was retained in the lungs oi iats exposed
to chiysotilc than amphiholes (Fig. 10)
Moreover, after intrapleural inoculation
the risk of a mesothelioma occurring
with I'ICC cioeidohte is 3 times tin* risk
with chiysotilc (Wagner < <tl, 1973).
Theicfore, allowing for the greater reten-
tion of croculolite after inhalation, we
might have expected the risk with ‘-roei-
dohte to have been of th<' ordei of 2U
times that of <hiysotile

Two of the mesotheliomata occurred
within 4<K) days of the stait of exposuie
This may be compared with our injection
experiments in winch only -0 out. of >3
occurred within 400 day's (Wagner and
Berry, 1909: Wagner
the earliest mesothelioma occurred after
311 days ami we observed only 3 within
this period in our injection experiments.

The positive association between ax-
hestosis and lung turnouts which we have
established in the animals i in agreement
with epidemiological findings j/ Minister
ol Labour and National Service, 1949,
Knox ft al, 190S: Limes and Simpson,
1971)

The failure to c-tablKh any association
between asbestos exposure and tumours

ISKRUW .1 W. SK1IDMOKK AND V. TfMItKKM*

of sites other than the lung is equivocal.
Although an association with gastro-

(onpare,l witlintestlinalonnniouis has been touml epi*

demiologicallv. it is not yet tegarded as
eleaih established (Selikoll. Hammond
and Clung, 1972, New house, 1974), and
is of lower magnitude than the excess
lung 1.meet* risk  Our experiments pro-
vide no suppoit for such an association
The expeiimeulal umk of Craham and
Craham (19(57) suggested that jntra-
peritoneal injection <d tremolile asbestos
could pio<luce ovarian tumours, but the
follow-up of women asbestos workers
reported by Newhouse fl a! (1972) pro-
duced no definite conclusions on this
guestion because ol the rarity of (lie
tilimiiii ~ Our experiments do give some
support to an association between asbestos
exposure and ovarian tumours ns well
as tumours of the male gcnito-uriiiary
s\stem  Although neither was significant
this <mild be bccnusc of the relatively
small si'/e of the control group. To
oveteomc (Ins, u< have included the
condo! rats from some of our oilier
experiments, thus increasing the nun
tieated group to 403 rats of the .sumn
strain  This larger group contained

malignant Honours of the ovary ami 1
turnouts of (ho genito-urmary tract in
males. In over 700 rats exposed tw
asbestos there weie lo ovaiian turnout*.
7 of which wen* malignant, and Il
tumours of the genii««urinary tract m
males Hence, based on the, laigcr *t
of controls, the association between ad* *
tos exposuie and ovarian tumours i*

el £ 1973vealagad non-significant, whereas then*

nosuppoit for an association with tumour*
of the male genito-urmary system

The UKV ehrysotile samples are law
llian tlic ehrysotile which has been in i
m industry m (In* past. However, tlum
is a trend for imlusliy to use liner Huy
sotde (Wright-, IIMB9) and so the oxpeu

mental results may he more relevant (m

the cunent situation than to flic u*t
We are investigating the effects of mliann
lion ol chiysolde m mote detail in

expei iment involving UK'C Canadiet

elu\
fait
will.
the

Pk a

1
it

(Ins
as

the |

L
who
(»Qils,
m <
woof.
to h
fliiii.
el.issji
grater
Walt,
1lhim ,

<Ypei
<ouip >

(1Ms
UMl

/7,
M

X,s.
M AL
* Hilt .
*litV
JEAY
T1LHN\
I His

1 Imi
KR,
Tl
x &
>

fdjo

M i,

I,

N gt

mi

Mm».. ;



KKFK( rx UP

chisotlie ,i goule 7 sample from a
Camidian mow* and (he supcilme sample
wiiieh proxod (he most e.neinogeuto ui
the materials xvimh xxe morul.ded intra-
jtfeuraliy (Wagnei tin! , 1*7T)

'I'he experiments we teport base gixen
results whieh in s<vet.d respects (or
lespotul to those found tn man  Thus,
this evpctimental method is established
as a wdilid tool
the biological effects of asbestos

We are grateful to all our colleagues
who over a number of xear.s were res-
ponsible for the <Lni\ attention neecssaiy
m carrying out the experiments. \\V
would also like to aekuoxx ledge our thanks
to Dr Harold Stewart of the National
Cancer Institute who advised us on the
classification ol’ turnouts Wo are also
jjwiteful to our former colleague. Dr A.
Walter, xvho laid classified the non-lung
tumours occurring m some of our earlier

experiments which xxe mentioned for
Himparison
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