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Summary.—Two experiments in which SPF Wistar rats were exposed by inhalation

to dust clouds of the UICC standard reference samples for periods of between one

da;y: and 2 Yyears 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 all 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. In additipn, a total of 11 mesotheliomata occurred, 4 of which were with
crocidolite and 4 with Canadian chrysotile. Two of the mesotheliomata occurred
There was a positive association between

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

Waaner, Beery and Timbrell (1973
veported the resnlts of experiments in
which rats were inoculated intraplenrally
with samples of asbestos, In the dis-
cussion it was mentioned that two experi-
ments in which rats had been oxposed
to dust clouds of the UICC reference
samples had been carvied out, and the
results of these ave now presented.  Some
preliminacy results of one of these experi-
ments weve yeported by Wagner (14972)

In hoth experiments the vats were
exposed fo similar dust concentrations
and the dose varied by exposing rats for
various lengths of time. The main aim
was to establish the relationship Letween
the development of mabgnant tumours
in the lungs and the dose and type of
ashestos  dust  buat,  additionally,  the
amount of fibrosis was assessed

MATERIALS AND METIHObLS
Cacsarcan derived rats ol the Wistar
strain were usedd whieh had heen hred al
the Unit fram SPI stocks given to us hy
the tmperial Chemical Tndustries. Pharma-
ceutical Divicion at Alderlev Edge Chestore
in 1964 and 1968

The ashestaos samples uxed cousisted of
the 5 UICC standard reference  samples
(Pimbrell, Gilson and Webster, 1968) which
were prepared following recommendations of
the UGG, These samples are of 3 amphibole
types—anmiasite, anthophyllite and crocido-
fite—and 2 chrysotiles—a Canadian and a
Bhodesian sample.

The rats were exposed in 1+ m?® inhala
tion chambers (Timbroll o wl.. 197() which
contained 8 eages, each of which could hokd
6 orats, or. for a short period with youns
ratx, there was room for a seventh. Fn
chambers were used, one for cach type of
ashestor The chambers were ronstrueted
so that the rats could be tended without the
chambers heing opened.

The dust clouds were geneiated using a
specially dovised dispenser (Timbrell, Hyett
and  Skidmore. 1068). The clouds wee
generated for 7 hours a day and 9 days per
week.  The reapirable dust concentration
were measured  wsing waze selective g
metric dust ~amples (Cassella Type 1H4L
Phe eolloctid samples were ovaluated af
the ead of cach daly session. T order 1o
achieve the tequired dosage, calealated as
the  produet of concentration and s
Lariations ocenrring in the coneontrations
woere carrected on the followmy days. b
the end of exposure the mats were teft w the
chambers for a few davs, to allow tune fu
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therr fur (o beeome clear of ashestos before
transferring them to a clean environment
for the remainder of then lives. At teansfor
some rats, generally 2 or 3 ol eaeh sex,
were  killed and the hungs removed  for
histological examination and determination
of dust content.

Ax each type of ashestos has o consider-
able sdiente content (ahout 509, the amount
of dust in the ngs was determined by first
asseswing its silien content and referving this
value to that of the respirable dust to which
the rat had been exposed. This method
was used m previous experiments (Morrix of
al., 1967),

After exposure the rats were caged i
threes or fours isolated in a special unit
supplied with filtered air. The inhalation
chambers were also in this unit but in n
seperate room, They were fed on a pro-
pristary brand of autoclaved cubes, and
water ad {ibitum. Exeept for the scheduled
killings, each rat wax allowed to live until

Sections of both lungs were examined without
knowledge of the duration or type of asbestos
exposire and with the animals in random
order  The seetions were obxerved on a
viewinyg sereen of o Projecting Microscope
A3 BK wsing o 27 objeetive, AL this
nnvatification w age proportion of the hing
cottld be assessed in o sdngde field and, as it
was ual possible 1o observe asbestos fibres
at thiv magmification. the resudts were not
hinsed by knowing the tvpe of asbestos to
which the animal had heen exposed.

Faperiments

In both experiments and for all doses
there were groups which were exposed to
all 5 reference samples: there were also
control groups which were not exposed.
Rats were aloeated to treatments at random,
At the start of the exposure the majority
of the rats were between 5 and 7 weeks old,
a few being slightly older or younger, and

it died or appeared to be distvessed, and a there were approximately equal numbers of Y
full necropsy examination was carried out. males and females, '
Histological  prepuration.  stuining  ond Earperiment 1. —There were 2 time mtoer. A
micrascapic  methods —For  the  scheduled  vals of exposurer in the fimt, rats were »
killings, animals were killed by chloroform exposed for 3 months starting in May 1967
anaesthedia and following exsanguination  and in the sccond, groups of rats were Cu
the thorax opened and the hungs removed.  exposed for one day only in August 1967, o
The left lung was air inflated and suspended 1o addition to the killings at the end ol "-{'
in formalin ~ Representative portions of the  exposwre. 1o the 3-month group there were s
vight lung were taken for electron microscopic  also intermediate sacrifices at 5, 8 and 10 K
examination and the remainder of the Jung  weeks

dilated with neutral buffered tormalin, Slices
were taken from hoth lungs for histological
examination.  After the histological sections
had been gut, the embedded tissne and the
trimmings were dewaxed and added to the
remainder of the lungs which were used for
\the chemical estimates.

For other animals, at post mortem the
lungs were dilated with ueutral huffered
formalin  and after fixation were  <ieed
sagittally, routine seetions heing taken of the
whole left lung and the upper and lower
lobes of the right lang. In addition, any
ather suspicious fesions from the lungs o
other organs were taken for Instological
examination.

In all eases, stetions were stained with
haematoxylin and cosin and the lung seetions
were stained for elastin, reticulin and col-
lagen.  Special stains were used in some
vases as an aid to diagnosis of the tumours,

o Assessment of the severily of ashestosic—-

Frpeeiment 2 —There were 3 time inter-
vals of exposure—G  months, 12 months
and 24 months, The experiment started m
January 1969 and after 6 months half of
the rats were removed from the eabinets
They were replaced and a year later these
replacement animals were i turn removed,
They were replaced by animals to be used
for speeial eleetron microscopy examinations
which will not bhe reported in this paper
The remaming ammal were removed
January 1971 after 2 years’ exposure—-
the G-month groups, in addibion to the
kiflings at the end of exporurve, rats were
also Lilled after 2 years, i¢ 18 months
after removal from exposure.

The numbers of rats ave given in Table t
In  the 24.month  groups, overerowding
amongst the males tended to oceur due to
increase in size after ahbout a vear, and
some were removed prematureely after 1314
months  For analysas these wats have been
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Neewder of Reats Eaposed

Lot of Cheveatibe Chevsatide

CNprostie Amvedte Anthophyilte Conenlobse (Conadian) {Rhodesnn)  Contiof
b day 49 44 4 ] 44 4%

T months ad 32 a2 a2 32 HR
(RTINS I 24 w4 24 24 25 hl

Y estethis a5 BRI pu R 29 ¥ 48

2f wmnnthe 29 {4 26 4 20 }

Tanus - -Mean Respivable Dust Coucentration (umgfin®)
and Chwmnndative Dose (mgfue® hours)

Length of

eNposaee Aterstte Anthophy Hite
!y 144 TR P un
3 memitli= 12 4 S i35 hREGH
4 monthe -2 R3an th o R340
12 months 6.8 17060 IR AR I AT
24 months -6 3500 LI TN Ry

included in the 12.month groups and henee
the number of vats in these groups is slightly
higher, and wy the 24-month groups slightly
losver, than planued.

I Table 11 the mean rvesprable dust
concentrations and  the cumulatine dases
the praduets of econceatration and time, ave
shown.  The oneday exposmie was 7 hours
for all dusts For the other 4 time intervals
of exposure. there weee Night vadations in
the number of hows required to achueve
approximately equal doses but the mean
times were 402, 788, 1574 and 3237 hours
vespectively, The mean coneentrations wore
usualts higher in Expeenment 1 than Expen.
ment 20 and the S-manth group had an
wvernge dose of G007 of that of the G-month
group  Reasanable eguality of dose hetween
the dusts was achieved for all the leagths of
expozure. except for the one.day which wax
too short to allow any adjustments

Literpreintion of histologiead findinys

Nassefication of nshestosis —The lesions
ceen mthe bongs of rafsesposed to all types
of asheston were suntlar ta those deseribed
mogmnespies (Wagner 1963 1965) There
were 2 mam differencess fistive ashestos

hodies were never seen i the lang tissae
of the sat althaugh they are freguentla
seen i the plearal gramdomata which follow
the intr-plenad wocutation of amphitole
fibiren: sccondly . there was o lae greater
prminvhnn of geanular poenmoeytes (G pe
11y alveolar epithelial cells in the o

Chsy sotde Chresotide

Croedohite {Unnelian) (Bhodesian)
s NE 47 OB P4 7 oz
126 5030 §349 49340 127 nu
o 7 K4do 102 §24a 107 25890
-6 {7000 -7 {7100 9 1THoh
1907 33200 9.1 33200 1 33600

The lesions cousist initially of a deposi.
tion of ashestos fibres, alveolar macrophages
and cell debric in the alveoll ansing direetly
from the respiratory branchioles.  These
deposits hecome organized firstly by bene
enmeshed moa thin reticulin network whieh
coarsens with time and becontes replaced Iy
collagen  fibres. The alveolar  epthelm
reacts with replacement of the type ekl
and becomes completely lined by grannla
pricumocevtes.  In some of the aheoli the
epithebunm s shed into the humina, m others
there i a walling of the alveoli by thew
cedle. This usually occars at the hifureations
where groups of alveali are closed off fran
the fnmma of the respiratory hronchiojes,
viving  the  sowmdled  paeudo-aemar ap:
perance o the gwonea-pigs these small
ex~tie spaces contained ashostos fibee and
degencrating macraphages, hut i the rats
numerous graoular preumocytes were abw
present. The mntial desons were contined
to oceasional diserete indivadaal resphraton
bronehwdes seattered  throughont the lune
cubstanee  \ter turther exposuee, more apd
move vesparantony hroncoles become imvohod
and all the resnhiatorny bhronehwoles arsng
from terpnoad broachioles heeome thichen
ds the fihrons fissue networh extends e
the wall of the vespistory hronehole, ard
this interstitial renction sproads down ante
the  peviphered clements of the pman
s, mvolving the adveolar ducts aton
and fimally the an saes and alveoli Wit
progrosait the mdividnal lesons tend
condeser leathng to the development of
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diffuse interstitinl fibrosis with gradual in.
creane in the density of the fibrous tissue,
ultimately vesulting in the replacement of
mast of the lung parenchyma by o dense
collagen network surtomnding distarted
spaces many of which contain lurge chinps
of granular prnevmocstes whicle i sonwe
areas, have hvwed leaving foci of hipo-alveolas
prateinosis,

The assessment of these lesions was
based on 4 gradex of  fibrosis—minimal,
slight, moderate and severe, Typieal ex.
amples  of slight, moderate and  xevere
ashestosiy are shown in Fig. 1-4. [n addi.
tion, when carrving out the assessment it
was found convenient to introduee the
intermediate categories nunimal/stight, slighty
mederate and moderatefsevere.  The 7 re.
sulting categories were scored 2-8 and the
normal lung, in which there was no sign of
ashestosis, was seored 1, and the assessments
were averaged for each group of rats.  The
repeatability of this form of assessment was
tested on 184 sections, reassessed in oa
dufferent  random  order and 809 were
axsigned to within one category of the fiest
reading.

Classtficalion of (wmoinrs —The tumours
found in the lungs of rats after exposwe to
the various types of asbestos dusts were
peripheral  adenvmata, widespremd  adeno-
matosis, adenocarcinomata and  squamouns
enrcinomata  The rarity of pulmonary tu.
mours m rats has been stressed in the
reviews by RKuschner and Laskin (1976) and
Shabad and Pelev (1970)  Further, these
authors have describied the development and
morphological features of the tumows that
we are reporting  All these tuwmours were
peripheral and appeared to atise from the
wegion of the respiratory hronchioles in whieh
the asbestos fibre had accumulated

The origin of the atlenomata appeared
to be from accumulation of tyvpe 11 epithehal
cells that probferated i the alveoli of the
respivatory bronchioles (Fig 5 6)  In nuay
af the exposed anmals these tamowrs were
multiple, and in a4 number of animals
particularly  those with the more severe
erades of ambestosis, there scemed to be
adenomata arising from numerous adjoining
respiratory bronchioles, giving an impression
of contignous  adenomata invading  large
areas of the lung, Dy Harold  Stewart
tpersonal communieation)  suggested  that
tins type of lesion shordd be vetereed Lo as

INHALATION OF ASBESNTOS IN RAPS
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adenomatosts In conteast to this, « few
control anunuls were seen to have solitary
adenomata which were small in size, The
adenoearcinomata were of the same type
and origin as the © alveohu adenoearemo.
mata " deseribed by Shabad and Pyley
(1970) . many of these tumowr~ were papillary
adenoma- caramnomata,  The squamous ear-
cinomata appeared to oviginate from  focl
of squamous metaplasia occurring in the
ashestotic lesions in the respivatory hron.
chiotes (Fig, 7, 8)  As far as can he ascer-
tained, all these tumours were peripheeal
in origin and not bronchial  papillomata.
The clussification of these tumours was
discussed in some detail in Session VI at
the Gatlinburg Conferonce on the Morphology
of Kxperimental Respiratory Careinogenesis
in 1970 and the chapter by M. I Stanton
(1974) in the TARC Monograph on Puathology
of Tumonrs in Luboratory Animals contains
detailed deseriptions of the tumounss that we
have illustated.

The rats used in this experiment are
from a cacsarcan derived, harvier mnaintained
cotony and fortunately they have been kept
free of rat hronchitis; therefore the squamons
metaplasia was not assoviated with broneln-
cetasis,

Metastases in the thoraeiv cavity to the
chest wall, diaphragm, pernicardium or the
tracheo-hronehial lyvmph glands were seen
in I animals; the majority had Jesions
mvading 3 of the sites and in only 2 animals
were metastases observed in the tracheo-
bronehial glands, T one anunal secondary
deposits were seen in sections from a kiduey
Kight adenocarcinomata and 6 squamons
tumours had metastasized

RESULTS

All except 2 of the rats in the groups
with  exposure of 12 months or
survived for the whole of their planmed
exposure  In the 24-month gioup there
wiw appreciable mortality before the end
of eapoxure and onfy 339, survived {or
the full period. Out of 1013 rats it was
impossible to obtain adequate histological
matertal in only 8 beeause of cannibalism

less

Dust retention

The mean weights ol asbestos dust
e the dungs of animals killed uwt the
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TasLe Hi — Daust Relaived in Lungs (img)

Lengath of Menn dome ey molale Chrysotile
pxposnre mg/ind hours Amoste Anthophyfite Croewdohte (('m'\mhnn) (l{h(;dmiml)
3 weeke 1880 [0 i3 IR ] (I -1
H weeks 2450 (108 }] 16 -4 0.1 43
1 weehs 4244 R 2.8 24 .5 -5
3 mondhs S0H4 37 K] KR -6 -7
6 months R474 4-7 44 4-5 e (-4
12 months 17100 8- (Y #el -8 14
24 manths 23400 168 13-8 1Lt 4-3 4-6
6 monthx - 1.3 2.6 1.2 OG-0 [sTR¢

{aftes 18 months
HOL-C\ ORI C)

Tanne Y.~ Mean Survival® after Fivst rposure (days)

{anyth of (‘hryrotile Chirysotile

P postre Amaosite Anthophyliste Croedolite {Canadiun)  {Rhodosian) Control
aday B4 K06 45 763 53 803
3 month« 37} 8§23 817 799 RH7 793
£ month« 768 GRG 788 6069 760

12 months 692 759 776 778 826 754

24 months 87 78 756 83 758 }

* Adjusted to beoindependent of sacrifieos,

scheduded times are given in Table 11
Move dust was usually found in males
than in females and on average the female
lungs contained only 709, as much dust
ax the male hings.  The values in Table
1 are the averages of the male and female
means.  For the 3 amphiboles there was
a similar pattern, with an almost pro-
portional nerease of lung dust  with
dose The 2 chrvsotiles were similar to
ane another but much Jess dust was
found than with the amphiboles, also the
chrysotile ligures did not show the same
clear increase  with  dose. The nain
features are summavized in Fig. 9. The
dust in the lungs of the animals which
had 6 months’ exposure had heen partially
elimminated 18 months after removal from
exposure.  The  proportions  eliminated
were 749 for amosite, 73%; for crocidolite
bhat onlv 4120 tor anthophylite  Hoxw-
ever, the Jower elimination of asntho-
playllite was not significantly different
from the mmosite and crocidolite figures.

Nurvrral

FThe mean lengths of survival from

the day the rats were fivst exposed are
given in Table IV. The survival times
have been estimated so as to be inde-
pendent  of the saerifices. The short
survival of the 24-month group exposed
to Canadian chrysotile was largely due
to B rats «dying before Day 460 (in the
other four Z4-month groups only 2 rais
died before Day 400).  These early deaths
weve not due to exposure, since 3 died
due to an infection in one cage and 2
were killed in a fight.  Discounting these
8 deaths, the mean survival was 648
days, which nas still the fowest of the
24-month groups. When the mean was
taken over all the lengths of exposure,
the Canadian ehrysotile groups showed
feast survival, but only a month lese
than the control groups. The amosite
and anthophallite groups had mean sar
vivals only o few days less than %
controls, while the erocidolito and Rbo
desian chrvsotile groups had longer
vivils of 2 and 3 wecks respectively.
Henee, there is very little indication
that the eaposure had auy effect on the
overall survival of the animals. This
it marked contrast to our intraplewal
inoculation experiments in which injection
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EEFECTS OF INHALUTION OF ASBESTON 1Y RATS

Welght of dust
1n lungs {mg)

«

15
10 «
S5 -
Amphitioles
TteelLl - \fter removal
S -a R from exposure
SRR
Chrysotiles S
o 4 e T e L ©
3 [ 12 24 Time {months)
] A
T 1 T Y T v 1
¢] 10000 20000 10000
Cumulative dose (mg/m?®hours)
Freoo 0 Mewn weuht of dast m unpgs of vat< i solatiens to dose ol i
of ashestos reduces the expectation of - the 3= and G-month ncans, there was an

life by severad months (Wagner o al,
1973)

3

Ashestosis

The amount ol asbestosts wits assessed
for all the vats falled at sehedualed tones
m Baperiment 2 and abter 8 weeks and
3 months” exposme o Fapermment |
There were 5 or 6 rats per treatment oy
vach exposure, except that thete were
anly 3 after 8 weeks Overall the 2
sexes had similar amounts of asbestosis
sl they have, therefore, been combined
wogive the mean ashestosis seores i
Table V, which ave sumnmnrized in Fig, 10,
Veeept for some inconsisteney hetween

M1

iicrease of ashestosis with exposure for
Al the dusts, Ao, tollowing 6 months’
exposure, there was progression during
the following 18 months without exposure
for all the ashestos {ypes, but these rats

did not fare as badiv as those which
continned  eapostae Thers were signi-
ficant  differences hetween the ashestos

topes (2 700 amosite anvarviabhy gace
the jeast asbestosis throughout: antho-
phyllite and Canadian chrysotide showed
most ashestosis after 6 months’ or longer
axpostre, crocidolite and Rliodesian chyy-
sotile were intermediate,

The mean ashestosis seores ol the rats
which were alloved to e out their
frves are given in Table VU Thoswe rats
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Asbeslosis
grade
Aoderate I
0
Slight P
_.-=""" " After removal
Exposed to e from exposure
- asbestos ="
Mimmal «f
-k
Controls I
T R AT -
N} -
3 6 12 24 Time {months}
4 I3 4 i
i N H M 1 * 1
0 10000 20000 30000

Cumulative dose {mg/ny hours)

Fuo 10 Anbestasin w aacerdiced rats i relation to dose aud e,

Tanis Vo Mean Asbestosis Scores* of Saerificed Rals

Langth of Chryrotile Chrvaotite

IEPINTING Siosite Anthophviine  Crordabte {Canadimny  (Rhodesian)  Contrel
Kweekhs 2n 20 T 24 37 i1
Sananch- R 2.7 2R 27 KR} [
O s 2.2 32 R 18] 26 P2
12 anonths 40 52 43 4 1 + 3

In months ~ - £l
24 menths 48 602 [ [(H 38 bes
G months %2 30 37 55 kRt

(it 8 montha
HOHONpoOse)

* teondd, 2 omeamal, drsbehi, 8 omedieiates 8 wnae

seheduled for 24 manths have been dividee™3 months’ exposure of Rbodesian chry

wito those that died before completion
of expasure and those that survived for
a period of non-exposure. The wmoint
of asbestogix found i the rats exposed
for one day was no more than that found
im - control rats, Comparing Tables V0
and V1 for the rats which eompleted their
evpasure, progression hel oeewrred  be-
tween the end of exposure and death with
all dusts, the single excoption being the

(e The rats which dhed belore com
pleting 21 months” exposare lad mon
ashestosis than those saceihiced alter 2
months” eaposure  for amosite, anthe
phyHite 2l Bhodesian chrysotile. The
was not the case for crocidolite awi
(‘anadian chrysotile, for which those rae
that died during exposure had shoiteg
mean survivals than for the other dusr-
Meaned over all dusts, thosg rofs tha
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EFRFECTS OF INUALATION OF ASBESTOSN IN RATS

Tansw NV-~dlean dshestosis Scores*® of Survivors
(Mean Swivival in Months)

Taerggths o

Chey~olihe Chry sotihe

Bt e NAtnstte Aunthophytute Croeptolite Wanadin) (Rhods sin)
! eluy 13 (20} 123 (2 12 (26) {2 (45) KRR
Tmonths 2.9 (23) 32 (27 BE(ET 33 (26 28 (0N)
G snonths Bl (24 442y q.2 (24 3.7 20y 402 (23)
12 weond his 428 () bhett (23) a-h (25 a1 (25 6.1 (27)
Up to 24 teti {23) 63 (22 4 2 (id4) Het (16) I8 I 3
tanths

24 it he G-3 (2%) 74 {28) 6.6 {29 6.8 (28)

*prml, 2 nunanad, 4 stgzht) s moderate, B e,

died during exposure had slightly more
asbestosis than would be expected from
the saerifice rats, consistent with the
more geverely affected animals having the
shorter survivals. However, the effect
was very slight and, as obscrved carlier,
the exposure did not affect survival to
any extent. In Table V1 there is again
less asbestosis for amosite than the other
dusts although the difference s not as
bige us in Table V. For rats which
completed their exposure, the difference
hetween amosite and the other 4 asbestos
types bad a mean of 0-7 for rats sacrificed
and 0-3 for survivors, The results in
Table VI do not support the findings in
Table ¥V that anthophyllite and Canadian
chirvsotile produce more ashestosis than
arocidolite and Rhodesian chrysotile, and
we conclude, therefore, that there were
na importunt differences in the amount
of ashestosis produaced by these 4 samples

Twnours af the lung

Lamg tumours were observed in 247 of
the rats exposcd to asbestos.  The total
numbers of cach kind for cach dust are
Siwwn in Table VI, where for—those
rats with more than one tumour of the
uuy, classification is by the more severe
«ondition.  No tumours of the lung were
ohawrved within 300 days of the start of
rxposure and thevefore only rats which
aurvived this imtal period are considered
to have been at risk.  Apart from the
wheduled  killings, only 13 rats  died
within the first 300 days.  There were 7

BN

control rats out of 84 survivors in Kxperi-
ment 1 with adenomata, but in Kxperi-
ment 2 there were no Jung tumours out
of 42 control rats. There were slightly
more wale than female rats with tumours
—128 compared with 119—but the only
2 tumour types for which there was any
major difference between the sexes were
adenocarcinoma  and  squamous  carein-
oma. Out of 50 adenocarcinomata, 33
occurred in males whercas 30 of the 49
squamons earcinomata were in females
Metastases occurred in 20 rats, 18 of
each sex. There were wlso 11
theliomata (Table VI, 7 i males. Two
of the mesotheliomata ocowrred with
ouly one day's exposure, I with 3 months’,
none with ¢ months’, 6 with 12 months’
and 2 with 24 months’. The meso-
thelioma which ocemrred with 3 mouthy’
exposure to crocidolite was w peritoneal
twmour; the others were all of pleural
ovigin,

The distribution of the lung tumours
with time after first exposure are shown
in Fig. 11 for all dusts and all lengths of
exposure  exeept one day., In the §
groups exposed (o asbestos for one day
there were 14 adenomata and, compared
with the + in the eorvesponding controls,
there was clearly no evidenee that these
adenomata were a consequence of expo-
sure vo asbestos  There were 5 more
sorious tuwmours; 2 of these were meso-
theliomata, one with amosite after 715
days amd the other with erodidolite after
330 days. There were also 3 adeno-
carcinomata, one with crocidolite after

tnesy-
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Tapre VIL—Number of Animals with Lung Tumours or Mesotheliomala

Type of lung tumour

No, of Wi WiIth e o s e A —y  Xo, with
. . UEI tunge Atlenne Sejunmous M-
Exponure rink® tumour  Adenomn Adenomntoss enrmmnomat  eacciomat  thehaa
Amogite
1 day 4 3 3 0 9 0 !
3 mnonths 37 {0 7 3 t [§} [
6 months IR 2 i 0 1 0 (]
12 months 25 10 5 4 t 0 O B
24 months 2} i3 3 i 3 4 G
Total td6 38 19 & 5 6 I
Anthophyllite P
b day 44 2 2 [§] o [} ]
3 montha 37 6 6 i} 4] [{] 0
6 months 18 G ; ] I 1 9 d
12 montha 24 20 9 ) 4 (hH 1 1 H
24 months 18 18 2 a 3 [ 1 '
Total 1453 50 22 2 8 (1) s 2 f
::*“ rocadolide !
Y I day 4 o 5 0 ) 0 1 v
qS« 2 months a6 14 10 2 ] ) 1 :
8. 6 months 1S 4 3 2 o ¢ 0 .
{2 months 26 i A 4 3 6 2
QQ" 24 months I8 13 4 5 (1 2 (1) 0 (
su Total 144 33 26 13 71 9 (2 4
™ Chirygsot e
Qi (fenad o)
.
\" 1 duy 42 [ u ! L a 4 H
T months 34 R 15 ) 3 4 8
! G manths 17 5 2 2 v i o
" 12 months ) i { 3 $ (1) 1 () 3
c\ﬁl 24 months 2] I 2 3 (1) 4(2) 1
! i Total 147 5 2 8 i1 (3) e 4 :
| Y
i 'l ysatle ‘
{(Fhodcsisii}
I dav 43 3 4 0] i g " !
Sanonths W {6 H 2 REE)! [t} (i
, G inonths (] 8 2 3 30 [} (t
12 months 27 14 2 4 T2 6 (4) [}
2% memnths 137 il ) } 3 3 \
Total 144 54 1a H] {68 11 (4) ¢ {
oudrol
1odan 44 4 4 4 0 1 i) '
4 mond s 16 A4 3 1] ] U 1]
G 2 months 42 1] O [ i v v .
Teal {34 H . 8 it 4 ]

* Hats whieh curoned at feast 300 days ot start of exprsine
poNubers b baachers ane those swath mctastases

807 days, another with Rhodesian ehry- adenomata o Faperiment U than i
sotile after 719 days and one which  Experiment 2, as shown ns (he contrals,
metastasized  with  Canading chrvsotife  Therefore, the higher proportion of anr-
after 838 days. malsy with adesomata after 3 months’

L interpreting Table VI and g 11, eaposure than atter ¢ months’ exposwme
it han 1o be harne in mind that there was  is probably w arlefact. We do not
a greater tendeney for mts to develop  know why adenomata acewrred in the
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3 MONTHS 6 MONTHS 12 MONTHS 24 MONTHS
AMOSHTL
1
2 R0
. — T ]
500 % w00 500 750 1000 500 730 1000 500 730 000
ANTHOPHYLLUITE
%00 P2 000 500 750 1000
CROCIDGLUITE
00 750 1000 500 750 ©o0
CHRYSOTUE  Conadian
s00 750 %000 500 750 000 750 000 500 750 1000

CHRYSOTRE  Rhodeson

nrf?.&éa
50 000

0o
R Squomous corcinoma
i, 11,-

@ Adenocarcinoma

controls in one experiment and not in
the other but as the finding is significant
(' = 0-06) in ity own right and iy sup-
ported by the results from the exposed
animals, it is unlikely to he due to
chance.

There was a  higher ineidence  of
tumours with 12 months’ cxposure than
with 6 months” but  little  difference
between the 12 and 24 mouths’ exposure.

Half of the 8 mesotheliomata in
Experiment 2 occurved  with Canadian
chrysotile, so that in total crocidolite und

8 Adenoma / odenomatosss

{0 Other couses

Prersbuton of ieeonal tnpes e davs after host espusie

Canadian chrysotile produced 4 meso-
thefiomata cach  Of the 20 tamours
which metastasized, 16 were after expo-
sure to a chrysotile (10 with the Rhodesian
sample and 6 with the Canadian). Theee
others were with crocidolite and  one
with anthophyllite. Two of the ineso-
thehomata in the 2-month groups oceur-
red within 400 days after tivst exposure,
one with crocidolite after 399 duyvs and
one with Canadine chrysotile after 353
days (the only rat which farled to sarvive
for its scheduled 12 months’ expostae)
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Asbestasis and ling lumow s

An analysis was earvied out to deter-
mine whether there was any relatiouship
between the gride of asbestosis and the
presence of lung  tumours.  Since the
ashestosis grade depends on survival, it
was neeessary to standardize to a constant.
survival time. This was achioved by
caleulating the regression cocfficients of
ashestosis grade on survival time for
rats without lung tumours, exposed for
3 mouths or more and with suevival of
at least 400 days after fiest exposure.
Differences in these voeficients betweon
the 5 types of ashestos and the ¢4 lengths
of exposure were not significant and the
pooled  cocflicient of 0-00304 L 0-UGOGS
grade units per day  was used, The
ashestosis grade of each rat was thon
adjusted using this «lope to an arbitrary
sumvival,  The adjusted mean aghestosis
grades were then caleulted for each of
the 20 groups. for thuse 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
3 groups the opposite geeurred but only
slightly so in 4 cascs. 'The accuraecy of
an estimate of (he difference i ashestoss
between those with and those without a
tumonr s dependent. un the number of
animals in cach category which varies
hetween groups, and weghting cach group
to take account of thik gave a mean
difference of 071 . 013, Henee overall
the antmals  with  fung  tumours had
siguifteantiy (12 <2 0-001) more ashestosis
than those without  Differences hetween
the dnusts wore not signibeant but the
wide range i means - anthophyHite 625,
Canadian elp vsotile 042, erocidatite B-66,
amostte 0-53 and Bhodesian elnvsotide
fo2 - shows that there are msuflician
data 1o reach any firm conclusions on
this question.

The groups exposed for unly one day
provide supporting evidenee of a velation-
ship hetween lang timours and ashestoss
There was very httle ashestosis in these
graups {(Table V1) and restticting atten-
tion to animals which suevived for at

e

SKRIDMORE AXND V. TIMBRELL

least 600 days, the mean survival thmes
of those with and without lung tumours
were veey similar. There were 17 fung
tumowrs in 200 rats; only 6 of these
ocearred in 157 rats without asbestosic
{(389%,) while 11 oceurred in the 44 rats
with minimal oc slight asbestosis (239,).
a highly signifieant difference (P<0-001)

Tumonrs at sites other than leng

A total of 412 tumours, other than
lung tumours or mesothelioma of the
plevra or peritoneum, were observed.
The majority of these were adenomata
of the breast or pituitary adenowmata,
which were common post-mortem find-
ings.  Both of these adenomata ocourred
4 times as frequently in females as in
males.  The numbers of these tomours,
other benign tumounrs  and  mahignant
tumours for each tyvpe of asbestos are
shown in Table VI For none of the

Tavets VTH - - Number of Twwmonss at Site
Other than the Luny

Bemgn tamot s

¢ = - Ao = Mahg
Pituat nant
Breast wry Other  tumout«
Aposate 22 40 4 4
Anthophinte 16 3 4 {4
{rorsiolie 20 kg i 141
Cligy ~oftle R ot 7 7
{Eanathmn
Chrs =otift t 43 4 4
(Rhode siang
Contrnl 20 S 2 13

tumour types was the difference hetween
the control and the asbestos  treated
sigstieant. o Table 1IN more detail i
aven of the sites of the tumours with all
1y pes of ashestos caombined  The larges
duferences helween the treated and con
trol raty were for tumours of the ovary,
14 in treated and none iy controls, ad
tnmours of made genito-wrinary organs, 4]
m treated and none in controbs, However,
uether differenee wax signiticant

A few rats had multiple malignant
tumotrs. 2 of the rats with mesothehonn
of the plewra adso had a lung carcinoma
and one rat with a squaous carcinoni
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Tanew INC Sites of Twmonrs Other thin Luny

Ashestom troated Cantiol

“
Nite/Famou type Pt Mabirnant Beniyn Midenang

Digestive organs md pentonmnn 4 1 ' 4
Bons ot sKin 3 4 1 4
Hrenst 10 [ M) 1
Owvary 4 7 i B
Other fenude genitosanimo v ongans p A “ 3
Maude gerto-giney aogzans 3 5 1 [
Inuacinnml 174 t 3 1]
Thymoma 7 H [§] 1
Lymphowa lovhacuua 5 2
Othes 3 3 f 1)

(h.\‘runi
wlrenud (4) ~dioary glamd

of the lung had a mesothelioma tunica
vaginalis.  Mesotheliomata of the vagin-
alix were seen in this and one oiher vat;
theee is no evidence to suggest an assocut-
tion with exposure to asbestos,  Abo,
in some cases there were secondaries, for
mvample, a synovioma had spread to the
lung, Tn afl such cases tumours have
heen classified by the primary site and
in the fow cases of multiple walignant
tumours there was no difficulty in recog-
mzing the distinet types, i one was
not a secondary of the other.

DBISCUSRIGN

Dy findimg that the asbestosis pro-
duced by exposure progressed after cessa-
tan of exposure i in ageement with
human  experience  but contrasts  with
the carly inhalation experiments reported
by Vorwald, Durkan and Pratt (1951
m which  progression  did not  oceur
Wauner {1963) reported more asbestosis
with amosite  than with  chrvsotile
guinea-pigs, rts oad monkeys hut our
rapetiments  show that of  the UNCC
standdavd veference samples amosite is the
teast fibrogenie in vats,

Gross el ol (1867} found Tung cancers
a 25 of 72 vats which survived 16 monthy’
posure 1o chiveotile dust at a mean
swcentration of 86 mg/m? for 30 houes
vueek  They considered that contami-
ctnn of the asbestos by trace metals

mie st stptatend

thyeod

from the worn hammer of the mill used
to produce the respirable fibre could
have been a factor in the cawsation of
the tumowrs,  However, our results now
show that there is no need to invoke
sueh o hypothesis to eaplain the high
rate of lung tumaus

The amount of clirysotile retained m
the Tnngs did not show any clear inerease
with dose an rats exposed {or longer
than 3 months,  In two earlier expeti-
ments (Wagaer and Skidmore, 1965,
Morvis e al, 1967) a higher airbore
dust concentration was used to give a
cumulative dose e G weeks similar to
that given m the present expernment
over 3 months The weight of ashestos
found in the lungs of ats eaposed to
amphibole wiasn 3 times greater than in
those exposed  to chinvsotile. In o the
present experimonts the ratio was 6 to
alter 3 months, but  ineveased  with
continuing exposure as the weight of
amphibole in the langs continued  to
nerease, but the amount of chrysotile
didd not  The previous experiments hadd
shown that the rate of climination of
dust from the lungs was moch greater
for chrvsotile than for the amphiboles.
The present results mav be explained on
this basis, the weight of chrvsotile having
reached equilibrium leved, feo the rate of
elimination cqualling the tate of votention,

There are a number of features of the
results presentett above which we found

(O iy £ AR
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3
surpristng. Fust, o Eaperment 1 otwo of sites other than the funyg s equivoeal,
mesothehomata occned with the one Althouzh  an association with  wastro- ! chin
din eaposre compared with only one mtestmal taumows s been found epi- § Cun
with the 3 months’ exposore whieh had o demnologically, it s not vet regarded as ! Wl
docge more than 300 thaes greater. clea v established  {(Selikoff. Hammond ¢ the
HOothe incidence of mesothehomata was and Choag, 1972, Newhonse, 1874), and ' Pl '
proportional to dose, as is indieated for s of fower anagnitude than the exeess ' I
the ocnlation experments (Wagner of lung caneer sk One experiments pro- ; Fesed
al., 1973), then the probabdite of sueh vide no support for such an association PO
anextreme rexult oceurving by chanee The experimentad wark of Greabam and this
would be about 2 in a 180 Crnhan (10673 suggested  that  intra- Y
Secondly, there was no evidenee of  perttonea] mijection of tremolite asbestos the
cither less carcinogenmeity or fessasbestosis— conld produce ovarien tumours, but the
in the groups exposed to chrvsotde than follow-up of women ashestos workers il) L
those exposed Lo the amphiboles, even reported by Newhouse of of  (1972) pro- who
j though the amount< of dust in the lungs  duced no definite conclusions on this -
- t;*w were so o differentIn particular, the  question hecause ol the garity of the i ('
H N UHCC Canadian chrysotile: produced s tamom Our experiments do give some , woul.
; &) many mesotheliomata as the UICC croci- support to an association between ashestos . to 1)
. < dolite. The 2 UTCC samples of ehirysotile  exposure and ovarian tumours as well 4 Coine
S ,“g“ produced 12 of the 14 tumours with  as tumowrs of the I}N\‘t‘ g(:mt.ow.n:mm‘.\' hisas
{ Eg‘ metastases.  However, much less dust system Althongh neither was significant . e
.i\:x was retained in the lungs ol rats exposed this could e becanse of the rclzm\'t;l‘.\ Wl
'.Q( to chivsotile than amphilioles (Fig. 1) small siwe ot the control  group. o G
s\h Morcover, after trapleural inoculation  overcome  this, we have meluded  the , N
", the risk of @ mewotheloma occurving  control vats from some ot our other con
Efs:, with UHCC erocidohte s 3 times the viske  eaperiments, thus inwcn\.\mg the non f
+ t\f with chivsotile (Wagner o al., 1973), treated group to 403 rats of the san
. NG Therefore, allowing for the greater reten-  strain - This larger group contained 2 .
' “\5{ tion of crocidolite after mhalation, we  malignant tumours of the ovary and 5 4 L'\\\‘j.;;

tumours of the genito-urmary tract in i,

might fve expected the visk with eroci-

dohite to have heen of the order of 200 males. In over 700 rats eaposed o YRVIRG
tintes that of dhirvsotile ashestos there were 10 ovatian tumouns, ) (ot :
Two of the mesotheliomata ocenrred 7 of whieh were malignant, wnd 1 Iy
within 400 days of the start of exposute tumonrs of the genito-urinary tract m o
This may be compared with our injection  males  Hence, based on the luger C
eaperiments in which only 20 out of 303 of controlz, the association hetween asbr 15 4y
ocenrred withm 400 dayvs (Wagner and  tos exposure and ovarian  tamours "‘\;’”\‘;\)‘
Berey, 1969: Wagner ef af | 1973)  Also,  weak and non-significant, whereas there s -
the earliest mesothelioma occurred after nosupport for an association with tumanr } Feien
355 davs and we observed only 3 within  of the mude genito-annary system \‘."‘”’"h‘,‘
this pv‘riod it omrnjection experiments, The UHOC chrysotile samples ave linvr( e
The positive assocation between as- than the chrysotde which has heen wt :’:H;CT«"“
hestosis and Tune tumours which we have  oomdustey e the paste However, thee v
established mthe ammals s moagreement. s a trend for industiy to use finer by s o
with epdemiological findings (e, Minister  sotile (Wright, 1969) and so the expen Sy,
of Labour and Nutiwnal Serviee, 1949, mentadd results mas he mare relevant b o,
Knox #f ol | 1962 Bimes and Smipson,  the current situation than to the pas )’t”x:’:(l,'
1971 W are investizating the effeets of mlah Yol
The failire to ectablish any association  tion of chirssotile i more detwl in Swtinne

between asbestos exposire anl tumaotirs

experiment  mvolving  UHCC Canadns
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chiysotile a4 grade T sample from
Canadian mme and the superine sample
which proved the wost caremogenie of
the materrals which we mocalated intra-
plearally (Wagner o/ al | 1873)

The experitnents we report hive given
vestlts which w soverad gespeets
respond Lo those found wowan Thuos,
this expermmentad wmethod s established
ax o valid tool for the investigation of
the hiological effeets of achestos

oo

We arve gratetul to all oure colleagues
who over a number of yvears were res
posible for the daily attention necessary
moearrving out the experiments. We
would also like to acknowledge our thanks
to Dr Harold Stewart of the Natonal
Cineer Lostitute who advised us on the
classification of tumonrs We are also
mateful to our former colleague. e AL
Wadter, who had clasatiod the non-hing
tmours veeurring w some of our earher
experiments  which mentioned
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