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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 on-

day and 2 years are described.

All the samples of asbestos produced asbestos:

which continued to progress after removal from exposure but only a little fibros)

was observed in control rats.

Lung tumours, ranging in severity {rom adenomaca

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.

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

Wacxer, Berry and Timbrell (1973)
reported the results of experiments in
which rats were inoculated intrapleurally
with samples of asbestos. [n the dis-
cussion it was mentioned that two experi-
ments in which rats had been exposed
to dust clouds of the UICC-ceference
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 Wagher (1972).

In both experiments the rats were
exposed to sitnilar dust concentrations
and the dose varied by exposing rats for
various lengths of time. The main aim
was to establish the relationship between
the deveiopment of malignant tumours

in the lungs and the dose and type of

asbestos dust but, additionally, the
amount of fibrosis was assessed.

MATERIALS AND METHODS

Caesarean derived rats of the Wistar
strain were used which had heen bred at
the Unit from SPF stocks given to us by
the Imperial Chemical Industries, Pharma.-
ceutical Division at Alderley Edge, Cheshire
in 1964 and 1943,
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In addition, 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

-

The ashestos samples used consisted of
the 5 UICC standard reference sampli~
(Timbeell, Gilson and Webster, 1968} whici
were prepared following recommendations
the UICC. These samples are of 3 amphibole
types—amosite. anthophyllite and crocidon-
lite—mand 2 chrysotiles—a Canadian and =
Rhodesian sample.

The ratx were exposed in 1-4 m3 inhala.
tion chambers (Timbrell et al., 1970} which
contained 8 cages, each of which could hold
6 rats, or, for a short perind with young
rats, there wax room for a seventh. [Mive
chambers were used. one for ench type of
ashestos. The chambers were constructed
%o that the rats could be tended without the

. chamberx being opcned.

The dust clouds were generated using o
specially devived dispenser (Timbrell, Hyett
and Skidmore, 1968). The clouds were
generated for 7 hours s day and 5 days per
week. The respirable dust concentrations
were measured using size selective gravi-
metric dust samples (Cassella Type 1144).
The collected samples were evaluated at
the end of each dailv session. In order to
achieve the required dosage, calculated as
the product of concentration and time.
variations occurring in the concentrations
were corrected on the following davs. At
the end of exposure the wts wern left in the
chambers for a few davs, to allow time for
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EFFECTS OF {NHALATION OF ASBESTOS IN RATS

their fur to hecome clear of ashestos before

transferring them to a clean environment
for the remainder of their lives. At transfer
some rats. generally 2 or 3 of each sex,
were Killed and the lungs removed for
histological examination and deteemination
of dust content.

As each type of ashestos has o consider-
sble silicate content (about 309%;) the amount
of dust in the hitngs was determined by first
assessing its silica content and referring this
value to that of the respirable dust to which
the rat had heen exposed. Thix methed
was used in previous experiments {Morris ef

_ al., 1967).

After exposure the rats were caged in
threes or fours isulated in a special unit
supplied with filtered air. The inhalation
chambers were also in this unit but in a
separate room. Theyv were fed on a pro-
prietary brand of autoelaved cubes, and
water ad lbitum. Except for the scheduled
killings, each rat wax allowed to live until
it died or appeared to be distressed. and a
full necropsy examination was carried out.

Histological  preparation, staining and
microscopic  methods.—For the scheduled
killings, -animalx were killed hv chioroform
snaesthesia and following exsanguination
the thorax opened and the lungs removed.
The left lung was air inflated and suspended
in formalin. Representative portions of the
right lung were tuken for clectron microscopice
examination and the remainder of the lunyg
dilated with neutral buffered formalin. Slices
were taken from bath lungx for histological
examination. Aftee the histological xections
had been cut, the embedded tissue and the
trimmings were dewaxed and added to the
remainder of the lungs which were used for
the chemical extimates.

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

In all cases, sections were stained with
haematoxylin and eosin and the lung sections
were stained for clastin. reticulin and col-
lagen. Special stains were used in some
cases as an aid to diagnosix of the tumos.

Assessment of the secerity of asbestasis.—

233

Sections of hoth lungs were examined without
knowledae of the duration or-type of asbestos
exposure and with the animals in random
urder. The sections were abserved on a
viewing screen of a Projectina Microscope
4013 BK using o X7 objective. At thix
magnitication o large proportion of the lung
could be assexsed in a single Reld and. as it
was not possible to observe asbestos fibrexs
at this magnification. the rexults were not
biased by knowing the tyvpe of ashestos to
which the animal had heen exposed.

Experiments
[n both experiment= and for all doses

‘there were groupx which were expoxed to

all 5 reference =amples: there were also
control groups which were not exposed.
Rats were allocated to treatineats at randon:,
At the start of the exposure the majority
of the rats were between 3 and 7 weeks old.
a few bheing slightly older or younger, and
there were approximately equal numbers of
males and females, .

Exrpertment 1.—There were 2 time intes-
vali of cxpoxure: in the first. rats were
expoxed for 3 mounths stacting in May 1967
and in the second, groups of rats were
exposed for one day only in August 1967.
In addition to the killings at the end of
exposure, in the 3-rmonth group there were
also intermediate sacrifices at 3, 8 and 10
weeks. .

Ezxperiment 2.—There were 3 time inter.
valy of exposure—{ months. 12 months
and 24 months. "The experiment started in
January 1969 and after 6 months half of
the ratx werc rcmoved {rom the cabinets.
They were replaced and a year later these
replacement animals were in turn removedl.
They were replaced by animals to be used
for special electron microscopy examinations
which will not be reported in this paper.
The remaining onimals were removed in
January 1971 after 2 years' exposure. In
the 6-month groups, in addition to the
killings at the end of exposure, rats were
nlso killed after 2 years, t.e. 18 months
after removal from exposure.

The numbers of rats are given in Table [.
In. the 24.month groups, overcrowding

amongst the males tended to occur due to
increase in size after about 2 year. and
some were removed prematureiv after 134
For analysis these rats have been

months.
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Fra. l.--—-\'!ﬁght wsbestoxix {Grade 1),
tho rexpirutary bvmchiolis, with reptieczent of narmil epithelium by type (Leetla, L& | DR X

Thickenimg of the watlls of, the alvewli arisige direet Iy Trom
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Fic.. 2.—Sligzht gabestosis (Geade 4} Hicher power ~how i nunerons cetenetike crenbonte fibres
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EFPECTS OF INHALATION OF ASBESTOS [N RATS 257

diffuse interstitial Hhrosis with gradual in-
crease in the density of the Hbrows tissue.
ultimately resulting in the replacement of
most of the lung parcnchyma by dense
collagen network surrvunding distovted air
spaces. many of which contain large clumps
of granulac pacumoeytes which. in some
areas. have lvsed leaving foct of lipo-alveolar
proteinusis.

The axsessment of these lesivus was
based on 4 grades of Rbrosis—minimal,
slight. moderate and scevere. Typical ex.
amples of slight., moderate aml  severe
asbestosis are shown in Fig. (. In addi-
tion, when careving out the assessment it
was found convenicat to introduce the
intermediate categories minimal slight. slight,
moderate and moderate/severe.  The 7 re-
sulting categories were scored 2-8 and the
normal lung. in which there was no sigm of
ashestosis, was scored 1, and the assessments
were averaged tor cach group of rats. The
repeatability of this form of assessuent was
tested on 134 sections, reassessetdd i a
different  random order and 90°,  were
assigned to within ane category of the first
reading.

Clasxificatione of temour«,—'The  turmours
found in the lungs of rats altee exposure to
the various types of ashestox dusts were
peripheral adenumata.  widespread  adeno-
matosis, adenvcarcinomata and  squamous
carcinomata. The ity of pubnonary tu.
mours in rats has been stressed in the
reviews by Kuschner wind Laskin (1970) and
Shabad and Pviev (1970).  Further. these
authors have deseribed the developnent and
morphological teatures of the tumours that
we are reporting.  All these tumours wers
peripheral and appeared to arise from the
region of the respiratory bronchivles in which
the asbestos fibre had aceumulated.

The origin of the adenomata appeaced
to he from accumulation of tvpe il epithelial
cells that proliferated in the alveoli of the
respiratory bronchioles (Fiy. 5. 6). [n maay
of the exposed animals these tumours were
wmultiple, and in a number of animals.
particularly those with the more severe
grades of asbestosix, there seemed to be
adenomata arising from numerous adjoining
respiratory bronchioles. iving an ipression
of contiguous adenomata invading  large
areas of the tung. Dr Harold Stewart
{personal communication) suggested  that

this type of lesion should be referred to as

adenomatosis.  lu contrast to this, o few
control animals were =cen to have solitary
adenumata which were small in size. Che
adenocarcinomata weie of the same type
and origin ax the " alveolar adenocarcino.
mata T deseribed by Shabad and  Pylev
(1970} many of these nnuours were papillacy
adenoma-carcinvmata.  The squamous car-
cinomata appeavedd to originate from foci
of squamous netaplasia occurring in the
ashestotic lesions in the respiratory bron.
chioles (Fig. 7. 8).  As far as can be ascer.
tained. ofl these tumours were peripheral
in origit and not hroachial papillomata,
The classitication of these tumours was
discussed in some derail tn Session VI at
the Gatlinburg Conference on the Morphology
of Experimental Respiratory Carcinogenesis
in 1070 and the chapter by M. F. Stanton
(1974) in the [ARC Monograph on Puthology
of Tumowrs in Laboratory Animals contains
detailed descriptions of the tumours that we
have illustrated.

The mts usedd in this experiment are
from o cacsurran derived, barriee maintaned
eolony and fortunately they have been kept
free of rat bronehitis: theretore the xquamons
metaplisia wis not associated with broneli.
ectiasix.

Metustases in the thoracie cavity to the
chest wall, diaphragm, pericardium or the
tracheo-bronchial lvmph glands were scen
in 14 animals: the majority had  lesions
invading 3 of the sites and in only 2 animals
were metastases observed in the tracheo-
bronchial wdands.  [n one animal secondary
deposits were seett in sections from w Ridoey.
Rivht adenoearcinomata and 6 squiomous
tummies had metastasized.

RESULTS

All except 2 of the rats in the groups
with exposure of 12 months or less
survived for the whole of their planned
exposure. [n the 2{-month group there
was appreciable mortality before the end
of exposure and only 539%, survived for
the full period. Out of 1013 rats it was
impossibie to obtain adequate histological
matertal in only 8 because of cannibalism.

Dust retention

The mean weights of asbestos dust
in the lungs of animals killed at the
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260 J. C. WAGNER, @, BERRY, J. W. SKIDMORE AND V. TIMBRELL
TABLE IIT.— Dyt Retained in Lungs (mg)

Length of Mean dose : Chryaotile Chevsarile
expusure mg/m? hours  Amosite Anthophyllite * Crogidalite (Canadian) {Bhadesian)
S weeks 1480 -0 13 1.1 0] aO. g
3 weeks 2430 0-9 1.6 16 0.1 0.3
10 weeks 1290 2.0 2o 244 0-3 3
3 months 3050 3-7 3.5 . 200 06 . n-3
G months 8470 447 44 45 -4 hey
12 monchx 17100 33 HEH 9.3 -9 ) -4
24 months 33400 16-8 a8 14-% 0-3 -6
8 montha — (RN 2.6 1.2 n-0 -

{after 18 months .
NON-CXpuaire) -
TaBLe IV.—Mean Survival* after First Exposure {days)

Luength uf Chrysatile Chrysorile

expusare Amusite Anthophyitite Crocidolite (Canacdian) {Rhodesian) Contanl
| dav 304 06 793 761 731 300

3 manths k| 823 Rt7 My 337 Y

6 months 761 836 784 4Gy 766

12 moathy 642 73y 776 778 826 754

24 montha 807 s 736 343 758

¢ Adjusted to be indeprndent of =acritices.

scheduled times are given in Table II].
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 Table
IIT are the averages of the male and femule
For the 3 amphiboles there was
a similar pattern, with an almost pro-
portional increase of lung dust with
dose. The 2 chrysotiles were similar to
one another but much less dust was
found than with the amphiboles; also the
chrysotile Ngures did not show the same
clear incrense with (loge. The wmain
features are summarized in Fig. 9. The
dust in the lungs of the animals which
had 6 monthy’ exposure had been parctially
eliminated 18 months after removat froin
exposure. The proportions eliminated
were 749, for amosite, 73% for crocidolite
but only 419 for anthophyllite. How-
ever, the lower elimination of antho-
phyllite was not significantly different
from the amosite and crocidolite figures.

Survival

The mean lengths of survival from

“vivals of 2

the day the rats were Hrst exposed are
given in Table [V, The survival times
have been estimated so 48 to be inde-
pendent of the sacrifices. The short
survival of the 24-month group exposed
to Canadian chrysotile was largely due
to 8 rats dyving before Day 400 (in the
other four 24-month groups oniy 2 rats

dliet before Day 400, These early deaths

were not due to eXposure, since 3 «lied
due to an infection in one cage and 2

were Killed in o fight. Discounting these
¥ deaths, the

mean survividl wag 98
days. which was still the lowest of the
24-month groups. \When the mean was
taken over ull the lengths of exposure,
the Canadian chrysotile groups showe
least survival, but only a month [ess
than the control groups. The amosite
and anthophyllite groups had mean sur-
vivals only a few days less than the
controls, while the crocidolite and Rho-
desian chrysotile groups had longer sur-
and 3 weeks respectively-.
Hence, there is very little indication
that the exposure had any effect on the
overall survival of the animals.  This
i3 in marked contrast to our intrapleural
inoculation experiments in which mjection

© ——
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welght of dust
in luags {mg)
is o
: 10 -
-
Amphiboles
el -. After removal
D S .~ from exposuce

4 - T

(/— Chrysotiles

Co °° 3 -8 iz ------1.’34 Time (months)

{ r ‘L A T r 1 T r Y 1.

' 0 10000 20000 30000

[ Cumulative dose (mg/m?hours)

\ Fre. 9. - Moty weishn of dust in langs of vits i p-latiog to deses sud tiomee. -

A

| .

f of ashestox vednees the expeetation of the 3- snd B-month means, there was an
life by seveval months (Warner o al., increase of asbestosis with exposure for
19731, all the dusts,  Also, followitg 6 months’

exposure, theve wis prrogression during

. the following t8 months without exposore

b Ashestoviy for all the asbestos types, but these vats
The wmonnt of wshestosis wits assessed  did not fare as badly as those which

for all the rats killed at scheduled times continued exposwe. There were signi-

| in Experiment 2 and after 8 weeks’ and ficant differcaces between the asbestos
3 months' exposure in Experiment 1. types (£ < 0-01): amosite invariably gave
There were 5 or 6 rats per treatment for the least asbestosis throughout; antho-

each exposure, except that there were phyllite and Canadian chrysotile showed

only 3 after 8 weeks. Overall the 2 most asbestosis after 6 months’ or longer

i sexes had similar anmounts of ashestosis  exposure: crocidolite and Rhodesian chryv-
and they have, therefove, heen combined  sotile were intermediate.

{ to give the mean asbestosis scores n The mean ashestosis scorves of the vats
Table V', which are sumwmarized in Fig. 10, which were allowed to live out their

l Except for some inconsistency between  hives e miven in Table VIO Those rats

t -
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Asbestosis
grade
. Moderate —
i Slight —
il
: Al . After removal
Rt i g Exposedto e - from exposure
i !j : 4 asbestos e
e ' ’ -
3!
!
;.‘ 1 Minimal
HE & | _ e
“1 1 Controls .=
‘=‘: e e bttt dccccvmm =T
oA Nil -~
e 3 & 12 24 Time (manthe)
h: 1 1 1 1
b I Y T ) 3 v {
" -
0y’ 0 10000 20000 3go00
ng
: b Cumulative dose (mg/m? hours)
; [
EE ;'4 Frz 1 Ashestosin it saeriticesd mis in relation to dose and tune.
g [l
PR Hi ‘
1'; . Tanee Vo—=Wean Asbestusia Seores* of Suerificed Rots
.; : l.vnll.’(ll of . . . l‘]‘ry""‘“'" (‘hl'_\'Nllill‘
.E.‘ 13 expHsune Anosige Antheplivilite $racidelite (Cianulinn) { Rhade~inn) Conted
83 A X wivek« 28 200 20 2.0 ».3 1-1
z[ p 3 omontlhs 2.5 2.5 2.8 2.7 M3XT) -3
] 9 o inonths 2.2 $e2 2.6 3.0 2 1-2
]; L mogths 3-0 3.2 4-3 L T 43
éj IR vrenths - -— . - —_— |-
24 montihe 40 62 48 HEXU 3R 1.8
1] Ganant bs e 300 1.7 35 3.3 )
1 (refrer EN nsnthis

LN st}

i

* ok 2 misnaul, 4 slichet, Gz modernte, 83 soviene,

scheduled for 24 months have been divided 3 months’ exposure of Rhodesian chrvso
into those that died before completion tile. The rats which died before com-
of exposure and those that survived for pleting 24 months' exposure had more
a period of non-exposure. The amount asbestosis than those sacrificed after 4
of asbestosis found in the rats exposed months’ exposure for amosite. antho-
for one day was no more than that found phyilite and Rhodesian chrysotile.  "I'his
in control rats. Comparing Tables V' was not the case for crocidolite aul
and VI for the rats which completed their  Canadian chrysotile, for which those rut~
exposure, progression had occurred be- that died during exposure had shorter
tween the end of exposure and death with  mean survivals than for the other usts.
all dusts, the single exception being the  Meaned over all dusts, those rats tlit
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EFFECTS OF INHALATION OF ASBESTOS IN RATS

TanLe VL—MWean Ashestosis Seores* of Survivors
(Mean Survival in Monihs)

Length of

exposure Amosito Anthophyllite
1 day -3 (20) 1-3 (20)
Jainonths 29 (25) 3-2 (27)

8 months 3-8 (24) 1.2 (20

12 montha 4-8 (21} 0 60 (23
Upto 24 6.0 (23) G4 (22
months

24 months G-3 (29) 700 (2N

® Lz nil, 2: minimal,

died during exposure had 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 ecarlier,
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 other 4 asbestos
types had a mean of 0-7 for vats sacrificed
and 0-5 for survivors. The resuits in
Table VI do not support the findings in
Table V that anthophyllite and Canadian
chrysotile produce more ashestosis than
crocidolite and Rhodesian chrysatile, and
we conclude, therefore, that there were
no tmportant ditferences in the amount
of asbestosis produced by these 4 samples.

Tumours of the luny

Lung tumours were observed in 247 of
the rats exposed to asbestos. The total
numbers of each kind for each dust are
shown in Table VII, where for those
rats with more than one tumour of the
lung, classification is by the more severe
condition. No tumours of the lung were
observed within 300 days of the start of
exposure and therefore only rats which
survived this initial period are considered
to have been at risk. Apart from the
scheduled killings, only 13 rats died
within the first 300 days. There were 7

203

Cheysatila Chrvsatile

Crocidolite  (Canadian)  (ithadisinn)
t-2 (26} -2 (23) 1.4 (2%
3.0 (27 33 (26) 28 (28)
3-2 0 q29) -7 (20 402 {20
3.6 (23) a1 (23 6.1 (27
42 (14) A1 {6y ¢ el (22)

L6629 —_ G-83 (28)

4: slight, 6: moderute, 3: swvor.

control rats out of 84 survivors in Experi-
ment 1 with adenomata, but in Experi-
ment 2 there were no lung tumours out
of 42 control rats. There were slightly
more mule than female vats with tumours
~—128 compared with 119—Dbut the onlyv
2 tumour types for which there was any
major difference between the sexes were
adenocarcinoniy  and  squamous  carcin-
oma. OQut of 30 adenocarcinomata, 33
occurred in males wheveas 30 of the 40
squamous carcinomati were in females,
Metastases occurred in 20 rats, 10 of
each sex. There were also 11 mexo-
theliomata (Table VL), 7 in males, Two
of the mesothceliomata occurred with
only one day’s expostire, U with 3 months?,
none with 6 monthy', 6 with 12 mouths’
and 2 with 24 months’, The meso-
thelioma which occurretl with 3 months’
exposure to crocitdolite was o peritoncal
twmour; the others were wll of pleural
origin.

The distribution of the huyg tumnours
with time after first exposure are shown
in Fig. 11 for all dusts and all lengths of
exposure except one day. In the 3
groups exposed to asbestos for one day
there were 14 adenomata and, 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 3 more
serious tumours; 2 of these were meso-
theliomata, oue with amosite after 715
days and the other with crocidolite after
351 days. There were also 3 adeno-
carcinomata, one with crocidolite atter
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TaBLE V1L —Nmber of dnimals with L, ng Tumours or Mesotheliomaiq

. } i Type of lung tumour :
Neoof  Noowith —  No.winy -
. mts it lang Adeno- Squamous -
Exrumure riske Sdumaar - Adennma Adenomntosis carcinamat carcimomat  theliom, -
Anicaite .
] day 45 B | 3 0 0 0 1
3 months 37 o 7 3 0 0 0 .
6 montha 18 2 ! 0 1 0 0 '
12 monthx a5 10 5 4 ! 0 [+
24 months 21 13 3 1 3 G 0.
Total 146 38 19 § 5 [ 1
Anthophyitite . .
I day 44 2 2 0 0 0 8
3 months 37 6 0 0 0 0 o ..
8 months 18 6 3 1 ] 1 o -
12 months 28 20 9 g 4 (1) 1 ] z
24 months 18 16 2 3 3 G 1
Total 145 a0 29 12 8 () 8 b
Croeislolite -
1 day 4 6 5 0 i 0 1 o
3 monthis K{H 13 It 2 1 1 {1 ]
6 menthis E] 4 2 2 ] 0 0
12 tenthix 24 8 ) 3 4 3 G e
24 minnths 18 11 4 2 2. 240 0
Totul 141 Ha 26 13 T 9 (2 4
Chryrotide
(Cetsienidiony)
bilny 42 ) [ 0 I §} 0
Jmanths 34 I8 15 0 b3 1} 0
& rzant ha 17 5 2 . 2 0 1 0
12 tvonths 2 11 i 3 G (1) 1y 3
24 muenths 21 1 4 3 1 (h 44N i
Total 137 L H M0 a3 11 (3) i (3) 4
Chrysotile
(ll‘hoafc'dhln)
Pty 45 3 + {] ] 0 0
3 monthix 36 16 Il 2 3(1) [i] 0
Umonth 1 8 2 it 3 0 0
12 months 27 1y 2 4 T(2) G (3) 0
24 tmonths 17 1t 1 1 EN RS 5 0
Total 144 MU 19 I 19 (4) 1t ) 0
Contrgt
1 day 4 4 4 " 1] ¢ 0
Twinths 4n ) 3 1} ] @ 0
G- 24 muonths 42 4] ) 1] 1] 0 0
Torai 1206 n 7 " [{} 0 0

* Rats which survivad ar lease an days after <art of eXposure,
+ Numbers sn brockels wre those with LAt

307 davs, another witl) Rhodesian chry. adenomata iy Experiment 1 than in
sotile after 71y davs and one which Experiment 2, as shown in the controls.
metastasized  with  Canadian chrysotile  Thercfore. the higher proportion of ani-
after 833 days, mals with adenomata after 3 months'

I interpreting Tuble V11 and Fig. 11, EXposure than after 6 months' exposure
it bas to Le borne in mind that there was iy probably  ap artefuct. \We do not
agreater tendeney for rats to develop  know wWhy adenomata oceurred in the
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Fia, 11— Distribation of <uevivil Jisnes in duys alter it exqpuesaens,

>
: controls in one experimecut and unot in  Canadian chrysotile produced ¢ meso-
the other but as the finding is significant theliomata each. Of the 20 tumours
‘ (P =0-06) in its own right and is sup- which metastasized, 16 were after expo-
' ported Ly the results from the exposed sure to a chrysotile (10 with the Rhodesian
] animals, it is unlikely to be due to samplo and 6 with the Canadian). Three
chance. others were with crocidolite and one
. There wag a higher incidence of with anthophyllite. Two of the meso-
. tumours with 12 months’ exposure than theliomata in the 12-month groups oceur-
i with 6 months’ but little difference red within +00 davs after first exposure,
i between the 12 and 24 months’ expasure.  one with crocidolite after 399 duys and
Half of the 8 mesotheliomata in one with Canadian chrysotile after 3335
| Experimenc 2 geeurred with Canadian davs (the onlv rat which failed to survive

vsotile, so that in total crocidolite and  for its scheduled 12 months’ expoyure).
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Asbestosis and lung tumanrs

An analysis was earried out to detee-
mine whether there was any relationship
between the grade of ashestosis and the
presence of lung tumours.  Since the
asbestosis grade depends on suevival, it
was hecessary to standardize to w constant
survival time. This was achieved by
caleulating the regression coefficients of
asbestosis  grade on suevival time  for
rats without lung tumours, exposed for
3 months or more and with survival of
at least 400 days aftee Hest exposure,
Differences in these coetticients hetween
the 5 types of ashestos aud the -+ lengeths
of exposure were not signiticant and tho
povledt coeticient of 0-00304 = n-00063
grade units per day was used. Tho
asbestosis grade of each rat was then
adjusted using this slope to an irbitracy
survival.  The adjusted mein asbestosis
grades were then ealeulated for cach of
the 20 groups, tor those with and without
lung tumowes.  In 13 of these groups the
mean asbestosis grade was higher in the
animals with hung tumours; in the other
3 groups the opposite oceurred hut only
slightly so in 4 cases. The aceuriey ot
an estimate of the difference in axbestosis
between those with and those without a
tumour ix dependent on the number of
wimads in each eategory whieh vacies
wh group
to take acceount of this HLVEe A mean
dilterence of 071 - 0-13.  Henee overall
the wmals  with lung  tumours  had
signiticantly (P .« 0-0E) more ashestosis
than those without.. Difterences between
the dusts were not significant but the
wide range in wmeans—anthophyllite 0-23,
Canadian chrysotile 0-42, crocidolite 066,
amosite 0-33 and Rhodesian chrysotile
l-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 ashoestosis.
There was very little asbestosis in these
groups (Table V1) and restricting atren-
tion to animaly which survived for at

J. C. WAGXNER, G, BERRY. J. W. SKIDMURE AND V. TIMBRELL

least 60U dayvs. the mean survival tis:

of those with and without lung tunu..

were very similae. There were 17 I
tumours i 201 rats: only 6 of thhe
oceurred in 157 rats without asbestosis
(3:87,) while 11 necarved in the 44 purs
with minimal ov slight asbéstosis (230,
it highly signiticant diference {70000

Twumaonrs at sites other than {nny

A total of 412 tumours, other 1
lung tumonrs or mesothelioma o
pleara or peritoneum, were obscer-
The majority of these were adenom
ot the breast or pituitary adenoniza,
which were common post-morteny fisnl
ings.  Both of these adenomatta ocenrred
+ times as frequentiy in femuies as in
males.  The nwmbers of these tutonrs,
other benign tumours  and st
tumours for each tvpe of asbestos

MR N
shown in Table VI, For noune o
Taste VUL —Nuwmber of Tumours at
Other than the Lung
Buenign tamours
: . Madie
Picant. it
Brewet ney Orther tuneene
Atnasite 22 4N F ~
Aabaphivilite 16 o 4 to
Uvaeulolite 2 N3 4 1o
Chrysatthe 28 26 h N
(Cannelinn)
Chrysotiie i 37 1]
(“'llul".\iu\ll)
Uontand 20 4 b4

twnour types was the difference bitw.
the control and the asbestos {reulid
significant.  [n Table IX more detiil 1~
given of the sites of the tumours with ol
types of asbestos combined. The Liruesl
differences between the treated and con
trol rats were for tumours of the OVIErA L
10 in treated and none in controix. sl
tumours of male genito-urinary ovwans
in treated and none in controls, How-
neither ditference was siynificant.

A few rats had multiple mali. .
tumours: 2 of the rats with mesothebeao
of the pleuri also had a iy carvinoma
-'luli ane rat \\'ith it S('ll(‘lll\(lll.\' ('Cll'l'ill"“"‘
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Tavtr [N . —Nites of Tumovrs Other theew Loy

Axbwato tevntedd

SiteSTamour ypse Henun

Comteol

- — N s —

Malizownt Henten Mzt
Dipeshive onnuns and prericoncom 4 K 1 1
Bone and skin 4 4 o >
Breast 1888 " i |
Gyary ] 7 a "
Othee female grenito-ariueeys oegins " R} © 1
Male ECRItO-UTINACY Ol K N " o
Intraceanind 13 1 14 1
Thymama 7 | n |
Lyaphomn: heukacmin - S . -
Others 5 3 1 )
ahvreid  imesdiatinum muprativnal

of the lung hail a mesothelioma tunica
vuginalis.  Mesotheliomata of the vagin-
alis were scen in this and one other vat:
theee is no evidence to suggest an associ-
tion with exposure to asbestos. Also,
in some cases there were scecondavies, lov
example, a synovioma hai spread to the
lung. [n all such eases tumours have
classitied by the primacy site and
few cuses of multiple malignant
 uBurs there was no difficulty in recog-
nizing the distinet types, ir. one was
not a sceonclary of the vther.

7
’

DISCUSSION

Our finding that the asbestosis pro-
dieed by expaosure progressed after cossa-
tion of exposure is in agrecment with
human experience  but contrists with
the curly inhalation experiments reported
by Vorwakl, Durkan aml Pratt (1951)
in which progression didd not oceur,
Wagner (1963) reported more ashestosis
with amosite than with chrysotile in
guinea-pigs, rats and monkeys but our
experiments show that of the UICC
standard reference samples amosite 13 the
least fibrogenic in rats.
 Gross et al. (1967) found lung cancers
in 25 of 72 rats which survived 16 months’
exposure to chrysotile clust at a mean
concentration of 86 mg/m3 for 30 hours
8 week, They considered that contami-
nation of the asbestos by trace metals

welrrnad (4) silivary gl

thyvroad

from the worn hammer of the mill used
to produce the rvespirablc fibre could
have been a factor in the causation of
the tumours. However. our results now
<how that there is no uneced to invoke
awch a hypothesis to explain the high
rate ol lung tumours,

The amount of eheysotile retained in
the lungs id not show any clear increase
with dose in wats exposel for longer
thats 3 months,  [n two carlier experi-
ments  (Wagner and  Skidmore, [9635;
Morvis et al.. 1967) a higher airborne
dust concentration was used to give a
cumulative dose in 6 weeks similac to
that wiven in the preseut cxperiment
over 3 months. The weight of asbestos
fourd i the lungs of rats exposed to
amphibole wis 3 times greater than in
those cxposed  to  chrysotile.  In the
present experisents the ratio wis 6 to 1
aftee 3 months,  but increased  with
continuing exposure as the weight of
amphibole in the lungs continued to
increase, but the amount of chrysotile
did not. The previous experiments had
shown that the rate of elimination of
dust from the lungs was much greater
for chrysotile than for the amphiboles.
The present results may be explained on
this basis, the weight of chrysotile having
reached equilibrium level, i.e. the rate of
elimination equalling the rate of retention.

There are a number of features of the
results 1)1'cscntc(l above which we found
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surprising,  Fipst, in Fxperiment 1 two
mesatheliomata oceurred  with the one
day exposare compared with only one
with the 3 months” exposure, which had a
dosiee more than 50 times areater,
If the incidence of mesotheliomata was
proportivaal to dose, as is indicated for
the inoculation experiments (Wagner et
al., 1973), then the probability of such
an extreme result occurring by chance
would be about 2 in a 1000,

Secondly, there was no evidence of
cither less earcinogenicity or less asbestosis
i the groups exposed to chrvsotile than
those exposed to the amphibolcs, even
though the amounts of <lust in the lungs
were so different, [n particular, the
UICC (anadian chrysotile procuced as
many mesotheliomata as the UICC eroei-
dolite. The 2 UI((' samples of chrysotile
produced 12 of the |4 twmours with
metastases. However, much less dust
was retiained in the lungs of rats exposed
to chrysotile than amphiboles (Fig. 10).
Morcover, after intrapleural inoculation
the risk of a mesothelioma occurring
with UICC crocidolite is 3 times the risk
with chrysotile (Wamer et al., 1973).
Therefore, allowing for the greater reten-
tion of ecrocidolite after inhalation, we
might have expected the risk with croci-
dolite to have been of the ovder of 20
thmes that of chryvsotile,

Two of the mesatheliomata oceurred
within 400 davs of the start of exposure,
This may be comparsl with oue injection
experiments in which anly 20 out of 803
oceurred within 400 days (Wagner and
Berey, 1464, Wasner et ., 1973). Also,
the carliest inesothelioma occurred after
353 days and we observed ouly 3 within
this period in our injection experiments,

The positive association between as-
bestosis and lung tumours which we have
established in the animals is in agreement
with epidemiological Hudings (e.. Minister
of Labour and National Service, 1049;
Knox et al., 1963; Elmes and Simpson,
19713,

The failure to establish any association
between asbestos exposure and twmours

R Yy a2 7o gt o --Ls.ut‘o:*g,‘
sz RO 4
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of sites other than the lung is equivor.
Although an  association  with gast
intestinal tumours has been found «,
demiologically, it is not vet regarded ..
clearly  established  (Selikoff, Hammon
and Churg, 1972; Newhouse, - L974), ot
is of Inower magnitude than the excess
lung cancer risk. Our experiments i
vide no support for such an associntion
The experimental work of CGenbun sl
Graham  (1967) suggested  that  iinte
peritoneal injection of tremolite astiosie.
could produce ovarian tumours, but :
follow-up of women asbestos worl
reporte<l by Newhouse et al. (1972) |
duced no definite conclusions on th.
fuestion because of the rarity of tlu-
tumour.  Qur experiments do give xaun
support to an association between aghest s
exposure and ovarian tumours as well
as tumours of the male genito-urinary
system.  Although neither was significant .
this could be because of the celativedly
small size of the control group.
overcome this, we have included 1t
control rats from some of our otl.
experiments, thus increasing the noun
treated group to 403 rats of the same
strain.  This larger group contained =
malignant tumours of the ovary and 5
tumours of the genito-urinary tract in
males. I[n over 700 rats exposcd 1o
ashestos there were L0 ovarian tumowrs,
7 of which were malignant, sl i)
tumours of the genito-urinary tract in
maics.  Hence, based on the lavger s
of controls, the association between nxln
tos exposure and ovarian tumours
weak and non-significant, whereas there is
no support for an association with tumours
of the male genito-urinary system.

The UICC chrysotile samples are finer
than the chrysotile which has been uscd
in industry in the past. However, there
Is a trend for industry to use finer chry-
sotile (\Wright, 1969) and so the experi-
mental results may be more relovant to
the current situation than to the prits
We are investigating the effects of inbila
tion of chrysotile in more detail in
experiment involving UICC
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{. chrysotile, & grade 7 sample from a
| Canadian mine and the superfine sample
| which proved the most carcinogenic of

the materials which we inoculated intra-
l pleumlly (Wagner et al., 1973).

The experiments we report have given
results which in several respects cor-
respond to those found in man. Thus,
this experimental method is established
as & valid tool for the investigation of
the biological effects of asbestos.

We are grateful to all our colleagues
who over a number of vears were res-
ponsible for the daily attention necessary
in carrying out the experiments. We
; would also like to acknowledge our thanks
' to Dr Harold Stewart of the National
- Cancer Institute who advised us on the
classification of tumours. We are also
grateful to our former colleague, Dr A.
Walter, who had classified the non-lung
temours occwring in some of our earlier
s experiments which we mentioned for
comparison. '
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