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Of the 20 tumours

whIch tmerastastred, 16 occurred after exposure to one or other of the 2 chrysotile

samples,

fo additon, a total of 11 mesotheliomata occurred, 4 of which were with
crocldolite and 4 with Canadian chrysotile.

Two of the miesatheliomala_octuiréd

with-oaly one day's exposure to ‘asbestas. There was a positive association between

asbestos:s aud lung tumogra.,

WAGNER, Berryv and 'I‘mibrell (1873)
reported the results of experiments in
which rats were inoculated intrapleurally
with samples of asbestos. Tn 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
resuits of these are now presented. Some
preliminary results of one of these experi-
ments were reported by Wagner (1972).

In both experimenis the rats were
exposed to similar duslk concentrations
and the dose varied by exposing rata for
various lengths of time. The main aim
was to establish the relationship between
the deveiopment of malignant tumours
in the tungs and the dose and type of
asbestoa dust but, additionally, the
amount of tibrosia wna assessed.

MATERIALS AND METHODS

Caesarean derved rats of the Wistar
strain were used which had been bred at
the Unit from SPF ustocks yiven to us by
the [mnperial Chemical Industries, Pharma.-

veutical Division at Alderley Edge, Cheshire
in 1964 and 1948,

The uasbestos samples used consisted of
the 53 UICC standard reference samples
{Timbrell. Qilson and Webster, 1868} which
were prepared following recommendations of
the UICC. These samples are of 3 amphibole
tvpes—amosite, anthophyllite and ecrocido-
lite—and 2 chrysotiles—a (‘anadian sod a
Rhodesian sample.

The rats were exposed in 14 m? inhala-
tion chambers (Timbrell ¢ al., 1970} which
contained 8 cages. each of which could hold
6 rats, or. for & short period with young
rats. there was coom for a seventh. Five
chambers were used. one for each type of
asbestos. ‘The chambers were constructed
so that the rats could be tended without the
chambers being opened.

The dust clouds were generated using »
specially devised dispenser (Timbrell, Hyeiv
and Skidmore, 1968). The clouds were
generated for 7 hours a day and 5 days per
week. The respirable dust conceatrations
were measured using size selective gravi-
wetric dust samples (Casseils Type 114A).
The «ollected samples were evaluated st
the end of each daily session. [n order to
achieve the required dosage, calculated as
the product of concentration and time,
variations occurring in the concentrations
were corrected on the following days. At
tho end of exposure the rats were left in the
chambers for u few Jaya. to allow time [or
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their fur to become clear of asbestos hefore
transferring them to a clean eavirooment
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 :etermination
of dust content.

Az each type of asbestos has u eonsider-
zhle silicate content (about 50%,) the amount
of dust o 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 cxposed. This method
was used in previous experiments (Morris ¢
.. 1967).

After exposure the rats were caged in
threea or fours isolated in & special unit
supplied with titered air. The inhalation
chambers were also in this unit but in a
separate room. They wers fed on a pro-
prietary hrand of autoclaved cubes, and
water ad libitum. Except for the acheduled
killings, each rat was allowed to live until
it died or sppeared” to be idistressed, and a
full necropsy exramination was carried out.

Histological preparation. staintng wand
microscopic  methods.—For  the scheduled
killings, animals were killed hy chloroform
apaesthesia wnd 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 taken for electron microscopic
examination and the remaindec of the lung
dilated with neutral buffered formalin. Slices
were taken irom both lungs for histological
examination. After the histological sections
had been cut. the embedded tissue and the
trimmings were dewaxed and added to the
remaincer of the lungs which were used for
the chemical estimates.

For other animals, at post mortem the
lungs were dilated with neutral buffered
formalin and after tixation were sliced
sagittally. routine sections being taken of the
whole left [ung and the upper and lower
lohes of the right lung. In addition. any
other suspivious lesions from the lungs or
other organs wers taken for histological
examination.

In all cnses, sections were stained with
haematoxylin and eosin and the lung sections
wore gtained for elastin, reticulin and col-
lagen. Special stains were used in some
cases ag an &id to diagnosis of the tumours.

Adsesament of the severity of wsbestnsis.—

"
ab

Sections of both lungs were examined without
knowledge of the duration ur type of asbestos
sxposure and with the animals in random
amder.  The sections were observed on u
viewing ~ereen of & [rojectina Microscope
W13 BK using a -7 ohjective. At chis
imagnitication a large proportion of the lung
vonld be assessed in u single tield and. as it
was not possible to observe ushestos tibres
at this magnitication. the results were not
bissed by knowing the type of asbestos to
which the animal had been exposed.

Erperiments

In buth experiments and for all doses
there were groups which were wxposed to
all 5 reference samples: there were also
aontrol groups which were not vxposed.
Rats were allocated to treatments at random.
At the start of the exposure the majority
of the rats were between 5 and 7 weeks old.
w few heing slightly older or younger. and
there were approximately equal numbers of
males and females.

Erperiment 1.—There were I time inter.
vals of czposure: in rhe first. rats were
exposed for 3 months starting in May 1967
and in the second, groups of rats were
exposed for vwne day only in August 1967
{n addition to the killings at the end of
expodure, in the 3-moath group there were
also iniermediate sacritices at 5. 3 and 1D
weelta, n

Experiment 2. —There were 3 time inter-
vals of exposure—# months, 12 months
and 24 months.. The experiment started in
January 1969 and after 6 months haif ot
the rats were removed from the cabineta.
They were replaced and a vear later these
ruplacement animals were in turn removed.
They were replaced by animals to be used
for specisl, electron microscopy examinations
which will not be reported in this paper.
The rewaining animals were removed in
January 1971 after 2 years' expasure, In
the #.month groups, in addition to the
killings at the ond of exposure. rats were
alzo killed after 2 vears, ie. (8 months
after removal from exposure.

The numbers of rats are given in Table L.
[n the 24.month groups, overcrowding
amongst the tales tended to occur due to
increase in size after about u wvear. and
some were removed prematurely after (3}
months, For analysis these rats have heen
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24 monthg -6 33500 -6 CHiTn -3 k20 l3-1 3oy -1 53d00

included in the [2-month groups and hence
the number «f rats in these groups is slightly
higher, and in the 24.month groups -lightly
lower, than planned.

[n Table II the wean respirable dust
concentrations and the cumulstive doses.
the products of concentration and time, are
shown. The one.day exposure was 7 hours
for all dusts. For the other 4 time intervals
of exposure, there were slight variations in
the number of hours required to achieve
approximately eqpial doses but the mean
times were 42, 788, 1574 and 3237 hours
reapectively. The mean concentrations were
usually higher in Experiment | than Experi-
ment 2. and the 3.month group had an
average dose of 809, of that of the f.month
group. Heasonable equality of dose hetween
the dusts was achieved for all the lengtha of
exposure, except for the one-day which was
too shert to allow any edjustments.

[ nterpretation of histological findings

lassification of asbestosis.—The lesions
seen in the lungs of rats exposed to all tyvpes
of ashestos were similar to those described
in guinea-pigs {Wagner, 1963, 1965). There
were 2 main differences: firstly, asbestos
bodies were never seen in the lung tissue
of the rat although they are frequently
seen in the plenend granulomata which follow
the intra-pleural inoculation of amphibole
fibres: secondly, there wus a far yreater
production of geanplar pneumocytes {tvpe
[f) alveclar ¢pithelial cells in the rat.

The lesions consist initially of a deposi-
tion of ashestos fibres, alveolar macrophages
and cell debris in the alveoli arising directly
from the respiratory bhronchioles. These
deposits hecome organized firstly by being
~nmeshed in & thin reticulin network which
enarsens with time and becomes replaced by
collagen fibres. The alveolar epithelium
reacts with replacement of the tvpe [ cells,
and becomes completely lined by granular
pneumocyies. o some of the alveoli the
cpithelium is shed into the lumina, in others
there is & walling of the alvecli by these
cells.  This usually occurs at the bilurcations
where groups of alveoli are closed otf from
the lumina of the respiratory hronchicles,
giving the ao-called pseudo-scinar ap-
pesrance. In the guinea-pigs these small
cystic spaces contained asbestos tibre and
degenerating macrophages. but in the rats
numerous yranular pneumocyies were also
present. ‘The initial lesions were contined
to uceasional discrete individual respiratory
lironchioles «cattered throughout the lung
substance.  After further exposure. more and
more respiratory bronchioles Lecome involved
and all the respiratory hronchioles arising
from terminal bronchioles become thickened
as the tibrous tissue network extends into
the wail of the respiratory hronchiole. and
this interstittal reaction spreads down into
the peripheral clements of the primary
unit. involving the alveolar ducts, atriz
and hnally the air sacs und alveoli. With
progression, the individual lesions tend to
coileses, leading to the development of &
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EFFECTS OF INHALATION OF ASBESTOS IN RATS

diffuse interstitial tibrosis with gradual in.
crease in the density of the fibrous tissue.
ultimately resulting in the replacement of
most of the lung parenchyma by a dense
collagen network xurruundmg clistorted air
<paces. many of whish contain large clumps
of granubac- presmocytes which, in sume
areas, have lvsed leaving foci of lipo-alveolar
proteinosis

The

wesessinent. of these lesions  was
based oo 4 yrades of tibrosis—minimal.
slight. moderate and =evere. Typical uvx-
amples of siight. moderate and severe

asbestosis are shown in Fig. 14 ln add;-
tion, when carrying out the assessment it
was lound convenient to introduce the
intermediate categories minimal/slight, slighb]
moderate and moderatefsevere, The 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 assessmenis
were averaged for zach group of ruts. The
repeatability of this form of assesament was
tested on 154 sections. reassessed in a
ditferent random ocrder and 90%, were
assigned to within one category of the first
reu.d_mg

(asgification of tumours.—The tumouss
found in the lungs of rats after exposure to
the various types of asbestos dusts were
peripheral adenomata, widespread adeno-
matosis, sdenocarcinomats and squamous
carcinomata. The carity of puimonary tu-
wours i1 rats has been stressed in the
reviews by Kuschner and Laskin {1970) and
Shabad and Pylev (1970). Further, these
authors have described the development and
morphological features of the tumours that
we are reporting. All these tumours wers
penpherul and appesred to arise from the
region of the respiratory bronehioles in which
the ashestos fibre had accumulated.

The origin of the adenomats appesred
to be from accumulation of type II epithelial
cells that proliferated in the alveoli of the
respiratory bronchioles {Fig. 5, 4). {n many
of the expused animals these tumows were
maultiple, and in s wamber of snimals.
particulariy those with the more severe
grades of asbestosis, thera seemed to be
adenomata arising from numerous adjoining
respiratory bronchioles, giving an impression
of contiguous adenomata invading large
arens of the lung. Dr Harold Stewart
{personal communication) suggested that
this type of lesicn should be referred ti as

L=
L
-1

adenomatosis.  In contrast o this. & few
vontrol animals were awen to have solitary
adenomata which were small in size, The
adenocarcinomata were of the same type
and origin as the ° alveolar adenocareino-
mata  described by Shabad and Pylev
{19701 many of these tumours were papillary
adenoma-carcinomata. The squamous car-
cinomata appeared to originate {rom foel
of syuamous wnetaplasia occurting in the
ashestotic fesions in the rexpiratory bron-
chioles (Fig. 7. 3. As lar a3 can be ascer.
tained. all these tumours were peripheral
in origin and not bronchial papillomata,.
The classification of these tumours was
discussed in some dJetail in Session VI at
the Gatlinburg Conierence on the Morphology
of Experimental Respiratory Careinogenesis
in 1970; and the chapter by M. F. Stanton
{1974} in the TARC Monograph on Pathology
of Tumours tn Laborafory Animais contains
Jetailed descriptions of the tumoars that we
have illustrated.

The rats used in this experimeant are
from & caesarean derived, barrier maintained
eolony and fortunately they have beeu kept
free uf rat bronehitis: therefore the squamous
inetaplasia was not associated with bronchi-
ectasis.

Metastases in the thoracic cavity to the
chest wall, diaphragm. pericardium or the
tracheo-bronchial fymph glands were zeen
in 14 animais: ‘$he majority had lesions
invading 3 of the sites and in only 2 animals
were tueiastases observed in the tracheo.
hronchial glands. In one animal secondary
deposits were seen in sections from a kidney.
Eight adenocarcinomata and 4 squamous
tumours had metastasized.

RESULTS

All except %.of the rats in the groups
with exposure of 12 months or less
survived for the whole of their planned
exposure. In the 24-month group there
was appreciable mortality before the end
of exposure wnd only 539%, survived for
the full period. Out of 1013 rats it was
impossible to obtain adequate histological
material in only 8 because of cannibalism.

Dust retention

The mean weighta of asbestos dust
in the lungs of animals killed at the




¢ WAGNER. ¢ BERRY. . W, SKIDMORE AND V. TIMBRELL

Fia. 5.—Papillary adenoma. H. & E.  x 320

Fra. t.- -Eleetron.mucregraph ot an adenoma showop sy I pnoumooytes,
LT K Yvpe il | A

S a

[
A A

%
|

. aBar



EFFECTS GF INHALATION OF LS HESTOS TN RATS z

; —3quamous metaplasia superimposed on moderats asbestowis. H. & E.

e aEe g

H. & B. -+ 3500,




2680 Jo 0 WAGNER, G, BERRY. J. WL SKIDMORE AND V., TIMBRELL

Lungth o1 Mear Jdoge

TaBLe [TIL.—Dust Retrined in Lungs {mg)

t"hrveatile Vhrysotile
“Xposre wwim® hours  Amosite  Anthophyllite  'ronidolizea (Uanadiany  (Hhodesian}
o oweeks | mn L) 13 1-1 u-y 0
¥ weeka M -9 14 -4 0-1 .y
Ll weelks auuny o-n 2-4 . -5 -5
¥ montha 13130 T 3.5 N )-8 w1
(; months 4470 47 +-4 45 ULE ) 14
12 montha L7L00 4.1 REL 3 0 -4
24 months BRE I i8-8 138 49 u-3 a-4
t montha — 1.1 2.4 -2 LR U
{nfter 18 moatha
non-exposuret
TsBLE [V ~—Mean Surtizval* after First Exposure (days)
Lengih of Chrysotile t’hrysotile
»ypoaure Amosita  Anthophyllite  Crocidolite {Cansdian}  {Rhodesian)  Countrol
i day R4 304 TH5 83 753 B3
3 montha 771 323 EIW) 780 357 793
¢ months 63 B34 88 49 86 'i
12 months 502 59 718 778 X264 34
24 months U7 778 pEL 585 TSR f

* Adjusced to be independent of sacrifices.

A

acheduled times are given in Table I1I.
More dust was usuallv found in males
than in females and on average the female
lungs contained only 70% as much dust
as the male tungs. The values in Table
{II are the averages of the male and female
means. For the 3 amphiboles there was
a similar pattern, with an almost pro-
portional incremse 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
chrysatile tigures did not show the same
clear increase with dose. The main
features are summarized in Fig. 9. The
Jdust in the lungs of the animals which
had 6 montha’ exposure had been partially
eliminated 18 months after removal from
exposure. The proportions ecliminated
were 749, for amosite, 73%, for crocidolite
but only 41%, for anthophyllite. How-
ever, the lower elimination of antho-
phyllite was not significantly different
trom the umosite and erocidolite figures.

SNurvival

The mean lengths of survival trom

the day the rats were first exposed are
given in Table IV. The survival times
have been estimated so0 as to he inde-
pendent of the sacrifices. The short
aurvival of the 24-month group exposed
to Canadian chrysotile was largely due
to 8 rats dying before Day 400 {in the
other four 24-month groups only 2 rats
died before Bay 400). These early deaths
were not due to exposure, since 5 died
due to an infection in one cuge and 2
were killed in a fight. Discounting these
8 deaths, the mean survival was 698
dags, which was still the lowest of the
24-month groups. When the mean was
taken over all the lengths of exposure,
the Canadian chrysotile groups showed
lenst survival, but only s month less
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-
vivals of 2 and 3 weeks respectively.
Hence, there is very little indication
that the exposure had any effect on the
uverall survival of the animals. This
is in marked contrast to our intrapleural
inoculation experiments in which injection
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‘fter removal
R from exposure

24  Time (months)

Q 10000

20000 30000

Cumnuiative dowe {mg/m? hours}

Fi, .o Menn wrright of dust in lungs of rats us retation to dose and time.

of asbestos reduces the expectation of
life by several months (Wagner « al.,
1u73).

Asbestosts

The amount of asbestosis was assessed
tor all the rats killed at scheduled times
in Experiment 2 and after 8 weeks’ and
3 moaths exposure in Experiment 1.
‘There were 3 or B rats per treatment for
each exposure, except that there were
only 3 after 3 weeks. UOverall the
sexes had similar nmounts of asbestosis
and they have, therefore, been combined
to give the mean asbestosis scores in
Table V, which are summarized in Fig. 10.
Except for some inconsistency between

2

the 3- and 6-month medns. there was an
increase of asbestosis with exposure for
all the flusts. Also. following & months’
-xposure, there was progression during
ihe following 18 months without exposure
for all the asbestos tvpes. but these rats
did not fare as badly as those which
continued exposure. There were signi-
ticant differences between the asbestos
tvpes (P < U-01): amosite invariably gave
the least asbestosis throughout: antho-
phyllite and Canadian chrysotile showed
most asbestosis after 8 months’ ur longer
exposure: crocidolite and Rhodesian ehry-
sotile were intermediate.

The mean asbestosis scores of the raty
which were allowed to live out their
lives are given in Table VI. Those rats
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rafter 18 montha
non-exposurse}

B

scheduled for 24 months huve been divided
into those that died before completion

a period of non-exposure. ‘The amount
of asbestosis found in the rats exposed
tor one day was no more than that found
in control rats. Comparing Tables V
and VI for the rais which completed their
eXposure, progression had ocenrred be-
tween the end of exposure and death with
ull dusts, the single cxeeption being the

of exposure and those that survived for-

Asbestonis
grade
Moderate —
-4 /
/ e
Slight - et
T - After removal
Exposed ta B - fram exposure
- astrenton™ - PR -
Minimal =
L
Contrate P
&---4—.-._"___._ [ TR
Ny -
3 [ 12 4 Time (monthe)
] : 1 i |1
r LI 1 T 7 T T
v] 10040 20000 30000
Cumulative dose {mg/m?® hours}
F16, 1).—Asbestosis 1u sacrificed rats in relation to dose und time.
TaBLE V —.Hean Asbestosis Scores* of Sacrificed Rats
Lengtn of Uhrysotile Chrysotile
rRpOsure Amosite Anthophyllite  ('rocidolite (Canadian}  ¢Rhodesian) entrol
8 weoks 2.0 2.0 2 2.0 2.7 1-3
J months 2-5 7 2.4 t-7 30 1-3
8 months T2 3-2 28 3-0 24 [-2
12 months 44 3-2 4.3 13 £-3 —_
19 monthe —— — — — — 1-2
24 months 4-3 -2 43 8-0 HEL.] 18
4§ monthsa 3-2 5.1 N 5-5 3-7 -

¢ l:nil. 2: minimal. 4: elight, 6: modecate, 8: sovers.

3 months’ exposure of Rhodesian chryso
tile. The rats swhich died bLefore com-
pleting *+ months’ cxposure had more
ashestosis than those sacrificed after 24
months’ exposure for wmosite, antho-
phyllite and Rhodesian chrysotile. This
was not the case for crocidolite und
{‘anadian chrysotile. for which those rats
that died during exposure had shorter
mean survivals than for the other dusts.
Moeaned over all cdusts. those ravs that
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TusLE VI--~iean Asbestosiy Scores* of Survivors
{ Mean Survival in Monthsy

leauth of Chrysotils  Chrysutile
aXpusury Amonite Anthophyllite  Crocidolite  (Cenadian)  tRhodesian)
1 day L= (2 Lol ey 1-2 i) {2 25 L4 2
3 monthsa 2.9 (285 RN 54 b (2N 33 126) 2.8 0y
U monthy 3.3 ith [ R S]] (R 3iE 1 3.7 2 {2 13
12 months 4.4 128 fed 125y VB ity 5-1 135 Hel 2Ty
Up to 24 R-d1 () ded 20 4.2 h AR EET ] fel g
munths

24 mouths L RN L] T (29 68 (2 - ¥ (28)

* 1:nil, 2 mumimal. 4 <ight, 8@ moderate, %: severe,

itied during exposure had slightly more
asbestosis than would he expected from
the sacrifice rats, consistent with the
more severeiy affected wnitnals having the
shorter survivals. However. the ecffect
was very slight and. as ohserved earlier,
the exposure did not affect survival to
any extent. In Table VI there is again
less asbestosis for amosite than the other
Jdusts although the difference is nut as
farge as in Table V. For rats which
completed their exposure, the difference
hetween amosite and the other 4 asbestos
types had a weun of 0-7 for rats sacrificed
and W5 for survivors. The results in
Table VI do not support the findings in
Table V that anthophyllite and Canadian
chrysotile produce more asbestosis than
crovidolite und Rhodesian chrysotile, and
we conclude, therefore, that there were
no important differences in the amount
of nsbeatosis produced by these 4 samples.

Tumours of the lung

Lung tumours were observed in 247 of
the rats exposed to ashestos. 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 i3 by the more severe
condition. No tumours of the lung were
obgerved within 300 days of the start of
exposure and therefore only rats which
aurvived this initial period are considered
to have been at risk. Apart from the
acheduled killings, only 13 rats died
within the first 300 days. There were 7

20§

vontrol rats oub of ¥4 survivors in Kxperi-
ment 1 with adenomata, but in Experi-
ment 2 there were no lung tumours out
of 42 control rats. There were slightly
more ale than female rats with tumours
—128 compared with 118—but the only
2 tumour tvpes for which there was any
major difference between the sexes were
adenocarcinoma and squamous carcin-
oma. Out of 50 adenocarcinomata, 35
onecurred. in males whereas 30 of the 40
squamous carcinornata were in females,
Metastases occurred in 20 rats. 0 of
each sex. There were also Il meso-
theliomata (Table VII}, 7 in males. Two
of the mesotheliomata ocvurred with
only oné day’s exposure, | with 3 months’,
none with 4 months’, 8 with 12 months
and 2 with 24 months’. The meso-
thelioma which ocourred with 3 months
exposure to crocidolite 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 dusta and all lengths of
exposure excépt one day. In the 5
groups exposed to asbestos for one day
there were L4 adenomata and, compared
with the ¢ in the corresponding controls.
there was clearly no evidence that these
adenomats were a consequence of expo-
sure to asbestos. There were 5 more
serious tumours; 2 of these were meso-
theliomata, one with amosite after 715
days and the other with crocidolite after
551 days. There were also 3 adeno-
carcinomata, one with crocidolite after
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TapLe VIL-—Number of Animals with Lung Tumours or Mesatheliomata

Type of lung tumour

oot Na, with - - e No. with
rdls Bt lung Adenn. Shyuamous Ineso-
Fxpusure risk* rumodr Adenoma  Adenomatoss carcingmaf cureinomai  thelioma
Amonue
1day 43 K] M 1t 1) B 1
t months 17 10 rs 3 i Lt} 1]
§ months &} 3 I u 1 ] m
12 months 23 0 3 4 | ] N
24 montha 2] 13 i 1 3 [} "
“Total 144 AR ] 3 A [ |
Anthnphytiite
1 day 44 p v 1l I v
3 monthe 7 8 L] 1" 1] 0 0
& manths 13 w B 3 1 i 1 u
12 moaths 28 20 9 U} iy 1 3
24 moaths I3 14 2 ) h L} 1
Total 145 A s 134 LERR 3 2
“racidalite
[ day 13 6 A n i 1} 1
1 months 8 14 Lo 2 {{h 1
t moaths L3 4 2 i i 7] [}
12 montha 28 18 5 4 H 8 2
24 months id 13 4 N 2l 2ty i
Tutal 141 55 g 13 7 g () 4
thryaotile )
it anadian)
1 day 42 1 U] 1] L1y 0 [J]
3 months 34 iB 15 0 3 Q0 0
# montha v 5 2 2 0 l 0
12 montha s 23 1L 1 i1 6 (1) 1) 3
24 montha 21 10 2 1] 111y 12 ]
Tutal 17 45 ) = 11 {3) 8 (3} 4
t‘hrysotile
(fthodesian)
1 day 48 5 4 1] 1 1] ]
3 mouths 3a 16 11 3 Tl 1) 0
# montha 19 b 2 3 ENER) ] 0
12 montha 27 19 2 i 7(2} 4 (4) [
24 months 17 11 1] | 5 {2) 5 0
Tutal i44 59 e jU] 19 (8} 11 (4) [}
(ontrol
| day +H 4 4 o 1) ] 0
I months 40 3 K] " n 1} i}
3-24 months 42 1} ) 0 0 u 0
Total 128 7 7

<
=3

* (tats which survived st least 300 days aiter start ot exposure.

t Numbers in breacketa are those with metastases.

807 tays, another with Rhodesian chry-
sotile after 719 Jays and one which
metastasized with Canadian chrysotile
after 83% days.

tn interpreting Table VII and Fig. 11,
it has to be borne in mind that there was
a greater tendeney for rats to develop

adenomata in kKxperiment 1 than in
Experiment 2, as shown in the controls.
‘Theretore. the higher proportion of ani-
mals with adenomata after 3 months’
cxposure than after 6 months’ exposure
is probably an artefact. We do not
know why adenomata occurred in the
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controls in one experiment and not in
the other but as the finding is significant
(P =: 0:08) in its own right and is aup-
ported by the results from the exposed
animals, it is unlikely to be due fo
chance.

There was a higher incidence of

tumours with 12 months’ exposure than
with 6 months' but little difference
between the 12 and 24 months’ exposure.

Half of the 8 mesotheliomata in
Experiment 2 oceurred with Canadian
chrysoiile, 5o that in total crocidelite and

{‘anadian chrysotile produced 4 rueso-
theliomata each. (M the 20 t{umours
which metastasized, 16 were after expo-
sure to a chrysotile (10 with the Rhodesian
sample and 6 with vthe Canadian). Three
oghers were with crocidolite and une
with anthophyllite. Two of the meso-
theliomata in the 12-month groups occeur-
red within 400 days atter first exposure,
one with crocidolite after 399 davs and
one with Canadian chrysotile after 355
davs (the only rat which failed to survive
tor its scheduled 12 months’ expoaure).

T T T e ——————— e ———
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Asbestosis anwl iny tumounrs

An analyveis was carried nui to deter-
mine whether there was anv relationship
between the grade of asbestosis and the
presence of lung tumours. Singe the
agheatogis grade depends vn survival, it
was necessary to standardize to a constant
survival time. This was achieved by
calculating the regression coefficients of
asbeatosis yrade on survival time for
rats without lung tumours, exposed ftor
3 months or more and with survival of
at least 100 days after first exposure.
Differences in these coefficients hetween
the 5 types of asbestos and the 4 lengtha
of exposure were not signiticant and the
pooled coetficient of 0-VU3V4 £+ B-00065
grade unita per day was used. The
asbestosis grade of cach rat was then
adjusted using this slope to un arbitrary
survival. The adjusted mean asbestosis
grades were then calculated for each of
the 20 groups, for those with and without
lung tumours. In 15 of these groups the
mean asbestosis grade was bigher in the
animals with lung tumours; in the other
5 groups the opposite oceurred but only
slightly so in 4 cases. The accuracy of
an estimate of the difference in asbestosis
bhotween those with and those without a
tumour is dependent on the number of
animaly in each category which varies
between groups, and weighting each group
to take account of this gave a mean
difference of 0-71 4 0:-13. Hence overall
the animals with lung tumours had
significantly (£ < 0-001} more asbestosis
than those without. Differences between
the dusts were not significant but the
wide range in means—anthophyllite 0-25,
Canadirn chrysotile 0-42, erocidolite 066,
amosite 0-35 and Rhodesian chrysotile
1-22—shows that there are insufficient
cdata to reach any firm conclusions vn
this question.

The groups exposed for only one day
provide supporting evidence of a relation-
ship between fung tumours and .sbestodis.
There ‘waa very little asbestosis in these
yroups {Table VI) and restricting atten-
vion to animals which survived for ut

SKIDMORE AND V. TIMBRELL

least 0N davs, the mean survival times
of those with and without lung tumours
were very similar. There were 17 lung
tumours in 201 rats: only 6 of these
vecurred in {57 rats without asbestosia
{3-897) while 11 occurred in the $4 rats
with minimal’ or slight asbestosis (25%,),

a highly signiticant difference (P <0-001),

Twumours at sites other than lfungy

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 ocrurred
4 times as irequently in females as in
waies. The numbers of these tumours,
other Dhenign tumours and malignant
tummours for cach type of asbestos are
shown in Table VIII. For none of the

TasLe VIIL.—Number of Tumours at Siles
(ther than the Lung

Benign tumours

N — Mnlig.
Pituit- nant
Breast ary  Other tumours
Amoaite 22 40 4 3
Anthophyllite to i) + £5
Crocidolite 20 31 1 1)
Chrysotile 23 26 7 7
1Canadian)
Chrysotile 19 37 Y 3
{Rhodasian)
Caontrol 20 34 ] 13

tumour types was the difference befween
the control and the ashestos treated
significant. In Table {X more detail is
given of the sites of the tumours with all
types of nabestos combined. The largest
differences between the treated and con-
trol ruta were for tumours of the ovary,
10 in treated and none in controls, and
tumours of male genito-urinary organs, L1
in treated and none in controls. However,
neither difference was significant.

A few rats had multiple malignant
tumours: I of the rats with mesothelioma
of the pleura also had a lung carcinoma
and one rnt with a squamous carcinoma
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of the lung had 1 mesothelioma tlmicﬁfrom the worn hammer of the mill used

vaginalis, Mesotheliomata of the vagin-
alis were seen in this and one other rat:
there is no evidence to suggest an associa-
tion with exposure to asbesios. \lso,
in some cases there were secondaries, for
example, 3 asynovioma had spread to the
lung. In all such vases tumours have
been clansified by the primary site and
in the few cases of muitiple mualignant
tumoury there was no difficulty in recog-
nizing the distinct types, i{e. one was
not & secondary of the other.

NISCUSSION

Our tinding shat the asbestosis pro-
duced by exposure progressed after cessa-
tion of exposure is in agreement with
lhuman experience but vcontrasts with
the early inhalation experiments reported
by Vorwald, Durkan and Pratt (1851)
in which progression did not occur.
Wagner (1863) reported more agshegtosis
with amosite than with chrysotile in
guinea-pigs, rats and monkeys but our
oxperiments show that of the UTICC
standard reference samples amosite is the
least fibrogenic in rats.

(Gross et al. (1967) found lung cancers
in 25 of 72 rats which survived 16 months’
exposure to chrysofile dust at 4 mean
concentration of 86 mg/m?® for 30 hours
a week. They considered that contami-
nation of the nabestos by truce inetals

to produce the respirable tibre could
huve been a factor in the causation of
the tumours. However, our results now
show that there ia no need to invoke
sueh u hypothesis to explain the high
rate of lung tumours.

The awount of chrysotile retained in

the lungy did not show any clear increase =
with dose in rats exposed for lomger
than 3 months” In ‘two earlier éxperi -
menbs (Wagher and Skidmore, 1985:
Morris #t al.. 1967) a higher airborne
dust cohcentration was used to pive a
cumulative dose in t weeks similar to
that given in the present experiment
aver 3 months. The weight of asbestos
found in the [ungs of rats exposed to
amphibole was 3 times greater than in
those oexposed to chrysctile. In the
present experiments the ratio was 6 to 1
after 1 months, but increased with
continuing exposure as the weight of
amphibole in"the lungs continued to
increage, but the amount of chrysotile
did not. The previous experiments had
shown that the rate of elimination of
dust from the lungs was much ygreater
for chrysotile than for the amphiboles.
The present resuits may be explained on
this basia, 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 presented above which we found
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surprising.  Fiest. in Experiment | two
mesuthellomata occurred  with the one
day exposure compareid with ‘nly nne
with the 3 months’ exposure. which had a
dosage wore than 350 times ureater.
{f the incidence of mesotheliomata was
proportional to dose, as is indicated for
the inoculation experiments {Wagner «f
al.. 1973y, then the probability of such
an extreme resuli occurring by chanee
would be about 2 in a L00D.

Secondly, there _was no evidence of
wither less earcinogenicify qr less asbestosis .
iti the proups exposed to chrysotile than
those exfiosed To the aniphitioles, even.
thouph the amounts of dust in the. lungs

were so different. In particular. the
UICC “Canadian chrysotile produced a3
imany mesothelomata ssthe FICC—ronl:
Jdolita”~The 2 UTCT Samples of chrysotile
produced 12 of the I4 btumours with
metastases. However. rguch less dust
was retained in the lungs of rats exposed
to chrysotile than amphiboles (Fig. 10).
Moreover, after intrapleural inoculation
the risk of a mesothelioma occurring
with UICC crocidolite is 3 times the risk
with chrysotile (Wagner o al. 1973).
Therefore, allowing for the greater reten-
tion of crocidolite wfter inhalation, we
might have expected the risk with croei-
dolite to have been of the order of 20
times that of chirysotile.

Two of the mesotheliomata occurred
within 400 days of the start of exposure.
This may be compared with our injection
experiments in which only 20 out of 803
oceurred within 400 dayvs {Wagner and
Berry, 1968; Wagner et al., 1973).  Also,
the earliest mesothelioma occurred after
455 days and we observed only 3 within
this period in our injection experiments.

The positive association between as-
hestosis and lung tumours which we have
established in the animals is in agreement
with epidemiological findinga (e.y. Minister
of Labour and National Service, 1948:
~Knox et «l, 1968; Elmes and Simpson,
1971,

The failure to eatablish any association
hetween ashestos oxposure and tumours

SKIDMORE AXD V. TIMBRELL

of sites other than the lung s requivocal.
Although wun assudiation with gastro-
intestinal tumours has heen found epi-
demiologically, it is not vet regarded ag
clearly established tSelikoff. Hammond
and Churg, 1972: Newhouse, 1974), and
is of lower magnitude than the excess
tung vancer risk. Our experiments pro-
vide no suppert tor such an association.
The experimental work of Graham and
Graham (1967) suggested that intra-
peritoneal injection of tremolite asbestos
could produce ovarian tumours, but the
follow-up of women asbestos workers
reported by Newhouse ef al. (1972) pro-
duced no definite conclusions on this
question because of the rarity of the
tumour. lur experiments do give some
support to an association between asbesios
exposure uwnd ovarian tumours as well
as_tumours of the wale genito-urinary
“System. . Although neither was significant.
ghis could he hecause of the relatively
small size of the control group. To
overcome this, we have included the
control rats from some of our other
¢Xperiments, thus increaging the non-
treated group fto 403 rats of the same
strain. This larger uroup contained 2
malignant tumours ot the ovary and 5
tumours of the genito-urinary tract in
males. In over 700 rais exposed to
asbestos there were |0 ovarian tumours,
7 of which were malignant, and 1}
turmours of the genito-urinary tract in
males. Hence, bused .on the larger set
of controls, the association between asbes-
tos exposure and ovarian tumours is
weak and non-significant, whereas there is
no support for an association with tumours
of the male genito-urinary system.

The ULCC chrysotile samples are finer
than the chrysotile which has been used
in industry in the past. However, there
is a trend for industry to use finer chry-
sotile (Wright, 19689) and so the experi-
mental results may be more relevant to
the current situation than to the past.
We are investigating the effecta of inhala-
tion of chrysotile in more detail in an
experiment  involving UICC Canadian
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chrysotile, a4 yrade 7 sample from &
('anadian mnine and the supertine sample
which proved the most varcinogenic of
the muterials which we (noculated intra-
pleurally (Wagner «f al,, [973).

The experiments we report have given
results which in several respects cor-
respond to those found in man, Thus,
this experimental method is established
a3 a valid cool tor the investigation of
the biulogical etfecta uf asbestos.

We are urateful to all our colleagues
who over a number of vears were res-
ponsible for the daily nttention 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 var tormer colleague, Dr A,
Walter, who had classified the non-lung
tumours cccwrring in some of vur earlier
experiments which we mentioned for
comparison. :
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