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THE EFFECTS OF THE INHALATION OF ASBESTOS IN RATS

L P t% 1€ WAGNER, (. BERRY, 4. W, SKIDMORE axo V. TIMBRELL

Firom the Medivnl Rescwrcl ovneit’s Puvumnoronionis nit,
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: , Reeoived 5 Soptember 1973 Accrpted 28 Novembey 1973
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
day and 2 years are described. All the samples of asbestos produced asbestosis
which continued to progress after removal from exposure but only a little fibrosis
was observed in control rats. Lung tumours, ranging in severity from adenomata
to squamous carcinomata, were produced by 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 ashestos.
asbestosis and lung tumours,

Wacenkr, Berey and Timbrell (1973)
reported the results of experiments i
which rats were inoculated intraplearally
with samples of asbestos  In the dis-
cussion it was mentioned that 1wo experi:
ments in which rats had been exposed
to dust clouds of the ULCC veference
samples had been cavviod out, and the
results of these ave now presented.  Some
preliminary vesults of one of these expori-
ments were reported by Wagner (1072)

In hoth experiments the yate were
exposed to similar dust coneentrations
and the dase varied by exposing vats for
various lengths of time, The main aim
wag to establish the velationship Letween
the development of mahgnant tinnours
in the lungs and the dose and type of
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ashestos  dust bat, additionally,  the
amount of hrosis was assessed
MATERIALS AND METHOS
Caesarean devivid rals ol the Wistar

«rain wore nseid whieh had been tned aof
the Unit fram SPI stocks given toous hy
the Imperal Chemieal Tudustries. Pharma.-
coutical Division al Alderley Bege Cheshire
in 1064 and 1968,

In addition, a total of 11 mesotheliomata occurred, ¢ 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  samples
(Pimbredl. Gilson and Webnter, 1968) which
were prepared following recommendations of
e UECC. These spmples are of 3 amphibole
types —amosite, anthophyllite and erocide.
lite-—and 2 chrysotiles—a Canadian snd 2
Phodesian sample.

The rats were exposed in 1-4 m? inhala
tion chambers (Timbreell of al.. 1970} whick
cuntained 8 eages. each of whieh could hokl
6 pats, ar. for a short period with yoww
rat=, there was room for a seventh  Fiv
chambers were used, one for each type of
ashentos  The chambers were construetud
o that the rats conld he tended without the
chambets heing opened.

The dust clouds weee generated using 2
speeiatly dovised dispeaser {Timbrell, Hyen
and Skidmore.  1968).  The clouds werr
senerated for 7 hours a day and 5 days per
week,  The vespirable dust coneentration
were measirett using aze sejective grov
metie dust samples_(Cassella Type 1140
The collectrd samples” were evaluated at
the el ol cach daity session, i arder to
achieve the required  dosage, cudenlated @
the  product ot eancentration and tinn
vapadions ocewrnng in the coneentration:
aere corrected un the following days. v
the ead of exposire the rate were left in the
chamber for o few days, to allow fime te
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their wr to beeome eloar of asheston el
transferring them to o clean environment
for the remainder of thew lhves, At teansfer
some etk generadly 2 a8 of cach sex,
were  kitled  and  the hitgs  romoved  or
histological eaamination il deternrination
of dust content,

As each tvpe of ashestos s o vanxider.
able sifiarte content (aliout 5002} the amonat
of dust in Uhe lungs was determmel bis first,
axsessing i silica content and referving this
value to that of the respirable dust to which
the rat had been exposed, This method
was used in previous experinments {Morvis o
al., 1967},

After expoaure the rats were
threes or fours isolated 1 a speeial  unit
supplied with filtered ar  The inhalarion
chambers were aiso in this unit but in ®
separate room. They were fed on a pro.
prietary brand of autoclaved cubes, and
water ad libitwm,  Except for the scheduled
killings, each rat wax allowed to live until
it died or appeared to he distressed, and a
full necropsy examination wax carried oat.

caged

Histological  prepuration saining  wid
microscopie  methods.—or  the  sehodled

killings, animals were killed by chloroform
anaesthesia and  following exsangumalion
the thorax opened and the lungs removed
The left hung was air inflated and suspended
in formalin.  Represcutative portions of the
rght lung were taken for elect ron microscopic
examination and the remainder of the hing
dilated with neutral huffered formalin Slices
were taken fiom hoth hangs for histological
examination.  After the hixtological sections
had Leen cut, the embedded tisae and the
timmings wore dewaxed and added to the
remainder of the Jungs which were used for
the chemical estimates.

For other anumals, at post mortem the
hings were dilated with uweutral buffered
formalin and afier fixation were shiced
sagttally. routine seetions heing taken of the
whole left Inng and the npper and lower
lobes of the right lung.  In addition. anv
vther suspicions Jesons tram the hings o
ather oigans were taken fin histologival
examination,

In all cases, sections woere stained with
hzematoxylin and vosin and the lung seetionx
were stained for clastin, rcticulin and col.
fagen.  Special atains were wsed in some
rases as an wid to diagnosis of the tumour,

- Assessment of the severity nf wshestosis,—-
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Seetions of both fungs were examined without
kneneledge of the dumtion or type of ashestos
cxposuee i with the animimls in random
order The sections were olserved o) a
viewing avieen of g Projeetion Alioroscope
U3 B nsing 0 27 objeetive, At hia
magnitication u large proportion of {he T
eanedit b pspsnedd i a soghe tield and, as it
was not possihle to observe achoeotos fhyes
ol thi magaification, the readis were not
hinsed by knowing the tvpe of ashestas to
which the animal had heen exposed,

Erpwriments

In both cxperiments and for all dosen
there were groups which were exposed to
all 5 referctice samples: there were alxo
control groups  which were  not oxpissd.
Rats were allocated to treatments ot ratudoin,
At the start of the exposure the majority
of the rats were between 5 and 7 weeks old,
& few heing slightly older or younger, and
there were approximately egual nundors of
malex and females,

Faperment |-—There weee 2 {ime tter-
vals of exposwre. in the first, rats were
expoxed for 3 months starting in May 1967
aned in the second, groups of rits were
exposerd for one day only in Augist 1967,
In addition to the killings at the end of
exposure, in the 3-month group there were
abo mtennediate sacrifices ot 5, 8 and 10
woeks,

repervueil 2 There were 3 time inter-
vids of - oxposure=6 months, 12 montls
and 24 months, The experiment startod
Jamwary 1969 and after 6 monthe halt of
the rate wers removed from the cahingts,
They were replaced and a year later these
replacement animals were in tirn removed
They were veplaced by animals to he wsed
for special clectron Microscopy examinations
wWhich will not be veported in this paper.
The remaming ammaks were removed in
January 1071 after 2 years' exposiie—-
the G-month groups, i addition to the
killings a1 the end of exposurc, rats were
alvo folled after 2 yveawrs, 10 18 months
after removal from exposure.

The numbiers of 1ats are given in Table 1,
In the 24.month groups, overerosding
amongst the wmales tended to ocewr due to
merease i size after about o vear, and
MRe were Temoved prematurely after 131
monthe For analysis these rats have heen
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§ day 44 44
4 oaths 52 a5
B sk fex =4 24
12 months 25 28
b ansnthe 2 19

Panei H, - -Mean Bexpivabiec

and Cureulative Dose (0g]

Lonpth of

exgHte Atnieiie Asthophyibte
}elny 41 L {28 M)
4 mont s §24 0 Sl 135 540
& o s -2 N3N 119 K540
12 awmt e 1n-g 17000 13-4 17400
24 monthr 10-6 33000 e asTon

inchuded i1 the 1Zanonth groups aml henee
the number of rats in these graups in wlightly
higher, and in the 24-month groups slightly
lower. than planned.

In Table H o the mean respirable dust
coneontrations ardl the cumulabve demes.
the protnets of concentration and time are
ahown,  Uhe anc-day exposure was 7 hones
for all dusds,  For the other 4 tine inleralx
of pxpose. thore were <light variations 1
the wmnber of hotrs vequired to acliievr
approximately equal doses but the mean
times were 402, T8N, T4 and 3237 bhowr
respertively The mean eoneenirations wese
wstnliy higher in Experent b than Toxperi-
ment 2 awd the Aananth group hal an
A erase dose of 6U°, of that of the t-month
group Jeneonable cquatity of dose helwern
the dusts was achieveit Tar all the lenueths of
exporure, txeept for the ooe-day wheh was
tan <hort to atlow any adjustnents

rabee e tecl born nf nistatogical firdangs

Classificatea 6f ashidosin—The lesons
ceen 1 the dungs af pilsses sl fo all tepes
al asbeatos were crmibae Lo those deseriled
0 guinen-pigs (Wagener  LHES, gnos) Theee
were 2 maom differences. fiestly, asliestos
hodlios were neyer eeh in the hang teeue
ot the et although they e {retuenthy
wrn i the plearal aranulomata W hielt fothom
the intra-plearad mocenlation of amphibole
flpes. secondiy, there was A fur wenfer
praduction of granuln poetmoeyies {1y pe
1) alveolas epivhetinl vellin the eal.

Aoy Authaeplny ibte Crosnledine

NICHEMORE AND Y. TIMBRELL

N pler of Bels o prased

¢Clhievant do et e
tCnannduin {Hldisiny Comtiol

44 4 4 4N
a2 b 32 R
24 * 2 b
H a2 2 Y 4X
20 24 B J

Thust Cancenlration (mgud)
i horrs)

Chevselide Chiy st she

¢Crewendale {Cunedinn) (Rl lesnt
[RLREYY N8 n-7 Uk 147 jut
V26 Dude ISR IR <UL 2.3 WU

LETE . Y fo o2 NI4n 1.7 S5
HieG UHHHE t-7 BTIOD Wwen 1EID
1H-3 48200 [ TLE IR -1 33040

The lesdoms consist impiatly of & deposie
iy of ashestos Bhres, alveolar macrophages
and cell debris i the alveok aricing directiy
from  the rvespivatory hronchioles,  Thesr
deponits hecome organized frstle by hemny
enmeshed i tna cetieatin netsol k whieh
posr<ns with Llime asl heeomes replaced by
eoltagen fibres. The  alveukw  epthelnmm
peaets with eplierment af the type 1 oevik
and becomes completely Bned by prunuba
petnnoeytis i some of the alveali 1he
ppet it is e into the lamna, i others
there is a walling of the atveoli by 1hes
colle,  This ustally occus at the bifueealnnes
where goups ol Wyeoli ave closed aft fran
e lumina of the respuaton hronchiois
avme the coneifled  peetdn-acinar gy
preatanee fa fhe gamci- g these sl
eustiv apiees contned asbestos hine and
degenerating mactaphages. but i the s
punnerans granular pewmueytes wore ad
present, The anitial lesons were conlined
1o oeenstonal dieret iy idual pespivatue
nanchioles centlored  throghout the Inaes
aghetanee  Alter furthes exposue. o A
B P ton birone hiokes heeome meal il
and all the respratory Lronvlnoles art-m.

frows Ternnuad Lingelioles hrrome tha e
an the librons tissue petwar o estends e
the wall ol the pespiadnn Vanpehiobe, ard
this juterstitsal veaction apreads dawe i
the  periphoal elenents of the prissn
anit, anvelvine e alvealar dacts aten
and lpadly the s saes anid alveole Wl
Progresson the b nibual fesions fomd b
coifeser, leadimz 1o Vi developrmeat ol
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ERFECTS OF INHALAVPION OR ASBESTOS 1N RATS

thiftuse nterstatial Rbross witl) wradual .
erease in the demsity of the filrous tissne,

ultimately wesnlting in the replavenient of

most of the g parenchyna by o dense
collagien netwark suromnding destortod
spages. iy ol whicl contin hnge elumps
of geanular prcumocytes wiiel, i sonw
ares. have lysed leaving o of lipu-aiveoias
proteinosis.

The assosement of these Jesions was
based on 4 grades ol fibrosis—mininal,
stight, moderate and wevere. Typical ex.
amples  of slight, moderate and  severe
asbestosis are shown in Fig. 1-4 I addi-
tion, when carrving out the assessinent. if
was found convemient o intoduce  the
intermediate categories mmumalslight, shight
moderate and moderatefsevere.  The 7 re-
sulting eategories were seored 2-8 and the

normal lung, in which there was no sgn of

asbestosiy, was seoredd 1, and the assessments
were averaged for exch group of rats  The
repeatability of thi form of assessnent wus
tested on 154 sectivin, reassessed in a
dfferent  random  ordet  and H09%,  were
assigned to within one category of the fest
reading.

Classificieteon of Lepoars.-~The tumonis
found in the tungs of vats after exposwre o
the variovs types of ashestos dusis were
peripheral  adenomats, widespread  adem-
matosy,  adenocarcinomata and  squamous
carcinomata The tanity of pulmonwy -
momwrs in rats has heen stressed in the
reviews by Kusehner aned Lashin (1970} and
Shabad and Prlev (W01 Purether, these
anthors have desevibed the development and
morphological featwres of the tumours that
we are reporting. Al these timows were
peripheral and appeared te atise from the
region of the vespiratory bronehioles in whieh
the ashestos fibre had acaonudated,

The origin of the adenomata appeared
to be from aceumulation of type H epithehal
el that profifirnted in the alveolr of the
rospiratory bronchioles (g A, 6)  1u many
al the eaposed animals thise oo~ wege
multiple, and w0 w0 mamber of anonals,
pasticntarly  those with the more severe
eriles of asbestosiz, thae seemed to he
advaomata arising from numeroux adjoining
n .\j)ll"‘t(}l'l\' 'H()?]l’l“”h'\' E’;l‘.i”:"‘; an if!l[ll‘('\\llﬂ}
«f contignous  adenomata nvading e
aras of the hag v Haold Stewart
fpersulal commumieation)  soggested  that
thas type of leston should e relered to us

15
L
~t

wlenonatosis o continst to this, 1 few
contral surhmals were seen to bave solitary
adenomata which were simall in sze. e
adrnoeareinomats were ol e sanne type
wnd origin us the  alvestar sulenosirene.
mutit 7 desevibed by Shabad and Pyloy
(1970}, nrany of those tumanes wery papituy
adenona-crranomata.  The squamons g -
civsata appeared to originate from  foci
of rquamous metaplasia veecurring n o the
ahestotic Jexions in the respiratary  bron.
chioles (Fig. 7, 8)  Ax lar as can be ascer-
tained, all these tumours were peripheral
i otigin and net bronchial  papillomata.
The classification of these tumours  was
disctizsed in some detail in Sesmon Vi at
the Gatlinhurg Conference on the Morphology
of Experimental Respiratory Carcinogenesix
in 19705 and the chapter by M F. Stunton
(1974) in the LARC Monograph on Pathulogy
of Twmnrs in Liboratory A nineds contuins
dletailed desoriptions of the tunoues that we
have lustrated

The rats wsed in Uhis experiment are
from a eaesarcan derived, bnerier maintained
colony and fortunately they have heen kept
free of rat hronchitis; therefore the squamons
melaphsia was not assocrated with bronghae
octasis,

Metastases in the thoreew cavity 1o the
chest wall, diaphiragm,  pevicardim or the
tracheo-bronehial lvmph glands were seen
i 14 animals: the majority had  lesions
myaring 3 of the sites and i only 2 animals
were wetastases ohserved in the trachea.
bronchial glands.  In one aninad secondary
Ueposits were seen in sections from a kidney
Eight adenvearemomata and 6 <quamons
tumots had metastasized

RESULTS

All except 2 of the rats in the groups
with  caposure of 12 monthe or less
survived lur the whole of their planned
exposure I the 24-month groap there
was apprecible mortadity hetore the end
of exposure and ouly 339, survived for
the full perivd. Out of HH3 rats it way
impossible to obtain adequate histological
material m onhy 8 bocause of comibaliso,

fhist eetention
The mean weights ot asbestos dust
o the lugs of animads killed at the
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TanLE 1 —Dust ltetained n Lungs (mg)
Lasngzth of Men clsre Chiny motahe Chryxotile
exposure pagind b Amosite Authaphy lbte Croeudolite (Canadian)  {Rhodexian)
3 woeks {880 IR (R} [ et e
8 weeks 24450 ({2 1] -0 [REH a-t H-3
(i weeks 32K 2-0 AR ] 241 6.0 n-&
A asiong e S0 A-7 %A 3.0 46 4G9
G anonths 870 43 4-4 4.5 0.4 04
12 menthe 17100 83 96 0.3 0.8 1-4
24 wonths X 16-8 13-8 144 ([ 08
G emontis [ 248 (-2 g4 -1
after 1N months
u-m«mpnmm-)
annr IV -—AMean Survival* after First Bxposure {detys)
Jarngth of Chryrotile Chrysof e
CNPUSLRC Amaonite Anthophyiite  Croedolie (Connsdien)  (Rhodesien) Control
| ¥
i day R ROG 795 763 53 802
3 menths 77 K2 817 TN 857 793
6 months 76 686 TRY 669 706
12 mont hs 6542 Ha 78 778 826 T
24 monthea K07 778 7568 183 158

* Adjusted o be independent af raerfices.

scheduled times are given in Table 111
More dust wis usually found in males
than in females and on average the female
lungs contained only T0% as much dust
as the ke fungs.  The values in Table
1L are the averages of the male and female
means.  For the 3 amphiboles there was
a similar pattern, with an almost pro-
portional increase  of lung dust  with
duse. The 2 chevsotiles were similar to
o another but much less dust was
fonnd than with the amphiboles, also the
chrysotile fygures did not show the samwe
cenr  inerease  with  dose.  The mitin
foutures ave summarized in Fig. 9. The
dust i the himgs of the animals which
had 6 months' eaposure had beew partially
eliminated 18 months after vemoval from
expositee.The  praportions climinated
were 749, for amosite, 739, for crocidolite
Lt ouly 4197 Tor anthophviite  How-
ever. the lower elination of  antho:
phaihile was not significantly  different
trom the sunosite anl erociduolite figures

Nureival
The mean lengths of survival from

the day the rats were first exposed are
given in Table 1V, ‘The survival times
lave been estimated so as to be inde-
pendent of the sacrifices. The short
survival of the 24-month group exposed
to Canudian chrysotile was largely due
to & rats dying before Day 400 (in the
other four Z4-month groups only 2 rats
dicd hefore Day $00).  These early deaths
wers not due to exposure, since 3 died
due to an infection in one cage and 2
were Talled in a fight  Discounting these
8 deaths, the mean survival was RN
davs, 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
Jeast s vival, but only a month less
than the control groups. The amosite

Dt o b \'_’m-\, -

amnﬂw A—y e_

-t

£ 4 =g o " g -

and anthophyllite groups had mean s

vivals only o few davs
controls, while the crovdolite and Rho
desian ehryvsatile groups had longer sur:
vivals of 2 and 3 weeks respectively.
Henve, there is very little indication
that the expostre had any cffect on the
overall wirvivad of the animals,  This
1< in marked contrast to our intmplvuml
moculation experiments in whieh injecton

less than liu-‘_t‘
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Weight of dust
in lungs {ing)

15
0
5 C
Argphivoles
Tl . Mier temoval
- from exposury
0 L
1e 2 Time {months)
r |‘ 4 T T . T T T A
Q 1000 20000 10006

Cumulative doge (mg/fnd houre)

[P

of shestos reduees (he exprectation o
tife by several monthe IWagner o ol
173)

Nahoslosis

The amount of ashiost ois LIS st
lor sl the vors dolbed at <eherbudod 1irnes
w A pernnent 2 and alter N woeehs” ad
A months” exposire i Bapueriment 1
There were 5 or 6oty per Leeatment fon
each exposure, exetpt that (here were
only B oadter 8 weeks  Overall the 2
senes hud sunilies amounts of ashieslons
atd they bave, therefore, been combiped
o gmve the mean ashiestosic soores in
Table V) whiel are st ived a Fig 10
Lvept for some meonsesteney hetween

")

Mean werht o dua B oo et~ s 90 )

At bedvee grand Cipen-

the 3o and Gomonth micans, Uiere wite an

merease ob ashestosis with expesine for

s

Al the dusts, Also, tollosing 6 months
expasie, there was progresaon during
the tolfowing 18 months without CNsEre
for Al the ashoestos Upes, bt these 1ats
drd not fre as bty as thoase wlieh
conlinued exposure Pher were Sipni-
ficat differences hetween (he ashestos
Tvpes (7 00T wsite invanably g e
the Jeast ashestoais throushout . antho-
phytiite and Cinatian chmsotile <o ed
most anbestosts alter G nonths' or fongor
exposure, erocidulite sd Rbodesian chryv-
satile were interowediate,

The mean ashestosis seores ol the els
wlich were allowed o bve aut then
Ives are gven m Pable VT Phiose sats

2
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Asbesto6is
grade
Aloderate "
L .-8
Slight I
P T Atter removal
Ixposed to P {from exposure
4 asbestos e
Minimal «
- -4
Controls L= -
Bemade i mm e ,-..,_.....-"’
Nil =
3 3 12 24 Time [monthe!
1 i i —r
1} ¥ 1 ¥ i ¥ 1
Q 16900 25000 3000¢
Curmlative dose [mgfm® hours)
W 168 Ashestumis 1 aaerificed vats i velat ot bo dose atd One
Tanne Vo Moau Ashesosis Scores® of Saerificed Rats
| PRI Chrventth Chrysatile
s prosatio ANTHENIE Anthoplivilige {yoncdohe (Canudan b {Rhrdesie) Viontre!
R ke 2o X BARS] 2otk 27 Pt
“aonths 25 13 2R L Lt [
bonconthe 22 42 U by RaxH! {J
12 months et A2 43 40 43
1% months - §.2
24 maonlha ER} G2 } ¢ o 5-8 [
# menths B2 bR H i 53 $-7

talter 18 manih
[SIRH (\\puxuro)

S s, 2omnnennl, 4 shibil Bt By e

aeticrluled for 29 months
o Thowe that died  before completion
of exposure and those that survived for
a period of nen-expusire. The amount
of ashestoris found in the rds exposed
for one day was no more than that found
in conteal rats. Comparing Tables ¥
and V1 for the vats which completed thewr
eaposure, progrossion bl oceurrell be-
Lween the entl of exposure and death with
adl dusly, the sgle exeoption being the

haave been dividert—3 mont s’ expusire ol Bhadesian chryse

tile The vats whieh died before o
ploting 21 manths” exposure had mon
ashestosis than Lhose sierifived e 23
wmanths’  eaposure {or amosite, anthe
phyllife aut Rhodesian chrysotile.  The
was not the ease for crocidelite and
Canadian ehrvsotile, Tor which those tor
that dicd dnving exposure had shnt
ments supvivads than for the other dust-
Mewned over all dusts, those wits 1hat

«
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Tanre VI—=ean shrstosis Neopes®

264

of Survivors

(Mo Susvival in Maonths)

Length af

Chirvautede Cheynotile

CN{ M Moty Anthojdy e Croeuldis, (Carandinn) (4o <uu)
I aluy Il 2y -0 (2 (R o1 7] 2 (aeny by
KT N I o ofey) 33 (N XN )] 3N 2oy 2K (2%)
i tnant b d 8 (24 402 (2 B (2 37 (doy 402
P2 inearee s AR (L) doedb by G {28 Ol (23) Bel {27)
U tae 244 freth (20 o4 22 42 (14 Sl (16) G 1 (o
tutnthy

3 mnthe b3 (24) T4 (2K) B4 (2 -] (28)

bl 2 nunl, 4: shybt, G

died during exposure haut slightly more
asbestosis than would be expected from
the sacrifice rats, consistont with the
more severely affected animaly having the
shorter survivads, However, the effect
was very slight and, as observed earficr,
the exposure did not affect survival to
any extent. In Table ¥1 there s again
les ashestosis for amosite than the other
tusts although the difference is w0t as
large ns in Table V. For rats which
completed their exposure, the difference
hetween umosite and the other 4 asbestos
Lypes had w menn of 0-7 for rats sacrifjeed
andd 0-3 for survivors.  The rcesults in
Table VI do not support the findings in
Table Y that anthophyllite and Canadian
chevsotile produce more ashestosis than
erucidolite and Rhodesian chrysotile, and
ve conclude, therefore, that there were
ta important differences o the amount
wFashestosis produced by these 4 s ples,

Fumours of the bung

Lung temours were observed in 247 of
the rats exposed to asbestos. The total
mnobers of each kind for each dust are
shown i Fable VI where for—those
rbs witho wmore than one tumour of the
b, classification s hy the more severe
wondition,  No tumours of the fing were
sheerved within 300 days of the start of
posure and therefore only rats which
-mvived this initiad period are considered
o have been at risk.  Apart from the
wheduled killings, only 13 rats  died
stthin the first 300 days.  There were 7

an

mollerate, 8 noven-,

control rats out of 84 survivors in Rxperi-
ment 1 with adenomata, Lut i lxperi-
ment 2 there were no lung tumours out
of 42 control rats. There were sligltly
more male than female rats with tumours
—I28 compared with Ho—hut the only
2 tumour types for which there was any
major difference between the sexes were
adenocarcinoma wind SQUAINOUY  Carein-
oma, Out of 50 adenocareinomits, 33
oceurred i males whercas 30 of (he +1)
S(;ll?lni{)llﬁ Céu’(ﬁi“(}”lilatil. woepe ill *('I)l-‘t](‘s.
Metastases ocourred in 20 s, A4 ol
cuch

sex. There weie also )1 11RO~
theliomata (Table v 1), 7 innldes. Twe
of the mesvtheliomutn  oeeurred with

only one day’s exposure, 1 with 3 tmonths’,
none with & months’, § witly 12 monthy'
and 2 with 24 monthy’. The  meso-
thelioma which ocewrred with 3 months’
exposure 1o crocidolite was a peritoneal
tumour; the others were all of jHeural
origin,

The distribution of the lung tumours
with time after first exposure are shown
in Fig 11 for all dusts and all lengths of
exposure exeepl one day. In o the 5
groups exposed to ashestos for ane day
there weee 14 adenomata and, conyrred
with the -+ in the canesponding controls,
there wax clearly no cevidence that these
adenomata were a consequence of expo-
sure to wsbestos  There were 5 mope
serious tumnours; 2 of these were mesos
theliomata, one with amosite aller 715
duys and the other with eroculolite affer
331 days. There were alsu 3 adeno-
carcinomati, one with eroeidodite after




%
i
.
*
-
Y
¥
A
i
*,
%
. “!u
w‘w

TN
LY

&

S o Ve Lol
FRADE

7

220

1

P " V i
fl % * . ’ ‘ ‘l'!i H )
5 . i : : ‘
! . 1 L N E
i { AR o :
T eI, L TV W L Y4 U VAR .
64 J. 0. WAGNER, (L BERRY, J. W, BKIDMOREK AND V. TIMURELL

Parine V3 —Nwnber of Animeds with Lo Trmours of Mesatheliomale

N ol Newwih P
e nt Tangy
AN riah ™ tupour Adenoinan
Amaouite
1 day 45 3 i
3 months k¥ 10 7
1y manthe 19 2 {
12 ionths 25 14 i
24 months 1 13 3
Total 146 3N 16
A nthoplugiie
1 duy 44 4 2
3 months k¥ i 0
# months £ [ 3
12 months 2% 20 i
24 months IR 14 2
‘Total 145 A0 22
Crgewdolite
I day 43 H 5
3 amonths i 14 {0
4 months & 4 2
{2 wmonths 20 15 b
24 months 18 X ¢
Tatal 141 S 206
Cher guotile
(l"mlmlizm)
{day 41 \ t
1 monthe 34 e 1
4 months V7 5 2
12 months 13 11 |
*4 onthis g1 10 2
Fotal 13% 45 RS
{fo ysolile
{fhanlesinin)
I day 43 S i
KRS I 36 14 B!
fi ol b i9 s 4
12 months 27 14 2
24 monthe 17 B 0
Potn! 144 A it
£antrol
iaday 44 4 <4
T months 4 13 K]
& 2banonths 42 Hl £
Togut 1245 v 5

Adonamntons

Ty pe of Bing tamonr

- o Ko =t it = e e,
Nepmings
entoiaomatf

Adene.
rneeinamat

e Raf~ wineh svived n Jopst 0t lay = aiter siagl MIERNTEST

b Nambees in Lanelods e e il neisfases.

507 dayvs, another with Hhodesian chry -
After 710 days it one whieh
with Canadian  chrysotile

sottle
med nstusized
after 838 davs
ln witerpreting Talile V11 aud kg b
W hav to bie hune in ind that theee was
a greater tendeney for rds to develop

(131N

{] (¢ L] 1
3 0 1 ]
4] I [ 0
4 1 4] 0
] J ] 0
& h i I
[ t ] W
0} o 0 i
t l i {
it 441 i 1
5 3 & H
i2 8 {1 8 2
[ i 0 1
3 1 f (1} |
2 { 4] 3
b3 ] 2

5 2 (i) 340 4
1 74y g 4
it {0 Qa &
4 3 0 u
2 [} 1 &
3 G (1) 1th 4
3 1N 4(2) }
Y K 6 {3 4
t | {t @
2 S 0 i
i AN 0 fs
4 T 6 ¢
! G4 [ 1)
] 19 {6 1) ¢
33 i i) 1]
[ € (+ 44
1} [ 1y M)
4 [ u u
adepomata m o Eaperonent than

Ne, with

ihelusan

in

Fxprriment 2 Jiawn i the controls.

Therelore, the higher proportion of an-
maly with adenepita after 3 months

caposuie than after 0 months’ expostie

is prnly.\l»l\‘ an atefact. We

haw wha

do

nont
acdenomata oveurred n the
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B Adenoma/ odenomotosis

3 Other touvses

P, T $rsibution of snevavad traes i dity s abter st exprosare,

controls in one experiment and not in
the other but as the finding is signiticant
i = (-08) in its own right and & sup-
perted Ly the resultts from the exposed
aimals, it is unlikely to be due to
chanee.

There wus a  higher incidence  of

tamours with 12 months” exposure than
with 6 montha’ but little  diffevence
between the §2 and 24 monthe’ exposure,

Half of the 8 mesotheliomata in
Eeperiment 2 oecnrred with Canadian
ehryaolile, 50 that in total erocidolite ad

Canadian chirvsotile produced 4 meso-
theliomuta cack, Of the 20 twnours
which mutastagized, 16 were alter expo-
gure to w chevsotile (19 with the Rhodesian
sample and 6 with the Canadian), Thier
others woere  with  erovidobite awd one
with anthophalite. Twn of the meso-
thehomata in the 12-month groups ocour-
eecd within 400 days atter st exposue,
ane with ecocidolite after 399 duvs and
one with Canadan chrysotile alter 355
duays (the only rat which failed to suvive
(o e oacheduled 12 months’ exposure}
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i i
Asbestones anel hipg Luwoinr s Teast. 600 days, tha mean survival times ;

An analysis was earried ond to doter-  of ehose with and without lung tumows 3y

mine whesher there was aiy relationsbip  werc veEY similar.  There were 17 lung
hetween the grade of asbestosic and the  tamours w201 rats; only © of these
presence of fung  tumours. Since the ooeored i 157 rats without asbestosic
ashestosie grade depends on wrvival, £ (8% while 11 oceurred in the 44 1ats
was necessary to standardize to constant  with minimal or slight. nshestosis {23%,
survival timo. This was achieved by o highly significant difference (P <20-001}
caleulating the regrossion coefficients of

ashentosis grade on qurvival time 0¥ Pypoiers al sites other than {ing

Fafs without lung timois, exposesd for ' .

\ - . A total of 412
3 wonths or more and with survival of
at least 400 days after firkt. CXPOSINIC.
Lifferences in these coclficients hetwect
the 5 types of ashestos and the ¢ lengths
of pxposure were nob significant and the
pooled cacfficient  of 0-00304 -} H0u063
eade mte per day was used.  The

e

tumours, other than
lung tumowrs or mesothelioma of the
plenra oV pevitoneum, were ahservesdl.
The majority of these were adenomata
of the breast or pituitary addenonuuta,
which were conymon post-mortem find.
ings  Both of these adenomata puenrred
4 times as fegquently in females as in

N

27 rél
id

B e e ema

t:é ns;k.)omns.am grmlu -‘)f cach rat wu.s.thm\ piates The numbers of these tumouds.
agljusted using this slope to an arhitravy hor beniv o i
?ﬁ‘u survival, The adjusted mean ashiostosis other  benist gumours and  malignaot
R - tumoirs for each tvpe of asbestos aw
;R grades were then catiilatoed for cacho ol e V1L, Por none of the
iwi‘ the 20 groups. for those with and withaut show i Labie ‘ or none ¢ .
i‘ Tine tumetas. 1o of thest groups the . . !
~ menn asbestosis grade was l\\;fwr iu fhe TAmLE Vi - ‘\.T’“'"‘”' of Trmbilrs af Sl ¥
~. animals with lung tanours. in the uther Other than the Lany
E;; 5 groups the ppposite oceurreil but only ‘ _”"'4““”1”“*"7“"‘7 Ml S
'@! ightly s in ¢ eases. "fhe aceuracy of Petut- et '
o an ontinate of the dillerence in ashestosis Greast awy Other fumews L
A bLetweens Hhose with and those » ihont a Aot 23 40 4 % Y
Cumonir s slependent o the number of .\I‘:“l‘;‘““‘}i‘)?““‘ b " A -
aninads i cach  tategory whieh varies  Chiyeovle 23 S 7 i
Dot w oo Gronr)s, andd weighting each grotp zf.‘;'?.'T::.l-d“] " e ' .
(o take account ol this gave a mean (i{h:sdm.m) ' .
difference of 071 - o135 Henee overall Captmd 20 4 2 13
the ammals  with lung  twmours heud 'y
signilicuntly {(r o i) more aehesiosic LMoY LVRS wan the diflaonce hetween :
than thase without  Daflerenees between  the coptrol and  the ashentus greated] )
the dasls were uit signiticant but the  significant. in Table TN more detail =,
W ile Fge fmedas authophy fhite 0 25, wiven of phe sitos of the tumours with afi ‘
Cannchian b veolile 42, crocidohte (e, i pes of asbhestos combined  The lage!
amnoaite x5 and Shodessay clivnsatile  ditferenees hetween the Gented and con
peon shows (hat theee aue insuflicient  trol rats were for tumours of the ovary, t
tita o reach wny (i cunelnsions on Lo i treated wnd none i controls, and
thi= question ‘ {imours of male geniosul ALY OTEANS, 1l
Phe groups eX pnsml for unly one day i 1 eatest and pune m l:«mu:uls However,  §
provide supporiing evidence of a reladion peither difference was sipnificant
alvip hetween lung Lumosirs and nshestoses A few aats bad maltipie malignant
Mo wan very it achestosis e these pimours: 2 of the s w ith mesothehonma
gronps {Falde VD) aned pestricting atten- of the pleura a0 bl o Jung caremonma
Gon to animals which survived for at  and one rat with 2 sgtiamous carcinomd
£
]
A i
~
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Taniu AN Nites of Twmours Other then Loy

Anhistas freated
A

'ontrol

Ritef nmpan tyyne SR Mashizenant Dengn Malizrant
Dot g ol st 4 3 1 b
Bong and Sy 3 ! f 2
{irenst FH) 1 - i
(Ivary i 5 1 £
Other (anah- BB unny g g 2 % 1" 1
Maute o MR O 1 8 1) 1
totraventsd 132% ! i o
‘Thy meama 7 ! U] H
Lamphonu dontae s N 2
Othay « M 3 1 0

thy rond mediistinun st ecnal

it (43 sahvaey alasel

of the lung had o mesothelioma tuuica
viginalis.  Mesotheliomata of the vagin-
alis were seen in this and one othoer it
there is no evidence (o suggest an associn-
tion with exposure to nsbestos.  Alwo.
n some cases there wore secondacies, for
raaple, wosviovioma had spread to the
big. Tooall such vases timoors i e
been classified by the primary site ane
mothe few eases of multiple malignant
tumours there was no diffieulty in recoy-
ning the distinet types, v one was
not a secondary of the other.

DINCUSKION

Owr finding that the asbestosis pro-
thueed by exposure progrescod after cons-
e of exposire s omoageement with
human experience  but  contpusts  with
the carly inhalution experiments veported
by Vorwald, Durkan and Pratt (1931)
woowhich  progression  did  not ocene,
Wauner (19631 reported more ashestosis
with amosite than with  chrysotile
swnea-pigs, rids aad monkeve but our
ospeniments show that of the [1CC
tandard reference sampdes wmosite 1« the
rast fibrogenic i rats,

Gross ef af . (1967) found Tung cancers
w25 of 72 rate which survived 16 months'
apmsire to chrevsotile dust at 4 mean
soncen{ration of 86 mefm?d fr 30 hours
vaeek, They conmdersd that contami-
it of the ashestos by trace moetads

iy raut

from the worn hammer of the mill used
to produce the vespirable fibee  could
bave been a factor in the caation of
the twmoms, However, our pesalts now
show that theve s no need (o inoke
such a hypothesis to evplain the high
rabe of hung tumouss,

The amaunt of chirysotile retained in
the fungs did not shaw any dear inerease
with dose i orats exposed far lomger
than 3 wmouths  In twn carher experi-
ments (Wagner  and Nladmore, 1965,
Morris ¢ al. 0 1T967) a0 bigher aivborne
dust conventration was used to give o
cumdative dose m G oweeks sintlar to
that wiven e the present experiment
over 3 months The weight of ashestos
found in the funes of vats eaposed  to
amphibole was 3 times greater than in
those exposed to clwvsotile, In o the
present experiments the catio wits 6 to |
after 3 months, but increased  with
continuing  exposwre as the weight of
amplihole i the Jungs  continued (o
therense, bt the wonout ol chry sotile
didd not, The previons sxperiments hal
shown that the rate of elimination of
dust (rom the fungs was much greater
for chevsotie than for the waphiboles.
The present cesulls may be explained on
this husis, the weight of ehyysotile hitving
reaches equilibeinn fevel, 7o the rate of
chmitntion equalling the rate af cetention,

There are & numher of fentures of the
results presented above which we found
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sdrprsang Fust, Bapenment 1 tvo
mesothelionntta otcaned with the one
it (xposare compased with only o
with the 3 months” exposnre, whiel Il o
dogsige o than My Lines  greater
H o the incidenee of mesothedionudie was
propontional 1o dose, s i neheated for
the inoeulatien experiments (Wagner #f
al | 1973y, then the vruhabiliy ol such
an extreme result geenpmg by change
woukd be about 2 a tosy
Secondly, there was no evidenes of
either Tiss careinogemeity or lessushiestoses
in the groups exposed to chrysotde than
those eaposed to the amphiboles, cven
though the amounts of dust in the tunwes
wore so different,  In partiendar,  the
CHYC Canadian ehreyrotile produced as
many mesothelivmata as the UHCC croce-
dotite, The 2 UHCC samples of ehrysotile
produced 12 of the T4 temouts with
aretastases. However, moeh fesa dnst
was relained i the lungs of 1ats exposed
o chrvsotile than tmphiboles (Fig, 1
Morcover, after intrapleural inoculation
the risk of o mesothehoma oceuvring
with U100 wrocidalite 3 trmes the risk
with chevsotile (Wagner o al o 19T3).
Therefore, allowing for the greater reten-
o of erocudotite afrer inhalation, we
mizht have expeeted the visk witly mroer-
dahte 1o have Leen of Use order of 20
times that of ehrvsotibe
Two of the mesutheliomati ovcurrl
within 400 days ol the start o exposure
T'his may be compared with our injeetion
eaperinients in which only 26 out af 203
seetrred within 400 davs (Wagner and
Bevry, 1969 Wagner of af 1973 ko,
the vartiest nmesatheliama ocenrres atter
335 daas and we observed only 3 within
this period i onr injection eapernents
The positive assocation hetween ass

hostoses nind fung tumonrs wieh we have
eetibbshied in e anitals s iy agreement
with epidemiologicat findmgs (g, Minister
of Labour sl Nafjonal Nevrviee, i
Waox ef b 19087 Blntes and Snnpson,

YT

The failine to esfabbsh any assoeuton
lil'l\\'(".‘n tlh])('.‘i{()‘i L“l![!‘\'lll'l‘ .ll](i {tunwnrs

SETDNMORE AN AL TINHRELL

of sites other than the Tung s equivood,
AHhough an assoetation with  pastre-
intestmal Gimonrs bas been tound epe-
demolagieally, sl pob vt regardod as
plearly estabhished  (Selieofl, Hanmond
and Clire, 10720 Newhonse, 1874), and
v ol Jower magitode than the ekeess
e canecr rishe Ol experanents pro-
\id!' 11y ﬁllll))(”t lin hll(?‘l an oasocmbiom
The experimental work ol Cirahann and
Coraharne (189671 soguested that  intra
peritoneal mjertion of tremolite ashestos
condd proditee evanan Lnours, Bttt
follow-up of women  ashestos workers
reported by Newhouse «f al (1872) pro-
dueed no detinge conclusions on this
gquestion beeauseof - the rarity of the
tumonr  Chie experiments doogive soms
support (0 an association hedtween ashesto
eapostre and ovarian Duours. s welt
as tumours of the male genito-urinary
sastem Athongh vether was significant,
hin coultt he heeause of the rvelativels
anadl wize of the contral group. To
avercome this, we have induded the
contiel pats from some of our other
evportnents,  thus mereasmy the uen
Deated group Lo 403 vats of the saus
strain Thos fweger pmoup vontained 2
malignant tumours of the ovary and 3§
tmoties of the genitosnemary  traet i
mades hinoover 7000 rads eaposed to
ashiatos there were 10 ;m arian tumours,
v ol which were mabignant, and 1
Gemones ol the geastto-rmary el in
males  Henee, based on the larger vt
of controls, the awaciation hetween t~lies
tos expustue aind o ovarin tumours i
wenk and non-signilicant, whoereas theie s
no sapport boran association with tumonr-
ot the male genito-urimey system,

The UTCC ehrysotile sumples see et
fhan the ehysotile whieh has been tine
s ndustey o the past. However, thets
iw o trend for industiy Lo use finer chs
sotile (Wright, 1069) and so the typn
moental resulte mav he maore relevant b
the current situation than to {he pa
We are investizatimg the effeets ol mhatis
Gion of chrvsotile ue wmore detatl nroan
espetiment  mvoiviny C1ee Cisnbies
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