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The Locus of Pathogenicity

of Asbestos Dust

. *n“r, . ) .

Pou! Gross, MD, Russell A. Hariey, Jr, MD, CAaricson, SC

Docomentsd sxparimental evidence, a3
well 23 the resuits of preliminary sxpen-
ssnts, ars presentsd which indicsts 3 re-
duction in pathogenicity as the poiyfils-
mermisus smangemant of gdestes Gus!
particles is replaced by s monchiamentous
structurs. On the basis of this evidence, I
s proposed that the focus of pathogenicity
of asbesios dust particies remdes in their
pelyfiiarmentous structurs,

sbestos minerals are silicstes,
but the pathogenicity of their
=Husts is unmatehed by that of any
other silicate, and the Sbrogenicity is
equalied only by that of crystalline
silica. There has been much specula-
tion regarding the reason for this
kigh degree of pathogenicity of the
dust of the asbesitas minerals, but
todsy no satisfactory hypotbesis re-
maina
Similar to the theories proposed for
the pathogenic potential of silica
dust, the frst theory was a mechasni-
cal one based on the notion that in.
haled asbestos particles tend to pro-
dure microtraumats by pierciag and
irmpaling delicate Jung cells. This
concept proved untenable when the
dust of fibrous glass' and cenamic
aluminum silicate fibers® were shown
to be nonfibrogenic in the lungs.
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A theory based oz chemical struc-
ture became ursatisflactory when
synthetic chrysotile, which has the
same chemical commposition as the
natural product, produced ao Sbro-
geaic response in the lungs.? This
wonfibrogenic response in the lungs of
rats to synthetic chrysotile also de-
stroyed the validity of the theory that
the crystalline character of the ssbes-
tos fbers determined their pathoge-
ficity. It is o be notad that synthetic
chrysotije has the saroe crystalline
structure as the natural product since
#t yields the same roeatgenographic
and electron difraction patiern; and,
like natural chrysotile, it also exhib-
itz a tubular crystalline structure
under the electron microscope ®

The presence of trace metals on the
asbestos particles bas also been eon.
sidered a pousible cause for their
pathogenicity.¢ However, in 8 recent
investigation, when neither the re-
movsa! nor the addition of trace met.
als altered the pathogenicity of as-
bestos dust, this theory had to be
abandoned (P. Groas, MD and R.A.
Harley,Jr., MD, unpublished data).

The discovery that, when asbestos
fs ground to a fiber size less than 5.4
long its Bbrogenicity for the lungs
disappesrs? astounded the acientific
community. This £nding. subse.
quently confirmed ' proved 1 be an
enigms that ultirnately resulted in a
pew concept of the locus of pathoge-
nicity of asbestas dust

Although the new concept rests
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¢ 4+ an embarrassingly obvious
s urs] characteristic of asbestos,
ft is supportad by uncontested docu-
mented experimental Sndings as well
as by dats from some promising pre-
liminary sxperiments. The latter,
bowever, require confirmation.

Theory and Supportive Data

. The new theory is simply this: the
Jocus of pathogenicity of ashestos dust
resides in ths polyflamentous struc-
ture of its fibrous particles. Variows
data support this theory.
. Man-made mineral fbers, in eon-
trast to polyfilamentous asbestos
*fbers, are monoflarmentous. The dust
of thoss monofilamentous Sfbers
(Sbrous glass,! ceramic aluminum sil-
icate,? and silicon cardide whiskers®)
that have been studied have proved to
be nonfibrogenic whesn inhaled or in-
jected intratracheally.

Synthetic chrysctile is nonfibro-
genic when it is injected intratra-
cheally. It is monofilamentous It dif-
fers from natural chrysotile in that

tubular crystals are discrete and

1 close paralle! apposition o

eac: other, as is the case with the
astural product.

When a grinding foree is applied to
asbestos Sbers, they tend to split lon-
gitudinally rather than to fracture
transversely. Consequently, asbestos
that has been ground to a Sber length
ol less than Su will consist largely of
fbers that are monoflamentous
Those bundles of Sbers stil] remain.
ing will be greatly reduced in thick-
sess and will approach the monecfila-
nentous state. It is the fact that most
f the fibers in such finely ground
isbestos are either monofilamesntous
ir nearly 30, that offers a logical ex-
slanation of its nonfibrogenicity.

When asbestos is heated to 1,000C,
ts pathogenicity is either lost or se-
‘erely reduced (P. Gross, MD and
LA. Herley, Jr., MD, unpublished
ata). At this temperature, the Sbrils
omposing the bundles tend to be-
ome fused into unitary structures,
t, the fibers tend to become monofila-
wentous (Fig 1). Although chemical

a--<3 do occur as a result of the

e, uch changes have no bearing
n the resulting loss of pathogenicity_
ince it has been shown (with syn.
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Fig 1. = Asdestor, hasted for two houm in
8N elacing rmwthie furnace 3t 900 to LODO
C (Lety). Chrysotie hasted to 90 C A
though (Broys structure 1s retaned, fidnls
e otliterated by munced homogensrtes
of stterart Sermarty, sapardiec from eme
snother by s derse cletts (Top right),
Crocidohta, hasted to LOOO L Clouddike
oensities ang rare factions sblterste fibri
lar structure of fibery (Bottom rigntl, Amo-
site, haatec to 950 C Odvious funion of
congttvents in tiber DundSes has formes
giots of slecironCanse material theredy
saving other portions Of fibem relstreety
slec ron-trensparent (onpnal magnificaton
x TT.00M.

thetic chrysctile) that the chemical
composition of asbestos is not respon-
sible for its pathogenicity. .

By cementing the Sbrils of asbestos
fber bundles together chemically, it
is possible to convert the polyflamen.
tous structures into monofilarmentous
ones. This has been successfully ac-
complished with various silicates
such as those of lead. iron, and mag-
pesium. The use of other water-insol-
uble cementing substances, such as
those of magnesium and calcium py-
rophosphate, caleium hypophosphate,
and calcium metaphosphata, is cod-
templated i

The method has been to suspend
finely ground asbestos in a dilute so-
lution (1% to 5%) of an appropriste
scluble metal salt (lead nitrate, iron
chloride or magnesium chloride). Al
ter washing the asbestos {ree of all
excess salt, it is suspended in 2 1%

solution of sodium silicate. The latter

Fg 2 =Chrysotile fibers comentad with ieed
slicate. Presence of iaad silicats indcated Dy
slectrondemae SLODIING Wmthin lumen of D
fivrib and etsewhere (enginal Mmagndicston
x 143,000).

.

.

.l
t
.

e e



Fg 3.-Rat injected intatrachesily with 10
g Fon akcale-crrrweriad chrmadtda. found
oadd s momtra Wter. Highiy caliviar nfiamema-
tory focV surTounds lefensl branchuois. AR
scemonal pant cell i3 presant athoyugh n
sdenmg regioR MANY giant Cailt were ob-
served Thers 8 ebriy foroen (hgmatosytin.
oz, on@nal magnification x 500).

reacts with the adsorbed metal salt to
~—acipitate the insoluble silicate.
m electron photomicrographs (Fig
. appears that sclutes are capable
o penetrating not only between the
£brils but also within the tubular
Jumen of chryiotile crystals.
WL

adudy the load sil-
icate- and fernic silicatecemented
asbestos were injected intratracheal-
ly into s few rats. Their Jungs were
examined three months after the in-
tatracheal injecdon. The predomi-
vant pulmonary lesion produced by
ths lesd cementad asbestos was mini.
malin character, consisting of promi.-
pent piant cells, few histiocytes, little
reticulin, and no collagen fibers (Fig
3).1n contrast, the lesions of the same
age produced by the unaltered asbes-
tos consisted of collagen as well as
reticulin fibers and histiocytes. Foxci
eonsisting of the minimal reaction, as
were noted secondary to the “cement.
od” sabeston, were not found in lungs
injected with the unaltered asbestos
(Fig 4.
Io an in vitro study it was found

=
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g 4.-Rst diac §Y. months sfter heving
boen injected intratracheatly with 7 mg vnatb
tred chryadtie. Ares of colisgencus fibrosis &
adjscem o At uratony bronchwois 310 invalved
in fibresis. Thas fibrows Gfiers from tnat in Fig
3 & it is more cxlagenous 3N less ealluier, ie,
Such more avanced. Granylsr materl m ol
fagen @ brown mgment (hematoxylneosin,
angnyl magnilization x 260).

that lead silicate-cemented crocido-
lite caused only 30% hemolysis of
human red blood cells whereas, under
fdentical corditions, the unaltered
erocidolite caused 100% hemolysis.
Iron silicate was Jess TR TR
reducing the pathogenic potential of
chrysotile than was lead silicate. The
reason for this was a gradua) disap-
pearance of the iron from the asbestos
stored in the lungs. However, as ob-
served in & tal] glass cylinder, the
fron silicatecernented chrysotile
stains 8 deep blue eolor with ecidic
potassium ferricyanide and retains
this blue color. It setties rapidly, leav-
ing 8 colorieas supernatant which
remains coloriess over many months.
Because of obvious inadequacies in
these experiments with cemented
asbestos, the results can be termed
oenly suggestive. But in eonjunction
with the other findingy, they tend to
support the thesis that when polyfila.
mentous asbestos dust particles are

. converted toward a monofilamentous

state, 8 reduction in their pathogenic-
ity takes place.

An extensive inhalation study with
cemented and unchanged asbestos
will soon be initisted, as well as an
investigation of the womparative
£brogenic and cancerogenic potential
of the polyfilamentous, versus the
eemented asbestos dust injected in-
trapleurally.

Thus, the documentad evidence
points to 8 sharp difference in patho-
genicity between polyfilamentous
dusts on the one hand and monofila-
mentous dusts on the other, and to a
significant reduction in the pathoge-
picity of asbestos dust when its parti-
cles are rendered monofilamentous
either by grinding or by thermal fu-
sion of fibrils. Preliminary uncon.
firmed experiments suggest that a
similar reduction in the pathogenici-
ty of asbestos dust may be acvom-
plished by chemical fusion of fibrils,
je, the deposition of insoluble cement.
ing materials between the Sbrils of
the Sber bundles.

This \wwestigatisn was supgariad by Amencen
f::.' Socwty lastiwuens! ressarch grant 1N
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Asbestos-Induced

Intrathoracic Tissue Reactions

Poul Grass, MD. Ruasell A Harley Jr, MD, Charimion, SC

Ixtrathoracic njection of difterent typss
of Fzdesios modifiet by EMlerermt metheds
geosrally causet diffsrentiated malignant
chest tumors ia rats and undifterentisted
tumors in hamsters. Twenty-five makgnant
intathoracic rat tumerns were classified 33
fbrosarcomas; four 23 mesotheliomas;
thres 33 rhabdomyosarcomas; two 23 o3
{sogenic sarcomes; and one - fibrolipo-

<ma. Tissues other than mesothelium

susly may alse €evelop malignant tu-
mors and al tumers arising from the chest
wali are not necassarily mesotheliomas.

Asbestos duss hested t» 50010 1,000 C
were rasocisted with onty sbowt 10% of the

‘Wmm
heated asbesies dusts Since the removal
of aca metals from or their sddition
asdestys dust cansed no significant differ.
ence in tomor production, the race-meatal
kypothesis for the mechanism of asbestes-
&duzed cancer was abandoned.

Ithough the development of lung

cancer i man secondary to as-
bestos dust exposure is well estab-
lished. only one laboratory reported
the development of lung cancer in
rats following exposure to asbestos
dust! Inasrmuch as other laboratories
bad also exposed rats to asbestcs

Accrpued for publication Apnl 27,1973,
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Piruburgh (Dr Crema:, and the Depariment of
Perhoiopy. Medica!l Uniseruty of South Carols:

arimian, SC (Dm Gross snd Harieyl Dr.
.3 present sddreas u 25 Maui Cirtle, Neo-
oo FLIISO.
“Reprint requess b 28 Maui Cirele, Naples.
FL3Y5401Dr. Cramn 1.

Arch PathoiVor 96, Oct 1973

without praducing lung cancer, it was
thought that there was something
unusual about the asbestos exposure
that gave rise to Jung cancers Chemi-
cal analysis disclosed that by ham.
mer-milling, the asbestos fibers had
acquired increased contents of nickel,
eobalt, and rmanganese {rom the stee!
alloy of which the haramer mill was
composed A working hypothesis,
therefore, was adopied in which it
was assumed that the increased
amount of nickel=a known pulmo-
pary carcinogen, was respoasible for
the Bevelopment & iung wrrer
masn anr! rats whep exposed unduly to
asbestos dust.

The report by Wagner et al* estab-
lished that exposure to crocidolite
asbestos was associated with the de-
velopment of mesothelioroas of the
pleura This documentation was im-
portant, not only becsuse it focused
sttention on an sdditiopal earvino-
genic potential of asbestos, but also
becsuse it alerted the general pathol-
ogist Lo a hitherto very rare malig-
pant tumor that within a relatively
short period, was encountered with
frightening frequency in regions
where crocidolite asbestos exposures
had occurred. .

Since the publication of Wagner's
report, the desigration mesothelioma
of pleurs or peritoneum has become a
“popular® diagnosis clinically as well
as experimentally. The strictures and
criteria for making the diagnosis of
mesothelioma, as 1a:d down by Wil
lis? largely have been ignored For

recp—9 -1 9- =1

RCD JR.

T0

instance, ip many of the cases of one
reported series, the diagnosis was
based only on biopsy material=often
scanty, without substantistion by a
complete sutopsy.’ Experimentally, s
similar lack of eritical judgment is
evidest where all tumors arising
from the pleural eavity following the
intrathoracic injeczion of asbestos
bave been classified as mesothelio-
mas ™ This swing of the pendulum to
the far left has reached the ultimate
in the finding of “mesctheliomas”
arising in associstion with ground

P
e N —— ¥

experifoental iptrathoracic tumors
peeds to be accurate lest it cause un-
desirable alarm is illustrated by o
recently published “expression of
eoncern” with regard to fber glass in
which various types of fibrous glaas,
inclusive of glass wool, were tabulat-
od as preducing mesctheliomas™

One purpose of this paper is to re-
port the results of an atternpt to test
the trace-metal hypothesis for the
development of asbestos-induced lung
cancer. Another purpase is to docu-
ment the occurrence of malignant
intrathoracic turoors following intra-
pleural injections of different types of
asbestos and to study whether some,
if not the majority, of these intratho-
racic tumors may arise from cells
other than thase of the mesothelial
surface.

Methods and Materials

Sarnples of Canadian chrywtile. ame
site, and crocidolite were each prepared by

Asbestor-inguced Intrathoracic Tumors/Gross & Harley 248
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Fig 1.- Astestos atrer having been heated 10 500 to 1.000 C Left Amoute. Obacured fidriller
*nings and biobs of Cense materd (onging! magnilcaton x 70.000) Canter, Chrysotue. Fibrous
iCture preserved. Dyt ne fibnilar marxings (ongins! magnihestion x §1,000). Rignt, Crocigoite.

seansiuconcies and SoACilies associated with ioss of lidniler markings (orginai magmification

= 83.000).

fve different methods for intrapleural
injection. One sample of each was ham-
mer-milled for 12 hours (hammer mil) de~
scribed by Helt ot al*). The purpose of the
prolongsd hammer-milling was v cost the
asbestos with the nicksl<ontsining slloy
of which the hammer mill was composed
In & previows study, this hammer.milling
rwsulted in the sddition to the asbesten of
82% more nickel, 145% more cobalt, and
4% more chromuium, all derived from the
metal of the hammer mill *

Another sasple of esch kind of asbmstcn
wm bell-milled for two hours and then
Deated in ap eloctric mulle furnace for twe
Bours a2 900 C for chrysceils, at 980 C for

crocidolite, and a2 1,000 C for amdsita The

hesting did not destroy the fbrows strus
ture, although it alterwd the chemical as
well & the erysuallise structure of the
ssbestes (Fig 1L

A third sample of sach, after ball-mill-
ing, was treated with aqus regia for one
bour, washed, trestad with 26 edetic azid
in IM potamium hydrozide for another
bour, and washed until the pH was 7.0. It
was then milled in a shaking-type ball
mill (Spex Mill'for 3 to 18 minutes 20 that
the material would easily pass through as
18-gauge newdle. This chemical treatment
was intended to remove traze metals, par-
ticularly nicke] that is present within the
miberal crystals. .

The fourth sample of each type of asbes-
tos was trested in & anner similar to the
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3 coveree! by harsfinizing stratifed squamous

apithelium that rests on an inflammatory collagenous tissun From o rat
dead 1 6%, months after an intrapiewral inection of 50 mg of trasted cro-
Gdolite (hemstorylin-eos i, orignal magnification x 1001
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Tadls 1.~ Incidence of Dusi-Reiated Tumors in Animals
Averuts Crecsewns Caryastie ]
S ethed of Progerstins [ % ® (S % [ % Totnl (R
[ TN
- a2 wié 31 2% n 11734 O32)
Trested 211 18 . M7 4 .44 D 42 1)

* Metsh-troe wvi0o 80 »n b - 4 we 16 W23 (36)

- Hested - is- 0 17 -0 -VWib- & .- 1M8(2) .
Mostad and trasted 18 ? oié ] w12 ] 143 (2)
Town 12/83 19° s 0° 34 15 3%/182 (18)

Hamsters
Hprrmer milied 0 1 on (] o0 -] M)
Trested by, | 13 n b b ] o ] ansaun
Motai-trae e & 26 b <} o -] W20 (48)
Hested 18 ? (- 27 | -] 13 -] ves @) |
Hested and treated vie [ ] U_!S ) 0!_12 () 1/43 (2)
Totn 12/83 jT 3 &4 & o2 [ 18/180 (10)

.o “"Dversil percentage of tumer inci0ence.

Tabie 2. =Eftect of Maating All Three Types of Asbestos Dust
on Tumor incidence

[ T Nomstars
Hethad of Proparstion % Ne. %
meated 1/48 2 1/48 2
Maated and trasted 143 2 1/43 2
Total ”m 2° s r
Hamymer-mulied 11734 32 222 9
Yraatec 1va2 b 31 219 1
Uets-troe 9/2% 3% 920 48
l' otal ey 1 181 21°

“Overail percontage of tumor nCaCente

third sampla. but was subsequently also
Bested in the same manner as the second
sampls.

For the SRk sample. s chunk & the mie-
eral ore of each type of asbesios was de-
suded of its superfcial £bers on one sur-
{ace with the use of & piscs of brokon glass
Additional deeper-lying fbers were then
bandpicked with the aid of sharp glass
fragment W provide ssbwin fbery that
bad no coatac: with a metal These fbers
were then Spex-milled for 20 to 30 min.
wtas with the use of plastic containers and
plastic balls The sazples are herealer
termed “tnetalfrea”

Standard aquscus suspensions were
made of each sarmple 30 that each eoo-
tained SO mg/ml

With male rats weighing 150 to zoo e ]
under sther anssthesia, 1-m] amounta of
the suspensioas (50 mg each) wers injectad
intrathoracically in the right axilla with
the use of 3 S-am 18-gauge neecdle Ham-
stars wery similarly injected, but here the
amount of dust was only 25 mg in 0.5 mlL
Injections into the right thorax were ad-
i siered W 8 total of 430 rats. Of these,

ety injected with amcmite, 176 with
~widolite, and 139 with chrywtile The
Fumber of rau per sample ranged from-20
0 45 because of early deaths, which were
prompely replaced Of s total of 229 ham-

248 Arch Patnolvol 96, Oct 1973

sters similarly injectad, only 157 survived
T™. months or longer. Of the hamsiem in-
jecad with chrysotile, anly 28 survived

E e ——— % 1 — P
pastured and aliowed to live eut thair
liven.

Results

There was a considerable early
mortality at the dosage level em.
ployed in several poups 30 that in
order to obtain a reasonable sumber
of rats surviving at least six months,
45 rats were injected in the metal-
free amosite group and 40 in the
treated chrysotile group Disregard.
ing the deaths that occurred prior to
six months, the average survival in
the various groups ranged from 9 to
24.8 months, with an average of 16.7
months. However, the deaths of the
animals were not necessarily related
to the intrapleura! injections of asbes-
tos, since two separate epidemics of
pheumonis occwred among the rats.

One of the more interesting obser-

vations pertains to the infrequency of
obvious involvement of the visceral
pleurs as compared with the parietal
pleura In some animals when the

- o v—— .

surface of the lusgs seemed unin-
volved, inlerlobar lesions ware often
poled. In its most severe form, the tis-
sus reaction consisted of ovoid mod-
ules of dense collagencus tiaaus bor-
dared by 8 vascular and highly eellu-
lar granulstion tissws emotaining

.asbestos_as well s multinucleatsd

giant calls and histiocytes In many
anirals, large centers of aggregatad

. asbeston and nscrotic material were

surroundsd by vascular and esllular
granulation tissus continuous with
that surrounding the previously men-
honed ovoid sodular collagen masses.

Ths visceral plours was often
l.hzhtly thickened by edematous
#brillar tissus poor in calls The pari-
eta] pleura! involvement frequently
extendsd into the skeletal muscls as s
histiocytic and collagenous inflam-
mation In the superfcial portions of
the chest wall, it was often apparent
that proliferation of the mesothelial
cells had ocrurred This was demon-
strable as a surface covering of crowd-
od plump cells—aczasionally ar
ranged in two or more layers The
plrural involvernent was alsc seen a3
gland-like structures within the in-
fammslory tissue (Fig 2). Another
very interesting finding (noted in
only two rats) was aquamous maeta-

Fron I I prolilfesiad gurfase

cells —even with the formation of
kenatin (Fig 3). These mesothalial
changes wers {ound predominantly
on the chest wall The anitmals inject-
od with the heated, or the trestad and
heated, varietion of asbestos gener-
ally showed lesa severe and leas ex-
tersive inflammation than the ani-
mals injectad with asbestos trestad in
other waya

In some anitmals there was a transi.
tion from the cellular grasulation tis-
sue to tissue that was manifestly
neoplastic A total of 35 and 15 malig-
pant turory in rats and bamsters,
respectively, originatad from the in.
flammatory tissue amociated with
the injectad asbestos The earliest
turnor was seen in a rat that survived
13 months and in a hamster that sur-
vived T¥« months after the injection.
Consequently, in considering the in-
cidence of these tumors, only those
sanimals were counted that survived
the number of months at which the
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. Sulation of the tumors found in
the .arious groups (Tables 1 and 2)
suggests that the animals can be ar-
ranged in two contrasting saries: ons
in which the asbestos had been heat-
od, or treated and bested, and the
other that included all the remaining
anirmals The animals injected with

the dusts that had been heatsd— ~

whether treated additiomally with
aqua refia or not—bhad & low tumor
incidencs, around 2%, wharess the
tusmor incidencs of the combibed
animals injectad with dusts treated
differently was approximatsly ten
times greattr-21% and 33% for
bamsters and rats, respectively.

The tumon found in the rats were,
with few exceptions, welldiferen.
tiated Those iz the hamsters were
undiferentisted sarcomas (Fig 4). Of
the 35 tumors in the rats, 25 ware
fbrosarcomas (Fig 5) four were mes-
otheliomas (Fig € and 7); three were
rhabdomycsarcomas (Fig 8 and 9);
two wers OStaOfeRiC BSAITOMAS OF
7 asarcomas with bone formation
« " 10); and one was & Sbroliposar-
& (Figll).

The mesotheliomas wers identified
on the basis of discrete papillary
sstructures coversd by mesothelium-

fbrosarcoma in the absence of tissus
suitable for electron microscopic
study or tissue culture.

The incidencs of tumory in both
species of animals was least with
chrysotile So far as the other two
types of asbestos are concerned, they
tended to procduce about the same in-
cidence of tumors in the chests of rats,

‘but in hamsters amosiis caused a-

higher incidence of tumors than croci-
dolite.
Comment

It is apparent from the results ob-
tained that no significant difference
exists in the insidence of tumors pro-
duced in thechestsof rats or hamsters
injected intrapleurally with the dif-
ferent modifications of unheatsd as-
bestos. This lack of difference in the
incdence of tumors held whether
more trace metals had been added o
the asbestos dusts by hammer-mill-
ing, whether metals had been re-
wmoved by ogus regiz and edetic acid
or trace metals had neither been add-
od por subtracted The trace-metal
hypothesis must therefore be aban-
doned

Another conclusion that is readily
apparent from these results is that
prolonged heating of the thres rmost

like cells or ths presence & PicEp -o=———xiyseed types of asbestos will

cells resembling those of mesothe
lium, associated with otherwise well.
differentiated Sbrowms tissue. Gland-
like structures were also found
Fig.

The tumors diagnosed a3 Sbrosar.
coma admitiedly may also include 8
few mesotheliomas We do not know
bow to discriminate between s well-
diferentisated Sbrous mesothelioma
and an equally welldifferentiated

1 Cram P, ot al Expencental esbesions
The dewelepment of lung cancer in raws with
yo/monary deponts of chrysouls asbestos dund
ArcA Envnron Health 15343388, 1967,
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fuse ploura! mamheioms and abweios szt
oure 1 the porthwevisrs Caps hvm 8 J
Induasr Med 17.2680-271, 1960

3 Willis RA: Ths Sprwud of Tamoary in the
Humon Body londen. J & AChml.L 1934, pp

tluhnd.mvhﬂ.lmh-mud

diminish their pathogenic potential
inasmuch as the tumor incidence as-
sociated with the heated asbestos is
about one tenth of that sssccisted
with the unheated types. The Sbro-
genicity of the former also seemed
less, since the infammation was not.
ed 10 be lexs severe and less extensive
than that seen with the latter.

The present results also have reles
vance 0 the tendency to make the di-
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* many, of the reported nonpapillery

fibrous tumors designated as meso
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mas. This is also a probability with
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glass’ '

In contrast to the usually welldif-
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ferentiated sarcormas It is presump-
tuous to designate such undifferen-
tiatad tumors as mesotheliomas

The relative resistance of the vis-
cera] pleura to the damage caused by
the injecied asbesios represents inter-
esting insSdental information sacond-
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Fig 2.« Selected highpower fiedd of tumer in Fig 7 semonstrating
USROS N soMme nenplastic muacie fibers (hemstarylinegowun,

ongne! magnicaton x 450).

“¢ £ = Rha SComyonsrtoma EXtending imto subtreursl siveciar titsue.

wt desd 19 montm SR intrapieural inection 0! SO mg hammer.

. armeaits (hernstoryhn-gomin, x 125).

Fig 11.=Neooiastic pleural tizsus of wellditferentisted fdrosdivese

tissue extends nte sir soaces. From rat dest 23'4 momtm sfter niry-
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