57

b ;!
" 0 (i
J 5(,
s )
iaA “ ) I'. . } ,
. S ]
/7// < l,
» EYPERIMENTAL STUDIES OF ASBEST0SISe !/. ;o
I / e 4/ t
’ by
J Ar thur J, Vorwald
) Thomas M, Durkan
i‘ Philip C, Pratt
g frono
The Sarsnec Laboratory
T of
iho Edward L, Trudeau Foundaticn
g June 1, 1950
i i
*This seriuvs of studles of asbestosis, initlatod at the Scruneco
3 Laboratory more than twenty years ago by the latoDr, Loroy U,
Gardner, dirootor of tho Laboretory, wes nearly complcted at the
tine of his death in October 194G, Although partial reporte and
! informal reviews of some of the experizonts had baeon plven fron
time to time by Doctor Gardnor, this paper vrannnte for tho firet
time 8 romplets susvey of the entire coxperimental investigntio:,
;70 .o
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1.TRODUCTION

\

]

Asbestosis 18 a form of pnoumoconiosls resulting from prolaonged
{nhalation ;F usbestos dust, Tho nane asboustos, literally "unburnable,"”
fz not thet of o specific mineral but is a term applied to & number of
difforent minerals whose characteristic feature 1s a structure composed
of long, parallel, flexible fibers, This structure is uniquo because
ths fidbers arc cepable of ropoated loagitudinal subdiviiion to units of
molecular propurtions, In length the fibers vary from a Fa; microns to
slx or more inches, ésma varieties are stiffer than othurs but many ere

sufficiently flexible to be wspun into yarn and wovon on modified textile

machinery,

H R'A R E K

The asbestos mircrals are silicntos of vaeriasblo composition and te-

— Y

ar e

loig to tho sorpentine and the amphitsle groups, Listod boluw vre the

nore comann varioties,

Amphibole Group

A

Actinolite Anthophyllite
Anosite Crocidolite

Arghibole Tremolite

Serpentine Oroup

Chrysotile

«? .The bulk of tho asbestos of commerce is chrysotile, 3ig0.2510,.24,0,

which is mined on this continent prinoipally in the Thetford region of '

ol E o B OE

tho Province of Quebec snd in Vermont. Crocidolite end amcsite also are
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r uscd commercially but 1 . ..n smaller emounts, Chrysotlile occurs as
veins {n serpentine, a mireral of similar chemlcal composition which
oxists in massive form and is made up of microascopic fibers without the
pornl:el orientution characteristic of chrysotilo, The masuive bluishe
black serpontine, which is smooth and soapy to the toush, is treversed by
voins of fibrous chryaotile varying in width from a barely percoptible

line to six or rore inchos, The fibers run across the vein end not length-

vine with the furmation,

" G —— —_— 3 [ ____ ]

Atterticn i3 directed to the mireral brucite, Ugd.li,0, which is often ‘

found in the su .0 f‘ornnt';ions with sorpontine and chryantile and may be

fitroua in structure., Exoept for the manufacture of magnesziwn, brucite

has no cormercinl valuo at prsoont becnuso its fibers ure mot sufficliently

b
flexiflo to he .asod in textilos, but thoy are oapable of repoated longi=-
l@; tucinel subdivi sion., Unlike nt}\er ashostiform minerals, brucite is not a
silicoto and for this reason it has boen a valuable tool in an experimontal

evcluation of the action of fibrous minerals upon lung tissue,

o*

-

EXPERIMBWENTAL ASBESTOSIS

For many yoars atudien(l’z) have beon carried on at the Curanac Lab-
orstory in an iuvestigation of the cause, mature and devolopment of asbes-

toeis, The proiont paper is devoted to experimontal esheatocis and in it

1,.7 Gardner, L,./, end Cummings, D,E,: Studies on Experimontal Pneumoconiosis,
VI, Inhalation of Asbestos Dust, J, Indust, llyg. 13: 65, 97, 1931,

2. Oardner, L.U,: Chrysotile Asbestos as an Indicator of Subtile Dif-
ferences in Aniral Tisaues, Am. Fov, Tuberc, ﬁ: 762, 1942,

-2=
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-(7 ) aro doscribed ihio antwma: . perinents with various kinde of ocobestos
dust, Another roport, Lo Le propared and issued at a future date, will
boe concerned with human asbeotosls oand will covor the hoalth aspocts of
workers who ﬂnvo boair exposed to ashestos dust in an Industrial environ-
nent,

Although usbnstosis in man is a chronic discase with diffuse pulmon=

years
3/to develop, it 1s possible to reproduce in one

ory fibrosis which require
or more specios of aninmal characteristic tissue changes which ere eimilar
to the lesions uf human asbestosis (fig, 1). Since tho 1ife-spac of ths
exserimontal arimal ia ;olativoly shert, it {8 not possible to develop

the charaoteristic losions in snimals under conditions fdentical with the

uauﬁl_induatrinl suvironment, Conssgquently, to obtain a complote evalua~

tion of tha ti:sue rasponse to inhaled particulats and fibrous wmaterial,

E ma SN TEER mem.- sus - e

it 13 necnsssry Lo accolerate the reection by employirg higher concentra-
tivne of dust than would ordinarily be encountered in industry, Yhile

ocouditions of cxposure are thus different, the information ylelded by

expef!Lont: with animals is invaluable in furnishing a botter understanding

of tho roactior of the human organism to inhaled asbsstos dust,

Experimont ul Melhods, For investigating the tiscue reoaction of the

experimental arimal to the various asbestos minerals, two typas of technigue
have becn emplcyed, namely, the inhalation method and the injectiorn methed,
In irhalation e.perimontn, groups of animals - up to 130 or more guinea
pi¢s and somotires smaller numbors of ratbits, cats, dogs, rats or mice =
are kept for a&?_;d.- hours a day in a cubléul dust roon; ‘dgg.n. feet. in di-

mension, in which & cloud of ashesti. dust la maintalired by a rotating

.JE N NN =

/
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0 - ' .
'( paidle in a duut hopper® l’, At intervals during the vxperiment, a fow
- ariinals are sacrificed and tro tissuo examirad ta detorwmine the nature

and extent of the dust reacllon, Somu anluals are exyosded for poriods
H up to Qhree yorrs, The injuction experiments are ussd to determine in
s short a tim: ss possible whother or not a particulor dust has a po-

te1tinl capacily to produce inflammatory reaction whon in direct contact .

with tissuos of' tho body, The method fnvolves injoction of the dust,

either dry or wuspended in fluld, into the snimal by the intravenous, the
the
introperitonsai,/intratracheal, or other route:,

Long=term inhalation experiments furnish information upon which
great roliance is placed whern estimating tho degres to which a dust might
constitute a resplratory hazerd to industrial workers., Even though an

at..nosgherlc dunt moy be potentially dsugerous, as indicated by injoction

¥

.

oxferiﬁenta, on.ly inhalation procedurcs will rovcul whethor the dust can
be inhaled, pous the natural éerenae barriors of the body end resch tho
pulmonary tissue in quantities sufficient to cause damage. Injection
methods are uscful, however, booause they mnke certain that contact oc-
curs between tha dust particles ond tissues and because thay allow accur=-
ate estimation of the dosage and of tho potential capacity of that dose
to produco reaction, The intratracheal method is particularly valuable
when dealing with fibrous minerals like nnbélton, since it permits obsor-

vation of the e ffect of tho fibers on pulmonary tissuo,

.4 Tissue Susceptibility, Unlike free silica, asLestos docs not prc-

duce specific effect in all organs of all species of nnlxlu‘l. Comparative

nd

« M M N N H E A EH R

-

CRMC-Motley1000-Subj-000605

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950) Published by AsbestosClaims.Law
ACL Doc 13192 - Page 5 of 95 asbestosclaims.law/library/13192/5


https://asbestosclaims.law/library/13192/5

dota, prosontod in tabl. « is based upon cowplutod obssrvatlons and
therefore diffurs slightl, from a preliminary report(z): \i’ntroduction
of fine quartz into verious organs of the guinea pig, rubbit, ral, mouse,
cnt,’:og, chicken and even tudpole eventually will prcoduce silicotic no-
dulee but at a diffuront rate of development, Gimilar introduction of
loz%ggg;;gggﬁrflhnn.asbestoa has resulted in a fibrous reaction in the
lu.g and, to a losser axtent, in the peritoneum but not in other organs
of the guinea pipg, rebuit, cat and white rut, In our exporionco tho lungs
of the dog and white mouso falled to respond with fibrosis although
Schuator( 3) hax ro;wortod such changos in a dog that lived in on asbestos
febricating pleut, This variation in specios ond in organ susceptibility
is yet to be accounted for(”; it is presumed that iz the susceptible
nnl:m}a the greuter roaction of the lung to asbectos, far exceoding the

reaction of othsr orgun tissues, {s due principally to the graater mocbiility

of the lung,

Peculiar Characteristics of Asbestos, Experience has dewmonetrated

that most of the noa-fibrous particulate dust inhaled into the lungs of
man and animal is 10U microns or lesa in maximum dimension, Larger parti-
clos apparently do not gain aoccess to the lungs becsuse of two reasonss

first, large psrticles settle in alr so rapidly thsat few remain suspended

1d
3, $Schuster, N.il,: Pulrorary Asbastosis in & Log, J, Path, 7Bact. 34

Part 2, 751, 1931,
4

4, Vorwald, A.J,: Variations i{n Individual Susceptibility to Industrial
D\;stn Inhal=d into the Lungs., Am, Hev, Tuberc, _6_3_; 1B, 13, 1980,

N

5a
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in the atmosphcre breathel; second, large purticles are more effectively
removed by the protective wechanlams of thn upper respirctory tract., In

2 .
tte cass of fiurous meterials theso factors have lees {nfluence and fi=-

2
i
g
d
i beran 100 and even UV ricrora in lenpth have becn found in the tormirmal
‘ air spacos of human lungs, Ib small laboratory animels exposed to srbestos
.t dust tho maxinuin longth of fiber found In the lung rarely exceods €0 microns,
A large proportion of non-fibrous particulste dust inkaled into the

J lung s found in tho terminal eir spuces (elveclar uct, utrin, elvooll)

F in ell parts ot the org;‘nz {n coutract, inhalad sshestos flhurs are first
! discovered in the respirstory dbronchlolee, These omall passages are im-
l redintely dist.l to bronchiolos lined by clliated opithollum( 5). Their

: own e:;scn'cial Hning i3 a low cuboidel typo of enithelium but, ae their

JiF rame Implies, ihey actually f‘urfctlon in rospiration through laeteral nlveoc-
: 11 distriduted along their walls, Either these alveoli or tho abrupt
' change in the character of ths lining epithelium or the small diameter of
the rgspiratory bronchicle or the combination of all thrge factors is re-
sponasible for retention of the fiber ot this site, Only after asbostosis
is well ostablished are epprecieblo numbors of fibers seen in the moreo

peripheral air spaces, Further explanation is required to clarify this

observation,

Rate of Tlasuv Roartion to Asbiestos Fihers, The tissue roaction to

asbestos dovelops much more rapidly than dees tho rcaction to quartz dust,

T T S T .

5. ¥iller, William 5,1+ The Lung, Charlea C. Thozmas, Publishers, 1937,
-6-
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For example, in rats routai ing asbostos filbors by intretracheal injoc-

t

tiou f'ibrosis of characteristic typo i{s viusibLle as ourly as onv wonth
ufter injeoction; for guurtz cust the latunt poriod iy tvo munthe or more,
Thus,‘tho dovelopment of noduler fibrusis due to inhuled silicu lags te-
hind the doposition of duet to u greater extont thun does the ovolution
of the diffuse rvaction to eshestos, ‘This results iu a differcrce in the
dej,res of progrugsion which follows teormination of exposure Lo dust, lor

exsuple, on dircontinuing exposure. the noudules of silicosis besono lurger,

to & limited extent, for a considernble period of tiuwu, wheress the fi-

brosio of asbueloals inorcauol for only a short tine, Cubsequuntly, the . .
usbustotic fibruuls coutracts; this process ofton distorts the audjacent
pulmonary tissus end may reosult in & progressive interfereuce with curdioe v

¥
revpifutory furction,

Ashestosie Dodies, The peculiar structurc known as the asbostosis

;ocy or "ourious body" is a specific concomitant of nsboatosis(l’s’v).
The typlcal body 1s a golden-yellow, beasded or haustrated rod which may
be either straizht or curved (figs. 2 and 3), Citen one or both ends are
bulbous like a dumbebell, The bndies vary conslierably in length, and
dirensions up to 260 microns have been recordod, P

It is believed that asbestoals bodies are due to a deposit of protein

and iron pigmeni of tisamue origin upon the surface of inhaled filers

6,/ Gloyno, S.li,1 The Formation of the Asbestosls Body in the Lung,
Tuborcle 12: 398, 1931, . ..

7. Gloyne, S.R.: The Asbestosis Body, Lancet. 1351, June 25, 1932,

N

. Yam,

-7-
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v

(lvzvcs"’avg). Gloyne( ') voproduced Liodlens 9 months af'tor subcutaneous

\

‘{njection in gulnen pipgs uf lbers ronderod free of iron, Tho bodiss
aroe abundant i nman and in e guicee pig (table 1) tut ero nmuch larger
in the. ror-.r.'er, wrobably becauae ths larger-slzod alr passages adait fle
beco of greater diteasion. [n gulaes plgs they fora after stoutl 70 days
of ccutact »itl the tlasus, In oats, ralblts and wice thare {3 an atyp-
1221 eouting v a fow of tho flbcra aficr nuch lovger reslivice in tho
luigs, In ratu}hodicc asro roroly scra and in dogs noas csuld Lo found,
Althouh the a.ldesce L3 laccaplotey, 13 apreers that the formebion of
thy asbostosie ooly px:c;vonts danape to ‘he tissuu by the fitor, ‘fany of
ths poluts wont.ionod above will be elaborated upon in subseguont para-
graphs deallng nith the aoturl experinments, For proso:utation our investie-

.
getton is divi‘ad into two aectlons, ono doaling with inhalatfon expori-

ar.

rents and the « ther with irjecliou experiments,

THUALATION EXPERI¥TNTS

?our larpe-nzale inholation experiirenis have beun counduzted in this
laboratory with verious forms of asbecstos cdust, In ernch of these investi-
gacloas more thiwn 160 animals wore used aud the cexperinonts waere carried
on for periods ranging from 2 to more than 5 years, The four kinds of es-
beatos dust employed are desiznated as YTing's floats, shert-fiher, 100 per

cent Lall-nmilley, ard lc.g-fllier esbestos cust,

, -
a’

8, Lynch, K,M, and Smith, W,A,3 Asbestosis Bodies in Sputum and Lung,
J.A U A, SE 655, 1930,

w M- ETE A M™EABEABL®EBERDWME

9, Simeen, F.V, end Strachan, A,8,: Asbeelorin . odize in tio fputum;
A Study of ‘peclmens from Fifty Vicrkors in an fsbhustos ¥ill, J,
Path, and &tct, 34: 1, 1931,

ol
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KING'S FLOATS ASHESTOS DULT

A“
. ..
t

The first inhalation experiment conduoted at the Saranac Laboratory with
asbestos dust was begun in 1928, Animals inhaled the duat for periods up to 33
months: Some guinea pigs with 6 and 9 months' exposure lived for an edditional
thres years after cessation of their exposure, A preliminary report(l) presented
obsarvations after 29 months of exposure, At that time observations covered a
period of only 2-1/4 years and the conclusions as to the ultimate effects of in=

halel asbestos dust were provisional, Those conclusions aro subctantiated by

results of the comyleted study, which is reported as follows,

|

Camposition and Atmospheric Concentration of the Dust, The dusting material,

a cormercial variety of asbestos known as King's floats, was ocomposed of short
fibors, ranging in length from 1 miilimotor to 1 micron or less, and of particles
which lilso varied in sizo, It was obtained from the Thetford, Cuebec plant of the
Asbestos Corporation of America and esnalyses (tables 2 and 3) roveal that the amount
of fidbrous chrysotile wes only 14 pér cont, a rather low value, Impinger samples
takea soon after the experiment was started indicated that the dust concentration
was ata‘flrst quite low, the average dust count being only 6.0 willion particles per

for
cubic foot of air by the standard light-field technique and 0,8 million/particles

r

and fibers greator than 10 microns, After tho inhalation experiment had been under
way for about two years, the spsed of the rotating paddle in the dusting machine
was increasocd and for the remaining 10 months of the experiment considerably more
dust was dispersed into tl.s atmosphere. The average dust count of impinger sawples
colldcted after this change was 63,7 million by the usual light-field method and
1,6 million for particles and fibers larger than 10 microns, It is probibyi, howe

ever, that the true vslues of the dust soncentration were higher than the counts

; | ﬂw’“.”’l "

glven in this paragraph, The impinger samplos for the King's flonts experiment were

-G
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W s

collecled in water but lero. atudiee(lo) have shown that countu of impinger sam- '\“

[

\

ples of asbestos dust taken in water are not reliadble, Ethyl ulcohol instead of N
water was used as the collecting fluid 1&2,§}§x:;3;;&2;&§,§§g;§§§f"t’-

Results of the investigation, briefly swmarized in table 4, show that in-
halntion of king's floetn asbestos dust produced a typical peribronchinler fibro~

sis in guinea pigs but not in rabbits or rato,

Reaction in Hormal Cuinea Pigs, Guinea pipgs inhaling this dust for periods

up to 33 months Javeloped a characteristic fibrosis occurring in conical patches

about tho respiritory bronchioles, During this exposure the peripheral aslveoli

AW EDREE

wore not involved, Tho. particulate olements in the dust were trunsported through

the lymphatiec sy:tem to the bronchial nodes, causing no significant reaction in

eithor site; the fibrous elements remained fixed et the points of original local-

lzatton;and wore seldom detected im the lymph nodes,

After exposuro of approximatoly a year, a esmall amount of collular rcaction

had been produce:! about many respiratory bronchioles (fig, 4), As more dust was

’

inhaled, 1t continued to accumulate in the samo location and later stages of the

oMWW N W N

diseaso_(fig, 6) consisted of extunsions of tho orizinal lesions,
Apparontly, the inhaled fibers wero ceught in thu pocket-1ike alveoli that

are given off frum the lateral walls of the respiratory bronchioles, There they

were phagocytizoc and many of them were carriod into the wall by migratory cells,
Mononuclear leucocytea attracted to the aroa causod an appreciable thickening

of the bronchiolnr wall, After

4

10, Fulton, W,B,, Mouts, R,L,, Dooley, A, and Mathews, J.L,: Asbustosis,
Part I, The Collection end Counting of Ashestos Dust, Spec, Bull, 37,
Penn, Dopt, of Luber and Industry, 1934,

S Ko I
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16 munths & delicete filc..'s made its apyearance. 7The procoss evolved

4 -
\

gradually and the number of fine intercellular collagonous fibters atoadily
inoreased, As this fibrosls contracted, it partially closed and distorted
tho slveoll, aund with this change the alveoli became lined with cuboidal
colls, The rorult was an adenoma=-1liko appearance which freqwntly ac-
co*npunit:'s chro: io pulmonary inflammation resulting from many ceauses,

w1111 8(30) descrilied a similer structure in the lungs of guinoca pigs in-
haling silicon carbide, The longer exposures to asbcatos resulted only in
more thickening of the wnlls of the oir spsces, largely due to an incruase
in the amount «f fibrouis, 7The fibrous tissue always remained cellular

and failed to show the hyalinisation characteristio of silicosis, Asbos-

SEEREEAEBEAREA

i
tosis bodies (fig, 3), first seen in the lungs of the guinea pigs that v

hed inhaled du.t for e«bout 2 months, becamv more numcrous and more die-

-

tlactly segmentsd with increasing exposure,

Tho reaction produced in guinea pigs exposed for 6 acd 9 months did

not progress significantly during a subsequent poriod of 35 and 37 months
when the animals lived in a normal atmosphere (figs, 6 end 7), Botween
8 and 11 izonthz after exposure ceased, tho cellular rcaction in the lung

had been completely replaced by thin strauds of fibrous tissue, At

later periods, the scar tissue was less in amount but in the lest animal
E sacrificed, 37 months after discontlinuing dust exposuro, some fibrosis

wos still vistille,

PIMEE

10, W¥illis, H.S, and Brutsaert, P,1 Tumor-like Structures in the Lungs
of Cuinea Pigs Artificiully Bxposed to Silica Duat, Am, Rev, Tubera,
17 268, 1928,

=11-
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Reaction In Guinoa il-;“ Infootod with Tubercle Bacilli at the Onaet

“of Dust Inhalation., Of the group of 40 guireas pigs infected with at-

Y R )

12
teiuated tuberclo Lacilli, R} strlln(**), at the time that exposure to

N
1}

A R DA EBER

dust was bogun, 31 diod or were sacrificod before tl;u cempletion of two
yoars of dust exposure and were reported im tho peper by Gardner and
Cwminzs(l). fcventeen of those diod from intercurrent pneumonia, HBrief-
ly, the results wore as follcws: 10 revonled soine evidencs of sprosd of
tho tuberculou: proocess (fig, 8); in G of these it was confined to the
luags and in tie othor 4 the abdominal viscera slso were involved, ‘Fx-
tonsion of the infection was firat sean after 7 months of dust inhala-
tion; during tl.a next 20 months more than half of the aninals showed an
ac.ively spreading tu!:'erculos is and in § of then small cavitics had de-
velop:d. Durir the last 8 months no animals exhihlted any cvlidence of
aclive infuctic: although in half of them tho healed fibrous scars of '

provious spreacs wore obvious, The scars were more extensive than is

Al

characteristic of either tuberculosis or asbestosis alone,

1

‘ gha 9 anirals which were still alive aftor two yenrs. of dust expo=-
sure wers sacrificed at intervals during tho following year, In 4 of them
the primary fo-i of infection were healed with fibrosis and evan caleci-
fication and t!ere was no ﬂiéanoo of progression (fig. 9). In the other

§ the tuberculcua focl showed evidence of having previously sprcad loeally;”

in 4 of them, by the time of autopsy, the fool were hcaled, with exces~

sive fidbrosis; in thc romaining animal there was a goneralized chronic

-

tuberculous pnrumonia in one lobe and in tl.e otheor lobes there were iso-

lated primary tuberoles, which were still active but had not spread,

" t
31, Steenken, %,, Jr, and Gerdner, L,U,3s R} Strain of Tubercle Nlnclllus,
Am, Rev, “uborec, 54: 51, 1946,

« N N

-_—————— e - -
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Roaction 4 Guinea Py 4 Infooted with Tuborcle Dacilli after

v

Fetablishment of Asbestosis, Tuelve guinon pigs, after inhaling King's

flontoyasbeutou dust for 26 ronths, vere infected with tubercle baoilld
ani then removid to normal air, S&Six of these animals died within nvZu:
vecks, _C.g: from intercurrent non-tulerculous infection, Tha romaining
njfp enimals were socrificed at fntervals up to 14 months after infec-
tion, The subploural tuborcles in thes dustcd animals were no wore num-
erous than in non-dusted controls but a corsiderable nurmher wero found
in the depths cf the lt'mg abcut foci of asb;utoniz. The tuborculous
component of tlo ocombined reaction showed only slight local uxtension
about lesions in the lungs and tracheobronchial lymph nodes, Cageation
was found in tubercles 1-1/2 months old, but by 5-1/2 mouths it had com-

plotely dieaspprared, leaving only scar tissue, Foci of fibrosis still

)

o r

porsistod in tho last animal, which was killed 14 months after infection,

Reaction in Rabhitl.. Rabbits exposed to the asbestos dust for

periogs up to 19 months developed a low=grade forelgn-body type of reac-
tion but no fibrosis, Although thelr lungs contalned particulate eloments
of the dust, filiers were not present, indicating that the upper respira-
tory mechanism of the rabbit is adequate to exclude fibrous foreign bodies,
Two rabbits, af'ter inhaling dust for 8 and 19 months, lived in normal air
for more than t-o yea'rc. At asutopey neithor animel showed any ovidence

of cellular reaction or fibrosias in the terminal bronchioles nor were

B e BTN S ECEEL e B OB OBA BT

thdre any asboztosis bodies,

~

2 Roactions in Fhite Rats, All the rats had acquired an infection, re-
«l3-
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sulting in the formatlo. .. pulmonary absccusos, Loforu they came to

!

autopsy, Apprrently, so wucl Lravy muous ohatructed thelr bronchl that
vory few [ibers could have entered thelir lungs, In a few of the rats,
an occasioral tebesiosis body was dirsuvercd tut thore waa no Fibrouls,

This phasa of the axperiment wos coneidored unsuccessful,

Sumnary and Interpretation of Inhalatios Experiment with Kinpg's

Floats Dust, The findings ir the experiment with King's flouts dust can
be sumnerized under two headinga,

A, Effeo. of ths inhaled dust os mormal animrls, The King's floats
duat causod a chnracteriatic peribronshiolar fibrosis in guinea pigs but
not in rabbits or rats, The flihrosis did not incrouse significantly in
extent after tro dust ex.osure was dlscontinued,

E. Fffec’. of the inhaled dust on tuborculosis in gulnea pigs. In
guinea pigs inrectod with attenuated tubsrcle bacilli end then placed in
the dust roon, llie rosults wero more variable than 1s usual in an experi-
moat of this t.ne, A few animale showod no aign of progression of the
infaéilnn; in 1nost of thom there was evidence of temporary progression
with sulisequent healing; in onu snimal the tuberculous process romained
sciive to death, In contrast, whun guinea pigs, after boing infected,
aro sexposed to quarts dust instead of ssdestos dust, the infecticus pro-
cess continues to progrose and eventually causes the death of tho animals,
On the other hnud, expo:uro of infocted animals tc a hurmless dust like

{r6n-oxide dous not lead to any progression of tho 1nfection(12). Cuinea

12, Vorwald, *#.,J,, Pratt, P.C,, Durkan, T,N,, Delahant, A,B, and Bailey,
D.A.t Siderosis, A Benign Pneuncconiosis Dm to the Inhalation of
Iron Dust, Indust, Med, and Surg, _1_2.: 170, 19860
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plss infocted vith ette u.tsdl tuborcle bacilli followlng the termiua-

t

tion of two yn.rs' exposure Lo asbestos duct did not devolop progroasive
diaeaa;o. Tho only modification of the infectlon was in ita localirction,
a fow Lacilli Lelug rotained in the peribronchiolar fibrous tissue with

" ths forustion of tubercles there in addition to tho usuul tuberclos be-
nosth tho pleura,

In view of the varlabilily in results, the unusual naturo of tho

_ rusponse and tl.o high proportion of deaths from intorcurrent pneuwonia,
it 18 felt tha* only tentative conolusions as to the influence ¢f asbes-
tos dust on th: course of tuberculous intection are Justified by this \;'

experinent,

Sllv!}iT;:}'IﬂIlH ALl STOC LUST

A

Since haz: rdous dusts li‘ko quarie ero most elfvciive in pr;:ducir.g
fibrosis when ‘*he particles are 3 microns and less in size, en inhalation
experiment was performed to determine whatlier this condition is true for
asbestos dust, It was thought that a short-fiber asbesctos duset consisting
almost ortirel: of fiturs and particles smoller than ¥ mieronus would
initiato en sc.ulorated tissuo regponse and produco nu udvanced reectiom
in a shorter t'=me than did the King'ls floats dust, which contained fibers
from 1 pillivear to 1 micron and loss in length es wall as much particu-

luto matter,

! ‘Couwpositicr and Atmosphoric Concentration of the Lust, ‘The dusting

material for this experizment was the remains of fibers collected 1a dust

bins of an asbustos fabricating plant afier a carding operatios aend

- M E N N N HEHESEEALNMLEEANRDEWR

-15-

CRMC-Motley1000-Subj-000616

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950) Published by AsbestosClaims.Law
ACL Doc 13192 - Page 16 of 95 ashestosclaims.law/library/13192/16


https://asbestosclaims.law/library/13192/16

scroenod to pars 200 mo.h, Since the material as rocelved contained
many long fibers, it wao ground in s stesl ball mill to redune practi-
cully all the particles to 3 microns or less in size. Yhen used alone
in the standard dusting machine, this finely-ground asbestos tended to
pask in the hop.or and 4t hecame neccssary to mix ono volume of the un-
ground materisl with three volumos of the ground to gornerate a satis-
fastory dust cloud, It is pertinont to mention hcre thut the adéition of
tho small quantity of unground asbest&t was unfortunato becauso it con-
fused tho inter;jrotation of rosults,

The composition of “the short-fibsr asbestos as recelved 1s dlsolosed
by the chomiocal and petrographic anslyses given in tables 2 end 3, San-
plos taken befcre and after grinding ylelded about the samo values on

srnlysis, indicating that there wus no contamination from the will or

e

loss of vater cuntent, The dust concontratlion varioed during the experi-
mer,t, the lighi~fleld counts for atmospheric samples collectod inside the
animal cages wilth the impinger apparatus ranging from 83 million to 182
millign, The average of counts was 130 million for the first year of the
experinent, 134 willion for the second year and 140 million for the third
yenr, E&ize-frejuoncy measurements of alr-floated dust fron inside the
cajes at a magnification of 1300X reve;ied a great preponderancs of fine
particles, nearly 90 per csnt of the éarticles seen being smaller than 3
IL w.5 estimated that approximutely 1 per cent
microns, ipprnwimxtnlgtixpzr7:xnt of tho dust was in ths [orm of fibers,

=g HEE SR Em T £S3 C a' GEAT G TTEET T EE Sl el -.m-. s

groater than 10 microns 1n length,
‘.

Four specios of animals - guinea pigs, white rats, cats and rabbits -

were used in this experiment, The rosults of the dust exposure, sumar-

ized in toble 5, aro prosented in grecter detail bolow,

lG=
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Renction in Guinea Fipn,  Eighty eninen pigs were oripinnlly

placed in the dust room, tmt 21 of them wore l‘ntor eliminatod from the
oxperiment and killad hecoure of enlarged cervical lymph nodes thouzht to
be due to intercurrent upper respiratory tnfeotion, Of the other 59
aninrle, 46 roreired in the cdugt roorm urtil theoy wore sacrificed or dioed
et perifods up to 34 months and 13 snimals ware transferred to nermaol sir
after being ex.oned to the dust for 20 monthe,

The type of tissue rosction to tha irhaled ghort-fiber eshesion vas
cesentinlly the eame na that alrecady observed in the experincont with
Ylug's floatn rsbostos,” The rato of reaction alsa wna nppreximaluly the
snue, but the mxleut of involvement with tho short-fitsr cust wac very

nuch lees. A{twr 1€ to 24 conths of exporturs only a very few cmsll focl

of reactiocz, vt ich recrerelly required microscopic exszinntion for detec-
3

tion, were produced in the guinca pirs,

a

Only aftor oxnorures had continued for epproxirutely onc yrar rus

Yo ?

thore an apprecisble tondency for duct-cortaining phagocytos to gether
into glumps. Dy 16 months phagooytes had collucted ebout the wulls of a
few of the res;iratory bronchioles with a little proliferation or infil-

trection of mon/auclear cells in these walls, There were also somo multi-

nucleated cella but they were of the {nert foreign-body type, At 20 %o -
24 months the oellular clumps were somotim=s quite marked and sometimes

chonges 4o the eplithelium resulted in the sdenora-1ike or "sdenomstold”

appearance (fir, 5) proviously described in the section reviewing the

oxperinment witl., the Klng.'a floats dust, In most of the subsoquent members

of the sories, the reaction remained cellular, but a few exhibited pro-
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nounced dovelopment of tinicus tissue, In those few, tho collagen

waus pale in color and tenuous with no henvy awollon hyalinizetion, Dif-

fuse chronic pleurisy withcut evidence of pulmonary infecction was pre-

sent in a fow rnimnls, Thin suggests that nlecurisy may Le a sgecific

conconltant of rshestonls, hut the cvidence is aot udeguats to ertellich

this point, IlLa rcactiorn in the trachsobronchial lymph nodes was mors

pronouncod the in the previous oxporiment with KEing'c floats csbestosn,

nprobanly because of tho transportation of more fins particles to the ’
nodes in wnimals irheling shert-fibor ashostos, 7The nodel reaction vas

essentielly en incromse in reticulum, rather than a fidrosis, #ith pre-

e e asmm © WE. C:-'-\\

servetion of iLe original cells betweun tho thickoned reticuler fibers,
In the otlce group removad to normul alr following 20 monthe' ex-
posure to dust, progression of diseaso wes not definituly demcrstrated . |

but nelther could it te absolutely dlsproved, owing to the varlability of ‘

ee-r '

the reeveneo 4n different animals, The reactions from mild *to cevers
occurred sporadically end bore no relationship to the lenpgth of time af-
ter cg:eation of expcsure, The differences were attrituted tc varistion f
, ir inédividuel nusceptiblility, This view reccived support fros the cheal-
erl eralyses (Lable 8), which revealed comparsble amounts of e<h and
silica in lumgn with widely different amounts of tissue change, For

exarple, the arh und silica values werc quite similar for three animals

fn dust 20 months and then in normal air for 14 moriths, yet the tissue
rosction for ore animal was cevere; for another, mild; and for the third, :
only doubtful, ) . 6

The formation of asbestcosis bodics within both groups was at first a

extremely limited, After 5 months' exposure only a vory rare short body

AR e =
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could be found, usunlly l..jde cells, Come of the finest intracellulsr

A\

H-m &

particlos were surrounded by ymllow deposits having the sorme color ae the
esbaestoais body, Frx.osure of ons year had permitted an accunulation of
wuny lonreé €il2re, a8 nuabar of which were conted and soon ac typicsl
esvestosle bodloe, Most of ihese wern still chort enough to bo partielly
or ontirely within phayocytic cells, By the 20th month and thereafter
thay were relatively numerous elthough still rare in comparison with the

findings in the King's floats experiment,

PFouction in Vhila Rata, Suventy-ihrec st.ito ruls wore exponed to

atnospheric shoert-fibor ushastos dust for poriods up Lo 32 months, Suc-
riticinga durin: the [irst 19 months wore mude bimonthly and for the re-
rnrirder of the expori-went at lens froquent interwvals, Up to & months the
gust nollo were widely scetlered and existed in foei only sporcdlicelly,
Rcaction was 1linited to occasional cllght thickenings of the cepta about
e;nll eccnmulations of dust cells, In a few rate 2%t 10 months, there wus
a sugroation of early fidbrosis'hut the change wam so slipht that it wrld
protably have Loun overlonked without the clumn of duut ecells which -
trocted attenticn Lo the cres, Only 10 sniunls vere erpoercd fram 12 to

32 ionths, In ¢ach of them the lungs showed minute foel of v;ll-dofipod
fibrosis distributed 1tke that of ashestosis Lut without ssbestosis bodies,
The lesions, vi-iible anly ot a ramificztion of 180 diarcterz or more, con-
sisted of patchl:'s slonp alveolnr ducts in which the wells of thc aesu-

ciated alr soncee wern vary thick, duo to ewollen collagen frav.crwork,

Connective tissue end Foot-Bielschowrki silver proparatiors revealed con-

“ N BN E N E M1 HEEHEERBR

plote loss of c.rillary bed locelly, ODuteide the collapen wus 8 thin
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u. - layer of epithclinl colie. This did not resemble the "adenomatoid”
E;. change characteristic of yulnea pig asbestosis, Near the lesions tls
air spaces werec fillod with phagocytes conteining gray to yellow parti-
I culate dust and a rsre, long, naked asbestos fiber, Careful search
l. . fulled to reve:sl ecven a suggestion of an asbestosis body, Pleurisy wans
. absent, The tracheobronchisl nodes showed compact focsl collections of
I mosocytic cells at 12 months and, at 20 months, some diffuse thickening
of the reticulum, In a few rats thore was definite fibrosis along the
' margins of the node and extending into the mediastinal arcolar tiassue,
t Results of chemical analyses made on the white rats sre glven in
l table 7 and the average valuos have been tadulatod in tadble 8 for come
l parison with sigilar valuon for rats inhaling other dusix It will be
noted that tho valucs for eshestos are lower than those for quartiz or
'(ﬂ‘ churt but approximete those for the gypsum-quart: mixture, in which at- ’
' ’ mosypherlc agglutination tendod to reduce the amocunt of dust inhaled,
This condition prevailed evon though the atmospheric concentration of as~
‘ bostos dust wes essentially the same nst}!‘a:r the quartz; was one-half
i that for the pypsun-quarte mixture, and was one-{fifth that for the fer-

; ru inous chert, Since the vaelues for asbestos are low it might be in-

7
ferred that tho total quantity of that dust actually inhalud was amall

; or that it had heen eliminated from or dissolved within the lungs, FEvalue

ation of these possitilities Is not feasible on the bneis of the obaser-

o e o on e ———— o~ -

valions derived from this study,
/

ac

Reaction in Cats,

Twenty cats were used in this inhalation ex;feri—

mert with the short-fiber asbestos, Fighteen were kept in tile dust room

*=20=
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contlnuoualy; until seci1i...6ed, tho exposure period renging from ome
month to noearly 54 months, Tho other two were removed to normal air
aftor a dust exposuro of 31 months; oae of thess was tacrificed © months,
ard the other i1 months, later, In goneral, the tissue responso was con-
fined to micro:copic foci of fibrosis in the walls of groups of eubpleural
alveoll, rathor than in the peribronchiolar areas, In one animal the
change was extensive enough to be visuallzed on gross inspection of the
soction, Only {n the anipal with the longest exposure,—54 monthe,did
tho X-ray rcvearl definitely abnormal shadows, After 30 months the pic-
ture wag negative; after 45 months, a faint mottling could be detected
throughout both lungs, At autopsy, 9 months later, there was only micro-

sooplo fibrosis in tho subpleural gone plus heavy lymphocytic $afiltra-

ENS T EETES B EE B M s

tion adout small bronchioles, Anbestosis bodies were rare, On prolonged

SR

soarch a few y.llow atypical bodlies, =mooth and without haustrations,

wero found in lwo animala exposed for more than a year,

lleaction in Rabbits, Eight rebbits wero expcsed to dust for pericds

extending from one to more than five years; tho last animal was removed
from the dust room and left in normal air 6 months hefore being sacrificed,
There was nover enough pulmonary fibrosis to be detected grossly and there
was no chronic adhesive pleurisy, Microscopic evidence of alveolar wall
thickening was first detected in one animal after about 3 years of expo-
sure and was sucn in all five animals examined thereafter, including the

onb removed to normal air, Cne animol, that died of paralysis after nearly

— I CCTEE S rEES S 5

four years of exposure, exhihbited a reaction visible on gross inspection

of tiesuo sectlons, 1%he poossibility of pulmonary infection in this
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animal ocould not be oxcluu i, In another animal dying two yvars later

(

the focal fibrosis wos not nenrly as obvious or as advanced, Arcas of
involvement, which were largely visualized because of phagocytic reac-
tion within the air spaces, tanded microscopicnlly to becoms more fl-
brous with the jassege of time but tliere wes never amuch encrcachment
upon tho lumen of air spaces and the architecturs of the lung was pre-
sesved, Asbeslosis bodies were not dotected in rabbits that died early

in the experiment, but were seen in all snimals that had been exposed

- s ,_\ e AN
‘! . . . ! .nl. ‘

to the dust for more than three years,

m mm N EH TN AN

Surmary and Interpretation of Inhalation Experiment with ‘hort-fiber

Arbestos Dust, The original purpose of the exporiment was to evaluato
ths role of short asboatos fibors in the pathogenesis of asbestosis, It
was folt also tLut if the tissue reaction to short-fiber asbustos were
wore rapid end more extemive‘than to King's floats thero would then be
basis for belleving that the action of ssbestos is in part, at least, a
chomicel one ar postulated for quartz, This experiment, in vhich the tis-
sud roaction wns slover and less extensive than that in the previous
experiment with Xing's floats dust, indicates that the capacity of in-
haled asbsstos fibers to produce fibrosis is determined primarily by fac-
to-s not chemical in nature,

Of the four species exposed in this experimont only the guilnea pig
and to a lesser oxtent (he whito rat responded with charscteristic peri-
bronchiolar fibrosis, The cat reacted with atypical subpleural fibrosis

and the rabbit with only slight parenchymal fibrosis, N
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VALL-NILLYD ASHESTOS U 1l
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In the inhalation exporiment with short~fibter asbestos dust a small
quantity of unground short-fiber achostos was mixed with the ball-milled
product ;n ordur to gunerate a suitable dust vloud, Yhen that experiment
failed to produce m acoelerrted tissuo remcstion, in comparison with the
rosyonse initinted by Eing's floats, it became apparent that the bliolo-
gizel sctivity of asbostos 15 not increased by redustion in size of the
fivers, Thus Lhe possibility arose that the tissue reaction obsecrved was
dus solely to the relatively few long fibers in the unground ausbestos
and that the ashart fibers of ashestos had no more than a very insignt-
ficant role in the production of asbestosls, & concept not in accord with
provious experiments concerning px;:eunooonicais. Consequently another
innalation oxperinont wes started in which only bell-nzilled asbcstos was

usgad,

7

Coanpositicn end Atmospheric Cancentration of the Dust, The dusting

material was tlie ball-milled short-fiber scbestos used in the previous
irhalation exunrimont but ungrownd matorisl was not mixed with it, Owing
Lo the terndency of the material to form emull spherulea which prevented
much of the filirous portion from floating out of the dusting machire, the
digpersal of the dust was not entirely satisfactory., Therefore, aftor aon
initial 7 montha of operation, steel wire brushes wers attached to the
1!391:10 surface of the hopper and to the rotating psddle to disintegrate

thes spherules u.nd reloase tho fibers, This ;rrnn.gemnt gave satiefactory

o mE BN HEHEEEE®EET

results and wan used for the remaining 21 montbs of the experimont, The
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conposition of the raw i m dtoo used ia shovm in tables 2 and 3,

{

Petrographic and X-ray diyfrrction examination of atmospheric dust,
colleoted in the dust room with an electrostatic precipitator sfter the
inotollation of wire brushes, indicated thot about 15 per cent of the
air-cusponded mnteriesl was chkrysotile and sbout 60 per coent, serpentine;
of tho balance magnetite comprisod 10 per cent, brucite 3 per cant,
quartz 2 per ccnt and other minerals 10 per cent, Iuring the 7-ponth
period before the wire brushes wa'ro used the chrysotile content of the
atinospheric dunt was somsiwwhat lower than 1b per 'cont but relianblo vslues
wore nol abtalr.ed, 'The dust concentration for the first 7 months of the
exseriment waz nbout 100 million particles per cublc foot of air, After
tho wire brushus were installed, the dust counts wero higher and the over-
all aversge for the remaining 21 months was about 150 million, Size-
fraquercy studlcs of ntmonph‘?ric dust collected inside the anlmal cagos
revealed that rearly 50 per cent of the components suspenced in the air
could be olassified as clumps or particles; only about 1 to 1,5 per cent
was fihers, Ore=third to one=half of the fibers were longer than 10
microus, indicrting a concentration of long fibers of about 0,8 million,

bout gne-half th stirated
This figure is :u»hx nxtﬁix:nrxgtgg "ggivalue of 1,4 million for the

short-fider ex;eriment,

Guinea pipgs, rats and mice were used in the inhalation experiment with

the 100 per cont ball-nilled asbestos dust, 'l;he results are sumnarized

in table 9,

14

e .

Reaction in Guinea Pigs, The experimont was started with 10D guinea

plgs. As the dust exposure procecded, thore were 3 accidental deaths,
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32 of these being duo tu ,.sumonia in an epidemic, The Gl pigs remain~

\

ing exposed to the dust were sacrificed at {ntervals during exposure, ex-
cept for 16 guinea pigs trannferred to normal eir after 28 months of dusting,
Por tho fl;lt yoar of exposurs practinally the only reaction to tho dust
wnas the presence of scattored phagocytes and an occasional minute ashes-
tosis body, At 16 and 20 mor.ths no gross responso was visible -on the
tissue soction hut microscopicelly peribronchiolar foci of inflamuatory
cells could Ve seen, At 24 ronths (r[g. 10) there was still no change
lerge enough to be so:ﬁ with a hand lons although microscopic oxemina-
tiom revealed cellular accumulations about terrinal bronchlioles and many
more asbestosis boiles, chiefly within oells, Tho{lungc of animals ex-
posed for the full dusting period of 28 montha and afterwards living in

normal air for 2 months reveeled the changes described above and elasn very

|

elight peribrorchlolar fibrosis, For oxpcsed animals living 8 months in
normal air tho findinguriure similar but at 12 months 3 of 4 aninals
showed grossly-visible characteristic peridronchiolar fibrosis with
adonomatoid change (fig, 11),

The tracheobronchial nodes were esssntially negative until exposure
had beon continued for more than a year and a hn}f. fpimals sacrificed
at 12 months ard at 16 months revealsd a few minuts collections of pham=
oyltes containing particles but practically no fibers large enough. to be
recognized as ench, Attgr 20 months of exposure inany monocyten filled
wﬁﬁh yellow granules were present, At 30 montha there had been a slight

increase in retioulum but no fibrosis, No further changes occurred in

am e mEEE =SB BEERHEHEDRL

tho nod&s. Asbestosis bodiles were not seen in the nodes of any of the

guinea pigs,

-25-

CRMC-Motley1000-Subj-000626

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)

Published by AsbestosClaims.Law
ACL Doc 13192 - Page 26 of 95

asbestosclaims.law/library/13192/26


https://asbestosclaims.law/library/13192/26

C—
.
]

Minute sslisstoals lo.lus were obsorved in the lungs as oarly as

\

3 wonths after exposure began but they did not bscome numerous until
16 months had elapsed, The todies wers lh;rt and practioally all were
intracellular nlthough at 20 months ecne were long enough to project
boyond the coll borders, It is important to note tﬁat in the loter
montks of exposurc thore was a distirct increass in the nurter of long
fizers, vp to 70 microns ir length, in the lungs with the formation of
charecteristic long ashestosia bodie;.‘

Chemicel wnalysea (tabls 10) of the lunge reveal that considerable

H R B N E-w @3

dust hed been retaired in the lungs, After 24 months of continuous expo-
sure the svorsre velue for tctal silica, per cent of ash, was 25,37,
This should be contrasted with the average value of 14,34 (tadble 6) for

animals exposed 24 months to the short-fiber aszbestos duat,

om

In vicw of the high values for eilica obtained for the animals with

exposure to the 100 per cent ball-milled dust, i1t is important to note -
i

that their pulronary reeponse was much less than that ir animels exposed !

for 24 morths 1o tho short-fiber asbestos, This again indicates that the
blolorical activity of ssbostos inhalsed into the lung §Is not increessd by

a reduction in size of the fibers,

Reaction in White Rets and Mice, In this experiment 40 rats were

exposed for periods up to 20 months and 24 mice for poriods up to 12

months, Neithar species devoloped even a sugzestion of asbostosis and
-

reaction was lirited to phegocytosis of inheled particles by widely-

soattered dust cells which rcmained free in alr spaces or were transported

~ B N B EFE R EANNEnEm
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to the trscheobronchial 1, Lh nodes, No ashostosls bodies wore found

\

in tho rate but in thoe mice there vwere a very few smel]l non-haustrated

forms within phagucytes,

Surmary and Interpretation of Inhalation Experiment with 100 Per

Cent Ball-wfllud Asbestos Dust, The tissue rcaction observed in this ex-

periment was not as intense as that in the previous investigation with N
short=fiber astestcs. The reaction was slower in development and less
extonsive sven though more dust sccumulated in the lungs,

Since there

wers fewer fibsrs longer than 3 microns in the materinl used in this ex-
perimont, the ruoult: tend to confirm the interpretation made in the sum-
nary of ths short-fider experiment that the reaction is not primarily

chenical in na’tux'e, and to suppor.f: the impression that reduction in size

of asbestos fitcrs does not increase the biological activity of asbestos

inlialed into th: lung, .

7

The findiny, of long asbeotosis bodies in animals that had inhaled the
ballemilled moturial is an example of the difficulty of completely elim=~
inating long fibers from a large volune of asbhestos as required for e
intalation experimont,

In rogard Lo progreesion of the tissue reaction after removal of the
animals from dust, which was observed in this exporimeont dbut not in the

others, the following interprotation is offered: ' When the reastion is

mmm N ERHEEEEREEY

well-devoloped ni the terminalion of exposure, the contraction of the fi-
broGs. tiscue obsoures any progression that noy have occurred; in this
experiment, howuver, since the reaction observed was less mature,‘its sub-

sequernt progresy was more readily asr-rent,
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LOIG=-FIREM ASBLSTOS DUSY

2

Since inhalation of shortefiber and of 100 per cent ball-milled
azhestos dust did not result in aoceleration of the tissue reaction in ‘
conparison with that produced by King's floats, the hypothesis that short 9
fibers of asbestos were of minor importance in the etiology of usbestosis
wan givon added support and attention was diracted Lo the viuw that the
loug fibers were of primsry significance in that etliologzy. %The King's
floats sebestos used in the first inhalation experiment hud a rather low
cor.tent of fibrrus chrysotile and contained considerable sorpeniine and
otlier impuritie., Therefire, it wns decided to conduct a now inhala=-
tion experiment with a puror form of chrysotile wrich would be richer

in long fibers,

Comoonitio and Atmospharic Concontration of the Tust, The dunting

material employ.d in this investigation waa obtained from an asbestos

febricating plant, Samples of several varieties of long-fiber asbostos
dust were first submittied to the Saraneg Laboratory for oxamination and
one of these, which war low in magnetite and chromite and had a fibrous

content estimatod to be about 75 per cent, wns solected as most suitable,

AEEEJEEEAEBEERERERD

.

Stenl wire brushes, fastened to the inside surface of the hopper and to
the rotating paddle, as in tho preceding inhalation experiment, were used
to open up the hundi;| of asbealos and liberate more fibers into the
atoosphere,

- The composition of the long-fiber asbostos used is indicated ﬁy the

chenmical end petrographioc anelyses given in tables 2 and 3, Analysis of

re B |
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air-suspended interial f:... the dust room disclosod that about 60 per

L

cent of the long-fiber dusl was chrysotile and about 20 per cent, ser-

a
P

pentine; as alrcady noted, the composition of a simllar air-floated sam-
ple of ball-milled short-fibor dust wns 15 per cent chrysotile and 60 per
cent scrpentinc, The dust concentration as revealed by impinger samples
tsl.en inside th~ animal cages was much lower than the concentration for
tha experiments with short-fiber or ballemilled dust, For the first
vear of the expuriment with long-fiber asbostos the average of the light-
field counts wes 32 million particles per cubic foot of air; for the
socond year, 48 million; for the third year, % million; and for the
fourth year, 43 million, The size=frequency of atmospherio samples of
the long-fiber nsbostos dust and of the ball-nilled dust is shown in
table 11, Both samples woro collected with the electrostutic precipita-
tor, It will ba noted that there was far more fibrous materiasl in the
lo.g-fiber dust, -

Guinea pigs, cats, rats and mice were ecmployed in this inhslation
experimont, The results, summarized in table 12, are described in groater

detail bolaw,

Reaction inu Guinean Pigs, The oxperimont weg started with 100 guinea

pigs. After ex;owure had been carried on for a year, a severs epidemic
of pneumonia srose in the dust room end about one=-third of the animals
died or were killed, To replace them, 38 more guinea pigs were added to
thessurviving group, Histological examination revealed lesions in the
lungs after 8 montha of exposure to dust, oonsisting ;f cellular génneo-

tive tissue about the terminal bronchionles (fig. 12). At 12 months there

PEEEE R EELRER:EEERBRERENS

were adonomatoia changes in the adjaceut paronchymal aroas end by the
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16th month (fig. 13) a usrl.ite fibrosis was present in these areas as

|

well sz sround the bronchioles, The fibrous lesion could be seen macro=
scopicelly at 2) monthe, Froaz this tims on the reaction increascd in
extent andA in tho smount of c¢ollagen and by the 34th month, it had fanned
oul: considerably into the parenchyma (fig. 14), 1The lesions were rather
sherply looalized and the exteonsions from different bronchioles showed

no tendency to fuse, even in animals exposed for the maximum period of

3 years, Although the intrapulmonary reaction sometimos reached the
pleura, there w3 no involvenent of that membrane, Emphysema was not
delocted at any point: Soms thiokening of the larger bronohi with a
chronic inflamratory infiltration was revealed, hut it was considered no
more than would bie produced by a similar expcsure to any dust,

In guinea pigs exposed to the dust for 20 months and then removed to
normal alr, thore was a marked tendency for cellular inflonmatory teac-
tion to clear, This effect, accompanied by contraction of the fibrous
tissue, rosulted in a diminiehing size of the focel lesions, Hone of
these animels, killed at various pericds up to 14 months after exposure,
revealed leslons as large as those in the group sacrificed at the end of
the 20-month exjosure period or those in animals which remained in the
dust room for wore than 2 months, Fourteen months after dust exposure
ceased, the foc! in 4 of the 6 remaining gulnen pigs were so small that
they 1'vere visitle only with a hand lens (fig, 15).

Reaction in the grox}p exposed for 27 montha and then transferred to

ht’ .
e normal etmosphere was quite similar to the response in the 20-month

«smaBsAsARDREBEEEW

exposure animala mentioned above, Small foci were always visidble on gross

inspection of szotions of all guinea pigs of the 27-month series, but in

«30-

CRMC-Motley1000-Subj-000631

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)

Published by AsbestosClaims.Law
ACL Doc 13192 - Page 31 of 95

ashestosclaims.law/library/13192/31


https://asbestosclaims.law/library/13192/31

no instance was thero eviu..ce of the reactlon,

L

Reaction in the tracheobronchial lymph nodes was first visible at
the third month of exposure, By the 8th month, patches of oellular cone
nective tissue Legan to appear in the medulla and by the 14th month most
of the node had beon roplaced by cellular connectivo tissue, This pic=~
ture, which resombled that in ocarly silicosis, persisted to the end of
the experiment, Some animals, as a variant, showed hoavy shoets of dif=
fune monocytes end large sctive glant cells but there was never eany
necrosis or hyaline formetion, The spindle-shaped new cells were yellow-
ish in color fium fine pigment granulce that stained for iron, No fibers
or asbestosis tolies were ssen,

Although esbestosis bodies were found i{n the lung as early as one
month after exposure began, they were raro and hard to find, At 5 months
rore were visiblo, chiefly coiled inside giant cells, and at 8 months
wany bodies wero free in connective tissue, Thoy became fairly abundant
as exposure oon*inued slthough in some later animals the agbestosis bodies
were only moder:tely numsrous,

It is important to note from analyses of the lungs (table 13) that
even ihough the tissuc regponse at any given period of timo was much
groater in the ruinea pigs of this experiment than in tho-& expuseé to either
short-fiber or ball-milled asbestos, the amount of mineral matter {n the

lung ash was murh loss,

Recction {n Catn, Four cats inhaled the long-fiber asbestos dust for

periods of 14, 25, 33 and 42 months, respectively, and were immediately

assaaai-cE B ERBAOL &

sacrificed, Two other cats, after being exposed to dust for 18 months,
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1ived in a norral atmosjn.i v for sn additional 24 morntha, Exposure for

\

14 months was sufflefeut to produce cellular accumulations of phagooytes
around terminal bronchioles and peripheral -x;tcriolon togethur with com-
pact collections of similar cells in the tracheobronchial lymph nodes,
At that time thero were no typical ashestosis bodies, but smooth, pointed,
yollow fibers wore seen vory rarely, With continued exposure, up to 42
months, roaction in the locatlons notod progressed to the formation of
cellular connecilive tissue which made well-defined sheathis about the
respiratory bronchloles and arterioles, marked lymphoid hyperplasia and
1yphold infilivation‘of bronchiolar walls (rig, 16), Typical asbestosia
bodies wero not formed although there was an -occaslonll fiber, smooth,
yellow and polntod, Pleurisy was not present, 7The roactionwas similar

in location to that in the gulnea pigs, but fibrosis was mich slower in

aaa mBEAEDE

de solopment, Eoentgenograms of cats made after exposure periods of 25,

33 and 42 months, respectively, falled to demonstrate evidence of pul-

’

monary patholory, ‘

Reaction in Rats, Although 20 rats were placed in the dwt room,

many died from pneunonie and were not suitable for study, Five animals,
of which one wes exposod for 19 months and four for 25 months, were free
from pulmonary infection and offer a basis for tonﬁtin conclusions, In
the 19-monthaarimal, the reaction was just beginning, All four animals

saorificed at 25 months showed a well-marked peribronchiclar fibrosis,

|
.
.
g
'

Af¥Yer a long soarch only two inall smooth ashestosis bodf{es wore found
in the 19-months animal and none was round. in the 25-months animal, Thus,
those animuls exhibited fibrools without asbestosis bodies or fibrosls

accompenied by only a very infroguent asbestosis tody,

o, §- 2%
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Roaction in lice, Jut of 20 white mice used in this experiment, 11

\

lived a yoar or wore in dust and died or wero sacrificoed without showing
an sppreciable dogree of pulmonary infection, Tho reaction to the in-
haled dust was limited to phagocytonis bty mononuclear cells, Usually
those were widely scattered through tlhie air spaces; a liwited nunber wore
grouped about the torminal bivnchioles producing some thickening of their
wulls, There wns no suggostion of fibrosis,

Mumerous sebostosis bodlus wore observed in onimals killed late in
tho exporiment, Thus, these aninals oxhivited acbestosis hodies without

fibrosis, .

Sumnary and Interpretation of Inhalation Experiment with Lang-Fiber

Ashestos Dust., The purpose of thin exporiment was to ovaluate the impor-
tance of long fibers in tho tissue response to inhaled asbestos, The
rousults, in conparison with previous investlgationa, indicate strongly
that long fibers are chiefly responsible for asbestosis, Thus, the re-
action in guinea pigs developed earlier and became more extensive in
this experiment than in previous experimonts in spito of a smanller con-
centration of alumospheric dust and a lowor ninera]'. content of tho lungs,
Purthermore, a typical peribronchiolar fibrosis was produced in cats ale-
though in a previous exporiment with short-fiber dust peridronchiolar
fibrosis did not dovt_ilop in this spooies, .

The cause of the gellular fibrosis in the lyuph nodos of thn guinea
pigs i1s not clear, It did not ozcur in other inhalation expurimonts with

asbestos,

« HEEEBEREAERLENRLEEEREBGwi
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INJELY (ON EXPERIMUENTS

\

Since the inhalation exporiments reported above ntrongly suggested
thut long fibers of ashestos are the significant factor in the etioclogy
of arhustosis, a series of irjection oxperimonts was inaugurated wherein
tho dosnge and length of the fibern could bo controlled more precisely, K
Aleo, by using controlled dosages, tho relative capacity of various as-
beatos nminerals to produce reaction could be compared, In these injoc-
tinn oxperiments puinoca pigs, rabbits, rats and dogs woro used and the

‘. the the
nmineral dust wns injected hy the intratracheal,/intraperitoneal and/ine

EEBEEHER

travonous techniqued, but not all the techniquos were used for each

species, For the purpose of simplification the findings in each series
of tests, excert for dogs, have been condensed and reported in tables,
to which roforeice will be made later, In the caso of dogs, only one
tcst was made nnd since the findings were negative no detailed roport 1o

{ncluded,

EXPERIVENTS USTG INTRATRACHEAL TECHKRIQUE

As the apl:3stos minerals do not sause a typlcal advanced fibrosis in
extira-pulmonar) tissue, the intratracheal tochnique is the praferred way
of introducing fihrous dust into the experimental animal, Tn this method
tho dust susparsion 1s injected by moans of a special needle or catheter

den into the trachoa, from which §t flows into the lungs,

m
=
-
0
L
'
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l . Comparison of Fibro t «nd Yon-Fibrous Duste, To demonstrate Lhat

the ability of asbeslos to produce fibronis reridss in its fibrous
cheractor, the eeries of injection experiments reperted in teable 14 were
porformed, The teats were msde with unheated long=fibor chrysotile end
with chrysotile Lhat had been ignitecd to desiroy its flexibdble sliructure

or ballemilled to reduco the length of fiber to 3 microns and less, At

the ssre time tcntrol tests were made with sorpentine, which has the

sare chemical corposition an chrysotile but is non-fibrous, A review of
the findirngs reveals that only the unheated long-fiber chrysotile pro-
duoed typical piribronchiolar fibrosis end that ground ballemilled material
containing only fibers less tran 3 microns in length failed to cause fi-

brosis (figs 17, 18, 13), Fibers subjsoted to ignition slso had lost

thufr oanpacity to cauee sorious tissue damege, Ignition produced impor-
lqr © tant changes in the chrysotilo flbors, among them boeing loss of water, an
al}eration fron a flexible to ;-brittle structure and possibly other

changes, Expericental studies concerning this observation will be roportod" _

in a separate puhlioation,

Comparison of Various Lonp-Fiber "usts, Some very interesting finde

ings are disclosod by the rosults of the expnrimonts rucorded in table 15,

First, all the long-fiber asbestos minorals tested, with the excoption of
" anthophyllite, produced a typical fibrosis, The characteristie peri-

bronchiolar reaction czused by thres roprescntativo loug-fiber asbastes

minarals - chrynotilo, amosite and orocidolite = is shown in figs. 17, 20

- S e ~ =EEm

and 21, It is not entirely olear why anthophyllite behaved differently

from the other anbestos minerals,

Sl
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Second, with the miuv, .l brucite, which 1s not a silicate but is a

\

fibrous form of magnosium hydroxide, a characferlntio flbrosis 1ike that
produced by the asbostns minerals was obtained {fig. 22), Since the
brucite unaé contained only 0,90 per cent silica, as an impurity, it is
obvious that u sllicuvous component is not an essortial factor in the
devclopment of rshestouls,

Third, no fitrosis resulted from the injection of gla=s wocl fibers
(fig. 23), ovci thourh glass wool reecmblos asbostos in sary ways, Howe
evur, there arc fundamontal differencos, A gluss wool fiter 3 microns
in diumeter is a solid';oé/ and, in ghort lengths, is fairly rijid, while
an asbostos fibor of the samo diameter 1s a bundle of extremely fine
filaments which impart to tho fiber a high degree of flexibility, It
vould gocm that this structure and tho asscoiated floxibility are impor-
tart factors govorning tho cepacity of a mineral to produce peribronchio-
lar fibrosis, Experimental studies concerning this observation will bte ;

reported in a s.parale publicatien,

Corperison of Long-Fiber and Short-fiber Dusts, Viith quart:z dust it

hay been demonetrnted that the smaller the partiiclos, the more Inteuse i
tho tissue reoaction, and that thore is little reaction to partiicles lare .
ger than 3 microna in diameter, In the case of asbestos, howover, the
roverase is true and apparently only long fibors hocve uny speciflic effuct,
08 wus suggested Ly tho inhalntion oxperiments, This is confirmed by the
data of tabls 15, in which a sorius of tests with fibrous minerals is
foported. ®hen the injocto@ dust consisted of fibors 20 to'SO.nic;;na

long, all the fibrous minerals tested, except anthophyllite, ns noted in

- . - s
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the preceding s.-etion, piwi:ced a fibrosis; when thio material waas pro-
pan;d by first grinding tho flbrous dust until the length of fibera was
roduced to 20 microns and leca or, in eome casen, to 3 rlorons and loes,
not.e of tho iﬁj:ctod dusts causad fibsrosis,

l
These rosults Jdiffer Lrau thoass of King, et ul,(iﬁ) who report the

productlion of ruticulosis comparable with the experimental silicotic node

ule 1a rabbits rocolving moutily inlratrachizal ircjections of 100 wg, of

Rhudeslan asbosios fibors, 15 microns loag, and the yroduction of diffuse X
interstitial fil.rcels in rabbits eimilarly injocted with short fibvers,

1o
2,b mlcrons in length, Ve bslieve this dosc, especially in the long-term

rethits, is highly excessive, In our experiments the doscgo was kept low

in order to minlalze uctoward rcactiorns whioh might obzcure thu peribrone

chiolar typoc of fibrosis which characterisvs eorly huten asbestosis,

——
e

EXTERIVINTG USIu IN'NAVETJGUS TECHKIQUE

The experi-onts, surmarized in teble 17, in which the intravenous

mothod of injection wac omployed, show that the asbostos minerals are far
difforent from quartz in their action on tissue, It has beon repeatedly

deronstrated that intravenous injection of quartz particles 3 microns and
lecs in diameter will cause a typical tissue reaction with ths dovolop--.

: ment of hyalinized fibrotic lesions in extra-pulmonary sites, such as the

I liver and the s;lecn, Asbestos minorals, however, on intravenous injec~
ticn generally produce only an inert typo of reaction, as is revealed by
I =
14

13, King, E.J., Clegg, J.W, nnd Ruib V,¥M,3s ELffect of Asbestos, and of
Asbestos and Aluminum, on Lungs of Rabbits, Tharax 1: 188 (Sept.)
1946, Abeir, in Tndust, Dyg, Uigest 11: No, 234 (Feb,) 1947,
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tho results gilven in ha t.ale, Ths reuson for the early douths in Lhe

\

vxperimont with chrysotlile pmiticlos is nol clonr,

EXPERILENTS USI!.G INTRAPERITONEAL TECHNIQUE

The results of injuction esperincnts with tho intrsporitoroal toeche
nijue aruv giveu in La.hla 18, It will be r;otcd that the long-fiber dusts
produced a fibr‘ous reaction while dustis composed of particles 3 microns
anc less in uizo causvd only mu luurt typo of responue, Thess expoerimuuts
indionto also tlat the fibrosis initiated by the irritation of usheslos

s

fitors is uot rvostricted to tho lunga, as was formerly assumed, but can

VYo produced in illie porltoneun as well,

0N

OTHEZR BZO2ERTHMENTS WITI ASBESTOS MINERALS

e

-

A nunber of additional experiments were conducted to throw more light

on specific phasos of the asbostosis problem,
PROTICTIV: ACTICH OF ALUMINUY COMPOUMNI:S

Intratrechzrl injeotion into a series of rats of a suaponsion of long-
fiber chrysotile to which oolleidal aluminum hydroxide ‘had l;cen addod
rovenled that tho addition of the aluminum compound did not prevent the
tiesue irritatian produced by chrysgtiles If nﬁythlng, the acute inflame
mtgry rospanse to the Lr;jectnd ﬂﬁrouu nineral was accelerated, One
mo;:th‘aftor the last injection of the dust lucponli§n the bronchlolitis

was beconing fidrous, Xing and kis assoclates also found that aluminum

N ¢
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failed to protect pulmon.i; tlssue from the irritation caused by asbes-
{
tos ribon(i'ﬁ); in their exporiments maetallic aluminum i{nstead of the

hydroxide was used,
FORMATION OF ASULSTOSIS BNIIES

The iron in the coating of the ashestosis body appears to be derived
from blood or timsue elemonts and not, as has been suggested, from the
mineral fiber, Following suboutaneous injoction of two kinds of chryso-
tile into the groin of guinea pigs - one kind contalning 2 per cent and
the other 0,2 por ee;t Fey03 = the asbestosis bodies were equally numer-
ous at both sites of injootion and showed no difference in their reaction
to Prussian blus, the reagent which stains iran, This finding i{s in

_i:‘
agreoment with that of Giroux(if),

TISSUE REACTIOK TO ASBESTOSIS BODIES

’

Intratracke=al injection into guinea pigs of asbestozls bodies re-
covered from huran lung tissue failed to produce a fibrous roaction, The
naterial for in jection was obtained by digesting with sodium hypochlorite
solution the lung tissuo removed at autopsy from an asbestos worker, The
astestosis bodies could bo~seen in the gulnea pigs for at least a year
after injection, 111'1.- cxpe.riment shows that the asbestosis body has a
rather resistant coating vhich is not dutroyo;i by moderate hypochlorite

tru’atnmnt, which may be maintained in vivo for s ycar or longer end which

~

15
14, Giroux, M, Amiantose experimentiale: Valeur Pathognomonique du "corps

D*Amiente”, Laval UMndicel 81 235, 1943,

«30- .
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renders the fibny incapa'lu of producing fibrosie, It thus appears

)

thet the coating is a protective mechanimn, Thie thought was expressed

16
by Beintker as uqrly as 1934(16)

THYORY OF TRRITANT ACTION

Two hypotlinzes havo been proposed to explain the tissue irritation
and reaction cavsed by asbestos fidbers: the chemical and tho mechaniesl,
In the chomicel theory, which is based upon experience with quartz, it is
ascumed that thy asbeslos minorals dissolve in the Lody fluids end that
in this procesc thelr tases are leachcd away to leave silica in 2 form
cazablo of irritating tissues, According to this hypothesis asbestosis
world be merely an indirect silicosis, Sevaral facts make tho chemical
theory untenabls: intratracheal injectiong of brucite fibers, which had
a rilica content of only,O.SO'per cant, caused a typical fibrosis like that
p}oduced by the asbestos minor-lag‘frco-silicl particles incrvase in po-
tercy as the particle size bocomes less, but asbeatos filbers shorter than
about 10 to 20 microns are relatively innocuous; aluminum hydroxide neu-
trelizes the irritating effect of quarts but not of asbostos; serpentine
hss the same chemical composition as long-fiber chrysotile but it pro- -
duced only an inert type of tissue renction; there is a wider ange in the
chemical composition of the minerals which do cause asbestosis (table 19),
/ In view of this ovidence it soems more likely thet asbestosis is caused

{ by ‘an’ unusual rechanical irritation from long achcstos fibers, thia

~

16 .
15, Belntler, L,1 Uber dle Asbostosiskorperchen, Bemerkungen zu der
Arbeit von Beyer, Virchows Arch, f, path, Anat, 293: 627, 1934,

4=
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irritation beins related i the poouliar fllamented structurc of the

\

fiber and the ausociated flexibility, which aro possessed by ro other
foreign body studied, Thus, ignition of chrysotile fibers chanpged their
structure a;d made them inert although the same fibers, before being
hected, produced fibrosis (table 14), Further support for tle theory of
mechanical {rritation is thot asbostoslis occurs in an orgen of high mo=-
bility « the luug = and that a fibrous reaction cen be produced by in-
Joction of asbestos fibers into the peritonoum, whare there is aleo a
de;res of mobility, but not in othor oxtra-pulmonary organs such as the

liver, spleen ond subcutancous tiseue,

COMPLICAYTIONS

The experi:ental investigations with asbestos minorals were con-
c/ox-ned primarily with the e!‘f:ct of the dust on normal tissuo but same
;ttention was glvon to other phases, such as susceptibility to infection,
The only experi—ent in which the effect of asbestos dust on a pulmonary
infection wes sludied was the first inhalation exporiment, carried on with
King's floats dust, It is unfortunato that, owing to the lack of adequate
facllities at that tiﬁe, infection studies could not be made in the other

inhslation experiments also,

Susceptibility to Tuberculous Infection, The devolopment of a tuber-

oulous process initiated at the beginning of exposure to dust, and also
N4

of a tuberculous infection superimposed upon an established asbestosis,

was described in proceding sections of this paper, It may be stated that

o o B A B R YHAHEEE TN~

AN

-dl-
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asbestos, when classifie.l .csording to the effact of a dust on tuber=

o
«d

culous infection, would be pluced below an active dust like quartz but
above an inert dust, such as iron oxide, In animals infected with atten-
: uated tuberole hacllli, quartrs causes the infectious process to progress

until the animal dies of tuberculosis, Inert dusts have no effect on

. ¢ ] L}

the infection and the losions usually heal and the disease disappears,

]

Agbestos dust {s in a differont category, In the experimental inveeti-
gation, when the fibrous dust was being inhaled during the evolution of
tho infection, thore was a spreading of tho tuberculous process for a

time but usually the stimulus for continued proliferation of the tuberclo.
bacilli was not sustalned, the progression was arrested and healing fol-
lowed, In guinca pigs infeoted with sttenuated tubercle bacilli after
completion of slightly more than two years of exposuro to asbestos dust,
progressive discase did not dovelop, The only modification of the infec=~
tion was one of localization, a few bacilli being retained in the fibrous
terminal bronchioles and forming tubercles there in addition to the usual

focl beneath tho pleura, Such tubercles hesled in a few months,

Suscoptibility to Non-tuberculous Infection, There was no specific

exporiment oconcerning the effect of inhaled asbostos dust on non-tuberculous
infeotion, Intercurrent pneumonia among animals exposed to asbestos dust
was rather comnoa, the frequency in guinea pigs exposed in the four ine-
halation experixentﬁ_;;nging from 16 to 3 per cent, This incidontal evia
doﬁé;'luggenta the possibility of an offoct of asbostos dust on non-tuber-

culous infeotion, Nevertheless, since such epidemics are not uncommon

~

BY ¥28
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i{n {nhalation experiments .\th other dusts and even in the colony of
norzal animale, it is folt Lhut the inhalatlon of ashestos dust does not
exert a 2ignificnnt effect on the susceptibility to non-tuberculous

pulmonary infection,

DISCUSSTON AND SUMNMMARY

Owing to tie wvast amount of data inoluded in this investigation, it

secms most convonient to summarize and to state es ooncisely as poseible

——

(] 1Y 2]

the various obcorvationa which cmerged from the experimonts and to fol-

lor each with a brief resuma' of the evidence,
Wy . .
A, Various spenies of animals, including the gulnes plg, the rat and
the rabbit, but not the mouse, and the dog,develop peribronchioler
fibroais of the lung similar to human asbestosis, following the in-
halation or tho intratracheal injection of long chrysntile ashostos
fidbers,

Both 1nhn1atio; and 1niection‘;xp$r1moﬂtl provide emple support .
for this ztatement, Fipguro 14 reveals the cellular fidbrosis that
follows inhnlatien of long-fiber ansboatos by guinea pigs; fig. 16
shows the fidbroesis in the cat caused by inhalation of long-fiber P
asbestos dust, Similar but less extensive fibrosls ocourred also
in rats and rabhits (table 1), W¥ice and dogs failed to respond,
This veriation in response of different species to {dsentical dust

exposures is still to be accounted for,

7 .

B, Long asbestos fibers are essential in the production of the peri-
bronchi-{%ftbroailz short fibers are incapable of producing this
reaction, -

N\

Inhalution experiments with msbestos dust miggest and intra-

wdBEBBBRA
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tracheal injoction v, viiments confirm thet purilLronchiolar .
noo
fibrosis is5 produced Ly ncbostos fitors betwcen 20 and §0 microns \

caul
_'I” N 4 ¢

u

in length, hut not by particles shorter then 20 microns (tables 16
u§§ 18)," This indicates that the minimun length of fiber possess-
ing the capneity to produce the typical peritronchiolar fibrosis
{1 animals {8 soczmovhere botween 20 and {0 miorons, TPointed studies
heve not bcon carried out to dotermine the upper limit of effec~
tive fidber length, It appears, however, that that limit will be

detcrmined L.y the inhalebllity of the fiber,
[ 24

C. Tho mode of action of the long ashestos fiber in the production of
asbestosis is pricarily mochenical rather than chemical in nature,

m EEmE R R EaE

The cvidence for this conclusion has been reviewed in a pre-
<
%gging gseclion, page 40, The flexible filamented structure of as-
bestos fibci-s plasys an essential part 4n the irritating sction,
since the solid inflexible fiberas of glass wool do not produce
fibrostis (fig. 23),

D, fxpical experimental asbeatoszis was produced by the inhelation of
an atmospheric suspension containing an average of 138 million
asbestos perticles per cubic foot of air by light-field count, of
which less than 1 per cent consisted of fibers longer them 10
microns,

In ths inhalation experiment with 100 per cent ball-milled a=-
bestos dust containing 0,8 por cent of fiters longer than 10 microns
(table 11), a typical fibrosis was obtainod (table 9), The evidence

-/ presented ehows at least that an stmospheric concentration of asboa-

tos dust containing loss than 1 million (0,6% x 138 million) fibers,
> ~

longer than 10 microns, per cubie foot of alr is capable of producing

N\

- N NS M E E Em N
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exzerirental wabectosi  Ia guinea pige, The eclucl lower 1limit of

aninele canr.ot be established frcu thoso studies,

. .

l( caoncuntration of lorg flturs necessery to produce achestosis in

' E., 1he durulic: of exposuro required to develop the pulmonary reaction
to inheled nsteston dust in inverusely proportionnl Lo the concen-

| tration of long fiters in tho atmusphere, viz,, as the concentrution
is incrcased, Lthe reaction dovelops in shurter tire,

' Tho Laisie for this staterment appeors in the deta of the in-
holatfon er crinunt with lorg-fibor ashestcs, For that cxporiizont

' the average concentration of tho atmospheric dust wes sbout 40

million perticles per cubic foot of alr end size~frequency doter-

zinations dieclosed that 8,7 per cent of tho alr-suspended materiel \ i

consisted of fibers longer than 10 microns (table 11), Thus, by ) ot
Cloen t‘,. .

'{:Eculation it 13 estinaled that the concentration of the longer Y L

£
fibers was 2,7 1illion (6,7% x ©million), Tho luangs of enimals

6-\3?1' 3

exposed to the long-fiber A:boltos duast revealed that the pulmonary
reaction developed im approximately one-hslf the exposure time
rgouired for its development in animals inhaling the ball-milled
iduat, e which tho concontration of the longer fibers was only
0.8 =milllo: (0.6% x 138 million),

F, Latablished experimontal asbestosis ocenses to progress on discontin-~
uing exposuro to duat,

The cxperimental investigetion shows, in fact, that on dia-

continuing expssure there wam an appreciable clearing of the meture

pulmonary lesions, due to contraction of the fibrotic reection, In

- h
l contrast, sn immature tissuo response consisting primerily of cella
7
«f 5
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lC_‘ with 1itile o no fivy i continued to progresec, It is ascumcd

' that folloving attuinusnt of flbrotic maturity, the same process

of contraction would onsue as was noted for the mature lesion,

G, The formation of asbestosis bodles represents a coating of the fibers
by blood end tissue elcronts, which results in loas of ahility of the

l fiber to produce fibrosls,

Intratracheal injection of msbestosis bodies failed to produce

' the typical ashestotic tissue romotion in experimental animals, The

|

x

cossation of progressive reaction to inhaled asbestos dust soon ef-

tor exposuru terminates may be due to the formation of achestosis

bodius,

I, Aluminunm hydroxide failed to neutralize the fibrosinpg action of the
+Ipng-fiber asbestos,

'(IL‘ Intratracheal injection of aluminum hydroxide with chrysctile

"? - ’\
ashostns did not retard or prevent the developront of asbestosis in

l ' rata,

l I, s‘xhalation of asbestos dust did not alter s{gnificantly the final out-

obuc of exporimental tuberculosis in two sories of gulnoa pigs exposed
' to the dusi,

The apparently mild influence of asbastos dust is in distinct

culous procoss in tho lunjz, The interpretation must remain tenta-

l contrast tc the stimulating effect of inhaled quartz upon a tuber-

' tive, howovcr, since 1t is based upon en investigation limited to
, t}vo series of guinea pigs exyosed to only one kind of asbostos,

' namely, Eing's floatas, Reference to table 4 shows that vhen the

3 infeotion was coincidental with the cnset of dust exposure, there

N .
]
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was terporary progress#ion of the infectious process with subse-

L}

quent healing; when infection was initiated aftor 26 months of dust
eiﬁsure the course of the tuberculosis was not appreciadbly altered,
This Jatter finding s quite diffcrent from our usual experience with
quarte dust or with mixed dusts containing quarte, wherein tho ad-
verse influcnce of quartz upon a tuberculous infection is manifosted
most strikiizly when infection is initiated after a poricd of .dust
exposure, viz,, superimpoced upon a background of established sili-
cosia, As indicatod abovo, application of this more sonsitive test
to asbostos dust failed to demonstrate that asbeslos had an adveree

influonce u:on a tuberculous infection,' The inability of asbestos J 4 [

- - -

d:;;t in thal experiment to aﬂ';sot unfavorably the tuborculous pro-{‘ A

2 Lo
cess furnis'.cs sirong cupport for the interprotation that inhaled : ° '

asbestos dust has no more than a mildly unfavorahble effoct on

pulmonary tiberculosi l:

%

A
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TABLE 1
-
REACTION TO LONG-FIBER CHRYSOTILE
‘9 - IN LUNGS OF MAX AMD OTHMR SPECIES OF ANIEAL
Spacles Yode of Exposure Fibrosis Asbuslosis Bodles

¥an irhalation 1+ lumorous
Guinea Pig [ahalation end injection T 2e Vod, numorous
Rabbit "o " » + Rare and atypicull
cat " L] ” +* ” » "
Vhite Rat " . " + Very rare
Thito igme Inhalation 0 Raro and atypical

EJ
Dog Injoction o Nono

2
Arhs syribols O to 4+ rofor to the degree of tissue reaction,

- H H = BB ES"OEREAREREBDRD=E
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é TADLE 2
G ”
J CHLUICAL ANALYSIS OF ASDESTOS DUSTIXG MATERIAL
o Ee
‘ King's Short- Long-
‘ floats fiber fiher
0 per cent . per cent per cent
u 510, 39,32 37,17 38,40
u ) s.84
| Al 0y ) 1,40 0.78
' "
H Cr04 . 0,14 ' .
| 0 L] 0,09 0,08
H Cal 0,67 0.86 0.31
| =
k- TP 35,56 35,96 40,18
E; Kan0 : - 0,14 0.06
ﬁ ’ K0 . 0.20 0.08
coz . L] 0,98 0.57
. ® Inition loes 12,74 14,09 14,00
' ESAmSnE— S —— ——
. 97.13 100.1} 99,76
. ® Yot determined
E ’ g
. hed ) » N ’ g
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TARLE $§

L

. PETRCGR/PIIC ATALYSIS OF ASBESTOS DUSTING MATERIAL

?

King's flc-m

Ths approximate composition, based on particles (except
ohrysotile) &maller than 10 microns and reported as percen-
tagos cbtained from particle counts, was: ohrysotile 1¢,
serpentine 40, magnetite 12, oarbonates 18, talc 12, other
minorals 4, For chrysotile, fibers up to 200 microns long
were included,

| 2

Short-fiber

R RN eSS

Tre material as received contained a preponderancs of
+$ fibrous chrysotile and platy (non-fibrous) serpentins,
'ﬁ Accesscry minerals prosent were dolomite, ohromite, magne-
© tite ard s 1little tremolite and actinolite, Tho size-
distribation wae nonuniform, Thore ware moro fibors in
this mrterial than in the King's floats,

1

Long-fiber

® Tho material oontained about 76 per cent of fibrous

‘@ t8bestos mineral, probably chrysotile, with somc serpentine
and small amounts of calcite, magnetite and chloritic or
micaceons minerals, A trace of quart: was seen, Thore
were shreds of non-separated fibors 10 to 50 microns long
and 6 to 16 microns in diameter,

' H B =Y N

o | mm
4\
i
i
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TARLE 4

SUMMARY OF INHALATION EXPEEIVELT VITH FIRG'S FLOATS ASBESTOS LUST

Z59000-[ans-0001ASION-OINYED

5 . YaxImum !
i .ot iMaxipum urvival | '
¥ ) ! ).‘umbor"a‘ ! Lust Ao Pust : o \
Yature of Experiment ¢ Animals Exposure Exposure | Results
: i sanths™  months )
. ' !
Dust exposure oontinusus through- ’ 54 g, pige ! 33 ' 0 Typical ‘peribronchiolar fibrosis after 16 month.
out life, 1 - : ‘
| 9 rabdbite i 19 -0 Foreign body bronchitis,
{ 118 rats ; 6 0 Pittle or no reaction,
0 ‘ i ‘.
Dust exposure followed by a pro= 3;28 ge pigs ' 6 ' 35 Eonprogressive fibrosis,
longed residence in normal air, ; i ' :
126 g, pigs 9 Y ;i 37 Nonprogressive fibrosis,
' 1 rabbit 6 ' % ; :
1 rabbit 19 - 34 ; .!.b-orptlon of foreign body reaction,
Tuborculoql infectione at start 140 E. pige 86 ' (] i‘onporary progression of infection followed by
of dust exposure, i healing with fibrosis,
Controls to infeotion; ne dust 28 g. pige 0 ’ 35se Heeling by resolution (one exception),
exposure, i ! i :
‘ 1
H ' X
Tuberoulous infection® after 26 hz g. pigs 25 to14 Yo appreciable inorease in susoeptidbility to
months of dust exposure, then i ! tuberculous infection, Healing with f{brosts,
residence in normel air, ' ! i
U } ' i
Controls to infection; no dust 12 g. pigs 0 ¢ 19ee iflealing by recsolution,
exposure, i ] '
. ! Rl
* WITh Tow-virulent k1 straln ol tubercle baclllus.
*» After infeotion, -
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“EEREARENENNE N
- W NS M OEODE™=E
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’

SUMMARY OF INHALATION

TABLE §

EXPERIKERT WITH SHORT-FIBER ASBESTOS AT DusT

s . . Vaxim L
¥ , L llhxlm ! cml : T \
: a Kumber of | Dust After Dust i
¥ature of Experiment Animals  Rxposure ! Exposure . Results
l months months i
,\ 43, s.pigsi 3¢ o i Rcte of reamotion about the some as ir experinent
‘ ' ; . With Fing'e floats asbsstos but extent of in-
Dust exposure sortiruous ‘ v ! : ! volvemeat very much loss, See note below,ss
throuzhout 1ife ! ¥ e
' 78 rats 32 i 0 i Characteristic patches of peribronchiolz- #itros
Ll : , : : B0 asbestosis bodies,
A o 44 H
A i 18 ocats S4e "3 0 Subpleural reaction oaly,
) A 7 rabbits | 47¢ ‘ 0 No fibrosis seen grossly; mieroscopic evideance o
: ! alveolar wall thickening after 40 nonths exposur.
]
! ]
. l B
P 13 g. pigs ! 20 : 14 Progression after removsl from dust doubtrus;
‘ | H neither clearly established nor delinitely excluc
. !
- Fust exposure followed by a 2 cats 31 { 24 ! Samo as for eontinuous exposure,
prolorged residence in normal | i
air, 1 radbbit 62# . 6 ! {imilar to cortinuous exposure; evidence of sligh
! :' regression,
t !

¢

+ * Exposure after 33 mo:z

e

i

!

** Reaction probably due to long fibers
with the ground asbestos dust to prod
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- TABLE 6

AMALYSE'S OF LONG. .+ 1" GUINEA PICS AFTER PROLONGED INHALATION

\

OF SHOKT-FIBVR ASBRESTOS {LW{507IL¥} DuUST

' Time from beginning of dunt exposure
. months . moanlhs : months i months manths ;| maaths
1z boas | e ! e

i
: i 30 34
, ol : f . ; ’ g
‘Exposurc to dust T ¥ i 16 20 24 i 30 354
Poriod in noroal sair | O ! () 0 0 0 ]

-
O

:;.er cent  per cent ! per cent | per cont | por cont | por cen

; Amount of ash

—

Ed

}
: 6.02 | 5,00 6,86 b.42 6.35 6.06
Tust (iL ot dried lung) { 4,58 4,76 6.43 5.50 6.55 6.35
EXPDBU!" l . 5.16 i ‘.95
Continuous | . ! }
Turing ' Total S10, " 0,51 @ 0,49 0.66 0,70 0.96 0,75
Life (% of dried lung) | 0,48 0,43 0.90 0.78 1,27 0,96
a s | 0.64 . 0,83
. Total S10j : 10,23 | 9,98 14,46 14,48 17,89 12,37
(7 of exh) » 10,08 ° 9,00 14.07 14,20 19.46 16,11
H ! ! 10,54 i 10,60
1
, ~ gissue Reaotione : 4 . 2 2+ 3+ 4+ 4+
~ - . ; J
cz : i ; !
g i ;-nonthl ! moaths | months months months mouths
q * iExpcsure to dust | - : - - 20 20 20
= |Period ir normal air ;| - l- - 4 10 1
\ | | ,
N 4 ! |
: Tv per ocent per cent |pur cint iper cent per ceat jper cen
. y - ]
| Amouat of ash I - - - 5,16 6.11 4,17
‘ Dust (X of d:ied lung) . .11 3.98 | 6,18
Exposure 4,77
Followed by .
ﬂ Prolonged Total €10, . - - - 0.48 0,62 0,26
. Kesidence (% of dried lung) ’ T ~ "] 0,36 0,34 0,26
- in Normal | i ! : 0.22
u Mr |Totul Si0y - - - - 9,30 10,21 5.51
(% of ash) ' 7.18 8,51 5,00
y { 4,60
. A : Tissue Ruactione - - - 2¢ 3¢ 2+

.#The symbols averaging the tissuo reaction in esch group represent merely the
relutive degree of reaction, raiging fiom ¢ (questionable) to 4+ (the maximm 2
for this experirent), Tho relationshins apply only within this tuble and can-
not be compared with syxzbols in other tisbles,
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TABIE 7

ANALYSES OF LUXNGS OF WHITE RATS THAT HAD THHALED

|

*

-
b
H
F
> |
n
0
a
3
i
=
n

b 4 SRORT-FIBFR ASBEST0S {LFiYS6T{iE} DusT
Duration of Exposure
~ ,
O months 2 months | 4 months {8 months ({8 months 10 menths
' per oent | per cont | per cent |[por cent |per cent per cent
Amount of ash 3.9 3.5 3.3 s.3 3.9 | 4,9
(% of dried lung) 4.3 2.6 3.6 3.4 3.8 4.6
2.9 2.9 S.4 3.7 3.5 5.3
3.6 3.2 : 4,4 4.7
3.5 3.7
3.9
S.4
Total S102 0,00 0,08 0,08 0.07 0,08 0.18
(X of driiﬁ lung) 0,00 0.13 0.11 0,086 0.18 0.156
_ e 0.00 0.09 0,07 0,04 0.15 0.15
0,00 0,08 0.17 0,13
0.00 - 0,16
0,00
/ 0.00 .
Total Si0jp 0,0 2.1 2.3 2.1 2.2 s.8
(% of ash 0,0 3.5 3.0 1.6 5.5 3.3
> 0.0 3.2 2.2 1.1 3.4 2.8
0.0 1,6 4,0 2.8
0.0 4.2
0.0
0.0

-
’\

 ¥ormal dontrols (no dust exposure)

t

¥
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TABLE 8

COUPAL ISON OF AVERACZ VALUES FOR ASH AND TOTAL SILICA
FOH LUNGS OF WIIITS RATS INHALING VARIOUS DUSTS

{Lungs only without included lymph nodel)r

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 - Page 56 of 95

|
_ ' Curation of Exposure

m 2 months:4 monthsi6 months:8 monthe 10 months

i per ot jper gent per centiper cent per cent

B fmount of Ash| Short-ribor asbestos | 3.3 3.4 3.5 5.8 4.9

‘ i (% of dried | Quarts 4.3 4.5 7.1 4,6 7.8

- lung) Ferruginous chert 5.9 8.9 9,9 9.0 14,1

- Gypsum-quarte mixture | 2.9 5.8 3.4 3.6 4.1

q Total S30, Short-f'ibor asbestos 0,09 0.09 0,08 0,15 0.15

g (%X of driedss Quarts 0.51 0.51 2.94 1,44 4,40

. lung) 32! Perruginous chert 0,25 0.32 3,45 2,40 6,09

E * | Gypsum~guarte mixture 0,08 0.07 0.11 0,32 0,28
Total 810 Shart-iber asbestos 2.6 2,5 1,6 3.9 s.2

n (% of ash) | Quarts n,7 |[1.4 |45 |94 |s6.6

: chrrug!noul chert 3.9 3.6 54.4 '} 26,6 43,2

: { Gypsuw-quarts mixture 2.6 2.0 S.4 | 9.1 6,7

- % ‘ ~

; i 4

¢ - ) . .
1
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TABLE 9

" SUMMARY € INMALATION EXPERIMENT

WITH 100 PER CE.T DALL-MILLED ASBESTOS DUST
) ¥aximun
. ; Maximm - Survival
Nature of ! Yumber of : Dust ,After Dust ’ Rosults
Experimnnt Animal s !@ouuro . Exnosure
i months | montha
Dust exposure i 84 g. pigs ! 294 0 YKo eppreciable pulmcnery reaction, )
continuous L ; )
throughout 40 ratu 20 . 0 No suggestion of asbestosis,
1ife !
24 mice 12 l 0 No suggestion of asbestosis,
P i
& ! i
Cust exposure | 16 g, nigs | 20 12 Fibrosis typical of asbostosis was pre-

followed by a
prolonged
residonce in
nornal air

P

e

ger:t 12 months after exposure ceased in
an amount sufficlont to be visible
grossly; smaller foc! could be sean mi-
croscopicnlly at 2 months and 8 months/
after termination of exposure,

| Witk
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TABLE 10 -

ANALISSS OF LUNGS OF GUINEA PIGS EXPOSED TO DUST IN IEEALATION EXPZRIVENT WITH 100 PZR CENT BALL-MILLED ASBEST0S DUGST

KN

time {rom beginning of dust exaosure

- ® The symbols averaging the tissue reaction in each group repregent merely the relative degree of resction, ranging from
0 to + (questionabls) to 2+ (the maximum observed in this experiment), The relationships apply only within this table

jmonths . months | months nthse | months . months mocihg g i wonths & meoznths
, : 1 P iy g | 8 PN 1e ® 20 | 24
.sxposure to dust 1 ! 2 3 R 5 {8 12 : 16 20 24
‘Period in normal alr | 0 0 o i o I o o ! o 0 0
. ger oent |per cent jper cent :per cent "per cent iper cent ;per oent per cent jper ocent
‘Anount of ash 4,85 4,66 6.60 | s,10 | 4.35 6.65 5.40 5,65 6.30
(% of dried lung) 4.3 | 4,60 £.07 1 s.08 | 6,2¢ ! 1,01 5,20 5,5€
Dust . 4,35 5,05 5,74 . 5,02 H
Exposure \ { *
Continuous :Total 510, 0,21 0,23 0.70 ! 0,88 i 0,52 1,25 1,02 1,28 1,85
© During i (% of dried lung) 0,30 0.34 0,32 0.38 1.45 1.11 1,28 1,21
Life ' 0.24 0,61 0,66 C,3) '
) A .
:Total 810, 4,28 4,90 12,47 7.5 11,28 22,18 16,956 | 22,60 i 29,05
i (% of ash) 7,05 7.4 6,38 7.47 23,28 21,95 24,61 21,70
S 6.60 12,01 9.77 T7.72
‘7{3sue Reactione 0 0 0 0 ;0 ) * ¢ Pos
i
: Time from beginning of dust exposure -
Co months | months months
i ) 30 36 40
‘Exposure to dust 28 28 28
, Period in normal aip 2 ’ 8 12
! ' per cent bher ocent per cent
Dust iAmount of ash ! 7,25 5.25 6.38
(;a Exporure { (% of dried lumg) 8,87 5,268 6,17
= Followed by |
o Prolonged ‘Total §40, 1,67 0,68 0,84
= Residence | (% of dried lung) 2,19 O.87 0,64
= in Normal ;
< Mr ‘Total 810, P1,63 12,99 13,08
S | (% of ash) © pb.2 W55 | 1Zan
(= ! :
CC'D (Tissue Reaction» |+ + 2+
g
'8
8
&

-

and cannot be compared with symbols in other tables,

i i [ tosClaims.Law
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TABLE 11

COKPARISON OF SIZE-FREQUESCY OF ATLOSPOERIC

4y LONG-FIBER AND 100 PER CENT BALL-MILLED ASBESTOS DUST

COLLEECTRED INSIDE CAGES

Lon g;ﬂber »

per ceat

<,.3 microns 65.4

$-10 1.1

(
(
Graips %
(>1

M,
A
8

Fidorr (

Clumps
100.0

qﬂu‘“

47

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
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Ball-fillled

per cent
90,6
4.8

0,0

0.8

0.6

3.2

100,0
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TABLE 12

SUMGZARY OF INTIALATION EXPERIMENT

- WITH LONG-FIBER ASBESTOS DusT
. i Maximum .
: :Faximum | Survival
Kature of , Nuzber of | Dust |After Dust Results
Experiment Animals {Exposure ! Exposure
. + months nonths
[ust exposure 117 g, pigs 36 0 Definite fibrosis in 16 months,
continuous { .
throughout 4 cats 42 0 Slowly developlug fibrosis first seen at 24
1ife . months, .
i .
{20 rats 25 0 Marked peribranchiolar fibroois filnaais
i first sean at 24 months,
}m mice 25 0 Limited reaction; no fibrosis,
=
-
e
Dust exposure |12 g, pigs 20 L. 4 Clearing of inflammntory reaction and def-
followed by a | inite contraction of fibrosis,
prolonged !
residence in i 9 g. pics 27 9 Clearing of inflammatory reaction and slight
normsl alr | contraction of fibrosis,
d 2 cats 18 24 3imiler to continuous exposure group; sug-
i gestion of progression in one of tho two
' ‘ 'mimall. .

“r
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faELr 12

AKALYSES

OF LUNGS OF GUINZA PI

GE EXTOSLD TO pusT

IN IMBALATION EXSEFRILEN

:T BITH LONG-FIBEL ASBESTOS DUsY -

Tire from begirnine of cdust oxposure

s nouthl ronths moaths months months months months months months months months months mocths
e 1 . 2 »Q3 5 : 12 16 20 24 214 3 34 36
txposure to dust 1 ) 3 3 8 12 16 20 24 27 S0+ 34 3€
Period in normal air O 0 0 ' 0 0 0 0 o 0 0 . 0O ' 0 0
. % % * . A %~ % . & % . 7 1 % »
Axount of ath ! 4,35 ‘ 4,46 ' 4,38 4,77 © 4,72 4,87 2,98 3,64 3,42 3,40 - 3,63 ; 5,86 4.10
(% of drtod 1unp) § 4.335 , 4,48  €,33 ¢ 4,068 . .52 5,02 © T,85 . T,ED . T,52 ¢ T.74 8,03 . 5,70 | 2,7%
,i 4.37 4,35 4,61 : 508 4,34 5,16 . 3,16 2,68 . " 3,88
Fust e : , B . i . : ‘ ' :
Exposure  Total 510, ‘ 0,04 . 0,06 : 0,05 : 0,08 0,0 0,25 0,38; 0,43: 0,85 ; 0,3 . 0,37 ; 0,50 - 0,87
Continuous .- (¥ of driod lung) : 0,09 G,05 ; 0,08 : 0.12 ' 0,09 ; 0,20 0,35, 0,49 ; 0,22 . 0.49 : 0,34 ol SO o 1
During . ' 0,04 , 0,06 ' 0,08 | 0,09 0,07 ' 0,31 : O, 34 0,62 : : . 0,24 ! :
Life . .- : g . ; : K ; ! f | :
.. i Total 810y P 1,10 1,23 ¢ 1,20 bi,76% 2,21 . 5,20 12 70 i 12 22 ‘10,18 'n 51:!10,65 | 8,60 | 5,11
oot (Ref nh) Cotz,11 01,18 1,18 | 2,67 . 1,90 ! 4,09 (12,25 13,63 ! a.ze 3,16 : 11,22 '12,47 12,80
Lol . 0,93 ; 1,46 | 1,48 { 1,77 , 1,58 . 595 10.91.14.59‘._ P 6,10 P
to ¢ : ! ' ; H . { ! : H : .
%{ssus Reaotion* . O . & ' # - Lo+ * 2¢ ' 26 1 86 3é I 4+ ! 44 4e
c L ) f Time fronm beginning of dust exposures
oo,k . months months months months months months months months
o ! Exposure to dust’ 20 2 20 ;i 20 27 27 27 . 27
. A, ., _Period in normal adr O : 4 10 | 14 o i 3 7 ! 9
S N T @ p P )
®) ~ Amount of ash . 13,64 2,92 4,18 5,01 ' ‘5,40 : 3,66 3,19 8,21 ;
2 (% of dried luns) *,3,80 | 2,81} 4,30 | 5,04 3,74 2,54 & 3,18 2,75
O Dust 1 3,58 1 : : : i .
£ Fxoosure g - i \ | } % ‘
S  Followed by Total szoz ", 0,43 i 0,21 . 0,24 : 0,21 . 0,39 | 0,31 - 0,26 0,29 : . ‘
2 Pmlocged (% of dried lung) 0.49 : 0,27, 0,22' 0,18. 0,49 ; 0,18 0,28' 0,23 ; ,
= Residence ;- . D 0,52 : : t ! i i ;
S in Kormal :; . » Z L;". ! ' i ! { : ;
o '\ ‘Total S10p | . . 112,22 7,25 \ 5,76 i 4,19 : n 61 : 8,59 : 7,99 : 8,96 :
S * L, (R oef uh) ‘15,63 ; 9,60 ; 5,07 3,58 ; 13 1151 6.9¢ | 8,72} 6,51
S T 4 - 14,69 z : ; : ir
S o ' = i ? ; | S 4
3 :Tiesus Reactions 2¢ [ 2¢ 126 . o 3¢ 1 2s D 2¢ 2+

-

*The symbols sveraging the tissue reaction in each group represent merely the relative degree of reaction, ranging from 0 to

The relationshins apolv only within this table and cennot be cor

-J

ce N e Aa AL et P thla avnarimant)
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bédivaies &'

COMVPAIISON OF REACTION T0 CHRYSCTILE AND SERPENTINE

T 0L 'ED TWINATLACHEALLY

Tosags ; ;

Each animal was injootod 1ntratrucl.oally 'M.h 0,6 cc of al por cent suspsnsion
of ths dust, Two weeks later another similar 1njeotion was given, Total
amount o£ dust injected » 50 ng.

H .=ty R R X B

!.nimalu Used °
Six groups of 9 gulnoea plgs earh (ono group t‘or cac‘n typo o{‘ dust),

—— e s e e e

M

Sacrificirg Periods o . 1ast
Ono or two animalu ln each group at 1, 2, 6, 8-1/2 and 12 months a(‘ter/in,jection.

Properaticn of Lust
Chirysotile (ball-nilled) unheated:

Bnll-mllled for 1176 hours, dried ard reground
in agate mortar,

Ballemilled ohryeotile heoated for 2 hours at
about 700°C,, then grolmd in agate mortar 2
or 3 minutes,

Ground in agate morter to pass 200 mesh,
200-mosh material heated for 2 hours at about
700°C, MNo further grinding,

Ball-milled for 1488 hours, dried and regrowund
in agate mortar,

Ball-milled serpentine heated for 2 hours at
about 700°C,, themn ground in agoto mortar 2
or 3 minutes, . .

Chrynotile (ball-nilled) ignited 3

-~ . S

| 2
Chrysotile (fibrous) urhesated 3
Chrynotile (fibrous) ignited :

Serpentine (ball-milled) unhoated:

Serpen%’lo (ball-nilled) ignited s

Size of
Uineral Dust Parsticles Result s
Chrysotile 3 microns and Grinding destroyed capacity to cause fibrosis, At 1 monthg
(ball-mille less consideradble inflammatory edema and celluler proliferation

and localigation of dust perticles about bronchioles; at 2
mouths, only a very slight proliferative roaction; at §,
8-1/2 and 12 mantho, widely-scattered azall mononuclear pha-
: gocytes, At 12 months, a few microscopic patches of thin

- . alveolar wall thickening with some sdenomatoid change in
portion of ailr spaces sbutting on thickened bronchi. No
ssbestosis bodies soen,

unheated =
a

Chrysotile 3 miorons and Reaction limited to largs foreign-body glant ocells without

(ball-milled) lesu production of fidrous tissue,
1gnited 4 R G : \
L : -
20-80 'micronl A dstinct fidrosio, Recction localized to connective tis-
approx, sue about terminal bronchioles; 1little within those tudes,

unheated

'ﬂ he 4 RN
SO,

: T \,-n 1
. oyl

‘ o e
‘_,"-.%'!":
e

‘e -~ .

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
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' Chﬁnotilo :
E " (fidrous) «

Contraction nsused adonomatoid appearance of air spages
given off directly from terminal bronchicles, Reastion are:
becane smaller with progress of time; no new regions ine-
volved, No chronio pleurisy even at points abutting intra=
pulmonarycham je, At 1 month conasiderable inflammatory edem
-and foocl of cullular proliferation; at 2 months well-marked
cellular proliferation and fibrosis oocurring focally shout
respiratory 1ronchioles, This resotion developed before- ‘an

b“toul bod‘ o8 had formed and was as advanced as that proe
. ‘= 8-%eVablan AP asheston dust, 4% 7 wouthe,

CRMC-Motley1000-Subj-000662
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' Chrylotih.
g .- (fibrous)
~ ignited

O0ONLrROTIol UL 1lUKQUN vaddus) wwetwecmean - .
dant, At 8-1/2 months, reaction st{ll loss extensive, con-
ffned to the immodiste vioinity of the smell tsrminal brone
ochioles, where the scar tissuo was quite dense and was bocos
ing hyaline in charaater, Somotimes it even obliterated the
bronchiole, Asbestoasls dbodies had bocome scarce, At 12
months, the woll-developed perie and intre-bronchiel adeno-
matold aress of fibrosis had produced considerable distorti
lore peripherally wore patches of pneunonitis with eosinoph
lic iInfiltration, some of which wrs boing tranaferred into
fibrous tissue, Those secmed to bo precursors of the local
1zed, diffuse patches of thin alvoolar wall fibrosis seon

olsevhere, , - e

la0t0 st iing
1 .P prox. .5." p\

Reaotion linited to large forelgr-body glant colls without
proliferstion, Hesting the fibers, which mado them britil
‘doutroycd .thoir cnpacity to produne significant rvaction,

F Serpent ﬁo

'

i

!

i

53 microns and
H

!

¢

T . . —
D“lt\ghtlnly inactive, At 1 and 2 nonths, aimpls phage

21‘::1;“‘1!11“). less { cytostg without proliferation; at 6 months, no charge exc
ate ) PoosiblyNlymphotd cell infiltration; at 8-1/2 months, a a
: ’ chronic putynonitis; at 12 months, anly a_little pneuzoni!
¢ without mu'ng:\ian of fidbrosis, € ‘ :
| SN a8
3
?;3;1'_1;:2; 8 3 miorons and ? Dust relatively inective. Reaction cssentlally the zamo
ignited e : loss ; for unheated lurpenth\o. Tith ignited serpentine, lean t

‘. .

denoy for dust to bo carrled to bronchial nodes,

N\,
N

AR
ds iy,
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DO!‘I’O' o '.u';:f.& R . .v- L o
T"-o ujeotion: o!‘ 0. 5 oo or u 5 por o-nt m:penuon ;im tvo neks npu’!:
Totd deu = 50 lg. Ry IR TEE W D
i

e s

g guinu pigl ror ucb dult

AN
Animuh Uud
A lfron 6 to

-»ncrifloin; ?eriod. B -f;‘ - Lol
Uluﬂly nt 1, 4, 8 and 12 nont.h. .n.,., injootlon. |

Sl:e of .Dult Particlol SR .‘ ,' Pl ._.

Scpautod so that most H.'bcn .ro m- 20 to 80 nioronl lang. . : o

. "y

lﬂnoril ' P ﬁomfh

. Chrytotno ,3 A"d1stinct nbrosin.“ Mditional 1nformtlon gim oppollto ohxyootno
(Thotford) <+| (fidrous) wnheated, in tadle 14, RN e i

. Chrysotile ' Ronctim v:lrtulny fdentical with that to Thetford chrysotile, Both ti- J_

(Arizona; low
iron content;

0.2% Pe203) ..

3

brosis and asbestosis bodies ‘produced with en asbostos containing very S
_11ttle iron, Pibrosis ocourred as plugs within terminal dronchioles and -

"as finer deposits at periphery,' Fibrosis devolopod before asbestosis do- '. K
diea were seen and was in cellular state well-formed at one month, With -
age, fibrous tissue oontracted and ocoupied smaller zrea but was more - ;-
denss, Adencmatoid changes similar to those with Thetford chrysotile, =~
Pleurisy limited to immediate vicinity of early reaction about areas of -’
magsive localization, “Asbestosis bodies formed dut were few in numder, . .-‘,,*.‘
At 1 morth after injection, minuts fool of mononuslear proliferation a- o
bout bronchioles and in areas of atelectasis; at 1-1/2 mncnths, heavy ..

peribronchiolar patches of. ﬂbronln often with papillary projections N

par- o

o
P
Ve v
LY

tially closing lumen of bronchiolu adonomatold appearance marked; cone. 2 9,
nective tissue reaction showed heavy collagen but no hyalinization; at 2% St

months, minute foci of well-matursd fibrosis sbout ‘bronchiocles; at 6 nanthl'"“
 mature ssbestosis. £ibrosis with evidence of contracticn; consideradle ohro-'-

nlo pneunonitis with infiltration of Iynphooytn and eoni.nopbilu.“ “A% 9 -"-‘_
months, snall utrnbronohlohr tibroul plugn with focl of more douuh '
fibrosis at porlpboty. Al s 4wl

J
i*:- Fol T

- [ I
;\ "- .l ...r_. LY )

Lt

» brous ohanges; atclectasis and fibrosis with some necrosis at site of.mas

AR
‘Typiocel fibrous ondo~: end pcribrenehloutil with formation of atypieal:: ST

asbestosnis 'bodlu.m Haustration of bodies began before 4th month after .-+ :§-
..\"

injection, nll-dmlop.d by 8th month, - Bodies persist after 12th nanth. ”
. Reaction at-1 month’ heavy ‘endo~ and poribronohionun already showing flei iF

sive looalization of dust,:* At 4 -onth.rheuy, widely-scattered endo~-
‘and peribronchiclitis, now Pibrous, with marked deformity of. bronchioles'
‘and with en adencmatoid appearance,’: At 8 and 10-1/2 months, reaction in S
-lung essantially the scne as at & months,- At 12 ‘montha; ‘foed of fibrous. .
endo~ and peribronchiolitis still .large with more dense scar, tissue and -
mare deformity of bronchial" t:bu but no ortoud.on 1nto, or ttolectuil
_of, peripheral p.mehyns. LT T . e

.t'.
a.,"z

LR

..:v
* - _(,s
T . *- -. M 5
‘ ‘ hy o ' * 0

Y

A

rocidolite

e

Advanced fidrous endo-'and perihronchiolitis, . Beaded asbestosis bodies :
noted at 8 months, At 1 month, early fibrous endo- and poribrouchioutiu,

many giant cells and sonme plynphooyt!o reaction, At 4 monthe, mmall areas )’
of .endobronchiolitis scattered throughout the lungs cellular fibrosis,.: w_j_i

)
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At 8 and 12 months, areas of brenohiolitis’ smaller because 6f oantrmee I .
tion o dmee scar tiamias at V¢ s

CRMC-Motley1000-Subj-000664

Published by AsbestosClaims.Law
asbestosclaims.law/library/13192/64


https://asbestosclaims.law/library/13192/64

| S dUuuumabVid Appoarany s, Sy

Typical advanced fibrous mdo- and peribronchiolitis produced by 0,6% -
suspousion (1 co total doie); most anirmals woull not tolerata usual & %
‘suspension, Fibrosis well-developed before ashcstosis bodies seem, At

¢ months, well-developed fibrous bronchiolitis with lymphocytes and giant
cells and adenonatoid cha'ge, At 8 months, typliocal bdronchioclitis not .
quite as extonsive or as heavily fibrous as with a 57 suspension, other-
wise the ssme, Many deoply-stained fibors with a good proportion of hau~
strated asbeatosis bodies, At 12 months, heavy fibrous bronchiolitis,

- | more peri- than endobronchiolitis, with lymphocytes and giant eol}l;‘v‘a'ry
7| marked adenomtold sppearsnce, . : - Y SR T

T e .""f“‘

Lymphocytio infiltration and glant gells but no fibrosis, A very few a-"
typlcal asbestosis bodies, “'At 1 mouth, many soattered fool of intrabron-
whr dust without ‘massive localiszatian; lymphocytio infiltration of

Wal)l g and a few glant cells,i.At 8 and 12 months, 1ittls evidence of dust;
| ® f& bronchicles and bronohi with glant cells in adjacent alveoll and:°
~ Witk lyphooytio infiltration’of walls, * -~ © - . .-cc . 0w .

7| Fibrosis about bBronchiocles, At 1 month, areas of dust localization with
:'aolhpu’gf\lvoon and infiltration with acute inflmmatory cells, macro-
! | ‘phages and glant cells. ;' Within the area were a few focl of fibrous tige

-] #ue and numerous areas of hypertrophy of alveolar epithelium, Many broz-
-chioles packed with’Tibers, - At 4 months, general appearance of lesion un-
"changed; pleurs“s1fghtly thickened over heavy lccalisations of dust, An
occasional segmonted Rsbostosis body seen. At 8 months, many fool of fi-
“[ bers’in bronohioles and‘qlveolur ducts with cellular reaction as before;
* - |'also,’ soms fool showed diatinot collagen deposition, At 12 and 18 months,

reaction ‘as before with fibirgeis about bronchiclss more apparent becouse
of contraction and decrease ot)sinﬂ-matlon. Giant cells prominent, B
. \ . . .

" -"",
. 3. 4

A
-a
ik
.
oy

Pleurs markedly involved, '~

“weo.

Typical fibrous ondo~ and peridronchiolitis like roaction to asdsastos
minerals, At 1 month, extensive endo- and peribronohiolitis with glant
cells; dense fidrous loops within bronchioles and cellular fibrosis about
them; adenometoid change present, At 2 months, heavy intrabronchiolar
and peribronchiolar fibrosis producing marked deformity with distortion
of tubes and cbliteration of surrounding sir sproes; fibrosis pale without
hyalinizatfon but with fow nuolei; no neorosis, Typical asbi:stosis bodies
seen, At 4 and 8 months, little chango; fibrous tissuo contracting, At
10-1/2 months, dense fibrous bronchiolitis with asbestosis bodies. Ko
pleurisy, Fo extension to surrounding lung, - . ’
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) Glass ¥ool -1 No fibrosis within a year. At 1 month, no reaction {nside branchioles;
A Ly in peripheral air spaces clumps of giant colls packed with fine spicules
of glass with lymphooytic infiltration of adjacent walls; no asbestosis
bodios, At 2 months, reaction less intonse than at 1 month; fair-sized
clumps of elongated glant phagocytos containing spicules end particles of
glags; no endobronchitis, At 4 and 8 monthe, ronction still diminishing,
At 12 months, focal areas of pneumonitis with no fibrosis or andobrone
chitis; moderate numder of smooth iron-statning fibers, ity VTR
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'IHJ‘ECTED IRTRATRACHFALLY

mjntionn o-nh»or 0. 6 co ot s 5 per ocnt nupon-ion tlven two wnlu ;pnrt

Total dose s 50 mg. O R TR T .
Y 'e--ﬂ\“ et & -n.'.- P .:-'.‘. N L
Ani.mh Tsed"” t" Aop il e e L e e L L LS
el - Bix ponp- ot' ;ninoa pigl. VR S e o
’ ,.;". s .- e . AR ’ . . ' ’
. Suodﬁoing P'f’.odl DR .- ;T
o l, 2 6 B/md 12 months urtor ujocﬂcn. B T T
1l - ‘.*‘-, ,". . . . . . X .
.' -.."’ 31’. A e, . E -
- [Dust Pnrticlol o 0 Results -

3

SOV g-ﬁbor i dilttnot nbrolil. -Refer to chrylotile (ribroun) un-
B R -50 nicx-on- heatod in tablc 16. ,;,.1;\.‘ . ,
g et Chrysotno ~ . DAL B
(nutrord) Shon-mor . mu-o-u.‘ :.ru- to chrylottlo (bdl-mukd) unheated
\‘, v, gt iw 8 1S miorons and  [in fable 14, R T
- .7“ I ‘u,l:t,:' ) ..10..' § '. ) "‘s'l'." e ‘:‘1‘.‘“‘,' -".‘;.‘T .
Low -f‘~.~'_‘._.{45'-'..: Long=-fiber Typical rendoe nnd pcribrmchiontia. Roter to table 15,
et Lo Ly |20-80 microns . * fibrous . A
2. - Awosite . Ic|T ¢ N R I . - . .
| . % v e w7 | Short-fdber . [Reaction limited to phngocytolh wlth ly'np ytio {nfiltra-
e R . 0 120 microns and {tion of adjacent walls,- Short fibers pnckzgincido swollen
T A 'luu ~ |phagooytes; longor ones free, somo ococated foarm typioal
Sl et s ‘ " |asdostosis bodies, " At 1 month after injection, alveoll con-
TN ATEET - tatned good-sized ;imt oells; most phagooytes ware within
e T 0 " et spaces and had'not migrated to walls, At 4 months, free
Cewrles o i e s 00 lextracellular £ibers had worked themselves into intersti-
o0 e Tl Wt v 7 T 4del tissus where there was extensive proliferaticn of
d sf- .. 5. . .|lymphold cells and monosytes but no fibrosis, At 8 months,
. L el Uiforelgn body Teastion with some pneumcnitis, no bronchio-
',- ’ o T 1atss, Typioal; nbntoail bodies presont,

Croeidolito Lang-ﬂbor i {Advanced ﬂbroul ondo- snd peribronch.lollth. Reter to
;’ (Bouv}.;) ao-so niorou - tabh 16,74 -4 "'a N

: oo '.‘A
I A “,l -y v.."' : e AR S

I R Shox't-f‘iber ' |¥o" fidrosts, At 1 month, air spnco- oomproue«l and hrgaly
iela. .- |20 miorons and {filled with glant cells packed with dust needlas, Walls
e lon . fhoavily 1qtiltrltod with monooytes and lymphoid cells, At
R -4 - |4 mouths, 'a moderate dogree of cellular infiltiration of .
e "‘ . walls; small glant cells packed with dust spicules, At 6
~z +i’» o 7" |and 8-1/2 months, masses of glant cells, corlaining mineral
gt e particles, in small bronchi but not in respiratery bronchiol
" .7 . |smaller ones widely scattered {n terminal air spaces, [Luz-
EEESE erous asbestosis dbodies, Fo reaction in connective tissuo,
... . - [Ho endobronchial prolifaration. At 12 months, many scat-
Toan e ““{tered small monocytes prciced with dust, No endobronchltis,
R No peripharal ﬂbronla. fn lymph node, a lllght roticuloain;
S 'no fidionrln, T .. _

de

Long-fiber . ‘Lymphocyuo fafiltratior- and sianl cells but no definite
=50 miorins : fibrasia ' Rafac 4. s.vo.
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-vuo"ou\-t .
20-50 mlorcns !
Short-riber i
IS hlorons and
5'.1ou

. wympnugoy +a0 duriltratior acd giant celle but no definite

fidroein, Refer to table 15,

No fibroiis and praotically no asbestosis hodles, At 1

'mdmt.h,‘ Socal collections of durl-filled monocyles and a f.

glont oells; at 4 months, sowo adonomatoid ayithelial re-
action; nt 8 months, simplo pnoimonitis with phagooytosin

't of short-fibers; at 12 months, lsolated and sharply locck

ized ocollections of dust cells tnside air spacos about te:
minal arterioles, Reaction in walls limited to lymphold
cell infiltration, Ko fibrosis, In lywph ngde, rcaction
limited to slight prominence of reticulum, ’

. lesa Ty
s

L

Fibrosis sbout bronchioles, FRofer to table 15,

R WS

Simple foreign-bédy reaction, No scute {nflameation, Ko
aocumulation of dust in or about terninal bronchioles, Yo
endobronchitis, - At 1 month, scnttiered small giant cells

“*l'and considersble infiltration of adjacent—amali-gient=coll:
‘| and-sensiderable—tnfiliration—of- adjacent walls with mono-

oytes and lymphoid cells. At 4 months, 1ittle chango ex-
cept mare oollular infiltration of connsctive tigsue, At (
menths, ' lymphoid infiltration and thickening of walls abou!
somq but not all terminal brenchinles, :

Long~fiber
4 {20«50 miocrons

| Short-fiber

**.1 . rubber go-

(made by

. bers with

{Typical fitrous endo- and poribraonchiolitis like reaction

to ubelte\c\minernla, _Ret‘er to table 15,

Ine;t type of reaction, At 1 month after inlaction, smll
monccytes widely ssattered throush air spaces; focus of
atcloctasis with 1ymphoid inflltration of corpressed air- -
space walls, Ko ondobronchisl rcaction as with chrysotile,
2% 2 months, reacticn’'simllar to thst et 1 month; typiesl
asbestosis bodies acon,™ At 12 months, small clumps of in-
aotive dust-filled phegocytesy no fibroels, No reaction

in lymph nodes, ..

-
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. - estl o
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e NE "(ban-nillod, N injections of even diluted ;
! o ' ponsion (69 days aftsr {1grs!
‘ o s; leen and lungs, ifo tiram!
g . disoovered but materisrl mry
k . 8 rabdits 17 Advanced pulmonary Inlec®in
‘ L 1 3. Ry durstion of experimsnt &: <8 ¢
;o S . only inert phazocytssls wit}
‘ o R T tho ssme although fos:zl pecy
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PR AN v W7 of 12-month arimal, 4 The abvs
! ; "" e v B condition justifies'tie uls:
h T e Sl D e f ety el S doncnstrate whether: echvsiy.
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Lrous elements 15 dust sppear to have dissolved leaving only the insoluble magnetite, a '
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s . . et N 5
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( TABLE 19
.y - : o
E. ARALYSES OF FIBROUS MINERALS
- Antho- i Croci- |

ﬁ Anosite }Amohibole | phyllite! Brucite :Chrysotile; dolite !Tromolite
. per ocentjper cent | per cent| per cent. per cent iper oent:per cont
H 510, 46,23 65,04 59.80 0.90 38,56 64,99 66.20
\ Fep03 4,086 3.06 0,57 6.70 2,35 16,27 7.21
n‘ Fel 33,83 - - 9,36 - 4.29 -
S ]
i Al0g 1,09 1,69 0,32 0.46 0,34 1.01 0.56
. Ced 2.01 12,22 0.44 0.04 0,03 0.80 4,44
“ Mg0 g 6.28 23,29 33,37 53,99 58,95 12,25 20,52
' Kaz0 0.35 | 0.43 0.52 0.91 0.29 | 6.92 | 6,78

. |
c K20 0.20 | oO.12- 0.15 0.16 0.C8 | 0,67 | 0,09
§ |
‘ Ignition (<105°C, 0.66 0,32 0.27 0.83 4,30 i 0,02 0.34
, (
| Loss (>lo08°C, 5.28 3,60 4,08 26,66 14,99 ’ 2,56 2,78
n : 4 99,97 99,77 99,52 $9.79 $9,89 99,68 99,82
" ' T
th 7‘,"3‘;- E : . :" “* *Q_; _:«' - - '-\
i
. ' " ,
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Fg. 1 =« llunan asbestosis (P=-36-144), The photo-

micrograph reveals a bronchiole (right
conter) with a mmooth muscle bundle at its
inferior margin and with an extensive zone
of collagen deposition largely obliterating
the surrounding alveolar structure, The
black foci aro macrophages containing in-
cidental pigment, Asbestoels bodios are
present but are not apparent at this
magnification, (200 X)
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i Flge & « Guinea pig asbestosiz tody, This body

: is simllar to some of thoso shown in
. ng. 2 (400 x)
E ls’ ‘
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Fir. 4 = King's floats inhelation experiment,
Guinea pig with 12 months' exposure,
The figure includes a respiratory
bronchiole, at left, branching and be-
coming an elveolar duct, at right,
Note the accumulation of cells in ths
wall of the bronchiole ard in adjacont
alveoli, (130 X)
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. Yig, 6 = King's floats inhalation experiment,

' ; Guinea pig with 28 monthe' exposure,
The field includee a bronchiole, at
center, with poribronchial fibrosis
extending into the walls of adjacent

i ) s alveoli, lote the cuboidal epithe-

lium lining thesc gqlveoli, This is
the so-called "adenomatoid” appear
ance, {200 X) .
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}ige 8 = King's floats inhalation experiment,
Guinea pig with 6 months' dust expo-
sure and then in normal air 36 nonths,
The reaction is rathor slight, but dis-
tinct fibrosie is present, Noto that
28 months of ocontinuous exposure (fig,

6) produces much more extonsivo roac-
tion, (200 X)

N E N EEE R

Y

CRMC-Motley1000-Subj-000678

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)

Published by AsbestosClaims.Law
ACL Doc 13192 - Page 78 of 95

asbestosclaims.law/library/13192/78


https://asbestosclaims.law/library/13192/78

- * Jd .
S BN o4 BN BN B AN N

perircont,

pig with 9 months' dust expo-
then in normal air 37 months,

reaction shown is more than that

in fig, € but much less than the reac-

sure and

The

Fig. 7 - King's floats 1nha1ntion(ex
Guineca

“e - -

oMy
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Fige 8 = King's floats inhalation experiront,
Guinea pip infectod with Ry tubercle
bacilli and then exposed to dust for 24
monthe, A bronchlole is shown Just above
centor, It is murrounded by soe colla-
gen deposition together with typical i
opitheliold cell infiltration of the wall,
Note tho lack of encapsulation and the .
periphoral epithelioid cell pnoumonia, 2
which illustrate a spreading tuberculous
process, (200 X) '
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: l1g. 0 = King's floats inhalation experiment,
Guineca pig infected with L) tuloercle
bacilli and then expcesed to dust for
35 months, Note the subpleural dise
tinctly-oncapoulated casoous focus,
the calcification at the right borcer
of the lesion and the absence of cells

—— 1n adjacent alveoli, all of which il
lustraote a healing tuberculous process,
“ . - . (200 %)
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tig, 10 = Ball-milled aebestos inhalation oxperi=
ment, Cuinva pig with 7?4 months' Just
exposuro, A bronchiole is shomn at the
conter, with only a slight accumulation
of phagocytic cells but without the fore
mation of collagen, (200 X) o
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’ Fig. 11 = Ballemilled nsbestos inhalation expari-
i ment, Cuinca pig with 28 months' dust
. exposure and then in normal air 12 months,
The reoaction is much like that shoxn in
§ fig. 10, but there is a slight deposition
of collagen, most apparont at the left,
| . (200 %) o
h 3 _ K . . %,."«t.if;“_ 1+:..9 af
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. i Fig. 12 - Long-fiber asbsstos inhalation expori-
ment, Ouinoa pig with 8 montha' dust

: exposure, The bronchiole, at center,

. already shows en accurmulation of phago-
oytio colls, with slight collaegen dejo-
sition, Compare with fig, 10, showing
the reaction to ball-milled aabestos

‘ : after 24 months, (200 X) :

A LR

P - =" - - .

CRMC-Motley1000-Subj-000684

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)

Published by AsbestosClaims.Law
ACL Doc 13192 - Page 84 of 95

asbestosclaims.law/library/13192/84


https://asbestosclaims.law/library/13192/84

t s

-~

»
-

‘ ,
Jlll Jlll N—llll-” llli Jlll llll llll”\1IIL II‘
‘ .

\

A

"'Of‘..‘- A e

)
L. <

£y

Fig, 13 « Long-fiber asbestos inhalation experi-
ment, Guinea pig with 16 months' dust
oxpooure, Again note a bronchiole with
its surrounding reaction consisting of
fibrosis and adeuomatoid change, Cole
lagen degosition i3 now seen in the walls
of adjacent elveoli, at right, (200 X)
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h Fig, 14 = Long-fiver asbestos inhalation experie
ment, Cuirea pig with 34 manths' dust B
oxposure, A bronchiole 1s at lower cene
ter; tho largs aroa above it regresents
the involvement of alveolar walls, Come
pare with fig, 13 and note the increased
extent of romction, (200 X) = --. ... !
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Fig, 15 « Long-fibor asbestos inhalation experi-
ment, Guinea pig with 20 months' dwst
exposure and then 14 months in normal air,
The reaction is essontially like that shown
in fig, 13: the bronchiole at right center
is surrounded by fibrosis with adenomatoid
change at the right, There is residual
scarring in the walls of adjacent alveoli

—— &t the left, It is apperent that no pro=-
gresaion has ocourred, (200 X)
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- Fig. 16 « Long~-fibor asbostos inhalation experi-
L. ment, Cat with 42 months' dust exposure,

~:. 4. - Two bronchioles are shown with adjacent
cellular reaction and collagon depositiom,

¢
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Fige 18 = Ballemilled ssbestos injection experie
ment, Guinea pig injected intratrachoally;
4 nonths after injection, A dbronchiole is
shown at the right, In contrast with fig,
17, note that anly a fow cells have acoumie
lated about the bronchiole end that colla~
gen deposition is absent, (200 X)
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Fig. 19 « Serpontine injection experiimont,
Guinve pig injected intratracheally;
4 months after injection, A bron-
chiole is shown st left center, The .
phagocytio cells exhibit little pre- LT
dileoction for the Lronchiole and col=-
lagen deposition is sbsent, (200 X) L .
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) - Vige 20 « Amosite injeotion experiment, Guinea
: pig injected intratracheally; 4 months
! after injection, ‘he inflarmatory re-
) action exhibits pronounced sccumulation
t of celle and colloren deposition, (200 Xx)
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Fig. 21 - Crocidolite injoction experiment,
Guinoa piz injected intratracheslly;
4 months after injoction, As in fig,
20, poribranchiolus accusulation of - --

) calls und deposition ol oollagen are -
shown, (200 X) B
“r .. oL T ) .
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Glass wool injoctlion exporiment, Cuinea

piz inJected intretracheally; 4 months

after irjoetion, Two bronchioles ere

shown, ore in croas section end the other
in lengitudinagl cection, delow the latter
is a thick-welled blond wmsaol, The 7
bronchioles zre without reaction end oan
be considered normal for comparison with
other figures, Class wool fibors are pre-
sent in this field but cannot be seen a

.this magnification, (200 X) - :
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