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1. Concerning the spucificity of fc:.'rruginous bodics, in the first 'stagc

of this investigation, it has been found that ferruginous bodies, indistinguishe
able {rom asbestos bodics, are formed in the lungs of hamsters in responsc
to respirablc {ilamentous particles of such non-asbestos materials as
ceramic aluminum silicate, silicon carbide, and glass. The importance

of these findings ma.y be judged {rom the attached correspondence with th
editor of the AMA Archives of Pathology. Accordingly, Dr. Paul Gross has
prepared a letter, transmitting 2 manuscript based on {indings in the F un-
dation's laboratory for consideration for publication in the same journal.
The letter is dated July 19, and the manuscript will be forwarded that day

2 Cf)
if no objections ars received, We believe that the best interests of the spms;—_:1 oy

Ly
h
L I,

scrs will be served by its publication in the most expeditious manner possib}g.j

D
but transmittal may easily be delayez temporarily if questions arise or i it ; f'\:'
seems desirable to do so. . , T 3
. With regard to the pathogenicity of respirable {ibrous dusts of dif- - ‘F

ferent cormnposition, results reported below are based only upon a lmd‘y f >

L

accrued mortality in each animal exposure group (either due to pneum nia i‘, .
or repeated intratracheal injections of dust). As such, the findings are very

preliminary and requu'e substantiation based on observations of animals lt:.ll

on test,
1. Glass

a. Glass (uncoated). In hamsters, this dust evoked f cal

macrophage reaction with asiociated ferruginqus bodics. No fibrosis was
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observed. In rats, no alveolar mural changes were noted, llowever, in
several scaticred bronchioles, there werc obatructing polypoid structurcs
of inflarsmmatory {ibrous lissue thal enclosed nunicrous glass particles.
This bronchio!ar.inﬂa_mmation is atiribuled Lo thc entrapment (at the sitc)

of largeaggregates of interlaced glass {ibers during the intratracheal

injection,
b. Class (coated with phenol-formaldehyde resin). As

with the uncoated glass, this dust produced no discernible alvealar mural = L
. ~nd
lesion; but, because of the impaction of aggregates in bronchiolar lumens, - L
‘ . i &3
there were lesions in these regions of impaction comparable to those des.~"" f—':”h-
£ o

o,
Ui

. eribed above,

c. Glass (coated withtextile binder). Still in preparas

L,

No prcgress to report at this time,
2. Ceramic aluminum silicate. The pulmonrary reaction;’ . o

R

LRV |

tion.

to this dust {n hamsters was similar to that observed with glass dust ex-:’; "’E

Y-
. s
oy

cept that ferruginous bodies were more plentiful, No fibrosis was demeon-

strable. Iln rats, there was an occasional bronchiolar polyp of innu.ni-natory

tissue enclos':i.ng refractile fibrous dust particles. Occasional small col-

lections of alveolar macrophages were also seen, There was no evidence of

-

alveolar wall {ibrosis,
3. Organic fibers, This material was -either rapidly re«

moved or underwent resorption because considerable difficulty was cncountered
| BB 0023595 |
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INDUSTRIAL MYQICNE FRUNDATION F AMERICA INC

in recognizing cvidence of dust injection. Few small collvetions of dust-
containing alveolar macrophages were obscrved in hamsters and rats,

There was no alveolar {ibrosis, Nec {erruginous bodics were found in the

lungs of hamsters,
{

4. Atstapulgite. Aside [rom scattercd small collections of

alveolar macrophages, no other significant abnormality was observed in

the lungs of bamsters or rats, No ferruginocus bodies were found.
) n N

- §. Natural chrysotile. In bhamsters the pulmonary ructio@fﬂ

1
—ad

\ Vheotn

to this dust consisted of a diffuse proliferation of alveolar cells and macro-?

-

-

phage reactions. Many asbestos bodies were present among these cells
in the 2ir spaces at nine months. In rats, the reaction was multifocal and _“_ "
consisted of mural {ibrosis involving respiratory broanchioles, alveolar

: ducts, and their evaginating alveoli.

6. Synthetic ci:rylotilc (Grandquis-t). In hamsters this i

dust provoked a moderate macrophage reaction. No ferruginous bodies ‘:ﬁ
were found., In rats, ti:erc were initially only slight focal alveolar cell
proliferstions associated with collections of macrophages. Nine months

aft;r the intratracheal injection of the synthetic chrysotile, there was

~questionable thickening of the wall of some respiratory bronchioles., Th re

was no active inflammation and no evidence of fibrosis.
7. Synthetic chrysotile (Grandquist) plus adsorbed nickel

phosphate. The pulrnonary respense to this dust_iﬁ rats was characterized

e

‘ _ | | BB 0023596 ]
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INDUSTRIAL HTOIENE FOUNDATION OF AMCRICA INC ' 3.

by a modcrately intense multifocal infllammatory reaction eentered in the
respiratory bronchioles, The inflammatory reaction at the nine-month

period included the proliferation of fibrous tissuc which obliterated the lumcr;s
of the air spaces, This reaction greatly resembled Lhat préduccd by natural
chrysotile, No {crruginous bodies were found,

i, A supplemental study was designed to explore the etiologic role of

. ::‘.' T
various components of chrysotile asbestos in the production of lung {ibr sis ]
’ 1

-

and/or lung tumors. For this purpose, the following series of rats ha\‘rej ol
been injected intratracheally with suspensions of the following materials. . <

-

(all of them of respirable size): : .

1, Chrysatile dust knewn to be carcinogenic
2. Synthetic chrysotile

3. Syuniketic chrysotile plus nickel

PR

C o

4. Synthetic chrysotile plus chrome o L‘d
= o

5. Synthetic chrysotile plus nickel, ¢chrome, and benzopy;—ane

6. Nickel with carbon as carrier

7. Chrome with carbon as ca;-rie_r

8. Benzopyrene with carbon as carrier

9. Filamentous glass with phenol- Iurn;aldchyde coating

10. Filamentous glass with textile binder coating

11. Filamentous glass, uncoated,

v

S, e

! _BB 0023597 [
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As mentioned in II ahove, concerning rosults of the preceding phise,
data are available only from a relatively f{ew spontancous deaths whicl have
occurred and suc'h tentative findings as have been observed, and their intcr-
pretation, are included in the above discussion. 1t appears at this poeint
that the trace metals, injected as ;;articuh:cs into the lungs, will probably
not be biologically active. It will probably be necessary or advisable to sup-
plem‘ent these series by injecting rats 1f:n:z-atx'n«':!-u:an'y with symthetic chryso-

tile to which the trace metals have been adsc;rbcd in a manner similar to that
P AT
i FPG FILES

. Comment on Findingg to Date

used for adsorbed nickel phosphate.

i The appended manuscript furnishes irrefutable evidence that ferru-
pinous bodies indisti:':g\.tishable from asbestos bodies may be produced in
lungs from certain no'n-ubestol filamentous particles of respirable size.

Data so far collected shows th;t such dusts as aluminum silicate,
silicon carbide, and glass, all previcusly shown to be "biologically inert, "
will produce {erruginous boc{'iu when injected into the lungs in filamentous
{orm and also confirms their lack of fibrogenic potential, Therefore, there

* is mo reason whatsoever to cquilibr.ate production of {erruginous bodies and

pathogenesis., Further data are needed to extend these observations to

include lack of cancerogenic potential, however.
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Lotlers to the Elitor

TODAT'S PRESSING QUESTION-MOW SAFE
IS URRAN AMBIENT AIR?
Ta the Ediler==Prolepsor ]J. G. Thomemn made
lmmmptludmrmhw
lamd tme discowery of “ashestas” hdm n e

Unionunately, the {ar-reaching cronclusions be has
derived since, resting upon litle or mo evidence,
tnd 10 detract {rom the valve of this Anding.

In the present paper (Arck Path 81 :458, 1966),
professor Thowson has shown an awarmess of=
it dismissed o lightiy—~the obvicus objection
to his thesis, “the smspicion that sshestos fihers

day, that are part of amiient orban air, and that will
stisnuiate alveolar phagocrtes (v produce asbestos
hodies ! * These materials could probably be classed
wostly a3 plastics snd would, most Jikely, have
ore w {eatore =\ comnon, mamely, a

¥
i
i
%

- by hindomatludgints alay . .. ." is mt mresarily
o mroe. |, for one. Dr. Arther ). Virwall? Dr, Jobn
M, (i Mavis,* of Camiwidge, Frglart, aul Dr. AL
Collet * i Dr. Nolicard’s lalmwsratory aear 1'aris have

s wicds wn this pobioa

Arch Potb=l’sl 82, Awa 4

Ancther statement requiring  corteesion,. hased
spmaremly on mdequae infermation, is that, *Man
sed the gemes me wem (0 he the anly amisals
i which asheann tthers are resolariy s rammlly
owverted into asbestos brwdien”™ Wasrer*  fowl
ashewion badies in the lunzs of rahhits amd mnnkiovs
expnasi o 2ebestus dust. We have {owwl alusulam
ashoston bodies in the lungs of hamaters exmwed
chryotile ashestng dust.”

Beause of the present ancerniinty resarding the
spectficity of the asheston hdy.dnm-m"l«mm

servation that {errurineus bodies are more shondant
in the basal porthms of tiv longs is that i many
propie dring ol mtura) cavses, this s where flnid
tends to accumumiate terminally. Under the latter
conditions, thr omowing sction of the excalaror
mechaiam is overcome br the sheer tolome of
fAmd relliog over the mwcows bianket Jike tdal
waves with every mspiration. Acowding to this

'mhmhdm“hﬁuh

hhnlmgmdhln*“dh«m

the loney
Part Geoss, \MD
448 Fifth Ave
Pittsbureh JE13
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LETTERS TU THLE EIMTOR

/,
o

with the gy of asle-tim laaiics anl with
tlar menements of adestie bleers A the human,
{0, Litvemn agtoes math m that the preinkasizsim
fawlicn can g divcrentiated irom e gemnne
asdebin lwadies by the mature of thow amtral
cures, st wesdcasl ol eonclwling, as | da, that troe
ashwton leeiies are arvemable warkers of asicin
wulatnn, b petulie that syatwtic Abers are
presag m arban gir aml minht exd to twe presdor-
thm of aslartem lumbtien. | e mt kowew of mny
evnhnce W that efect. He pran i o discus
mrtscular Alamentias duast from Tty wuwven
frvem symthenic yarms, awl oxpresecs sgrprise that
w paldicataar has apprared an the pulnweary
reactim 6 wnch dust. | am e surpnand, 3s these
sywthwtic Ghees are eclastic amd ma of the type
that praduces G dusl, but if such a publication
Gy appear | shall be more surprised than Dr.
Grwes if it incluies 3 deseription of ashewos bodies,
a» tiwe ran-maude Abers in carpets are much thicker
than the fiwr in the cmter of an ashestes body.
Fortber, 10 get frapments a3 short as asbestos
bdies. averaging 40u to 50m from symberic fbers
would imply brittle characicristics which thrse

plastic fibers do nnt possess, swl would reguire -

swnpthing more than 4 vacuum rweeper for theie

-L‘ﬂﬂ:mmmuhhwumw-hh

the icatares of an asbest fiher mside an asbestos
bady with a length of fn 10 130w and 2 thicimess

and the guinea pig sppear to be the ouly amimals
im which asbeytes fibers are regularly and rapedly
omverind imo ssbestos temjies & incorrect, and 20

* dreh Poh=y ol &2, Avg 1966

L]

. He, lwmoser, diminees tee  immolulel .,
i the shamnward vt o asdaiim Ilete w.!
aslueturn bulics oo an epal fiisia, Mt Bewnad oo
wha i the nly eseiblc saelanivm of e, Ll
thinks very hitke 1 his swm sopgesima, (O thee o
are m compicte agrrvinent, but be s et evean o
o the aixhae mnviunma in the artick.

The evidener that ashostin Ghery brfore they b -
anrw asbrain laniies sune dowtraanis ami Laevally
from log swccwans aml gravity s isderetial, lea
trs explam wene of tiw wweml foatiee. ol
ashbryiosis, which are wiiverwiee explicble. Tix
main objevtam 10 it as far a0 | €A wr i= Uud @t
imtrduces a masle of IRt DUl pret i ctint
vaficties of mansmicunioss, but uther pananie-
coniow are wel due tn thin sharp flers. T b
onainng Ux ocedlc-jike shary Ghers of asda-- -
could be regarded as 8 shaking machie, aml v
which ia always in action as the lung is never at ret
The Slers we are discussing are olien tow lotrz ts in:
phagocytomd by dust cells, and wrwid tend wi manc
downwards m the ereet pustore orvupeed by m -t
humsan beings for two thirds of the dyy snd Leacrally
jne the remaining Uord during sieep. This sxnlams
why sabesiomis is more markei 31 the hase wdibe
ether pneomoeamioses sch as  silicons. shivh
is more marked in the apical portiom of the wyary
lobex: why picursl plaques, alcifed or aot, ww
accepeed by most as resuliing (rom inhalatien
ashesog, are presemt posteriorly and [aterally m tiwe
parieral and mot the visceral plenra: why they are
more commen inietiorly than waperiorly and are nea
sited sreeriorly. as adults rarely sleep in the prose
position. The wwvement of these mbwstts flwrs
outwards from the langs explans why nch ploural
plaques are itially wren over the wwichlim: riha
and ot over the soft easily pemctrated iotetyedal
regions, sml for the same reasun are foaml @& Lo
dizphragm over the tendinus purtam, and md tin
wuscular portions. It is probaliy the renwer win
these piewral plagues are seen swwe {regyorwntdy in

e with little or 00 pulmonary ashestmis, as tlave -

is sy puinvomary Gbrosis W Liock their mmwant

passage, and this may well Ly the explonatinn of tiee <

apraret paradux that malignast mesothclionu s oof
pleura are nen more olten with 2 mild or tritline
ssbestmia than with & severe classieal asheshmis. It
is 3 ratiunal explanatiun why them mikl aasey of
aabestosiy may b assocated with 2 maligrant mwe
thelioms of the reritoneom. It is surely signifcam
that bare asbesuwe fibers, bue not immvwshile siuatie
banlies, have bren demomstrated in 2l thewe oxtra-
pulmomary icsions. '
To cmcimie, perhaps it would be easier tu ap

. preciate the basic dilfereress between other parera,.

coniones snd asbestosis aml ks comnnlicatinn o we
stopped waiking of aslwsios dust, aml weedd ivacal
the term employed in the Corman literaturceae:
bestos wevules, . .
3. G. Tuomsex, UMD
Medien! Schwwid
Cape Town, Sowth \irika

- v
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Lotlers to the Enlitor

REFLY TO DR THOMSON

To the Fditw=in view of bin skeptichm,
Am nves or Pavivwssy B2 1019 (\ow) 1R,
crmcrrning [, fipnms” wgnetvss tisd wwenacral,
Alamcewn dimt partick~ may e jrcamt n the
smisent air, oemparalde in sine o that of asdeie
filars that huve caywl e devebgmwan of asdetin
huin-, 1. Tinamwws will fanl Uwe attavinsl pludes
mucroprapin ol mterest (Fig | and 23, Namerss
such Glars were fanwl in wnliary wase dost aml

=T o 7 ™ Ta-

¢ o 3 e

--:: ! ...c‘ )

their disamxarance w8 EiCToRCRRTIMBE [ W
Ut they are wd asdesdos. (. Tiemmea’s wpnis
that memminernl HBlers @ amisent gir are wdt
wntiiciently fine b form the crwes ol [crrugiman
leslien i thie defautely qaen W g,

M opreent, e (enme i attewpium 0 docriep
factml eamathem ostoming prohetin o fore
roginenes lusind inem 3 varety of Glwven sdusts.
Dr. Tlawnmeni is md in 3 pmithn W speak for

. E%{i . Ei,} ;; )
Y ’ ° exgs -

R c, ) !

Fig L=lft. Fibtvus dust parvicle of Ju diameter and appensimutely du in lenmth before
micrimacimeratin, KNipht, Same ailer michincinratem. Tle ranicic ks disappearel

Fig 2

micromeratom. Aivht, It o, has

LTS

-\

Aveh Path=i’ol &2, Now 1966

ft. Filwrwas dust perticie lim in
disupmared

dismeter and wore than 1M long ehore
it the prvacre of METVRCInETItoN.

.‘“ ‘s . m

- L} .
[
4 . *
‘® . 3_.'
. ‘.‘ "
) v
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all It atludemistoamrrrtainly wd Hie Dr.. Girema
foor howr et other exirts frem the Umitedd States,
. Lareat Britam, aml Frame Jishid in 107, (irvme’
Wetter ot thwe ARALE? o satHRTIY 1d irrrum neas
foabw~ avbenmy cauncrd saiiy by ashweshe. In fe
rehuttal wf Lr, Giess” ktter, e, Tivewwm azam
appears he attemyn o speak b time podiesaem
slwu w ~ays that ploural plages e are “aevepeed
by wend™ as rewiting (raw inhalatve id ainslom,

In a recest svmsamenstal stwly  wedvig 418
Corcntive  autpmy  Cawe~, Meorman ' crechwics
tp ki

"The irequeney of caew= with plagwes was ablwunt
thw sanmw m twn of the three lemptal districts
wvestigated in different party of Fidad, wiiilst
W the dund it was lower. Plagues phovcd W be
su oyally ¢nmawmt fmling is 2 dEvriet in Seanthe
weat Finluwl with no asastn depawits and o
particulsr sshewon anbstres. a« i 3 disthict =
Fast Finlaml with an ashestos ming snd mill snd
extemmive anmthephryllite bt depaits wear ity
aastcrn hwder. Plagues were enevanered n 32.2%
of the wrbas prpulativn and 1A% of the rural
pooalatmn.”

The purpaciul poblication of crrmemes assamp.
tons, which have no apparent bashs im fasi and

fave prunary cnudwnaal ameal wes crwind s
the bae Th, Frask I'rusi* w Iee thaeman'~ \d-
dresa ( Moical Presppative w1 Atmumgdueen Hive
genet lcfere thy AM\ Svwatite Seweban 0w
Prevemine Modenee ot 10 oo lemg faf Gee
conrmam. Lo aallol bor aidlrome 10 the sewmaw
mrtival wn the part of sciemtete, awlcatmg tware
respparililitics i tiw poldic v well’ 20 e wiree
W wrh smiiers, Thine wis: e oot dase =
sl review v, Primei’s article i figist of the
prescnt disagreerment amd e gusbal avovalingly
In the present swate of biwrwhiiee, 1. Tinen=w's

Fistare wn the speoticite ol eeragiweam lealies
and pleoral plagues b adwstim flwrs » od
jorified scientifically,

Robért T, P, deTreville, MO

400 Fiith Ave

Pintsborgh 1521)
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RAFD MISTOLOGICAL DIAGNOSIS |

Tu the Editrr=The smpwivital techuique for
making [3st tasue dizgweres at the time of surpery
was simplified twemty years agn'? Since then, the
method hay conthroed W yoekl its rewards in a
few places but 7 has wot pained Wy pew
adheremts. The sitiation would appear to have
bren avcd by the increasing popuiarity of the
e tonherwome “frocervsection” techmgor whizh
providn more fumilisr matterne of sewe embaimed
PreRTRLam,

Owr experience with thewr twu cmtraating proins
types of exammation is being recwrded n an effort
® verily quaetitatively @ the wany wimt may
buve seemed whvinus anly »e the few.

The data (the Tahie) show & very small ome
mhm.—!’kmnm-hw
when wly the sspravital rapid-swectim (R-§5)

trchmique was uuﬂaml nm.mz: w 1o %

the laier prvicd when cryvadat mmcrutme inuvie
wotion methods were ambidnl This may e ute
tributable to an increwserd brendth of experiesee

ad proved jodgement over tw yeara, ratier
than w nwthadolugical diffcremees. Fither figore .

cumpares favorably with the 2% averall iusecuracy

cited hy other Eremstippuws™
In the Later prviad (I9al.19681,

winte the

desirahility of employiog an added | frueteertam s

technique was dewrmined by the dionitws of =

sach cane, @ & parakwicsl that the anly falwe
positive ervews Apvurttd i arttings wiwre the skl
effort was not smie, aud smy i an exprescEe o
an irevdocible vk of (aifure of perinman-e,

More immportant than swmericsl data are the

Data Showing Contrast Betoren Frozrw-Section and K-S r""".'l“"’f"
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Robert T.P. de Treville )
Mellon Institute LT
4400 Fifth Avenue L

Pittsburgh, Pennsylvania 15213

31D
ot eileSs

Dear Dr. deTreville:

The enclosed copy. of a lettar to the Editeor from Dr.
X : Thomson. Since I did not forward (probably an error) your
lette: to him, I believe his letter should be published.

T believe this interchange should rniow be terminated. .
I trust this will be agreeable to you. . -

| Sincersly yours, L

i : mm-‘\ - ﬁ .
. 3 /
: ’ D. Murray Afjgevine) M.D.

Chief Editer
Archives of Patholocy
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< | LETTERS TO_ THE E:Tu

RHevly te Dr, ds Treville's letcer.

To the Biiter, « In oy reply, to Jr. Cruss' suggestion that
nen-zinsral filamentous dust jarticles could fora the centrv of
asbestos~1i1ke bodies, Dy comrarnt was that "unlo;a_ono can sugygest
an inbaled material with the features of an asbestos fibre inside

an asbestos body with & length of Su %o 150u anﬁ a thickness of L

o

."

)
L

\
—

or less, as Dr. Gross bas failed to do, {t would sevz more logicai -

and practical to rsgard sstastos boediss as zarkers of asvestos

i I ,IiL'

1#hsllticu, hovever unwvelcoae Or inconvenisnt to somse that
conclusion may Po.'
or. de Treville, Archives .of Patnology €21 495 = 4y1
(Yov 1960, in reply to this, produces Lhotumitro,rupss of
- : non-tng;-too fibres with thicxnesses of Ju ané J.6u, and on tbinl
concludes that my opinion tiat "nonemineral tibr;c in asbient ay»
) ' are not sufficiently fine to form the cores of ferruginous bolies

(asbestos Dodies)™ is thus open to yuestion. Ry opirier, -of

course, is still oped to question, Lut the average thickress of
the asbestos fidbre in the centrs of the asbestos dody is O.%u,
witheout eonqidoring the ainisfurt asooutonlbodioo doaon-trnlod
by the electron bicroscope, and all Dr. de Treville has done is
te fail to find any non—asbustos fibres in household dust as t;in

as those in the cantre of aslLestos bLodies.

LY

THI& DOCUMENT WAS NOT A RECORD OF |_BB_0023604
PPG INDUSTRIES, INC. DID NOT COME FROM |
IT'S FILES AND CANNOT RE AUTHENTICATED

BY PPG INDUSTRIES. INC :
INC. . Q898




NNOT BE - g -

Dr, de Toreville next accuses me of atiem;ting 10 speax for
the professisn when 1 say that pleursl jleques are now “accupted
by most™ as Tesultlirng from the inralation of asLewtos. His orly
support for this is to quots a (arsgraplb frJn the monograjzh by —~
Meursan siating thal pleurnl plagues vere about as fraquent in a T
district in Pinland with no asbestos deposits and 2o partisular “
asbestos industries, 8 in & 4istrict with an astestos mine anl
#ill. This is preceded by a ltitlﬂ.at that "Meursan concludes”,
but the quotation is from a summary of bis findinges (page 51) and
not from hia conclusions vhich are given latsr (pages 97 = 99)
under the bBeading of Ceneral Susmary. Dr. Meu:rman naturally
di;cuuaooltho evidence for and against the relationship Latween
asbestos inhalation and pleurxl plaquon; and it 18 an‘sasy satier
to select from this discussion (pages 87 - 96) opinions azainst

that association. Jeur=an's opinion on the relationship betwee:n

asbestos bodies and pleural plajues is vury clearly stated x his m=maly,

"Plagues vere observed in H2.%% of the urtan population and in
.0 of the Tural population. In the rural di1stricts cases vith
bilateral plaques were more frequent than plaquu=-irwe Sases, nly .
in the astestos mining cuamune ;nd in one of its neighbouring
communes.” “Astestos bodies in the lunys and pleural plagqu s
occurred mcre oftan in conjunction thun separstaly, the difference
being very highly significant”. “The present results seem %o .
indicate that pleural plajue forsation, in particula® when 1t.il
billzcrnl, snd the occusrence or asbestos bodies in the lungs, have

oena aetivlogical tacwor in conmmon, fhc asst that imduces the

!ornltion or alhootol bodxo- de s » t, hovever, socez ¢ bes the

bt el
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scles cauaw of plagus £ rsatiorn”,
Seadurs of 2838 correspord nce mny Judge for themieivel

wtazser D=, ris Traville's quotation £ro3 Mesrsan gives 8 36TTest
or incorrect imprescisn of Zr. Meusma. 'S WEIRIOR OD the

Telazionslip betveen asiestos irhzlation and ashestos plaques.
.-

- J.0. THOMSON, X.2.

¥adical Sechool i B s
Capu Towr, Soutl Africai- Ul
Care
- ’ __-m-“"--“
-=—==0023606 1
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Note un copy uf 7 ransactions: APPENDIX D
Dr, Angevine e )
Please sce po 1 (e v pictuce of 4 ferrugineas
body pruduced by Dr. Gross,
RT deT.

Mareh 8, 1967

Dr. D. Murray Angevina
Chief Editor., Archives of Pathalogy
Departinest of Pathology

Univerzsity af Wiszoasia .}..,. e .
School of Medicine’ . ?‘\50 . ) ‘
47C North Chartar Strest i SN LT e
Madison, Wisacaain 337“ P‘QO i us.i T T T A T S
Dear Dr. Angevine: ' .

Regarding Dz, Thomoea's npir. by vay of review, it should be re-
eslled that the lollowing twe dasic asewmriiens (o his paper (Arch. Fath,
81:438, 1966) wers challenged: )

1. that histopatholagists teday do nst balieve that the asbestos
bedy may be nonspecifle, and

2. that it s Dow aceepted by most that plenral plaques resalt
{rom inkalation of ssbestos.

1a & paper givea in Octabar, 1 Di. Paul Gresc reportad early fiadings
.~ of his resaarch® o production of ferrusincus bodies with non-asbestos {lla.
! mentaus fibers of respirable sizs. Sciessiific quecticas are properiy » (tod
. by coasideration of sush data, not by opinicns. The very existanca of Dr. Groes
ressarch i» adequate preof that Dr, Thomson doos not speak for all hist pathele.
gists today conceraing specificity of so-callad ssbectos dodies {a7 asbest s in-

halation, .

Meurman's findings, mentioned by Dr. Thomeoa, are ia ace rd with
thoee published eaclies? by Dr. Ksaneth Sinith, who said, "I izkalation of
the asbestos fiber aloas eould cause plaural plaquas, one would axpect to {iad
plaquse wherever the fiber is used." Mourmaa's conclusion that "tha duat
that induces the formation of asbestos bocles does not, however, s em to be
the sole cause of plaqus lormation" does pot apscar to be coasistent with th
second aasumpiion of Dr, Thomusoa.

runhu.wrk is carialaly sceded to sbed light on thia important area,

. as the cccurrance of !o"'l:i“'" (so-called aabestos bodies) has be a { uad
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e, I Lurray \‘ngevine
M arch 8, 1s07
Page &

in almoat huu (48] of the Lnd.tﬁduh studied at umpoy in Moatreal by
Thuribeck? Fortusately, plans for such are baing made through cecperuntive
elforts iavolviny industry, goveramant. universitiss and private {nstitut: ns.

a8 was peintsd out {n & recest meeting held by Industrial Hyglens Foundation {LiF!
asd reportad in IHT Medical Series Bulletia Ne. 11l entitlad “Asbestos Bio-
allects Research for lndustry.” A limited sumber of copies af this publicati a
will be made availabls to readsers of Arechives of Pathology wpoa reque t with-

out charge whilo the supply lasts. .

Slacuraly yeurs,

Aobert T. P. daTrevilla, M.D.
Maaaging btr-czor

deT :sje - N
ce: Dr. Paul Grese P RIIoE: e T T
bee: Mr. E. K, Davison NOT{_‘ e _ o

Mr. Hugh J ackson

3. =
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1. Troasactions of Industsial Hygiene Fousdation 31st Annual Meeting, 1766,

2. Iadustrial Hygiona Foundation Medical Series Bulletin No. 11, “Asd st &
Bloallects Ressared for Industry,® 1966,

3. The Poeunisoconioses., A.J. Laasa, Editer, Grune & Strattam, lae.,
New Yark, 8963 :

4. The Incidance af Asdectos Bodles in the Lunss at Random Nunplicn
- {n Moantreal. LUy Anjllve]l and W. M. Thurideck. Can. Med. Assa. J.

33, 1179-1182, Doe. 3, 1966,
. N : -
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April 4, 1967

Robert T. P. deTreville, M.D.

Managing Director :
Industrial Hygiena Foundation of America, Ine.

Mellon Institute, 4400 Pifth Avenue
Pittsburgh, Pennsylvania 15213

Dear Dr. deTreville:

I wish to thank you for your letter of March 8 together with
enclosures, After careful consideration, I do not believe it
advisable to publish further correspondence on this matter in

the Archives of Patholusy. It would seem that after the initial
exchange of opinicns in print that further discussion should be

by correspondence of participating parties.

¢ 1 assure you that this is not a deliberate attempt to curtalil
debate but rather than a continuation of it may not be of large
reader interast. '

‘ . Sincerely yours,
S L
. D. Murray Apgevin

Chief Editor .
Archives of Pathology

DMA: cg .
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APPENDIX F

INDUSTRIAL HYGIENE FOUNDATION OF AMERICAINC,
MELLOW INSTITUTE, 4400 FirTtH AVENUE
PiITrsauncw, Pa 18213

July 19, 1967

T om, T
Dr. D. Murray Angevine - N{\}‘ s 0
Chief Editor NGT o
Dept. of Pathology . oM e e
University of Wisconsin Medical School
470 North Charter Strest
Madison, Wisconsin 53706

Dear Murray:

I am enclosing an original and two copies of our manuseript, .
"Pulmonary Ferruginous Bodies: (1) Their Developrnent in ‘Response
to Filamentous Dusts, (2) A Mathod of Isolating and Concentrating Them, "
together with two sets of illustrations for your consideration for publi-
cation in the AMA Archives of Pathology.

The work reported in this paper is a logical follow-up of the cor-
respondence between Dr. J. G. Thomsoa and cur laboratory that was
published in the Archives of Pathology, Vol. 82, in August and November, 1966,

With bast regards,

aul Gross, M. D,

Director of Resecarch Laboratory
PG:ejd | .
Enclosure - . . .
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APPEXDIX G

INDUSTRIAL HYGIENE FOUNDATION OF AMERICA.INC,

MELLON INSTITUTE, 4400 Firtm AVENUE

PiITTSBuRG M, Pa 18213

PULMONARY FERRUGINQUS BODIES:

1. Their Development in Response to Filamentous Dusts
2, A Method of Isolating and Concentrating Them

-
L

.
. . —
by N L IO s
- o . R
.« f“!@i P S SR
L]

Paul Gross, M. . *
. Robert T. P. deTreville, M.D., D.5c.* .

Lewis J, Cralley, Ph.D, #*=
and

THIS DOCUMENT WAS NOT A RECOAD OF J. M. G, Davis, Ph.D. =
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»x2 University of Cambridge

#* Industrial Hygiene Foundation
4400 Fifth Avenue . British Asbestosis Research ¢
.« .Pittsburgh, Pennsylvania Department of Pathelogy
‘ Tennis Court Read

Cambridge, England

% U, S. Department of Health, Eduvation, and Welﬁre

Public Health Service

National Cent r for Urban and Industrial H alth
Occupational Health Research & ‘I'rauung Facility ! ] .4905
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ABSTRACT

Formaticn of ferruginous bodics should pot be confused with patho-
genicity, Failure to understand this diffcrentiation may result in the erron-
eous generalization that all fibrous dusts share the ability of asbestos to
p;-oduce lung damage.

Such 'ma:erials as fibrous aluminum silicate, silicon carbide whiskers,
cosmetic talc, and glass fibers produce fermginous bodﬁes experimentally
which are indistinguishable {rom those produced by asbestos {ibers.

A method of isolation and concentration of ferruginous bodies {rom
lungs of animals and humans is desc:_.;ibed. Ferruginous bodiu' {rom as-

. bestos 'tibers are much more pleomor;:hi: than has been described (except by
) Gloyne and Merewether, International Labour Office, Occupation and I-I.ealr.h
Supplement, Asbestos, January, 1938, page 7), casting further doubt on
.morpholegical distinetions used in the past in separating so-called asbestos

’

bodies from pseudo-asbestos bodies.
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INCUSTRIAL HYQIENE FOQUNDATION OF AMERICA.ING

Introduction

"Worldwide attention was refocused on ferruginous bodies by the
publication of Thomsoa, ! whofound this phenomenon in the lungs of maoare
than 30% of unselected autopsie.d adult hospital patients in Capetown. A
similar percentage was noted in Miami, Florida, 2 43% ia Pittsburgh,

¢ The higher percentag s re-

Pennsylvania, 3 and 48% in Montreal, Canada.
ported in Pittsburgh and Montreal are possibly inherent in the more inten-
sive searches carried out in these cities, These bodies are similar to -

asbestos bodies though the nature of the central fibers have not been identified.

Asbestos bodies are goldea-brown, ferro-coated fnnﬁaticnl found
in the lungs of persons who have inhaled ube.stos dust, They are g'en.-
erally described as symmel:ical, segmented structures usually with clubb <
ends, 3 to 5 microns in diameter and 20 to 50 microns leng. 'Ihc; core of
these bodies is composed of a transparent colorless asbestos fiber, although
this {iber is not always demonstrable.

Pseudo-asbestos bodies are similar to asbestos bodies, but are
formed in the lungs in response to irhaled non-asbestos fibrous materials.

- Apparently the only difference between an 2sbestos bod.y and a pseudo-

asbestos bﬁdy {s that in the former, the central {iber is cﬁmposed of asbestos

and in the latter, of matcerial other than asbestos,

THIS DOCUMENT wa ) - 4007
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INDUSTMIAL HYSIENE FOUNDATION OF AMERICA.INC

Since asbestos-like bodies can form in response to respirable, trans-
" parent, colorlcss fibers deposited in the lungs and composcd of materials

other than asbestos and since classifying these structures based upc;z ideatis

"

fication of the central {iber presents difficulties, a generic 'term. "ferruginous

bady, has been proposed for all' bodics formed in response to the presence

(in body tissues) of a broad spectrum of fibers, including asbestos. Davi:s

and Coue:6 demonstrated by electron microsceopic studies of macrophages
that ferruginous bodies are formed i.ntraéellularly by granules of {ferritin

or a ferritin-like protein thal are precipitated upen and around some {foreign

materials.,

As asbestos body, therefore, is only one kind of ferruginous body,

one in which the central filament is an asbestos fiber. As will be seen later,
the aprearance of these bodies and their dimensions are so varied as to defy
the reascnably short description usually employed. '
The problem now confronting investigators conceras the significance

of the widespread finding of ferruginous bodies in the lungs of \.arba.n P pulation
groups. The solution of the problem is, of course, linked to the identity of
the central {iber about which the Ierrugi.nous body forms a.;-ad which is at
_present unknown. It is hoped that recent analytical adv;m:u. such as lecirom
diffraction and microprobe‘wil;l provide techniques for definitive identification

of the central fiber,
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Up to this point, the identification of fcrruginous bodics in the lungs
of unselected autopsied hospital patients as a.sbcszos bodics! has been based
on the hypothesis .tha:_transparem Iilbers of respirable size ;:ompoutd f
materials other than asbestos either are not encountered in iadustrial and
community environments, are not deposited in the lungs, or do not result
in the formation of ferruginous bedies when inhaled.

Respirable' {ibers, however, are. apparently ubiquitous., 7 They may
be mineral, animal aad v.egetable in nature and frcm- both natural and synthetic
origin, 'Iihey are disseminated through industrial processing, community
activities, personal habits, and the action of natural forces. Also, we recently

-

réported that a ceramic fiber of respirable size, composed of aluminurn silicate,
resulted in the formation of ferruginous bodies.® The lattor were indisting~
uishable from sorme of the asbestos bodies isolated {rom an asbestotic lung

ef a known asbestos worker. (Fig. 1) Although non-segmented, they were

golden-yellow, symmetrical, clubbed bodies, staining decp blue with Perls'

-

test -and exhibiting a central transparent filament.
This paper discusses cur further findings as follows:
. a., Ferruginous bodies are developed in the lungs of hamsters
in response to the presence of '"biologically inert"
filamentous nluminun; silicate, glass, and lilico'n

carbide particles.

. 4209
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A simple nmiethod is made available for iselating ferruginous

b-

bodics and bare fibers (inclusive of asbestos bedics) from

lungs. The meothod is given in detail and the resulls abtainerd

"described briefly.

The Production of Ferrugzinous Bodics

Groups of 12 hamsters each were injected intratracheally with 3,3 mg

This was done under

fibers contained in 0.5 ml of aqueous suspensions,

light ether anesthesia with the aid of an {lluminated, self-retaining speculum

that made the vocal chords visible- and allowed the insertion of a long 18-gauge
Al of the {ollowing

needle between the vocal chords under direct observation.

-were injected:

This is an uncoated ceramic

Ceramic aluminum silicate fibers,
Fifty percent of the {ibers were under

1.

{iber with 2 medias diameter of 2,0 u.

75 4 in length and many filaments were shorter than 15 u, No free silica was

detected in the {ibers.

2. Silicon carbide whiskers. These were 99.5+ perceat SIC, They had

a range of fiber diameter from 0.5 to 3.0 u, with a fiber length that ;mged

from 100 to 750 .
Class {ibers, uncoated. The {ibers had a mean diameter of 0.4 p

-

3.

and a mean length of 4. 4 p.
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INDUSTRIAL MTYGIENE FOUNDATION SF AMEMGCA.ING . 5.

4. Cosmetic tale, Filty percent of the fibrous matcerial in the tale
was under 0.2 u in diameter and 1.0 4 in length.
S. Attapulgite., Fifty percent of the {ibers were under.o.l p in diameter

and 1.0 p in length,

6. Chrysotile, Most of the fibers were of ultramicroscopic dimensions.

Isolation and Concentration of Ferrugincus Bodies

Samples of lung tissue cut into thin strips three to four mm thick
or {ragments abq;t 0.5 cc in volume, are placed in clean glass or plastic
coptainers. To the tissue is added abo;;t 20 t::.z;:u the tissue volume { com-
mercial 5% sodium hypochlorite soiu]‘.ian. This {s allowed to stand undise
turbed at roem temperature for several hours until all chemical action has
ceased. More hypochlorite solution is then added at {requent intervals until
the tissue has been digested.
For amall Jungs, such as those of rats and guinea pigs, the {requency
{ of addition of fresh hypochlorite solution and the amount should be such that
all lung tissue is digested in approximately 24 hours. For human lungs,
unless quantitative recovery of ferrugincus bodies is desired, complete di-
‘gutim is not necessary.
In the case of hurmnan lungs, the ferruginous bodies and bare {ibers
are oftcn associated with a sticky lipidic film adhercent to the bottom of the
( éontaincr. ‘I’h.e stickiness .a.llows one to pour off all the {luid and undigested

lung tiu\:; without loss of the bodies and fibers. Because of the presence
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of anthracotic pigment, the {ilm usually has a dirty gray color., The {ilm

is dissolved by vigorousiy washing it with a mixture composecd of one volume
chloroform and two volumes of approxirnately 509 cthyl alcohol; the total
volurmne should be the minimal necessary to remove all the filsn, The wash
fuid is centrifuged for about {five minutcs, Because of their high specific
gravity, the f{erruginous bodies and the iAsoluble mineral particles settle
to the bottom of the tube. On the other hand, most of the carbonaceous material
collects at the interphase between the ch{orotorm and the agquecus alcohol,
If too muc-h alcohol is used, the carbonaceous material will lose some of
thé water that lowers its specific gravity. As a result, there win be no
separation between the, ;.n:hraco:ic material and the ferruginous bodies., In
such cases, rehydration with water followed by the addition of chloroform
will usually effect a good separation.

All of the fluid and solid material above the sediment at the bottom
of the tube are discarded, and the walls of the tube are cleanad of the _a.d-
herent anthracotic material. The sediment is washed several times with
water to remove all hypochlorite and other water-solubls materiala.. It is
th‘en stored in an aquecus or aleoholic medium,

When smears are made of the suspensions, it may be advisable to

deh.ydrate the smcear i:-_zd use a mounting medium to render much of the mine_x;al

— -

. dust associated with the ferryginous bodics les s conspicuous., The naked

fibers remain visible. . - \
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dn the casc of small animal lungs, chloroform and the supcrnatant fluid
were pourcd inte centrifuge tubes in a proportion of 1:2, After centrifuging,
the supernatant {luid was carcfully removed and discarded .ucept {or about
1 ml left undisturbed on the bottom. The film on the bottorn of the original
container in which the lung tissue was digested, was then removed as in the
case of human lungs. This {luid was adt':led to 4 pool of whatever sediment

was ohtained {rom the supernatant fluid. The subsequent procedure was the

same as with human lungs.

‘We have worked with formalin-fixed tissue only, but there appears to

be no reason why this method should not work equally well with {resh lung tissue.

Results

Paraffin Sections

Initially the ferruginous bodies were sought only in paraffin sections
t.hat had been stained with hematoxylin, eosin, or Perls’ test for iron. Be- -
cause of the paucity and small size of these bodies in the ucnons. the hema-

tox*,-lin made the search more difficult, Subsequently, replicate sections that
_were giveﬁ the Perls!' .telt only,or also lightly counterstained with eosin and
cleared, proved to be satisfactory. |

The injccted fibers generally were confined to the air spaces where

they were associated with free macrophages., Some of the flaments passed

.,

-
,
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‘:hrough u.-.e'bodies of onc to three, and even four, macrophages so that these
cells appeared to be impaled as though upon a spit (Fig. 3C). ‘When the
sections had been stained for iron, the dust-containing areas, under low'
magnification, were usually marked by a granular deep blue coloratien.

In sections of lungs of hamsters killed one month alter an intratra.
cheal injection of aluminum silicate and glass {iBers, occasiomal ferruginous
bodics were found, These were non-ug:;:ented. light yellow, structures
with bipolar clubbing and a transparent central filament (Figs. 2A, 3A).
These, subsequent to the Perls' test, took on a deep blue color that often
obscured‘the' central filament. Very similar non-segmented bodies were seen
in suspensions of iséhted and concentrated human asbestos bodies de':'?ved
from an asbestotic lung of a worker known to have been exposed to chrysotile
asbestos dust for 30 years (Fig. 1). |

The ferrugincus bodies that formed in response to chrysctile asbestos
were smaller than these that formed in response to aluminum silicate and
glass and alsc different {rom the htter.two in being segmented (Fig. 4C).-
The ferrugincus bodies were more readily found in the lung sections of hamsters
injected with aluminum silicate filaments than in lung u.c:tioiu of animals
injected with filamentous glass or chrysotile dust. Ijo ferruginous bodies
were found in the lung sections of hamsters injected with silicon carbide
filaments at this time (onc month post-injection).

. . 4914
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Examination of lung sections of hamisters killed si;: months after the
istratracheal injection of the filamentous dusts revealed no more ferruginous
bodies than those encountered five months earlicf. No scgmented forms
were found except in association with chrysotile dust. No ferruginous bodi s
were seen in lung sections of hamsters injected with silicon carbide. Dust-
containing alveoli l‘ound.in sections of lung from a hamster injected with tale
were easily identified because of the blue coloraticn caused by the presence of
iron; however, ferruginous bodies could not be identified. Similarly, mo
ferruginous bodies were found in lung sections {rom hamsters inject d intra-

tracheally with attapulgite,

Lung Digests

The smears of the sediment derived from the digestion of the lungs
from hamsters injected six months previcusly with aluminum silicate, glass,
and chrysotile, respectively, consisted largely of naked filaments, but maay
!-.'lrruginous bodies were also seen, Although most of the farrugincus bodies
that had formed in response to aluminum silicate and glass fibers were non.
segmented, a number of segmented forms were 'aho found (Figs. 2B, C, D;
3B, C, D). A more.prolonged search of the sediment from lungs of ha.mstcrs
injected w'itl-: silicon carbide was necessary before several ferruginous bodies
could be found, This search was facilitated by applying Perls' test for iron
to the smear. The bodies were mestly ;:onseg'mentcd. and except for the
- €lubbed ends, the coating ::;: the {ilanents was thu:.. One silicon carbide

. liber was found with a club-shaped coating at cne end, a fusiform coating near

THIS DOCUMENT WAS NOT A RECO 714915

RD OF 1| 24
PPG INDUSTRIES, INC. DID NOT COME FROM i_BB_0023621 1 =%
IT'S FILES AND CANNOT BE AUTHENTICA (£0

BY PPG INDUSTRIES, INC.




- —
—— — ——

T R T e f1— gy —

. NOTLL |

INSUSTRIAL RYBIENE POUNDATIEN OF AMCRICA INC 10.
the other end, and a very slight thickening near the middle (Fig.4A). Two
segmentcd ferruginous bodics that had formed around silicon carbide {ibers
were observed, .Um'ortunat_ely. the diffusion of the bluc pigment of the body
rendered its cutline fuzzy (Fig.4B).

The sediment from a lung {rom a hamster injected with talc was com-

posed largely of erystalline plates; but upon careful lca.x-ch. a aumber of n n-
segmented {errugincus bodies were also:found. These too had a transparent
central filament. (Fig. 24, B‘A) Because the Prussian blue reaction for iron

had also been used in this smear, the outlines of these bodies were fuzzy

because of the diffusion of the pigment (Fig. 4C).

L]
L]

Unexpectedly, ferruginous bodies were m.oreldiﬁicult to ﬁnd.in lung
scctions after chrysotile, than after aluminum silicate injections. The same
finding was observed with the concentration method. Although few in
asumber, all asbestos bodies were segmented (Fig, 4D).

One of the most interesting oburvati:oal was that, when stain d for
iron, filaments that passed through the bodies of one or more macrophages
showed a coating of {erritin or ferritin-like material enly on the intracellular
“portions of the filament (Fig. 3C).

The sediments {rom thé lungs of hm;ters injected with attapulgite
revealed no ferruginous bodies. The failure to find ferruginous l.aodie's in these
sediments rhay be ‘interpretcd as a negative control to indicate that cur positive

. findings were not altributable to the accidental inhalation of fibers in the

o ambient laboratory air. - o .
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‘The sediment {rom the human asbestotic lung was a rusty, red-brown
color; in thec smear, a wide variety of asbestos bodics were seen in addition
to innumerable naked fibers, As previcusly indicated, a large number of
the asbestos bodies were pale, thin, and nonscgmented. Also of
intercst, was the fact that many of the largest bodies did not have smooth
surfaces, but were spiculated, 7The np.ieules were oflen coarse and had
squared-off ends, A {ew of the bodies lacked symmetry. Somc pear-shaped
bodies without a central {ilament were also seen, Although most af the bodies
were more or less rectilinear, many curvilincar forms were also present.
Some_ of the latter appeared to measure betw.een 180 to 270 degrecs of aze.
In the hrier spiculated forms, | the central fiber was often obscured by the
thick, dense, red-brown coating. Scmme of the very long thin fibers (50 to
100 u) often had segments of {erro-protein at either end with relatively long
stretches of naked fiber in between.

In an attempt to free asbestos bodies [rom adherent f{ine carbon

particles present in an ctherwise "clean' suspension, it was subjected t

- -

ultrasonic vibrations for a fow seconds. Unexpectedly, only naked {ibers

~remained, and no asbestos bodies could be found in the suspending fluid.

Comments

Because bodies similar to, or identical with, asbestos bodics have

been found in human lungs .about which definitive knowledge of the identily
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- of the cc.:nlra! fiber is lacking, thc genceric designation of ferruginous budy
has becn proposed to cover both asbestos and su-called pscudo-asbestus
bodies.® The distinction herctofore made between asbestos bodies and
pseudo-asbestos bodies may have been based in part on what tl‘ae observer
belicved to be an appcarance consistent or inconsistent with that of asbestos
bedics. Mor.e often, however, this distinction was basced on the observer's
knowledge that the host had e¢r had not been exposed to respirable asbestos
fibers, Consequently, it would probably be correct to say that the crucial
point of difference between a diagnosis of an u.butos body and one of a
pseudo-;;bestoi body is the Pbserver’s knowledge, {rom the c.ne history,
of whether the .central {iber could be .m asbestos {iber or not,
= . Regardless of the nature of the central fiber, the bodies that r;sulr.
in response to the presence of filamentous dust in the lung have as a
comnmon feature a coating of iron-containing protein (ferritin or ferritin-like).
Furthermore, it appears probable {rom a study of the pleomorphism of human
asbestos bodies, which was so well illustrated by Gloyne and Mercwether, 9
that differences in size, legmenution.' or other morpholog.ic features of
the ferruginous coating weould not serve tr.; distinguish between {ferruginous
bodies of ubesiotic origin and those of nen-asbestotic origin.
Thomson has proposed to differentiate ferruginous bodies into

e A i s o

"asbestotic and non-asbestotic ones on the basis of the transparency or epacily
/ : .,
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INDUSTRIAL MYGIENE FOUNDATION OF AMEMICA . ING 13,

of the central Iibcr.z This proposal seems inappropriate inasmuch as we
have demnonstrated that a aumber of transparent {ibers of respirable size
other than asbestos are capable of producing ferrugincus bodics that are
indistinguishable {rom those produced by asbestos.

At any rate.. it is obvious from the production of {erruginous bodics in
hamsters in response to respirable, colorless, transparent {ilaments of
aluminum silicate, glass, and silicon carbide, tl-fat. such bodies represent
a general reaction to filamentous particles and are nota specific reacti =
tc; asbestos fibers. To what extent m.ﬁndings may have applicationt the
fermugincus bodies that are being found with incr_eui.ng prevalence i:‘n\ human
lungs 14 remains to be determined, The applicability depends, of course,
apon th_c identity of the central fiber in the ferruginous bodies., The meth d
o.£ isolation and concentration of uncoated fibers and ferruginous bodies
{rom human lungs described in this paper may help in the study of the nature,
identity and prevalence of inhaled filamentous particles and associated pul-

monary {errugincus bodies.

- It is highly probable that the composition of the ferruginous body is
altered by the method used for isolating them, since it is not likely that
with the destruction of proteins leading to the liqucfaction of all tissue elemen:s
in the lung, the protein in the ferruginous bodies should be spared. In all

¢ likelihood, the protein conmdituent of the bodies is destroyed and only the iren
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and other inorganic componcents remain to retain and maintain the férm of

the bodies, The fragility of this chemically altered {crruginous coau"ihg
-
is indicated by the ease with which it is removed when subjected to ultra.
sonic vibrations, th'ereb,' rendering ;he central fiber naked. This may ;:_
further facilitate the identification of these {ibers.
There appears an increasing tendency to consider all filamentous
dusts in the same category as asbestos with regard to their pathogenic

potential. This reaséning is probably based on a mechanistic concept of

the pathogenicity of fibrous dust in general and asbestos dust in particular.

Such a mechanistic eoncep.c holds that ‘the pulmonary Ii.brosis in asbestosis
-"i.s the tissue response to mechanical trauma produced when pulmonary cells
are perforated or impaled by the fine points of the asbestos {ibers,

.It need oaly be recalled that a sirnilar mechanistic concept of th
pathogenicity of erystalline silica was abandcned many years ago because of

overwhelming evidence against ita validity. Just as the proven biclogic

."inertness" of diamond dust was the coup de grace for the mechanistic
pathogenetic conc;pt of silicosis, 10 30 should the proven biologic "inertness'
*  of ilamentous ilumim;ui: lilicat.“ have done the same {or the m“hmi,,ig
}':at.hogenetic concept of asbestosis.
Extremely thin flakes of glass may also be considercd to have sharp
cutting cdges; yet, this has aiso been found biolegically "indrt'" when inkaled
. or injected into the lungs ¢f animals. Silicon carbide, noted to; its hardness

T AR nRas -l- 4820
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as well as sharp edges and points that make it such an ideal abrasive, when
inhaled as a fine dust or injected intratracheally, has resulted in a pulmonary
response likewise classified as biologically "inert. nl2-13

Gaining increascd attention is a newer concept that the potential of
extraneous trace mectals and other materials associated with fibrous minerals
can cause the injury previsusly attributed to fibers. The respirable fibers
may provide a transport mechanism for dosing tissues with injurious materials
associated with the fibers. Cralley et al., 7 have shown that ubesto.s textile
workers in the past have been exposed ec-s appreciable concentrations of nickel,
chromium and manganese usociatc& with the. {ibrous mineral and abraded
from the alloy metal in asbestos processing eguipment. They- sute. further
that .Lere is evidence that this phenomenon exists in relation *~ a number of
other fibrous minerals. There is alsc some indication that the biological
tesponse in the formation of ferruginous bodies may be related to the nature
and extent of the layer of metal solute surrounding the fiber. Additional

research needed in these areas i{s currently underway,

Unless the above facts are kept in mind, the finding that ferruginous

~bodies are formed in response to aluminum silicate, silicon carbide, and

glass {ilaments in the lungs, may be used as still another reason for crron ously

classifying these dusts with asbestos in their ability to produce lung damage.

—
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) Summary

The mechanistic theory of pathogenizity of dusts, which in the casc
of silicosis long ago proved groundless, nevertheless has a'gain been raised
with regard to fibrous dusts such as asbestos, Reau;ns arc given why the’
formation of ferruginous bodies should not be confused with pathogenicity.
Failure to understand this differentiation has resulted in some instances in
the erroncous generalization that all fibrous dusts share the ability of
asbestos to produce lung darnage. -

Such inert materials as {ibrous .zluminum silicate, silicon carbide

whiskers, and fibrous glass produce ferruginous bodies experimentally

which are indistinguishable from those produced by asbestos fibers.

Details of a methoed of isolation and concentration of ferrugino';;s bedies
from lungs of animals and humars are described. With this new
technique, much more extensive studies of ferruginous bodies found in
the lungs of asbestos workers with definite asbestosis ({ibrosis of the lungs)
have been made possible. Ferruginous bodies {rom asbestos fibers are
much more plecmo-rphic than has been described, casting farther doubt on
morphological distinctions used in the past in separatinf so-called asbestos
bodies {rom pseudoasbestos bedies, Attempts to identify central cores of

ferruginous bodies by analytical means such as electron diffraction ana

microprobe techniques are underway.
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Lenends of Illustrations

Fig. 1 AslLcstous bodies from the lung of an ubcno'a worker ta
illustrate some of the more simple forms that may be
{ound. In addition to some apparently naked {ibers, there
are pale, nonsegmented, rodlike bodies with bipolar
clubbing. The dust was probably chrysotile, Concentration
method. Smear. Unstained. X 1100

Fig. 2 Ferruginous bodies formed in response to the intrapulmonary
presence of aluminum silicate filaments in a bam;ter killed

i ] five months after an intratracheal injection of 3.5 mg. of the
dua.t. These are pale yellow to golden in color and tran;parnnt.
The central filament is visualized with difficulty because the
index of Vrcfra:tion of the mounting medium on the slide i3
close to that of the filament, This can be appreciated in D
where a naked filament about 1 4 in diameter traverses lhe
approximate middle of the field, and a 3-u thick Sber cuzs .
.;crou'the right lower corner. Cancentrati.on method,
_— Unstained smear, X 1100

‘Fig. 3 Terruginous bodies formed in response to the preu.:u:c of
filamentous glass dust in a hamster killed five months afier-
an intratracheal injection of 3,5 mg. of such dust. 'Tpcse

—

. : : bodies appear to be very similar to the more sirmple asbestos
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bodies pictured in_Fig. 1, Bodius in A, B, and D arc
unstained and are found in a smear of sediment btained
by the concentration method. The ferruginous body in C
i.s {rom a section of lung from the same animal. The
section was stained for iren, but is otherwisc unstained,
Four macrophages are faintly c;uuines. Their cytoplasm
incorporates portions of a glass {ilament. Only the intracellu
portions of the filarnent are coated with iron; X 1100
Fig. 4 | Ferruginous bodies formed £n response to other filamesatous
dusts in the lungs c;i hamsters. A, B, and C are {rom
smears of sediment obtained by the' concentration meth d
and stained for iron (Perls' test). The c.entral Ii’Ber in A
and B is silicon carbide; a;:ld in €, tremolite (talc). The
body in A shows a clublike thick coating of iron u the lower
end, a fusiform coating near the upper end, and a slight
swelling near the middle, A blue coloration of the surface
of the fiber extends throughout its entire length, The body
’ in B is segmented, but is fuzzy because of diffusion { the
Pruuiar; blue color. The other two fibers in B are uncoated,
A similar £u=z.ineu is seen in the tremolite ferruginous

body in C for the same reason, The ferruginous body'in D

0 has a chrysotile fiber in its center. This is {rom a l'tai.ncd
o sccti n of hamster lung. X 1100
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