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Experimental Asbestosis

Studies on the Progressiveness of the Pulmonary

Fibrosis Caused by Chrysotile Dust
Paul Gross, MD, and Robert T P de Treuvile, Pittaburgh

THE unreliability of symptoms as a crite-
rion for the progression of pulmonary fibro-
sis was underlined in a medical and pgychi-
atric study of coal miners with respiratory
complaints. Here, a very significant associa-
tion was observed between a recognizable
psychoneurotic factor and an apparent
worsening of the clinical condition: of 40
patients studied, only 12.5%, had disability
on “physical” grounds alone; 35% had dis-
ability on psychiatric grounds alone; and
the remainder on both.!

Furthermore, discerning clinicians recog-
nize that opinions concerning the progres-
sion of a pulmonary fibroeis based upon the
symptomatology (eg, shortness of breath)
and 1 roentgenologic evaluation, even when
reenforced by lung function studies may be
quite erronecus. In the presence of a super-
added coincidental pulmonary illness, such
signs and symptoms may be reversible in
whole or in part between such episodes,
which include covert and overt acute pneu-
monitides, pulmonary edema, and allergic
or chronic bronchitis—with or without em-
physema, or emphysema without bronchitis.
Such diagnostic difficuities were the subfect
of a recent symposium on emphysema in ‘n-
dustry.

As uncertain as are the clinical criteria of
progression of pneumoconiosis, very little
help has come from postmortemn studies of
human lungs or those of experimental ani-
mals In defining the criteria by which
progression of pneumoconiosis may be de-
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termined. This is particularly true of asbes-
tosis.

It is the purposs of this paper to define
some of the anatomic stiggpate-of progres-

sion of MMW
or not asbestoais caused by ¢ ust Is”

progresaive,

Methods and Materiale

Lung burdens of chrysotile asbestas dust
were imposed upon rats, h-n&n-ndnma

and neported in thnamdy were plﬂ of & arger
investigation that will be reported separately..
The inhalation chamber in which all animals
{except four guinee pigs) were exposed to dust,
measured 8 X 8 X 8 feed. The animale were
housed in wire cages thet were suspended in
racks. Periodically, these cages were rotated so
that inequalities in dust expasure caused by po-
sition were largely cbvisted. The exposures
were for six hours per day, five days per wesk.
The total exposure varied. as listed in the table.
The chrysotile ssbestos was bdallmilled and
then fed into & hammerwaill (modifled from »
design by Hoit and Youngsy. This vas prevwided
with inlet and cutiet tubimg so esvanged that
the comminuted asbeatos was fod back comtimi-
ally into the hammmermill. At the smme thme, the
ultrafines were sllowed 8o waft apward into the
inhalation chamber. T'weo of these hammernills
provided the chamber with suficient dust to av-
erage 86 mg/cu m with a sange of 42 mg/ca m
to 146 mg/cn m. The sslestos dust cloud wes
evalnated by sempiing with a twe-ctage sise se-
lective devics, similay In design to that pro-
posed by Wright®* and opersted ¢ 20 i
ters/minute. The first stage of the instrumant
was a horisontal elutristar with selector char-
acteristics secammended by the Johanneginmg

Prnoumoceoniosis Conferemcs of 1030, pgsssly

of all

_acceptance of afl particles having fetmingl est-
tling velocities greater thaa
sp: ¥ 1 gmjeu cm. 0% accoptamcs
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of paracles, the terminai settling ‘clocity of
~hich 1s equivalent to 3u spherical particies -f
i emscu cma density. and droppng 4 zero ac
ceptance of particles having terrinal settling
.elocities equal to a 1u sphere of 1 gmysecu cm
densitv. All particles penctrating the first stage
~iutriator were conwidered ‘‘respirable’ ana
were coilected on a permeable-membrane filter
which acted as the instrument’s second stage
The fiter was dried and weigched prior to
and after collection of the sample. In this man-
ner. 1t was found that 639; to 799 of the sus-
pended asbestos dust in the exposure chamber
was respirable, ie, its terminal settling \¢iocity
was less than that of a8 7 14 sphere of | gm/cu
em density.

The exhaust air from the inhalation chamber
was drawn by suction through a pair of elec-
trostatic precipitators. The chamber ar was
consequently always under negative pressure
as long as the hammermills were operating.
When the hammermiils were shut down. fresh
air was pulled through the chamber before the
door was opened.

Periodically, dust from the electrostatic pre-
cipitators was collected and weighed. Since a
record of the air flow through the chamber was
kept, it was possible to calculate the average
dust concentration in the chamber air by divid-
ing the weight of the dust collected within a
time period by the volume of air flowing
through the chamber within that time.

As seen in the table. four guinea pigs were
exposed to a concentration of chrysotile dust
averaging about 20 mg/cu m. For this exposure,
a smaller chamber was used and the dust was
prepared by atomizing a suspension of bali-
mulled chrysotile asbestos at a pressure of 100
lb/sq in and impinging the emergent jet a near-
soruc velocity against a tool-steel baffle. The av-
erage fiber length of this dust was 0924 as de-
termined bv measurements from electron pho-
tomicrographs. Inasmuch as other data on the
size distribution of the dust are not available, it
is not possible to state what percentage of the
dust suspended in the chamber air was respira-
ble. These animals were exposed for three
monrths to this dust.

For intratracheal injections, the dust collect-
ed from the electrostatic precipitators was sus-
pended in water so that 1 ml contained 3.5 mg
}'2" The rats and hamsters were injected in-
ratracheally, some repeatedly, as listed in the
table. The injections were made under light
ether anesthesia with the aid of an illuminated
speculum that ailowed visualization of the vo-
cal chords.

Some animals died at various times following
the imposition of the dust burden. Others were
killed approximately two vears after the impos:-

Ammaels Exposed 10, or Injected Intratracheally
With, Chrysotile Asbestos Dust

inhaistion
Exposure
(Months)
ot Dust tntra T.me
Concentration tracheat Eng ot
Species (average) injection Eaxposure
Na. (86 mg; (20 mg; No 3.5.-mg to Death
Animsgis cum) cum) Inpections (Moantns)
Rats
2 0 2S 1i 13
) 05 13245
6 1 1125 24
(] 2 11.28-23
4 4 08 21
4 8 3817
S 1 21
5 2 21
4 4 21
10 [] 21
Total 52
Hamasters
9 1 13.8-21
5 2 12.5.16.5
Totai 4
Guines Pigs
6 0.5-5.5 2}
4 3 04
Total !0

tion of the lung dust burden as shown in the
table.

All animals were autopsied, the lungs werse
removed and expanded with 4% formaldehyde
solution under a pressure of 12 cm water.
Paraffin sections were cut at 6s. Cleared un-
stained sections were examined under dark-
field conditions¢ and appropriate flelds were
photograpbed on 35 mm film. These sections
were then stained with hematoxylin and eocsin
and the same flelds rephotographed. Aftsr de-
colorization and silver impregnation (Gordon
and Sweets), the fields were photograpbed for
the third time. A fourth photograph of the
same flelds was made after the sections had
been subjected to microincineration at 600 C
for an hour and treated with concentrated hy-
drochloric acid after cooling.

Representative lesions in the lungs of control
animals were also photographed for purposes
of comparison with the experimental lessons.
There were 18 rats, 29 hamsters, and 13 guinea
pigs that had been part of the shipments of the
animals later put on test, but had been oet
aside away from the dust exposure as laborato-
rv controls,

The results of this investigation are based
largely upon a comparative study of about 700
fields selected from the sections of 76 animals.

Results
Rats (Intratracheal Injection).—Immedi-
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640 EXPERIMENTAL ASBESTOSIS—GROSS & DE TREVILLE

Fig l.-—Ash pattern of ecid-insoluble masteral in
lung of ret immediately following intratracheal injec-
tion of chrysotile dust. Alveclar ducts are outfined by
fairty thick, continuous coating of dust. Some dust,
mostly in the form of discontinuous deposits. is aiso
‘ound in some distal alveoti. Section was subjected to
microincineration followed by trsstment with concen-
trated hydrochlonc acid (X 150).

ately after the intratracheal injection of
chrysotile, the dust was seen applied as a
uniform and continuous, dense coating upon
the respiratory surfaces of the alveolar ducta
and their evaginating alveoli (Fig 1). The
lumens were everywhere widely patent. Sur-
face coating by the dust of some of the distal
alveoli was also observed, but not regularlv.

After 72 hours, the proximal portion of
the racemus’ was a nearly solid, cellular
structure in which the lumens of the respira-
tory bronchiole and alveolar ducts were oblit-
erated by a polypoid mass of owvoid and
plump spindle-shaped cells which also oblit-
erated the lumens of the evaginating al-
veoli. A highly significant change in the
distribution of the asbestos dust was now

Fig 2.—Ash pattermn of scid-imsolubls material, three
days sfter intratraches! injection of chrysotiie dust
rst. Dust, now in the form
spicuisted sggregates, seems 10 form casts
ducts and fills their kmens. Very Utls dust (s noted
in the periphersl aiveoli (X 150).

’E
i

ve
mﬂammatm-y timsue and thereby formed a
cast of what was once the lumen (Fig 2). It
was, however, no longer compactly disposed;
rather, it was distributed in a flocculent

served in the move peripherally situated al-
veoll. It is probable that the increase in the
amount of dust in the alveciar ducts was de-
rived from the more peripheral alveoll. Al-
ﬂnuhaomeoftheﬁnerdutmwln been
intracellular, the greater bulk, by far,
extracellular, being imprisoned in the inter-
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Fig 2 —Minimal moderately healed asbestotic lesion
n rat exposed to chrysotile daust fcr one month, then
casturea and kiled 24 months later Lesion consists
of a partrally thickened alveolar duct Mural thickening
15 caused by hypoceliular connective tissue that has ob-
uterated alvecit near battom of field (hematoxytn and
ansir ¢ ¥ 1S0).

stices of the precollugenous stroma of the
inflammatory tissue.

When examined one vear or longer after
the intratracheal dust injection. asbestotic
fibrosis was found in all rats 2o injected The
characteristic lesion was sharply limited to
the alveolar duct as well as to the short re-
spiratory bronchiole and consisted of moder-
ate to severe oollagenous thickening of the
wall, often also associated with striking hy-
perplasia of smooth muscle :in more than
one third of the injected animals: The col-
lagenous mural thickening involved much of
the wall and resulted in the obliteration of
many of the evaginating alveoli. Generally
speaking, the involvement of the alveolar
ducts. even in animals injected with but a

N ROSS & OE TREVILLE 641

Fig 4 —Freld same as n Fig 3 after silver :mpreg-
nation shows that scar :s composed on nonbranching,
{argety parallel. thick collagen fibars that are fasrly
densely arranged (Gordon and Sweets, (X 150).

single dose of 3.5 mg of chrysotile dust, was
greater than the minimal lesion observed in
rats that had inhaled high concentrations o1
the dust for one month. As judged from the
examination of a single section of both lungs
of the rats, greater dust dosage was often.
but not always, associated with an wncreased
incidence of thickened alveolar ducts. The
occurrence of larger collagenous scars con
taining smal! remnants of air spaces seemed
also to be related to the multiplicity of the
asbestoe dust injections, as was a metaplasia
to the columnar variety of the epithelium
lining the surviving evaginating alveoli.
The sharply delimited mural thickening
of the alveolar ducts ( Fig 3) and respiratory
bronchioles, with the collagenized, nonar-
borescent, thick stromal fibers (Fig 4}, and
the associated reduced cellularity (Fig 3,
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Fg 5 —Ash pattern cof acid-irsoluble material of
same teld as n Fig 3 asfter microincinaration and
*reatment with concentrated hydrochioric acid showing
‘he presence of tangled masses of asbestos fibers in
the regrons of the scar tissue (X 15O

eroresented 1 healed or healing inflamma-
—on o Within this =car tissue. apparentlv
~questered compact masses nf 1sbestos fibers
were often strikingly prominent after micro-
acmeratton Fig 5 On the «ther hand.
1o osears were seen that contained little or
demonstrable dust The sharp Jdelimita-

n nf the scars was accentuated by the ad-
ncent normal delicate .ilveolar walls. These
were characterized by single. nonbranching
irgvrophilic ibers Nevertheless, in some of
the rats, there were also foci of a more active
inflammation Such foci were marked bhv
cellular thickening of lveolar walls and by
ronsiderable desquamation. Here, the <troma
w1s 1rhorescent. the side branches tending to
cive structural support to the increased num-
bor of alveolar cells Since similar :nflamma-
tary foci of cellular "hveolar mural thicken-

Fig 6.—Hyperpiasia of smooth muscle in rat injected
twice with 3.5 mg chrysot.'e dust and kiiled 21 months
iater. Well-defined bundies of smooth muscie are found
n relation to alveolar ducts where the only normally
present muscia 15 situated around mouths of evaginat.
ng alveoh (hematoxytin ane; ensin X 150).

ing were also found 1n the lungs of control
rat8 not exposedd *n. e injected with, dust. it
is belimed that thev were caused bv un-
related spontaneous diseaze.

No nzbestos hodie~ aere found in rats ex-
posed to or injectd aaith chrvsotile ashestos
dust.

Rats (Inhalation' —The characteristic
minimal lesion. as foomd 4 vear or more aft-
er the pulmonarv deposition of chrysotile
dust, consisted of fixi wilagenous thicken-
ing affecting patche- . 1iveolar duct wall
between some of .. evaginating alveoli

Fig 3 and 41 With -nore extensive deposi-
tion of the chrv-otle fibers. the murai fibro-
<ia tended first to n.rrow the mouths of the
evaginating alveoir ind then to close them

dreh Environ [Health—Vafl 5. Noe 1967



Fig 7 —One of smaller ze'lytar ‘oci '~ lungs =f
ramster onjected twice ~tratracreadiv aith 35 mg
arsotite gust Amimal J.ea cne yea~ ‘ater. The al.eo-
ir strycture of cellutar t.ssue § ! terated bv ceilular
srorterations. There 's a suzsges’ o of 1 2orypcid mass
s ghtly to the right and atove t-e tanter of the he
~~e~—atoxyhin and eos:in Y 15CHY.

off entirelv The fibrosis Uso dipped into
=ome of the esamnating Wveall. partiallv or
completelv onliterating vem  [n this nan
ner. the respiratory bronchiole und adjoin-
ing lveolar ducts mav bhecome converted
into relatively smooth walled tubes with few
or no evaginations. Most of the wall thick-
ness of these tubes was attributable to the
fibrotically obliterated 1lveoli that original.
iv evaginated from the former

The cellulanty of the thickened structures
varied oconsiderably depending upon the
time interval between the deponsition of the
dust upon the parenchymat surtfaces and the
death of the animal. Tn the dorid stage of
the inflfammation. as seen 1n a rat exposed to
the chrvsotile dust for four months and

CUINS & O f IEN YN} I 643

Fig 8 —Siiver impregnation of same teld as n Fig
7 shows a plethora of branching and interconnecting
argyrophilic fibers forming thick alveoiar walls ang
projecting nto air spaces as polypoid masses of var
2us s'zes. Largest polypoid mass 's one referred te »
cg 7. it fills the lumen cf alveolar duct (Gorace ara
Sweets, X 150)

killed two weeks later, the ceils in the affect
~l regions were large and numerous while
e stroma consisted uf an arvorescent net
work of argyrophilic fibers in which the cell-
were enmeshed. In time, the argyrophilu
fibers became thickened, condensed. and lost
their arborescence as well as their arinvre
philia: the latter coincident with their col-
lneenous conversion ' Fig 4). During this
process of stromal maturation, the cellulan
tv of the tissue diminished and the cells
clongated to resemble fibrocytes.

In some of the rats examined a vear or
longer after the dust exposure, there were, in
addition to the collagenous foci. cellular foci
of more active inflummation that had no ap-
parent relation to the proximal portiun of the

Aeor Eacoon Health—V'ol (5, Noo [9u7
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F.g 9 —Ash pattern cf azid-irscluble matenatl shows
'nat region of polypcid Mmass n aweolar duct -s cersety
permeated by tangled masses ot aspestos hbers Small
ar masses and aggregates of Just are found .0 periph
era' alvecn ang otrer air spaces % 150)

acemus Some ot these o mav ko oon
“un variable numoers o oav o honuenor
crRocvtes, Simalore octtalare toer of actine
athunmation were Ao found o ~oine of the
anexposed |Lboratory control rate of comygiere
ihle oze

LUns fecticn~ o 4l TSt s eXDosed uhie
maonth or loneer to beavy concentrait:ons ot
charveotile dust exhibiccd mimmal Chrauce
pulimonary lesions one e or longer fter
the exposure. In contri-t i hut one of ~<ix
rats exposed to the same dust for ~nly two
weweks were similar chanses tauna The oth
or five exposed ammals oid lunzs that did
not differ from those «f unesposed rat<. In
neither of two rats ¢ xpn<e: to the ~sme dust
‘ar only one week. w s there iy o ovidenar ot
whestotic nhrosis 11 and 13 moaths respwec-
tively after «xpo-ure

Ve foo ran e

f1g 10.—Numerous 'ununescent asbestos (oces in
region nt aspestotic inflarmmation. from *te g of a

-

hamster that receivead ~iratracheal injection 1t 35 mg
chrysotile dust and died ! 374 months (ater (unstained
section, 12.5/0.3 Letz < mct.ve and (O 9 Leitz darv
field conaenser X 153}

Conpary oo vt ot acid-insolu
ale ash s e e s ctions shortly aft
erthe dr. veure ot apoearea that onlv a
small fracion o cras aneant ot dust could
he seen n the unzs of rits ne or more
cedlS aiter the xposune Novertheless, 'n
view of the ultraniicroccor e -ize of much of
‘he chrysotile (v w1 odure of this method
ty demaonstrate oneral dust in the tissue
must not e v 0 oxd to indie e necessari-
Iv that no du~- present [t s also of in-
terest thy th. -wield examination of the
unstained e - warth ity phiectives was
negative ‘or Luninescent  naternl. even in
regions ‘.ter shewn to ontam hunaant
wid-in~oluble mmerl ~-n

In the lungs of « numier of rats exposed
o chrvotile dust two nwGioh s ar more, there

theV ol I3 N [Un/
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EXPERIMNENTAL ~>8LSTUSIS—GROSS & DE TREVILLE 645

~ere bundles of smooth muscle it otten
vnstituted  asses bl U ikl BEERETE N
s Fig v These muscle bundies were
roarply delimited ind related o tre wadl o1
“mienened abseoiar ducts. They had no oon-
Acction with tlood o lymph vessels nor
ouid a relationsiup w the muscui.ns of 4
‘ernmunal bronchiole be demonstrated. In the
new v furmed connecuve Lssue about suine
of the alveolar ducts and respiratorv bron-
chuoles, there were scattered  :land-like
structures. These pseudo-glunds represent
surviving umits of the evaginaung alveoli
that have become lined by tall columnar epi-
thelium, occasionally ciliated. No acid-insol-
nble miuneral nsh was demonstrable in the
area occupted by the proliferated muscle
ibers. ‘The regions, pervaded bv the more
wwllular and active infammation, some con-
taining leukocytes, were also devoid of de-
monstrable mineral ash.

Hamsters (Intratracheal Injection).—Of
19 hamsters, 16 died s 4 result of the asbes-
touc inflammation that followed the intra-
tracheal injection of chrysotile dust. The
three survivors had recetved only one injec-
tion and were killed 21 months after the im-
position of the lung dust burden. The aver-
ige survival of the hamsters that had one
:ntratracheal injection was 1823 months,
with a range of 1334 to 20! months. The
snimals that had received two intratracheal
injections survived, on the average, 141/
months from the tune of the first injection,
with a range of 12'5 to 16'; months. The
three survivors that were killed after 21
months were emactited ind aiso had exten-
<ive asbestotic discase.

Many of the lung sections showed exten-
sive consolidation with reiatively few patent
air spaces. In other fune sections, the consol-
idation was patchy. seemingly concentrated
about larger air spaces with relatively little
aerated tissue between the consolidated por-
tions. The consolidited portions were com-
posed of masses of cells with vesicular
round or oval nuclei—apparvntly alveolar
cells Fig 7 . Leukocytes were not seen. Al-
veoll or larger air spaces usuallv could not
be identified In these regions except after
silver impregnation [ig 8- The argyrophil-
«c mural stroma of all air spaces in the solid-
ified regions was greatlv thickened by ar-
horescent fibers that formed a louse network

« ncroaching upon the lumens. Occasionally,
‘e argyruphilic stroma extended into tie
lumen of an alveolar duct or a bronchuvle
1 polypoid manner, occluding it. The
densation of thin argyrophilic hibers to for
parallel thick fibers devoid of .arborescer. e
and the transformation into collagen, chis
Jcteristic of the lesions in rats, was not sev-at
4t all or to a very minor extent in thie:
hamsters. For the most part. the occlusion ¢
the air spaces was caused mainly by mas~+{
alveolar cells, but the contribution of the .r-
gyrophilic stroma should not be dismiswed.
It should also be emphasized that in ¢ a-
trast to the situation in rat lungs where :ne
involvement was sharply limited to the .-
veolar duct and its evaginating alveoli, there
was no such delimitation in the hamster
lung. Here, the cellular as well as the strm-
mal proliferation extended without abate-
ment to the peripheral alveoli. thus accour:t-
ing for the diffuseness of the consolidation

Following incineration, abundant acd-.
insoluble mineral dust was observed in the
involved racemi. Many individual fibers
could be identified: some straight or wavv.
others coiled and forming tangled masses.
Compared with the amount of dust found «a
rat lungs, the chrysotile dust in thc hamsiee
lungs was much more abundant and m«-+
diffusely distributed (Fig 9:. Asbestos b
ies were found in abundance throughout
affected regions. They were consideru-
smuller than those seen in human lungs
were readily recognized They were
seen under dark-field iliumunation with
objectives in unstained secuons - Fig
However. there was no parallelism hedw. .
the number of luminescent asbestos mq »-
seen in the unstained sections aiat tia
amount of dust found in the sume fieit Ster
microincineration. The amount of duss ores
ent was much greater than micht Ix- sur
pected from the number of asbestos tewdiv~
observed. Most of the dust ar«l the asbesto~
bodies were situated in the air spaces. When
observed within tissue, the asbesti= lhodies
and the dust were found trapped «.thin the
network of inflammatory argvrophtiic fibers
and associated cells that tended to occlude
the air spaces.

Guinea Pigs (Inhalation).—Barely r~uvy-
nizable, minimal mural thickening of 11 oc-
casional alveolar duct and respiratorv bron-
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A porton of the rwemus Flowewor,
nwnber ol anils cwer nvolvad was
ach greater than that in the anfmais ex-
oo o the lower dust concentration for
“ree nonths. No evidonee of healing  sig-
neant reduction oo cetislariey of the lesion
it collasens cten of the Sroma - Was seen
v snmials exoonaned o weven months aft-
crothe rooanmng ot the cvgao-ire, ollowing
micromainer dion and trestment with acid.
*he an.oant o ash seen on the oinnea pig
uns sectons was compar le to that noted
~orats that bl anhaled chimeeatile dust. \s
Yestns feudies found v the lung  sections

wereg few and Leme osmall
Comment

v ocnronie aadmonary anfammaation mav
< "o o procressive of Lt evtends from its
g ~ite into adjoonmye, presiously nor-
mal o -paces, oud 0f it remains active, re-
taiung s oron raphtilc recoilagenous stro-
ma ind hueh o llubariy ~ich a puimon
mibanmation may te corsctered biceatod of
i~ arzvrophilic ~toana ko, teen completedy

cdrenmzen wivle s ceflid aity hos hecome
considerabiv reduced.

In the rat th ot ha- inhaled Bizh concen.
rahions of chiry wtie Lonestos nhers for ondy

fow months or has bern ngected mtra
teacheally with this dust. the 1shestotic in-
fammation remams <hociv lmiated o the
proximal portion of the rucemus and heals
bv hecoming transformed mmto a hvpocellu-
lar collivenous sear Thus ¢ would appear
proper to chassify asbestosis « «used by chrvs-
otile dust as nonprogressive in the rat.

It is of hasic interest that appreciable
amounts of ashestos fiberz are demonstrable
within the -<carc of healed ¢ healing
influnmation This would suzge~t that the

s x LE TREVILLE

csappear e ol can-otile dust from the
Csan N L Gosnubion er by transport,

2ty fne aua con of heating: bue that
aeating, ot least v ine rod, does tike place—
sern the prescnce o thas dust. One would
Snt to think of the ‘oanation of the asiestos
nody as a protective mechanism by which
the -bestos filur ixcomes sequestrated and
“he ussues ~ifcruarded from further irritant
action by the fiber To what oxtent this
Mo hamusin mav apply is not known: but it
does seem that in rats, in which asbestos
bodies are not demonstrable - with the opti-
cal microscupe ' healing occurs in the pres-
ence of apparently nuked fibers.

The diminution, in tume, of the amount
of dust demonstrable in the tissue and its
ipparent disappenrance in some of the scars,
posts an interesiing question in regard to
the mechani=m by which the asbestos fibers
Juisappear. It 5 commonly believed that
chrvsotile fiber have a relativelv high solu-
bility in tissue flu:d. This would scem to ac-
count for the inability to demonstrate ashes-
tos fibers in some «f the asbestos bodies
found 1n human .:beswtic lungs. However,
dissolution of the fibers. particularly of the
coarser vnes, would require a long time—so
that 1t v uld be difficult to explain the fail-
ure f peripheral alveoli to becumme involved
by indammation Furthermore, high solubil-
itv would n: fe consistent with the sharp
inflammutory oealization of the asbestotic
lesion in the prowirii paction of the racem-
us noritg It I~ rucc snore reasonable to
oxplatn this sharp iz twon of the 1n
Hamnution on o faurls Lrompt removal of
the inhaled ar injected srritant dust from the
peripher o dveoll and the -absequent stag-
nation ol the dust in the proximal portions
of the rucemus.” The ‘rans-oort of the chrys-
ottle dust from the p«ripheral alveoli is ef-
fected hy the alveolar clearance mechanism
consisting of a proximally moving film of
ilveolar fluid.® This transport is dramatical-
ly illustrated by the increuse in. and concen-
tration of dust in the lumen of the alveolar
duct within 72 hours after the intratracheal
injection of chrvsotile dust (cf Fig 1 and
2). It may be of interest at this point to
note that the localization of the early asbes-
totic lesion to the proxim.l portion of the
=icemus was first described by Vorwald et
.1.% and recently confirimed by Holt et al.?
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e re ction of the mamee ol too s
e dwst s the intithese of that cnsenveg
Aorits The temion «viends from e oot
mnl particn of the race mus to the perivhersl
VNI, LLeRCDY prodioind extensive consoans

catons i the hamster rangs, The consaiida-
ons are eomposed ot - blitecated i <paces
‘e lumens ot whnrch are hilled with masses of
veadar cells, mostlhv desquamated Fig ¢ .
Although the inflammution involves the en
tire racemus in this anmmal, the proximal
portion shows more =evere involvement
than the peripheral portion. It is this ex-
tensiveness of ashestotic involvement with
consequent pulmonary inadequacy that ac-
wunts for the high mortality of the ham-
aiers

With the previously given definition of
prosression in mind, it i3 seen that the
diffuse involvement of the rucemus in the
h.imster would fit the first requirement for
progressiveness of the disease. if it can be
shown that the 1inflammation originally was
contined to the proximal portion of the ra-
cemus and then extended into the peripheral
air spaces. This information, unfortunately,
s not available from the present investiga-
tion However. the finding uf a2 more severe
involvement of the proximal portion of the
racemus favors the probability that such an
extension took place. The second require-
ment of progression. ie, that the inflamma-
tion remain active and nonhealing, is a con-
spicuous feature of the .sbestotic hamster
tungs. The failure of the argyrophilic fibers
to lose their arborescence and to collagenize
and the persistance of the extreme cellulari-
v of the nvolved tissues nearly two years
ifter the intrapulmonary dust deposition is
incontrovertible evidence of nonhealing

Two possible explanations come to mind
fur the difference in the disease produced in
the rat and the hamster by the same chryso-
‘ile dust. One explanation is that the reactiv-
ity of hamster tissue to the dust is zreater
than that of rat tissue. The other is that the
hamster's alveolur clearance mechanism is
not as capable as that of rats in transporting
the dust from the peripheral air spaces prox-
imally. As will be seen below. both expiana-
tions apply.

There 18 some evidence that the hamster's
pulmonary clearance mechanism is not as
effective as that of the rat. This is seen in

te considerably larger amount of cid-insol
“t::le muneral ash demonstrable in 'he ham-
~ter lung sections than in those ot rats. Fur-
ther evidence is seen in the diffu-encss of the
dust distribution in the hamster I:3 9 in
contrast to its restriction to the ;.coximal
partion of the racemus as in the rur Fig 5.

The reactivity of hamster tissue to  hryso-
tile fibers is significantly different fr.un that
of rat tissue, the former being much more

florid. This is seen not only in the plentiful

production of asbestos bodies in hamster
lungs but also in the failure of argyrophilic
precollagenous fibers to mature into colla-
gen as well as in the undiminishing cellulari-
ty of the inflammatory tissue even after a
lapse of pearly two years. This difference in
the reactivity of lung tissue in the raws on the
one hand and in hamsters on the other is not
unique to chrysotile dust inasmuch s simi-
lar and quite comparable differences in
these two species have been noted in their
reactivity to quartz dust.!'®

It is highly probable that interspecies
differences in the efficiency »f the pulmo-
nary clearance mechanism play an impor-
tant role in the susceptibility of the different
species to certain pulmonary diseases. It 1s
recognized, for example, that horses and
mules working during their lifetime in mines
exposed to quartz dust will have accumulat-
ed a negligible amount of silica in the lungs
and will demonstrate no silicosis;!! whereas
miners in the same workings will have vurv.
ing degrees of silicosis as well a8 a wug-
nificantly elevated pulmonary silica content.
We have recently exposed rits and mice «i-
multaneously to quartz dust in the saime n-
halation chamber for the same length .f
time. All animals were killed immediateiv
after the end of the dust exposure Wi
defined silicotic nodules were present in e
rat lungs; whereas, the mouse lungs were '~
solutely normal, and no acid-insolubie d:i«t
could be demonstrated in the mouse-lung
sections after microincineration unpun-
lished data).

The above observations are relevant .
the present investigation insofar as such i
terspecies differences tend to make extraps.
lation from animal data to human disca<
unreliable. The questions to be resolved .
whether the efficiency of the clearnir
mechanism of man approximates that of ti-

Arch Environ Health—Vol 15. Nov 1967
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o The craracteristic carby stestotic -
san s situated in. and sharpiv loczoa oy
tne proxuimal portion of the pulmon.ry ra-
cemus ahich, i the rat consists of 2 vers
stort respirdary brencksde and o otming
iveobir docts

- Asbestosis inorats, Coused by chevsotile
lust < nonprogressive

v T'ne esvidence for the nonprogressive-
ness of chry=otile asbestosis in rats consists
of the vbsenations that the minim.il asbes-
tote lestion is Jumited to the wall of the
respitatory bronchiole nd of the adjoining
dvealar ducts and does not extend into ad-
roaning narmal alveoli and that the minimal
L~be~totic lesions heal by becoming collug-
catzed]l g hvpoeedbular

t Tre iocahization of the nummal asbes-
‘ot hoons s oattrivuted 1o the proximal
rrin~port of dust from peripheral air spaces
tv he aiveolar clearance mechanism and
subsequent stagnation of the transported
du~t in the proximal portion of the racemus.

7o In rats chrysoule i~bestotic lesions
he td in the absence of demonstr.uble optical
M ro~cupe  asbestos bodiex and in the pres-
enee 1 ohnvsotile fibers, the latter becoming
‘rapre<: 'n the scar tissue.

s there is o oonsiderable reduction in
the amount of chrvsotile dust found in the
lung =cct:ons of rats one vear or more after
the impuosition of the lung dust hurden as
cor ared with the amount of dust present
-horuv after the dust burden was imposed.

The reaction of hamster lungs to chrys.
ottle dust 1s the antithesis of that ob~erved
n ~its The leston is progressive, extending
into peripheral air <paces =0 45 w involve
the entire ricemus and thereby producing
Cxtensts consohidations leading  to the
desth of the arumals. The lesions do not
hesl. ~ince the precollavenous stroma and
the migh cellularity persist= through the two-
vear period of observation At the same
time. the amount of asbestos dust demon-
<trible in the sections remains larce and
JiTuseiv distributed.

2 The proeressiveness of the chrysotile
ashestotic lesion in hamsters is ascribed to a
less effective pulmonary c¢learance mecha-
msm 1nd to a greater reactivity of the pul-
ronary tissue than exist in rits

SOGidess o Db TREVITLE n49

v The carlv chrvsoule asbestatic le-.on
L1 oswined pres resembiles thaat b ¢ oS0 St
has not been adequately -tudica ro permu
rarther characterization

This studs was supported copa e e Head
wrvwe giant OH 00132 fobns STa 0 Connpans
erntgh the courtesy of Kot A s ek M IT

Gttt e ey sotHe asbestoss
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tablinbimwent of the 'nenmuw oniosis Research
tohannesbare n 1954, imvestieations have been
cndarakn o awertan whether pulmonary Jesions and
comphoations tollowang the inhalation of crocdolite and
Juns were vnubar 1o those assediated with ov
chirvaotile dust ' The resafte imfnated  that
amosite dints essentally vaused an anter.
il fihrosiy, this was seen to be peribranchiolar and
rervaseular in distribution during the carly stages, and n
the later stages the lestons hecame diffuse. with alveolar
thnkeming and  peribeanchinlar  and  perivascular
1 TFLINT S

Other chimical investigations suggest that ashestos may be
mpleated 1n the development of malignant tumours of
the pleurac. and primary neoplasme of this nature have
keen descrihed by many authors in recent years.2®

The pathological evidence associating these tumours
with ashestin appeared to he inconclusive. Wagner,! how-
wer. reported that 47 cases of mesothelioma had been
entificd 1n South Africa up to the end of June 1960. In
4% of theswe a possihie association with expomure to crocido-
lite from the Northern Cape has been established. Whether
the primary factor in the development of these tumours is
exposure to ashestos dust, or to a contaminant of it, s as
vet not known. According (o Wagner, one would expect
umilar cases from the Lydenburg district, since the nature
of the rixk, ore and fibre. are almost dentical with those
of the Narthern Cape.

Attempets to produce tumours in experimental animals
Ry cyposng them to an atmosphere of asbestos dust or to
mtratracheal inpection of asheston have heen diappomt -
me ™ Voewald er ol ' found  that  ordinary  indusirial
ashostos dust and long fibees from which the small marticles
had heen weparated gave peribronchinlar Ahrosis. With dust
particles Vo or less there was fittle or no reaction in experi-
mental antmals. Behrens!'- also reported that pure chrysotile
drvhestos injected intranenitoneally into mice and ntratra-
cheallv into rats produced only a non-specific fihrous that
might he due to a foreign-body reaction. At present no
evidence v available repardine the mathogenicity of croci-
dolite 1n expernimental animals, although clinical reports
iwriminate crocidolite as a possible aetiological factor in
the development of malignant tumours in the lung of
humans. The preeent pretiminary study was  therefore
planned to investigate the pathogenicity of crocidolite and
a mitture of crocidolite snd guartz in the lungs of rats.

N ity
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[EARTRINY I
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wall

TARE | W27 DINSTRIGUTION (W PARTICLES OF ( AOXCIDOLITS

AND QUARTZ.
Crocidolite Quartz
ST 26 |6
TS )] 90
T 40 S0
144 w R o}

MATERIALS AND METHONR
Duxt \amp!c« nf very pure rock crystal (quartz) and

- Linimad frnonm tha

STUDIEES ON  ASBESTOS

Nt s wmecanr Doparonent of Phvaologv, Universpey o Sicllenbos b

P amomatony asD CHEN G M ae s ~ - .

DOW-1455

Department of Geology, Univerauty of Steffervboach |
ashestos fibres were ivodatedd, cut ap s hinely as pens,
and ground for «everal days. The rik crysal was crip
and also ground in an apate hall mill The wre dive
tion of the partlcs n piven in Tabhle | A mixture

TARIE 11 (11 M AT ANAL YSIS (F ¢ mer (0 6T
(from Vermaas'")

Se(), 51-94 Ca0) 0t
Ah‘), 0'20 N.", . 60
Fe,0, I8-64 K0 0.0
FeO 19-39 HO -~ ao
MgO 137 HyO - 2

Total 100-7;

quartz and ashedton was prepared in the pmporuon
25:75. The chemical composition of the crocidolite ashe:
it given in Table Il. - e

Animals. Albino rals (Ratius noevegiows, Wntar ir
tute) weighing 150- 175 G. were used. Two groups of
animal each were injected intratracheally with suspens:
of ashestos and a mixture of quartz and uhem res
tively.

Dust aespensions. The dusts were suspended m O
aline n the proportion of S0 mg. of dust per 1T ml |
amples of cach of the dusts were weighed out in s.r
capped bottle 20 ml. of alinc added. and the suspen:
sterilired by autaclaving for 20 minutes at 1S-1h. pre<s
The urpensions were shaken hefore use

Infpction of dusis, Toe an mals were hightly anac dhet
with cther. They were ticd o ther hacks on a oy
dissccting haarcd (¢ 4% ), the lenpue retracied with a
a spesuium antroduced through the mouth into the the
and the head drawn forward and downward wntil
chords were visible. A 16.gauge Munt hollow need!
inches long, was then inserted into the trachea: a yr
containing ! ml. o suspension and | ml. of arr
quickiy attached and the sispenuon injected (orcibly
the lungs.

Dwration of crpeeinient, The cxperiments lased
days and one rat out of each group was killed at 20
itervals. A few arurnals dred and had to be discarded.

Histedogical technigiee. The anmals woere anacwin!
with cther, the trachen cyposedd, and 100 ml of
formol-cahing inpevted intes the Tunpes b anserting a svr
needie into the trachea. The tracheas were then tiad
the animals amtopsicd, and the unopencd lungs preseryve
1S formol-sadine. After fination, the lungs were sevt
in a agittal plane near the illum and whaole - lung bl
were embedded in paratlin wax. Semal sections of
thickness were cut from each block. Of these. two
stained with hacmatoxylin and cosin and another imp
nated with silver (Gordon and Sweet'’). The rema:
wechions were ke as spares,

Grading. The grading of the matunty and swver
the lesions was done according to the new system of |
~t ol 18 ae faltawe
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Caroncomce Appearances
Aacroscopre examimnation of the tunge of the anmmak
the ashestim and quartz.ashestos groums showed no

atstarndhing differences over the firdt 10O days. The dust

nrihutron hetween the two funps tended to be irregular,

A more dust apmarently entered the left lung than the

cht tung. | ocy of dust were seen on the surface of the

ing<. but no Aheotic changes could he oheerved.

After 10N days the lungs of the quartz-ashestos animals
acame firmer and alw farger in size compared to the
angs of the ashestos group. Areas of fibrosis, particularly
n the doral aspects of the left kngs, were seen while in
he asheston group the fungs rermained soft with only a
cw minute levons vivubie on the pleural surfaces.

Hicraseope Appearances
The grade of fibross and the amount of fibrosis pro-

Juced by ashe<tos and an ashestos-quartz admixture in the
lungs of rats over a period of 220 days are given in
Tahle 1L

TAMPE 11! GRADE AND AMOUNT OF FIBROSIS PRODUCED BY
ASBENTON AND AN L\l&\fﬂ\g.)::;‘l ADMIXTURE IN THE LUNOS

4 herrae Ashrygsas ond Quares
Navs of - e o s e —— -
rov i rad Gratv of Aweonst af Tored Grodr of Amunt of Tovel
Mhrrvete Aty F ) Abooete Sbrarie
» ' 3 ad t ) 3}
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) N ] [ o ] 1] )
1oy ' A \ 1 b b1
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*{adicates cavss wih infogtmn.

The pathological changes caused hy these two dust
samples followed move or e the ume pattern over the
first 10N davs after the stratraches! administration of the
dusts Some differences were observed concerning the cell
tvpes involved, the rate of phagocytous of the dusts, and
the utes of hiaue reaction, as well as the incidence of
infection. (On the mntroduction of bath dusts a (ypical
foreign.-bodv  reaction was found. The reaction in the
quartz-ashestos group was more severe and numerous
mononucicar celle and feukocytes were mobilized, much
more <« than in the lunge of the ashestos group, where
mast of the ashestos marticles were phagocytosed within
fN days snd relatively limited cell destruction occurred
compared 10 the ashestos-quartz group. In the latter group
‘nrme acheston and quarty. particles were found lying free

Acheston dust alone was readily inge<ted by the macr
phages and transported to the vicinity of the small hron
chiolt, where hig aggregates of dust eventinlly accumy

Fie. 1. Lung section showing numerous

loaded with asbestos particles in the vicinity of a bron.
chiole. with some alveolar wail thickening, 60 days after

the intratrachesal injection of 50 mg. of pure

dust. (H. & E. x 430.)

lated. The dust lesions in the asbestos lungs were therefo
peimarily encountered around the bronchioli and to
lesser extent in lung areas with a relatively high conce
tration of dust. These lung areas were well marked
alveolar wall thickening and the accumulation of numerc
macrophages and giant cells, loaded with ashestor pertic.
(Fig. 1). The quartz-ashestos mixture, on the other hat
provoked a general and widespread tresue- reaction
which the hronchioli. blood vessels and alveolar walls we
involved. It appeared as if the presence of a small conc:
tration of quartz interfered with the phagocytosis of !
dust to such an extent that a diffuse fibrosis resuited.

Hyperplasia of the lymph nodes of the lung was ¢
common in the ashestot group except: in cases w
infection. In the quartz-asbestos lungs the nodes appea
to hbe hyperplastic and infiltrated with fibrous tissue.

The incidence of lung infection in animals injected
pure ashestos tended to be higher than in those wh
received the ashestoe-quartz mixture. From the histolog
sections it was ohserved that the bronchioli of <ev
lungs injected with ashedos dust were comple
blocked with mucus and infiltrated by leukocytes, ma«
phages. and mononuciear cells. Dust lesions in these |
areas, ivolated from the respiratory tree, showed a mar
increase in collagen content and progressed to grac
Rbrosis (Fig. 2). In animals without infection the prog
nion of the leioms was relatively slow and they reac
only grade-1 fibrosis after 220 days (Fig. J).

Tn the ausrty.achestas group an acute infection
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produced in thes peried thag 40 Comparned tooa krade
anmmals witheut aniection, i (he ashestos peroap
Noomahgnant tumours or any neoplasms of the

Fig. 4. Rat lung section, 200 days
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Fig. 5. Part of lung section, 1K) days after inpection of
quartz-ashestos mixture, showing pleural thichkening w!
mononuciearcell infiltration. (4. & E. <« 1%,

were ooserved, aithough pleural thickening was foun
a few caves with infection and in most animals inic
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ccee et rohicubin and collagen in the dust lesions was
Stsonvad rovdtine teravnalty in the proaduction of com-
cact o paetndhy acelular Collagenons nodiles in the
chestos croup progression of  the imtal reticuhin was

Fovrcd and ot ended with ondy hieht ingrease in compact-

voss wath o wathout a few fine collagen fibres 1n cases

AT il hon

Fhe prosant resalts demenstrate that tine asbest « mar-
toles are o aovery low toaeity 1o lung tissiee and priduce
only pentbronchiolar, and to a lesser degree perivascular,
retivabin nctworks Fyen in cases with acute infections,
ibhroeenesis did not progress bevond grade-2 fibrosis. The
tpical ashestoas of humans could not be induced with
prure ine ashestos dust in the lungs of rats. HHowever, the
addition ot alica dust (12 5 me) to the same ashestos dust
1T € mg ) led to massive fibrosis (advanced prade-1). Roth

with

the maturity and the amount of fibrosis cecemed excessive

when compared to the levons caused by  equivalent
amaounts of the individual dusts, The mcroscopic pattern
of the pathological chaneces appeared to be very similar to
those described by Glovne's and Lynch and Cannon'? in
humans Bouser o1 ol '™ concludaed that the common factor
in the [ungs of miners of ashestos and iron-ore it selica
and 1t s wnegested that this may be the carcinopenic agent,
causing pulmonary fikrosus, which nrecedes the intiation
of the mahenant process. Doll* also pointed out that the
risk of lunge cancer in ashostos workers was of the order of
1 times that expericnced by other men. Prohably this risk
was greater before 1913 and has hegcome progressively ess
during recent years as the duration of emplovment under
the old dusty conditions has decreascd.

The fact that no mahignant tumours have been produced
hy either crocidolite asheston or a3 quartz.ashestos admix-
ture might he due to the very high reustance of the rat
apedies to ncoplasmes, as well as to the timnated duration of
the present caperiments. However, it appeared that free
sthea enhanced the pathogenicity of ashestos dust and
that in the presence of slica <ome pleural changes have
heen produced. although not of a mahignant nature.

Recently it was pomnted out hy Harrington'® that oils
contaiming V.4 benzpyrene and related cubstances occur in
crocidolite and amosite. The significance of the association
hetween ashestos fibres and hydrocarbons on the one hand
and the production of malignant neoplasms on the other
hand could not be assessed from the present experiments,

| ARORATORIT M.

INv Kimirawrexs - - - X7 Suvee
hetaiine weathered cricudonhite has heen wvedy - whach
hvdeocarbon content might hase  been eddremely
However, it v doubtfut whether the concomtration - of
henspyrene in virgin crocidolite would he hight enoog!
produce ncoplasms, seeing that coal dudt with a retatr
higher concentration appeared to be inert.

The present results support the conclusioms of Bo
et al' that silica in combination with ashestos may
ctremely dangerous.

SUMMARY

The mathorencity of pure. very fine crocidolites parti
and of a minture of crocidolite and ynartz wasinvesdtig.
aftcr intratracheal injection of 50 mg. of  these-dyats. |
the lungs: of rats. The -proliferation: o(eMdue

<X .

these two dusts respectively was found- s diff
cantly. i
The crocidolite particles elicited an mithu‘or% x
that became slightly more compact. with: with
collagen fibres, especially in cases with %
appeared - that exposure only to nbem pre
to scute respiratory infections. o -
The asbestos-quartz admixture gave axmvc

aa“‘ .'

-

.crease~ in- reticulin~.and <collagen..-

acellular collagenous nodules (grade-3 ﬁmbu
logical picture of -the pathological chm«l to
very similar to those observed in humanashestc
Ashestos dust in combination with a small amount of
silica should be regarded as extremely dangerous. -
No malignant tumours have been. produced. in
experimental  period - by cither asbestosoei the - ashes
quartz admixture. Some non-malignant- pleural char
were observed in animals of the ashestos groap . with in
tion, and in animals of the asbestos-quanz: 2 group..

'i‘& 7"‘-‘-‘/ FIRCO
REFERENCES e e e
l.w.m.lClo!MA.).N4v- -
.1 u:&o m’ . mé-‘t." 10t
. . 1 - L aan - N
v Mot 3 e, Q. (14471 Acta twed— “m'ﬂ-
4 CGintwen, M. (‘. 11947y Cancer {Phital. ), IC. -
VM aughey, W, T, 19y § Path, et . 78, ‘l?
N Wagner, J ., Slegss, C. A and me P (19 An
temtimtr. Med., 17, Jon),
T Lemh, K. M and 'umm W A, uﬂﬂ)- Amee. }. Cancer. 24,
B Ielt, R, (19487 West. Imfwnte, . 13 8t
o, Carttee, P, (1982): Mch. IM N N W, X
10, Vorwad, A. 1. ond Kere, J. W. mm Amer. §. Pathe, 14
. };:;'IH.HA. 'i: F ane. T. M. and Prert. P. C. (1931):
oty M)
12, Hotwem, W, ilﬂln w l. Path., #4478
1. Vermmea, F. M. 8. (1932): Mhﬂrkﬁcﬂ.tﬂ
:: :m- N.P -mg“::m'; N llvllﬂl\l Amee, 1. Poth., 12 W3
. Rems . . B ogensthen. ol - Magehwtwned
(1983): Ann. Occup, Med.. &, 149,
1A Glovne, § R. (19S1): {ancet, 1, MO,
17. Lynch, K. M. and ('lm‘ W. M. (194%): Ihe. Chewe, 14, R4
it Anwser, Q. M, Faulds, J. 8. and Stewart. M. 1. (194¢): Anw
Clin. Path., N 12
19 jlaeringten, J. 8. (192): Nature (I oad ). 108 40

A CASE OF PERSISTENT THYMUS DIVERTICULA IN THE NECK

1AL KEeS, Department of Anatemmy, University of Cape Town

The persntence of staths of thymic Ussue 1n the neck,
vemonstrating  the cmbryological origin of the thymus
uvland (rom the entoderm of the third pharyngeal pouch.
i~ undoubtedly a rare condition. In the course of 30
vears experence of teachime anatomy thie o the fieet

dissecting room. Descriptions of such a congenital abr
mality are absent in many «andard anatomal

cmbryological textbooks, and anly a few references co
ne found. In Braus' Anmaromic des Memwchen (14

there 1« a «chematic and hvpothetical drawing of the n



