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Ulass wool is fabricated by'ejcc;iug molten
glass by means of supercharged steam inte 4

chamber. “héi‘é"it'agmmts varyving from 23

70 30 e, in length fall! During the process
of manipilaring this product in the manu-
facturing of rextiles, fragments are released

into the air and have been known 10 act as

skin m'na.ats,’ but they have not been in-
criminated 25 2 cause of puimonm Rbrosis,?
though occasional cases have been oited i
connection with which the inkalation of glass-
wool dust has been implicated as 2 contribut»
ing cause of pulmonary disease of variable se-
verity,¢ At the most, thése reactions have
heen attribured 10 mechanicai irritation, as
glass does not contain any free silica. Pow-
dered glass has been shown to be inert for
subcutaneous or ocular tissues,

The increasing exploitation of pgiass wool
and of glass fibers in industry and the simi-
larity between glass spicnles and asbestos
fibers necessitate comstant vigilance con-
cerning the propértics of thede glass fbers.
The descriptiont of the pulmonary lesions
resulting from the introduction of glass wool
inte guinez pig lungs witl serve to show
that, though the silicon element in the glass
is present as 2 silicate and thus does not
provoke the characteristic nodular disease
assoctated with quartz inhalation, glass fibers
of the caliber and length used in shis study,
when eifectively lodged within the lung tis-
sue, are nevertheless capable of producing
fuite remarkable lesions.

Recorded ior publication July 1}, 19%3.
Director. The Saranac Laboratery.

The Beobrgical Aution of Gloss Whot

The observations flowing, respectively,

~irom the intratrachesz! and the inhalktion

experitnents described by Schepers and
Delahant * will be presented separatedy,
INTRATRACHEAL STUDRY: 10%-Ka GLASS WOOL
Cne month aiter the inuatrachez] imro-
duction. of glass-wooi fibers, 2reas of lung
tissue are demonstrable in which the alveolt
comtEin worierous wribnucleared piant cells
in which glass fibers may be found. Some

alveoli may contin several such giant cells,

and in others.the giant cells are so large

“as t0 All the greater part of the alveok. The
- sinaller ‘the fibers introduced, the larger are

the associated giant cefls, No free-dying
glass fbers could be observed, The zlveciar
wells zre infiltrated by macrophage cells
and occasional polymorpbonuciear lencocytes
at numerpus points. There is, however, no
appreciable hyperemis, and only isolated
glass fibers have penetrated into the aiveclar
walls, elther separately or in a phagocytased
state, Many of the longer fibers appear also
10 have either evtremity ¢embedded in an
adjacent alveolar wall {Fig. 14),

At severai sites these istands of phagocytic
resction involve the lung Ivmph nodes, which
are considerably hypertrophied, with fvm-
ghocytes overflowing into proximal alveolar
walls (Fig. 18). Glass fibers are not, how-
ever, found in the parenchymal iymph nodes.
The hifar Iymph nodes show some endo-
thelioid celf hyperplasia and promisent lymph
follicles in which macrophages, with minote
glass spicules, may be found.

The lung feids intervening between these
affected arecas appear relatively normal.
except for a2 measure of mc:p:cnt atrophic
emphysema.

Around some of the smaller bronchioles
the cellular infiltration may be quite abundant,
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Fig. LewAcute puimonstyc Uisue reaction 1o long-fiber glass woolwguistey pigst intrairacheal
injection of 0w-I0u fBbers: result ajter one month. 4, giant macrophage filled with glass
spicites, some of which are seent to penetrite the alveolar walls and dlood vessel walls. B,
proliferation of tymph nodes and extension of the celfolar ceacsion into adigcens slvecdar walis.
¢, peribranchioisr cellwlar inRammazory reaction. with epithelialization of adjacent alveoli. D.
wide zone of cehiular infiftration atound a bronchiole. which it distorted 3nd fnked to atroph
alveolar duces; degenerative changes in adjacent vascular bundle
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and the lining epithelium shows considerable
hyperplasia, with some superficial desquama-
tion, Very occasionaliv. glass fibers may bte
seenn sdhering to the surfaces of the bron-
chial epithefium, hut there is ne mucosal
reaction to their presence, These affected
bronchi and hronchicles occut in proximivy
to he islands of parenchymal reaction
tFig, 10},

Ar isolated sites there is a broad reactive
ecliviar zome arcund the smaller bronchs,
which compietely obscures the pulmonary
histiogrchitectonics, The trapped bronchus
may be disorwed and digtended (Fig. 1D,

The trachen! epithelium tends to be some-
what hwvperplastic and is ¢overed by a thin
layer of exudate which contains polvnor.
phonuclear lfencocytes,

Two months after the introduction of the
glass-wool dust, much of the reaction seepn
within the fizst month Has receded. There
now are {ewer parenchymal islets in which
glass-illed macrophages occur within the
alveoli, More frequentiy, these macrophages
are to be seen diffusely scattered throughous
the fung tissue. Isolated foci of intense, and
even confluent, interstitial celfular infiltra-
von alst outar,

A new feature is the abundant presence
of cosinophile cells within the alveciar wails,
the peribronchial or perivascular tissues,
and aiso sometimes within alveolf or bronchio-
lar fumina. The bronchi and trachkea show
no material pathelogical deviations at this
stage.

The ivmphatic reaction has become modi-
fied, and the lymphocytes now oGcupy peris
vascular and pericapillary positions mainly,
This change is fairly diffusely disseminated,
The hilar [ymph nodes show no further re.
sction,

Ar the end of 12 months, a congideranle
amount of glass sull persists within the
lung tssue, and there are isolated isiets
of copfluent ceflular pneumonitis. More of
these fibers are now to be found within the

“interstitial pulmonary tissue in areas where

such proliferation persists and such fibers
1end to o2 Tetatively long. Generally the short
Rbers are within macrophages with refatively

atrophic alveoli, and the Jarger fibers are 10
be found in the alveolar walls. The bron-
chioles show some superficial epithelial des-
quamation { Fig, 24}.

Cecasional bronchicles may be trapped
within hyperplastic areas and appesr ste-
rosted, These areas differ {rom thost demaon-
strated after the first month in.that there
are many more fibrocytes than inflamematary
cells znd the tissus has a poorer blood supply
{Fig. 28}.

In the iymph stodes, the plass is now
condensed into formless foczl deposits, with
wo evidenct of mactophages bt with some
celiniar condensation araund them {Fig, 2C),

“The Iymph nodes of the lung parenchyma are

normal once more,

At the end of iB months, the interscitial
parenchymal reaction may yet persist but is
now minimal in degree. Glass Ribers ate now
but scamily represented and occur mostly
in the slveolar macrophages. Some glass
rods may, howsever, be displayed within the
interstitial tissues, and some are stilf seen
1o transhx aiveolar walls, The main abnor-
mality now concerns the bronchi and broa-
chioles which tend to be regionally distended
and display many crypts and papillae cov-
ered by a thin lining of cubsidal or squamous
cells. This bronchiectasia snd bronchiofes-
tasia had aiready comunenced at 12 months,
but the crypt apd papillary formations are
fater trends. The condition is more marked
with exposure t¢ the shorter, narrower
fibers {Fig. 2.

INHALATION EXPERIMENT: éx AND LESS FIBERS

The essential difference between the result
of the imtreduction of glass wool by means
of 3 single intratracheal injection and the
slower inhalation ©f the fibrous particies
under experimental conditions is quite serik-
ing.

There is no acute response of the bronchial
mucosa to the inhaled plass-wool spicules
which impinge cpon its surface {Fig. 34).
Very listle reacrion occurs before the fourth
month, whereas fn the intratracheal expert-
ment the maximal effect is achieved within
the first month. By the fourth month
there are many macrophages i the alveol.

01 501 1580




ade,
1ole

in a broaeh

frtrairacheal
teaction

y cetlufar
ble. B, diffuse peribronchial cellular

rypt farmation

glass woolwguintca pigs:
raistens deminantt

A, per
f Gbery discerns
fbroeytre in character. £, amorphous accumplation withis a fymph A

tongvhiber

months,

D, distortion and incipient ¢

result ay 12

Fig, 2~—£hronie polmotary reaction o
M= fibers:

misctice ol 26w

arownd 3 distorted bronchiole; rumerous gluss

tezction now fargely
which is surrounded by a fibroti¢ process.

with & reactve suryowmnting zone.

01 501 1581

AL VA AbAea



-
>

o
¥ ﬁ‘r:,d-“;‘;:
N i Y2

Fig. JewBarly tesponse to {nhzled short-fber 7iass wool—guinea pigs: inbalation study of
less than Gm fibers. A, presence of gioiewoo] dust within a3 breachus o the 18th day, showing
absence of immedidte reaction. B, cellular infltration of slveofas walls, with hyperplisia of
parenchymal pulmonary lymph nodes {reaction 2t four manthsl. £, epithalizl hyperplasiz ang
peribronchiclar fibroceilular reaction, bringing about progressive narrowitg af the fumen
{reaction at four months), 3, cpithehatization of the zlveoli adjzcent to 3 bronchus {reaction
alter a vear).
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These are separate ¢els, and there is very
tle of a tendency w giant-cell {ormmation.
Eosimaphiles  are fairly numerous sow,
whereas tiey appeared later onily in the
intratracheal experiment. Glass fibery, on
tiie contrary, are very scarce, and becauss
the ihaled substatier containg fhers fess
thain Oy only, they are limited to short
~picules. all of which are intracellufar.

in the lusy parenchying, there are patches
ot almost solid cellular reaction around the
Ivmph nodes whose profiferating cells aver-
fow into adjacent alveohr walls, while the
presence of large numbers of macrophages
withinn such alveoli contribute to the impres-
sion of a diffuse preumonitis ( Fig. 3B).
There iz no hyperemia. The hilar lymph
nades show no particular reaction,

In the bronchi, there is considerable epi-
thetial hyperplasia and ceflular desguama-
tion, and a tendency to papitionm farmuation
i3 present in the smaller bronchioles, with
mucosal hypertrophy in the farger air pas-
sages, There tends to be marked peribron-
chial gellylar infiltration ar this stage, with
the evolution of muitipie bronelial glandular
cysts and muosal papiliae, A tendency
toward bronchiectasia and bronchiofectasia
has commenced {Fig. 3C}.

By the end of nine months, glass fibers
commence to make their appearance in clus-
ters within zlveolt as well as in the konio-
phores. The bronchiclar ¢rypts are more
prevaient, and there is fairly considesable
peribronchial and perivascular celiular in-
filtration, with some collagen deposition,

A vear after the commencement of the
glass-wool inhalation experiment, the guinea
pig hungs show a bronchitis and bronchiec.
tasia, with marked focal cellufar pnenmonitis,

The bronchial (bronchiolar) disease con-
sists of epithefial proliferation and distention
of the lumina, with extension of the bronchio-
far epitheliom over the walls of the proximal
alveoli. This produces & very characteristic
lzsion. comprising a dilated bronchicle sur-
routtided by a zone of epithefialized alveofi
(Fig. 30}, A fibrocellufar reaction about
these bronchi may enclose such epithelialized
alveoli. creating a spurious adenomatous

¥

atfect (¥ig. 4.f). .\ considerable degree
of bronchial epithelial hyperplasia has supers
vened, and the fining shows marked rugosity
and incipient metaplasia. There is no ulceran
tionr or submucosai infiliration « Fiy. 38).

The parenchymal sslets of reaction are
composed of thickened zlveclar walls, with
multinucleated gians cells and magrophages
occupving the majority of such alveoli and
vontaining many glass fbers. Occasional
cosinophile cells are 10 be seen, but there
is no hyperemiz ar colagenosis ( Fig. 4C).

in the vicinity of hvmph nodes, there is
vonsiderable dissemination of lymphocyries
into adjacent aiveolar walls. Many bicod
vessels aiso are ensheathed in fairly thick coi-
Jections of lymphocytes. Some such arteries
show medtal myohypertrophy. The hifar
iymph nodes are enlarged, owing mostly to
medullary endothelial hyperplasia and “dn-
filtration by means of macrophages, many
of which conmain ghss fibers.

By the 18th momb of glass-wool dusting,
the puimonary tissue pathology ceases to
reveal any significantly new features,

There still is intense alveolar wall thicken-
ing due to macrophage and plasma cell in-
vasion, and there is also almost universal
miner capillary hyperemia, with conspicuous
perivascular macrophage infiltration. In ou-
merous areas there is merely abundant intra-
slveclar macrophage jormation and no alveo-
far wall reaction of any consequence (Fig,
).

The parenchvmal iymphatic tssuz still
escapes, evers when bymph nodes mav be
aimost completely surrounded by an exresn-
sive accumulation of macrophages. The bron-
<hitis persists and comprises mainly epithelial
hyperplasia, with increased gobler<ell activ-
ity and ceHular catarrh, and there is also con-
siderable peribronchial ceflular infiltration.

(lass fibers are presem evervwhere, in
stained sections they may be difficult to see,
but scattered piant cells are to be found
within alveoll. Dark-field examination of un-
stained sections shows up the universal dis-
tribution of the plass to good advantage.
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Fig. +-~Chronic tesction so inkaled thatt-fiber glass wodl-—guinez pigs: inhaizuon study
of less thant ok fibers. o, peribronchial fibroceliular reacrion waich has surrounded epitheiiafized
alvenli, thus producing a spurious adenarnatous appearartce {reaction at

of bronchial epitheliom without indammatory reaction in the mucoss fonc-year resuit), €, faeal
patenchymad ceflular r2action, with a2lveolar wall reaction and macrochage atarrh {one-
resuity, 2, glassenber-filled macrophzges. occupying aiveatt whose wails show
resction {result st iB mombks},

ane year}. 8, Byperplasia

{one-year
He sigmificartt
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COMMENT

These intrmrachieal and inhalation studies
with glass weof have confirmed faitly con-
clasively that glass is ot Bbrogenic when
refained in the lung tissue, At the sanre tine
the gravity of the tvpe ol bronchial fesion
proveked nevessiiates mution in dismissing
ghiss wool 48 iunocuons, indeed, it should
be reparded us a porentially harminl sub-
“anee i circhmistances leading to the inhala-
tion of Iarge <uantities of the 1ype of prod-
wet suulied in these experiments, { Rher
awniern types of glass woni or fiber glass
Y nol Have any comparable effects.

bt several respects. the pulmonary reac-
$#n 1o glass wood ix sinsidar to that produced
hy ashestas fibers. which the glass spicules
resembie. However, despite the promsinence
i glass spicules in the lung tissue, no “glass-
wnol bodies™ were ohserved which could be
vonpared to “asbestos bodies.” it i there-
fore not the shape alone of the asbestos fiber
which leads tn the fnrmation of ashestos
hadies,

It is 1o he noted also that asbestos fibers
are intensely Abrogenic, whereas the lung
tissue reacts to the glass fbers by mieans of
a ceilular response chiefly. This contrast
again emphasizes the (act that the physical
resernblances between glass wool fibers and
asbestos do not determine their respecrive
pathogentic propensities,

Obliterative damage 1¢c the bronchioles
and the proliferative reaction of the brone
chinjzr and bronchial epithelivm are ob-
viously the more imporant lesions caused
by the glass wool. There is butr a Hmited
range of substances which can provoke epte
thelial hyperplasia in experimental animals,®
and the specific erfect of glass wool thus
extendds the Hst, The significince of this

g

whservation it reliutios to uncoyeliests firvds
fstrther clariticanion.

SETMMARY AND CONCLYUSIONS

When introduced intratracheadly, long-
nber. meditivcaithber glass-wool dust pros
voles early nurked bronchiolar damace.
which persists for more than a vear swithout
feading to well-defined fibrosis,

Some of the glass wool is tranyierred
10 the hilar lvenph nodes where it accumuiates
without inducing local fibrosis.

fnhalation of short-Gber, medium-caliber
slass wool produces a retarded pulmonary
reaction, comprising partdy an intersutial
rsumonitis hut dominuntly an endobros-
chiolar and pertbronchiotar lesion.

A tendency toward brouchizl epithelial
hyperplasia arises under the influence of pro-
Innged short-fber, medium-caliber plass-waol
inhalation.
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