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Commercial hydrous calciun silicate is one
of the products that have been studied by
long-term inhalation experiments at The
Saranac Laboratory. These studies were
commenced in 1943 under the direction of
Dr. L. U. Gardner and with the assistance of
two of us (T. M. D.and A. B. D.) who aar-
ried the work to its completion after Dr.
Gardner's death. Guinea pigs, rats, and ham-
sters were used, and the experiments were
designed to reveal the mature of the pulmo-
nary tissue reaction to inhaled dust of the
material in normal animals and in those har-
boring an experimentally induced tubereuious
infection.

From experience with other siliceous
materials one would expect to And that a
product composed only of calcium silicate
would be relatively inert in its effect on
tissue. Extensive ¢linical studies of industrial
workers exposed to cement dust in high
concentration have, for instance, shown that
the effect of the inhaled dust of that material
on the kungs is insignificant. Portland cement
is composed principally of two alcium sili-
cates, namely, dicalcium silicate and tri-
caleium silicate, Recognition must be given.
however, to the possibility that any poten.
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tially hazardous rew materials used to make
a product might not be eagtirely converted
to a nonhazardous form during the manu-
facturing process and, therefore, might
appear to a greatef or less extent in an
unchanged condition in the final product.
The clay and shale used in making cement
often have 3 quartz content of 205 to 30%
or more, but chemical reactions, occurring
when the raw mixture is heated, convert
practically all the,hazardous {ree-silicc min-
eral 10 a relatively harmless silicate. In mos:
samples of cement the amount of quartz that
has come through the manufacturing process
unchanged is Jess than O.1%.

The hydrous caldum silicate product used
in The Saranac Laboratory studies was mads
from alaum hydroxide and silica plus a
moderate amount of asbestos, which wat
incorporated in the mixture 10 impan cer-
tain desirable physical properties to the fin-
ished product. Arnalysis of one sample of this
finished product disclosed that approximately
80% of the raw mixture had been converted
to hydrous caicium silicate and that abou:
186 was magnesium silicate (Tabie 1)
About 1% quartz persisted in the final prod-
vet. Probably the greater part of the mag-
nesium ‘silicate was preseat as the fidrous
nineral chrysotile, although a perton may
have been in the form of serpentine, a min-
eral similar to chrysotile in chemical comps-
sifion but one which is nonfAbrous.

EXPERIMENTAL NETHOD

To determine the effect of inhaled dust of the
product on pulmonary tissue, an inkalaticn experi-
ment was conducted. In that experiment group:
of guinea pigs, rats, and hamsters were exposed

in 2 cudbical dust room, 8 ft. in dimenqian. in whirh
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an atmospheric suspension of the hvdrous calcum
silicate product was created by the action of a
paddle which rotated inside a bopper conmining
the material in finely divided form. The dust clovd
generated in this manner ficated out iato the room
where it was maintined for eight hours on five
days of the week and for four hours on Saturday..
Some of the animals were exposed to the dust for
periods as long as three years. At regular intervals
during the experiment a few animalg were killed,
and the organs examined grossly] and micro-
scopically to determine the narure and the extent
of the tissue reaction to the calcum silicate produse.
The tissue was also aralyzed chemically to estimate
the amount of the inhaled dust that was retained
in the lungs of animals exposed for definite perieds
of time. Only puinea pigs were used in the srudies
dealing with infected animals. The R, Jow-virulence
strain of the rubercle bacilli was introduced intra.
tracheally by means of the insuSiation technique.

Dust counts of atmospheric samples coliected in
the dust room were made regulasly by means of the
midget impinger. The concentration of the hydrous
calcium silicate aerosol to whitk the uninfected
animals were exposed was generally within the
range of 100,000,000 to 123,000.0Q0 particies per
cubic foot of air by light-field count, and the over-
all average was 135,009,000 In the swudies on in-
fected animals the concentratior was higher, the
average being 203.000,000.

EXPOSURE OF UNINFECTED ANIMALS

Three species—guinea pig, rat, and kam-
ster—were employed in this phase of the
investigation, Summaries of the findings are
given in Tables 2, 3, and 4. Attention should
first be drawn to the relatively high mortalizy
rate refiected in Table 2. That these deaths
were due to intercurrent epizootic infection
was almost certain in the case of the guinea
pigs and is emphasized the more forcefully
by the fact that the animals died not only
of pneumonia but also of pericarditis, peri-
tonits, and cervical adenitis with abscess
{ormation. That all the hamsters which died
did so within the first year may also have
some bearing on the question. In the case
of the rats, on the contrary, no animals died
within the first vear, and the rate ar which
animals succumbed increased with ths pas-
s2ge of time. In view of the progressive
nature of the pulmonary disease which en-
sued as 2 result of the exposure to the duu
of the hydrous calcium silicate product, the:
i¢ some presumptive evidence thzt the deat
and dust expcsures bore some reiation <
each other in this instance.
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TasLe 2—~Biological Action of Commercial Hadrous Celeium: Siivzcte Dust
Gumea Pigs, Hamsters, and Rats Were Exposed by Inhaiation to an Aerosol of Commercal
Hydrous Calciumn Silicate Dust Until Death
Record of Animais, Exposed to the Dust Alone, Which Died Sponuncously
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The thres species of experimental animals
reacted somewhat differently to the dust,
though the difierence was more one of degree
than of quality. The most marked lesions were
provoked in the guinea pigs, but this was
probably largely due to the fact that dusting
was carried on for a total of 36 months in

" the case of this species, while the procedure

was terminated at the end of the 18th month
in the case of the rats and fhamsters. When
cognizance is taken of this fact, it appears
that, stage for stzge, the latter two animal
groups actually sufiered greater pulmonary
damage sooner than did the guine2 pigs.
This diference is brought out by a compari-
son of Tables 3 and 4, in the construction
of which the same scales of values were used.

Pigmentation of the pulmonary tissue or
of pulmonary lymph nodes never became
prominent features in these animals. It in-
creased diffusely as a light brown discolora-
tion which was most marked along the
anterior margins of the lungs in the guines
pigs. As it became macroscopically detectable
at the 12th month of exposure omly, its
absence in the case of the rats or hamsters
before the 18th month may have no true
significance. It would seem that the pigment
was almost entirely due to hemosiderin, as
shown by Prussian blue staining. Pigmented
koniophores and giant cells became a promi-
nent feature toward the terminal phase of
the experiment on guinea pigs, and clusters
of such cells could even be found.in rat lungs
where they were grouped around the smaller
blood vessels.

Lymphoid hypsrplasia was a prominent
and persistent feature of the reaction in the

guinea pigs. There was mild hyperplasia

about the main bronchi in some of the rats.
but this was not an impressive observation
for this species. No lvmphoid hyperpiasia
was seen in the hamsters.

The hyperplasia consisted almost entirely
of lymphoid cell proliferation without any
evidence of central macrophage accumulation
such as may occur as a result of exposure
ta certain amorphous siliceous dusts. Mossly
the Iymph deposits remained sphencal in
shape and were thus well defined from sur-

rounding structures. Occasionally, however,
there was some lymphoid invasion of the
walls of adjacent alveoli. At a later stage
macrophages tended to accumulate around
these lymph foci.

In spite of this tendency toward intra-
pulmonary lymphoid hyperplasia, the pulme-
nary lymph podes showed no consistent
corresponding change. In some of the an-
imals there was early lymphoid hyperplasia,
but in the majority the podes enlarged
slightly or moderately only at the star. After
the animals had been in the dust atmosphere
for two years, the nodes became more con-
sistently enlarged, and in the instances in
which this occurred the cause was almost
always infltration of the medullary zones
by macrophages, which no doubt migrate
thence from the pulmonary tssues. The cor-
tical follicles did not enlarge and often
showed signs of atrophy. In both the rats
and hamsters the reaction in the pulmonary
Iymph nodes was even Jess marked.

Undoubtedly the most prominent lesion
discovered in this series of animals was pres-
ent as chronie bronchiolitis and bronchial
ulceration, with emphasis on the former. The
disease was progressive in nature and de-
structive in its effects, although the tendency
to epithelial desquamation, so characterisu
of the reaction to quariz dust, was not
present.

The bronchiolar lesions commenced early
in the guinea pigs and hamsters but were
delaved in the rais. In neither of the latter
groups were the severe grades of obliterative
bronchiolitis or bronchioiitis deformans.
which characterized the guinea pig response,
observed. In the rat the stress was rather
on bronchioiar ulesration and pembronthi-
olitis,

As the dusting proceeded bevond the &rs:
vear of experiment, the infammaton re-
acuon in the bronchioles gave way to pro-
gressive distention and distortion. Tt
change was brought into sharp focus by the
increasing cellular deposits around the &
passages. Toward the end of the second yeas
the crenated outlines of the bronchioier
lumina were thrown into sharp reiief by 2

Ve —— e —— it ———— —— — 4 —— e~ = .-



marked tendency to peribronchiolar atelec-
tasis, with epithelialization of the walls of the
shrinkiag alveoli and celiular infiltration
among these minute cystic spaces. This
change produced 2 microscopic sectional
cfect resembling multiple adenomatosis, but
&5 there is no lack of differentiation of the
cellular components, no peoplastic change
could be postulated. This adenomataid pat-
tern was seen only in the guinea pigs, but
as its evolution was in the nature of a ge-
layed phenomenon, it is possible that it would
also have appeared in the rats and hamsters
had exposure been continued in their cses
beyond the 18th month.

Phagocytosis of the inhaled dust could be
demonstrated in all animals from the com-
mencement of the experiment. [t was most
marked in the case of the guinea pigs and
least prominent as a feature i the case of
the hamsters. The phagocyted were domi-
pantly mononuclear macrophages unti} about
the end of the first year of the exposure
when multinucleated giant cells commenced
to be substituted in progressively greatet
numbers. At the same time these giant cells
grew in size so that they often filed the
alveoli completely, and toward the end of the
third year of exposure the giant cells replaced
the mononuclear cells almos: completely,
especially around the distorted bronchioies.
As time passed, their cytoplasm became in-
creasingly more acidophilic and their centers
more charged with ingested particles. There
wzs no evidence of mecrosis of thase cells,
such as occurs in experiments with finely
divided quartz dust and silica fume. which
provoke similar giant cells.

Interstitial cellular proliferation and indl-
tration are a Jate sign in all three species.
It commences first toward the end of the
ainth month of exposure, and for the suc-
ceeding six months it is almost entirely lim-
ited to macrophage accumulations around
smaller blood vesseis and bronchioles, at the
angles between adjacent alveoli, and in the
interlobular septa. Among these macrophages
may be found isolated eosinophifes and plas-
macytes. Fibrocytes first make an appearance

tween the 15th and the 18th month of dust
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inhalation, and soon after this sirand: of
collagen may be perceived among the cells.
Fibrosis proceeds slowly, however, beiore
the end of the 30th month of dust exposure.
Thereafter it is detectable in increasing
amounts, particularly in relation to the ade-
nomatoid areas around the bronchioles.
Fibrosis also appears prominently in local
areas of consolidation, which betome pro-
gressively commoner toward the end of the
third vear of exposure. In animels kilied.
respectively, at 33 and 36 months from the
st2rt of the dusting, extensive areas of lobu-
lar consolidation could be found, 2nd similar
consolidation associated with cystic disten-
ton of trapped bronchi could be seen in sev-
eral of the rats killed at the 13- and 18-month
periods. No acute inflammatory procass was
demonstrable to account for these results.
Asbestos bodies of an etlongated, slender,
tapering, minute variety were demonstadbie
by oil-immersion microscopy from 2bout the
15th month onward in rats and hamsters and
from the 18:h month onward in the guinea

-pig. Occasionally opaque clubbed bodies

could be found, but in most instances the
bodies were diFicult to bring into focus and
tended to be curved and spindle-shaped.
Often they were intracellular, being partiy
enguifed by one or more macrophages. None
were found lving free within alveoli. They
were 50 constantly found in association with
the areas of firrosis that the conclusion of a
csusal relationship between these phenomena
is aimost inesczpabdle.

Emphysemz of the hypertrophic vansein
appeared as an eariy sign in the hamsters,
in which it was present to a quite marxed
and widseiyv disiributed degree at the end
the 18 monthe of dust exposure, In the mats
the lesicns were also consistently presen:
from an eariy stage but to 2 lower dagres
than in the hamsters. 1n the guinea pigs on
the contrary, hypertrophic emphyvsema was
contresiingly absent during the first two
years of the experiment. In the &nal 12
months, compensatory emphysema was man-
ifested as a promineat lesion sithoussted
against the focd of cellular proliferation and
peribronchiolar ateleciasts.

. A o — p—p— g = T
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Unlike in many other dust experiments,
there was no marked tendency toward su
pleural congregation of the hydrous wlcum
silicate dust. Consequently the reaction at
this sit¢ was minima] and delayed. The most
conspicuous changes occurred in the rats
where there were occasional subpleura! ceilu-
lar condensations and a recurrent tendency
to the formation of interiobular adhesions.
In some of the guinea pigs which outlgsted
three years of exposure to the dust, foci of
subpleural cellular proliferation anended by
giant<ell accumulation were demonstrebie,

The relatively marked macrophage infle
tration of the pulmonary lymph nodes con-
trasted sharply with the paudty of giant cells
among them, with the minimal amount of
interstitial fbrosis which ensued, and with
the absence of asbestos bodies. Periadenitis
of a mild degree became a comsistent finding
in a majority of animals beyond the end of
the first year of dust inhalation. Deposition
of fibrous strands around the lvmph nodes
{ollowed successive phases of afierent lym-
phangiectasia and macrophage transportation
along these channels, with littoral arrest of
increasing numbers of these cells.

The fack of fibrosis, except at sites where
asbestos bodies otcur with greatest preva-
fence, 1s indeed remarkable, the more so
when regard is had to the dense celiular in-
filtrations which ultimately ensue. One is led
to the conclusion, therefore, that the hydrous
caleium silicate dust alone, except for its
chrysotile componen:, 1is ponfibrogeme
though it provokes a cellular reaction.

EXPOSURE OF TUBERCULOUS ANIMALS

There are three types, or phases, of in-
vestigation that have been found inmvaluabie
for srudying the effect of inhaled dust on the
course of experimentally induced tuberculosis
in animals, These three types of expeniment
are sometimes called the simulianeous phase,
the reactivation phase, and the predisposi-
uon phase. In the simultaneous phase, nor-
mal animals are infected with attenuated
tubercie baciili of the R, strain by an inhala-
tion method and then are immediately
trans{erred to the dust room. Thus the tuber-

culous disease and the tissue reacton to tHc
inhaled dust will develop simulianeousiy.
In the reactivaiion-phase experiment, the
animals, after being infected with the tubercie
baciili, are allowed to live in 2 pvorm=al ar.
mosphere for several months before being
exposed to dust. During this pzriod the
tuberculous lesions generzlly regress, and
in some instances complete healing by reso-
lution may take place. Foliowing this inter-
val, the exposure of the animzls to somz
dusts has no significant efect op the usual
course of the ruberculous process, and the
lesions continue to regress, while exposure
to other dusts may cause the tuberculous
process to become active and to spread. A
predisposition-phase experiment is one in
which animals are exposed to dust {or several
months, are then infected with the tubercle
bacilli, and are immediately returned to the
dust room where their exposure to dust is
continued. In this phase the effect of 2 pre-
vious dust exposure oo the early course of
a tuberculous process can be studied.

SixvrTaxzovs PEast: Rreacrtion ns GoiNes
Pics INrecrep wite Tuarxcle Bacitn:
A7 ONsET OoF DosT INBALATION

In the first experiment in which animal
were infected with tubercle bacilli at the ume
that their exposure to the dust was staned.
25 guinez pig< were used, but 2n epidemit
of pneumonia during the &rst 10 menths re-
duced to 16 the number of amimals availadic
for study. Two of th:se died at founeen
months, spparently from progressive tubercu-
Josis, and two others died from undetermingd
causes but not {rom tube

;

berculosis. i:: the re-

maining 12 animals the course of the tubercu-
lous disease was {ollowsd by '-.L' g 1l er 2
animals at 1, 6, 9, 12, 15, 18 2ad 24 months

r\

aiter tafecdon. In 9 o: the 25 zanimals th
sions were mulipie, isolated, a.ci hez
often with cesiral aidaation. In six
the remaining animals the lesions were st
dreumseribed but showcd neither i tendens:
to heal nor 1o spread even at the end ¢f |
months. In six other animals there was
moderate tendency to Jocal spread of the
tuberculous process, while in the remaining
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animal, which was killed at 13 months, the
lesions were widespread throughout the jung
but fibrosis had been produced. In an at-
tempt to develop a strain of guinea pig re-
sistant to the infection that had caused the
pneumonia, some of the animals were used
for breeding during this experiment. The
two animals that died from progressive tu-
berculosis (at 14 months) and the single
animal (killed at 13 momhs? that exhibited

widespread lesions were all used as breeders
during the experiment, as were also four

ther animals in the experimen:, which had
failed to show extensive disease. Owing to
the element of uncertainty introduced by this
factor of breeding. and also because of the
high mortatity from pneumoniz and to veriiy
the suggestive evidence of sumulating action
of the inhaled dust upon tuberculosis, the
experiment was repeated.

Tastr 6.—=Coursc of Tuberculosis Induced in Guinea Pigs by Infection unth Tubercle Bosiiii
of the Ry Strein
Control Study: Infection Only; No Dust Exposure
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Taste 7—lnﬁum¢ of Inhaled Commercial Hydrous Caletum Suicate Dust ox the Cowrse of
Experimentally Indwced Tuberculons in Gwines Pigs
Simoltanecss Phase: Animals Received Thar Taoberculous Infectioo and Started Their Pesod
of Dust Exposure Simultzneously
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When conducted a second time, 30 guinea
pigs, instead of 25, were used in this simul-
taneous infection experiment. The animals
were killed in pairs for study at 2, 4, 6, 8, 12,
15, and 24 months after infection. Again the
incidence of pneumonia was unusually high,
six of the animals dying from that cause dur-
ing the first 8 months of exposure and two
more during the foliowing 16 months. An
additional three died of pericarditis, one of
peritonits, and two more of other causes
(Table 3). This left 2 balance of 16 animals
which were killed 2s planned.

The results are assembled in Table 7
which should be compared with the control
study recorded in Tabie 6, in connection with
which the same culiure batch of tubercle

Ermboli: <, elUZdi MacUOf; =, MOGETAW Peaction; ~——-. murked reactiod; F, fbrosis: N, pecroey, T, wibe:

bacilli was used but the amimzls were not
exposed to dust.

As may be seen in Table 3, the merz
rate among the control group was but ii.
as against the high rate of 46.6%
the amimals which were caused 1o in
dust. As these experiments were conduc:e
simultaneously and in the same abo"'o
except that the animals recenving dust ex-
posure were even better protected from oui-
side contacts, the different death ratss ma:
have some significance after 2l

The numbers of tubercles which deveioped
in the contro!l series did not difer matenialiv
from those which were discovered in th
animais exposed to dust afier infection ]
one control animal there was 2 marke
spread which caused the death of the guinez
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pig. Massive caseating lesions were found
in the lungs, the liver, and the spleen. It
was suspected that this animal may have been
accidentally infected with virulent human
tubercle bacilli. Consequently, bacilli were
recovered, cultured, and subinoculated into
the groins of four healthy guinea pigs.. These
animals developed local abortive Jesions ¢hat-
acteristic of the R, bacilius, and no systemuc
tuberculosis ensued. By thxs study it was
fairly satisfactorily demonsirated that Guinez
Pig 73 was unduly susccpnblc to tubercukb-
sis.

1o the guines pigs which were caused to
breathe the hydrous cleium silicate dus:
after infection, Jocalized spreads of the tu-
berculosis occurred in 13 out of the 30 cases.
In {our of these the tuberculous process was
quite advanced, and in four others it was
moderately marked at the time of autopsy.
It should be noted too that five of these
spreads occurred during the second vear of
the expeniment, i. ¢., Jong after the tubercles
should have been arrested and healed. At-
tention should also be drawn to the presence
of cavitation within two tuberculous pneu-
wmonic areas in Guinea Pig 23.

Pleural adhesions of a chronic tough ve-
riety were 2lso quite common in the animals
receiving the dust exposure. The pulmonary

lymph nodes showed 2 greater prevajence

of late active tubercufous foci, such lesions in
the controf animals having usually disap-
peared from the nodes before thc end of the
first year.

rom this simultaneous phase experiment
it wouid seem, therefore, that the hydrous
aalcium silicate had a miid to moderarely ad-
verse efiect on the course of the R; tubercle
infection,

Reactrvamiox Paast: Courst or TustrerLos:s
™ Gurnea Pros Weice Wer: Exrosed 10
Hyorovs Carciem  Sicicatr Dust
Several Montas ArTer InrFrcTioxN
wite R, Tusercir Baciili

Infected guinea pigs were placed in the
dust chambers at intenals of two months,
i ¢, 10 at two months, 8 at four months, and
B more at six months after infection. In
order to follow the course of the tissue reac-

Ce e e ——— Ar—— S~

ton, 2 pair of animals of the first subgroup
(two months in normal air) was kiiled z{ter
only 2 months of dust exposure, and, in 2¢-
dition, animals from all groups were kilisd
™ pairs after 4, 8, and 12 months of exposure
to the dust. Examination of the tssue of the
dusted animals failed to reveal 2 significan:
reactivation of the tuberculous disease b\ 'hc
inhaled dust {Table 8). Only five anima!
showed e¢vidence of spreading pulmonary su-
berculosis. In three the disease was minjmal
in extent, and in two others there was
moderately extensive loca) spread. Casez-
tion persisted in one animal to the end of 3
year, and slight to moderate foci of Sbrosis
could be discerned in a few animals, suggest-
ing that not all the tubercles healed by resolu-
tion. Chronic pleuritis and pleural adhesions
were present in 10 of the guinea pigs, which
was considerably in excess of what s cus-
tomarily found in a typical reaction to the
introduction of R, tubercle bacilli. Dissemin-
ation of the tuberculous process to abdominal
organs and to the pulmonary lymph nodes
did not occur in any but exceptional ases.
Guinea Pig 52 was probably one of these
“sports.” The term ‘‘spomt” is given to &
guinea pig in which the inhaladon infection
with the attenuated bacilli is mot confined
principally to the lungs and pulmonary
Iymph nodes but extends also to other organs
and produces in them tuberculous changes
of sufficient extent to be recognized macro-
scopiczlly, Since “sports” represent a de-
parture from the pormal panern of tssue
reaction to astenuated tubercie  bacilli
whether the infection is combined with dust
exposure or not, such animals must be ex-
cluded in assaying the effect of an inhaied
dust upen a tuberculous infection. It is be-
lieved that “sports” are animails whose nz-
tive resistance to the anenuated R, organ:
ism is unustally low, Suppor for this bc':i::
is given by experience with quariz dust,
definitely hazardous material which reacti-
vates an inhalztion infeciion p'oduc'-d by
attenuated R, bacill but ordinarily is not as-
sociated with tuberculous extension to orgens
other than the lungs and pulmonary hymph
ﬂOGCS.
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Tasrr B—Inficence of Inhsied Commeraial Hydrows Calerum Silicete Dust on the Course of
Experimentally [adwted Tuberowlons s Gwinea Figs
Reactivation Phase: Anmmals, After Receiving Their Tubercuious Infecuos Were Allowed 10
Live iz 2 Normal Environment for 2 Period of Two 10 Six Months
Bdore They Were Exposed to Dust
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PxEp1srOSITION PRASE: RoacTion I8 GuUINEA
Pics Ixrrcrzo wite Tustxerr Bacoll
Tazer MoNTES Artze TR EXPOSURL
to Dust Was Srtaxrep

An experiment of this Hpe is a severe
test, because a dust that is only very slightly
toxic may produce tissue changes which,
though minor in character, may be sufbcient
to alter profoundly the developmest of 2
fresh tuberculous infection. In this experi-
ment, which was designed to study the ef-
fect of the dust accurnulated in the lung
upon a newly developing tuberculous disease,
30 guinea pigs were exposed to the dust for
three months and then were infected with at-
tenuated tubercle bacilli. The dust exposure
was immediately resumed and carmied oa for
another 21 months.

The over-all death rate in this sernies of
animals was relatively Jow (Table 5). It may

T, mbercious.

%S

be of some significance that the majority ©
the eight animals that died from pneumen:
did so during the latter hali of the dusung
phase. It is also significant perhazps tha
loca) and diffuse spreacds of the tubercuicuw
process had occurred most commonly (o
these animals prior to their terminal {aa’
illness.

The prevalence of such spreads i thus
series of guinea pigs does ndeed appear ¢
be signifeant (Table 9). Six 2nimals showed
marked Jocal or difuse extensien of the i
case, and in seven more this spread was of
moderate severity, In an additional 9 cases
there was slight spread of the process, so tha!
a total of 22 anmimals reacted uynizvorabdly.
Cavitation occurred in 2 iastances, an
pleural extension in 10 of the 30 ginea pigs
One animal died from a pneumonic tubersur
lous process.
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TasLE Q—Influence of Inhaled Commercial Hydrows Calcium Sidicate Dust on the Cowrse of
Espermentolly Induced Tubercwloss o Guinea Pigs
Predispositbon Phase: Animals, After Bang Exposed o the Dust for Three Mooths, Were
Infected with Tubercle Baglli of the Ry Strain and Then Were Immediately Retumned to
the Dust Room Where Their Dust Exposure Was Continved Uniil Deaath
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It is of interest 1o note that the extension tained were so similar to those given in Tebie
of the disease was almost enurely confined 6 that the latter may suffice {or the purpose of
to the pulmonary tissues, tuberculous foci this paper.
being detected in the spleen of one animal
only. The reaction in the pulmonary jymph ANALYSIS OF TISSUZ OF EXPOSED ANINALS
nodes was not of a significant nature or de- Chemical analysis of Jung tissue of unin-
gree. fected guinea pigs that had inhaled the hy-

These findings indicate that a3 tuberculous drous calcium silicate dust for pedods v o
infection which onginates in guinea pigs 36 monthe yieided the data reported in Tzie
severz! months after a prolonged exposure 10, It will be noted that as the period of 2x-
of the animals to dust of the hydrous calaium  posure became longer the values for the tis-
silicate product was initiated may be unia- sue ash gradually increased, thus showin
vorably influenced by the inhaled dust. A  that mineral matter was accumulating in th
separate control experiment was set up, us- Jungs. There was a pronounced increase in
ing 23 guinea pigs, as the predisposition- the silica component up to about 30 months
phase experiment was started at a later stage  and then a shight decrease. This phenomenon
than the preceding studies so that a fresh Ry is illusory, as it 15 due to the relatively rapid
culture had to be empioyed. The results ob  rate at whickh inorganic matter was deposited
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mm the Jung at this stage when the tssue reae-
tion suddenly blossomed forth into the full-
blown disease process. Comparable resuits
have been obwined in The Saranac Labora-
tory in inhalation experiments with other
dusts. '

The total amount of silica which a2ccumu-
fated in the lung was about a third of that
which may be demonstrated in the pulmonary
tissue of guinez pigs exposed to quartz dust
{or 3 comparable period. 2

COMXZIST

The first point which may be considered
is that the commercial hydrous calcium sili-

As the chrysotile dust is capadle of pro-
voxing fibrosis in guinea pigs, it may also
in the case of the present study have been
the cause of the focal fibrogenic response, so
that the hydrous calcium silicate componen:
may have to be exonerated. It seems likely
that the glant-cell reaction was largely an
effect provoked by the laner component. At.
teation should be directed to the lack of ob-
vious necrosis in these cells. In this respect
the dust differs quite markedly from quartz
dust and silica fume. Indeed, necrosis wac
seldom a feature in this experimentally in-
duced discase even in the presence of tuber-
culosis. It is possible, therefore, that al-

Tauts 10 ~Analyss of the Lungs of Guines Pigs Esposed to Commercial Hydrov:
Caletwm Silicate Dupr
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cate product, studied in the experiments just
described, really provoked two underlying
pathological processes ascribable, respec-

tively, 10 the calcium silicate and to the

chrysotile components. The termminal syn-
drome of peribronchiolar atelectasis, fibrosis,
and adenomaioid change was, in {fast, of the
same kind as that which has been repeatedly
produced in The Saranac Laboratory by
means of inhaled asbestos dust. The iesion
of experimental asbestosis has somewhat
more fbrosis 10 it and shows less of a celiuler
reaction and the giant cells seen in the pres-
ent case are less commonly observed. Ia
character with the asbestos lesion is the ab-
sence, in the present expenments, of fibrosis
of the pulmonary lymph nodes in which no
asbestos bodies could be found either.

though the hydrouc calcium silicste dust
stimulated the proliferation or Jocal accumu-

iatian of celis it did nos kaill these calls. This
point is well illusirated in the case of the

bronchial epithelium, which proiiferated s

part of the process of chronic bronchiolar :n-
fammation but did not readily necrosz or be
come desquamated as in animals exposed to

adenomatoid or cystic lesions, the bronchiz!
epithelium even retained i1s ciliated epithelia:
surface. :

The evolution of the adenomatoid rezction
is clearly revezied to compnse eryptic dis-
tention of the bronchioles, secondary papil-
lomatous ingrowths into these distended
lumina, and peripheral epithehalization of
atelectatic alveoll,
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Why the alveolar ducts snd broochioles
should have dilated at an early phase in the
Tats was not clearly revealed, No proximal
obstruction could be displayed which could
account for the distention on mechanial
principles. Possibly the cause may be re-
lated to the tendency to peribromchiolar
atelectasis. Perhaps a neurogenic mechanism
was at the root of it all. To be true, the
larger cystic distentions were usually found
within areas of chronic diffyse consolida-
tion, and it is possibie that in such instaoces
the distention of the trapped air passages
resulted mechanically from .destrigal con-
traction.

The origin of two types of emphysema
which were discovered may have similar ex-
planations. While that which developed in
the guinea pigs was definitely compensatory
to the foci of atelectasis and fibrosis which
it surrounded and the amphysema found in
the rats and hamsters was of the hyper-
trophic variety, both may have had a2 com-
raon origin in the damage to the bronchicles.

The mild to moderate tuberculogenic ef-
{ect of the hydrous calcium silicate dust mani-
fested itself in Jocal or even diffuse spreacs,
delayed healing, and dissemination to other

organs. It is not yet possidle at this stage to

attribute this phenomenon definitely to either
the chrysotile or hydrous aalcium silicate
components. The fact that the ruberculous
process did not persist in the pulmonary
lymph nodes, whereas it was activated in the
lungs, parzliels the observation that only in
the lungs were asbestos bodies found. It

Priated edd Podivyhed in

must be presumed that the hydrous akium
silicate dust was transporied from the lungs
to the lymph nodes, to judge by macrophage
accumulation a! the fatter sites, and it is
probable that the dust was more densely con-
centrated in the lymph nodes than in the pul-
monary tissues. This suggests that the
stimulation to perpetuation and spread of
the tuberculous process may have derived
from the chrysotile fibers rather than from
the hydrous @ldum silicate. Such 2 con-
clusion naturally requires further confirma-
) ion through experimental investigation.

SUNNARY

Inhalation studies have been conducted

- using & commercial product composed of

hydrous cajcium silicate apd chrysotile on

normal guinez pigs, rats, and hamsters and

on guinea pigs infected with tubercle bacilli
of the R; strzin,

The dust caused marked chronic bronchio-
litis, with terminal peribronchiolar foca)
fibrasis, bronchiecrasia, and epithelialization
of atelectatic alveoli, The final lesions closely
resembled those found in_experimental as-
bestosis and included asbestos bodies.
“The couric of expenmentally induced tu-
berculosis was mildly 1 moderately ad-
versely affected by the prolonged inhalation
of the dust.

It seems likely that the chrysotile compo-
nent of the commercial product, rather than
the hydrous caldum sibicate, wae the cause
of the deleterious eSects on the tissues of the
experimental animals.
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