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Coormercial hydrous caldum silicate is one

/ af the products that have beez studied by

long-term inhaiation experiments at The
Sarapac Laboratory. These studies iwere
commienced in 1943 under the directon of
Dr. L. U, Gardner and with the assistance of
wwo of us (T. 3. D, and A. B. D.) who car-
ried the work to its completion after Dr.
Gardner’s death. Guinea pigs, rats, and ham-
sters wers used, and the experiments were
designed o reveal the nature of the puimo-
nary tssue reaction 0 inhaled dust of the
material in normal animals and in those har-
boring an experimentaily induced tuberculous

intection.

From experience with other silicsous
materials one would expeet to find that a
product composed only of calcium silicate
would be relatively imert in its etfect on
tissue, Extensive clinical studies of industsitl
workers exposed to cament dust in high
concentration have, for instance, shown that
the efect of the inhaled dust of that material
on the lungs is insignificant. Portland cement
is composed principally of two caldum sili-
cates. namely, dicalcium silicate and eri-
caleium silicate. Recognition must De given.
however, to the possibilicy that aay poten-
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tally hazardous raw materiais ured o inake
a product might not be eatireiy converted
to a nonhazardsus form during the manu-
facturing process and, therefore. might

" appear to a greater or lesy extent in am

unchanged condition in the fmal preduct.
The clay and shale used in making cemenr
often have 2 quartz content of 20% two 0%
or more, but chemical reactions. occurring
when the raw mixture is heated, convert
practcally all the hazardous free-silica min-
eral 10 a reiacively harmless silicare. In most
sampies of cement the amount of quartz that
has come through the manufacturing process

- unchanged is less than 0.1%.

The hydrous caicium silicate product used
in The Saranac Laboratory studies was made
from clcium hydroxides and silica plus a
moderate amount of asbestos. which was
incorporated in the mixture to impart car-
tain desirable physical properties w0 the fin-
ished product. Analysis of one sample oi this
finished product disciosed that approximately
80% of the raw mixture had heen converted
to hydrous calcjum silieate and tha: about
13% was magnesium silicate (Tabie ).
About ! % quartz persisted in the fnal pred-
uct. Prohably the greater part of the mag-
mesium silicate was present as the fbrous
mineral chrysoule. although a pordon may
have been in the {orm of serpentne, 3 min-
eral simiiar t9 chrysotile in chemicul compo-
sition but one which is nonfibrous.

EXPERIMENTAL METMOD

To determine the efect of inhaled dust of the
sroduct on puimonary tssue, an inhalaton ecperis
ment was conducted [a that experiment graups
of guinea pigs, rats, and hamsters were axposed
in 3 cubical duse room, 2 it in dimensicn, in which
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marked tendency to peribronchiolar atelec-
tasis, with epithelialization of the walls of the
shrinldng alveoli and ceflular infiltration
among ~these minwre cystic spaces. This
change produced a microscopic sectional
effect resembling multiple adenomatosis, but
as there is no lack of differentiation of the
cellular components, no neoplastic change
could be postulated. This adenomatoid pat-
tern was seen only in the guinéa pigs, but
as its evoluzion was in the nature of a de-
layed phenomenen, it is possible that it would
also have appeared in the rats and hamsters
had exposure been continued in their cases
beyond the 18th month.

Phagocytosis of the inhaled dust could be
demonstrated in all animals from the com-
mencement of the experiment. It was most
marked in the case of the guinea pigs and
least prominent as 2 feature in the case of
the hamsters. The phagocyres were domi-
naady mononuclear macrophages uaril about
the end of the first vear of the exposure
when muitinucleared giant cails commenced
1o be substituted in progressively greater
numbers. At the same time these giant cells
grew in size so thar they often filled the
alveoli completely, and toward the end of the
third vear of exposurs the giant ceils reglaced
the mononuclear cails almost completely,
especially around the distorted bromchioies.
As time passed, their cytoplasm became in-
creasingly more acidoohilic and their centers
more charged with ingested particles. There
was no evidence of hecrosis of these cells,
such as occurs in experiments with finely
divided quartz dust and silica fume. which
provoke similar giant cells.

Interstitial cellular proliferation and imiil-
tration are a late sign in all three species.
It commences fiest toward the end of the
ninth month of exposure. and for the suce
ceeding six months it is aimost entirely lim-
ited to macrophage accumulations around
smaller biood vessels and bronchioles, at the
angles berween adjacent alveoli, and in the
interiobuiar septa. Among these macrophages
may be found isolated eosinophiles and plas-
macytes. Fibrocytes first make an appearance
berween the 13th and the {&th month of dusc

Us

inhalation, and soon after this strands of
collagen may be perceived among the cells,
Fibrosis proceeds siowly, howaver,. before
the end of the 30th month of dust exposure.
Thereaiter it is detectable in increasing
amounts, particularly in relation to the ade-
nomatoid areas around the bronchioles.
Fibrosis also appears promineatly in local
areas of consolidation, which become pro-
gressively commoner toward the ead of the
third year of exposure. la aaimals lkilled,
respectively, at 33 and 36 months from the
start of the dusting, extensive areas of lobu-
lar consolidation could be found, and similar
consolidation assocated with cystic disten-
tion of trapped bronchi could be seen in sev-
eral of the rats killed at the 13- and 18-month
periods. No acute inflammatory process \vas
demonstrable to account for these results.

Asbestos bodies of an elongated, slender. ™V

tapering, minute variery were demonstable
by oil-immersion micrescopy irom abour the
13th month onward in rats and hamstars and
from the 1&h month onward in the Zuinez
pig. Cecucionaiis  1ague lubbes
could be foura. . in mes nstas

hodies we=« 1At sw aring o fouli i
tended to be curved and spindle-shaped.
Qften they were intraceilular, being partly
engulfed by one or more ntacrophages. None
were found lving (ree within alveoli. They
were 0 consrantly found in association with
the areas of fibrosis that the conclusion of 3
causal relationship between these phenomena 1
is almost inescapable.

Emphysema of the hypertrophic variety
appeared as an early sign in the hamsters,
in which it was present to 3 quite marked
and widely distributed degree at the end of
the 1§ months of dust exposure. In the rats
the lesions were also consistemtly present
from an early stage but to a lower degres
than in the hamsters. In the guinea pigs, on
the contrary, hypertrophic emphysema was
contrastingly absemt during the first two
vears of the experiment In the final 12
months, compensatory empavsema was man-
ifested as a1 prominent iesion siihouemad
against the foci of celiular proliferation and
peribronchiolar atelectasis.

s
e
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Taseg 3.~Couses of Death in Guines Pigs Exposcd by [nhalation to Commercial Hydrous
Calcium Silicate Dust and Also [njected with Tubercle Bacilli of the R, Strain

.

Cause of Deacy

. - - " mmeumonis  Pericarditis Peritosids  Otber Causs . Total
Adimais, Deatbs, Per Destds, Per Destts, Per Deatns, Per  wathy, Par
Trpe of SxDeriment No. No. Cant  No. Ceae No. Cear No. Cest  No. Cant
Simuitageous phsss ...... e 0 § 86 3 Hf] 1 33 2 18 14 we
Easetivation phasy .....ccoc0 %8 2 &9 1 43 . ' R ‘ 100
Piodisposition DBBs® .....oiv B ) 06 v & 24
Caoatrol: Group 4 ...vieeees 4 07 . - ¢ A4
Group B ....coc... % 3 pLE) 1 «0 H 8.4 “ %0

animal, which was killed at 13 moanths, the
lesions were widespread throughout the luag
but fibrosis had been produced. Ian aa 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 (ar 14 months) and the single
animal (killed ac 13 months) that exhibited

widespread lesions were all used as breede
during the experiment, as were alio fo
other animals in the experiment, which I
failed to show extensive disease. Owing
the efement of uncerraimy introduced by t
factor of breeding, and aiso because oi t
high mortality from preumonia and to ver
the suggestive evidence of stimulating act
of the inhaled dust upon tuberculosis, i
experiment was repeated.

Tasee 6.=Course of Tuderculosis [nduced in Guines Pigs by Infection with Tuoercle Haciili

of the

Ry Sitran

Control Study: Iafectien Oniy; No Dust Exposure

e —— . — ——— — - —— —— . —_____}

Resetion ia Pulmotary
Lrmol Nodes

Survival il
4 p— "
Aty Arrested Spreading Tubereis Dissaminath
Suloes Intection, Tudereies, Tubereue Cases- Caleifi- Eolarge FOrMie  mmmemioe——
Pig, No. Days Fate No. loms %o eaton Pleuritls meac tios  Livrer Sph
L O ' Died 3 = - . . - - - .
b Kllled ] " £ . . — - T=
» } cvsaes G0 Slied 3 . - . ve — - T= T
» o Ellled T . ve . . —nn . .
W » Kided ‘ - “ - — -7
g} 10 Kled 3 . - . . — - .
Yo Red $ . . o — -
k- P 199 Died . iy . . — — Tdeewee T
;ST 0 Died s . . — - . .
) N Killed + - . - . i “ . .
-} PO Hllied u . " - : _ .
.. 29 Died H " o w - — . .
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R ){ 0 Riled 4 . . . . —— - .
Woerene ns Died t . . o . - . .
":} ______ % Rilled 1; - - - . —-— . .
47 Ellied . . . . - - . .
,"{ . [r] Rlilled 3 e . . . - .
» Biled 3 . - . . — . e
My 480 Killed 1 . . . . — . :
3w Hpe i sou = =
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rs} """ o Kilied 2 : . . - - - It
;) Rilled 3 - - - > e - .
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0 alled s o - . - [ - -
[ S R Killed s . . I . s - -
:.2' mx:nn ‘2 . v . . — . -
8 i { Soonoonon X oonouw
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pig. Masiive caseating lesions were iound
in the lungy, the liver, and the spleen. It
was suspected that this animal may have been
accidentally infected with virulent human
tubercie bacilli, .Consequently, bacilli were

™ recovered, cultured, and subinoculated into

the groins of four healthy guinea pigs. These
animals developed local aborive lesions char-
acteristic of the R; bacillus. and no systemic
tuberculosis ensued. By this study it was
fairly satistactorily demonstrated that Guinea
Pig 73 was unduly suscepeible to tuberculo-
sis.

In the guinea pigs which were caused to
breathe the hydrous caldum silicate dust
after infection, localized spreads of the w-
bereulosis occurred in 13 out of the 30 cases,
In four of these the tuberculous precess was
quite advanced, and in four others it was
moderately marked at the time of autopsy.
It shouid he noted too that five of thess
spreads occurred during the second year of
the experiment, i. ., long after the tubercies
should have been arrested and healed. At-
tention should also be drawn to the presence
of cavitation within two tuberculous pneu-
monic areas in Guinea Pig 23.

Pleura{ adhesions of a chronic tough va-
riety were also quite common i the animals
receiving the qust exposure. The pulmonary
hmph nodes showed a greater prevalence
ot late active tuberculous foet, such lesions in
the control animals having usually disap-
peared rom the nodes before the end of the
first vear.

From this simultaneous phase experiment
it wouid seem. therefore. that the hydrous
calcium silicate had a mild to moderately ad-
verse erfect on the course of the R, tubercle
infection.

REACTIVATION PHASZ: COURSE Of TUSERCULOSIS
iy Gervza Pias Waren Weae Exeoszo 10
Hyogors CazcivM  Sicatz. Dust
SevIaal MoxTtus Arrtex Ixrxcrron
wvitm Ry Tuszaciz Bacmoz

Infected guinea pigs were placed in the
dust chambers at intervals of two months.
i. e., 10 at two months. & at four months. and
8 more at six months after infection. In
neder o follow the course of the tissue reace

tiom, a pair of animals of the first subgroup
(two months in normal air) was killed aiter
only 2 months of dust exposure, and, in ad-
dition, animals from all groups were killed
in pairs aiter 4, 8, and 12 months of expasure
to the dust. Examination of the tissue of the
dusted animals failed to reveal a significant
reactivation of the tuberculous disease by the
inhaled dust (Table 8). Only fve animals
showed evidence of spreading pulmonary tu-
herculosis. In three the disease was minimal
in extent, and in two others there was
moderately extensive locai spread. Casea-
tion persisted in one animal to the end of a
vear, and slight to moderate foci of fibrosis
could be discerned in a iew animals, suggest-
ing that not all the rubercies healed by resclu-
tion. Chronic pleuritis and pleural adhesions
were present in 10 of the guines pigs, whick
was considerably in excess of what is cus-
tomarily found in a rypical reaction to the
introduction of R; rubercle bacilli. Dissemin-
ation of the ruberculous process to abdominal
organs and to the pulmonary lymph nodes
did not occur in any but exceptional cases.
Guinea Pig 32 was probably one of these
“sports.” The term “sport” is given to a
guinea pig in which the inhalation infection
with the attenusted bacilli is not congined
principally to the lungs and pulmonmary
lymph nodes but extends also to other organs
and produces in them ctuberculous changes
of sufficient extent 10 be recognized macro-
scopicaily. Since “sports” represent a de-
parture from the normal pactern of tissue
reaction 0 attenuated ctubercle bacilli,
whether the infection is combined with dust
exposure or not, such animals must be ex-
cluded in aisaying the effect of an inhaled
dust upon a tuberculous infection. It is be-
lieved thar “sports” are animals whose na-
dve resistance to che attenuated R, organ-
ism is unusuaily low. Support {or this beliet
is given by experience with quartz dust, a
definitely hazardous material which reacri-
vates an inhaladon infection produced by
attenuated R, bacilli but ordirarily ts not as-
sociated with tuberculous extension to organs
ather than the lungs and pulmonary lymph
nodes. .
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Tasty 9.=Infuence of Inhaled Commercisl Hydrous Caicium Silicate Dust on the Course of
Esperimentally Induced Tuberculosic in Guines Pigs
Predisposition Phase: Agimals, After Being Exposed to the Dust for Thres Monthy, Were
Iniected wicth Tuberele Badilli of the Ri Strain 2nd Then Were Immediately Returned to
* 7 the Dwwt Room \Where Their Dust Exposure Was Continued Uatil Deata
—

Dissemitation
Further -
Zzdosure Pulmonary Lasioss Puimcsary
t:&n : - Ly7ups Nodes
;uiges Inleetion, Tubercies, Tuber- Cavitse Zolarger Tuder-
‘Pig.No. Deys Pt No. culosis doa Pleurtitis ment calosis Liver Solesa
w [ Killed . . . . . - . .
3 [ Kllled . . . . . . e .
3 [ Rilled . e . . . - . .
1 0 Sihed . .- . . . .. . .
n ° Kied . . . . . - .
wi » Died . . . P i - .
[ ® pwii T - . . N . N "
E ] [ ] Killed 2 + . . i - . o
" -] Eliat 18 + . . R -~ . .
w 120 Killed n - . . o - . .
- 1w Killed s D .- . iy - .
v 1% Xilled u - .- .- i < . .
313 210 Died v D e L e R - . . .
e ] Died 3 ol . D - . - .
u 250 Rillsd ¢ P . e - - - .
113 b Kided » - . ve — b .
” k' 4 Kilied 2 o . i i b .
fim k -] Rlled 3 L . L — - T+
p3L] £ ] Died . i . - - . - s s
- k] Kided H L .- . —— - .
146 k Eiliad + . . w—ain - e
e 8 Died . L A - - - .
us 33 Died - lp . - i - - .
g %0 Died . —— . . - . .
e ) Died . i . +* — - . .
14 w0 led . Ao v . - ° - . .
120 . KD« - L . g - - . .
1 0 Kllled 4 C e . . - . . .
0] 0 Klled 3 - .- .- -— - .
L} &0 Klled 3 - . -t - - -
dymbols: <=, siight or netpleat 3 i, "DOE 9108 mimie, marEad doa: T,

It is of interest to note that the extension
of the disease was almost entirely confined
to the pulmonary tissues, tuberculous foci
heing detected in the spleen of one animal
only. The reaction in the pulmonary lvmph
nodes was not of a sigmificant nature or de-
gree,

These findings indicace that a tuberculous
infection which originates in guinea pigs
several months aiter a prolonged exposure
ot the animals to dust of the hydrous calcium
silicate product was initiated may be unfa.
vorably influenced by the inhaled dust. A
separate conwol experiment was set up, us-
ing 23 guinea pigs. as the predisposition-
phase experiment was started at a later stage
than the preceding studies so that 3 {resh R,
cuinure had to be emploved. The resuits ob-

tained were so similar to those given in Table
6 that the latrer may suffice for the purpose of

this paper.
ANALYSIS OF TISSUE OF EXPOSED ANIMALS
Chemical analysis of lung tissue of unie--
fected guinea pigs that had inhaled the hy-
drous calcium silicate dust for periods up o
36 months vielded the data reported in Tabie
10. It will be noted that as the period of ax-
posure became longer the values for the ds-
sue ash gradually increased, thus showing
that mineral matter was accumulating in the
lungs. There was a pronounced increase in
the silica component up to about 30 months
and then a slight desrease. This phenomenon
is illusory, as it is due o the relatively rapid
ate at which inorganic marrer w3s depesited




Why the alveolar ducts and bronchioles
should have dilated at an early phase in the
rats was not clearly revealed. No proximal
abstruction gouid be displayed which could
account for the distention on mechanical
principles. Possibly the cause may be re-
lated to the tendency to peribronchiolar
atelecrasis. 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 diffuse consolida-
tion, and it is possible that in such instances
the distention of the trapped air passages
resuited mechanically from cicatridal 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 emphysema found in
the rats and hamsters was of the hyper-
trophic variety, both may have had a com-
mon origin in the damage to the brouchioles.

The mild to moderate tuberculogenic ef-
fect of the hydrous calcium silicate dust mani-
fested itseif in local or even diffuse spreads,
delaved hesling, and. dissemination to other
organs. It is not vet possible at this stage to
attribute this phenomenon definitely to either
the chrysotile or hydrous calcium silicate
components. The fact that the tuberculous
process did not persist 1 the puimonary
lymph nodes, whereas it was aczivated in the
lungs, parailels the observation that oniy in
the lungs \vere asbestos bodies found. It

-

must be presumed that the hydrous calcium
silicats dust was transported irom the lungs
to the Iymph nodes, to judge by macrophage
accumulation at the latter sites, and it is
probable thac 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
ifrom the chrysotile fibers rather than from
the hydrous calcium silicate. Such a conm-
clusion naturally requires {urther confirma-
tion through experimental investigation.

SUMMARY

Inhalation studies have been conducted
using a commercial product composed of
hydrous calcium silicate and chrvsotile on
normal guinea pigs. rats, and hamsters and
on guinea pigs infected with tubercle bacilli
of the R, strain.

The dust caused marked chronic bronchio-
liis, with terminal peribronchiolar focal
fibrosis, bronchiectasia, and epithelialization
of atelectatic alveoli. The fina] lesions closely
resembled those found in experimental as-.
bestosis and included asbestos bodies.

The course ot expenmentally induced tu-
bercuiosis was mildly to moderately ad-
versely affected by the proionged inhalation
of the dust.
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