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Interim Report on Animal Inhalati

Experinments with xa%&p
The first inhalation exc ent '1;;\\>‘3 diss was

begun in Pedruary, 19<5.. Dide to a high i{ncldence of
perinent was started in

snfs were designed to tes:

t of the dust aloxs oldtion in guinea pigs. In
945, also, an experlq a8 begun to test the effect

d dust on tuberculous \{nfegtion in guineasa pigs. 1In
1945, a group of waite ¢ as placed in the cust rsox
to study the offx Pnhalation in this species.

It zay be said : hnere {s no evidence to su;gest

tcat the dust alond

fibrosis

SO month period.
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made as to
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uld dedone béfore a definite statezent can dg -
s possible elTect of the dust on tuderculous ine

1 these experiments are virtually completed, although
original groups are being kept allve for

Petrocraphic and x-ray diffraction analyses of the dust

sunoplied and used. Analyses were carried out initizlly

and periodically during the course of the experizent,
The composite of such analyses-reveals the follovwing:

. Samples from the sugﬁll-ctrton

Quartz <1% (approximately) -
Chrysotile and Serpentine 15 - 20%;
largely fidbrous, The fibers and
bundles present are usually aeveral
millimeters lonz and seldom are 1"’6/001’1-58
than 300 p o 2 ESch
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Balance consisted of clay-like masses
whisch gave a definite x~-ray diffrac-
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~ calelum silicats. - EAGLepicHER
- - N LTiGaTion
- Sazmples ¢ollected from the atmosphere _ DE
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Quartz 1%
Chrysctile 5%

© 7 TTTT T T léss fibrous materiel -than iz .
sanple abdbove; many fiders are
shorter than 20 .

Caleite 10% .

Balance consisted of clay-like masses
which gave a definite xX-rsy diffrac-
tion pattern not unlike a hydroua
caleium silicate,

The analyses rovanl several points of interest:

The low quart:z content (1%} indicates
that the amdunt of crystalline free silica
in tne dust is practically negligidble as a -
possidle cause of silicosis.

Altbough diatomaceous earth {3 one of
the materials froam which KAYLO is made,
only & trace, probably much less than 1%,
i3 unaltered and appears in the final
product in its orizinal form. kearly all’
bas been cuanged by the manufacturing process
into another chemical compound, calcium silie-

cats,

Most of the material consisted of clay-
1ike masses vhich gave a definite x-ray
pattern similar to that or a hydrous caleium

siltcate.

dbout 10 to 155 of the stmospheric dust

in tne experimsntal dust room was ehrysotile
or serpentine., Both of these minerals produce
the same x~ray pattern. From petrographic exe

. amination of the original material, it appears
that ehrysotile, which is a fibrous ainertl,
is present in much greater amounts than’'the non-
fibrous serpentine. In the atmospneric dust
also, the fibers still predominate over the non-
fibrous serpentine.
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~ In the original material, tne fibdera
vere [resent ig dundles oftsn 2 everal millie -
metears long; mnot many vere snorfer than 300 u.
The fibrous porticn of the atzospheric sample,
bowever, consisted mostly of shorter bundles EAGLE-PICHER
N LITIGATION
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Techrniiques of Investigati&h.

Tvo specles of animals were introduced
into the cdust chanmber assizned to this in-
vestigation. They included gulnes pigs and
wvhite rats, animals which the Saranac Ladora-
tory has used routinely in fts studies apropos
poeumsconiosis., Appropriate quantities of the
orizinal material supplied by the coIpany vers
introduced {nto the dust gensrator of the chan-
ber and pilot runs vere made to sscertain the
character and concentration of tne air-dorne
dust produced. Havin: estadlished the desire..
concentration, the animals were tiaen introduced
and throughout the course of the investigation
.dust counts were taken periodically.

The averaze concentration of the air-borne
naterial wvas 122 million particles por cubie
foot of air. 7This figure varied sozmewaat froa
month to month, ranging from a lower limit of
$3 million to an upper of 122 aillion particles.
Tris range is not unique for this material bdut
has been observed also vwith most agents which
we have employed. It results no doudbt from day
to day varletions in atmospheric conditions
which cannost be precisely controlled with our
present methods, XNevertheless, ve have elected
to continue with such methods, belleving that to
do otherwise wvould introduce factors uncomzon
to actual industrial exposure.

_ The results of the experimesnts will be presented under the
following headings:

I. EAYLO f{nhalation alone in gulnea pigs.
II. XAYLO inbalation alone in walite rats.
III. XAYLO inhalation and sizultaneous -
tuberculosis infection 1in gulinea
pigs. . -
IV. Conclusions.
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I. KATLD fnhalation alosne in gulnes pics: -

»

-’ The course of this experiment through the first fourteen
months was discussed {n a sumuary written by Doctsor Gardnmer in
Nay,.1946, In this report he described the difficulty emcountsred

! 4 in the guinea pligs and c¢oncluded that it was
an aceidental epidemic, EHis conclus
toat sudsequently only four anIZRYIF have dted—of pasumsnisg. This
occurred, however, only after all apparently asick guinea plgs T
were disposed of, the apparently well pigs {sclated, the dust rooz
thoroughly cleaned, aired and disinfected, and all the cages
sterilized., A third and new series of guilnea pigs were intro-
duced after control of the epidexzic deascribed. Throughout the
course of the study, all animals were exposed continuously to
the chamber cloud for eizht hours a day, five and one~half daysa

2 veel.

Thus far, s total of thirty-nine pigs have been killed in
order to follow the course of the pulmonary reaction resulting
fraz the deposition of imhaled dust in the luns. The peried
elscted for study ranged froz two to thirty months. Over this
veriod no definite groas changes occurred in the lungs. The
tracheobronchial lymph nodes have enlarged slightly, but re-
=ained soft. Xicroscople study of the lunzgs reveal gradually
1ncroaain§ nusbers of dust-containing zacrophages. These
fnactive "dust cells® are found charscteristically in clumps
wvithin groups of adjacent air spaces. 7The intervenins alveolar
walls are only sligntly thickened by accumulated lymphoeytes,
but there is no undue proliferation of tissue bistiocytes and
connective tissue. Pibrosis is not present, Occasional =ulti-
nucleated giant cells are seen. In addition, there are a very
fevw olongated segmented brown structure wzich take an iron staln
and are clearly asbestosis bodies. Microscopic study of the
tracheobronchial lymph nodes reveals clusters of inactive "dust
cells® similar to those damonstrated by the lung, There is no
apparent over developmant of comnective tissue, and again fi-

brosis is coaspicuous by Lts adsence.

- Results of the chaznical analyses carried ocut on the lungs
of the exposed pigs sacrificed at ths various periods are re-
corded in the following table:

-
-

TASLE 1.
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. CFT¥ICAL ANALYSIS OF GUILZA PIG LUNGS -
T j* R
Anizal Time Cry Yatter Ash
Number  Expe - O SI0z Ego  cao S0, Eg0  Cao
4 —$o— g x4 < ; <
4 S 0 4 42 0.24 0.07 0.0t . & .57 1.58 .88
6 2 pevie Y 4 094 020 008 ‘ 006 4 L6 v 1 052 1 023
10 4 zo. 4 .47 W22 Reky 02 4,87 1.9 1.9%
.. 12. 4 hord » S 4 .42 019 . ! «9C 4 04: 1 08§ 1 .8“:-
15 € =0 £ 19 025 i el-) 003 S.e2 2 .00 2 .00
18 6 e Je74 «20 +03 «1C 5 .35 2415 2 .68
25 8 rc. 4,59 21 W05 .z §.84 1.77 2.0%
S4 2 =t 4 W04 28 01:'- 011 A 2 43 2 43
43 lO RO e 4 058 O{C 021 01":‘. 10 . c ‘{ -35 - 004
. 56 10 =oe. 4 .61 -1 .14 ell 8.14 3.0 2 .20
45 12 =o. 4 .66 .53 22 o4 10.50 4.65 2.80
4':: 12 TC e 4 033 051 003 olc 10 025 1 060 3 017
€7 128 ro. 4.23 59 .26 .05 2.27 5.31 1.8%
68 18 Qe ‘. 0‘-10 086 .32 010 17 055 o 055 2 ._06
105 21 Rl e 5 012 .6% 011 ol? 12 054 2 003 ; 068
108 21 mo. 5.23 54 . +«03 <15 10.30 1 .45 2.90
49 24 2o 5.02 W66 06 13 12.70 1.20 2.54
S0 24 oo 4 071 060 QOB ) 014 12 052 1 072 2 92
[ TARNIZ I =
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In viev of the observations recorded above, certain periinent
co==ents appear to be warranted, The microscoplc studies of the
lungs and tracheobronchi{al ly=ph nodes zake it obvious that duast
\ suspended in the atmosphere of the chaxber and that portions
of that dust were inhzled and gained access into the lungs of the
arfimala exposed, This {s further substaniiated Dy tne chenical
afialyses of the lungs waich shov & graduslly {ncreasing amount of

——————the—various—nineral corponents of the dust used in direct propor-

~-————%ten-to-the oxposure times. In the case o 2, b MR
pigs sacrificed after ten months exposure revealed ® two-to tarse-- -
fold incrsase. The N30 and Ca0 content also (ncreased but the
increnents are inconsistent and less zanifest,

The silice component of the mineral dust is of such lovw
concentration that a significent pulmonary reaction would hardly
be expected in consequence of its presence in the lung., This
proved to de the case evon in those aninsls azxposed for a period
of tweanty-four months and revoaling an average total of 12,6145
Si02 of the lung ash. 7The character of the tissus response at
thirty monthe is coxmparadle anc (¢t is anticipated that the SiJop
content wvill not be apprecladly different.

( Undoubtedly some of the dust cells cons:iituting the mild

. cellular reaction observed msy be in consequence of the soerpen=-
tine components of the dust deposited in the lung. Tals, hovever,
cannot be verified since serpentine is a relatively denign dust
ansd falls to produce reaction otiaer than mere dust laden macro-

3 phazes. Tals interpretation 1s in accord with Doctor Gardner's
observation that tae silicate serpentine is a bdlologically inert
substance producing at best a mild reaction consisting of sxll
videly scattered locsl e:zllections of dust laden paagocytes
and an occasional glant cell without other ccllular reaction

and wfthout fidbrosis.

The presence of a rars curious body (asbestosis body) indi-
cates that some of the airadorne fibrous component of the chryso-
tile gained access to the lung., Bowever, the.absence:of cellular
reaction or Libroals.about the terminal bronchicles would {ndicats
that the inhaled quantity of such fibers was-of exireaely low
dntensity and insufficlent to produce peraanent damage. Tnls view
13 supported by the petrosraphic and x-ray diffractlion studies
which disclosed that a .major amount of the chrysotile component
of thes dust consisted of atructures too larges for dispersion
tnto the breatning atmosphere and for essy: access into tbe lung.

In consequence of the experimental studles with guinea pigs
to deternmine the dlolozical activity of EAYLO, it may be tenlatively
¢luded that KAYLO alone fails to produce significant _pulmonary dazage
<7 . when inhaled into the lung. .
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II. EKAYLD inhglation alone {n waite rats:

Tols species was used bscause the rat {s known to develop
-; fibrosis from quart: inhalation more rapidly than other anizsls,
“yPorty rats vere used in this experiment and, es {ndicatsd dy
~. Dactor Gardonar in his report in kKay, 1946, no difficulty with
'~ «0arly developzent of pneumonia was experienced. In fact, during
the first thirteen months of the experiment no spontaneous deaths

e __occurred, From thlrteen to elgntes > e
, ani=2ls dléd vItE TerzioAl Bronchivittis snd- lodular-pneumsnia, -

Tois is of n> significance, however, because it s well known

that laboratory rats beyond the age of one year are sudject to

this type of lesion. )

Thbe results of exposurs to KAYLO were followed by killing
. four rats at each of the following perfods: six, nine, twelve,
fifteen and eighteen months., The duration of the experizent
was sighteen months and all animals have been killed,

The reaction to the dust .throughout the experiment has
consisted of focal collections in the pulmanary alvesll of
macsrophazes ¢sntaining particles and spicules of dust, 4s
the duration of exposure increased, the only odssrved cnange

N vwas an ircrease in the nuxdber of such foei. Siamllar dust
L f1lled macrophages vwers seen in the tracheodroncaisal ly=ph
= . nodes. In no snimal was toere any tissuereaction of the

sort seen in silicosls or asbestosis.

b Chemical analyses of the lungs of these rats show that tle
S102 reached the averaze level of 16.65% of tne lunj ash wlihin
nine months and subsequently diminfished. Thisz is difficult to
explain, since i{n the same period tahe percentage of Si0z in
guinea pigs! lungs exposed simultaneously (see Tadle I) was

increasings.

- The table of these results followss

TABLE II.
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- EAYLO INHALATION o=

¢  SILICA DETEZREIYATIONS OF LUBG TISSUZ IN RATS OFLY

Asa 18 ury Si0p irn Dry 5S40z iz

Animal Es. Group Tiasue PPEY b —ksh— Dursatlos of
% CTTss T Ao E3o03ure _
1012-202 Iv 4.8 0.688 14.0 6 months
1012201 v 4.6 0.735 16.1 & montas
1012-208 Iv 4.6 0.36 18.2% 9 monthe
1012-20€ Iv Se8 0.522 13.9 § months
1012-203 1v 4.2 0.53 13.2 iZ mopilhs
10124210 v 4.4 C.655 15.0 12 montns
1012-215 IV 4.2 0.443 10.S 15 months
1012-223 v 4.2 0.562  13.3 15 months
1012-234 Iv S.9 - 0.44 11.3 18 =months

TABLE IX

A
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_, In co==enting upon Part II of the investigetion using white
b 41 as the experimental animals, reference is oade to:%he coxzsents

recorded under Part I, which apply.

I2T. EAYLO innaletion sand simultapeosus tuberculous infection

in zulpea pics,

- = e — e —

Tois experiment was carried out by the use of only one of the
three methods whilch have been found valuable {n determining the
effect of dust on the course of tuberculosis., In this casa ths
animals vwere infected with tubdercle baci{lli by inhaletion and im-
madiately placed {n the dust room. 7Thus, we are testing the offect
of the sarly accumlation of dust on the early course of tuvercu-
losis, The other tvwo methods avallable consist in exposing the
animals to either the dust or the infection alone for several
months, subsequently exposing thea to the other ajent, Wwe =sy
then study the effect of aceunulated dust ont he early course of
tuberculosis, or the effect of dust on heal {ng tuberculous lesions.

In the experiment wnich Las been completad twenty~five aniz=sls
vors used., Of these, five dled within ten months of the preu=onie
waich 22s been a prodblexn tarougshout all the experiments wiih tris
dust, Pour othars were killed b ecause they wvere in poor condition,
and it was boped to cut down the incidence of pneumsnia by removing
thea £ roz the room. These four also shoved sone evidence of preu=onisa.

Of the rcmaining sixteen animals, elevern were killed in orcer
to fallow the course of the irnfectisn. One was killed st ones month
and tvo were killed at silx, nine, twelrs, fifteen and eighteen
months, Twvo dled at fourteen months, apperently froa prozressive
tuberculocis; these will be discussed further belovw. T¥o mizsls
died, one st thirteen and one at seventeen months, of undeteriined

causes, but not from tudberculosis.

Of the animals killed to follow thes course of the infection,
the lesions were {solated, encapsulsated and regressing in all
except one of the .two killed at fifteen donths., In this animel,
leslons were widespread throughout the lunz, bdbut were assoclated
with the production of fibrosis, indicatinga tendency to heal.,
. Tbe interpretation of the results of this experiment (s cox-
plicated by the accessory factor thaf -some of the animals were used
far breeding during the expesriment., 7This was done in an atteapt to
develop a strain of animals resistant to the infection which was
producing the frequent pneumoias. _

A review of the records shows that each of the two animals
wiiich died of progressing tuberculous infection bad besn used as
dbresders. In addition, the animal which was killed at fifteen
months and shoved widespread lesions bad also been used for bdreedimg.

< ~an



