October 30, 1947
ONENS ILLINOIS GLASS COMPARY
TOLEDO, OHI0

Interim Report on Anima]l Inhalation
Expsrinents with XAYLO

SUMMARY: The firast inhelation experiment with this dust was
begun in Pebruary, 1945. Due Lo a high incidence of
fatal pneumonia, another similaer experiment was started in
August, 1945. Both of these experiments were designed to test
the effect of the dust alone by inhalation in guinea pigs. In
August, 1945, also, an experiment was begun to test the effect
of inhaled dust on tuberculous infection in guinea pigs. In
Ootober, 1945, & group of white rats was placed 1n the dust room
in order to study the effect of Kaylo inhalation in this specles.

, It may be sald here that there 1ls no evidence to su;gest
that the dust alone when inhaled into the lung produces pulmonary
fibrosis in rats in an 18 month period, or in guinea pigs in a
30 month period. The results of the experiment in which dust
exposure and tuberculosis were combined are inconcluasive and
further work should be done before a definite statement can be
made as to the possible effect of the dust on tuberculous ine-
fection, All these experiments are virtually comploted, although
geveral animals in the original groups are being kept alive for
more prolonged exposuroc.

INVESTIGATIONS :

A, Poetrographic and x-ray diffraction enalyses of the dust
supplied and used. Analyses were carried out initially
ang periodically during the course of the experiment.
The composite of such anslyses reveals the following:

" Samples from the supply carton

Quartg <l% (approximately)

Chrysotile and Serpeatine 15 - 20%;
largely fibrous. The fibers and i
bundles present ars usually several 00024{’
millimeters lon; and seldom are less ~
than 300 u

Calcite 5%
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Balance consisted of clay-like massos
which gave & definite x-ray diffrac-
tion pattern not unlike a hydrous
calcium silicate.

&;los collected from the atmosphere
G CHIaRDer.

Quarts 1% :
otlle and Serpentine 10 - 15%;
egs fibrous material than in
sample above; meny fibers are
shorter than 20 .

Caloite 10%

Balance consisted of clay-like masses
which gave @& definite X-ray diffrac-
tion pattern not unlike a hydrous
oalceium gilicate.

The enalyses rovesl soveral polnta of intoreat:

The low quarts content (1%) indicates
that the amount of orystalline free silica
in the dust is prsctically negligible as a
posaible cause of silicoals.

Although dlatomaceous earth is ons of
the materials from which KAYLO is made,
only a trece, probably much less than 13,
is unaltered and appears in the final
produoct in its original form. Hearly all
bhas been cnanged by the manufacturing praoceas
into another chemicel compound, calcium sili-
cate,

Host of the materlal consisted of clay-
1ike masaes which gave @ definite x-ray
pattern aimilar to that of a hydrous calcium
silicate.

About 10 to 15% of the atmospheric dust
in tho experimental dust room was chrysotile
or serpentine. Both of these minerals produce
the same x-ray pattern. From petrograpnic exe
amination of tho originael material, it appears
that ohrysotile, whloh is a flbrous minersl,
is present in much gZrcater amounts than tho non-
fibrous serpontine. In the atmospnoric dust
also, the flbers still predominate over t.e none
fibrous gerpentins,
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In the original material, tlhe fibers
wers [resent in bundles often s everal milli-
moters longi mnot many were shorter than 300 u.
The flbrous portion of the atmospheric sample,
however, consisted mostly of shorter bundles
and of fibers ,relatively few in number, which
wore generally about 10 to 40 ¢ in 1cngf4h.

B. Techniques of Investigation.

Two apecies of animals were introduced
into t he dust chamber assigned to this ine
vestigation. They included guinea pigs and
white rots, animals which the Saranac Labora-
tory cas used routinely in ita studies apropos
pooumogoniosis. Appropriate quantitiocs of the
original material supplied by the company were
introduced into t he dust generator of the oham=—
ber and pilot runs were made to asocertain ths
charecter and concentration of the air-borne
dust produced. Havinyg eastablished the desired
concentration, tho animels were then introduced
and throughout the courso of the inveatigation
dust counts were taken poriodically.

The averags concentration of the air<dborne
material was 122 million particles per cubic
faot of alr. This figure varicd somzewnhat {rom
month to month, renging from a lower limit of
99 million to an upper of 122 million particles,
This range is not unigue for this material but
has been observed also with moat agents whiah
we have smployed. It results no doubt from day
to day variations in atmospheric conditions
which cannot be precisely controlled with our
present methods, Nevertheless, we havo elected
to continue witi such mothods, believing that to
do otherwise would introduce factors uncomzon
to actusl induastrial exposure.

The results of the expsriments will be presented under the
tollovi.ng headings?

. 1o EAYLO inhalation alonc in guinees pigs.

II. KAYLO inhslation alone in wiite rata.

ITI. KAYLO inhalation and simultaneous
tuberculosis infection in guinea
plgs.

IV. Conclusions.
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I. KAYLO inhalation alone i inea oips:

The ocourse of thias experiment through the first fourteen
months was discussed in a sumuary written by Dogctor Gardner in
May, 1946, In this report he described the difficulty encountered
with sacute pneumonia in the guinea pigs and conoluded that it was
an accidental epidemic, His conclusion is supported by the fact
taat subsequently only four animals have died of pneumonia. This
occurred, however, only after all apperently sick gulnes pigs
wore dlaposed of, the apparently well pigs isolated, the dust room
thoroughly cleaned, aired and disinfected, and all thoe cages
sterilirzed. A third and new series of guinea pigs were intro-
duced after control of tic epidemic described. Throughout the
courso of the study, &ll enimals were exposed continuously to
the chamdber cloud for oight hours a day, five and onc-hall days
& vool.

Thus far, & total of thirty-nine pigs have been killed in
order to follow the coursec of the pulmonary reaction resulting
from the deposition of inhaled dust in the lung. The period
elected for study ranged from two to thirty monthse. Over this
period no dsfinite grosa changss ocococurred in the lungs. The
tracheobronchial lymph nodes have enlarged slightly, but re- -
mained soft, Microscopic study of the lungs roveal gradually
inoreanin§ numbers of dust-contsining meaorophages. These
inaotive "dust cella®™ are found charsoteristiocally in clumps
within groups of adjacent air spaces. The intervening alveolar
walls are only slig:tly thickened by acocumulated lymphoocytes,
but there is no undue proliferation of tissue histiocytes and
connsctive tissue, Fibrosis is not present. 0Occasioral multlie
nucleated giant cells are soen. In addition, there are a very
fow olongated segmented brown struoture wiich take an iron stain
and are clesrly asbestosis bodlea. Microscopic astudy of the
tracheobronchial lymph nodes reveals clusters of inactive "dust
cells" similar to those demonastrated by the lunge There is no
apparent over dovelopment of connective tisaue, and again fi-
brosis is consplcuous by its absence,

Results of the chemical anslysos carried out on tho lungs
of the exposed pigs saorificed &t tho various periocds are re-
corded in the following table:

TABLE 1.
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CHEMICAL ANALYSIS OF OUINEA PIG LUNOS

Animal Time Matter Ash :
Rumber  Exp. a‘;’h‘ ﬁ?ﬁg E I EG- 0a0
2 2 moe 4 .42 024 Q07 0.08 557 1loSB 1.85
6 2 moe 4.4 20 08 06 4 .06 1.62 1483
10 4 4o, 4 A7 22 +09 Ne 487 199 1 .90
11 4 0. 4442 10 «08 <08 ¢ed2 189 1.89
16 6 mOoe 4.3 25 +«08 . «08 583 200 2.00
18 6 moe S.74 «20 «08 «1O 5436 2,19 £ .68
£8 8 moe. 4.50 S 08 13 684 177 RBJ75
34 8 moe 454 «£8 o1l Il 836 LAY 2443
43 10 moe. 450 «48 <1 14 10 430 J04
66 10 mo. 4.81 Al 14 1l Beld SIS L.20
45 12 moe. 4 .86 83 28 14 1080 4460 L4890
46 12 moe. 499 o351 «8 18 10856 160 3417
67 18 moe. 4.,83 59 86 Q09 ILL7 531 1683
68 18 mo. 4,30 «86 32 «10 17656 656 L2406
206 £l moe. 8412 <04 b3 «19 18.564 £.03 3468
108 £l mo. 5.2§ -S4 <08 15 JOSO 145 2490
49 £4 mo. 5402 <66 «08 13 12,70 120 2654

TABIE I
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In view of the observations recorded above, oertain portinent
camments appear to be warranted. Ths mioroscoplc studies of the
‘lungs and tracheobronchial lymph nodos malks it obvious that dust
was suspendad in the atwmosphere of ths chamder and that portions
of that dust were inbaled and gained access into the lungs of ths
animals exposed., This is further substantiated by the chemical
analyscs of the lungs which show a gradually inoreasing amount of
the various mineral components of the dust used in direct propor-
tion to the exposure times, In the case of 3109, for example, the
plgs sacrificed after ten months exposurs resvealed a two to throo-
fold incresse. The Mz0 and Cad content also lnorsased dut the
increments are inconsistent and less manifest.

. The silica component of the mineral dust 1la of such low
concentration that & significant pulmonary reaction would hardly
be axpooted in consoquence of its presence in the lung. This
proved to be the onsae even in those animals exposed for a period
of twenty=four months and revcaling an average total of 12.61%
310p of the lung ash, The charaoter of the tlasue response at
thirty months 1s comparable and it 1ls entlioipated that the 3102
contont will not be appreciavly different.

Undoubtedly some of the dust cells constituting the mild
oellular reaction observed may be in consequence of the serpen-
tine componsnts of thes dust dsposited in the lunge This, howover,
cannot be verified since serpentine is & reletively benign dust
and falls to produce reaction other tnan mere dust leaden macro-
phages, This interpretation 1ls in accord with Doctor Gacdner's
observation that the slliocate serpentine 1s a diologically inert
subgtance producing &t best 8 mild reaoction consisting of small
widely scattered lotal colleations of dust laden phagooytes
and an oocasionsl glant cell without other collular reaction
and without (ibrosis, :

The presence of a rare curious vody (asbestosis osdy) indle
cates that some of tic gireborne fibrous component of thc chryso-
tile gained access to ths lung, However, the absence of cellular
reaction or fibrosis about the terminal oronchioles would incicsate
that the inhaled gquantity of such fibers was of extremely low
intensity and insuffiolent to produce permanent damage. Thls view
is aupported by the petrographic and x-ray diffraction studies
which disclosed that & majJor amount of the chrysotile component
of the duat consigted of structures too largo for disperslon
into the breatiing atmoaphere and for easy acceas into the lunge.

. In oconsequence of ths experimental studlies with guinea plfs
to determine the blological activity of FAYL), it may be bendatively co
- oluded that KAYLO alone falls to procduce significant pulmonary deoage
when inhalod into the lung.

1000245
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IX. EKAYLO inhaletion alone in white ratss

This speciea was used becsuse the rat ia known to devel
Librosis from quarts inhalation more repidly than other animals,
Forty rata waere used in this experiment and, as indioated by
Doc tor Gardner in his report in ey, 1946, no difficulty with
oarly development of pneumonia was experienced, In fect, during
the first thirteen months of the experiment no spontaneocus deaths
occurred. Prom thirteen to eighteen months, about 40% of the
enimals died with terminal bronchiolitis and lotular pneumonia,
This is of no significance, however, becauss it is well known
that laboratory rats beyond the age of one year arec subject to
this typo of leslon.

The results of oxposure to KAYLO were followed by killing
four ratas at oach of the following periodst: six, nine, twolve,
fiftesn and eightesn months, ihe duration of the oxporinent
was eighteen months and all enizals have been killod.

The resction to t he dust throughout the experiment has
consisted of foocal collections in the pulmonary alveoll of
magrophages containing particles and spicules of dust, As
the duration of exposure inoreased, the only observed change
was an inorease in the nuxber of such foci, Simllar dust
filled macrophages were seen in the trmcheobronchial lymph
nodese In no animal wea there eny tissus r eaction of tho
sort seen in siliocosis or aabestosis,

Chenmical analyses of tho lungs of these rats shoe that the
S10g reached the average level of 16,6% of the lung ash within
nine months and subsequently diminished, This 1s 4difficult to
explain, since in the same period the percentags of Si0g in
guinea piga' lungs exposed simultancously (see Tablo I) was
inoreasing,

The table of these results followsg

TABLE I1I,
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XKAYLO INHALATIOH
SILICA DETERHIMATIONS (OF LUNG TISSUE IN RAT3 ONLY

Ash In Ury siog in Dry S810p in

Animal No, aroup Tissuo isaue Ash Duration of

< % < Exposure
1012-202 Iv 4.8 0,688 14.0 6 months
1012+201 Iv 4.6 0736 16.1 6 months
1012-~-205 Iv 4.6 0.86 18¢3 9 months
1012-206 v 3.8 0.528 13.9 9 months
1013-809 1V 4.2 055 135.2 12 months
1018-210 Iv 4.4 065606 15,0 12 months
1012-218 IV 4.2 0443 10,6 15 months
1012-823 Iv 4.3 0.502 13,3 15 months
1023-2856 Iv Sel 0. 43 13.7 18 months
1012-234 IV SeP Q.44 11,3 18 months

TABLE 1I
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In commenting upon Part II of tho investigetion using white
rats as the experimental animals, roferonce is made to tho ‘comaents
recorded under Part I, which applye.

IXI. XAYLO tion and taneous tuberculoug octio
in Nnoa 8e

This experimont was carried out by the uae of only one of the
throee methods which have been found valusble in determining tho
offect of dust on the course af tuberculosis, In this case the
animals were infected with tubercle bacilli by inhaletion and ime
msdlately placed in the dust room. Thus, we are teating the effect
of tho early accumilation of dust on the early course of tubercu=
loais. The other two methods available oconaist in exposing the
animals to either the dust or the infection alone for soveral
months, subsequently expoasing thsm to the other agent, ¥e may
then study the effect of sccusmilated dust on L he early course of
tuberculosis, or the sffect of dust on heal ing tuberculous lesions,

In tho experiment waich has besn completed twenty-five animals
wors used. Of these, five dled within ten months of the pneumonias
which has been a problem throughout a&ll the experiments with this
dust, Four others were killed b ecause taey were in poor condition,
and it vas hoped to ocut down the incidence of pneumonia by removing
thex f rom the rooms These four also showed soms evidence of pneumonia.

Of the romaining sixteen animals, eleven were killed in order
to follow the course of the infection, One was killed at one month
end two were killed at six, nine, twwvl-s, fifteon and eighteen
months, Two died at fourtean montha, apparently from progrossive
tuborculosis; these will bo dlscussed further below. Two @ imals
dled, one at thirteen and one at seventeen months, of undeterminsd
causss, but not froa tuderculosis.

Of the animals killed to follow the oourse of the infection,
the lesions were isolated, encapsulated and regreassing in ell
exoopt one of tho two killed at fifteen months, In thias animal,
leaions were widespread throughout tae lung, but were assoclated
with the production of fibrosias, indicatinga tendenoy to heal,

The interpretation of the results of thls exporiment is com=
plicated by the accessory feotor that some of the animals were used
for breeding during the experimsnt. This was done in an attempt to
develop a strain of animals resistant to thio infection which was
producing ths frequent pneumonias.

A preview of the records snows that oazcoh of the two animals
which died of progresaing tuberculous infectlon had been used as
brecdera. Ir addition, the enimal which waes killed st fifteen
months and showed widespread lesions had also been used for breedlnge -

00025%
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Four other animals used for breediny during the samo period did ,
not show the extensive disease seen in the animals Jjust described,

Thus, it soems hazxardous to a ttempt to attribute tie spread-
ing of the tuderoulous infection entirely eltner to the effect of
the dust or to that of breeding. p

IV, Conolusions:

le It msecma clear from the results presgntod 1in perts I and
II above that EAYLJ acta as an inert dust whon inhaled
by guinea pigs and rats; that 13, it is phagocytizoed by macro-
phages, but does not injure them or produce fibrosia or anything
suggestive of either silioosis ora adestosis, This indicates that
tire dust will probably be harmless on inhalation in modecrate anounia
over prolonged periods by normal human boinygs.

2« Tho resulta observed in the experiment concorning ths ine
fluence of tho duat on tuberculous infection are oquivoe
cal, Although it is our feelinz tnet this dust exerts little or
no sadverse influenocs on tuboroulosis, the possibility toat 1t
played & part in spreading the infecstion cannot be axcluded.

Se¢ 1In view of this possibility, further studies concerning
this aspect of the problem should be carried out, It

is imperative that tho original experiment with infection and
simultansous duat exposure be repeated in its entirety. One
further study with & small series of guinea pigs 1s now in pro;ress.
It is deaigned to reveal the influence of the dust on partially
healed tubderculosis., However, it is now felt that this experiment
should be oarried out on & larger socele by inoreaalnb the number
of animals, Should this expanded investigotion be pursusd, 1t
might boldentifled us tollov::

8. ltepoat experimont to determine the blological
activity of RAYLO when inhaled into toe
lung barboring a tuberculous infection,
whioch otherwlse would regress an. neal;
viz.: Does KAYL) gtimulate tho disecase?

be Repsat exparimont to determine the biolosrlcal
activity of KRAYLO when inhaled into the
lung harboring a regressing or quiescent
- . tubergculous focusj vit.: Does KAYLO ro-
"agtivate & focus of infoection?

Ce Introduce a new experiment to detsrmine the
bilological activity of EKAYLO inheled into
the lung upon infection; vie.: Does KAYLD
prediapose the lung to tuberculous infec- o 0002 5:
tion? ' v
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4. In addition, it appears important to explorc the

blologlcal activity of hydrous caloium silicate

either by inhalation or at least pilote-wise by injection

methods should it be impossible to generate a sulflcient

oloud of atmosphoric dust because of tho character of the
aaterial,

( 5. These rocommended iavestigations ocan be carried
out simultansously snd completed in a period of
eightecn months to two years. It 1s anticipatod tnat these
studies would remove the do..bt raised by the rosulits of the
original experiments herein reported and would epabls us to
oconclude finally that KAYLO is inert not only in rogard to
the production of pulmonary injury, but aleo in relation

to associated tuboeroculosisa. _

Arthur J, Vorwald, 4.D,
Director of Research
The Edward L. Trudeau Poundation

ANN:B
Cc - Wy .’\"\ PPN | \:-‘5T.f‘|

«*h
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Interim Report on Animal Inhalati
Experiments with KAYL

SUMMARY: The first inhalation expe
begun in February, 194
fatal pneumonia, another simi orijment was started in
August, 1945. Both of these¢/gxperiments were designed to test
yldtion in guinea pigs. In
August, 1945, also, an experlw 38 begun to test the effect
of inhaled dust on tuberculous sgtion in guinesa pigs. In
October, 1945, a group of white rats\was placed in the dust room
in order to study the eoffw - nhalation in this species.

ment with 8 dust was
s to a high incidence of

It may be said/ he Bat dhere is no evidence to suggest
that the dust alone , into the lung produces pulmonary
fibrosis in rats 1 period, or in guinea pigs in a
SO0 month period., T the experiment in which dust
exposure and tuberc

made as to

fection,
seversal g

A. Petrographioc and x-ray diffraction analyses of the dust
supplied and used. Analyses were carried out initially
ans periodically during the course of the experimsnt.
The composite of such analyses reveals the following:

Samples from the supply carton

Quartz <1% (approximately)
Chrysotile and Serpentine 15 - 20%;
largely fibrous. The fibers and
bundles present are usually several
millimeters long and seldom are less 00025.’,
than 300 @
Calcite 5%
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Balance consisted of clay-like masses
which gave a definite x~ray diffrac-
tion pattern not unlike a hydrous
calcium silicate.

les collected from the atmoaphere
of the chamber.

Quarts 1% ;

Chrysotile and Serpentine 10 - 15%;
less fibrous material than in
sample above; many fibers are
shorter than 20 g.

Calcite 10%

Balance consisted of clay-like masses
which gave a definite x-ray diffrac-
tion pattern not unlike a hydrous
calcium silicate. :

The analyses reveal several points of interest:

The low quartz content (1%) indicates
that the amount of orystalline free silica
in the dust is practioally negligible as a
possible cause of silicosis,

Although diatomaceous earth is one of
the materials from which KAYLO is made,
only a trace, probably mmch less than 1%,
is unsltered and appears in the final
product in its originsl form. Nearly all
has been changed by the manufacturing process
into another chemical compound, celoium sili-
cate.

Most of the material consisted of clay-
like masses which gave a definite x-ray '
pattern similar to that of a hydrous calcium
silicate.

About 10 to 15% of the atmospheric dust
in the experimental dust room was chrysotile
or serpentine. .Both of these minerals produce
the same x-ray pattern. From petrographic ex-
amination of the originel material, it appears
that chrysotile, which is a fibrous mineral,
i3 present in much greater amounts than the non-
fibrous serpentine. 1In the atmospneric dust
also, the fibers still predominate over the non-
fibrous serpentine.

- 00025¢
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In the originasl material, the fibers
were [r esent in bundles often s everal milli-
meters long; not many were shorter than 300 .
‘The fibrous portion of the atmospheric sampls,
however, consisted mostly of shorter bundles
and of fibers, relatively few in number, which
were generally about 10 to 40 @ in length.

B. Technigues of Investigation.

Two species of animals were introduced
into t he dust chamber assigned to this in-
vestigation. They included guinea pigs and
white rats, animals which the Saranac Labora-
tory has used routinely in its studies apropos
pneumoconiosis. Appropriate quantities of" the
original material supplied by the company were
introduced into t he dust generator of the cham-
ber and pilot runs were made to ascertain the
charscter and concentration of the air-borne
dust produced., Having established the desired
concentration, the animals were then introduced
and throughout the course of the investigation
dust counts were taken periodically.

The average concentration of the air-borne
material was 122 million particles per cubic
foot of air. This figure varied somewhat from
month to month, ranging from a lower limit of
99 million to an upper of 122 million particles.
This range is not unique for this materisl but
has been observed also with most agents which
we have employed. It results no doubt from day
to day variations in atmospheric conditions
which cannot be precisely controlled with our
preaent msthods. Nevertheless, we have elected
to continue with such methods, believing that to
do otherwise would introduce factors uncommon
to actual industrial exposure.

The results of the experiments will be presented under the
following headings:

:I. EKAYLO inhaletion alone in guinea pigs.

II. KAYLO inhslation alone in white rats.

III. KAYLO inhalation and simultansous
tuberculosis infection in guinea
plgs.

IV. CGConclusions.
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I. EKAYLO inhalation alone in guinea pigss:

The course of this experiment through the first fourteen
months was discussed in a summary written by Docotor Gardner in
May, 1946. In this report he described the difficulty encountered
with acute pneumonia in the guinsa pigs and concluded that it was
an accidental epidemic. His conoclusion is supported by the fact
that subsequently only four snimals have died of pneumonia. This
occurred, however, only after all apparently sick guinea pigs
were disposed of, the apperently well pigs isolated, the dust room
thoroughly cleaned, aired and disinfected, and all the cages
sterilized. A third and new series of guinea pigs were intro-
duced after control of the epidemic described. Throughout the
course of the study, all animals were exposed continuously to
the chamber cloud for eight hours a day, five anl one-hslf days
a week.

Thus far, a total of thirty-nine pigs have been killed in
order to follow the course of the pulmonary reaction resulting
from the deposition of inhaled dust in the lung. The period
elected for study ranged from two to thirty months. Over this
period no definite gross changes occurred in the lungs. The
tracheobronchial lymph nodes have enlarged slightly, but re-
mained soft. Microscopie study of the lungs reveal gradually
inereaaing nunbers of dust-containing macrophages. These
insctive “"dust cells™ are found characteristically in clumps
within groups of adjacent air spaces. The intervening alveolar
walls are only slightly thickened by accumulated lymphocytes,
but there is no undus proliferation of tissue histiocytes and
connective tissue. Fibrosis is not present. Occasional multi-
nucleated gilant cells are seen. In addition, there are a very
few elongated segmented brown structure which take an iron stain
and are clearly asbeatosis bodies. Microscopic study of the
tracheobronchial lymph nodes reveals clusters of inactive “"dust
cells” similar to those demonstrated by the lung. There is no
apparent over development of connective tissue, and again fi-
broais is conspicuous by its absence.

Results of the chemical analyses ocarried out on the lungs
of the exposed pigs sacrificed at the various periods are re-~
corded in the following table:

TABLE I.

- 00025¢
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CEEMICAL ANALYSIS OP GUINEA PIG LUNGS

Animal  Time Dry Matter Ash
Rumber  Exp. Ash 5105 - C §10, igd 040

2 2 moe. 4 042 0.24 0.07 0.08 557 1.59 1.85

6 2 MO e 4,94 «20 08 +06 4 .06 l1.62 1.28
10 4 mo. 4 47 22 09 <09 4 .87 1.99 1.99
11l 4 mo. 4.42 19 08 08 4 .-42 1.89 1.89
16 6 moe 4.13 25 «08 -08 5.83 2 .00 2.00
18 6 mo. S.74 «20 <08 «10 5 .36 2 019 2.68
28 8 mo. 4,59 31 .08 18 6 .84 177 2.75
34 8 mo. 4 54 - 28 1l 11 5 .36 2 '45 243
43 10 moe. ~ 4.58 «46 21 14 10.12 430 3.04
56 10 moe. 4 .81 41 J4 «1) 8.14 3.02 2 20
45 12 mo. 4.86 oS3 22 24 10.80 4.65 2£2.80
46 12 mo. 4 .99 51 .08 16 10.25 1.60 3.17
67 18 mo. 4 .83 59 26 «08 12 .27 531 1.83
68 -18 mo. 4,90 ._86 . «10 17 .65 6.66 -2.06
106 2]l moe 512 "e64 11 19 12 .54 2.035 S .68
lo8 21 b 1{o JPY 523 54 . .08 «15 1030 1«45 2 .90
49 24 mo. 5.02 «66 <06 5.3 12.70 1.20 2.64
50 24 mo. 4,71 «60 08 14 1252 1.72 2.92

’
TABIE I
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In view of the observations recorded above, certain pertinent
comments appear to be warranted. The miocroscopic studies of the
lungs and trachsobronchial lymph nodes maks it obvious that dust
was suspended in the atmosphere of the chamber and that portions
of that dust were inhaled and gained access into the lungs of the
animals exposed. This is further substantiated by the chemical
analyses of the lungs which show a gradually increasing amount of
the various mineral components of the dust used in direct propor-
tion to the exposure times. In the case of 8i0g, for example, the
pigs sacrificed after ten months exposure revealed a two to three-
fold increase. The MgO and CaO content also increased but the
increments are inconsistent and less manifest.

The silica component of the mineral dust is of such low
concentration that a significant pulmonary reaction would hardly
be expscted in consequence of its presence in the lung. This
proved to be the case even in those animals exposed for & period
of twenty-four months and revealing an average total of 12.61%
810p of the lung ash. The character of the tissue response at
thirty months is comparable and 1t is anticipated that the 3102
content will not be appreciabdbly different. :

Undoubtedly some of the dust cells constituting the mild
cellular reasction observed may be in consequence of the serpen-
tine components of the dust deposited in the lung. This, however,
cannot be verified since serpentine is a relatively benign dust
and fails to produce reaction other than mere duat laden macro-
phages. This interpretation is in accord with Doctor Gardner's
observation that the silicate serpentine is a blologically inert
subgtance producing at best a mild reaction consisting of small
widely scattered local collections of dust laden phagocytes
and an occasional glant cell without other cellular reaction
and without fibrosis.

The presence of a rare curious body (asbestosis body) indie
cates that some of the air-borne fibrous component of the chryso-
tile gained access to the lung. However, the absence of cellular
reaction or fibrosis about the terminal bronchioles would indicate
that the inhaled quantity of such fibers was of extremely low
intensity and insufficient to produce permanent demage. This view
is supported by the petrographic and x-ray diffraction studies
which disclosed that a ma jor amount of the chrysotile component
of the dust consisted of structures too large for dispersion
into the breathing atmosphere and for easy access into the lung.

In consequence of the experimental studies with guinea pigs
to determine the biological activity of KAYLO, it may be Geniatively con-
cluded that KAYLO alone falls to produce significant pulmonary damage
when inhaled into the lung.
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IXI. KAYLO inhalation alone in white rats:

This species was used because the rat is known to develop
fibrosis from quartz inhalation more rapidly then other animals.
Forty rats were used in this experiment and, as indicated by
Doo tor Gardner in his report in May, 1946, no difficulty with
early development of pneumonia was experienced. In fact, during
the first thirteen months of the experiment no spontaneous deaths
occurred. Prom thirteen to eighteen months, about 40X of the
animals died with terminal bronchiolitis and lobular pneumonia.
This is of no significance, however, because it is well known
that laboratory rats beyond the age of one year are subject to
this type of lesion.

The results of exposure to KAYLO were followed by killing
four rats a&* each of the following periods: six, nine, twelve,
fifteen and eighteen months, The duration of the experiment
was eightesn months and all animals have been killed.

The reaction to t he dust throughout the experiment has
consisted of focal collections in the pulmonary alveoll of
macrophages containing particles and spicules of dust. As
-the duration of exposure increased, the only observed change
was an increase in the number of such foci. Similar dust
filled macrophages were seen in the tracheobronchial lymph
nodes. In no animal was there any tissue reaction of the
sort seen in silicosis or asbestosis.

Chemical analyses of the lungs of these rats show that the
8102 reached the average level of 16.6% of the lung ash within
nine months and subsequently diminished. This is difficult to
explain, since in the same period the percentage of 3i0p in
ﬁinoa 1;;.:3' lungs exposed simultaneocusly (see Table I) was

creas .

" The table of tizeae results followss

TABLIE 11I.
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EAYLO INHALATION
QILICA DETERMINATIONS OF LUNG TISSUE IN RATS ONLY

.Ash in Dry siﬁaiin_ﬁiy 3102 in .

Animal No. Group ‘1'1;:11‘ ssue Duration of

‘ Exposure
1012-202 IV 4.8 0.668 14.0 6 months
1012-201 Iv 4.6 0735 16.1 6 months
1012-205 IV 4.8 0.86 18.5 9 months
1012-206 P 3.8 0.528 13.9 9 months
10124209 Iv 4.2 0.56 13.2 12 months
101£-210 v 4.4 0.655 15.0 12 months
1012-223 Iv 4.2 0.562  13.3 16 months
1022-225 Iv 3.1 0.43. 18.7 18 months
1012-234 v S.9 0.44 11.3 18 months

TABLE 1I
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In commenting upon Part II of the investigation using white
rats as the experimental animals, reference is msde to the comments
recorded under Part I, which applye.

IXI. KEAYLO inhslation and simultaneous tuboreulous infection
in ggInoa gIga.

This cxperinent was carried out by the use of only one of the
three methods which have been found valuable in destermining the
effect of dust on the course of tuberculosis. In this case the
animals were infected with tubercle bacilli by inhalation and im-
mediately placed in the dust room. Thus, we are testing the effect
of the early acocumlation of dust on the early course of tubercu=
losis. The other two methods available consist in exposing the
animals to either the dust or the infection alone for sev:eral
months, subsequently exposing them to the other agent. We may
then study the effect of a ccumulated dust on t he early course of
tuberculosis, or the effect of dust on heal ing tuberculous lesions.

In the experiment which has been céompleted t'enty-flvo animals
were used. Of these, five died within ten months of the pneumonia
which has been a problem throughout all the experiments with this
dust. Four others were killed because they were in poor oondition,
and it was hopsd to cut down the incidence of pneumonia by removing
them f rom the room. These four also showed some evidence of pneumonisa.

Of the remaining sixteen onimals, eleven were killed in order
to follow the course of the infection. One was killed at ons month
and two were killed at six, nine, twelve, fifteen and eighteen
months, Two died at fourteen months, epparently from progressive
tuberculosis; these will be discussed further below. Two mimals
died, one at thirteen and one at seventeen months, of undetermined
causes, but not from tuberculosis.

Of the animals killed to follow the course of the infection,
the lesions were isolated, encapsulated and regressing in all
except one of the two killed at fifteen months. In this animal,
lesions were widespread throughout the lung, but were associated
with the production of fibrosis, indicating s tendency to heal.

The interpretation of -the results of this experiment is com=~ .
plicated by the accessory factor that some of the animals were used
for breeding during the experiment. This was done in an attempt to
develop a strain of enimals resistant to the infection which was
producing the frequent pneumonias.

A review of the records shows that each of the two animals
which died of progressing tuberculous infection had been used as
breeders. In addition, the animal which was killed at fifteen
months and showed widespread lesions had also been used for breeding.
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Four other animals used for breeding during the same period did
not show the extensive disease seen in the animals Jjust described.

Thus, it seems hazardous to a ttempt to attribute the spread-
ing of the tuberculous infection entirely either to the effect of
the dust or to that of breeding

IV. Conclusions:

le It seems clear from the results presented in parts I and
II above that EAYLO acts as an inert dust when inhaled
by gulinea pigs and rats; that is, it is phagooytised by macro-
phages, but does not injure them or produce fibrosis or anything
suggestive of either silicosis orasbestosis., This indicates that
the dust will probably be harmless on inhalaticn in moderate amounts .
over prolonged periods by normal human beings.

8. The results observed in the experiment concerning the ine
fluence of the dust on tuberculous infection are equivo=-
cal., Although it is our feeling tnat this dust exerts little or
no adverse influence on tuberculosis, the possibility that 1t
played a part in spreading the infection cannot be exocluded.

3. In view of this possibility, further studies concerning
this aspect of the problem should be carried out. It

is imperative that the original experiment with infection and
simultaneous dust exposure be repeated in its entirety. One
further study with a small series of guinea pigs is now in progress.
It is designed to reveal the influence of the dust on partially
healed tuberculosis. However, it is now felt that this e xperiment
should be carried out on a larger scale by increasing the number
of animals., Should this expanded investigation be pursued, it
might beidentified as follows:

&, Repeat. experiment to determine the biological
activity of KAYLO when inhaled into the
lung harboring a tuberculous infection,
which otherwise would regress and heal;
viz.: Does EAYLO stimulaete the disease?

be Repeat experiment to determine the bilological
activity of KAYLO when inhaled into the
lung harboring a regressing or quiescent
tuberculous focus; viz.: Does EKAYLO re-
activate a focus of infection?

¢c. Introduce a new experiment to determine the
blological activity of EKAYLO inhaled into
the lung upon infection; vig.: Doea EKAYLO
p{ed:apoae,tho lung to tuberculous infec-
tion
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4. In addition, it eppears important to explore the
blological activity of hydrous calcium silicate
eithar by inhalation or at least pilot-wise by .injection
methods should it be impossible to generate a sufficient
cloud of atmospheric dust because of the character of the
material.

5. These recommended investigations can be carried
out simultaneously and completed in a period of
eighteen months to two years. It is anticipated that these
studies would remove the doubt raised by the results of the
original experiments herein reported and would enable us to
conclude finally that KAYLO is inert not only in regard to
the production of pulmonary injury, but aleo in relation
to. assoclated tuberculosis.

Arthur J. Vorwald, N.D.
Director of Research
The Edward L. Trudeau Foundation
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