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INVESTIGATION CONCERNING THE CAPACITY OF INHALED KAYLO DUST
70 INJURE THE LUNG

I, INTRODUCTIOR

In 1943 the Owens~Illinois Glass Company had developsd to the pilot
plant stage a new industrial product, known as Kaylo, which eould de used
as a thermal insulating materisl and for other spplications, According to
information supplied by the compeny, this product .ns prepazed by heating
under steam pressure a suspension of caloium hydroxide, silica, and aabéstos
to form a hydrated oaloim; silicate, Studies at The Saranac Laboratory
showed that although the prinoipal component of Xaylo was the hydrated
oaleium silicate, scmo unchanged raw Q.atarials, inoluding asbestos and freo

silica in the form of quarts or diatcmsceous earth, were also present in '

. the firnal product, Before Kaylo was used commercially on a large scale,

it was important to determins whother or not any dust liberated from this

product during manufacture, handiing or fabrication would be likely to
constitute & respiratory hazard to exposed individuals, Therefore, >o,
comproehensive investigation was undertaken in whioch the effect of irhaled
Eaylo dust om animnls wes studied, The invostigation was started in
February 1945 and was carried oz for more than five years, - It explored the
nature of the pulmonary tissue reaction to inhaled EKaylo dust in normal
aninels end in animals horboring a tuberculous infeotion, In tﬁs final

report of ths study thoe principal findings given in provious interim

reports will be reviéwed briefly and the conoclusions dorived frem the

entire experimental program will be stated,
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II. DUSTING WATERIAL USED

The matorial uged for genorating atnosphsric dust in the ozperimtal
dust room was ﬁnely-dinded Kaylo obtained frcn the dust colleotors of the
Berlin, New Jerzey plant, in which Kaylo 18 panofactured, The matorinl was
received in soparate shipments, as follows:

| Lot #1 - Roooiwd in Jenuary 1945,
. ¥ February 1947,
. #3 - ". " January 1949,
Compositicn: The results of chemical and petrographic analysis of a
' representative sample of >the mataerial as received at The
Saranac Lavorztory, are givem in table 3, It will be noted that the only
asbestos mineral revealed by the petrographic examination of this sample
1s ch:rysotile. Sinoo Zaylo is a commsrcial praduct, it is poasi.ble that
minor dterations in composition nay occur from tine to time in acoordance
‘with changos in the raw materials used, For exampls, the quarts value for
-lot #1 of Kaylo was less than 1 per ocent but the quartz content of lots #2
and #3 was botween 2 to b por cent, In tha finsl shipment of Xaylo, received
in January 1949 and first used in this experiment in September 1949, the
asbestos componant cmtained the mineral moa_i.j:_o a3 well =8 cl;rysotila. The
fibers of amosite, in comparison with those of ohrysotile, are less flexible
end have a higﬁer iron content, However, since experimsnts .'rx.th animalsg
have showm that both amosite-ahd ohryzotile are capai:lo of causiﬁg asbestosig,

it 18 unlikely that the substitution of the one mineral for the othar in

-~.- Kaylo would cauve a significent change in the toxic properties of the final

product,
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B, X-Ray diffraotion studies: The Xeray diffraction pattern of samples

of two dif'ferez;t shipments of Kaylo are
shown in fig, 1. The prominent lines present are probably those of &
hydrous calcium silicate, which 1s the .pr:lnoipal compcnent of Kaylo, Conme
parison of patierns a ond b discloses that the quartez line is aﬁronger in
b than in a, indicating that the Kaylo received in Janua;-y 1949 has a higher
quarte content than has the eerlier product, received in January 1945,

Faint lines representing ocalcite and chrysotile are visible in both patters,

Diffraotion linee produced by amosite are also present in pattern b,

C. Sise-frequency studies: The size-=distribution of Kaylo dust 1s showmn

by the graph in fig, 2, The lines of the graph
represent the parent material in the dust machine and two samples of atmos-
pheric dust collected in ;the dugt room on different days, A mgn:.lfioo.tion
.of 1200X was used in making the size-froguency counts, It will be notad
-that about 83 per cent of the perticles in the pgrent_ material visible at
that magnification are smallor than 5 micr:'ml in sige3 the corresponding
values for ths ssmplss of atmospheric dust are 90 and 95 per cent, This

difference 1n the two samples of atmospheric dust, which were derived from

the same parent material, mey have deen due £o the day-to=day variaticm in

- bunidity inside the dust reoz,

i III, REVIEW OF PREVIOUS REPORTS

During the course of the investigation with Kaylo dust five interim

. reports were issued,

The first report, dated May 13, 1946, revealed that in guinea pigs
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mioroscopio foocal collactioms of dust cells, The associsted tuberculous
infeotion had not beon altered emough tc be of significsnce,

In the ssoond report, issued on October 30, 1947, it was noted that
there was no evidenoce suggesting that Xaylo dust when irhaled into the lungs
produces pulmonary fibrosis in rats exposed for 18 months or in guinea pigs
expoa§d for 30 months, These findings secmed to show Kaylo dust to be a
biologically inert material, In the experiment dealing with the effeot of
the dust on a ﬁxberculoua infection the 'reaults wore inconclusive, indicuting
that the experiment 'should- be repeated, -

The third report, dated October 30, 1948, presented the final observa-
tions on the effect of inhaled Kaylo dust on normal uninfected guinea pigs.

Contrary to previous tenmtative impressions, based upon an exposure of 30

. months, which suggssted Xaylo dust to be inert, the study of animals exposed

for 36 monthe disclosed that the material is not inert but is capable, on

prolonged inhalation, of producing asbestosis in guinea pigs, Wr,
neither silicosis nor the diffuse fibrosis which is oa_used by inhaled
diatomacecus earth developed in the exposed animals, '

The fourth report, dated April 30, 1949, reviewed the results of the
first 8 months of a new experiment in which the effect of inhaled Kaylo
dust on a tubemulou§ infection in guinea pigs was studied, No definitely

adverse effect of the dust on the infeotion during this 8-months period

was noted, -

The fifth report, dated Jenuary 1, 1950, supplemented the informatian

given in the fourth report by extending the observations to infscted animals

-49
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<hat tad vesn erxposed %o Faylco dusv Ior poriods up to 14 nentha. Tho
?indings &t that %Yima suggested vhat faylo cust nad a siightly adverse
influence on <he course of a tuberculcus infection in guinea oigs but that

vhe offect was by no means 2s prcnounced as that of guarts dust,

IV, ZINFALATION ESPZRIVENT VITH TAYLO DUST

As a continuation of the previsus interim reports and as & summary for
vhis final report, a review of the enlire program of atudy is reported,

In the inhslation oxperiment (Saranac Laberatory No, 1012, 1100, 1104)
groups of guines pigs, rats, end hamsters were nlaced in & cubical dust
room, 3 feet iu dimemsion, in which an atmospheric suepeision of Kaylo duat
vas meintained, The room was operated for more than five ysars, from
February 1245 to June 1950, 4ibout 450 animals ware used in the sxperiment

end some of them lived in the dust room for as long as 3 years,

A. Conditions of exposure

The atmospheric suspensicn cf Kaylo dust was created by the actioa of
e paddle that rotated inside a hopper, loocatved in a corner of the dust room,
which contained the finely-divided Kaylo product, The dust cloud generated
in this manner floated ocut into the room where it was maintained for 8 hours
on five days of the week and for 4 hours on Saturdays, At regular intervals
during the experiment a few animels were lkilled and the tissues examined
grossly and mioroscopically to determine the nature and the extent of the
dust reactica, The tissue was also snaslyzed chemically to estimate the
amount of Kaylo dust retained in the lungs of animels exposed for definite

periocds of time,
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Dust counts of atmospheric samples collected in the dust room with the
midget impinger were made regularly, The concentration of Kaylo dust to
which the uninfected animals were exposed was genextally within tho range of
100 to 125 million particles per cubio foot of air and the overall average
was 115 million, In the experiment with infected animals the concentration

was higher, the average being 205 milliom,

B, Exposure of uninfected animals

Three species « guinea pig, rat, hamster = were employed in this phase
of the investigation, A lmy of the findings is givem in table 2,
(1) Guinea ggg.g..‘ At the beginning of the experiment 100 uninfected
guinea pigs were placed in the dust m@ and 6 months later 25

more wore added to replace animals that had died in an epidemic of aoute

pneumonia, Since this pneumonia ocourred at that time also in animals

‘exposed to another dust in en adjacert room, the unfortunate epidemic wes

considered accidental, Epidemics of this kind, which occurred occasionally
in experiments at that time, have since been contrélled, Groups of guinea
pigs, usually 2 to 4 in number, were killed at 2, 4, 6, 8, 12, 18, 21, 24,
27, %0, 33, and 36 months after the deginning of their exposure to Xaylo
dust so that the course of the pulmonary reaction could be followed,

In guinea pigs exposed for periods up to 30 months there was only a

.,mild tissuse response to the inhsled Kaylo dust and the reaction was limited

. ° .
to the accumulation of clumps of dust-containing maorophages in groups of

“‘adjoining air speces (fig. 3), The intervening slveolar walls were only

slightly thickened by accumulated lymphocytes, Occasicnal multinucleated
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glant cells were visible but thers was no oxcssive proliferation of tissue
Histiocytes or deposition of connective tissue, A few asbestosis bodies

were seen (fig, 4), Mioroscopic study of the f::ln;achoobronchial lymph nodes,
which became enlarged but remsined soft, revealed clusters of inactive dust

cells similar to those in the lungs but without mebestosis bodies, It is

.pertinent $o point out here that animals exposed to asbestos dust for a

similar 30-months period exhibit a severe tissue reaction with the production
of ﬁbtoﬁia (f‘ig.v 6)., Por comparismm, a lung section of a normal guinog pig
is shomn (fig. 6),

" The 9 anirals exposed to Kaylo dust for more then 30 months (3 animals
for 33 months and 6 snimals for 36 months) showed not only the lesions like
those of the X-months enimals but alsc exhibited a true fibrosis of a type

\
characteristio of the response of guinea pigs to inhaled ashestos fibers,

‘This reaction is a rather diffuse type of fibroais which forms principally -

about the bronchioles, the small ducts from which the terminal air spaces,
or alveoli, arise, A oompnris}:n of fig, 7 and fig, $ revesls the similarity
of the tissus reaction produced in the lungs by Xaylo dﬁst and by asbestos
dust, The lesians in the tracheobronchial lymph nodes showed ao change
between SO months and S6 months, o
(2) Batg. This species was ewployed because ﬁpical nodular fibrosis
pioduced by inhaled quartz dust develops more rapidly in rats than

in animals of other species, Forty rats were used émd some of them were

exposed to Kaylo dust for as long as 18 manths, Pneumonia was not a

problem during the first ycar of the experiment but emong the rats exposed

for 13 to 18 months 16 animals died with terminal bronchiol_it:ls and lobular
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pneumonia, Since lnbor.ntory rats older than one year, even those not
exposed to dust, are oommonly sudbject to this type of lesion, the high
wmortality rate is not considered significant, In order to follow the
progression of the tissue reaction to the inhaled Kaylo dust rats were
killed in groups of 4 after 6, 9, 12, 15, and 18 mornths of exposure, It
was roﬁdﬁ (fig. 8) that throughout the experiment the reaction to the
dust consisted of focal oollections, in the alveoli, of mcﬁphges whioh
ocontained particles and spicules of dust, The only change observed as the
exposure period became langer was an inorease in the mumber of the alveolar
foci, Similar dustefilled macrophages were seem in the tracheobronchial
lymph nodes, In no animal was there any tissue reaction typical of silioosis,

The peribronchiolar fibrosis of asbestosis was not discovered, though ocoasion-

al asbestosls bodies were observed, In view of other experiments with pure

‘long-fibre asbostos dust, typiocal peridbronchiolar fibrosis would not be

expectod in 18 months exposure to Kaylo dust,
(3) Hansters, Twenty hamsters were placed in the dust room and after
3, 9, 12, and 18 months of exposure 2 animalg were killed at each
period for study; at the 6-months period & amimals that died from other
causes ware exemined, Histologic exsmination revealed that the Kaylo dust

accumulated very slowly in the lungs. No fibrosis was seem excapt in one

, hamster, which had been exposed for 18 months, In that animal there was a

trace of peribronchiolar fibrosis so slight that it could be definitely -

“‘recognized only at high magnification, Asbestosis bodies in small numbers

and at the usual sites were present,
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C. Exposurs of tuberoculous animals

There are three types of experiment which are valuable for dotermining
the effect of inhaled dust on the development of tuberculosis in experimental

animale, In the simultaneous infection experiment normal animals are infected

with attenuated tubercle becilli by the inhalation method and then are immedie
ately transferred to the dust room, Thus, the tuberculous disease and the

reaction to the inhaled dust will develop simultaneously, In the reactivation

experiment the mmimals, after being infected with the tubercle bacilli, sre
allowed to live in a clean atmosphere for several moenths bofore being ex-
posed to dust, During this period the tuberculous disease generally regresses
and some healing takes place, Pc;llowing exposure of the animalﬁ to some

dusts the lesions may continue to regress or, with other dusts, the tuberoulous

process may become active end spreaed, The predisposition experiment is one

‘in whioh animals are exposed to dust for several months, are then infeoted,

and are immediately'retumed to the dust room, ui;ere their exposure to dust
is continusd, In this way the effect of a previous dust exposure on the
early course of a tubercuious infeation cen be studied,

For investigating the effect of inhaled Eaylo dust on the course of
tuberculous infection a particular attenuated ;;cram of human-type tubercle
bacilli, known as the Rl strain, was employed, This strain has a low

degree of virulence for guinoa pigs and, in the normal animal, produces a

" pelf-limited disease which will progress for 2 to 3 months and subsequently

heal, In an animal which ha:s inhaloed quartz dust or certain other toxic

dusts, however, the diseese usually progresses coantinuously and ultimatsly

oausos the death of the animel. Sinoe experience has indicated that tubercle

-9 o
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bacilli of the R; strain have sbout the same degree of virulence for the
guinea pig as tubercle bacilli of the human strain have for man, it is
poseible to obtein some correlation between the influsmce of various dusts
on the Rl tuberculous infection in guinea pigs and the effect of those dusts
on s tuberculous disease in industrial workers,

For infeoting the animals with tubercle bacilli an inhsl ation technio
was used, A glnss'tuhe was fitted ovar ths animalts noss and into -thia
tube a mapénsioz; oondaining a known number of bacilli of the R1 strain
was sprayed with a DeVilbiss atomisor, As the enimal dreathed, he inhaled
the atmospheric suspenalon‘of baeini into the lungs, whers they beoame
localized,

(1) Simultaneous infection: guinea pigs infsoted at the time their

exposure_to Kaylo dust_was_started, In the first experiment im

_ which snimals wore infected with tubercle bacilli at the time that their

‘exposure to Kaylo Gust was started (table 3), 25 guinea pigs were used but

an epidemic of pneumonia during the first 10 months reduced to 16 the mumber
of animals available for study, Two of these died at 14 months, apparently
frca progressive tuberculosis, and 2 others died from undetermined causes,
but hot from tuberculosis, In the remsining T2 animals the course of the
tubez;oulous diseaso was followed by killing 1 or 2 animals at 1, 6, 9, 12,

15, 18, and 24 months after infectien, In 1l of the 12 animals the lesioas

. ware isolated, sncapsulated, and regressing; in the remaining smimal, whioh

was killed at 15 months, the lesions were widespread throughout the lung

‘but fibrosis had been produced, whioh indicated a tendency to heal, Im an

attempt to develop a strain of guinea pig resistant to the infection that

had caused the pneumcnia, some of the animals were used for 'breoding during

«10 =
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this experiment., The 2 animals that died tro; progréauilve tﬁbﬁrculdsie (at

14 months) and the siﬁgle enimal, killed at 15 months, that exhibited wide~
spread lesions wore sll used as bre.eders duriﬁ'gzthe experiment but 4 ot?wr
animals in the experiment, which wore also emplcyed for'ﬁrceding; failed to
show extensive disease, Owing to the elamsnt of nnoet;tainty. intraduced by
this factor of breeding, and also because of the high mortality from pnewncnia,
it was considered imposeible to éstnblléh, f;'om this experiment, definite

conclusions ebout the éffect of inkaled Ksylo dust upen tuberculosis » and

therefare the experiment was rspested,

The simultansous infection expafimont was conducted a second time
(table 3) with 30 guines pigs, instead of 25, end animels were killed in
pairs for study at 2, 4, 6, 8, 12, 15, and 24 months after infeaotion, Again

the incidence of pneumonia was unuaunally high, 6 of the animals dying from

"that cause during the first @ months of exposure and 2 more during the following

16 months, Of the remaining 22 guinea pigs 4 arimals rovealed, at 15, 23,

end 24 months after infection, e spre;ading tuberoulous dissase, of minimal
extent .( fig, 9), which was confirmed by microscopic examination, Threé
othsr animals al so had a gpreading tudborculosis but in them the disease had
extended to the spleen and other organs; 'I'ha:e_ animals wore cousidersd ex-

ceptional and in the past have been classified as "sports™,  The term "sport™.

ie given to a guinsa pig in which the inhalation infecticn with the attemusted

" bacilli ie not confired principallﬁr to the lungz and traochecbronchial lymph

.. - nodes but extende also to other 'organe and produoss in t‘ﬁeun tuberculous

- *

changes of sufficient extont to be recognized in the gross, Since "sports"

ropresent a departure from the normal pattern of tissue reactiom to attemusted

-1l -
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tubercle bé.oilli, whether the infeotion is combined with dust exposurs or
not, those animals must be excluded .:ln assaying the effect of an inhaled
dust upon a tuberculous infection. It is believed that "sports" are animals
whose native resistance to the attenuated Ry organism is unusually low,
Support for this belief is giveon by experience with quartsz dust, a definitely
hazardous material, which reactivates sn inhalation infestion produced by
attenuated Ry baoilli but ordinarily is not associated with tuberculous
extension to organs other than the lungs and trachecbronchial lymph ncdes,

The control nonaduéted group (table 3) of guinea pigs for this experiment
wag infected at the same timo as the experinental group of animals subsequent-
1y dusted, The same culture of organisms was used for all animals, The
tubefwlon: infection followed its usual course in the control group ;ndl

resolved in all of the animals except one, a "sport”, in which the disease

_ sproad,

Altbough a progressive tuberculous diseass was noted in 4 guinea pigs
of the second experiment, the degrees af extension of the disease in them
was slight, The remaining 23 animals, 8 of which died of intercurreant
pneunonia, showed no spread and the infection followed the naf_wal ooursse
of regression and healing as in the non=dustéd control animals, It is
believed, therefore, that tho inhaled Kaylo dust had no significantly adverss

offect an the tuberculosis,

(2) Reactivation infoction: _guinea pigs, after being infected, lived

in clean air for several manths before being esxposed to Kw16 dust,

" In the reactivation experiment (table 4) 26 guinea pige were infocted with

the attenuated bacilli and alloved to live in a clem atmosphere, Animals

12
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of this group were transferred to the dust roch at 2 months (10 an:lngll).,
4 months (8 enimals), snd € months (8 animals) after infectiom, In order
to follow the course of the tissue reection a pair of animals of the first
subegroup (2 months in clean air) was killed n;:‘tpr only 2 months of dust
exposure and, in addition, animals from all groups were kllled in pairs
after 4, 8, and 12 months of exposure to the dust, Ezaminstion of the tissus
of the dusted animals failed to reveal a significant reactivation of the
tuberculous disease by the inhaled Kaylo dust. Only cne smimal showed
evidence of spreading pulﬁonary tuberculosis, minimal in extent (fig, 10).
That animal was 1 of 3 that had lived in clean air for 2 months after ine
fection and then had been exposed to the dust for 12 manths,

In the control group (table 4) the tuberculous disease behaved in the

\
normal mamner and healed, with the exceptian that one animal (a °zport®)

_devaloped a spreading disesse and died from ‘uberculosis & months after
"infection,

S (3) Predizposition infectiom: guinea pigs were infacted 3 months after

their exposure to Kaylo dust was started, An experiment of this

type 13 a severe test because a dust that is only very eiig,htly toxic may

produce tissue chahgos which, thougﬂ minor im-cheracter, may be suffiocient

to alter profoundly the development of a fresh tuberculous infection. In

this experiment {table §), which was designed to study the effect of Raylo

-, , dust accumulated in the lung upon a nowly-developing tuberculous diseacze,
30 guinea pigs were exposed to the dust for S months and then were infacted

‘with attenuated tubercle baoilli, The dust exposure was immediately rosumed

and oarried on for another 21 ncﬁxtha.

-1} =
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During the eourse of this experiment § animals were killed at the end “
of the preliminary 3 mcnths dusting period. They showed only an occasional
dimp of dugt phagocytes within the alveolar spaces, Of .f'he dusted and
infected animalas, 7 died from intercwrrent pneumonia, which eliminates them
for purposes of anslysis; 1’ animal died at 14 months after infeotion fram
gpreading tuberculosis; and tho remaining 17 animals were killed in peirs
at 2, 4, 6, 8, 10, 12, and 16 months and 3 were killed at 21 months efter
infection, Of the latter group of 17 animals, 1 showed many epreading
tubercles, 10 revealed scattered spreading tubercles and € exhibited healed
tubercles, These findings indicate that a tuberculous infection in guinea
pige that ériginat‘s soveral months after a prolonged exposure of the snimals
%o Xaylo dust was initiated may be unfavorably influenced by the inhaled
dust, %This influence, howevar, is minimal in degree,

The tuberculous infectivn in the control eimals (table §) in generel

"regressed and healed, Of the control smimals thero wes, as usual, 1 "sport

animal™, killed 10 months aftsr infaction, which revealed a few goattersd

is0lated tubercles that were of the spreading type,

—

D. Analysis of tissue of exposed animals
Chemical analysis of the lungs of uninfeocted guinea pigs that had

inhaled Kaylo dust for periode up to 36 months yielded the éata reported

in table 6, It will be noted that as the period of exposure became longer

the ash values graduslly incroased, thus showing that mineral matter was

- accunulating in the lumgs, There was a pronounced increase in the silica

component up to about 30 months andthen a slight decrease, The reason for

14 -
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this condition, which has been observed in exp?rimmts with other dusts, is )
not entirely clear but it seems to bo due in part to dilution of the inhaled
dust with the inorganic compoments mobilized as a result of the increased |
tissue reaction whioh developed, as already meﬁticmed, in the guinea pigs
between 30 and 36 months of exposure to Kaylo dust, Since only 2 smnimsls
were analyzed for each exposure period, individual walues occasicnally

were out of line but the general trend was clearly indicated,

V. REVIEW OF EXPERIMENTAL PINDINGS

The findings derived from the verious inhalation experimsnts will be

reviewed briefly and some points of significance mentioned,

A, Findings for normel animals inhaling Kaylo dust

The results of the inhalation expserimont prove that Kaylo dust, when

“inhaled into the lungs of guinea pigs for a prolonged period (30 to 36

months), is capable of producing the peribronchiolar fibrosis characteristic
of the diseass asbestosis, No fibrosis was formed by the inhaled dust in
rats or in hamsters, with the c;xception that fibrosis was barely recognizable
in a single hamster, sexposed for 18 months. In enimals engosed' for 30 months
or less the lesions showed no fibrosis but certain aepeots of the lesions,
although masked by the reaction to the inert components in l:taylo dust, wero
compatible with sn early stage in the development of asbestosis, a disease

in which there is a predilection of the fibers to localize in the terminal

.. bronchioles, This behavior is unlike that of particulats material, which

is initially deposited chiefly in the alveoli rather than in the lumens of

- 16 =
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the bronchioles, Since the major porticn of Kaylo dust is particulate, a
great Jdeal of it locged in the alwveoll and the reaction overshadowed the
developing peribronchiolar response to the asbestos fibers of Kaylo, It

wae noted that in the region of the bronchioles of animels which were axposed
for lesz than 30 months there was evidence of more dust gell activity than
1s usual in the reaction to an inert dust, Little significance was attached
to this observation at first, however, bscauss there was no indicaticm of
fibrosis, The early reacvtion to Keylo dust is somewhat'difforent from that
to asbostos dust, since the particuiate cormpanonts modify the type of lesion,
In silicosis modification of the lesions 13 a wellerecognized conditiom
which £:31rws the inhalation of a mixed dust containing quartz and certain
ivert matericl, such as irorn oxide,

' The rate of pnoumonia among the animals exposed to Kaylo dust was

_vacsually high, Since the pneumonia rate has been elevated also in several

inhalation e::perimenti conducted with asbostos dust, 1t is possible that the
asbestos ccmponent of Kaylo may have an unfavorable influence on the incidemse
of pnmowrania, Verification of this poesibility must await further atudy,
While the experimentel iavestigaticn pro:red that Kaylo dust is oapable
of producing asvostoeis, the resoulte showed that the dust will not cause
silicosis in animels of the throe gpecios tested, 1In none of tae animals,
even those exposed for the full 3.year psriod, was ﬁhere eny focus of the
byulins neduiar {ibrosis characteristic of silicosie, A atudy of the sxposed
‘anin::.ls diocjosed elso that EKaylo dust did not produce the diffuss fibrosis

which follows the inhalation of diatomaceous earth., In regard to the hydrated

e 16 =
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oaloiun silicate which 1s the major constituent of Kaylo it may be said
that although thers is no specifio information about the effect of that
compound on pulmonary tissue, there is much clinical and experimental
evidence to suggest that it is biologically mért. Furthermore, in the
inhalation experiment with Kaylo dust there was no deleterious effeot noted
which could be attributed to the calcium silicate component of the inhaled
material, This observatian is aupported.by our studies concerning similar

ocaloium silicates in cgement,

B, Findings for tuberculous animals inhaling Kaylo dust

The inhalation experiments in which tubsrculous guinea pigs were
exposed to Kaylo dust indicate that when the animals were infeoted with

attenuated tubercle bacilli at the time exposure to the dust ma'rtarted,

_or were infected prior to that time, the inhaled Xaylo dust had little or

"no unfavorable effect of significance on ths tuberculous infection, In

nost of the exposed animals the tudberculous disease healed in a normal
manner and in the few animals that exhibited a sproading type of lesion
the sggravation of the disease by the dust was minimal,

Then the animals inhaled Kaylo dust for ssveral months before being
infaoted, the subsequont accumulation of the dusts in the lungs seemed to
have a slightly unfavorsble i.nf],uqnce on the usual course of the tuberculous

disease,
VI, SUMMARY

A, Taylo dust, when inhaled for a prolonged period, is capable of produoing

T
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in the lungs of guinea pigs, but not of rats, the peribronchiolar fibrosis
typical of asbestosis,

B, The inhalation of Kaylo dust will not cause in guinea pigs, rats, or
hamsters either giliocosis or the diffuse fidrosis which sometimes follows
the inhelation of diatomaceous earth, -

C. The inhalation of Kaylo dust doss not aignificantly influence the usual
courge of tudberculosis in guinoa pigs infected with attenuated tubergle
bacilli, provided the infection is given to the animals before they are
first exposed to the dust, In guinsa pigs that have inhzlad Kaylo dust
for ssveral months before l;eing infected, a continuation of the exposure

appears to have a slightly unfavorable effect on the digease,

© 18
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ANALYSIS OF KAYLO _'

(Analysis of lot #2, receivsd in January 1947)

4

Chemiocal analysis ' ‘

Si0 - 43,.80%
Fezgs 1.69
51203 1,97
Ti0, 0,12
¥no . 0,09
Ca0 24,94
¥g0 7.10
Raz0 0.17
K20 0.15
Loss below 105°C 4,62
"  above 105°C _16.18
99,74

Petrogrechic and Xe-ray diffraction analysis

The material consisted principally of clay-likc meéses
which produced a definit; X-ray diffraction pattern, presumably
that of a hydrous calcium silicste, Qu:rtz particles up to
30 microns in size were present, but they were not numerous
and by weight probably made up less than 1 per cent of the
sample, About 5 per cent of the material was oalcite and
approxinately 16 to 20 per cent was chrysotile or serpentine,
which was largely fibrous, The fibers and bundles presont
were usually soveral millimeters in length and wero seldom

shorter than 0,3 millimeter,
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SUMHMARY OF INHALATiON EXPERIMENT WITH KAYLO DUST

Exposure of Uninfected Animals

Bature of Animals Yaximum Resulvs
Exzperiment used dur:tion
o
exposure
to Kaylo
dust
months
125 36 Peribronchiolar fibrosis, like
g. pigs that of asbestosis, produoced after
36 months of exposure, At 30
months of exposure reaction was
limited to accumulation of clumps
of dust—containing macrophages,
without fibrosis, A few asbestosis
- bodies were seen, Tracheobronchial
lymph nodes became enlarged but
rexmained soft and without fibrosis,
Uninfectod
gnimalg 40 ' i8 Pocal collections of duste
exposed rats containing macrorhages in the
continuously alveoli and in the tracheobronchial
to Keylo lymph nodes, Increase in number
dust until of focal collections was the only
death, change observed as exposure periocd
became longer,
Xo silicoeis or asbestosis,
20 18 Dust accurmlatod very slowly,
harsters

No fibrosis except in ocne animal
whioh showed very slight fibrous
reaction after 18 months of exposure.

Asbestosis bodies in emall numhera
and at usual sites,
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i

SUMMARY OF INHALATION BXPERIMENT WITH KAYLO DUST

Exposwre of Infected Animals

(Simultancous infection phase)

=2

“~
ey 8
. o

Rature of Animals Maximum Results
experiment used duration
.of
exposure
to Kayle
dust

months
Animals infected Results inconclusive; adversce
with tuberole influence of Kaylo dust on a
bacilli”® et 25 24 tuberculous infection not defi-
beginning of go pigs : nitely established, 'Progressive
exposure to disease In 3 animals that had
Xaylo dust been used as dbreeders,
Controls to 25 0 Infection followed usual

* infection; no g. pigs course; no spreading disease,
* exposure to dust FNo pneumonia,

Animals infected Little or no significantly
with tubercle adverse effect of inhaled Kaylo
bacilli® at 30 24 dust on a tuberculous infeotion
begimning of g. pigs was demonstrated., Confirmed
exposure to spreads, all of slight degres,
Keylo dust, . in 4 of 27 exposed animals; the
(Reoetition of other 3 exposed animals were
previcus expen- "gports”,
_mémt) R
Controls tq 34 0 Infection follomed nsugl .
infection, no g. pigs qourse; no spreading disease
exposure to ' except in 1 "sport”,
dust ’

. * *-

*The guinea pigs were infected with tubercle bacilli of the
low=virulent R} strain,
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SUMMARY OF IMHALATION EXPERIMENT WITH KAYLO DUST

Bxposure of Infected Animals

(Reactivation phase)

M 4

Nature of Animsls Maximum Results
experiment used duration
of
exposure
to Kaylo
dugt
months
Animals infected
with tubercle
bacilli® and then
left in clean air
for the following
periods before
being exnosed to
dust:
2 months 10 12 Bo definite evidence of
8. pPige reactivation of the tuberculous
infection except in 1 animal,
exposed to Kaylo dust for 12
months, that had a slight spreed
of the disease,
4 nponths 8 12 Ko definite eviderce of
reactivation,
6 months 8 12 " No defini%o evidence of
reactivation,
Controls to 34 0

infection; no
exposurs to dust

Infection followed its usual
course and resolved in all
anizals except cme, a "sport”,
in which the disease spread to
othor orgens and caused the
death of the animal 6 months -
af'‘ter infection,

*The guinea pigs were infscted with tubercle bacilli of the

lowevirulent Ry stresin,
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SUMMARY OF INHALATION EXPERIMERT WITH KAYLO DUST

Exposure of Animals That Were Infected 3 Months After Their

Exposure to Kaylo Dust Was Started

bacilli®, and
the exposurs
to dust

{after infeot,)

Nature of Animals Maximum Results
experiment used duration
of
exposure B
to Kaylo
dust
months
Animals ‘ 30 3 Spreading disease in 1
exposed to g. pigs | (before infect,) | aniwal killed 2 months after
Kaylo dust infection and in 2 animals
for 3 months, plus dying 14 months after infection,
- then inf'eoted
with tuberocle 21

Ccntrols to
infection;

no exposure
to dust

g. pigs

Infection followed its usual
course and resolved, with the
exception that 1 animal, killed
10 months after infoctionm,
showed scattered isolated
spreeding tubercles,

vty 9

*The guinea pigs were infected with tubercle bacilli of the
low~virulent Ry strain,

01 034 0025
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Principal c¢hrysotile line
Principal quartz line

Principal caleite line

.

a,

N

Principal calcite line
Principal quartz line

Principal chrysotile line

Fig, 1

X-HAY DIFFRACTION PATTERN OF RAYLO

a, Kaylo dust recsived in Janusry 1946,
b, KXaylo dust received in January 1949,
Both patterns contain lines which represent a moderate amount
of chrysotile and of caloite and a small amount of quarte, Faint
lines ropresenting what is probably the hydrous ocalcium silicate
camponent of Kaylo are alsc present in both patterns, In addition,
th; or;.ginal film of pattern b contains a very wsak line corresponding
to amosite but the line is too faint to appear in the reproduced patterm.
The quartz content indicated by pattern a is less than 1 per cent

ard by pattern b, ahout 4 per cent,

01 034 0027



868 866 968 o8 4

o

3

by

h
:

T

e |
]

o

—

LI;-\__

. o~ o

|

ﬁ ”
SHENEIRES Bl ¥
b A . ' d RS - IR ¥ bod
ASENDQRE 8 1t S O (Y S G it d . S B .ﬁf!
. F . - ey e e 3N i iy .
'J, . . : oo [ e b _ _ ..,.- ..*_ .V J N
—_—— - B f i N . . (9 ) . - .
pesn il ESSF! I U MR BRSS Pl n e |
| . i 58 vl AL
— %_ R Rl RTR IR ENNE 10V (RRR
S S EI g ‘ . Y + .
SIS T b JES EREt el BNt 8551 Hag K3l
— 1 Rk 2 P X3 4 FERES 2R
tplumu R (Ll st
. .o ey N . T
— o T S 33
b— =) fﬁ-»l Ml‘ dd .:_ wrﬁh mr
—— 3 R . . N N v T MR P ey "
eI P % 1y Vg
ot AN b RN Ct it
SIS SR RESH SN it 5% REAR Ly il ! : i
SRR IR N O N BT e L ARHIINE
SR B o R R i " AN
= ! Uh%- sl ; il ]
— PU + i R S
»‘M SR B I . f : ! bt il
el =1 i 4 R RIS
EEE A S i RE RN
HE i ok alises
=L i L N siui HTRE FEEEE
il =T 7 »

»s:T g

 §1 034 0028

S

PLIN

N
—

e

PRSI D ( N —

TITTTT

';@F°&§tw =T

b —t - -3—

—d

=]

~r—
.

s

s
C

b
B5
-

}

!

g

|

%

i

L B L
i . e ] e B
S . S NI R T
—_— MR AN . . oy I * RS . -} . -
=1 4. 11 SRS Y b . R I 1 . “ i
gy ;_ bl W Pl R RN IR N I T i
S A RRESt SRR S o : R HERE Pt . I R :
rl.@ ﬁm i NL IS : .;” *, “lm w..L w S IEENE ERN i v,
=l oL e BRI B B R B L
e e R B R EEs 2 5 a8 H A B A & L
=S E LT B DRI WL I B S MR D EiiL L T N i
ENHNRENEIIBNIEE S S SREE NN LE B BH
0 0s 09 oL 08 08 g6

10°0 ‘ $00 10 T 0 I 4 L o1 9'66 668 _ mm..om

o .\‘J .IJJ

SLLFENHIVEAYN 'OOBMMON ON1 ‘ANY4NOI WOOE XINOD

CHEYING ® 9 441 oty N ORGSOV VR e, nr*rg /N ’




~

T

-

e s b
AN

IR —"““\'t

Finai ZeporT

Cwong-~T1linois 1-.0-52

<

Fig, 3, Lung tissue of a guinea pig exposed for 30 months to Kaylo dust by
inhalation and thon killed, A cross section of a bronchiole is showr jus®

above and slightly to the left of center of the figure, The other spaces

are alveoli, Noto the dark massss within scme of the smallsr speces, aspecially
to the right of the bronchiole, These masses are macrophages and multi=-
nucleated giant cells, Note the thinness of the wall of the bronchiole; it

is virtually normal, as is apparent on comperison with the tissue section

of a normsl guinea pig {fig, 5). An asbestosis body is present in this

field and is revealed in fig, 4 at higher magnification, (200 X)

Fig, 4, digh magnification of the tissue section shown in fig, 3, This
higher magnification of part of the rieid of fig, S reveals a typical form

of asbestosis bedy, the dark curved elongated structure to the right of
center, {1200 X)

Fig, S, Lung tissue of a guinea pig exposed for 30 months to King's floats
asbestos dust by inhalation and then killed, The bronchiole in this photo-
micrograph is just apove and to the left of center, Note the thickening
of its walls, Strands of fibrous tissue are apparent within the wall of
this bronchiole as well as in the adjacent alveolar walls, (200 X)

o1 034 0029
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Fig, 6. Lung %tissue of a normal guinea pig, This field shows two bronchioles,
one in cross sectiom at the right of center and the other in longitudinal secticmn.
The small associated blood vesszel is visible above the bronchiocle in longitudi-
nal section, Compare the thickness of the wall of these bronchioles with the
thickness of wall of the bronchioles in figs, 3, 5, and 7, Note also the

smpty alveoli ead the %thin alveolar walls in the normal snimal, (200 X)

Fig, 7. Lung tissue of a guinea pig exposed for 36 months to Kaylo dust by
inhalation and then killed., In this photomicrograph a bronchiole is just
above and to the right of center, Note the thickness of the tissue between
the lumen of the bronchiols and the lumen of the adjacent alveoli in com-
parison wlth the thia bronchiolar walls in figs, 3 and 6, Note also that the
greatly thickened bronchiolar walls of the amimel exposed to asbestos dust
for 20 months (fig, 5) are similar to those of this animal, exposed to Kaylo
dust for 36 months, Fine strands of fibrous tissue are visible near the
bronohiole in this photomiorograph but they are more apparent, because they
are less dense, in the area at the right of the field where fibrosis has
extended to adjacent alveolar walls, (200 X) ,

‘Fig, 8. Lung tissue of a rat exposed for 18 menths to Kaylo dust by inhalation

and then killed, The photomicrograph reveals simple accumulation of cells in
alveoli, The cytoplasm of the cells is packed with particles of dust, Note
that the alveolar septa, even those of spaces containing numerous dust cells,

are thin and delicate, {200 x) _
s 5 @1 034 0030
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Fig, 9. Lung tissue of a guinsa pig infected »ith atteonusted tubsrcls bacilli

and ixmediately exposed to Zaylo dust by inhalation for 24 months, and then
killed, The figuro i3 a slightly magnified photogreph of ths routine histologicz
prevaration of the lungs, including both lungs from apex %o bas®, The cluster

of dark foci of irrsgular outline in the lower center (median lobe) snd at the
right (left caudal lobs) are foci of active sprsading tuberculosis, The widely-
distributed minute dark focl ere wmerely lymphoid cell clusters and are unrelated
to the infection. The extent of tThe tuberculous activity is seen to be excesding=
ly amall, (1,5 X}

Fig, 10, Lung tissue of a guinea pig infected with attenuated tubercle bacilli
and left in clean nir for 2 months, then exposed for 12 months to Kaylo dust by
inhalation, and killed, The dark zone, irregular in outline, in the left upper
quadrant {right cephallc lobe) is an area of active spresading tuberculosis, A
smaller but similar foous ie visible at the lower margin of the Iz ft cephalic
lobe, Again, as in fig, 9, ths extent of the tuberculous process is very

small, (1.5 X)

*ig, 11, Lung tissus of a guinea pig exposed to Kaylo dust by inhalation for 3
months, then infectesd with attenuated tubercle bacilli and exposed to the dust

for an additional 16 months, snd killed, The numerous poorly~defined dark zones,
irregular in outline, are all sites of active, spreading tuberculous disease, Ths
tuberculous involvement oxhibited in this photograph is the most extensive noted
in any snimal killed during the expsriment, The involvement is reletively slight
in comparison with the progression which occcura in animals exposed to quartz dust
under similar conditions; in fact, all of the animals exposed to quartz dust would
have died within 12 months after 1nfect10n because of almost complete loss of
functioning pulmonery tissue, (1,5 X)
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