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Interim Roport on Animsl Inhalation
" Experiments with EAYLO
SuiniaVe The first inhelation experiment with this dust was

begun 1n Pedruary, 1945. Due to a high incidence of
fetal pneumonia, anotheor similar experiment was started in
August;, 1945, Both of these oxperiments wers designed to test
the ef'fect of the dust alone by inhalation in guines pigs. 1In
August, 1945, also, an experinent was begun to test the effect
of inhaled dust on tuberculous infection in guinoa pifs. In
Octobnr, 1945, & group of waite rats was placed in the dust roox
in ordsr to study the effoct of XKaylo inhalation in this speclos.

it zay Ls sald hero that tosre is no evidence to su;zest
that the dust alone when inhaled into the lung produces pulmonary
fibrosis in rats in an 18 uonth period, or in guinea pizs in a
30 month period. The results of the experiment im wnich dust
exposure and tudberculosis wero combined are inconclusive and
further work should bo done dbefore a definite statement can bdo
cade a3 to the possible effect of the dust on tuberculous in-
fection, All thaso experiments are virtually comploted, althouzh
several enizals in the original groups are being kept alive for
more prolonged exposure,.

IKVESTIGATIONS 3

Ae Petrocraphic and x-ray diffraction analyses of t '3 dust
supslied and used, Analyses were carried out i: -:lelly
and periouclﬁ y during tho course of the experimont.
The composite of such analyses reveals the followinss

Ssmples from the supply carton

Quartz 1% (approximately) P ’
Chrysotile and Serpentine 15 = 20%; LEA)l(uTéT; S
largely fibrous, The fibers snd : g
bundles present are usually severcl wv-00l5 #5
millinsters long and seldom are less
than 300 &
Calcite 5%
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Balance consistod of clay=-like masoos
which pave a dolfinite x-ray diffrace
tion pattera not unliks a hydrous
oalciuz silicate, :

Saridolos emllectéd from the atmosphero
of tao ¢HLAMDeT.

Quartz 1%
Chri:otl‘ and Sorpentine 10 « 1573
83 fibrous materisl than in

sazple above; many fibers are
shorter than £0 p.

Caloito

* Balance e¢onsisted of clay=like masnses

wcieh gave @ definite x-ray diffrac-
tion pattern not unlike a& hIydrous
calciua silicate.

Tho analyaes roveal sovercl pointa of intorests

The low quartz contont {1%) indicatos
that tho amdunt of orystallino free silica
in the dust is prsctically nogligidlo ec &
possidble cause of silicoals.

Althouzh diatomaccous oarth is ons of
the materisls froz wvnlich FAYLD &8s mado,
oaly a trace, probably muuch less than 1%,
i3 unaltered and eppuars in the fincl
prodact in 1t{s ori:iral for=. lierrly all
kas besen cienged by the manufacturing process
into another chemical soxpound, calciua silie-
cate.

¥ost of the materinl consisoted of clay-
1iko masses which gavo & definite x-ray
pattorn similar to that of & hydrous calciun
silicato.

Absut 10 to 15% of tho atm=osphoric dust
in tho experimontal dust rooz was chirysotile
or serpontino., Both of thouso minerals produce
ths sasa x=-roy pattera, Froaa petrojrapnic exe
aaination of tho original anterial, it appears
that ohrysotile, wilch 1s a fibrous minoral,
is presont in mich grcater ar~unts than tho none~
fibrous serpontine. In the - .20spnoric dust
also,. tho fibers still predo:inate ovor t:e non-
fibrous sorpontine,
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In tho originsl mtcrlal. the fibers
ware resent in bundles ofton s everal millie
notors longs nod cany were shortor than S00 u.
The fibrous portion of. tho atassphoric sazple,
howevor, consisted mo3tly of shorter bundlos
and of fibers relatively foy in numbor, shich
vero genorally about 10 to 40 p in length.

Tochniques of Investigation.

Two species of animala wers introduced
into the dust chazber assizned to this ine
veatigation. Ther included guinea pipgs and
valte ruts, aniznls which tho Saranac lLabora-
tory has used routinely in its studies spropos
pooumdconiosis. Appropriste quantitios of tho
orizinal material supplied by ths company were
introdusod ints the dust generator of the chame
ber and pilot runs worse made to ascortain the
cheracter snd concentration of Lic alr=borme

‘dust produced., Havin: eatablishod tho desired

cuncontration, tho animala were thon introduced
arid throughout the coursec of the investigation
dust counts warc taken pecriodicully.

Tho average edncentration of the &ir-dorzio
natericl vap 122 million narticles per cublc
foot of air. This fizurc varicd sizowant from
month to month, ransing froa a lover limit of
P2 milliona t> en upper of 122 million particloas,
This range is not unigue for this material bdbut
bas bgen observoed 0lso with most agonts which
wo have employeds It results no doubt froa day
to day variastions in atmospheric conditicns
which cannot be precisely oontirolled with our
present msthods, lLeverthesless, we havo elected
to continue witih such mothods, believins tiut to
do otherwise would introduce factors uncozx=on
to aotual industrial exposure.

The results of the expsrizmunts will be presented under the
ronmmg headinsss -

1. KAYLO inhalation alons in guinea pics.
IX. EAYLO inhnlation alone in white rata.
IIXI,. XAYLO inhalation and sirmltaneosus
tuberculosis infection in gulinoa
pizs. :
IVe Coneclusiona.
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Tho course of this exporimont through the first fourteen R IVILEGED
months was disocussed in @ sumsary written by Dootor Gardaer in SY OCE
Hay, 1946, In this roport ho described tio difficulty eancountered
with acuto pnoumonia in the guinoa pigs and conoluded that {t was
an accidontal opideomice His conoclusion 1a supportod by the fasot
thaé sudbsoguontly only four animals have dicd of pneumdnia, This
occurrsd, houever, only aftor all apparently sick gulnos pigs
woro dilsposed of, the ajparently vell pigs isolated, the dust room
thorouchly cleaned, aired and dlsinfoctsd, and all the cagos
aterilized. A third ond nav serics of guinsa pizs were introe
ducod aftor control of tuc epldexic descridbed. Throughout the
courso of Lthe study, oll anizals wore expased edo>ntinuously to
the chamber cloud for oight hours a day, five and ono=half days
& voBX. o

Thus Iar, & boiali of thirty-nins pigs have been killed in
order to follow the ocourse of the pulmanary rcaction rosulting
froa the depsslition of inholed dust in the Junge The poriod
slocted for study ranged froz two to thirty months, Over thig
pariod ro dofinite gross changes occurred in the lunss, Ths
trachoobroachial lymph nhodos have enlarcoed slightly, but ree
zainod asoft. Microscopic atudy of the lungs roveal gradually
izzrensine muabers of dust-contalining sacrophagese Those
Ingctive "dust cella® are found charastoristically in clumps
within groups of sdjacont air spaces. Tho interveninz alvoolar
walls are only slis.tly talczened by acoumlated lymphocytos,
but tasrc i3 no undue proliferation of tiasue histiocytes anad
connactive tissuo. Piorssis is not prosent. Occasioral mmultie-
nuclostod glant colls are soone In addition, thore are a vory
fow elonzated segzceated brown structure wiich taite an iron stain
aad aro olourly asbastoalis bodlea, Icroscopic study of ths
trachieodronchial lymoh nodes roveals clusters of innctive "dust
colls™ ainllar to thosa desxonatrated by the lunge Thsre is no
appuront over dovelopmant of connectivo tissue, and again fl-
brosis $5 conspicudus by its adsence.

. Results of the ohoaioal analyses carrisd out on tho lunca
of the exposed pigs sacrificed at tho various periods aro ro-
corded in tho following table: .

TA3LE X.
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CTEUICAL AUALYSIS OF OUINEA PIG LUNOS

AnSmal} im0

Crv latteyr Ash
Mmbor X ey

EXDe 7 Eh 5102 Lgo °§° "‘E"I,‘oz 1—150 Ca0
2 2 mo. 4642 0.,24 0,07 0.08 BeB7 159 1.05
- 2 roe - 98- o220 «08 «00 4 .06 ‘ 1.62 1.23
30 4 o, € A7 o2 09 «0% 487 p P 102
1 4 noe 442 010 «03 <03 4682 1480 1489
10 G ©o. 413 25 oG8 08 BJB3 2,00 2,00

is 6 o, 3.74 20 «C3 «10 S8 2,19 2.8
e3 8 moe 4459 31 «03 3 688 1,77 B.75
sS4 8 0. 834 28 o1 o1l 530 243 243
43 10 =o. 450 46 1 14 1018 430  I.0¢
- 68 10 mo. &1 o821 old o) 814 3«02 £ 20
45 12 =0, 408 o33 2 a2 20680 4405 £459
48 12 =0, 4450 o51 03 6 1025 1.62 3.7
67 18 mo. 4.03 SO 28 L9 12,27 5.31  1.83
68 18 ©o. 4400 «0G o2 0 1785 G656 D05
108 £l ro. 512 oG4 o12 «19 12.54 2.3 3«88
108 21 mo. 523 54 08 - A5 10.30 14485 £.90
49 £4 poe 5.02 +66 «08 S 12.70 120 2,54
50 24 oo 471 «60 <08 Q4 1L52  1.72 2492

TADIE X
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In viow of the obsorvations recordod adove, certain portinant
coxants appeoar to dbe warranted, Ths mtoroscopic studies of the -
‘Junzs and trachoobronchial ly=ph nodos maks it odvious that dust
vss suspendoed in tho atzosphsro of tho chanmbor and that portions
of that cdust vere inbaled and gained ascess into tho lunzs of tho
animals exposed. 7This is furthesr substantiated by the cuemiecal
enalyascs of the lunzs wiich show & graduanlly increasing amsunt of
tas various minoral compononts of the dust usoed in direot propore
tion to tlhc exposure tines, In ths case of 8102, for oxample, the
pizs sacrificed aftor ten months oxposurs rovealed a twvo to throe-
fold incrsase. Tho ¥z and Cad content £lso insrcasod bat tae
increreats aroe inconsistent and leas manifest, . :

'Tho silica componsnt of tho ainaral dust 1s of such loz .
concentration that a significant pulm=onary resction would hardly
be czpooted in consoquence of its presence in tho luny. This
proved to bs the cngo evon in those aninals axposcd for a period -
of twonty=-four months n&ravonllns an averages total of 12,61%
8102 of the lunz ash, churaotsr of tho tissus scsponso ol
thirty coaths {s comparable and it is anticipated that the S10n
contcnt will not be appreciably dilferent,

. Undoudtodly soms of ths dust cells conatituting the mild.
collular resaction obdsorved may de in consequonso of the sorpene
tino componeats of tho dust depositod in the lung. Thais, hovovaer,
canaot bs verified since serpentine is a relatively banign cdust
and fails to produce rvaction other than mares dust leden zacro=-
phaizos, This interprotation is in accord vith Doctor Gardner's
oosorvation that the silicato serpentine is a biolozically inort
substance producing ot boest a =1ld reaotior cdoslisting of amall
vidslr ocnttercd local ¢>llections of cust laden phazooytes
and an occasional glenat cell without othcr ccllular reaction
and wvithsut fibrosis. : :

The presensce of a curious body (asdbestosis dody) indle
cstes that some of the borne fibrous cozponent of tho chryso-
tile cained acceas to ths lung, Eowever, ths absonco of collular
reaction or fibrosis abﬁgut tho terainal bronchi{cles would indicate
that the inhaled quantity of such fibors was of extrez=oly low
intensity and insufficlent to produce perz=ansnt damge. 7This view
13 supported by tho pet aphic and X-ray diffraction studies
waioch disclosed that a major amsunt of the chrysotile coxzponent
of tbe cust oonsisted of structuros too largo for dispersion
into the breathing atmoapharo and for oasy access into thu lunge

, OSDC SD Miew:

order.
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. In oonsegquongse of the experinontal studies with guinea p!.ga
to daternine the hiolo;}cal activity of EZAYL), it may bs beniatively ems
. cluded that FAYLO alone falls to produce significant pulmonary daunge
when inhalod into the lung,.
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IX. :AYL?D inhslation alone in white ratss

This species was usod bocause the rat ia knmowa to dovelop
fibroais froa quarts inhalation more rapidly than other animmla,
Porty rats wers usod in this oxperinent and, as indicated by
Doo tor Gardnor in his repost in liay, 1946, no diffioulty with
early dovelopnont of pnesumdnia was experiensed, In fact, during
the first thirtocen moantha of the experiment no spontanoous doatus
occurred, Froa thirtocn to efchtoen mantihs, sbout 405 of tho
eninils died with terminal bronchiolitis and lobular pneumonia,
This is of no significance, howovur, becauao 4t 18 woll lmiomn
that laboratory rats beyond tho age of one year arc sudjoct to
this typo of leosion.

Tho .results of oxposure ¢ KAYLD wore followed by kllling
four rats at oach of tho follouins periodss aix, nine, twulve,
fiftoen and eighteen manthaes 7he duration of the exporiacct
was eightson months and all animnls have bsen killlod.

The reactioa to the dust throughout ths axperiment has
conaisted of fooal collociions in the pulmonary alveoll of
nacrophages oontalining purtlcles and spiculea of cdust, As
the durstion of exposure incroeasod, thie only obscrved chango
was an increase in tho nusbor of such fooi, Similar dust
£11led =acropuages wors soen in tho trachoobronschial ly=ph
nddsa. In no animal was there any tissue reaction of tho
sort soen in 811103818 o> &3503%03is,

Cheniosl analyses of tho lungs of theag rats shos thst the
S102 reached the avoraje lovel of 16,6% of tao luns esh wiilin
nine miaiths and subsoquontly diminished,  This s 2ifficult to
explain, since in the sa30 porliod tho porcentase of S102 in
guinoa piga' lungs axpoa-d asimultanosusly (see Tabdlo I) was
inereasing,.

The tadbls of theas results ro;].oul

TABLIE IX.
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81LICA DITCRMINATIORS OP LULO TISSUE Il RATS ONLY

Ash In ixy 5i0p ir Iry 5id2 in

Animal Eo, Group Tissuo alsaue Ash Duratioz of
= _ % < Ixnozurs
1012202 I 4B 0.663 14.0 6 montha
1012-201 © IV 4G 0735 16.1 6 months
1012-205 I 4.6 0486 18,3 9 months
1012-208 w S.8 0.523 13.9 ® months
1012203 v 4.2 055 13.2 12 months
1012-210 IV 4.6 0,655 15,0 12 months
1012-21S v 4.2 0,443 10,5 15 months
1012-2% IV 402 ‘ O. o062 1303 15 ooaths
1032225 IV Sel 0.4 13,7 18 months
1012-234 v 8.9 .Oubé 11.3 18 months
TASLE I
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In c-:.nmntlnf upon Part II of the Lnvostigetion using whlto
Tats a8 the exporim=ontal animnls, roforonco 1s made to tho ‘coaazents
recordod undor Part I, whick gpply.

III. XAYLO inhalation and sirmltunosus tuboreulous infeeticn
in_fuino& pins.

Teis experizsnt was canrried out by the uso of only ona of the
three methods waich have boen found valusble in detoraining the
offect ¢f cust on the courso of tuboreculosis, In this casze tho
anirals ware infected with tuburole bacilli by inhalation and ine
madiately placed in tho dust rooa. Taus, we aro tootins ths offoct
of the eurly acoumulotion of dust on the early courge of tudercus
losis, "Tho othor two =sthods available consist Sn exposins tho
aninals £o efithar the dust or tac infoction alone for soveral
months, subsojuently exposing than to tho other ajent. W#e =ay
thon atudy the #ffoct of accumulated dust ont bhs early eourso of
tuserculosis, or the effost of dust on heal fnz tuberculous lesions.

In tho oxpoerimsnt walch bas boon comdloted twonty-fivo ani=sls
wero usod, 9f thoso, five diod within ten miaths of tho pnoumdnia
wnich ham Yoon a problea throuzhout all tho experimants with this
Guste Pour othors were killed b ocsuso thoy were in poor coniition,
and it sas hoped to ocut down tho incidence of pmnsumonia by relving

thea fro= the room. These four also shozud soas evidenco of prous=dniz.

Of tho rozalning sixtuen aniz=als, eleven were killed in oréer
to follow tho course of tuc infuctisne, Jno was killed a2t onsg =ont:
end twd woro klllod ant six, ning, twulss, fifteon and cijhtoen
montas, Two dled at fourtcen =onins, sypsoeatly fro; progsrossive
tudorculosis: these will dbo discuased furiher volow, Two anizuls
dled, ons at tairteen and ons at seventeon moaths, of undeterainuc
causas, but not froa tuderculosis,

- 0f the animals killed to follow tho oourse of tho infection,
the lesions were $s3olated, enscupsulatod and regressing in all
excopt ons of tho two killed at fiftoen m=onths., In this anim:zl,
losions were widespread tarsughout tac lung, but were associstod
with the production of fibrosis, indicatinza teadongy to heal,.

Tho inteirprotation of the results of thls expcrimont is come-
plicated by the accessory factor tnat somo of the animals wore useld
for breedinz durings the experinsnt, This was dons in an attemdt to
develop a otrain of animals resistant to tae infeotion which wes
produsing the frequent pneumonias,

A review of the roooz-ds‘ ahows that ocach of the tws animals
which died of progrossing tuberoculous infection had beon uscd ns
breodora. Iz addition, tho animal wahich was killed ot fifteon

months and ghowed widespresd lesions had clso been usod for bracdinge
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Pour othor animals used for brecdinz during tho sazo period ald
not show the extensive disoass coen in the animals just described,

Thus, it soenms hazardous to a tteapt to attridute the sproade
ing of tho tudceroulous infpetion ontirely eitner to the eoffect of
the dust or to that of breesding.

IVe Conelusionss

1. It sooms olear fro= the results prosontod in parts I and
II above that EATL: mets a3 an inort dust whon inkalod
by guinoa pigs end ratsy that 13, it is phapgocytizcd by mecro-
phasco, but does not injure thex or procduce fidrosis or anything
sucsoative of eithor silicosis or o sdeatosis, This indicatus that
the dust vill probdadbls be harmless on inanlation in nodcrato anounts
over prolongod periods by normal human boings.

2. Tho rosults observod in the exporinment concerning the ine
fluence of tho dust on tuberoculous infecticn are oquivoe
cal, Althougn it 13 our feelinz tiwat this dust oxerss litile or
n> adverse influcnco on tuborculosis, the poasibility that it
played a part in sproading the infection ca:mot be excluded.

Se In visw of tals possibility, further studies concorning
this aspect of the probdbloa should bec carried out. It

iz i=poerative that tho original cxperizent with infection and
simultanecus &ist axposuro be repsatod in its entiroty. Ono
further stuldy with &2 sa3all seriza of cuinoca pigs 1s now in prosresse
It 13 desi;ned to revetl tho influence of the dust on partially
healed tuberculosis, Llowsever, it 13 now felt that this oxperizent
should be carried out on g larger ackle by inercasing thec numer
of nnimala, Should this expanded investization be pursued, it
nizht boidentifled as followss

8. Repeat exporimont to determine the bilological
activity of TAYLO vhea inigled ints t=e
lung harboring a tuborculous infoction,
which otherwiso would regress an. hoalg
vig.: Does FKAYLO stimulate tho diseuss?

be Rspeat experimont to detsramine the bilolorical
activity of EAYLJ when inhalod into tae
.Jung bardoring a rograssing or gquicsceat
tuaberculous focus; vit.: Does EAYLD ro-
agtivate & focus of infection?

Se Introcduce & now exporimont to dotermins the
biologlical activity of EAYLD inhaled into
the lung upon infeotion; vig.: Ddoes KAYLD
g{odgapon the ilung to tudborculous infoc=

on .
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4. In addition, it appears important to exploro tho
bloloiical activity of hydrous csloium sllicute

eithur by Snhalation or at loast pilot-vise by injucticn
@othods should 1t be impossible to gonorate o sulliclont

eloud of atmosphoris dust becouse of tho charactor of tiwo
=atorial, '

( 5. These rocormondod iovestigstions can be carried
out simultansously and comploted in a perioé of
eightoon months to two yoorse It is anticipatod thant thess
studles would roddve tho dr.bt raisod by the rcsults of the
original expcrimonts horein rcportod and sould enable us to
concludo f£inally that XAYLO 18 inort not only in rogard to
. tho production of pulmonury injury, but also in relsticn

to associatoed tuboroculoals. .

Arthur J, Vorwald, M.D.
Diresctor of Research -
The Eduard L. Trudeau FPouniotion

AJVIIB

. ce. W,‘ﬁw 12-%-4"
~

08 006 1110

with this Court'se

Q
iy
v 3e
]
M
38
2
38
3
§u
|3
- o

ntia
reproduced



