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First Progress Report on Asbestosis Experiments

‘at the Saranac Laborstory. May 5, 1937,

To furnish a better understanding of the disease, esbestosis, end
to provide standards as a basis for its diegnosis by x-ray films, e group of
animel experiments has now been started.

It is expected that anatomical changes will be produced in the
lungs of enimals inheling fibrous asbestos which will cast shadows on en
x-ray film comperable to those seen in humen beings. Since the animals can
be killed &s seems advisable it will be possidble to compare the enatomical
chenges in their lungs with the shadows seen in the films.

To make certein whether the fibrosis {n the lung is due to the
chemical composition of asbestos or whether it is the result of a mild
irritetion in the wells of the air spaces resulting from the action of &
fibrous foreign body (i.e.its physical structure) injection experiments are
in progress. If no fibrosis results from accumulations of asbestos in other
orgens 1t may probebly be assumed that chemicel stimulation of the tissues
is not responsible for the pulmonary fibrosis.

As a further check on the physicel vs. the chemicel hypothesis,
the action of ground serpentine 1s being compared with that of chrysotile.
Since they both have the seume chemicel composition the comparison should be
instructive whatever the result.

To check the effect of mere fidbrous structure, a seerch for other
fibrous minerals waes made. None other than those classified as esbestos
could be discovered which had the seme structural composition, However,
beceuse of our interest in the action of gypsum, a semple of satia spar
(fibrous) end elso> one of soda tremolitz were selected for compsrative test-

ing. -

Finall&, the action of various members of the ssbestos group,
emphibole, emesite, crocidolite end enthophyllite are ell being compared with
ttet of chrysotiie. )

It is too esrly to report more than the fact that the experiments
heve been started. For the inhelation of chrysotile, dust furnished by Mr.
Fisher from a plant et Menville, N.J. is being employed. As it was recelived,
the dust wns not sufficiently fine for experiments of this type end we were
forced to regrind it in & ball mill. Considersble time was spent in experi-
mentinz with & provsr type of mill for the purpose. This difficulty weas
overcome and inhalation was begun on March 22. ’

In the dusting room we placed BO gulnea pigs, £0 rats, 8 rabbits
and 3 cats. More of the latter will be procured as they become evailable.
A dust concentration of epproximately 175 million purticles per cubie foot
of eir is nov being maintained. This may later be changed. Over 90% of the
perticles ere less than 5 microns in diameter. Since significant results
cennot be expected to develop until exposuresheave been continued for from
1 to 2 years there cen be little to report before the expiration of that time.
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The verious injection experiments are further sdvanced elthough it
- 18 too early to report sny results. For this purpose ell dusts have been
analysed chemicelly and petrographically. They were then ground end fraction-
ated by allutristion. Only particles 1 to 3 microns in diameter were used.
Their composition was egain checked by the same methods of analysis. The
various tests are tabulated for your information. i

Chryeotile (Thetford)

e. Intravepous Injections.
Have proved difficult. 7 rebbits have died, apparently

from mechanical effects, without receiving significant
quantities of the dust. Further attempts are in progress.

b. Intraperitoneal Injections - 5 guines pigs, March 31, 1937
One killed after one month. No gross fibrosis.

fmphibole

8. Intravenous Injection. 4 rabbits still in progress. Have
eech received 11 doses totalling 0.55 grams. No fatalities.

b. Intraperitoneal InJéction. S guinea pigs. Feb. 5, 1937

‘2 killed after 12 and 30 days respectively. Dust plagues
without groas fibrosis.

Amesite

s. Intravenous Injection. 4 rudbbits still in progress.
Eave each received 11 doses totalling 0.55 grems. No
fotelities.

b. Intrsperitoneal Injection. 5 guinees pigé on Fedb. 5, 1937
"2 died of infection.
1 killed efter 1 month. Most of the dust absorbed;
ro fibrosis.

Crocidolite

a. Intravepous Injection. 4 rabbits have esch réceived full
dose of one grem in £0 injections. None killed.

b. Intrsperitoneal Injection. ? guinea pigs.
2 died of infection.

1 killed aefter 1 month. Pigmented dust plaques
without fidrosis.

A 3ab=- 1oxn

’ ' 060 06 00185



Arnthophyllite

" &. Intravenous Injection. 4 rebbits have each received full
dose of 1 grem in 20 injections. :

2 killed after 3 =1/2 to 6 months respeétiveiy. No
evidence of fibrosis in the lungs, spleen, liver or
bone marrow.

b. Intreperitoneal Injection. 5 guinea pigs.
3 killed after 1, 4 and 8 months respectively. Dis-
appearing reaction with gross evidence of fibrosis,

Serpentine

a. Introsvenosus Injection. 4 rabbits have each received full

b.

dose of 1 gram in 20 injections. All alive and well.

Intreperitoneal Injection. 5 gulnea pigs.

2 killed after 1 and 4 months respectively. Soft
pizmerted dust pleques without fibrosis.

Fibrous Gypsum - Satin Bpar

8.

b.

Intravenous Injection. 4 rebbits have each received 11l
of 20 injections, or a totel of 0.55 grems. No fatalities.

Intraperitoneal Injections - not made.

Sode Tremolite

8.

Intrevenous Injection. 4 rsbbits have eech received total
dose of ) grom in 20 injections. All alive and well.

b. Iptraperitoneal Injection. 5 guinea pigs.

1 killed after 1 month. Small pigmented dust plegques

without fibrosis.

None of these esrly results is regarded'ae significent and no con-
clusions will be drawn until the observations have been continued for st

12858t one year.

It is pot yet cleer whether the difficulties with intravenous

injection of chrysotile ere merely a matter of technique or whether this sub-
stance is essenticlly toxic. We are attempting to discover the cause.
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Second Progress Report on Experimental Asbestosis

by the Saranac Laboratory, April 18, 1938

The inhelation experiment with asbestos dust has now progressed
sufficiently to permit e more detailed discussion. The conditions defining
this experiment ere briefly summarized by the following data:

The Dust - is predominantly fibrous esbestos (chrysotile) with
some serpentine, dolomite, chromite end magnetite. As received from the
plant much of it was too cosrse to be inheled. It was therefore reground
in & cese-hardened steel ball mill until the maximum particle size wes 3
micrcns‘and a greet majority of the fibres were 1 micron or less in diemeter.
This reground materisl wes too expensive to use in the ordinary 8x8x8 foot
"dusting chembers end it was so fine that it packed in the dusting hoppers.
Thersfore & limited emount of unground material was edded to it to set up
e dust cloud.

Dust Counts are made with a Greenburg-Smith impinger epparstus
from time to time. The average concentrations mesintained inside the enimal
cages deily, 6 days & week® are indicated by the following figures:

Particles_morelfhan 10 microns 645,000 per cubic foot of eir (light field)
:Particles less than 10 microns 86,100,000 per " " on n " "
471,200,000 " v noonom (derk field)

The last figure, obtained by counting the particles under dark field
illumination, indicetes thet there were en excess of fines, In most dusts the
ratio of derk to light field counts is 2 or 3 to 1; here it is bver 5 to 1.

*As the animals spent their entire lives in the dusting room they were sub-
jected to a considerable but ummeasured concentration of dust during the
remaining £4 bours of eesck dey. Enough dust adhered to their bedding so that
at nizht they were exposed to concentrations of the order of £ million or
less particles per cubic foot.

Exsgp-t1ow ()
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Size Freocuency Counts

Particles less than 2 microns T 99.4%
Particles 2 to 5 microns 15.0
Perticles 5 to 10 microns 3.4
Particles more than 10 microns 2.0

Ageln the great preponderance of small particles is indicated.

The first report mede on May &, 1937 pointed ou that the inhelation
of high concentrations of very finely ground asbestos dust héd n&t produced
eny significent chenges in the lungs of guinea pigs, rebbits, white rats or
cats during & period of 5 months.

On Msrch 22, 1923 the dust exposures of these animals had been con-
tinued for a period of one year. Representetives of each species were killed

end their lung tissues were examined microscopicelly for evidences of asbestosls.

The lung tissues of the guinea pigs were elso subjected to chemicel anslysis.

The results have been somewhat surprising.

8 Guinea Pigs - failed to show enough evidence of reaction to the
dust to be detected on gross examination of their lungs. Fven in thin micro-
scopic secdons the changes were too slight to be visﬁalized without magnificetion
{zee figure 1).;¢When 80 observed it was found that only the very esrliest
stages of easbestosis hed developed (figure Z). No fibrosis bed appesred; the
reection was very largely one of the dust cells which had surrounded and
walled off myrieds inhaled fibres and particles of dust. Asbestosis bodies,
which cuctomerily form about aesbestos fibres in the lungs of guinea pigs and
human beings hed developed but most of them were extremely small, as would
be expected in deeling with such fine dust. A moderate numbef, presumubly
from the unground dust were much longer end often extrscellulsr.

The lungs of three of these guinea pigs were snalysoed chemicully

for their total mirerzl and silica content. The results obtained are indi-

cated as follows:
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* - 060 06 0018¢



Dry Tissue Ash
No. % Ash % Si0p % s10g
8  5.06 0.5 . 10.23
1 4.58 0.46 10.08
12 5.16 0.54 10.54
Normel
Controls 5.61 0.10 1.83
510, Controls 12.02 5.28 43.88

These figures indicete that the totsl weight of inorgenic materiel
gg& in the lungs is not increased even though the sections reveal great numbers
of fine particles within the dust cells. This could be explained on the
besis of the very small size of the particles whose combined welght is
negligible. That there are appreciasble quentities of silice-containing
. foreign bodies is skown in the other columns; the dried lung tissue conteins
4 or 5 times the normal emount of silice and in the esh the silica content
is nearly 10 times the normal amount. When compered with the everage figures
for a group of enimals exposed to pure Quartz for one year it will be noted

thet the totel emount of esh and the percentage of silica in the esbestos

@:{'\

series i1s relatively low. The results of these chemicel analyses seem to.
indicate thet a;b;stos dust, even when very finely divided is pot as readily
inheled a8 & purticulate dust like quartz,

é Ratbits - Autopsied after one year of exposure show slightly
more cellular reaction in the lungs than the guinea pigs. The changes were
visible on gross examination of thin microscopic sections but not on
inspection of the lungs as they were removed from the body.

Microscopic exzmination of the sections disclosed considercble
accumulations of phsgocytic cells ebout the inhaled dust. The fibres were

unchanged end no asbestosis bodies had developed. There wes no evidence of

fibrosis. 4 similer result wes obtained in a previous experiment on rebbits.
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2 White Rats revesled changes compareble to those in the rabbite
without the formetion of asbestosis bodies. In two other &animels killed on
the 8th month the chenges were similer in charecter but less intense. TFive
other rets heve died of inter-current chronic pulmopary infections. They
vere discerded es thelr lungs showed little or no inheled dust. The findings
in thie epecies confirm those obteined ip & former experiment.

8 Cate died of infections within the first 3 or 4 months, Their
lunge reveeled 1ittle or po dust or reactior to it. One cat was killed after
one yeer's eryposure. Grossly there was no evidence of dust reaction. Micro-
scopie sections showed numerous scettered phaegocytes conteining minute
perticles of ssbestos. No long fibres or euebestosis bodies could be found.

The injection exveriments with 1 to 2 micron perticles of the

verioue fibrous silicetes and serpentines mentioned in the previous report
huve uniforply feiled to produce scer tissue either ip rebbits or in guinec
pies. Apthophyllite, crocidolite, eode tremolite and serpentine have now
been oteerved for one yeer. Anosite end emphibole for & monthe. The diffi-
culties sttendsnt uron intravenous ipjection of chrysotile have rot been over-
come tut the attempt hes not been abandored. All of these minerals ere with-
out effect upor the extrepulmonsry tissues and rone have produced esbestosis
bodies. . b

‘Comment: ~ At first elght the negetive cheracter of these inhele~
tion results might seem discoureging for the originel objec@ives are epperently
not being etteined. Insteed of producing pulmonery csbestosis et & rapld rate
the reection is reletively insignificent. A whole year's exposure to a
comperetively high concertretion of exceedingly fine dust hes not produced
enough change to be visible without high megﬁification of microscopic sectiorns.

The results egre not only surprising but they chellenge explanation.
When they are compered with the findings of s previous inhsletion experiment

on guines pigs they suggest thet the originel hypotheses amccepted in planning
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the present experiment were erroneous. The very fipe dust employed for this
test hes ceused much less reesction thap the cosrser meteriel used in the first
ore. This result wess obtcined in spite of the facts that the emount of fibrous
materiel in the new dust was 3 or more times as great e that in the o0ld, end
“thet the etmospheric concentretions meinteined were perhaps 10 or 15 times eg

greut.

The factor of particle size is spparently the one responsible for

the difference in results. Most of the asbestos fidbres in the lungs of the
new experiment snimsls esre emell enough to be entirely contelned within the
body of & dust cell. Some, origineting from the.unground materiel pleced in
the dust hopper to facilitete gereration of dust ere longer. The short intre-
cellulsr fibres ere treeted by the lungs more or less like particulate dust.
Insteed of being concentreved esbout the terminel bronchioles as in the case
‘with longer fibres, they ere scattered widely throughout the eir speces.

Few esteblish contsct with the pulmonary fremework es they ere protected by
the bodies of the dust celle which surround them. If their action be chemicel,
not ecough ere concentruted in eny particulsr focus to expect apprecieble
recction. Whet little effect there Lus been might reedily be due to the
limited purber of ;ong fibres. It is unfortunste thet eny ungroupd fibdre

wes eddéd for othéiwise it might have been possible to stete with certalnty
that the short fregments caused no fibrosis.

I£ these early results are substantiated on subseguent observetion
of the epimels exposed for longer periods, it is delieved tha£ the chemicel
hypothesis of the sction of esbestos will have to be sbendoned. In its
plece 4t will be proposed that asbestos fibres ect &8s mechenicel irritents.
flreedy there is considereble evidence to support such a hypothesis. The
perticulete serpentine which has the sume chemicel composition es the fibrous

chrysotile has been proved to be lncspeble of procducing a fibrosis in orgens

other then the lungs. When chrysotile is ground so finely thet it spproximates
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serpentine in physicel state is loses its capscity to ceuse fibrosis. IT
i1te ection were chemicsel in nature it chould become more ective as the particle
size decrecses for under such circumstznces relatively more surfece should be
presented to the cells end fluids of the body. (uartz, whose ection has been
proved to be physico-chemicel, behaves quite differently. The smeller the
perticles of free Si0p, the more vigorous end repid the reection they promote.
Their effecte are not restricted to the lunge of certein species but can de ;
elicited in eny orgen of any enimel, bird or fish. In the case of asbestos,
on tbe other hend, irritsiing propertias ere only menifested in the lungs,
end then only in the lungs of certein species of gnimels. The smellest
fibres, ¢hich should theoretically be most ective ere apperently inert while
only the longer ores seem to csuse fibrosis. It.is inferred therefore theat
their_action ic mechenicel end that the long stiff fibres are irritating
orly in the lung tecause this orgen 1s in &ctive motion during respirstion.
In sluggichly moving orgens like the liver, spleen apd subcutaneous tissue
the fector of motility is minimized.

The most serious objection to discarding‘the chemicel hypothesics
at the present time it the imperfectly known relationskip between the esbes-
tosis body exnd tﬁg:development of fibrosis. The esbestosis body must form
es the result of chemicsl resction. The question which remasins unansvered
is vhether such chemical reection ig 2150 responsible for the development
of scer tissue. Some observers are of the opinion that the formetion of the
bodies ies & protective rechaenism by which the tissues sttempt to coet the
irritating esbestos fidbre with & smooth non-irritsting membrane. Our own
experiments end those of others have demonstrated that esbestoéis bodies
recovered from humen lunés by chemicel digestion will not produce fibrosis
in the subcutenecus tissues of guinea pigs. Their action must elso be tested
in the lungs before a finel ensver to this guestion can be given. The evi-

dence now eveilable suggests that the reaction responsidble for the formetion

Mae - 104( 6l

' 060 06 0019



- -
of the bdodiee is not the one producing fidrosis.

But on the other hend, -it is known that esbestosis body formstion
ocecurs only in tissues vwhich do develop fibrosies in response t0 local
sccumuletions of esbestos fidres. Thus far only the lungs of guinee pige,
doge end bumen beings heve responded to the irheletion of esbestos dust by
the formetion of écar tissue and esbestos bodies. Injection of asbestos
into other orgsns of guinee plgs produces only occesionsl bodiee &nd little
or no fibrosis. Tke esbestos co;ns of the skin in ﬁuman beinge do not ‘

~ coptein the bodies. The lungs of species like the rabdbit, white rat and
cet bave shown neitber esbestosis bodies nor fibrosis. In their case it
will heve to be determined whetber the lack of reaction is due to more
effective upper respiretory protection which precludes the inheletion of
effective quantitiesof esbeétos fibres or whether {t is due to chemical fuc-
“tors peculier to these species which prevent reuction with asbestos. The
possibilities are under investigation &nd if decisive results casn be obteined
the velidity of one or the other bypothesis should be estsblished.

Sigpificence - while the inhaletion experiments have failed to
produce pulmoncry fibrosis at the repid rate enticipsted they ere neverthe-
less instxuctiveiv.Verification of the proposed mechsnicel hypothesis.end
the esteblishment.of e reletionehip between the length of fibre &nd the
1;ritet1ng properiies of asbestos would explsin the hitherto mysterious
distribution of asbestosis in various depertments of this industry. In the
Thetford milles there seems to be little or no disesse in spite of héevy
atmospheric concentretions of dust. Here the fibrous elements of the dust
ere lergely very short &nd hence perhsps not irritating. In thé Fpglich
plerts 1t bas been stated that the process of "uattress beating" is produc-
tive of the greetest amount of asbestosis. This process could readily dbresk
neny Tibres longitudinelly, liberating & dust rich in fregments short emough

to be inhsled but long enough to be irritsting. In the Americen fectories
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the emount of disease has pot elways perslleled the atmospheric concentrstion
of dust. More cases have developed after exposuresto tﬁe "opening" mechines
then elsevwhere. Since opening is a erushing operation it might produce the
most effective length of fiﬁre.

Ir these theoretical considerations cen be substentiated, they
should be of velue in plenning & progrem of prevention. Special preceutions
would fhen be instituted in depertments where fibrous types of dust are
genereted. In processing mills deeling lergely with the extremely fine
esbectos powders employed for insulation only sufficient exheust to confonﬁ
G%? to sccepted sterdards of good housekeeping would be mdeguate. Until the

hygienic significance of fibre length has been esteblished all esbestos dust
mct still be coneidered hazardous.

Surmsry - An inheletion experiment upon guines pigs, rabbits, white

" rats end céts using higg concentrations of asbestos fibre found so finely

that most of the particles ere under 1 micron in meximum diemeter has feiled
to produce evidence of esbestosis in one year's time. The emount and
severity of the recction is not neerly es great as that produced in e
previous experirernt by the inhslation of 1/10 to 1/15 this concentretion of
esbestos dust. The only other apprecieble difference in the two experiments
is the pertlcle ;ize of the dust. These observetions together with those
from colletfral irnjection experiments suggest that the injury from asbestos
mezy be mechanlcel in nature end produced only by fibres which exceed &n
upknown minimum length. If this ultimetely proves to be the cese it mey
explein the puzzling ebsence of esbestosis in certein very dusty parts of
tbe industry. It mey also direct attention to the points where dust
collection is most imfortunt in preventing the development of asbestosic,

To enswer the questions that have now been raised it is planned to
continue the inhelastion of the fire dust for snother two years and to per-

form certein other injection experiménts. "To reproduce the pathologicsal
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picture of gencrzlized ssbestosis enother inhnaletion experiment with e dust

composed of longer fibre will be started within the nesr future.
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Progress Report on Asbesfos Experiments

December 9, 1928

In reply to your letter of the 6th, I .mey say that an& Progress
report of‘experiments on esbestos dust will necesserily be extremely brief.

In the originel experiment, underteken with the graﬁt from the
ashestbs industry, enimels have now been exposed to the very finely ground
asbestos fiber for e period of 20 months. Concentrations of simospheric
dust ranging from 125 to 160 million perticles per cubic foot of air have
been meintsined in the dusting room. Animsls killed at intervels throughout
this period have feiled to exhibit any gross evidence of fibrosis. Minute
esbestosis bodies bave been observed since the second month but celluler
resction is still limited to widely scettered microscopic foci of esrly

" fibrous tissue. This is et verisnce with the experience in s previous ex-

periment where concentretions of only 39.5 to 55.6 million particles per cu.
ft. of air hod alresdy produced gross evidence of fibrosis in the lungs efter
15 montbs exposure.

£s previously reported, the essumption that grindipg esbestos
fiber to an extremely fine stete of subdivision would accelerate the devel-
opment of resctigﬁ in the tissues has not been justified. On the contrary
such treat?ent seeme to have had the opposite errecf end elmost destroyed
their capuacity to irritate the lungs. This has led to the hypothesis that
the irritetion from asbestos dust is not of chemicel but 1s ﬁore probebl&
of & mechanical neture.

Severel collateral observetions eppeer to support this view. In
e series of intrevenous injection experiments with four different verieties
of esbestos, ground so that none of the particles exceeded 2u in dismeter,
one grem doses feiled to produce fibrous chenges im sny orgen of the body
sfter one years time. Since free silica introduced in this menner in-
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Avariebly does ceuse fibrosis of & characteristic nature eand since such
reaction 1s inversely proportional to the size of the 1n3ected'part1c1es, it
seems logicsl to infer that the reaction to asbestos is of a different nature.

Chrysotile asbestos continues to givé trouble, we have never been
able to inject the full dose nor to keep an animel elive for more than 7 deys
theresfter. Either the physical or the chemicel properties of thie minerel
render it unsuitsble for injection into the veins. Three other forms,
erocidolite, amosite end emphibole have produced no 111 effects.

The reection to inhaled asbestos, unlike that to crystelline
silica, is not a progressivé one in experimentsl enimels. In e previous
experiment 8 months exposure followed by removsl of the animals to e normsl
etmosphere for £ or 3 years resulted in retrogression rather then progression

Cof pulmonery chenges. The asbestos fibers were present in the lungs in very
spprecicble numbers end they.became coated with the meterlel responsible for
the formetion of the esbestos body. They were still present at tﬁe end of
the observetion period but no fibrosis hed appeered. Perheps one might sgree
with Dr. Leery thet the cozting on the fibers is protective and that beceuse
of 1t they lose ;heir cepecity to irritate the tissues. Thece observetions
continue to 5ugge;t a mechanicel form of irritetion which ig menifested only
in the lunge beceuse only this orgen moves enough in nommel function to be so
irriteted.

We ere ettempting to check these hypotheses by a new irhalstion
experiment with lonz-fibared crysotile. Another dust room has been essigped
to esbestos and & suiteble apba;atus has been perfected for breakinpg up this

" meteriel and genersting & dust contsining & high percentsge of fibers. Con-
centrations of'lzo rillion per cublic foot of eir ere beirg mairtsicred in the
dust room. A group of 100 guinea pigs, 20 rats, £0 mice &nd 6 cats have now

beep exposed a little over one month. The time of course is much too short
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to anticipate results of sny kind.

We are also mekirg further checks by injecting ehort end long
fibered esbestos directly into both lungs of & group of enimals. To escertsin
the influence of sctive motility on the part of the lung, we have induced en
ertificisl pneumothorsx on one side to put the orgen at rest; the other lung
continues to move normelly with respirstion. If our essumption is correct,
we mey expect that the long fiber materiel will produce fibrosis only on the
eide where sctive motion occurs; in the collepsed lupg the long fiter should
have 1ittle effect. The finely grouﬁd materisl should produce no reaction
in either lung.

Ir, as entic}pated, the long fiber inhelstion experiment gives
rise to pulmonery fibrosie we shall follow the development of the changes
A in x-ray films &s originelly proposed when the short fiter inhaletion test
was undertaken. Eowever there is little point in underteking thie phase of
the work until the monthly sutopsy samples begin to reveal definite evidence

of pulmonsry change.

{sigped) LEROY U. GARDNER
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