Experimectal Studies

oy d
PHE SARAFAC LABORATORY v\ 0\

/
L
SARANAC LAKE, NEW YORK 0 \p\

Repert to th

PLAINTIFF’S
EXHIBIT

041%0.01

PLAINTIFF’'S
y EXHIBIT




TI. ABSTRACT 1

2. In"oroduct-ior;. 2

ES

5. dsbestos Minersis m .

/7tu

™~

If. EYPERTMENTAL ASRESTOSIS 2
5. Txperimental Metheds L
6. OSnecies Susceptibility 5
7. Peculiar Characteristics of Asbestos S
8. Rate of Tissue Reaction to Asbestos Fibers 6
9. Asbestogis Eodies 7
2 !
. ,g:« Xing's Floats Asb 8
12. Dusting Material 8
i3. Dust Composgition 8
. Dust Concentration 8
15. Reaction in Animals 9
16. Guinea Pigs 9
i7. _ Rate and Type of Reaction 9
18. Progression : 10
19. Infection Coincident with Dust Inhalation 10
20. Infection after Dust Inhalation 1
21. Asbestosis Bodies 12
22. Rabbits 12
23. Ratz 12 ¢
‘ 2, Sumary and Interpretation 13

54 _ \/




31.
32.
33.
3k
35.
36.
37.
38.
39.
LO.
hl.
L2,
h3.
Lk

Ls.
L7.
8.

9.

o

e MORT- Flbas Asbastes Judt

1,

Dusting laterial
Dust Composition
Dust Concentration
Size~frequency of Dust
Reaction in Animals
Guinea Pigs
Rate and Type of Reaction
Progreasion
Agbestosis deies
Rats
Rate ard Type of Reaction
Cats
Rate .and Type of Reaction
X-ray Chances
Asbestosis Bodies
Rabbits
Rate and Type of Reaction

Asbastosis Bodies

Summary and Inmterpretation Eni z&‘“ f;;

(oo C
%7 100 Per Cent Bau-mW _

Dusting Materisal
Dust Composition
Dust Concentration

Size-frequency of Dust

iii

20
20
20
21
21
21
22
22
23




Reecvion in Aninmals

Y Guinea FPigs
i 52. Rate and Type of Rezction
53. Progression
sk Lymph Node Involvement
55 Asbestosis Bodies
| g6. Rats and Mice
. | 57. Summary and Inberpretatio\r-x‘ ONG- m L
;  S8r—Denp-liber-tsbentosDust— et e S,
| . 59. Dusting Material
‘ ‘ 60. Dust Composition
| 61. Dust Concentration
62, Size-frequency of Dust
63. Reaction in Animals
; &L, Cuinea Pigs
‘ 65. Rate and Type of Reaction
\ 56. Progression ‘
67. Lymph Node Involvement
| 68. Asbestosis Bodies
69. Cats
70. Rate and Type of Reaction
1. X-ray Changes
724 Rats

‘ 73.

Rate and Type of Reaction

2
[UY)

ry
0

)
&)

LY
(&)

8



i
r l'\i_.
¥ LK 4
Tits Hice 3
75. Rats and Tyoo o Razzewicon 21

76 32
79 Covpurisor of Mibrous st Won-Illrows ooty 32
! 3 : : S a LR - T RUNNE TN 2
30. Comparigon of Yarious Linp--fMisr Lushs 33

31. Comparison of Lenp-fiber #nd Shovi~Tiver Dusis 3L

32, Intravenous Experirents 3k

83, Introperitoneal I=periments ‘
B o
-~

. LTXIV,  OfiTe mFIRIVENTS

{
35. Protective Action of Aluminum Coapouwnris 35

(%)
"

v
A

36. Tormation of Asbesteosis Rodiass : 35

ﬁw 4q ¢

_L_xzzxv___I_IL THECRY OF IRAITANT ACTICH vj/‘u_ 36

v [’T_,—m_ Ir-.\:?( 37
89. Infection ' 37
9C. Susceptibility to Tuberculous Infection 38
21, Susceptibility to Non-tuberculous Infecticn 33

~aiibausiinapons:

~J
i




/
I

|

K

7
ABSTRACT

- A,
k! \\?L\ T K

Asbestosis is a pulmonary dise

dust .

seems to b&the resal%
\""

the tissue by asbestos fibers.

bo wet

reaction; short fibers (e.re rela

mechanica

fibers is an essential factor/in th E\mechanism of irritatioxy

iétic tissue response can
fibrous minerals.
signiﬁ.cantiy the
asbestosis body, 1vhi is a specifig
soon after the ent

prevent further

gression of the reaction when exposufe ceases.

In animels it is characterizefi by
hwauw

X

&

e caused the inhalation of asbestos

rlbronchlola.r fibrosis which M
ther thanAchem:Lcal, irritation of
the long fibers produce a typical

7 incrt_E The filamented structure of the
sifacn b WX fudae

@-character-

by non=siliceous ésf—well as siliceous
&\&
dees not alter

Dumit v ool ¢ it
nta.ll\tuberculosn.s in gu:x.ne pigs. The€

estos du.st pparent.

2

concomitant of asbestosis and forms

ce of the asbesLos_ fiver into the lung, is~bettevEL %3

S
e to the tissue| by the fiber and thus limit pro-

Alurmimum does not exert a

protective acilon against the tissu

irritation of asbestos fibers as it

does against/ that of quartz particleg.




N

' EXPERTVANTLY SZGD IFS

J

isbestosis is 2 Zorm of pneumocoricsis resulting from prolonged inhala-
tion of asbestes dust. The name asbestos, literally "umburnable,® is uot
that of & particuler mineral but is a term applied to a mumber of diffzrent
minerals wnose characteristic feature is a structure composed of long, par-
allel, flexible fiber3. This structure is unique because the fibers are
capable of repeaved ‘longitudinal subdivision to umits of molescular proporticns.
In léngth the Tibers vary from a few microns to six or mors inches. Some
varieties are stiffer then others but many are sufficientl; flexible 5 he

- soun  into yvarn and woven on modified textile machinery.

3. Asbestos Minerals

The asbestos minerals are silicates of variable composition and belong to

the serpentine and the amphibole groups. Listed below are the more common

varieties.
Amphibole Group
Anthophyllite (¥g, Fe) silicate
Ampzite (Mg, Fe, Al) silicate
Amphibole (Ca, ¥g, Fe, Al, Na, K) silicate
Tremolite (Ca, Mg) silicate
Actinolite (Ca, Mg, Fe) silicate
Crocidolite (Na, Fe) silicste + Fe silicate
. Serpertine Group
Chrysotile Mg silicate (hydrous)
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The bulk of thez ashesic commercs is chrysobile, 37g0.28i02.2220,

-

~
S O 2%

£

which is mined in {he Thetford region of the Frovince of Qiebec. Crocido-

lite and amosite are zslso used commercialiliy bul in mich smaller amounts.

Chrysotile occurs as velns in serpentine, a nineral similas in chemicai com-

position to chrf%otile vizb ¥hich exisis in maesgive form and is made up of
microscopic fibers witinout the parallel crientation characceristic of chrysc~
tile. The massive blue black serpeatire, which is smooth and zoapy to the
toucﬁ, is traversed by veins of Tibrous chrysotile varying in width from a
barzly percepbible line to six or more inches. The fibers run across the vein
and not lengthwise with the formation.

Attention is directzd to the mineral bdrucite, MgO.Hs0, which, is often
found in the same formations with serpentine and chrysotile and may be fibrous
in structure. It has no commercial value at present because its fibers are not
sufficiehtly flexible to be used in textiles bub thej are capable of repeated
longzitudinal subdivisicn. Unlike other asbestiform minerals, brucite is not a
silicate and for this reason it has been a valuable ool in an experimental

evaluation of the -action of fibrcus ninerals upon lung tissue.

. / *
| A “
IV, EXPERIMENTAL ASBESTOSIS . '
For many years studies have bﬁen carried on-by the Saranac Laboratory in an
investigation of the cause, nature and development of asbestosis. The present re-

port is devoted to Experimental Asbestosis. In it are described the animal ex-

periments with various kinds of asbestos dusi. Another report, tc te prepared

and issued later, will be concerncd with dumen Agbegiosis and will cover bhe beddi:

agpects of workers who have been expcsed to asbestos dust in an industrial

environment .



Although asbestosie inmen is 2 chronic digesase wich requires years to
develop, it is possible to reproduce in one or more species of animal character-
istic tissue changes which are similar to the lesicns of human agsbestosis, Sioce
the life-span of the experimental znimal is relabively shterd, it is not possible
1o develbp the characteristic lesiong in animals urder ihe usual indusirisl coua~
ditions. Consequently, o obtain a couplete evaiuwction ¢l ihe hissue respoasce
to inhaled particulate and fibrous material, it iz nscessery to accelerate the
reaction by employing highsr councentrations of dust than vould crdinarily be en-
countered in industry. Vhile conditions of exposure ere thus different; the
information yielded by experiments with 2nimals is invaluoble in furnishing a
better understanding of the reaction of the human crganism tc inhaled asbestos

dust.

5. Experimental Methods

For investigating the biblog'.ical reaction of the experimental animal to the
various asbestos minerals, two types of techniqus have been employed, namely, the
inhalation method and the injection method. In imhalation experiments, groups
of animals -~ up to _100 or more guinea pigs and sometimes smeller numbers of
rabbits, cats, dogs, rats or mice - are kept for eight h_ours a day in a cubical
dust x"oom, eight feet in dimension, in which a clond of asbestos dust is maintainsd.
At intervals during the experiment, a few animals are sacrificed and the tissue
examined to determine the nature and extent of the dust reaction. Some animals
are axposed for periods up to three years. The injecilen sxperiments, in which
the dust, either dry or suspended in fluid, is introduced into the animal by the
intravenous, intraperitoneal or intratracheal pfocedure, are used to determine
whether or not a particular dust has a potential capacity to produce tissue

reaction.



Long~tern inhalavion experiments furnish information upon which great reli-
ance is placed when cstimating the degree to which a dust might be hazardous io
industrial workers. Whether or not atmospheric dust, evem though potentially
dangerous, can be inhaled, pass the \natural defense barriers and reach tiue pul-
monary tissue in quantities sufficient to cause damege can be detemined oniy oy

inmhalation procedures. Injection experiments are useful because in them contect

between the dust particles and tissugs is assured and the potential capacity of

- the dust t6 produce reaction can be estimated accurately. When de2ling with fi-

brous minerals like asbestos, the intratracheal methed is valuable since it per-~

mits observing the effect of the fibers on pulmonzary tissue.

6. Species Susceptibility

Unlike free silica, asbestos does not exert its spacific effect in all orgens
of all species of animal (Table 1). Injection of fime quartz into various organs |
of the gulnea pig, rabbit, raar::a:,' dog, chicken and even tadpole will produce
silicotic nodules. However, similar injections of long or shért fiber asbestos

have resulted in a fibrous reaction in the lung and, to a lesser extent, in the

paritoneun but not in other organsof the guwse pig, AstX, cst . seud whele
pﬂ!.’&nb‘»‘&u’\'ﬂlww N ‘G’“v\od."'&;—w&hbu (VN dt""“‘
7. Peculior Characteristics of Asbestos @yt G be aceounlsd P"

Experience has demonstrated that most of the particulate matier inhaled into
the lungs of man and animal is 10 microns or less in maximmm diamster. Larger |
particles apparently are excluded by the protective mecha.ﬁism of the uppar respir-
atory tract. In the case of fibrous materials, however, this restriction does not
apply and fibers 100 and even 200 microns in length have been found.in the termin-
al air spaces o-f human lungs. In small laboratory animals ex;;osed to asbestos
dust the maximum length of fiber found in the lumg rarely exceeds 60 microns.

Not every kind of fibrous material is inhaled with equal readiness; for example,




the synthetic fibers of giass weol zpparentlyr are toc inilexible to rass easily

"
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through the nose, pharynxz, trachea and tronchi and seldem reach the terminal
bronchioles and alveoli.

Inhaled particulate matter comey ¢ rest throsghcut ihe terminal sir spaces
(alveolar duct, atria, alveoli) in all parts »f the lungs: inh&led asbagtos fibers
are first retained in the respiratory bronchicles. These very amall tubes are
immediately distal to bronchicles lined by cilia*ed epithelium. Their own essen-
tial lining is a low cuboidezl iype of epithelium but, as their.name implies, they
actually function in respiration through lateral alreoli given off as pouches
along their walls. Either these pouches, or the zbrupt change in the character
of the lining epithelium, or the decrease in diameter of the tube, or perhaps the
combination of all three factors is rasponsible for loccl retention of the inhaled
fiber. Only after asbestosis is well established are apprecichlec numbers of fi-

bers carried into the more peripheral air spaces.

8. Rate of Tissue Reaction to Asbestos Fibers

The rate of tiasue reaction to asbestos is much more rapid than to an active
dust like quartz. FBvidences of tissue response appear as soon as fﬁbers have
localised in sufficient concentration in specific areas. In rats receivimg asbes~
tos fibers by intratracheal injection this eviderce is visible 25 early as two
weeks after injection; for quartz dust the latent period might be two meming or
more,

The behavior of the tissue reaction to inhaled cdust after the tevmination of
exposure is not the same in silicosis as in asbestesis. :n silicosis, the young
nodules become larger; in asbestosis, young scar tissue,that may have fo:med,con-
tracts and becomes more dense but the area of involvement cecreases in size. If

exposure to asbestos dust is terminated after & brief period, the recently-inhaled
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fibers in the lung may cause the fibrous tissue response to continue for a
short time, vntil the fibers have been coated. This progression is of oniy a

glight degree and of little significance.

9, Asbestosis Bodies

The peruliar structure knoem as the asbestosié» body or curious body is a
gspecific concomitant of asbestosis. The typical bedy is a golden~yelicw, beaded
or haustrated rod which may be eithsr straight or curved, Often one or both ends
are bulbous like a dumb-bell. The bod_les vary considerably ir length, and di-
mensions up to 250 microns have been recorded.

It is believed that asbestosis bodies are due to a deposit of protsin and
iron pigment upon the surface of inhaled fibers. In guinea pigs théy form after
about 60 days of contact with tha tissue. They are sbundant in man and the guinea
pig (see Table 1) but are much larger in the former, probably because the larger-
gized sir tubes admit fibers of greater dimsnsion. In cats, rabbits and mice there
is an atypical coating of a few qf the fibers aft_,er mich longer residence in the
Iungs. In rats and dogs no bodies ;:ould be discovered. Although the avidence is

incomplete, it appears that the formation of the asbesitosls body prevents damage

to the tissue by the f.‘iber/ _&MW&\ qonzo( \)\u&x /32»0\""9 ﬂ?"/y
7

Vu-&\'c Nac\p Cu v elie B
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/X. _IINHAIATION EXPERIMENTS
ﬁ Four comprehensive inhalation experiments have been conducted at the Saranac
| Laboratory with various forms of asbestos dust. In each of these investigations

more than 160 animals were used and the experiments were carried on for periods
ranging from 2 to more than 5 years. The four kinds of asbestos dust employed
are identified as King's floats, short fiber, 100 per cept ball-milled, and

long-fiber asbestos dust.
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Mz Inha}at‘ion Eb:pgrimg—t"rﬂifh "Ying's Floats" Asbestos Du
The f:.rst inhalation experiment conducted at the Saranac haboratory with

asbestos dust was begun in 1928. animals inhaled the dust for periods up to
nearly three years and some guinea pigs lived for aboui four years after their
first exposure to dust. 4 prelimipary report giving ovservations after 2¢
months of exposure appeared in the February, 1931 issue of THE JOURNAL OF INDU-
STRIAL HYGIENE.¥ At that time observations covered e pericd of only 2-1/4 years
and the conclusions as to the ultimate effects of inhaled asbsstos dust were
provisional. Results 61‘ the completed study show that most of the conclusions

drawn in the preliminary report were substantisted. A complete review of this

experiment follows.

12. The dusting material was a commercial variety of asbestos dust known

as King's floats and was composed of short fibers and particles of
variable size. It was obtained from the Thetford, Quebec plant of the Asbestos

C ic3.
aporation of America

—

13. The dust composition (Table 2) reveals that the amount of fibrous chryso-

tile was only 1L per cent, a rather low value. However, there was suf-

ficient fibrous material to produce a characteristic fibrosis.

1. The dust concentration at first was quite low and for impinger samples

taken soon after the experiment was started, the average light field_
count.; by the standard technique was only 6.0 million particles per cubic foot of

air. An appreciable number of large particles (or Dibers) also were present, as

#STUDIES ON EXPERIMENTAL PNEUMOCONIOSIS. VI. Inhalation of Asbestos Dust., Gardner,
L.U., and Cummings, D.E. J. Ind. Hyg., 13: 65-81, 97-11k, 1931.

\\’



shomn by an average covnb of 0.8 miilion for particles gmreater than 10 microns.
Af'ter the inhalation experiment had been under way for about two years, the spsed
of the rotating paddle in the dusting machine was incressed and for the remzin-
ing 9 or 10 months of tha experiment considerably more dust was dispersed into
the atmosphere. Average dust counts for impinger samples collected after this

change were 53.7 million for the usual light~field methed, and 1.6 million for

particles larger than 10 microns.

15. Reaction in Animals to Inhaled "King's Floats®™ Asbestos Dust. Results

\
|
| |
of the investigation, briefly summerizecd in Table 3, ‘show that inhala-
tion of King's floats asbestos dust produced & typizal peribronchiclar fibrosis

in guinea pige but not in rabbits or rats.

16. Guinea Pigs. Seven groups of guinea pigs were used. In three groups |
the effect of a continuous and of an interrupted dust
exposure was studied; in two other groups the reslationship between infection and

dust exposure was investigated. The remaining {wo groupa were infection controls.

17. Rate and Type of Reaction. Gulnea pigs inhaling this dust for perlods

up to 33 months duveloped a characteristic

fibrosis occurring in conical patches about the respiratory bronchioles. During ﬂgzt*\\
i's.'(.c:'“ |
this exposure the peripheral alveoli were not involved. The particulate elements\**vhi:

L
|

in the dust were transported to the lymphatic system where thay caused no signi- /
ficant reaction; the fibrous elements remained fixed at the site of original
localization and were seldom dstected in the lymphioid tissuwe. PFleurisy and fi~- ‘
brosis in the septa were observed only when infection complicated the process.
After exposure of approximately a year, a sw2ll amount of cellular reaction
had been produced about many respiratory bronchioles. As more dust was inhaled,

it continued to accumulate in the same locatlion and iater stagses of the disgease

e I



consisted of ertensions of the original lesions, Naw areas were not involved.
Apparently, the inhaled fibers were caught in the pocket-like alwveoli thah
are given off from the lztersl walls of the respiratory bronchicles. There they
waere phagocytized and mary of them were carried into the well by migratory cells.
Wononuclear leucocytes attracted to the area caused an eppreciable thickening of
the brenchial wall. After 16 months a delicate fidrosis rade its aprearancs.
The process evolved so gradually that mitotic division of fibroblasts could
rarelyr be discovered.; nevertheless, the number of fine intercellular collagenous
fiters (fibrosis) steadily increased. As this fibrosis cpntracted, it partially
cloged the alveoli, and with this atelectasis the lining epithslium assumed its
embryonic cuboidal form. The result was the adenoma-like appearance that Willis
describad in guinea pigs inhaling silicon carbide. The longer exposures resulbted
only in more thickening of the walls of 'ths alr spaces, largely due to aa in~
crease in the amount of fibrosis. The fibrous tissue 2lways remained cellular

and never showed the hyalinization characteristic of silicosis.

18. Progression. The reaction produced in exposed guinea pigs did not pro-
gress significantly during a subsequent pericd of 37
months when the animals lived in a normal atmosphere. Between § and 11 months
after exposure ceased, the cellular reaction had been oompietely replaced by
thin strands of fibrous tigsue. Observed still longer, the scar tissue decreased
in zmount but in the last animal sacrificed, 37 months after discontinuing dust

exposure, some fibrosis was still visible..

19. Infection Coincident with pust-Inhalation. Of the group of 4O guinea

pigs infected with atten~
uated tubercle bacilli (R; strain) 31 died or were sacrificed before two years

of dust exposure and were reported in the paper by Gardner and Cumings mentioned

[y f g Y



above. Saventeen of thesa died from intercurreni pneumonic. Briefly, the re-
sults were as follows: 10 revealed scme evidence of spread of the tuberculous
process; in 6 of these it was confined to the lungs and in the other b the
abdominal viscera also were involved. Usually a slight local extension of the
tuberculous infection had occurred but subsequent hezling hed resulted in fi-
brosis of both the pulmonary lesions and the secondary lesions in other srgans.
The healed pulmonary lesions showed more fibrosis than is characteristic of
either tvberculosis or asbestosis alone.

The $ animals which were still alive after two years of dust exposure were
sacrificed at intervals during the folldﬂng year. In I of them the primary foci
of infection had healed with fibrosis and even calcification ard there was no
evidence of progression. In the other 5 ihe tuberculous foci showed evidence of
having prrevioﬁsly spread locally: in L of them it had healed, by the time of
autopsy, with excessive fibrosis; in the other animal there was a generalized
chronic tuberculous pneumonia in one lobe and isolated primary tubercles, which
ware still active btut had not spread, in the other lobes.

Evidence of extension of the infection was first seen after 7 months of dust
inhaletion; during the next. 20 months more than half of the animals showed an
actively spreading tuberculosis and in 3 of them small cavities had developed.
During the last 8 months no amimals exhibited any evidence of active infection
although in half of them the healed fibrous scars of previous extensions were ob-
vious. Sixty per cent of the guinea pigs with spreading pulmonary tuberculosis

showed tuberculosls of the spleen and liver.

20. Infection Superimposed Upon an Established Asbestosis. Twelve guinea

pigs, after in~
haling asbestos dust for nearly 26 months, were infected with tubercle bacilli and

then removed to normal air. The subpleural tubercles in the dusted animals were




no more numerous than in non-dusted controls, but a considerable number were
found in the depths of the lung about foci of asbestosis. The reaction to infec~
tion showed only slight local extension about the origiral sites in the lungs

and tracheobronchial lymph nodes. The abdominazl viscera were involved in only
one animal, Caseation was found in %ubercles 1-1/2 months old but by 5-1/2

-

months it had complcotel:r Aizampeared . lzawrivs ~nlr sernr bisewe . Tre Jnttor st

.kpersist'ed in the last animal, which was killed 1L wonthis atier infecction.

21. Asbestosis Bodies. 1ifoderate numbers cf asbestosis hodies occurred in

the lungs of tne guinca pigs, beceming more numerous

and more distinctly segmented in later months.

22. Rabbits: Rabbites exposed to the asbestos dust for perisds up to 19
monthg developed a low-grade forelgr-~body tyoe of reaction baut
no fibrosis. Although their lungs contained particulate clements of the dust,
fibers were not px'ésent s indicating that the upner respiratcry mechanism of the
rabbit is adequate to exclude fibrous foreign bodies. Two rabbits, arter inhaling
dust for 6 and 18 months, lived in normal air for more than two years. At autopsy
neither animal showed any evidence of cellular reaction or i‘ibrosi\s in the term-

inal bronchioles nor were there any asbestosis bodies.

23. Rats. A1l the white rats had acquired an infection, resulting in the

| formation of pulmonary abscesszs, before they came to autopsy.
Apparently, so much heav;'y mucue obstructed theilr bronchi that very few fibers

could have entered their lungs. In a few of the rats, an occasional asbestosis

body was discovered but there was no fibrosis.

~12-



2h. Summary and Interpretation of Inhalation Experiment with Fing's Floatas Dust.

The findings in the experiment with King's floats dust can be summar-

ized wmder three headings.

.

A. Effect of the inhaled dust on normal animals. The King's floats

dust cavsed a charac-
. %
teristic peribronchiolar fibrosis in guinea pigs but not in rabbits or rsts. The
fibrosis did not progress after the dust expesure was discontinued a_r:zd the guinez

pigs transferred to normal air.

B. Effect of the inhaled dust on tuberculosis in guinea pigs. 1In guinea

pigs in-
fected with attenuated tubercle vacilli and then placed in the dust room, the
resulis were more\va.riable than is wsual in an experiment of this type. A few
animals -ahoﬁ-:d no sign oi:ﬁ_'em’greasion; in most of them there was evidence of tem-
porary progression with subsequent healing; in one animal there was continuous
progression to death. In conmtrast, when guinea pigs, after being infected, are
exposed to quartg instead of asbestos dust, the infectious process continues to
progress and eventuaily causes the death of the animals. On the other hand, ex-
posure of infected animals to a harmless dust like calcite or gypsum does not
lead to any progression of the infection. Guinea p:.gs infécted with attenuated
tiubercle bacilli following the termination of about two years! exposure to asbestos

dust did not develop progressive disease. " The only modification of the infection

‘was in its localization, a few bacilli being retained in the fibrous terminal

bronchioles and forming tubarcles there in addition to the usual foci beneath the
pleura. -
In view of this variability. the unusval nature of the response and the high

proportion of deaths from intercurreni. pneumonia it is felt that definite conclu-
ashstvS —
gions 2g to the influence of this~dust on the course of tuberculous infection are

not justified. ,Y
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C. Effect of tubedculoufection’on the reackion to inbéled dusk.
R /" - - S
endency the

i /
A

not the/ bacterial

ZEF/W“A\\A‘W&K Sz

/2{ tion Dxperipent with Short-fiber Asbsstos

Since hazardous dusts like quartiz are most effective in preducing fibrosis

winen the particles are 3 microns and less in size, an inhala.tion experimant was
carried on to determine whether this condition is true also for asbestos dust. it
was thought that by using a short-fiber asbestos dust consisting almost entirely
of fibers and particles smaller than 3 microns an accelsrated tissue response might
be initiated and an advanced reaction obtained in a short time. The previous
inhalation experiment with King's floats asbestos, which contained fibers from 1
mn. to 1 micron or less in length as well as a great deal of partictﬂat_e matter |
and which produced a typical peribronchioclar fibrosis in exposed guinea pigs,

served as a basis of comparison.

26. The dusting material for this experiment was forwarded from the Manville

plant of the Johns-Manville Corporation. It was the remains of fibers |
collected in dust bins after a carding operation and screened to pass 200 mesh. ‘
Since the material as received contained many long fibers, it was ground in a |
stesl ball mill to reduce practically all the particles to 3 microns. ar less in
gize, When used alone in a standard dusting machine, this finely-ground asbestos
tended to pack in the hopper and it bacame necessary to mix one volume of the ﬁn—
ground materisl with three volumes of the ground to generate a satisfactory dust !
cloud, The addition of the smell quantity of unground esbestos was unfortunate
because it confused the int;rpreta.tion of results. Probably the minor amount of |
reaction that developed was due to the long fibers in the mixture although the

~L- X



data of this experiment do not prove the poimnt.

27+ The composition of the short-fiber ssbestos ss received is disclosed by
the chemical and petrographic analyses given in Table L. Samples taken
before and after grinding yielded about the same values on analysis, indicating

that there was no contamination from the mill or lossg of water ccontent.

28. The dust concentration varied somewhat durlng the experiment and light

field comnts for atmospheric samples collected inside the animal cages
with the impinger apparatus ranged from 83 milldon to 162 million. The average of
counts was 130 million for the first ycar of the axperiment, 134 million for the

second year and 1LO million for the third year.

29. Size-freguency measurements of air-ifloated dust from inside the cages

at a magnification of 1300X revealed a great preponderance of fine par-
ticles (Table 5). Nearly 90 per cent of the particles seen were smaller than 3

microns.

30. Reaction in Animals to Inhaled Short-Fiber Asbestos Dust. Four aspecies
of animals - guinea pigs, white rats, cats and rabbits - were used in
this experiment. The results of the dust exposure, which are summarized in

~ Table 6, will be considered more in detail below.

31. Guinea Pigs. Eighty guinea pigs were 6riginaﬂ.y placed in the dust room
| but 21 of them were later eliminated from the expariment
and killed because of enlarged lymph nodes. Of the other 59 animals, L6 remained
in the dust room until thsy were sacrificed or died from natural csuSes and 13,

after being exposed to dust for 20 months, were transferred to a normal atmospnere.

32, Rate and Type of Reaction. The type of tissuve reaction to the inhaled

. |




shert-Iiber asbagtos wes esssntizlly the sams as thal already observed in the
experiment with King's {lloats asbesios. The rate of reaction also was approxi-
nately the same out the extemt of involvement with the short-fiber dust was

very much less and afier 15 vo 2i; months of exposure only & very few small foci
of reaction, which generally rasquired microscopic examination for detection; were
produéed in the guinea pigs.

Until exposures had continued for approximately one year, there was little
tendency for dust-contaiving vhagocyies Lo collect into clumps. By 16 months
phagocytes had begun to collect about the walls of a few of the respiratory bron-
chioles with a little proiiferation cr infiitration of monomuclear cells in these
walls. There were also some multinucleated cells but they were always of the
inert foreign-vody type. At 2C to 2L months the cellular clumps were sometimes
quite marked and sometimes changes in the epithelium resulted in the adenoma-like
or "adenomatoid"” appearance previcusly described in Section 17. In most of the
subsequent members of the series, the reaction remained cellular in type. In a
few, however, fibrous elements dominated the picture. In the latter case, the .
collagen was yales in color and tenuous with no heavy swollen hyalinization. A4s
in the rats described below, the aiveoler walls might be made up of a band of
collagen supporting a lgyer of epithelium, but with no contained capillaries. In
the tracheobronchial lymph nodes the reaction wes more gronounced in this experi-
ment than in the previous one with King's iloats asbastos, probably because of
the transportation of an excess of fine particles to the nodes in animals inhaling
short-fiber asbestos. The reaction was essentially an increase in reticulum, rather
than a fibrosis, with preservation of the original cells between the ihickened
reticular fibers. Diffuse chronic pleurisy without evidence of pulmonary infection

was present in a few animals.
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‘ 33, Progressicn. In the 13~3/k months following the cessation of 20 months'
erposure to dust, progression of discase vas not definitely
demonstrated but neither could it be &bsolutely disproved, owing to the varia-
bility of the response in different animals. At the end of the dust exposure of
20 months two pigs were read as + and one as 2¢. Among the 13 removed from dust
the findings were variable: in 2 the reaction was *; in L it was +; in 3 it was
3¢; in 3 it was L+; and in one animal it was 5+, I{ is quite possible that those
| with the mosﬁ marked changes had already developsd more reaction than the remain-
% der by the time exposure ceased. Since the more severe reacticns cccurred spora-
i y dically and bore no relationship to the length of time after cessation of expo-
sure the differences were attributed to variation in individual susceptibility.
| This view received support from the chemical analyses (Table 7), which often re-
| vealed comparable amounts of ash and silica in lungs with widely different amounts
| ' of tissue change. For example, the ash and silica vé.lues were quite similar for

three animals in dust 20 months and then in normal air 13-3/L months, yet the tis-

sue reaction for one animal was L+; for another, +; and for the third, only *.

34, Asbestosis Bodies. The formation of asbestosis bodies was at first ex-

|

tremely limited. After S months! exposure only a

1 very rare short body could be found, usually inside of cells. Around the finest
:intrace]lular particles there were yellow deposits having the same color as the
ezsbestosis body. Fxposure of one year had permitted an accummlation of menmy longer

; fibere about which the asbestosis-body coating developed. Most of these were

still short enough to be partially or entirely within phagocytic cells. By the

20th month and thereafter, they were éomparaﬁive]y nmumerous although still rare

in comparison with the findings in the King's floats exporiment.
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35. Vhite Rats. Seventy-ihree white rats ware exposed to atmospheric short~
£3oer asbestos dust for periods up to 32 months. Sacri-
ficings during the first 10 moaths were made bimonthly and for the remairder of

the experiment at less freguend intervais.

36. Rate and Type of Reaction. The dust cells unbtil 8 months were widely

gcat«;ered anc existed in foci only sporadi-
cally. BReaction was limited ‘c.é occagicnal slight thickenings of the septa about _
small accumilations of dust ceils. In a few rats abt 10 months, there was a sug- / ﬁ
estion of early fibrosis bub the chargs was so light that it would probsbly be

_ ) . overloosked without the clump of dust cells to attract attention to the area.

Only 10 animals were expogsed from 12 to 32 months. In each of them the lungs

. showed minute patches of well-~defined fibrosis distribubted like that of asbestosis

but without asbestosis bodies. The lesions, vislble only at a magnification of -
150 diameters or more, cdnsisted of patches along alveolar ducts in which the walls
of ihe air spaces were. very thick, due to swollen coilagen framework. Comnective
tissue and Foot--Bielschowski silver preparations revealed complete loss of capil;—
lary bed locally. Outside the collagen was a thin layer of epithelisl cells,
This dJ.d not resemble the "adenomatoid" change characteristic of guinea pig as-
bastosis. Yo pieurisy was. j:wwent. Near the leslons the air spaces wers filled
with phagocytes containing grey to yellow particulate dust and a rare long naked
asbeet&s fiber. Careful search failsd to reveal even a éﬁggest.ion of an asbesto-
sis body. The tracheobronchial nodes showed compact focal collections of mono-
cytic cells at 12 months and, at 20 months, some diffuse thickening of the
reticulum, In a few rats there was definite fibrosis along the margins of the

'node and extending into the mediastinal areolar tissue. Compared vith the response

$o active dusts like quartz and chert the reaction to short~fiber asbestos was

negligible.




) ‘ Results of chemical ansiyces mads on the whilie rate are given in Table 8 and

the average values have been tabulated in Table ¢ for ccmpurison with similar

values for rats inhaling other dusts. The concentration of ztmoapheriz particles

to which the aninals were expeosed was approximately the same for esbestos and
quartz; for the gypsumequartz mixture, it was sbout {wies as high and for chers

five times as high. It will be noted that the percentages {or asbestos sre lowmer
than those for quartsz or chert but are simiizx te those for the gynoum-gquaris
mixture, in whick atmospheric aggiuntinabion tended w0 reduce the amount of dust
inhaled. Tt might be inferred that the total gquanitity of asbzesibos dust inhaled
-was low or that it had been eliminated from or diseolved within %ne lungs. | In

the present state of our knowledge evaluation of these hypotheses is not possible.

37. Cats. Twenty cats weré used in this inhalation experiment with the
. short—~fiber asbestos. Eighteen were i-cept in the dust room wntil
death, the exposure period ra:nging from one month to nearly L-1/2 years, and two,
after a dust exposure of 31~1/2 months, were ramoved to normzl air. One of these

vas sacrificed $ months, and the other 2L months, later.

38. Rate and Type of Reaction. The reaction was essentially that to an inert
dvst, even after more than 4 years of expo-
sure. The tissue response in this species wes confined to microscopic foci of
fibrosis in the walls of groups of subpleural alveoll, rather than in the peri-
bronchiolar areas. In one animal the change was exteﬁsivé enougn %0 be vigualized

en gross inspection of the section.

39. X-Ray Changes. Only in the animel with the longest exposure did the
Xerzy reveal definitely abnormal shadows. After 29~3/L
. ~ months the picture was negative; after 5 months a faint mottling could be detected

throughout toth lungs. At autopsy, & wonths later, thsre was only microscopic



finrogis in the culpleural zome plus boavy lymohecybic infiltravisn eboat amall

-

hrenchioles.

9. Agbestocis Bodiszs. On prolonged search a for yelicw zbtypical asbestosis

bedies, smoobh and without hausbtretlions., were found

in tro animxlds exposed for more than a year.

A
41l. Rabbits. Eight rabbits were expoced to dust for periods exbeading from

‘one to more than five years. The last aniwsl was memoved

from the dust room and loft in normal air 6 months before being sacrificed.

42, Rate and Type of Reaction. There was never enough {ibrasis to bz de~

tectod grossly and there wes no chronic
adhesive pleurisy. Microscopic evidence of alveolar wail thickening was first
detécted after sbout 3 years of exposvre 2nd was seen in 211 five animals exzmined
thereafter. In one animal that died of paralysis afler mearly four years of ex-
posure the reaction was extensive emough to be visible on gross inspection of
tissue sections. The possibility of pulmonary infection in this animal could no%
be excluded. However, in anobher animal dying two years later the focal fibrosis
was not nearly as ob\;aious or as advanced. 4reas of involvement, whlch were
largely visualized becsuse of phagocytic reaction within the air spaces, ‘tenzied
microscoplcally to become more fibrous with the passage of time but there was
never much encroachment upon the lumen of air spaces and the architeciure of the

lung was preserved.

43. Agbestosis Bodies. Asbestos bodies were not detected in rabbits bhat

died early in the experimemt but were seen in all

animals that had been exposed to the dust for more than three years.




dlv.  Sumoary and Iobeepretfaidon.

The original. purposs of the exparirent wes %o evaluate the chemical
theory of the pat.hoganesis of ashegtosig. It was Lelt that if the tissue rezo-
wion to asbestas were chemicel in origin an accelerates or accenbuated respouse
would resull from czposure to finely~divided asbesios, &8 1s the case with Guaris.
This e::périment, in which the reaction was slower and less extensive than with
fing's flozts, indiecates that the reaction (Qvoﬁﬁ‘g is not primsrily chemical in i/ '
nature.

Of the four spacies sxposged in this experirent only the guinea pig and
rab reacted with characberistic peribronchiolar fibrosis. The cab reacted with
atypical sub-pleural fibrosis and in the rabbit the fibrosis which cccurred could

not be pogitively atiributed to the dust because of a strong pussibility

of pulmonary infection. ' L N
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é{ m\?@tion Bxperingnt with 100 Per Geny Beu-mned AsilestoaiDus

In the J.nhalation experiment with short-fiber agbestos dust a small quantity
of unground asbestos was mixed with ground material in order to produce a suitable
dust cloud. Uhen evidence of a dust reaction appeared in the guinea pigs during
the experiment, it was not cleer whether this was a tissue response 4o the small
number .czt' long fibers in the unground asbestos or wes a delayed effect of the more
Mt fine dust. Consequently, _anothsr. inhalation axperiment was _ét‘arted in

which no unground material was used.

k6. The gusting material wae the ground short-fiber asbestos used in the

previous inhalation experiment but no unground material was mixed with
it. To obtain a sufficient amount of atmospheric dust, the design of the dusting

apparetus was changed to an open type of hoppsr and fresh dust was added daily.
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Cwing to thne uendencey of the mater.el 4o fovm small spnertules which yravented
mich of the fibrous portion frow fleating out of the noprer, the disgersal. of
the dust was nmot entirely cabtisfactery and efter 7 menths of operation, the dust;
ing machine was réconverted ve 1ts criginal design. To prevent "pilling® or the
formation of spherules of ssbestos, stcel wire brushes were attached to the in-
sids surface of the hopprer and to the rotating paddle. This cvangement gave

satisfactory results and was used Jor the remaining £3 wonths of the experiment.

17T« The composition of the raw materiel {short-fiber asbestcs) and of atmog-
' pheric dust liberated from the brli~milled product in the dusting ma-

chine is given in Table 10. Theée valﬁes arg bagsed upon petrographic study and
X-ray diffraction analysis. The atmocphioric sammple was collected with an elec-
trostatic preéipitator after wire brushes had been installed in the dusting
machine. Previcus to this. the chirysotile content of the air-suspended material
was undoubtedly less than the 15 per cent walue given in Table 10. In an inter-
im report, it was stated that the zir-borne dust contained about 5 per cent of
chrysotile before the wire brushes were used and up to 6 per cent afterwards, but
these values were probably'low. Cuantitative estimates on ball-milled asbestos
dust may be somewhat inaccurate because it ié difficult %o determine how much

of a dust sample is fibrous chrysotile and how much is non-fibrous serpentine.

UB. The Qust concentration for the first 7 months of the experiment wes

zbout 100 million particles per cubic foot of air. After the wire
brushes had been installed, the dust counts were a lititle higher and the overall
average for the first year was 106 miliion., The average of counts for the second

year was 163 million and for the third year 1LS miilion.




L9. The size~frequency of the componenis of auwosphzric dust collected

inside the animal ceges with the electrostatic apparatus is reported
in Table 1l. Two samples were taken, one before ths wire br*ashe_é were installed
and one after. It will be noted that after the wire hrushes were in use a |
greater proportion of very fine particles and alsc of longer fibers was released

into the air.

S0. Reaction in Animals to Inhaled 100 Per Cent Bali--#illed Asbestos Dust.

Guinez pigs, ratc and mice were used in the inkalation experiment with
the 100 per cent balil-milled asbestos dust. The results are summrized in

Table 12.

Sl. Guinea Pigs. The experiment was started with 100 guinea pigs. 4s the
dust exposure proceeded, there were 39 accidental deaths,

32 of pneumonia in an epidemic. After 28 months of dusting the 16 surviving
guinea pigs were transferred to normal air. ' —
¢ "

(=

52. Rate and Type of Reaction. For the first year of exposure practically "?j..

the only reaction to the dust was the pre-

sence of scattered phagocytes and an occasional minute asbestosis body. At 16
and 20 months no gross response was visible on the tissue section but microscopically
peribronchiolar foci of inflammatory cells could be seen. At 2l months there was
still no change large enough to be seen with a hand lens although microscopic
examination revealed cellulér accumulations about terminal bronchioles and many
more asbestosis bodies, chiefly within cells.

Chemical analyses of the lungs (Table 13) reveal that in spite of the

limited tissue reaction considerable dust had been retained in the lung.

N~



53. Progression. The lungs of snimals expesed for the full dusting period

(28 months) and then living in normel air for 2 menths
revealed the changes desacribed zbove and also very slight peribronchiolér .fibro-
sis. After 8 months in normal air the findings were similar but at 12 wonths 3
of i animals showed grossly-visible charachteristic peribronchiolar fibrosis with

adenomatoid change.

Sl. Lymph Wode Involvement. The &tracheobronchial nodes were essentially

negative until eposwure had been conbinued
for more than a year and a half, Animals sacrificed at 12 wonths and 16 months
revealed a few minute collections of phagocytes containing particles but prac-
tically no fibers large enough to be recognized as such. After 20 months of
exposure many monocytes filled with yellow granulss were present. At 30 months
there had been a slight increase in reticulum but no fibrosis. No further changes
occurred in the nodes. Asbestosis bodies were not seen in the nodes of any of

the guinea pigs.

55. Asbestosis Bodies. Minute asbestosis bodies were observed as early as

3 months after axposure began, but they did not be-
come mmerous until 16 months had elapsed. The bodies were short and practically

all were intracellular, although at 20 months some were long enough to project

- beyond the cell borders.

It is important to note that in the later wmonths of exposure thers was a dis-

tinet increase in the number of long fibers {p to 70 microns in length)in the lungs

and that after exposure ceased characteristic long asbestogis bodies were seen.

S56. White Rats and Mice. In this experiment LO rats were exposed for periods

up to 20 months end 2l mice for periods up to 12



lymph nodes. No asbestosis bodies were found in the rats but in the mice there

months. Heither species developed even a svugeestion of asbestosis and reaction
Py Iy (s 3% >

was limited to vhagocytosis of inhaled particles by widely-scattered dust cells

which remained free in air smées or were transported to the tracheobronchial j

were a very few small non-haustrated forms within phagocytes.

In 2). mouse lungs secticned there were 3 instances of pulmonary adenoma (1LE).

S57. Summary and Interpretation. ' : ' ‘
The iissue reactions cbserved in this experiment were much less extensive
and slower in development than in the 'previous investigation with short-fiber
asbestos, Since'presumably there were fev\vei' fibers 'long'er' than 3 micz'éns in the
material used in this experiment; the results tend to confirm the interpretation
made in Section Ll of the short~fiber experiment that the reaction sewWSBly is mot —— |
primarily chemical in nature. | | |

The finding of long asbestosis bodi;as 1na.n1mals inhaling the ball-milled
material is an example of the cdifficulty of completely eliminating long fibers from
an asbestos preparation. '

Iﬁ regard to progression of reaction_ after removal from dust, which was ob-
served in this experiment but not in the othefs, | the following interpretation is f
offered: Then the reaction is well—developed at the termination of exposurg,the
contraction of the fibrous tissue would obscure any possible progreasion. In this
experiment, however, since only the earliest stage of reaction was present at the
time of removal from dust, its subsequent progress was apparent. It should be -
noted f;hat the degree of progression was so slight that it can have little, if

any, practical significance.

e



After animals inhaling shc; L-{iber asbestos dust for more than a year had
failed to develop significant reaction, ¢he hypothesis that asbestosis is pro-
duced by the mechanical irritation of long fibers was given added support.

Since the King's floats asbestos used in the first inhalation experiment had |
a rather low content of fibrous chrysotile and contained consicerable serpentine
and other impurities, it was decided to conduci 2 new inhalation experiment with

a purer form of chrysotile which would be richer in long fibers,

59. The dusting material employed in this investigation was obtained from

the Manville plaut of the Johns-denville Corporation. Samples of se-
veral varieties of asbestos dust were first submitted to the Saranac Laboratory
for examination and one kind, identified as Lot D, which was low in magnetite
and chromite and had a fibrous content esiimated to be about 75 per cent, was
selécted as most suitable. Steel wire brushes were fastened to the inside sur—
Pace of the hopper and to the rotating paddle in order to open up the bundles

of asbestos and liberate wore fibers into the atmosphere.

60, The composition of the long-fiber asbestos used in this expmﬁ.mant is
indicated by the chemical and petrographic analyses given in Table 1k.
It appears that this material was a much purer form of asbestos than the short-—
fiber dust used in other experiments. This is borne out by comparing the approx-
imate analyses of the long-fiber and short-{iber idust in Table 15.

61. The dust concentration as revealed by impinger samples taken inside the

animal cages was much lower than the concentration for the experiments
with short—-fiber or ball-milled dust. For the first year of the experiment with

long-fiber asbestos the average of the light field counts was 32 millionj for

i, 7.9




the secend year, LB million; for the bhird year, 39 million; sud for the fouvrth
year, 43 millian. Examination of the impinger saaples with dark field illumin-
ation disciosed that many fine particles less than one wicron in size acsompanied
the larger particles and dark field counts were, on the averzge, about 5 cr &

times larger than the light fieid counts.
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62, The size~frequency of atmospheric samples o

dust and of the ball-millad dust is shown in
were collected with the electroststic pracipitator. It will be noted thah there

was far more fibrous material in the long~fiber dusi.

63. Reaction in Animals to Inhaled long-Fiber Asbestos Dust. Guinea pigs,

cats, rats and mice were employed in the inhalation experiment with
long-fiber asbestos. Resulis of the experiment, suvmmarized in Table 17, are

described in greater detail below.

6ii. OGuinea Pigs. The experiment was started with 100 guinea pigs. After

exposure had been carried on for a year, & severe epidemic
of pneumonia arvse in the dust room and about one-third of the animals died or
were killed. To replace them, 38 more guinea pigs were added to the surviving

group in the dust roou.

65. Rate and Type of Reaction. Histological examination revealed grossly

visible lesions in the lungs after 8 months
of exposure to dust, consisting of cellular infiltration about the tsrminal
bronchioles. At 12 months, there were adenomatoid changes in the air spaces and
by the 16th month a definite fibrosis was present in these areas in half the
animals. The fibrous lesion covul;i bs seen macroscopically at 20 months. From

this time on the reaction increased in-extent and in the amownt of collagen and

P



e PR -
1

nad fenned ouh into the parenclyma. The lesions were
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Lty mouth, it
rather charply localized and the extensions from different bronchioles showed
no btendency to Iuse, even in animsls exposed for the maxirum periocd (3 vears).
Although the intra-pulmonury reaction cometimes reached vhe pleura, there was no

involvement of that membrane. No emphysema was visible at any point. Some
I r

'thickening of the larger bronchi with a chronic inflammatory infiltration wes re-

vealed, but it probably was no mors than would be produced by a similar exposure
te any dust. PFor the first © months the phagocytes consisted of moﬁocytes cr
very small giant cells; later, giant cell formation was more prominent. After
16 months the giant cells were large, filled with yellowish-trosn pigment and
sometimes vacuclated. An occasional animal showed an admixture of polymorpho-
nuclear leukocytes and, in guinea pigs exposed for a contiderable period,
eosinophiles. The reaction was at first entirely cellular hut by 16 months fi-
brous tissue formation was definite. However, it never atta ned a st.agé of

hyalinigation suggestive of silicosis.

A moderate individual variation occurred among the exposed aiimals, both in
the rate of developing lesions and in the stage of development atta.ned at the
end of exposure. _ _

inalyses of the lunzs (Table 18) disclosed that although the tissuc response
was much gréa’oer in.these guinea pigs than in those exrosed to eithef shor t~=fiber

or ball-milled asbestos, the amount of mineral matter in the lung ash was ligs.

65. TProgression. In guinea pigs exposed to the dust for 20 months and thsn

removed to normal air, there was a marked tendency for
cellular inflammatory reaction to clear. This effect, accompanied by contraction

of the fibrous tissue, resulted in a diminishing size of the focal lesions. None




. in four of the six remaining guinea pigs were so small that they were

of these animals, dlled at various veriods un tc Il monins afber exposure,

revealed lesions as largs as those in the group sacrificed at the end cf the
20-month exposure pericd or those in animals vhich remained in the dust room
for more than 20 months. Fourteen months afbter dust exposure ceasad. the foci
visible

only with a hand lens.

Reaction in the group exposed for 27 months and “hen transferred to a normal

abmosphere was quite similar to the response in the 20-month exposure animals
mentioned above. Howaver, small foci were always visible on gross inspection of
sections of all guinea pizs of the 27-month series but in no instance was there

evidence of extension of the reaction.

67. Lymph Node Involvement. Reaction in the tracheobronchial lymph nodes

was first visible at the third month of ex-~
posure. A4t the 8th month patches of cellular comnective tissus began to appear

in the medulla and by the 1Lth month most of the node had been replaced by

cellular connective tissue.
peraisted to the end of the experiment. Some animals, as a variant, showed heavy
sheets of diffuse monocytes and large active giant cells but there was never any

necrosis or hyaline formation. The spindle~shaped new cells were yellowish in

color from fine pigment granules that stained for iron. No fibers :or asbestosis

bodies were seen. § Wl
-

This picture, which resembled that in early silicosis,

68, Asbestogis Bodies. Although asbestosis bodies were aeerKs. early as one

month after exposure began, they were rare and hard

to find. At 5 months more were viSiblé, chiefly coiled inside glant cells, and at

8 months many bodies were free in comnective tissue. They became fairly abundant

Conniv
as exposure progresesd although in some later snimals the asbestosis bodies were

only moderately numerous.




our ¢ets iphaled the long~fiber asbestos dust for pericds of

”
i

o%. Cate.
1L, 25, 35 and L2 months, respectively, and were immediately
sacrificed. Two cther cabs, after being exposed to dust for 18§ months, lived in

a normal atwosphere for an additional 2L months.

70. Rate and Type of Reaction. Exposure for 1L months was sufficient to

produce cellular a2ccumulations of phagocytes
arouné terminal hronchioles and peripheral arterioies together with compact col-~
lections of similer cells in the tracheobronchial lymph nodes. A% that time there
were no typical asbestosis bodies, but smooth pointed yellow fibers were seen very
rarely. With continued axposare,. up to b2 months, reaction in the locations noted
progressed to the formation of cellular connective tissue which made well-defined
sheaths about the respiratory bronchioles and arterioles, marked lymphoid hyper-—
plasia and lymphoid infiltration of bronchiolar walls. The bronchiolar epith-
elium was low and flattened, giving the tubes a smooth comtour. Typical asbesto-
sis bodies were not formed although there was an occasional yellow, smooth,
pointed fiber. MNo plemisy_was mesent. The reaction was similar in location to
that in the guinea pigs, but fibrosis was much slower in development and had not

reached the same degree of_maturit.y.

(L. X-itay Changes. Roentgenograms of three cats were made after exposure

periods of 25, 33 and L2 months, but tissue changes were

not dense enough to e sesn on an X-ray film.

72. Rats. Although 20 rats were placed in the dust room, many died from pneu~-
monia and were nst suitable for study. Five animals, of which one

was exposed for 19 months and fows for 25 months, were free from pulmonary infec~

tion and offer a basis for conclusions.



73. Fabe end Tyne of Reaction. Al1Y four animals sacrificed at 25 months

showed a well-marked peribronchiolar fibrosis.
In the 19-month 'm:.nw.l, reaction was just'beginning. Asbestogis todies were
practically absent at Toth 19 and 25 mcnths albhough two small_smooth bodies were
 found in the 19-month animal after a iong sezrci. Thus, thess animals exhibited

Pibrosis without asbestosis bodies.

7h. Mice. Out of 20 white mice ussd in this experiment, 11 lived a year or
more in dust and died or were killed without showing an appre-

ciable degree of pulmonary infection.

75. Rate and Type of Reaction. Reaction was limited to phagocytosis by

mononuclear cells. Usually these were wide-

ly scattered through the sir spaces; a limited number were grouped about the ter-

Numerous asbestosis bodies wore observed in animals killed :late in the experi-

ment. Thus, thesé animals exhibited asbestosis bodies without fibresis.

76. Summary and Interpretation.

The purpose of this expgriment was to evaluabte the importance of long
fibers in the tissue response to inhaled asbestos. The results indicéte strongly
that long fibers are chiefly responsible for the reaction. Thus, in guinea pigs
reactién developed earlier and bécame more extensive than in prévioua experiments.
in spite of a smzller concentration of atmospheric dust and a lower mineral con-

tent in the lungs. Furthermore, 2 typical peribronchiolar fibrosis was produced
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. . in cats although in a previous experiment/with short-fiber dust it did not

.
{
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i develop in this species.

1

i The cause of the cellvlar fibrosis,in the lymph nodes of the guinea pigs

;
1

/
is not clear. It did not occur in other inhalation experiments with asbestos.

. ~ .
FOVII. LiJRCTION EXPERDENTS
In order to determine to what extent the various fibrous minerals possess
“the capacity to produce tissue damage, numsrous injection experiments were per—
formed. In these experimnﬁs guinea pigs and rabbits ware used and the mineral
dust was injected by the intratracheal, intraperitoneal and intravenous tech-
‘niques. For the purpose of simplification the findings in each series of tests
‘ have been condensed and reported in tables, to which reference will be made
later.

78. Experment.s Using Intratracheal Technique.

Since the asbestos minerals do not cause a typical advanced fibrosis in
extra-pulmonary tissue, the intratracheal technique is the perferred way of in-
troducing fibrous dust into the _experimental animal. In this method thé dust
suspension is injected by means of a special needle 'or catheter deep into the
trachea, from which it flows into the lungs.

79. Comparison of Fibrous and Hon-Fibrous Dusts. To demonstrate that the

ability of asbestos to
produce fibrosis resides in its fibrous character; the series of injection experi-~
ments reported in Table 19 were performed. The tests were made with unheated
. ‘long~fiber chrysotile and with chrysotile that had been ignited to destroy its
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to cazusa serious tissue damage. Ignition produced important changss in the chuy-
sotils fibers, among them Leing less of waber; an aliteration from a Llacible €o
a brittle structure and sogsibly other changss.

30. Comparison of Variocus Long~Fiver Dusts. Some very interestiang findings

are ¢iscloseé by the resvlts cf
the exﬁeriments included in Table 2G. First, all the long-i'ibe:’ astestos minerals
tested, ﬁith the exception of anthophyllite, produced a typical fibrosis. It is
not entirely clear why anthophyllite behaved differently from the other asbestos
minerals. Unfortunately, & of & animals died of preumonia within the first two
weeks of the experiment and the remaining animals were gacrificed at 1, 8 and 12
months; thus observations were not made at the optimum periods of 2 and L months.

Second, with the mineral brucite, which is not a silicate tut is a2 fibrous
forn of magnesiwm hydroxide, a characteristic fibrosis liks that of the asbestos
minerals was obtained. Since the brucite used contained only C.90 per cent silica
(as an impurity), it is obvious that a siliceous component is not an essential |
factor in the development «f asbestosis.

Third, no fibrosis reswlted from the injection of glazs wool fibers, even
though glass wool resembles asbestos in some ways. There are fundamental differ—
ences, however. A glass wool fiber 3 microns in diameter is a solid rod and, in
short lengthé, is f;irly rigid, while an asbestos fiber of the same diameter is a
bundle of extremsly fine Iilements which impart to the fiber a high degree of flex-

ibility. Tt would seem thut this structure and the associated flexibility are
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important factors gcverning_ the capacity of a mineral to produce pa::'ibroncﬁiolar

fibrosis.

81. Comparison of long-Fiber and Short-Fiber Dusts. With quartz dust it has

been demonstrated that
the smaller the particles, the more inténse is the tissue reaction, and that there
is little reaction to particles larger than 3 microns in diameter. In the case
of asbestos, however, the reverse is true and apparently only long f_ibers have
any specific effect. This is confirmed by the data of Table 21, in which a series
of tests with fibrous minerals is reported. When the injected dust consisted of
fibers 20 to 50 microns long, all the minerals tested (except anthophyllite, as
noted in Section 80) produced a fibrosis; when the material was prepared by first
grinding the fibrous dust until the length of fibers was reduced to 20 microns and
less (or, in some cases, 3 microns and less), none of the injected minaval -dusts
cansed fitrosis. -

82. Experiments Using Intravenous Technique.

The experiments, described in Table 22, in which the irtravenous method of
'i.n:}ect.ion wag employed, show that the".asbestda minerals are far different from
quartz in their action on tissue. It has been repeatedly demonstrated that intra-
venous injection of quartz particles 3 microns and }288 in djameter will cause a
typical tissue reactfon with the development of, ribroﬁm .d.n extrapulmonary sites,

such as the liver and spleen. Asbestos minerals, homawer, on intravenous injection

generally produce only an inert type of :eaction, as is revealed by the results

given in the table. The reason for the early deaths in the experiment with chryso-

tile particles is not clear; it may have been caused by silicic acid liberated by

the finely-ground mineral.




83, Experimsnts Using Intraperitonmeal Technique.

The results of injection experiments with the mtraparitoneal technique are
given in Tsble 23. It will be noted that the long-fiber dusts produced a fibrous
reaction while dusts composed of particles 3 m:.crona and lees in size caused only
an inert type of response. These experiments indicate also that the fibrosis
initiated by t.'he- irritation of asbestos fibers is not resiricted to the lungs,

- 88 was formerly W, but can be produced in the peritoneum as well.
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A number of additional experiments were conducted to thraw more light on

specific phases of the asbestosis problem.

85. Protective Action of Alumimm Compounds.
Intratracheal injection of & suspension of long-fiber chrysotile to which
colloldal alumimm hydroxide hed been added revealed that the addition of the

aluninum compound did not prevent the t;lsaue irritation produced by chrysotils. l/'/
If snything, the scute inflammtory respouse to the injected fibrous mineral |
was accelsrated. One moubh after the laat injection of the dust suspension ths

bronchiolitis was bescoming f:Lbrous.

86. Formation of Asbestosis Bodies.
The iron in the coating of the asbéstosis body appears to be darived from

blood or tissue elements and not, as has been suggested, from the mineral fiber.
Following subcutaneous injection of two idnds of chrysotile into the groin of
guinea pigs - one kind containiné 2 per cent and the other 0.2 per cent FegO3~
the aabeatésis bodies were equally numerous &b both sites of injection.



4An sttempt to produce asbestosis bodiéa in guinsa pigs by implantation of

three silk bags containing fibrous chrysotile was unsuccessful. Ope bag planted

subcutaneocusly in the abdominal wall disappeared; the other two bags, placed in
the peritoneal cavity, produced a little foreign body reaction but no asbestosis
bodies in a year.

Intratracheal injection into guinea pigs of asbestosis bodies recovered from
hman lung tissue failed to produce the typ;cal tissue reaction to asbestos
fibers. The injected material was obtained by digesting with sodium Wte
solution lung tiséne removed at autopsy from an asbestos worker. The a.sbestogis
bodies could be seen in the guinea pigs for at least a yea.r after injection.

This experiment shows that the asbestosis body has a rather resistant coating
which is not destroyed by moderate lwpocﬁlorite treatment and may be maintained
in vivo for a year or longer.

Fre
LXXXVII. THEORY OF IRRITANT.ACTION OF .ASBESTDS MrNEraLs’T
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" Two hypotheses have been proposed to explain the tissue irritation and reac-
tion caused Ly asbestos fibers: the chemical and the mechanical. In the chemical
theory, _uhich is based upon experience with quarts, it is assumed that the as-
bestos minerals dissolve in the body flulds and that in this process their bases
are leached away to leave silica in a form capeble of irtitating tissues. Accord-
ing to this hypothésﬁ, asbestosis would be mrely an indirect silicosis. Several
facts maks the chemical theory untensble: (1) intratracheal injections of bru-
cite fibers, which had a silica content of only 0.90 per cent, caused a typical
fibrosis like that produced by the-asbestos minerals; (2) free~silica particles
increase in potency as the partirle size becomes less, but é.sbestos fibers
shorter than about 10 to 20 microns are relatively innocuous; (3) aluminum

" ' %




hydroxide neutralizes the irritating =2i{fzci of quartz but not of asbestos;

(4) serpentine has the same chemical composition as long-fiber chrysotile bub
it does not produce the same kind of tissus reaction; (F) there is a wide range
in the chemical composition of the minerals which do cause asbestosis (see
Table 2li). In view of this evidence it seems more likely that asbestosis is
caused by an wmsual mechanical irritaticn from long asbestos i‘ibérsj Frobabty 4
this ,irritationu;ﬁrelatea to the peculiar filawented structure of the ﬁber and

the associated flexibility, which are possessed by no other foreign body.. For

example, ignition of chrysotile fibers changed their structure and made them

inert while the same fibers, before being heated, would produc? fibrosis (see

Table 19). Further support for the theory of mechanical irritation is that

asbestosis accurs in an organ of nigh mobility ~ the lung - and that a fibrous
reaction can be produced by injéction of asbestos fibers into the peritoneunm,

\ . where there is alsc a degree of mobility, but not in other extrapulmonary organs.
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The expeﬁmental invéstigation with asbestos minsrals was concerned primarily

with the effect of the dust on normal tisaue but some attention was given to

other phases, such as susceptibility to infection and occurrence of malignancy.

89. Infection.

The only experiment in which the effect of inhaled asbestos dust on a pul-
monary infection was studied was the first inhalation experiment, carried on with
"Fing's floats" dust. It is, perhaps, unfortunate that infection studies were

| not made in the other inhalation experiments also.



90. Susceptibility to Tuberculous Infection. The development of a tuber-

culous process initiated at
the beginning of exposure to asbestos dust, and also of an infection superimposed
upon an established asbestosis, was described in Sections 19 and 20 of this re-
port. It will be noted that asbestos, when classified according to the effect
of a dust on tuberculous infection, would be placed below an active dust like
quartz but above inert dusts, such as calcite and gypsum. In enimals infected
with attermuated tubercle bacilli, quartz will cause the infectious process to
progress until the animal dies of tuberculosis. Inert dusts will have no effect
on the infection and the lesions will usually hezl and the disease disappear.
Asbestos dust is in a different category. Vhen the fibrous dust was being in-
haled during the evolution of the infection, there was a spreading of the tuber-
culous process for a time but vsually the stimulus for continued proliferation of
the tubercle bacilli was not sustained, the progression was arrested and healing
followed. In guinea pigs infected with attenuated tubercle bacilli following the
completion of nearly three years of exposure to asbestos dust, progressive disease
did not develop. The only modification of the infection was one of localization,
a few bacilli being retained in the fibrous terminal bronchioles and forming
tubercles there in addition to the usual foci beneath the pleura. Such tubercles
healed in & few months and there was nothing to suggest amy influence on the

course of the disease.

91. Susceptibility .to Non-Tuberculous Infection. There was no pointed ex-

. periment concermning the

effect of inhaled asbestos dust on nmon-tuberculous infection. Intercurrent pneu-

monia among animals exposed to asbestos dust was rather common, the frequency in

puinea pigs exposed in the four inhalation experimemnts ranging from 15 to 39 per

an



. cent. This incidental evidence guggests the possibility of an effect of asbestos
dust on non~tuberculcus irfection. Wevertheless, since such epidemics are not
uncommon in inhalaticn experiments with other dusts and even in the colony of
normal animals, it ig felt ihat the inhalation of asbestos dust does not axert a

significant effect on the susceptibility to non~tuberculous pulmonary infection.

92, MNe ]&asm. , . .
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, o gpecific eype:n.mrct was cafrduct.ec. to determine whe'her the ;mhalation of
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asbestos faVors the cevelopment of neoplastlc dixease, but cemam obsarvations on
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of dissemination is as mqifa{sbasis and any tumor which

malignant grmth? of which qa:'icer is one type. An adenoma, oX the o.her hand, is
a so-called benign jor noq,\‘ gnant tumor (neoplasm) which may mz7 not be
capable of local asion bub, which does not metastasize.

In order to claz-ify the e\iect nature of these lesions the pati\logical mater-
ial is being care.fully exanined. \Since it is felt desirable to har: the benefit
of Doctor Vorwald's judgment, a review of the data on this subjec’ is bying post-
poned @til after his return frog pe. Rather than delay the eni're raport,

. further discussion will bz reservsd fo a supplement to be issued lst p.

.
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Cuing to the vast amouni/ of 2a ohis report it seems most

convenient to state the conclusions/deriyed from the investigation asd, vhen
necesgary, follow each one with a bri resums of the evidanca.
’ fibrosis of
/’
lungs of guinea pigs, rats,,cabs and rabblus but not of mice and
) [.I
dogs.

Both inhalation and injection
igures 5 and 6 ghow the reaction

axperiments provide emple support

for this conclusion

of asbesios mineral.

— &

-0 -be préwerily-meehenteal rather than

W chemical in aatur g7 pehs Wi
e
The evideace is giveh in section LXXXVIT. Figures 1, 2, 3, L and

to two different k;

B. The mode of actionL

7 illustrate the imgortant points. The fibrous filamentsd

structure of asbest sw pl«w5 an essgential part in the

irritating action, pince the solid fibers of glass wool do not

produce fibrosis ee Figure 8). .
- b ,l LH:J r
C. Short asbestos fibers |do rot produce fibrosis.

2 6\ usu_u;_u.-d\ . ' . .
The cewclamten is jmplied in th2 evidence mentioned in para-

¢

graph B above. Experiments which further support this {inding
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reperted in Tgbles 21 and 23.
D Typical fibrosis can|be produced by an atmosuhemc suspensicn of

asbestos dust contaihing only an extremely small proportion of long

fibers.
In the inhalaticr] experiment with 100 per cent ball-milled

Vv A

asbestoe dust & fypical, though delayed, fibrosis was
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hounih Less ‘.'.ha.q 1 per cent of

the zhmastheric dust consisted of Tidb sf longer than 10

ridgrons, 25 is shown in Table 12. 1In ctm;rast, the intra-~
i
I

trachezl lnjschion experiment with fing asbestos dust cone
z
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5« Innalaticn o: sabestos dust -eprarertiy
souxse of experimennal.btuberculosis ig
| N '1' AP N
| This goae-l‘tﬁ-cerv i3 tentative
!

;\;\a Dpigs 5&5'\""9 ‘
since the evidence on which it
is based iceg not conform with ual experience. Razfer—
with onset of dust exposure there wgs temporary progression of
the disease with gubsequent healings when infection wes

‘ initiated after 25 3/l months of dfist exposure the course of the
: . tuberculous discase wes not apprediably altered. In contrast, it
; has been observed in experiments Yith mixed dusts containing
| quartz that if there is a slight progression of the tubercu-

losie when infection and dust exppsure are coincident, this

| effect is more marked (instead off less, as with asbe_s_,tos} when

infection is initiated after a pgriod of dust exposure.

This conclusion concerning the effect of inhaled asbestos
| 7 dust on tiubderculosis seems justificd because in the more sensi-
: tive test (infection initiated after z period of dust exposure)
3 ks

there was no sppreciable increasd in susceptibility to the

tuberculovs infection. lowever, pince the findings in ths
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net alter significaantly the
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since the dusiing maberial used/in ihe sinzle exp sariment
d

dealing with infeciion containdd only 2 reiativelr sasll
anciait of fibivue obueiui, op L3 CoLUiELLLD LG &

further investigstion of thig phase of asbestozis be con-

sidersd.
es (geetis t represent a coating of
AL e gl hben

s of the adilitylto vroduce fibrosis.
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- The formation o asbestosis bpdi

Mx,.,, @ Jupem {Ltuu;ld 0
the fibers andTesudbs in lo

Imtratracheal injection pf asbestosis bodias fziled e
produce the trpical tisfue reaction {322 secction 36),
The cesgsation of progrgssive reaciion tn Inhaled

asbestos dust soon affer sxposure terminates may be

due to the formationfof asbesiteosis bLodias.
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