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ABSTRACT

Asbestosis is a pulmonary disease caused by the inhalation of aasbestos
dust. In animals it is characterized by a peribronchiolar fibrosis which
seems to be the result of mechanical, raiher than chemical, irritation of
_the tissue by asbestos fibers. Only the long fibers produce a typical
reaction; short fibers are relatively inert. The filamented structure of the
fibers is an easential factor in the mechanism of irritation. A character-
istic tissue response can be produced by non-siliceous as well as siliceocus
fibrous minerals. Inhalation of asbestos dust apparently does not alter
significantly the course of experimental tuberculosis in guinea pigs.  The
asbestosis body, which is a specific concomitant of asbestosis and forms
soon after the entrance of the asbestos fiber into the lung, is believed to
prevent further damage to the tissue by the fiber and thus to limit pro-
gression of the reaction when exposure ceases. Aluminum does not exert a
protective iact.i.on against the tissue irritation of asbestos fibers as it
does against that of quartz particles.



EXPERITMENTAL STUDIFS

Asbestosis is a form of pneumoconiosis resulting irom prolonged iihalz—
ticn of ashestos dust. The name asbeslos, literally “unburnable,™ is not
that of 2 rarticular mineral but is a term applied to a mumber of different

wminerals whose characteristic feature is a structure composed of long, par-

T

allel, flexible fibers. This structure iz unique bscause the fibers are
fr——

capable of repsated longitudinal subdivisien to units of molecuvlar proportions.

In length the fibers wary from & few microns to six or more inches. Some
varieties are gtiffer than others but many are sufficiently fiexible to ve

svun  indo varn and woven on modified textile machinery.

3. Asbestoz Ninerals

The asbestos minerals are silicates of varizble composition and belong teo

the serpentine and the amphibcle groupe. Listed below are the more common
N TN —N— .

varieties.

4mphibole GrouD‘L

Anthophyllite (v ,_Fe) silicate

Amosite (g, Fe, A1) silicate

Amphibole (Ca, ¥g, Fs, Al, Na, K) silicate
Tremclita (Ca, ¥g) silicate

Actircliite  {(Ca, g, Fe) silicate
Crocidolite (Na, Fe) silicate + Fe silicate

Serpertine Group

Chrysetile Mg silicate {hydrous)



The bulk of the asbestos of commerce is chryaniile, 37320.25200.220,

which is mined in the Thetford regica of the FYrovince cf Quehec. Crocido-

\
iite and amosite are also tsed commercialliy bLui in mveh smiller amountz.
Chrysotile occurs &g veins in serpentine. z mineral sizila-~ in chamical com~
position to chrysotile bub vwhich exists in mzssive form and is wade up of
micfoscopic fibers without the paraliel orientabtion cheracieristic of chrysc-
tile. The massive blue black serpentine, which is imooth and scapy to the
touch, is traversed by veins of fihrous chrrysotile varying in width from a
barely perceptible line to six or more inches. The ibers rmm zcross the vein
and not lengthwise with the formation.

Attention is directed to the mineral brucite, ¥gO0.Hp0, which is often
found in the same formations with serpentine and chrysotilz and may be fibrous
in structure. It has no commercial value at-present because its fibers are not
sufficiently flexible to be used in textiles but they are capable of repeated
lonzitudinal subdivision. Unlike other asbestifora minerals, brucite is not a
silicate and for this reason it has been a valuable tool in an experimental

evaluation of the -action of fibrous minerals upon lung tissue.

IV. EXPERDMENTAL ASBESTOSIS
For many years studies have been carried on by the Saranac Laborztory 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 znimal ex~
periments with various kinds of asbestos dust. Another report, to be prepared
and issued latver, will be concerned with Humsn Asbestosis and will cover the health
agpects of workers who have been exposed to asbestcs dust in an induvstrial

environment.




Although asbestosis in men is a chronic disesse which 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 lesions of human asbestosis. Since
the life-span of the experimental animal is relatively short, it is not possible
to develop the characteristic lesions in animals under the usual industrial con-
ditions. Consequently, to obtain a complete evaluation of the tissue response
to inhaled particulate and fitrous material, it is necessary to accelerate the
reaction by employing higher concentrations of dust than would ordinarily be en~
countered in industry. Vhile conditions of exposure are thus different, the
information ylelded by experiments with animals is invalusble in furnishing a

better understanding of the reaction of the human organism to inhaled asbestos

dust.

5. Experimental Methods

For investigating the biological reaction of the experimental animal to the
various asbestos minerals, two types.of technique have been employed, namely, the
inhalation method and the injection method. In inhalation experiments, groups
of animals - up to 100 or more guinea pigs and sometimes smaller numbers of
rabbits, cats, dogs, rats or mice - are kept for eight hours a day in a cubical
dust room, eight feet in dimemnsion, in which a cloud of asbestos dust is maintained.
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 animsls
are exposed for pariods up to three years. The injection experiments, in which
the dust, either dry or suspended in fluld, is introduced into the animal by the
intravenous, intraperitoneal or intratracheal procedure, are used to determine
vhether or not a particular dust has a potential capacity to produce tiésue

reaction,



Long~term inhelatiorn experiments furnish information upon which great reli-
ance is placed when estimating the degree to which a dust might be hazardous to
industrial workers. Vhether cor not aimospheric dust, even though potentially
dangerous, can be inhaled, pass the netural defense barriers and reach the pul-
monary tissus in quantitics gufficisnt to cause damzge can be determined only by
inhalation procedﬁwes, Injecticn experiments are useful because in them contact
betmeen the dust particles and tissues is asswred and the potential capacity of
the dust to produce reaction can be estimated accvrately. When dealing with fi-
trous minerals like asbestos, the intratracheal method is valuable since it per-

mits observing the effect of the fibers on puimonsry tissue.

6. Species Susceptibility

Unlike free silica, asbestos does not exert its specific effect in a1l organs
of all species of animal (Tsble 1). Injection of fine quarte into various organs
of the guinea pig, rabbit, rat, cab, dog, chicken and even tadpole will produce
gilicotic nodules. However, similar injections of long or short fiber asbestcs
have resulted in a fibrous reaction in the lung and, to 2 lesser extent, in the

peritoneum but not in other organs.

7. Peculiar Characteristics of Asbestos

Experience has demonstrated that most of the particulate matter inhaled into
the lungs of man and animal is 10 microms or less in maximum diameter. Larger
particles apparently are excluded by the protective mechanism of the'upper respir-
atory tract. In the case of fibrous materials, however, this restriction does not
apply and fibers 100 and even 20C microns in length have been found in the termin-
al air spaces of human lungs. In spall laboratory animals exposed to asbestos
dust the maximum length of fiber found in the lung rerely exceeds 60 microns.

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



the gynthetic fibers of gizcs wool opperentir are oo inflaxible'to pass easily
through the nose, pharynx, trachea and bronchi and seldom rsach the terminal
bronchioles and alveoli.

Inhaled particulate matter comes to rest throughout the terminal air gpaces
(alveolar duct, atria, alveoli) in all partc »f the lunge; inhaled asbestos fibers
are first retained in the respiratory bronchicies. These vary small tubes are
immediately distal to bronchioles lined by ciliated epithelivm. Their own essen-
tial lining is a low cuboidel type of epithelium but, as their name implies, they
actually function in respiration through laveral aljeoli given off as pouches
along their walls. Either these pouches, or ths abrupt 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 rzsponsible for loczl retention of the inhaled

fiber. Only after asbestosis is well established are apprecitble numbers of fi-

bers carried into the more peripheral air Spaces.

8. Rate of Tissue Reaction to Asbestos Fibers

The rate of tissue reaction to asbestos is much more rapid thzn to an active
dust like quartz. Evidences of tigsue response &ppear as soon as fﬁbera have
localiged in suffiéient concentration in spscific areas. In rats receiving asbes-
tos fibers by intratracheal injection this avidence is visible a5 early ss two
weeks after injection; fcr quartz dust the latent period might be two monihs or
more. |

The behavior of the tissue reaction to inhaled dust éfter“the termination of
exposure is not the same in silicosia as in asbestesis. In silicosis, the young
nodules become larger; in asbestosis, young scar tissue,that may have formed,con-
tracts and bscomes more dense but the area of invclvement decreases in size. If

exposure to asbestos dust is terminated after a brief period, the recently-inhaled



fibers in the lung may cause the {ibrous tissue response to continve for a
short time, until the fibers have been coated. This progression is of only a

slight degree and of little significance.

$. Asbegtosis Bcdies

The peruliar structure known as the asbestosis body or curious _boiv_,' is a
specific concomitant of asbestosis. The typical bedy is a golden-yellcw, bzaded
or haustrated rod vhich may be either straight or curved. Often one or both ends
are bulbous like a cumb-bell. The bodies vary considerably in lengih, and di-
mensions up to 250 microns have been recorded.

It is believed that asbestosis bodies are due to a depesit of protein and
iron pigment upon the surface of inhaled fibers. In guinea pigs they form after
about 60 days of contact with the tissue. They are abundant in man and the guinea
pig (see Table 1) but are much larger in the former, probably because the larger-
gized air tubes admit fibers of greater dimension. In caté, rabbits and mice there
is an atypical coating :__of a few of the fibers after much longer residence in the
Jungs. In 1:at5 and dogs no bodies could be discovered. Although the evidence is
incomplete, it appears that the formation of the asbestosis body prevents dawage

to the tissue by the fiber.

X. IMNHALATION EXPERIMENTS

Four compréhensive inhalation experiments have beeix conducted at the Saranzc
Laboratory with various forms of asbestos dust. In each of these investigations
more than 160 animals were used and the expsriments were carried on for periods
ranging from 2 to more than S years. The fowr kinds of asbsstos dust employed
are identified as King's floats. short fiber, 100 per cent ball-milled, and

long-fiber asbestos dust.

oy N




11. Inhalation Experiment with "Fing's Floats" Asbestos Dush

The first irhalation experiment cenducted at the Saranac Laboratory with
asbestos dust was begun in 1728. Aaimals inhaled the dust for psrieds up to
nearly three years and some guinea pigs lived for ascout four years after their
first exposure to dust. & preliminary report giving observations after 29
months of exposure appeared in the february, 1931 issue of THE JOURNAL OF INDU-
STRIAL HYGIENE.¥* At that tinms obsémrations covered a period of only 2-1/L years
and the conclusions as to the uliimate effects of inhaled asbestos dust were
provisional. Results of the completed study show that most of the conclusions
dravn in the preliminary report were substantiated. A. complete review of this

experiment follows.

12. The dusting material was a commercizl varieby of asbestos dust known

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

Carporation of Americs.

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

tile was only 1l per cent., & rather low value. However, thers 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 Iibers) also were present, as

#STUDIES ON EXPERIMENTAL PNEUMOCONIOSIS. VI. Inhalation of Asbestos Dust., Gardner,
L.U., and Cummings, D.E. J. Ind, Hyg., 13: 6581, 97-11k, 1931.




shown by an average count of 0.8 million for particles greater than 10 miérona.
After the inhalation experiment had been under wey for ebout two years, the speed
of the rotating paddle in the dusting machine was incressed ané for the remain-
ing 2 or 10 months of the 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 usuzl light-field methcd. and 1.6 million for

particles larger than 10 microms.

15. Reaction in Animals to Innaled "King's Floats™ isbestos Dust. Results

of the investigation, briefly summerized in Table 3, show that inhala-
tion of King's floats asbestos dust produced & typical peribronchiolar fibrosis

in guinea pigs but not in rabbits or rats.

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

dust exposure was investigated. The remaining two groups were infection controls.

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

up to 33 months developed a characteristic

fibrosis occurring in conical patches about the respiratory bronchioles. During
this exposure the peripheral alvecli were not involved. The particulate elements
in the dust were transported to the lymphatic system where they caused no signi-
ficant reaction; the fibrous elements remained fixed at the site of original
localization and were seldom deotected in the lymphoid tissue. Fleurisy and fi-
brosis in the septa were observed only when infection complicated the process.

After exposure of appm:dmately' a ysar, a small amount of cellular reaction
had been produced about many respiratory bronchioles. A&s more dust was inhaled,

it continued to accumulate in the same location and later stages of the disease




consisted of e}:ﬁ:ensiona" of the original lesiong. Hew areas were not involved.
Apparently, the inhaled fibers were caught in the pockst-like eiveoli thal

are given off from the latersal walls of the respiratory bronchioles. Thare thay
were phagocytizéd and mary of them were carried into the wnll by wmigratory cells.
Mononuclear leucocytes. attracted to the ares caused an apprecizble thickening of
the bronchial wall. After 16 months a delicate fibrosis made its. sppesrance.
The process evolved 3o graduvally that mitotic division of f{ibroblasts could
rarely be discovered; neveriheless, ’the mmber of fine intercellulsr collagenous {
fibers (fibrosis) steadily increased. is this fibrosis contracted, it partizlly
closed the alveoli, and with this atelectasis the lining epithelium assumed its
embryonic cuboidal form. The result was the adenoma-like appearance that ¥Willis
described in guinea pigs inhaling silicon carbide.. The longer exposures resulbed
only in more thickening of the walls of the air spaces, largely due to an in-
crease in the amount of fibrosis. The fibrous tissue always remained cellular

and never showed the hyalinization characteristic of silicosis.

18. Progression. The reaction produced in exposed guinea pigs ¢id not pro-
gress significantly during a subsequent period of 37
months when the animals lived in a normal atmosphere. Betwsen 8 and 11 months
after exposure ceased, the cellular feé.ction had been completely replaced by
thin strands of fibrous tissue. Observed still longer, the scar tissue decrezsed
in amount but in the last animal sacrificed, 37 months after discontinuing dust

exposure, soms fibrosis was still visible.

19. Infection goincident with Pust Inhalation, Of the group of LO guinea

pigs infscted with ai;t.en?
uated tubercle bacilli (Rl strain) 31 died or were sacrificed beforo two yéars

of dust exposure and were reported in the paper by Cardner and Cummings menticned




above. Seventeen of these disd from intercurrant pneunonia. Briefly, the ra-
sults were as follows: 10 revealed some evidence of spread of the tuberculous
process; in 6 of these ii was confined to the lungs and in the other L the
abdominal viscera alsc were imvolved. Usuzlly z slight local extension of the.
tuberculous infection had occurred but subsequent healing had resulted in fi-
brosis of both the pulmonary lesions and the secondary lesions in other organs.
The hesled pulmonary lesions showed more {ibrosis than is characteristic of
either tuberculosis or asbestosis alone.

The 9 animals which were still alive afier itws years of dust exposure were
sacrificed at intervals during the following year. In L of them the primary foci
of infection had healed with {ibrosis and even calcification and there was no
evideﬁce of progression. In the other 5 the tuberculous foci showed evidence of
having previously spread locally: in k of them it had healed, by the time of
autopsy, with excessive fibrosis; in the other.animal there was a generalized
chronic tuberculous pneumonis in one lobe and isolated primary tubercles, which
ware still active but had not spread, in the other lobes.

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

showed tuberculosis of the spleen and Iiiver,

20. Infection 8uperimposed Upon an Ratablished isbestosis. 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 hon—dusted.controls, but a considerablg numbar were
found in the depths of the lung about foci of asbestosis. The reaction to infee-
tion showed only slight local extension about the origirel sites in the lungs

and tracheobronchial lymph ncdes. The abdomineal viscera werzs involved in only
one animal, Caseation was found in tubercles 1-1/2 months old btubt by 5-1/2
months it had completely dieappeared, leaving only scar tissuz. The labter atill

persisted in the last animal, which was killed 1L wonths atter infection.

21l. Asbestosis Bodies. Moderate mmmbers of zsbestosis tedies occurred in

the lungs of the guinea pigs, becoming more numerous

and more distinctly segmented in later months.

22. Rabbits. Rabbits exposed to the asbestos dust for periods up to 12
months developed a low-grade foreign-body tyve of reaction but
no fibrosis. Although their lungs contained particulate eliements of the dust,
fibers were not present, indicating that the upper respiratory 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. A4t autopsy
neither animal showsd any evidence of cellular reaction or fibrosis in the term--

inal bronchioles nor were there any asbestosis bodies.

23. Rats. All the white rats had acquired an infection, resulting in the
formation of pulmonary abscessas, before they came to autopsy.

Apparently, so much heavy mucus obstructed their bronchi that very few fibers
could have entered their lungs. In a few of the rats, an cccasicnal asbestosis

body was discovered but there was no fibrosis.

12—




2L, Sumary and Interpretziion of Inhalation BExperiment with King's Floats Dust.

ine findings in the expsriment »ith iing's {loats cuslt can ce swmar-~

ized under three headings.

A, Effect of {he inhaled dusi on normal animals. The King's floats_
| - dust caused a charac-
teristic peribronchiolar fibrosis in guinez pigs but not in rgbbits or rats. The
fibrosis did not progress after the dust exposure was discontinued and the guinesa
pigs transferred to normai air.

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

pigs in-

fected with attenuated tubercle vacilli and then placed in the dust room, the
results were more variable than is usual in an experiment of this type. 24 few
animals ghowed no sign of progression; in most of them there was evidence of tem-~-
porary progression with subsequent healing; in one animal there was continuous
progreséion to death. In contrast, when guinea pigs, after being infected, are
exposed to quarts ihstead of asbestos dust, the infectious process continues to
progress and eventually causes the death of the animals. On the other hand, ex~-
posure of infected animals o a harmless dust like calcite or gypsum does not
lead to any progression of the infection. Guinea pigs infected with attemuated
tubercle bacilli fol;owing the termination of about two years' exposure to asbestos
dust did not develop progressive disease. The only modification of the infection
was in ité localization, a few bacilli being retained in the fibrous terminal
bronchioles and forming tubarcles there in addition to the usval foci beneath the
pleura.

'In view of this variability, the umusual nature of the response and the high
proportion of deaths from intercurrent pnewmonis it is felt that definite conclu-

g8ions 28 to the influence of this dust on the course of tuberculous infection are

not justified.



C. Effect of tuberculous infection on the reaciion to inhaled dust.

Infectinr rrrmlimstine aehaghncic sroantusied the fepdency of the

duat to produce fibrous tissue. This change coccurred vwhether or not the bacterial

lesion was in contact with the area of dust resction.

25, Inhalation Ixperiment with Short~fiber isbestca Dust.

Since hazardous dusts like quartz are mozt eifective in producing fidbrosis
when the particles are 3 microns and less in sizs, an inhalation experiment was
carried on to determine whether this conditicn is Yrue alse for asbestes dust, It
was thought that by using a short-fiber astestos dust consisting almest entirely
of fibers and particles smaller than 3 microns an accelerated jbissue response might
be initiated and an advanced reaction obtained in a short timz. The previous
inhalation experiment with King's floats asbestos, which contained fibers from 1
m, to 1 micron or less in length as well as a great deal of particulate matter
and which produced a typical peribronchiolar fibresis 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. I{ was the remains of fibers
collected in dust bins after a carding operaiicn and scresned to pass 200 mesh.
Since the material as received contained many long fibers, it was ground in a
steel ball mill to reduce practically all the particles to 3 microns or less in
size. Vhen used alone in a standard dusting mechine, this finely-—ground asbestos
tended to pack in the hopper and it became necessary to mix one voluﬁe of the un-
ground material with three volumes of the ground to generate a satisfactory dust
cloud. The addition of the small quantity of unground zsbestos was unfortunate
because it confused the interpretation of results. Probably the minor amount of

reaction that developed was due to the long fibers in the mixture although the

i



data of thls experiment 4o not prove the peiub.

27. The composition of the shori-fiber agbestcs as 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 loss of water content.

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

field cowmnts for atmospherié samples collscted inside the animal cages
with the impinger apparatus ranged from 83 million to 182 million. The average of
counts was 130 million for the first year of the experiment, 134 million for the

second year and 140 million for the third year.

29. Size-freguency measurements of air-floated 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

nicronse.

30. Reaction in Apimals to Inhaled Short~Fiber Asbestos Dust. Four species

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 guinéa pigs were originally placed in the dust room
but 21 of them were later eliminzted from the experiment
and killed because of enlarged lymph nodes. Of the other 59 animals, h6 remained
in the dust room until they were sacrificed or died from natural cewSes and 13,

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

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

+r



short-~{iber asbestos mes essentially the same as that already observed in the
experiment with King'c floats asbestos. The rate of reaction also was approxi-
mately ths same but the extent of involvement with the shart-fiber dust was

very much less and after 16 to 2L months of exposure only a very few small foci
of reaction, which generally required microscopic examination for detection, wers
produéed in the guinea pigs.

Until exposures had continued for approximately one year, there was little
tendency for dust-containing phagocytes to 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 proliferation or infiltration of monomuclear cells in these
walls. There were also some multinucleated cells but they were always of the
inert foreign-body type. At 20 to 2L months the cellular clumps were sometimes
quite marked and sometimes changes in the epithelium resulted in the adenoma-~like
or "adenomatoid" appearance previously described in Section 17. In most of the
subsequent members of the series, the reaction remained cellular in type. In a
few, however, fibrous slements dominated the picture. In the latter case, the
collagen was ralz in color and tenuous with no heavy swollen hyalinization. 4s
in the rats described below, the alveolar walls might be made up of a bdnd of '
collagen supporting a layer of epithelium, but with no contained capillaries. In
the tracheobronchial lymph nodes the reaction wes more pronounced in this experi-~
ment than in the previous one with King's floats asbestos, 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 p:;eserx;ration of the original cells between the thickened
reticular fibers. Diffuse chronic pleurisy without evidence of pulmronary irfection

was present in a few animals.
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33. Progression. In the 12~3/1 months following the cessation of 20 months?
exposure to dust, progression of disease was nolt definitely

demonstrated but neither cculd it Te absclutely disproved, owing to the varia-
bility of the response in difrerent animals. AL the end of the dust exposure of
20 months two pigs were read as + and one a5 2+. Awmong the 13 romoved from dust
the findings were variable: in 2 the reaction wes 3 in h it was +; in 3 it was
3+; in 3 it was L+; and in one animal it was 5+, 1L is quite possible that those
with the most marked changes had already developed more reaction than the remain-
der by the time exposure ceased. Since il more severe rsactions occurred spora-
dically aqd bore no relationship to the length of time after cessation of expo-
sure the differences were ettributed 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 values 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 Le; for ancther, +; and for the third, only *.

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

tremely limited. After 5 months' exposure oaly &
very rare short body could be found, usually ineide of cells, Around the finest
intracellular particles there were yellow deposits having the same color as the
asbestosis body. FExposure of one year had permiiied an accumlation of man;r longer
fibers aboub 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 thereaftver, they were comparatively numerous although still rare

in comparison with the findings in the King’s fleats experiment.
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35. TWhite Rats. Seventy~three white rats were exposed to atmospheric short-
fiber ashestoz 2ust for reriods »p te 32 months. Sacri-
ficings durding the first 10 months were made bimonthly and for ihe remainder of

the experiment at less frequent intervals.

36. Rate and Tvpe of Reaction. The dust cells until 8 months were widely

scattered and existed in foci only sporadi-
cally. Reaction was limited to occasional slight thickenings of the septa about
small accumulations of dust cells. In a few rats at 10 months, there was a sug-
festion of early fibrosis but the change was so slizht that it would probably bse
overlooked without the clump of dust cells Yo attract atiention to the area.
Only 10 animals were exposed from 12 to 32 months. In each of them the lungs
showed minute patches of well-defined fibrosis distributed like that of asbestosis
but without asbestosis bodies. The lesions, visible only at a magnification of
150 diameters or more, consisted of patches along alveolar ducis in which the walls
of the air spaces were very thick, due to swollen collagen framewerk. Commective
tissue and Foot~Bielschowskl silver preparations revealed complete loss of capil-

lary bed locally. Outside the collagen was a thin layer of epithelial cells.

‘This did not resemble the "adenomatoid" changs characteristic of guinea pig as-

bestosis. No pleurisy was present. HNear the lesions the air spaces were filled

‘with phagocytes containing gray to yellow particulete dust and & rare long naked

asbestos fiber. Careful search failsd to reveal even a suggestion of an asbesto-
sis body. The tracheobronchial nodes showed compact focal colleciions 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 with the response

to active dusts like quartz and chert the reaction to short~fiber asbestos was
negligible.
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‘ Results of chemical analyses made on the white rats are given in Table 8 and
the average values have been tabulated in Table 9 for comparison with similar
values for rate inhaling other dusts. The conceniration of atmospheric particles
to which the animals were exposed was approximately the ssme for ssbestos ang
quartz; for the gypsum—quartz mixture, it was about twice as high and for chert
five times as high. It will be noted that the percentages for asbestos are lower
than those for quartz or chert but are similar to those for the gyrsum-quartz
nixture, in which atmospheric agglutination tended to reduce the amcuni of dust
inhaled. It might be inferred.tha.t the total .quantity of asbestos dust inhaled

was low or that it had been eliminated from or dissolved within the lungs. In

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

37. Cats. Twenby cats were used in this innalation experiment with the

. short—fiber asbestos. Eighteen were kept in the dust roem until
death, the exposure period renging from one month to nearly hel/2 years, and two,
after a dust exposure of 31-1/2 months, were removed to normal air. One of these

was sacrificed 5 months, and the other 2L months, later.

38. Rate and Type of Reaction. The reaction was essentially that to an inert

dust, even after more than L years of expo-
sure. The tissue response in this species was confined to microscopic. foci of
fibrosis in the walls of groups of subpleural alveoli, rather than in the peri-
bronchiolar areas. In one animal the change was extensive enough to be visualiied

cn gross inspection of the section.

39. X-Ray Changes. Only in the animal with the longest exposure did the

X-ray reveal definitely abnormal shadows. After 29-3/L
. months the picture was negative; after LS months a faint mottling could be detected

‘ throughout both lungs. At autopsy, O months lster, there was only microscopic



£ibrosis in the subpleurzl zone plus heavy lymphocytic infiltration about small

bronchioles.

Lo, Asbeatonsis Bodizs. Cn vrolonged search a few yellow atypical asbestosis
S e ! i3 \

bedies, smooth and without haustrations, were found

in two animals exposed for more than a year.

Ll. Rabbits. Eight rabbits were exposcd to dust for periods exterding from
one Lo more then five years. The last animal was removed

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

h2. Rate and Type of Reaction. There was never enough fibrosis to be de-

tected grossly and there was no chronic
adhesive pleurisy. Microscopic evidence of zlveolar wall thickening was first
detdcted after about 3 years of exposire and was seen in 211 five animals examined
thereafter. In one animal that died of paralysis after neariy 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 not
be excluded. However, in another animal dying two years later the focal fibrosis
was not nearly as obﬁous or as advanced. Areas of involvement, which were
largely visualized because of phagocylic reaction within the air spaces, tended
microscopically to become more fibrous with the passage of time but there was
never much encroachment upon the ilumen of alr spaces and the architecture of the

lung was preserved.

L43. Asbestosis Bodies. Asbestos bodies were not detected in rabbits that

died early in the experiment but were seen in all

animals that had been exposed to the dust for more than three years,
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L. Summary and Interpretation.

The original purpose of the experiment was te evaluate the chemical
theory of the pathogenesis of asbestosis. It 'was felt thet if the tissue reac—
tion to asbestos were chemical in crigin an eccelersied or accentuated response
would result from exposure te finely-divided asbestos, zs is the case with quartsz.
This experiment, in which the reaction was slower and less extensive than with
King's floats, indicates that the reaction vrobably is not primarily chemical in
nature.

Of the four species exposed in this experiment only the guinea pig and
rat reacted with characteristic peribrenchiolar fibresis. The cat reacted with
atypical sub-pleural fibrosis and in the rabbit the fibrosis which cccurred could
not be positively attributed to the dust because of 2 sirceng possibility
of pulmwonary infection.

1,5. Inhalation Experiment with 100 Per Cent Ball-Milled Asbestos Dust.

In the inhalation experiment with short-fiber asbestos dust a small quantity
of unground asbestos was mixed with ground material in order to produce a suitable
dust cloud. lWhen evidence of a dust reaction appeared in the guinea pigs during
the experimsnt, it was not clear whether this was a tissue response {0 the small
number of long fibers in the unground asbestos or was a delayed effect of the more
abundant fine dust. Consequently, another inhalation experiment was started in

which no unground material was used.

h6. The dusting material was the ground short-fiber asbestos used in the

previous inhalation experiment but no unéromd material was mixed with

it. To obtain a sufficient amount of atmospheric dust, the design of the dusting

apparatus was changed to an open type of hopper and fresh dust was added daily.
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Cwing to the tendency of the material te form small spherules =which ypreventsd
mich of the fibrous portion from floating out of the nopper, the dispersal of
the dust was not entirely satisfactory and after 7 months of oparation. the dusi-

ing maching was recopverved o it

t

criginal desvimi. To prevent "piiling® or tos
formation of spherules of asbestos, steel wire brushes were attached to Lhe in-
side surface of the hopper and to the rotalbing paddle. This arrangement gave

satisfactory resulis arnd was used for the rewaining £] months of the erperiment.

7« The composition of the raw materizl (short-fiber asbestos; and of aimos—

pheric dust liberated from the ball-milled product in the dusting ma-
chine is given in Table 10. These values are based upon petrograpviiic study and
X-ray diffraction snalysis. The atmospheric sample was collected with an eliecc-
trogtatic precipitator after wire brushes had been installed in the dusting
mechine, Previous to this, the chrysotile content of the air-auspended material
was undoubtedly less than the 15 per cent value given in Table IC. In an inter-
im report, it was stated thail‘, the eir-borne dust contained about 5 per cent of
chrysotile Before the wire brushes were used and up to 8 per cent afterwards, but
these values were probab]\?/ low. Quantitative estimates on ball-nlliecd asbestos |
dust may be somewhat inaccurate because it is difficult to deteraine how much

of a dust sample is fibrous chrysotile and how much i3 non-fibrous sesrpentine.

4B. The dust concentration for the first 7 months of the experiment was

about 100 million particles per cubic foot of air. Afier the wire
brushes had been installed, the dust counts were a little highar and the overall
average for the first year was 106 million. The average of counts for the second

year was 163 million and for the third year 15 million.




dust collected

inside the animal cages with the electrostatic apparatus is reported
in Teble 1l. Two sampies were tillen, one vefore the wire brusghes were installed
and one afbesr. Iv =il bo noted that after the wirs brucghes were in use a
greater proportion of very fine particles and also of longer fibers was released

into the =ir.

A
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Guinea pigs, rate and wic

> uged in the inhalation sxperiment Wluh

the 100 per cent ball-willed asoestos dust. The resulis are summarized in

Table 12.

Ci. Guines Pigs. The exverimsnt was started with 100 guinea pigs. As the
T pig

dust erposure proceeded, there were 39 accidental deaths,

32 of pneumonia in an epidemic. 4After 28 months of dusting the 16 surviving

guinea pigs were transferred to normal air.

c2. Raté and Type of Heachion. For the first year of exposure practically
the only rezction to the dust was the pree
sence of scattered phagocytes and an cccasional mimute esbestosis bedy. At 16
and 20 mopt.ho no gross recponse vwas vislble on the tissue section but microscopically
peribronchiolar foci of inilemmatory cells could be seen. At 2l months there was
s%ill mo change large enough Ho be scen with & hand lens aithough microscopic
examination revealed celiuler zccumiiations about terminal bronchioles and wany
more asbestosis bou_,.eg, chiefly within cells.
Chemical analyses ¢f the lungs (Teble 13) reveal that in spits of the

limited tissue reaction concideyzble dust had been retzined in the lung.




3. Progression. The lungs of animals exposed for the full dusting peried

(28 months) and then living in normzl air for 2 monthe
revaaled the changes described avove and also very slight peribronchiolsr fibro-
gis, After 8 months in normal air the findings were similer but ab 122 months 3
of ! animxls showed grossly-visible characteristic peribronchiolar fibrosis with

adenomatoid change.

-~

sk, Lymoh Hode Involvement. The itrechecbronchial nodes were esssntizlly

negative witii exposure had been continued
for more than a year and a haif. Animels sacrificed at 12 months and 16 months
rovealed a fow mimute collections of phagocyies containing particles but prac-
tically no fibers large enough to be recognized as such, After 20 months of

exposure many monocytes filled with yellow granules were rresent. At 3C months

there had been a2 slight increase in reticulum but no fibrogis. No further changes

occurred in the nodes. Asbestosis bodles were not seen in the nodes of any of

the guinea pigs.

S5. Asbestosis Bodies. Wirute asbestosis bodies were observed as early as

3 months after sxposure began, but they did not be-
come pumerous umtil 16 months had elapsed. The bodies were short and practically
all were intracellular, although at 20 months some were long emough to project
beyond the cell borders.

It is important to note that in the later months of exposure there was a ais-
tinct increase in the number of long fibers fup to 70 microns in iengtbjim the lungs

and that after eucpos{zre ceased characteristic long asbestosis bodies ware ssen.

56. White Rats and Mice. In this experiment, 4O rats were exposed for periods

vp to 20 months and 2 mice for periods up to 12




montns. Neither specics developed even a sugeestion of adbesicsis and reaction
was limited to phagocytosie of inhaled particles by widely-scatiered dust cells
viaich remained free in air spaces or were tramsported to the itracheobronchial
lyroh nodes. o asbestosis bodles wers found in Uhe rats bub in
were a very few small non-haustrated forus within phagocytes.

In 21 mouse lungs sectioned there werz 3 instances of pulmonzry sdenome (1h3),

57. Summary and Interpretation.

The %issue rcactions observed in this experiment vere much loss sxisasive
and slower in development than in the previous investigation with short-fiber
asbestos. Since presumably there were fewsr fibers longer than 3 microns in the
material used in this experiment, the results tend %o confirm the interpretation
made in Section bli of the short—fiber experiment that the reaction probably is not
primarily chemical in nature.

The finding of long asbestosis bodies in animals inhaling the balli-milled
material is an example of the difficulty of completcly eliminsting long fibers from
an asbestos preparation. ,

In regard to progression of reaction after removal from dust, which was ob-
served in this experiment but not in the others, the following interpretation is
offered: Vhen the reaction is well-developed at the termination of exposure,the
contraction of the fibrous tissue would obscure any possible progression. In this
experiment, however, since only the earllest stage of reaction was present at the
time of removal from dust, its subsequent progress was apparent. It should be
noted that the degree of progression was £o slight that it can have little, if

any, practical significance.
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58. Imhalation lxperiment with Long-fiber Asbestos Dust.

After animals inhaling short~fiber asbestos dust for more than a year had

failed to develop significant reaction, the hypothesis that asbestosis is pro-

duced by the nechanical irrivation of long {ivers was given added support.

Since the Xing's floats zsbestos used in the first inhalation experiment had

a rather low content of fibrous chrysctile and contained considerable serpentine
and other impurities, it was decided to conduct a 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 HManville plant of the Johns-Manville Corporation. Samples of se-
varal varieties of asbestos dust were first submitted to the Saranac Laboratory
for examination and one kinc, identified as lot D, which was low in magnetite
and chromite and had a fibrous content estimated to be aboult 75 per cent, was
seloected ag most suitable, Steel wire brushes were fastened to the inside sur-
face of the hopper and io the rotating paddle in order to open up the bundles

of asbestos and liberate more fibers into the atmosphere.

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

6l. 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-nille¢ dust. For the first year of the experiment with

long~fiber asbestos the average of the light field counts was 32 million; for
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the second year, L8 million; for the third year, 3% million; and for the fourth
year, 43 million. Examination of the impinger samples with dark field illumin-
ation disclosed thet many fine particles less than one micron in sige accompanied
the larger particles and dark field ccunts were, on the average, about S or 6

times larger than the light field counts.

62. The size-frequency of atmosph:eric samples cof the long~fiber asbestos

dust and of the ball-milled dust is shown in Table 16, Both samples
were collected with the electrostatic precipitetor. It will be noted that there

was far mors fibrous meterial in the long~fiber cust.

63. Reaction in Animals to Inhaled Long—Fiber isbestos Dust. Guinea pigs,

cats, rats and mice were employsd in the inhalation experiment with
long-fiber asbestos. FRasults of the experiment, summarized in Table 17, are

described in greater detail below.

64. Guinea Pigs. The experiment was started with 100 guinea pigs. After

exposure had been carried on for a year, a severe epidemic
of pneumonia arose 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 roon.

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

visible lesions in the lungs after 8 monihs
of exposure to dust, consisting of cellular infiltration about the terminal
bronchioles. At 12 months, there were adenomaﬁoid changes in the air apeces and
by the 16th month a definite fibrosis was present in these areas in half the
animals. The fibrous lesion could be seen macroscopically at 20 months. TFrom

this tims on the reaction increased in extent and in thes amcunt of collagen and



by the 3L4th month, it had fanned oul into the parenchymz. The lesions were
rather sharply localized and the extensions from differeni bronchioles showed

no tendency to fuse, even in animals exposed for the maximm peried (3 years).

Although tihe intra-puliconary reaciion somztimes rsachad the pleura, there was no
involvement of that membrene. Ho emphysema was visible ab any poink. Some

thickening of the larger bronchi with a chronic inflommatery infiltrstion was re-

vealed, but it probably was no more than would be prodnced by a ecimilar exposure

to any dust. For the .first. 5 months the phagocyies corsisted of monscybzs or
very small giant cells; luter, giant cell formation vwes more prominent. After
16 months the giant cells were large, filled with yellowish-tromm pigment and
sometimes vacuolated. An occasional animal showed an .\imixbture of polymorpho-
nuclear leukocytes aﬁd, in guinea pigs exposed fcr & cowiderable period,
eosinophiles. The reaction was at first entirely cellular Hut by 16 months fi-
brous tissue formation was definite. However, il never atta'ned z staze of

hyalinization suggestive of silicosis.

A moderate individual variation occurred among the exposed a:imals, both in
the rate of developing lesions and in the stage of development atta.uned at the
end of exposure.

Analyses of the lungs (Table 18) disclosed tha® althovgh the tissu. response
was much greater in thgse guinea pigs than in those exposed to either short~fiber

or ball-milled asbestos, the amount of mineral matter in the lunz ash vas l.ss.

66. Progression. In guinea pigs exposed te the dust for 2C monthe and tisn
removed to nermal air, thers was & marked tsndency for
cellular inflammatory reaction to clear. This effect, accomparied by contraction

of the fibrous tissue, resulted in a diminishing size of the focal lesicas.. HNene
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of these animals, killed st varicus periods up to 1L months after exposure,
revealed lesions as large s those in the group sacrificed at the end of the

20-nmonth exposure period or those ia animals which remained in the dust room
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in feour of the six remaining guinea pigs were so small thal they were visibloe
only with a hand lens.

Rezction in the group exposed for 27 months and then trensferred o a normal
atmosphere was quite similzar to the response in the 20-month exposure animals
msnticned a2bove. However, small focl were always visible on gross inspection of
sections of all puinea pigs of the 27-month seriss bub in no instance was there

evidence of exbtension of the reaction.

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

was first visible at the third month of ex-
posure. At the &th month patches of cellular connective tissue began to appear
in the medulla and by the 1lith month most of the node had been replaced by
cellular connective tissue. This picture, which resembled that in early silicosis,
parsisted 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 formatvion. The spindle-shaped new cells were yellowish in
color from fine pigment gramiles that stained for iron. No fibers .or asbestosis

bodies ware seen.

68. Asbestosis Bodies. Although asbestosis bodies were seen as early as one

nonth after exposure began, they were rare and hard
to find. At 5 months more were visible, chiefly coiled inside giant cells, and at
8 months many bodies wesre free in connective tissue. They became ‘fairly abundant
as exposure progressed although in some later animals the asbestosis bodies werse

only moderately numerous.




69. Cats. Four cats inhaled the long~fiber asbestos dust for periods of
14, 25, 33 and 42 months, respectively, and were immediately
sacrificed. Two other cats, after being exposed te dust for 18 months, lived in

a normal atmosphere for an additionzl 24 months.

70. Rate and Type of Reaction. Ixposure for 1L months vwas sufficient to

produce cellular accumulations of phagoecytes
around terminal bronchioles and peripheral arterioles together with compact col-
lections of similar cells in ithe fracheobronchial lymph nodes. At that time there
were no typical asbestosis bedies, but simooth pointed yellow fibers were seen very
rarely. With continued exposure, up to L2 months, reaction in the locations noted
progressed to the formation of cellulsr connective tissue which made well~defined
sheaths about the respiratory bronchioles and arterioles, marked lymphoid hyper-
pLasié. and lymphoid infiltration of bronchiolar walls. The bronchiolar epith-
eljum was low and flattened, giving the tubes a smooth contour. Typical asbesto-
sis bodies were not formed although there was an occasional yellow, smooth,
pointed fiber. No pleurisy was present. The reaction was similar in location to
that in the guinea pigs, but fibrosis was much slower in development and had not
reached the sems degree of maturity.

(1. X=tay Changes. Roentgenograms of three cats were made after exposure

periods of 25, 33 and 42 months, but tissue changes were

not dense enough to be seen on an X~rgy film.

72. Rats. Although 20 rats were placed in the dust room, many died from pneu-
monia and were not suitable for study. Five animals, of which one
was exposed for 19 months and four for 25 months, were free from pulmonary infec-

tion and offer a basis for conclusions.
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73. Rate and Type of Reaction. All four animals sacrificed at 2% months

showed a well-marked peribronchiclar fibrosis.
In the 19~-month animal, reaction was just beginning. Asbestosis bodies were
practicaily absent at both 19 and 25 mon'b.hs although two =small smooth bodies ware
found in the 19-month animzl after a long seerch. Thus, these animals exhibited

fibrogis without asbestosis bodies.

Th. Mice. Out of 20 white mice used in this experiment, 11 lived a year cor
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

monomuclear cells. Usually these were wide-—

ly scattered through the air spaces; a limited number were grouped about the ter-
minal bronchioles producing some thickening of their walls, There was no sug-
gestion of fibrosis. The striking feature of the experiment was that 9 out of the
11 mice (82 per cent) exposed to dust for a year or more showed pulmonary tumors,
vsually adenomatous in type. These lesions did not contain dust or asbestosis
bodies. '

Numerous asbestosis bodies were observed in animals killed late in the experi-

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

76. summary and Interpretation.

The purpose of this experiment was to evaluate tfxe importance of long
fibers in the tissue response to inhaled asbestos. The results indicate strongly
that long fibers are chiefly responsible for the reaction. Thus, in guinea pigs
reacti;n developed earlier and becéme more extensive than in previous experiments.
in spite of a smaller concentration of atmospheric dust and a lower mineral con-

tent in the lungs. ~Furthermore, = typical peribronchiolar fibrosis was produced




in cats although in a previovs experiment with short-fiber dust it did not
develop in this species.
The cause of the cellvlar fibrosis in the lymph nodes of the guinea pigs

is not ciear. It dicd nob coour in other inhelstion experiments with astestos.

IXXVII. INJECTION EXPERIMENTS

In order to determine to what extent the various fibrous minerals posseés
the capacity to produce tissue damage, numsrous ihjection experiments were per—
formed. In these experiments guinea pigs and rabbits ware used and the mineral
dust was injected by the intratracheal, intrape_ritoneal 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. Experiments 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. Xn this method the dust
suspension is injected by means of & special needle or catheter deep into the

trachea, from which it flows into the lurgs.

79. Comparison of Fibrous and Hon~Fibrous Dusts. To demonstrate that the
| ability of asbastos to
produce fibrosis resides in its fibrous character, the series of injection experi-
ments reported in Table 19 were periormed. The tests were made with unheated

long~fiber chrysotile and with chrysotile that had been ignited to destroy its



flexible structure or tail~milled 45 reduce the length of fiber Yo 3 microns and
less., AL the same bime corirel tests ware mads with serpentine, widch hasg the
same chemical composition ss chrysotile but is non-fibrong. A review of the
Mindings roveslso Vhat only bho uvbooiod Tom a0 peseti Ne pradined Sihrosis.
Fibers subjected to igniticn or shorizsned by bali-milling had last their capacity
t0 cause gerious lLissue damage. Ignition vrodneed impeortant chsngss in the chry-

sotile fivers, among them reing loss of waier, en aileratiou ifvem a flazxible to

a brittle structure and possibly other changas.

80. Comparison of Various Lorg-Fibar Dusts. Some very interesting findings

are disclozed by ths results of
the experiments included in Table 20. First, all the long«fiber asbestos minerals
tested, with the excepticn of anthophyllite, produced a typical fiﬁrosis. It is
not entirely clear why anthophyllite behavad differently from the other asbestos
minerals. Uhfortunately, £ of & animals died of pneumoniz within the first two
weeks of ths experiment and the remaining animals were sacrificed at 1, 8 and 12
months; thps observations were not made at the optimum periods of 2 and L months.

Second, with the mineral brucite, which is not a silicate but is a fibrous
forn of magnesium hydroxide, a characteristic fibrosis like that of the asbestos
minerals was obtained. 3ince the brucite used contained only C.20 per cent silica
(as en impurity), it is obvious that a siliceous component is not an sssential
factor in the development of asbestosis.

Third, no fibrosis reaulted Irom the injeciion of glass wocl fibers, even
though glass wool resembles asbestos in some ways. Thare are fundamental differ—.
ences, however. A glass wool fiber 3 microns in diameter is a solid rod and, in
short lengths, is fairly rigid, while an ssbestos {iber of the same diameter is a
bundle of extremely fine f'lements which impart to the fiber a high degree of flex-

ibility. Tt would seem that this siructure and the associated flexibility are




important factors governing the capacity of a mineral to produce peribronchiolar
fibrosis.

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

besn demonstrated that
the smaller the particles, the more intense is the tissue reaction, and that there
is 1ittle reaction to particles larger than 3 microns in diameter. In the case
of asbestos, however, the reverse is true and apparently only long i‘iber—s have
any specific effect. This is confirmed by the data of Tablé 21, in which a series
of tests with {ibrous 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 somes cases, 3 microns and less), none of the injected minaral dusts
caused fibrosis.

82. Experiments Using Intravenous Technique.

The experiments, described in Table 22, in which the intravenous method of
injection was employed, show that the asbestos minerals are far different from
quarts in their action on tissue. It has been repeatedly demonstrated that intra-
venous injection of quartz particles 3 microns and less in diameter will cause a
typical tissue reaction with the development of fibrosis in extrapulmonary sites,
such as the liver and spleen. Asbestos minerals, however, on intravenous injection _

generally produce only an inert type of reaction, 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. |



33. Experiments Using Intraperitoneal Technique.

The results of injection experiments with the intraperitoneal technique are
given in Table 23. It will be noted that the long-fiber dusts produced a fibrous
reaction while dusts composed of particles 3 microns and less in size caused only

an inert type of response. These experiments indicate also that the fibrosis

‘initiated by the irritation of asbestos fibers is not resiricted to the lungs,

as was formerly ésaumed, but can be produced in the peritoneun &s well.

LXXXIV. OTHER EXPERIMENTS WITH ASBESTOS MINERALS

A mumber of additional experiments were conducted to throw more light on

spacific phases of the asbestosis pro'blem.

85. Protective Action of Aluminum Compounds.

Intratracheal injection of a suspension of long-fiber chrysotile to which
colloidal alumimm hydroxide had been added revealed that the addition of the
alumimm compound did not prevent the tiasue irritation produced by chrysotile.
If anything, the acute inflammatory response to the injected fibrous mineral
was accelerated. One month after the lsst injection of the dust suspension the
bronchiolitis was becoming fibrous. | '

86. Formation of Asbestosis Bodies.

The iron in the coating of the asﬁeaﬁosu body appears to be derived from
blood or tissue elements anci not, as has been suggested, from the mineral fiber.
Following subcubaneoﬁs injection of two kinds of chrysotile into the groin of
guinea piga ~ one kind containing 2 per cent and the other 0.2 per cent Fep03-
the asbestosls bodies were equally numerous &t both sites of injection.

.
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‘ ) An attempt to produce asbestosis bodies in guiney/pigs by implantation of
three silk bags containing fibrous chrysotile was yhsuccessful. One bag planted..
subcutaneously in the abdominal wall disappeared; the other two bags, placed in
the peritoneal cavity, produced & little foreign body reaction but no asbestosis
bodies in a year.

Intratracheal injection into guinea pigs of asbestosis bodies recovered from
human lung tissue failed to produce the typical tissue reaction to asbestos
fibers. The injected matarial was cbtained by digesting with sodium hypoghlorite _
solution lung tissue removed at autopsy from an asbestos worker. The asbestosis
bodi;s could be seen in the guinea pigs for at least a year after injection.
This experiment shows that the asbestosis body has a rather resistant coating °
which is not destroyed by moderate hypochlorite treaiment and may be maintained

‘ in vivo for a year or longer. |

IXXXVII., THEORY OF IRRITANT ACTION OF ASBESTOS MINERAIS
™~

Two hypotheses have been proposed to explain the tissue irritation and reac-

tion caused by asbestos fibers: the chemical and the mechanical. In the chemical

theory, which is based upon experience with quarts, it is assumed that the as-

bestos minerals dissoive in the body fluids and that in this process their bases

are lsached away to leave silica in a form capable of irtitating tissues. Accord-
ing to this mpothesis, asbesbos:.s would be merely an indirect silicosis. Several /

facts make the chemical theory untenable: (1) intratracheal injections of bru-

cite fibers, which had a silica content of only 0.90 per cent, caused a typical

s, . )

fibrosis like that produced by the asbestos minerals; (2) free-silica particles
‘ increase .in potency as the particle size becomes less, but asbestos fibers

shorter than about 10 to 20 rmicroms s-:z relstively inmocacuncy ( 2} elwdnum



- hydroxide neutralizes the irritating effect of quartz but not of asbestos;

(4) serpentine has the same chemical composition as long~fiber chrysotils but
it does not produce the same kind of tissue reaction; (S) there is a wide range
in the chemical composition of the minerals wnich do cause asbestosis {(see
Table 24). In view of this evidence it seems more likely that asbestosis is

caused by an unusual mechamical irritation from long asbestos {ibers. Frobably

this irritation is related to the peculiar filamented structure of the fiber and gse$ ¢

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

axample, ignition of cnrysotile fibers changed their structure and made them

N —————
inert while the same fibers, before being heated, would produce fibrosis (see
Table 19). Further support for the theory of mechanical irritation is that
asbestosis accurs in an orgzn of high mobllity - the lung - and that a fibrous
reaction can be produced by injection of asbestos fibers into the peritonsum,
where there is also a degree of mobility, but not in other extrapulmonary organs.

LXXXVIII. COMPLICATIONS

The experimental investigation with asbestos minerals was concerned primarily
with the effect of the dust on normal tissue but some attention was given to

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

89. Infection,

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

not made in the other irhslation experiments also.

%



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

culous process initiasted at
the beginning of exposure to asbesios dust, and also of an infection superimposed
upon an established esbestosis, was described in Sections 19 and 20 of this re-
port. It will be noted that asbestos, when classifiied according to the effect
of a dust on tuberculous infection, wouvld be placed below an active dust like
quartz but above inert dusts, such as caleite and gypsum. In animals infected
with attemuated tubercle bzcilli, queartz 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 hesal and the disease disappear.
Asbestos dust is in a different c.a.tegory'. 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 usually the stimlus for continued proiiferstion of

the tubercle bacilli was not sustained, the progressicn was arrested and healing
followed. In guinea pigs infected with attenusted tubercle bacilli following the
complation of nearly three years of exposure to asbestos dust, progressive disease
did not develop. The only modification of the infection was onme of localisation,
a few bacilli being retained in the fibrous terminal bronchioles and forming
tubercles there in addition to the usual focl beneath the pleura. Such tubercles

healed in a few months and there was nothing to suggest any influence on the

course of the disease.

91. Susceptibility to Non-Tuberculous Infection. There was no pointed ex-
veriment concerning the
effect of inhaled asbestos dust on non-tuberculous infection. Intercurrent pneu-

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

guinea pigs exposed in the four inhalation experiments ranging from 16 to 39 per

-0




‘ " cent. This incidentvzl evidence suggests the possibility of an effect of asbestos
dust on non~tuberculcus infection. Nevertheless, since such epidemics are not
uncommion in inhalaticn experiments with other dusts and even in the colony of
normal-an:imels, it is felt that the inhalation of agbestos dust does not exert a

significant eifect on the susceptibility to non~tuberculouvs pulmonary infection.

92. HNeoplasm. _ .

o specific experiment was conducted to debermine whether the imhalation of
asbestog favors the cevelopment of neoplastic disease but certain observations on
this subject were recordsd in the outline of the proposed monugraph on asbeatosis
submitted by the late Dr. L. U. Gardner in February 19h3. In it he called atten-
tion to the high incidence of lung cancer among mice inhaling lcrg-fiber asbestos.

7 In his experimental notes, however, he referred to these lesions us adenomas.

‘ There is an important distinction between adenoma and cancer vhich should be
made clear. A cancer is a tumor, or neoplasm, capable of local in‘asion and de-
struction of tissue, which can &istribnte cells through the lymphatics ox» blood
stream to produce isolated foci, from which new tumors develop. Thi: phenomencn
of dissemination is known as metastasis and any tumor which exhibits it is a
malignant growth, of which cancer:.is one type. An adenoma, on the o.her hand, is
a so-called benign or non-malignant tumor (neoplasm) which may.or me7 not be

| capabls of local invasion but which does not metastasize.

In order to clarify the exact nature of these lesions the path ilogical maters

ial is being carefully examined. Since it is felt desirable to hov: the benefit

of Dector Torwaldts Sudgmemt, » reriew of the data on this subjes’ i hain

nost.-

1

m

poned until after his return from Europe. Rether than delay the ent'ire repert,

‘ further discussion will be reserved for a supplement to be issued et r.

20 .




Owing Yo th2 wast ancent cf data included in bhis report it seems most

convenient te state the conclusions derived from the imvestigation and, when

necesaary, follow each one with & brizf resuns of the evidence.

A, Various forms of 28

o
[\
“
cr
o)
©

lungs of guinsa pnigs, rats, cals
dogs.
Both inhslaticrn and injeciion
for this conciusion. Figwres

to two differert kincds of as

=

produce a psribronchiolayr fibrosig cf the

and mabbitis but not of mice and

atpecimentg provide ample support

1 and & show the reaction

sH05 mineral.

B. Tne mode of action apresrs o be primarily mechanical rather than

chemical in nature.

The evidence is given in section LXXXVIT. Figures 1, 2, 3, L and

-

{ ilustrate the important pointss The fibrous filamented

structure of asbestos appears to play an essential part in the

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

produce fibrosis (see Figure 8).

C. Short asbestos fibers do not produce fibrosis.

The conclusiorn is implied in the evidence menticned in para-

greph B avova. Experiments which further support this finding

are reported irn Tables 21 and 23.

D. Typical fibrosis can be produced by an atmospheric suspension of

asbestos dust contalning only an extremely small propoertion of long

fibers.

In the innalzation experdiment with 100 per cent ball-milled

asbestos dust o typical, though delayed, fibrosis was
L) 3 >



N ottained fsec Table 12), althovsh locs than L per cort of

the ctmospheric cust consisited of

microns, &s is shown in Iable 1l In coenbrash, the intra-
tracnezl injsctlion erperimsat w2ith fine asboesics dast con-

taining no lonn fibers fziled to produce Tibrosis,

¥}

N

(sece Table 21

-

L. Inmiialation of esbestos dust apprarently does not =lier significantly ha
comrae o..{' exf_cerimental tuberculosis in guinsza plc*
This conclusicn is tentative since the svidence on which it
is based does not conform with cur usual experience. Refer-
ence to Table 3 will shew that when infection was coincident
with onset of dust exposure there was temporary progression of
the disease with :mbseqﬁent healing; when infection was
initiated after 25 3/L months of dust exposurs the course ci’ the
tuvbercnlous disease wes not appreciadbly altered. In contrest, it
has been observed in experments with mized dusts containing
quartz that if there is a glight progression of the tubercu-
losis when infection and dust exposure are coincident, this
effect is more marked (instead of less, as with asbestos) when

infection is initiated after a period of dust exposure.

This conclusion concerning the effect of inhaled asbestors

dust on tuderculosis seems justified because in the mors ssusi-

bive test (infection initiated after a period of dust exposure)

0]

| there was no appreciable increass in susceptibility to the

tuberculons infection. However, since the findings in the
. asbestos shtudy do not conform with previous experience, and
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