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TESTS FOR CARCINOGENICITY OF ASBESTOS*

Wm. E. Smith. Llonas Miller. R. E. Elsasser, D.D. Hubert

Health Rezearch Institute, Fairleigh Dickinson Unirversity
Madison, N.J.

Reports in this Annal and elsewhere associate exposure to asbestos with
numerous cases of pulmonary carcinomas and mesotheliomas in man.
Early observations on this association were reviewed by one of us.! Re-
cently. Selikeff. Churg and Hammond- reported studies on a group of 632
insulaton workers exposed to asbestos for 20 or more years. In these men,
pulmonary carcinomas were found at six times the expected incidence and
carcinomas of the gastrointestinal tract at three times the expected inci-
dence. Pleural mesothelioma, a rare tumor. was found in three men and
peritoneal mesothelioma in another. -

In contrast to statistical association between exposure to asbestos and
development of cancer in man, a large literature on experimental studies
has failed to furnizsh any definite evidence for induction of malignant tu-
mors in animals exposed to various varieties and preparations of asbestos
by inhalation or intratracheal injection. Recently, Wagner® reported meso-
theliomas in rats after intrapleural injection of chrysotile and crocidolite
varieties of asbestos. and our group reported fibrosis and development
of mesothelioma in hamsters after intrapleural injection of the amosite
variety of asbestos.* Detailed accounts of mesotheliomas in animals and
associated tissue reactions have not as yvet been presented. These are offered
in the present paper together with reports of intratracheal and feeding
tests with asbestos.

In extensive experimentation at the Saranac Laboratory. reviewed by
Vorwald et al..” and by others reviewed by Behrens.” no cancers were
found in guinea pigs, rats, rabhits or cats examined after long-continued
inhalation exposures or after long maintenance following one or two in-
tratracheal injections. Nordman and Sorge’ reparted lung rumors in two
mice after inhalation of chrysotile asbestos over a period of nine months.
Their claim for induction of cancer with this material must be evaluated,
however, with the consideration that one of the tumors reported by them
was an adenomatous type not UNCOMMON as & SPONtanes 13 tLmor in mouse
lungs, and their photograph of the other lesion leaves a question as to
whetner it may have been an area of squamous metzplasia rather than
neopiasia. Lynch ef al.” exposed mice to a commercial pregaration of ehrys-
otile ashestos by inhalaticn for 8 to 12 hours daily for five days per week

*This work was zupported by U. 8. Public Healt Sr:.rvice Fesezreh Grant

\
-

CA 77651 from the National Cancer Institute ard by 2 grant from ifhe Deerirg

Miilixen Foundation.
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Smith ¢f al.: Tests for Carcinogenicity 457
bezinning at two months of age and sacrificing for examination at 19 or
24 months of zge. In 127 exposed mice compared to 222 controls, they
found that the percentage of individuals bearing single pulmonary adeno-
mas was the same (23 per cent: in both groups, but the percentage of
individuals bearing multiple puimonary adenomas was greater in exposed
mice (18 per cent, tran in the controls (8 per centr. They did not regzrd
any of the tumors in their animals as carcinomas.

With known carcinogens, it has often been found that the Jatent period
between first exposure and development of tumor can occupy a consider-
able proportion of ihe life span of a test species, and that this period in-
creases with decrez<e in potency or dose of carenogen, Tests for carcino-
genicity of materizls of weak or unknown potency: must therefore extend
over periods approximating the natural life span of the species selected for
the test. The experiments by Lynch and his associates on mice were designed
to meet this reguirement. In the inhalation experiments by Vorwald and
his associates. considerable numbers of guinea pigs and rats were ob-
served over periods approximating their natural life spans. Long-term
studies of this nature have not vet been reported for other species given
experimental exposures to asbestos and sacrificed at relatively early pe-
riods for study of asbestosis.” A conziderable period of years might be
required for adequate tests in long-lived species such as cats, dogs or
monkeys. In experiments reported by one of us and associates.’ 1.373
days were required to induce cancer in the rhesus monkey with a highly
carcinogenic petroleum derivative that elicited cancer within 411 days in
rabbits and 70-days in mice. This same materiai did not elicit cancer in
tests with rats or guinea pigs. an illustration of another aspect of tests
for carcinogenicity i.e., variation in susceptibility of different species.

In designing tests to explore the question of carcinogenicity of asbesti-
form minerals. we therefore determined to utilize a species that had not
been previously employved for the purpose, and that had a relatively short
life span. The golden Syrian hamster met these requirements. Also. intra-
tracheal injection proved to be conveniently accomplished in hamsters.

Characteristics of samples selected for the tests presented a further
consideration. In contrast to increasing fibrogenicity of silica with de-
crease in particle size. it had been reported that intratracheal injections
of chrysotile with average fiber length of 20 to 50 microns induced fibro-
sis in the lungs of guinea pigs but that the fibregenic action of this ma-
terial was lost when milled to average lengths of 3 microns or less.” It was
therefore of interest to note that a principal sample used for inhalation
exposures in the Saranac experiments was said to contain only 6.7 per
cent of fibers longer than 10 micrens and 20 per cent of particles described
as “grains.” The “grains” may net have been asbestos but dust from rock
that had surrounded veins of asbestos in the deposits from which it had




o e

Jada

i EERDTT

WSO

el L
0w

o e

458 Annals New York Academy

of Sciences

been mined. Other samples used in inhalation exposures by the Saranac
group were said to have an even smaller content of fibrous asbestos. The
sample used for the inhalation experiments by Lynch’s group was said
to be composed to the extent of 95.5 per cent of material that “appears
to be mostly irregular pieces of granular serpentine rock.” Intratracheal
injections of long-fiber preparations of a variety of asbestiform minerals
were done in the Saranac experiments with guinea pigs and rats, but
these experiments were not designed to test for carcinogenicity and ani-
mals were sacrificed at relatively early times to study

development of
asbestosis.

A further requirement for tests for carcinogenicity of asbestos was
therefore to prepare samples consisting principally of asbestos fibers freed
insofar as possible of rock dust and other impurities. A method for this
purpose was developed in this labeoratory by Badollet and Gantt.!* Since
any effects of fiber lengths upon possible carcinogenicity may differ from
effects upon fibrogenicity, preparations with a broad range of fiber lengths
were emploved for our animal tests.

A review of experimental studies of lung cancer has been published.”*
In the present work. pleural mesotheliomas were found in hamsters after
intrapleural injection of amosite and of harsh chrysotile but not after
intrapleural injection of soft chrysotile. Diagnosis of these tumors and
comparison of them with mesotheliomas in man has been discussed else-
where.' Tumors were also found in the gastrointestinal tract and liver
of hamsters fed asbestos but these may have been spontaneous growths
unrelated to asbestos. No tumors have as vet resulted from intratracheal
injections of asbestos, but many animals injected by this route are still
living. From necropsy findings in theze experiments, some theoretical con-
siderations arose in regard to genesis of tumors after exposure to asbes-
tos. These will be discussed.

METHODS

s T

rachenl [njections, soft enrysotile Sample 2,
harsh chrysotile Sample 1 and amosite fample 7 prepared by Badollet
and Gantt were used. Distribution of fibers in various size ranges in
these samples are detailed in their paper. The per cent of fibers between
5 and 100 microns in theze samples
Tiv eiy.

For intrapieura) nnd intrats

.

was 940, 92.53 and 87 per cent, respec-
Average fiher lengths were T 26 and 17.6 microns, respectively.

For feeding, new batches of soft chrysotile and of amosite were from

frys
time to time prepared with characteristics roughly approximating those

of Sample 2 and Sample 7, respectively. .
For intrapieural injection, the kair over the right chest was clipped
away and the

sxin was swabbed with tincture of icdine ard then with 70
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per cent alcohoi. The right chest was stabbed siv times with z ~harp-
pointed 25 gauge recdle witn o5 ent of inducing pneamothorex.” T days
later, injections were made it an 18 ga.ge recile. The bevel of this
needle was grownd short arnd rounded to favor depozition of inocuium in
the pleural space rather than into the lung. As described in the ‘ext, the
inoculum occasinnzlly failed 1o te depnsited in the peural =pace and was

found instead in i1he tissue of 1rz chest well, but in only one insiance was
tnere evidence that the innecuium had been injected into the lurg.

For intratracreal injection, trhe technique uzed by Herrold and Durnham®
for hamsters was followed, usirg Nembutal anesthesia.

The hamsters were mdm*"nerl on a commercial pelleted feed (“GLF
Dies oy Barm ey WU FL Firter, Bagnd Drack N, T, suprlermenzed with
apples, carrots or =pmdch three times a week. Water was zvai.able ad
libitum. When asbestos was added to the diet, the commercial feed was
purchased as an unpelieted powder and one per cent of the asbestcs sample
was mixed into it. adding three per cent dextrin &= a binder. The mix was
moistened with water and maléed into blocks which were dried ¢vernight
in an oven at 64 C. These blocks then replaced the commercial pellets in
the daily regimen of hamsters designated to receive ashestos in their feed.
Weight records of hamsters fed these blocks. supplemented with apples,
carrots or spinach as above, showed gain and maintenance of body weight
comparable to that of hamsters on the diet without asbestos.

For all experiments, male hamsters obtained from a commercial breeder
(Lakeview Harizter Colony, Newfield. N. J.» who were about two months
of age at the start of the tests were used. They were housed in open mesh
cages. They were weighed biweexiv., Animais exhibiting persisting loss of
20 per cent or meore of body weight or who appeared moribund were sac-
rificed for examination. Otherwise, thev were allowed to live out their
natural life spans. At sacrifice or natural death. necropsies were per-
formed that were complete except that the brain and nasal sinuszes were
not examined. The oropharynx and cheek pouches were inspecied. The
larynx, trachea and bronchi were opened by dorsal incision. and examined
with the lungs under a dizsecting microscope at 7 ~ magnincaticn. Obser-
vations were recorded and tizsues taken for hiztological examination. The
right and left lungs were taken separately and routinely saved. They were
cut vertically through the hilum except where tumors or other gross find-
ings required additional blocks. Blocks of other tissues were taken where
indicated by gross findings. In animals that had received asbestos in their
diets, and in untreated « “ntrols, the esophagus was tied off and the stom-
ach distended with 2 ml. formalin by a needle run in from the duodenum.
As this needle was withdrawn. a lgature laid around the-duodenum was
pulled tight. The distended stomach was placed in formalin and zubse-
quently bisected for examination by a cut along the lesser and greater
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curvatures. The small and large intestines. the cecum and rectum were
opened. examined. coiled on cardboard for their rull lengths and fixed.
All tissues were fixed in 10 per cent formalin containing 2 per cent so-
dium acetate. Hemaroxyiin and eosin were used for routine staining.
Mallory’s connective tissue stain was used for special studies. Ameasite and
harsh chrysotile fiders could often be seen in tissue sections by reduced
iltamination through closing the diaphragm of the microscope condenser.
This procedure seldom revealed fibers in tissues treated with soft chryso-
tile. In the course of this work. a methed for visualizing asbestoz fibers
in tissue sections without destroving tissue relationships was developed.'

FINDING2

Erperiment A
This experiment comprised 60 hamsters divided into four treatment
groups of 15 animals each. Each animal in three of trese groups was given
a single intrapleural injection of 23 myg. of a sarmple of asbesios sus-
pended in 0.5 ml. of a 0.9 per cent sodium chloride sol:tion. Those in Group
1 received harsh chrysotile Sample 1; those in G-nup 2 received soft
chrysotile Sample 2: those in Group % received amozs

site Sample 7. Groups
1 and 2 received one per cent soft chrysatile in tha diet. Group 4 recaived
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OIe LEY Cent arro-ite n tne digt, Grooy 4 was reintained az & control un-
treated with a~-e-t03. Re-.l1- vere as follyus,

Grovp 1. Trres Lam steys were examined between 07 and 102 davs after
injection. In two. tne ingected a-estos was found 1o have heen deposited

in trhe chest wal, ins~tead of i

1o the parietal jleura. Tne thic g 2
firm gray zone on the medias ~urface of the rigrt lower lohe. The base

of this Jobe wa

~ adherent to 1he diaphragm. Histologicaily, the adhesinns

-1,

formed a dense.v cedular and riehly vascular gra

Ficure 2. Higher power view of an area of the adresion shown in FIGURE 1.
Most of the cclis are macrophages, some of wh.ch are coalezeing to form multi-
nucleated giant ce:is. 400 ~ .

On the 187th day, a hamster was sacrificed becvause of the loss of 40
gm. in weight. and deformity of the chest. All lobes of the right hung were
densely adherent 1o each ether and to the parietal pieura. The right pleural
cavity was obliterated by these adhesions, which compressed the right
lung and contracted the right chest wall inward. A firm grav-white 10 ~
T~ 2 mm. disceid tesion bound the base of the right lung to the diaphragm.
The inferior surface of the heart was bound by dense adhesions to the
parietal pericardium and diaphragm. There were adhesions beiween the
pericardium and the left lung. The adhesions in this animal diTered from
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these in the preceding animal in that they centalned many well-developed
multinucleated giant cells often with a dozen small nuclei arranged in a
c¢ircle around the periphery. The discoid lesion was a thick adhesion with
a necrotie center ihat contaired granules of calcium.

Five hamsters died or were sacrificed between 231 and 398 days. In two
of tnhese, nothing remarkabie was found aside from a nodule around a '
ubcutaneous deposit of asbestos. The other three had dense pleural ad-

resions involving the right lung. delicate adhesicns involving some areas

: of the left lung. and. in two. obliteration of tne pericardial cavity by B
adnesions. As in the preceding animals. the lobes of the lungs stood out :
3 as pink and air-containing though compressed to varyving degrees by the

3 iesions on their surfaces. In the 393-day arnimal. the adhesions were .
p norillar connective tizzue with oniv occasional giant cells.

:: There were calcium deposits in necrotic foci ( FIGURE 3. A mass measuring
:“" 15 + 9 x 5 mm. lay in the mesentery of the small intestine, Microscopically, : .
;;;E it proved to be a malignant Ivmphoma.
% .On ‘the.419th day. a hamste_r ' H ?2» was sacrlﬁce.d because. of pare?l}:sis Frotre. 4. Coron:
& of both hind legs. The lobes of the right lung wers pink and aiv-comtaining a pleural mesotheli:
o

but compressed by a solid tumor that meazured 39 < 20 x 15 mm. and lay is the d}a:.rl;— mass 3}
. . - . -er lob-
between the chest wall and right lung from which it could not be sepa- The right lower !

Note that the tumc
rated (FIGURE 4 . The cut surface of the tumor was gray-white, firm, and the lung. The base
diaphragm is the I
hesions show as I
between the lung an:
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FiGure 4. Coronal section of thoracic organs from a hamster that developed
a pleural mesotheiioma 419 days after injectior of harsh chrysotile. The turor
is the dark mass on the right. The ventricles of the heart are seen on the lefr.
The right lower lobe of the iung is compreszed between the tumor ard the heart.
Note that the tumor has exiended alorg the p'eural surface without invading
the lung. Tre base of the lung is bound by an adhesion to the diaphragm. Thre
diaphragm is the inverted U-shaped structure beneath the lung. Pleural ad-
hesions show as light gray zones between the lung and the diaphragm, and
between the lung and the tumor. 3 x.
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Fictvre 5. Higher magnification of an area from FIGURE 4. The tumor is on
the right. The compressed lung is on the left. The light gray zone between them
is fibrous thickening of the pleura. 100 x.
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FigUre 8. Junciion of the tumor of FIGURE 7 and the lung. Note that the tumor
does not invade the lung but iz seperated from it by thickened preura. oo x.

in which asbestos fibers, but no asbestos bodies, were seen. Giant cells
were rare.

Pieces of this tumor were transplanted azeptically with a trocar inta
the right posterior thigh muscles of three adult male hamsters. three
adult female hamsters and three new-born BALB C mice. No growth oe-
curred in the mice. Progressively growing tumors developed at the trans-
plant sites in each of the six hamsters. and all of these animals died with
large tumors 50 1o 70 mm. in diameter within 10 to 15 weeks.

Among the surviving animals of the original Group 1. one was sacri-
ficed because of labored breathing on the 327th day. It had a solid, fine-
textured. hard. white tumor measuring 20 ~ 15 \ 10 mm. which lax behind
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FIGURE 9. Spindle cells of the tumor of FIGURES T and 8. Two mitoses are near
the center of the photograph. 400 x. :

the heart. The lungs were bound to the chest wall, mediastinum and dia-
phragm by adhesions or by the tumor (FIGURES T and 8). The pericardial
sac was obliterated by adhesions. The liver contained 2 § < 4 x 3 mm.
grape-like cluster of cysts with paper-thin walls. filled «ith clear fluid. The
tumor was composed of spindie cells (FIGURE 9 .

Another animal of the original group was szcrificed on the 539th day.
In it, there were adhesions in the right pleural cavity and pericardial sac.

Three hamsters of Group 1 survive at the present writing.

Grovp 2. Two hamsters were examined 204 dzys afizr infe—~ion. In ons,

there was no evidence of asbestos or rezction to it in the pleural cavities
or lungs. In the other, all lobes of the right lung were breadly bound to
each otaer and to the chest wall by thick adhesions. Tre base of the right
lower loche was bound to the diaphragm by z firm. grav 6 » 6 ~ 4 mm. mass
with an iil-defined edge. This proved to b = an zrea of recrosis surrounded
by fibrous tissue containing macrophages and rmultin.cleated giant cells.
The adhesions elsewhere also showed foci of necrosis, but were for the
most part composed of sparsely cellular finrillar connesive tissue.

On the 235th day, a hamster dving <f “wer 1ail” wis found to have
the rigrt pleural cavity entirely obliterared Ly firm adhesions which syr-
rounded znd encazed the lohes of the rignt lurg. Tre thickest adhesions
Were petween the pase of the right lower lohe zrd tre diapnragm, where
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Ficure 10. Pleural adhesion 255 days after irjection of soft chrysotile. The
lung is on the left. Tke rest of the field is filled with the thick adhesion, which
contains many Jiscrete. dark-gray isiands of celis Iving amid fibriliar conrnective
tissue. Some of these isiands are shown at higher magnification in FIGURES 11—
13. 100 x.
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Ficure 11. Junction of the lung and pleural adhesion of the specimen shown
In FIGURE 10. The luny is on the left. In the area between the lunyg and the center
of the adhesion, there is hypertrophy and hyperpiasia of mesothelial celis of the
pleura which are seen as plump, rounded or cuboidal cells. 400 ~ .
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two nodular lesions. T N 7 N 3mm. and 8 N 6 N 3 mm.. were located. On
the right side of the pericardial sac. there was an adhesion 4 mm. wide
and !> mm. thick between parietal and visceral pericardizm. Sections
of the lesions at the base of the right lower lobe and of the adhesions else-
where resembled those described in the preceding animal. but the nodular
masses contained much finely granular material that staired blue with
hematoxylin and was considered to be caleium. Also. the adhesions con-
tained many isiands of cuboidal cells which lay in clusters or lined cleft-
like spaces. They resembled cells of the thickened pleura ( FIGURES 10-13).

In a hamster sacrificed on the 352nd day because of weight [oss, the
lateral surfaces of the right upper and middle lobes were bound by ad-
hesions to the chest wall and their medial surfaces to the mediastinum.

Ficure 12. Mesotheial cells lining a cleft deep within tne adhesion of FIGURE
1IN, 409«

The dorsal surfzce of the heart was adherent to tre parietzl pericardium
in an area continuous with the adhesion of the rignt isng to the medias-
tinum. At the base o7 the right lower lohe, there waz 2 13 » 4 + 4 mm.

vellow mass eontaining necrotic tissse znd grern Dler materlzl surrounded

il >
by a capsule 1 mm. trnick. Microsenpica the gran.lar material was found
to be czleium, and tre capsule was fibrilar connective tizsge Jightly indl-

trated by round cell=. In it. a few asheztns finers were szen. Trnore were
occasional muitinucleated giant ce 2 bt the-e wers degererating. Oca-

sional islands of cubeidal cells lay in the zdhesions rear <ne 5 earal surface.
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A hamster trat died on the 3%Ist day had thicx pleural adhezions sur-

reanding all lobes of the right lung except the infracardiac Inbe.

In a hamster mied on the 4%7th dav, a boggy, vellow mass reasuring
16 ~ 12 ~ 12 rem. replaced the right upper and middle lobe~. Tre cut sur-
face showed it to be ~oft, ca-2o.s material surrounded by a thin capsule.
Asbestos fibers were seen in some of this material suspended in a drop of
water. It was crrciuded that the injected asbestos in this animal had been
deposited into the lung instead of into the pleural space. The tissue re-
sponse to this injection contrasted markedly with the previcusiy dezcribed
granulomatous and fibrotic responszes to intrapleural injection-.

On the 45450 day, a narnsior sacrificed becau-e¢ of welghi izs had a

10 » 8 ~ 8 mm. vellow mzss in ihe right costophrenic angle. It iay in the

FicUre 13. Mesothelial cells arranced in discrete islands deep witiiin the ad-
hesion of FiIGURE 10, This adhesion was attached to the chest wall and the block
was decalcified. Tre appearance of the nucler 1in FIGURES 12 and 13 is an artifact
of decalcification. 40u x.

pleural space. compressing the right lower and middle lobes and binding
them to the chest wall and diaphragm. The cut surface revealed granular
vellowish-white material Iving in a fibrous mesh-work surrounded by a
tough grav wall 1 to 3 mm. thivk. An uleer was present in the forestomach.
It was a thickening 5 mm. in diameter with a central crater.

A large. well-developed hamster that had seemed in good condition was
found dead on the $10th dav. In the right axiila, there was a 20 ~ 10 X 6
mm. encapsulated mass containing thin, greenish-yellow pus. The pleural
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cavities each contained about 2 mil. of clear. thin fluid. There were no pleural
adhesions. The hungs were small. dull and bogey. The Auid in the pleural
cavities was attrivuted to congestive failure. The liver contained numer-
ous tnin-walled cvsts filled with clear fuid. The median lobe was largely
repiaced by a solid tumor which proved histologically to be a cholangio-
carcinoma.

On the 435th day. a hamster was sacrificed because of a 10 mm. mass
in the right axilla. [t communicated by a wide extension beneath the
clavicle with a 20 mm. mass in the subcutaneous tissue on the right side
of the neck. The mass in the axilla was composed of tough fibrous tissue
with white, granular deposits of calcium. The mass in the neck wasz a thin-
walled sac filled with moist. white caseous material. The pleural cavities,
lungs and other organs were not remarkable.

A hamster sacrificed because of labored breathing on the 476th day
had extensive pleural adhesions ‘FIGURE 14} on the right with a 10 mm.
mass extending from the right pleural cavity throtgh an intercostal space
into the subcutaneous tissue of the right chest where it communicated
with a thin-walled cyst filled with colorless fluid. Four blocks from differ-
ent areas of thiz specimen revealed no tumor. The parietal and visceral
layers of pericardium were bound together by adhesions continuons with
adhesions binding the right lung to the mediastinum. The left lung was
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Frorez 14. Pleural adhesion 476 days after injection of soft chryastile. The

lung i: seen at the wun. The center of the adhezion 15 recrat.e and eonrains de-
of caleium welch show as black areas. The depozit ne the right is sar-
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not remarkable, but the left pleural eavity contained watery fluid as did
the peritoneum, sugge-iing congestive Tailure. Seven ¢vsts, 2 to 12 mam. in
diameter, were found in the liver.

An anirnal sacrificed on the 557th dayv had, In the right axiilla, 2 10 ~ 7
¥ 4 mm. yvellow nodile with a contiganas 11 mm. <7 rerical mass. The cut
surface of the latter snowed a 2 mm. thick, tough rind surrounding dry,
gran.lar, white material that grated under the knife. Microscopic exami-
nation of this materizl in a drop of water with reduced iliumination
showed occasional ashestos fibers. The rind of this mass had undergone
neoplastic change and proved to be a sarcoma.

In an animal found <ying on the 355rd day, all iobes of the right lung
were bound to each other by adhesions that were delicate except for four
areas where there were spherical or ovoid vellow, opaque masses about
5 mm. in diameter. Two of these masses bound the right lower lobe to the
diaphragm. The liver contained three fluid-filled cysts that were 2, 9 and
11 mm. in diameter, respectively. In the mesentery adjacent to the de-
scending colon, there was an 8 x 3 mm. discoid lesion which proved micro-
scopically to be an anaplastic malignant reoplasm. This lesion is being
studied by electronic ashing'® to learn whether asbestos fibers were asso-
ciated with it.

One animal of Group 2 escaped on the 157th day. Two survive at present.

Group 3. In this untreated control group there were nine deaths between
181 and 248 days after the start of the test. These deaths were attributed
to an endemic disease of hamsters known as *“wet tail.” The tissues of
these animals were not remarkable aside from injection of blood vessels
or hemorrhage in gut. liver and lungs attributed to infection. There were
no tumors. The pleural cavities were niot remarkable. No cysts were found
in the livers. Nor were any anatomical lesions found in three hamsters of
Group 3 that died on the 375th, 480th znd 555th dayvs of causes we were
unable to determine. The three remaining animals of this group survive
at the present writing.

Eight untreated control hamsters from another experiment were sacri-
ficed at ages of 480 days., — 30 days. The tissues of these animals were
not remarkable. There were no cysts in their livers. No tumors were found
at any sites.

In hamsters obtained from the same colony but used for experiments
not involving asbestos, we found cysts in the livers of four individuals. a
tumor of the adrenal cortex in one. a malignant tumor in the lower geni-
tourinary tract of another. and gastric ulcers in six.

Group 4. A large tumor was found in a hamster sacrificed because of
labored respiration 244 dayvs after injection. On opening the abdomen. a
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# FiGURE 15. Mesothelioma in a pleural adhesion 244 davs after injection of

; amosite. The fibrillar cornnective tissue (light gray) of the adhesion contrasts 5 Fieure 17. P}eural
& with the darker islands and sheets of tumor cells. 100 x. 244 days after injecti
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Fiorzs 16, Another zrea of the tumor of FioepE 15, Here, it is invading the
diaphragm. The pleomornz e polygonar ec5 of the turnor are growing hetween .
musele oundies of the Z.apzragm. Trere are zeveral mitnsesz, 400 ». F1GUee 13, Higher m.
shown in F1GURE 17, I
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FicUre 17. Pleural adhesion between lung and chest wall in another hamster
244 days after injection of amosite. Air spaces of the lung are seen on the right.
This adhesion was very vascular. The dark round or elongated structures are
blood vessels. This adhesion contaired great numbers of multnucleated giant
cells packed with amosite fibers. 100 x.
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Fi6URE 18. Higher magnification of multinucleated giant cells from the lesion
shown in FIGURE 17. Innumerable amosite fibers lie within these celis and in the
surrounding tissue. The fibers are best seen by examining the photograph with
a hand lens. The large, dark structures are blood vessels. 400 .
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pinkish-white mass was seen extending from the chest through the dia-
phragm. It was surrounded by a delicate capsule which had perforated
at the Jower pole. revealing the contents of the mass as soft. lumpy tizsue.
On cpening the chest. this mass was seen to be part of a tumor that meas-
ured 40 N 20 X 15 mm. and was compased of sof:. somewhat translucent,
light-gray tissue that largely filled both the right and left pleural cavities,
displacing the lungs pesteriorly, and covering the diaphragm with a sheet
of gray tissue 3 mm. thick which had the soft texture of the tumor in
contrast to the tough. vellowish pleural adhesions described in preceding
animals. The tumor was composed of plump pleomorphic polvgonal cells
and some areas of spindle cells (FIGURES 15 and 16). Thev had abundant,
moderately acidophilic evtoplasm and large. oval, vesicular nuclei. In a
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wuloma in an interlobular fissure of the right lung
amnzita, Alvinlar ling 1.3vie g wmn 4t cnrat e
aph. Tnis granuloma is densely speckied with giant ceils.

£brous adhesion between the right lung and the tumor, many multinu-
c.eated giant cells were packed with ashestos fibers. Large numbers of as-
besios Shers lay in the tumor in the are: adiacent to this adhesion. Meta-
lc ceposizs of tumnr celis were found in the liver and lympn nodes.
itinral pratogrepns of this tumor and a metastasis of it are contained
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FIGURE 20. Higher magnification of multinucleated giant cells in the lesion of
FIGURE 19. Innumerable amosite fibers can be seen by examining the photograph
with a hand lens. Many are packed into the giant cells. 400 X.

that the injected asbestos had been deposited there rather than into the
pleural space. In the second, pleural adhesions bound the right middle
and lower lobes to each other, and to *he chest wall and diaphragm. In the
third. thick adhesions encased the lobes of the right lung and bound the
inferior surface of the heart to the diaphragm (FIGURE 17:. There were a
few delicate adhesions between the left lung and the diaphragm, and
between the apex of the left lung and parietal pleura. The thick adhesions
around the right lung were highly vascular and densely cellular with great
numbers of multinucleated giant cells loaded with asbestos fibers (FIGURE
18). In an adhesion between the right lung and heart. there were many
islands of cuboidal cells that appeared to be sequestrated mesothelial cells
of the pleura.

A hamster sacrificed on the 272nd dav because of gradual loss of 60
gm. in weight over the preceding three months had extenzive vellow ad-
hesions up to 1 mm. thick in the right pleural cavity and delicate adhesions
in the lert. Both right and left lungs were adherent to the mediastinum.
The pericardial cavity was obliterated by adhesions up to 3 mm. thick.
There was a 3 mm. roundcd firm vellow nodule at the apex of the right
lung and another similar nodule adjoining the right ventricle. Micro-
scopically, these nodules were fibrous tissue studded with large numbers of
multinucleated giant cel's (FIGURE 19'. Many asbestos fibers lay both
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within and outside the giant cells (FIGURE 20'. In the thickened pleura. , On the 358th
there were numerous clefts lined by cuboidal or rounded cells with small : which felt bogzy
vesicular nuclei. shown a sudden ¢

Firm and extensive vellowish adhesions up to 2 mm. thick encased both domen showed
the right and left lungs and the heart of a hamster dving on the 275th : necropsy, dense yv
day. To search for posszible eariv stages of neoplastic change. szerial sec- ) of the left lung an
tions were cut on a block from an area where the right lower lobe was face of the heart.
densely adherent to the diaphragm. These showed granulomatous intlam- , adhesions. On the
mation. The area between lung and diaphragm. and between lung and lobe the_re wasAn !

chest wall was filled with dense fibrous tissue that stained a brilliant blue inal cavity. Th.ls n
with Mallory's connective tissue stain (FIGURE 21+. This tissue contained . white tumor tissu
many muitinucleated giant cells. macrophages, lvmphocytes, fibroblasts. nodules of Suc‘? t

and some plasma cells. Innumerable asbestos fibers were present, many were greatly diste

within the giant cells. A Iymph nede contained many macrophages and ‘ the level of the %
many asbestos fibers. The lung itself was partly collapsed and markedly nodules. There als
congested. but otherwise not remarkable. Many places in the scar near the '

lung showed islands of cuboidal cells in acinar arrangements. From the {

scar tongues of fibrous tissue extended between muscle bundles of the dia- :

phragm and chest wall. Theze tongues of tissue stained blue with Mal- :

lory's connective tissue stain. No cells were found that could be recognized :
as necplastic.
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On the 358th dav, a harm<ter was noed to have a disternded abdomern

which felt brggy end gate a dull sourd on percussion. Tris animal had
shown a :.dden gain of 20 gm. in weigst. Smear of Juid from the ab-
domen showed large round tumor ce.s with large wvesicu.ar nuclei. A7
necropsy. dense vellow aare<ions were fournd on the diaphragmatic surface
of the left lung and delicate colorless adrnesions on the diaphragmatic sur-
face of the heart. The right lung was completely encased by dense yellow
adhesion=. On the pozterior and diaphragmatic aspect of the right lower
lobe there was a mass exterding through the diaphragm into the abdom-
inal cavity. This mass, 25 mm. in diameter, was composed of soft, gravi=n
white tumor tissue. In the me=entery of the bowel, there were at least 30
nodules of such tissue 1 1 11 mm. ih G.aretdr. Lacteals in the mesenters
were greatly distended. Trere was a 6 mm. mass adjacent to the aorta &t
the level of the kidnevs. The liver had several small, superficial, gray
nodules. There also was a gastric ulcer.
= e T
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FIGURE 22. Mesothelioma cells (dark gray) lying between the right lung (zon)
and a thick adhesion (light gray) that bounc this lung to the heart (bottor of
photograph) at 338 days alter injection of amosite. This tumor spread widely
over the pleural surface of the lung. 100 ~.

Jacob Churg, who describes cases of human mesotheliomas in this
Annal.”” furnished the enclosed note on his study of bleeks from this ham-
ster (FIGURES 22-27).

Right lung and tumor. The lung is partly collapsed and is partly sur-
rounded by a layer of granulation tissue containing asbestos fibers,
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FiGure 23. Higher magnification of an area in FIGURE 22. Polyh=Zrai or irreg-
ulariy-shaped tumor cells cccupy the upper haif of the prawzrar . The lower
half shows the fibrous pleural adhesion with two muitinucieated gian: ceils.
400 x.
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Fi1orUrE 24, Lung with two metastazes of the turmar shosr r 7FioTges
23. 149 «.
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Ficurre 25. Higher magnification of the edge of one of the metastases shown
in FIGURE 24. The compact mass of large tumor cells (right) abuts open alveolar
lung tissue (left). 400 x.

macrophages. Iymphocytes, plasma cells. numerous fibroblasts and dense
collagen. The tumor is located mainly on the diaphragmatic and poste-
rior surfaces of the Jung. It consists of polvhedral or irregularly shaped.
-semetimes elongated cells-with variable, generally Jight nuclei and often
prominent nucleoli. The cyvtoplasm is distinctly eosinophilic. Many mi-
toses are seen. Asbestos fibers and even occasional asbestos bodies are
found between the tumor cells. The tumor infiltrates the base of the lung.
A small independent plaque of tumor is found on the lung surface be-
tween lung tissue and asbestos granulation tissue. An independent nod-
ule of tumor is found near the trachea. This apparently represents a
Iymph node metastasis. In addition to the tumor and the remnants of
Iymphoid tissue. this nodule contains a considerable amount of iron
pigment and a smaller amount of asbestos fibers. QOccasional foreign
body giant cell is seen.

Lung and heart. Asbestos granulation tissue with numerous asbestos
fibers is found adherent to the lung and also extending into the inter-
lobular fissure. Granulation tissue is also adherent to the heart. appar-
ently having invaded the pericardium. It also extends into the dia-
phragm. Small nodules of metastatic tumors are found in the lung and
in the diaphragm.

Metastasis. Metastases are found both in the chest and abdomen. They

e
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A hamster sacrificed on the 423rd day after gradual loss of 35 gm. in 8 < 8 mm., lesic
weight over a peried of six months had ail lobes of the right lung bound
to each other and to the parietal pleura by grayv adhezsions 1 to 2 mm. thick.
The right lower lobe and the heart were bound to the diaphragm by a
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replace the thymus. are seen in the retroperitoneal space, in the liver. spherical nodule
kidrey. mesentery and omentum. around the pancreas and adrenal. at- in the muscle.
tached to the serosa of the large and smali intestine and the stomach. On the 482nd
No tumor metastasis was found in the vertebral column. gain of 52 gm. ;
Stemac/. An ulcer of considerable size is Tourd in the stomach. It is i erated by adhes
quite acute with necrosis of the mucosa and dense iciiltration of the i dicated congesti
submucosa by polymorphonuclear leucocytes. Asbhestos dbodies are found the mediastinun
in one area at the base of the mucosa distant from the ulcerated area. each other and t
j the right lower
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broad. continuous, vellow adhesion 2 mm. thick. These were tibrous ad- ’é‘w‘av
; hesions with great numbers of giant cells containing asbesios fibers. There ) ’éf
b were many asbestos bodies. Search was made for zreas ¢ beginning neo- 4 v" Py
! plasia but none were identified. Some small spaces in the adhesions were ',O{g ' -l
. . = T
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spherical nodule of fibrous tissue which wasg attached to a 3 mm. nodule
in the rmuscie.

On t-e 432nd dav, a hamster wes sacrificed because of edema with a
gain ¢ 52 gro. in weight in two weeks, The pericardial cavity was objit-
erated oy acresions. Anasarca, zscites and enlargerent of the liver in-
dicated congesiive heart fzilure. Tre left jung was celicateiy adnerent to
the mediastin sm. Al lobes of the right lung were delicately adnerent 1o
each oiner ard to the parietal pleura with a prominent thickening between
the rig=t lower lobe and the diaphragm. This was an ovoid-shaped, 10 ~
8 x 8 mm., lesion with a tough, thick rind surrounding granular material
whick zroved 10 be necrotic tizssue containipg asbesios fhers and grenules
of calcium. Adjoining the wall of this lesion, 2 small tumer composed of
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Ficr®E 27. Higher magnification of an area in FIGURE 26. From right to left
are seen intestinal glands, intestinal wall, then the cells of the metastasis. 400 X.

neoplastic spindle cells was found in the microscopic sections (for photo-
graphs, see Reference 13, FIGURES 7 and 8.

On the 514th day. a hamster sacrificed because of weakness and weight
loss stowed equally extensive obliterative pericarditis but congestive fail-
ure hzd not set in. Gross findings in the right and left pleural cavities were
almos: identical with those described for the preceding animal. the most
prominent lesion being a 6 ~ 4 x4 mm. nodule in the right costophrenic
angle. Anotrer hamster, that died on the same day. had very similar ad-
hesions in the right and left pleural cavities with a 4 mm. firm granular
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nodule in the right costophrenic angle. There was a 6 mm. grape-like clus-
ter of thin-walled. fluid-filled cysts in the median lobe of the liver.

An 8 mm. thin-walled cyst was in the median lobe of the liver of 2 ham-
ster sacriticed on the 532nd day because of congestive failure associated
with obliterative pericarditis. Both lungs were densely adherent to the
mediastinum. The base of the left lung was bound to the diaphragm by a
wide mat of yellow adhesions 2 mm. thick. All lobes of the right lung were
bound to each other and to the parietal pleura by dense adhesions. There
was a7 X 8 X 5 mm. mass of vellow adhesions in the right costophrenic
angle.

One animal of Group 4 was lost. The last of the 15 hamsters in this
group was sacrificed 559 days after injection. He was a big animal in ex-
cellent condition. There was delicate adhesive pericarditis. Both lungs
were adherent to the mediastinum. Delicate adhesions bound the left lung
in some places to the chest wall and the diaphragm. All the lobes of the
right lung were adherent to each other and to the parietal pleura, the
thickest adhesion being a 1 mm. yellow mat, between the right middle
and right lower lobes, and a 7 x 3 x 3 mm. vellow mat between the right
lower lobe and the diaphragm. The liver contained ten thin-walled cysts
1 to 11 mm. in diameter filled ~vith clear tluid.

It will be apparent that in the last four hamsters described, the asbes-
tos had evidently been injected into the most suitable position for indue-
tion of pleural mesothelioma, and these four animals had lived 270 to 315
days longer than the time of detection of the first mesothelioma in Group
4, yet no tumor resulted in them.

INTRATRACHEAL INJECTIONS

To gain experience with the technique for intratracheal injections of
hamsters-’ trials were made witn suspensions of India ink in saline. The
animals used in these trials were sacrficed immediately after injection, and
examined for site of deposition of the ink. In the first groups. the ink was
sometimes found in the lungs and sometimes in the stomach, the latter
event showing that the pipette had been introduced into the esophagus
rather than ine tracnea, A< experience was gained, it was found that ink
could be reliably deposited into the lungs by delivering the injection only
when pressure on the chest wall caused a rise in fluid level in the pipette,
showing that the pipette was positioned in the trachea rather than in the
esophagus. These tests aiso showed that a volume of 0.1 ml. of saline could
be safely injected, but that a volun.e of 0.2 ml. caused deaths immediately
after injection, evidently from asphyxiation.

In undertaking tests for carcinogenicity of samples of azhestns by the
intratracheal route, a first requirerment was to learn the amounts of these
materials that could he injected into hamsters witnnut unacceptable losses
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of animals. For this work, we used the same three samples of ashestos that
hLad been used in the preceding tests by the intrapleural route. The amozite

the soft chrrsotile Sbers tended to form a gel which choked animals and
led to deatrs immediately after intratracneazl injections. Doszes of these

and harsn crhrysotile fibers settied and resuspended readily in szline, bat

three samp.es which caused only occasionzl losses after single injection
were then utilized for Experiment B to explore amounts that could be
zdministered by repeated weekly injections. Survivors of Ezperiment B
have been maintained throvghout their lives to observe for development of
tumors.

Ezrperiment B

Forty-two hamsters divided into three treatment groups were started
on weekly intratracheal injections of harsh chrysotile Sample 1, soft chry-
sotile Sample 2, or amosite Sample 7. The volume of each injection was
0.1 ml. The amount of asbestos and the suspending medium is stated under
the descriptions of these groups. Several suspending media were utilized
in an effort to reduce losses from injections. Because of high initial losse
in groups treated with both chrysotile samples, additional cohorts of 1
hamsters each were started on these samples. Results were as follows.

Group 5. Twelve hamsters were given an intratracheal injection of 2.5
mg. harsh chrysotile Sample 1 suspended in 0.1 mi. saline. One died im-
mediately after injection. This dose was repeated one week later, and two
animals died. For subsequent weekly injections, the dose was reduced to
1.25 mg. Three animals died immediately after the first of these reduced
doses which were administered in casein suspension instead of saline. Only
four survived a total of eight injections, each thereby receiving a total of
12.5 mg. of harsh chryvsotile. These lived until 181, 216, 356 and 357 days,
respectively, after the first injection. No tumors were found in them.

A second cohort of 15 hamsters was given weekly intratracheal injec-
tions of 1.25 mg. of this sample. but human plasma was used as the sus-
pending medium. After 12 weekly injections, there had been only one death
in this cohort. The injections were continued. Nine animals survived a
series of 24 injections, each thus receiving a total of 30 mg. harsh chryso-
tile. Of these, five died at 173. 175, 314. 321 and 404 dayvs, respectively,
after the first injection. and four are still living. No tumors were found in
the animals that have thus far died in this cohort aside from a hemangioma
of the liver. Roentgenolog: al examination of the chest does not show
tumor in any of the four survivors.

Group 6. Of 15 hamsters given an intratracheal injection of 2.5 mg. of
soft chrysotile Sample 2 in 0.1 ml. =aline, four died immediately after in-
jection and all of the others died within the following week.

A second cohort of 15 hamsters was then given an intratracheal injec-
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tion of 1.23 mg. of this sample in 0.1 ml. saline. There were no losses of
animals within the first week. and this dose was repeated to a total of
ten injections at weekly intervals during which seven animals died imme-
diately after the injections. In the 16th week. two died of “wet tail.” Six
survive at preseat. 15 months after their first injection. having received
a total of 12.5 me. of soft chrysotile. Roentgenological examination of the
chest dees not show a tumeor in any of these six survivoers.

Group 7. Fifteen hamsters were given intratracheal injections of 2.5
mg. of amosite Sample 7 in 0.1 ml. saline. One died immediately after the
first injection and another immediately after the third. Thirteen survived
a course of ten injections. thereby receiving a total of 25 mg. each. Of
these survivors. three died between 147 and 163 days after the first injec-
tion. Seven died of “wet tail’”” between 209 and 216 days, one at 442 days,
one at 183 days, and one is still alive. No tumors were found in those
that died.

Erperiment C

Three groups of 60 hamsters each were started on weekly intratracheal
injections of, respectively. amosite, soft chrysotile, or saline. A fourth
group was set aside as an untreated control. The preparation of amosite
used in this test was from the same batch used in all preceding tests. The
chysotile was prepared from the same ore as that used in the preceding
work, but was processed to an average fiber length of 30 microns.

Twenty-one hamsters survive 11 months after the first injection of
the amosite sample, of which theyv each received a total of 25 mg., delivered
in ten weekly doses of 2.5 mg. apiece. Twenty-five hamsters survive six
months after the first injection of the chrysotile sample, of which they
each received a total of 6.25 mg., delivered in ten weekly doses that were
reduced, because of losses. from 1.25 to 0.5 mg. apiece. No tumors have
been found in the respiratory tract of any animals that have thus far
died in this experiment.

In sum, no tumors have been found in the respiratory tracts of hamsters
that have thus far died in anv of the groapns treated with asbestos by the
intratracheal route. Each of the samples of asbestos induced pulmonary
lesions resembling asbestcsiz, as will be described in another place. Large
numbers of ashestos fihers were widely distributed through iungs, as was
readily seen in the case of amosite or harsh chrysotile by closing the
diapragm of the microscope condenser in examining the sections. This
procedure seldom vizuzlized fibers of soft chry=otile in tissqes. brit ashestos
bodies were found with ordinary illumination in lungs trezted with soft
chrysotile, in addition to those treated with the other varieties of ashestos.
There were numerous islands of adenomatoid tizssue ard occasional small,
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czlcified plesral plagues. Fibrosis was a prominent feature, Lut it tended
tn be delitzte and interstitizl. In no instznce éid these lungs show thick
ormparabie to those described i the hamsters given singie

¢
massive intrayleural injections.

DiIscrssioN

The three preparations of ashestos studied each induced granulomatous
infammeation., necrosis. calcification, and fibrosis after intrapleural in-
jection into hamsters. These reactions were most extensive on the side in
which the injection had bLeer mazde, but transport of injected fibers was
zttested Ly the freguent firding of similarreactions in the pericardial cavity
and occasionaliy in the contraiateral pleural cavity. in eal.y specimens’ine
cellular response consisted principally of macrophages. Later, multinu-
cleated giant cells, often filled with asbestos fibers, were numerous. Stil}
later, fibrosis was the outstanding feature. Tissue reactions of this nature
formed exiensive adhesions which encased lobes of the lungs and some-
times the heart. Granules of calcium developed in these adhesions. The
thicker adhesions tended to have necrotic centers. By closing the diaphragm
of the microscope condenser, asbestos fibers were often readily visible in
large numbers in histological sections of pieural adhesions in hamsters
that had been injected with amosite or harsh chrysotile, but were rarely
visible in hamsters injected with the preparation of soft chrysotile. Multi-
nucleated giant cells were much more numerous in pleural adhesions of
hamsters treated with amosite than in those treated with chrysotile.

Pleural mesotheliomas were found at 244, 338 and 182 davs after intra-
pleural injection of amosite. at 419 and 527 days after injection of harsh
chrysotile. but not after injection of soft chrysotile in groups of 15 ham-
sters given single injections of 25 mg. of preparations of these materials.
Amosite and harsh chrysotile fibers have less water associated with the
molecule’ and can be felt to be stiffer and more spiky to the touch when
handied. Histologically. two of the tumors resembled epithelial types of
mesotheliomas seen in man. and three resembled fibrous types.’ Injection
of asbestos into the pleural cavity. as done in this experimental WOTK.
does not. of course. reproduce conditions of exposure in man. The experi-
ments do show, however. that intrapleural injection in hamsters affords a
means for estimating the potential tumor-inducing action of asbestiform

minerals.

Intratracheal injections, which more closely simulate the route of ex-
posure in man. have thus far failed to elicit tumors in hamsters treated
with the three preparations of asbestes studied in the present work. After
intratracheal injections. fibers of asbestos were widely distributed through-
out the lungs but no lesions resulted that were comparable in thickness to
the fibrotic areas found after intrapleural injection of a massive dose of
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asbestos. In the four large tumors found in the pleural space. the precise
point of origin could not be determined. The fifth tumor. however, was
small and it could be seen to have arisen in the thick fibrous wzll of a
pleural adhesion. Similarly. a sarcoma was found in a thick fibrous wall
that surrounded a depozit of =oft chrysotile in the subcutaneous tissue of
the axilla in another hamster in this work. These observations suggest
that asbestos may posses no primary carcinogenicity, but that tumors may
arizse from the reactive tissue engendered by it.

Warburg has detailed evidence supporting a theory that carcinecgens act
by interfering with cellular respiration.”™ The pleural adhesions seen in
early specimens in the present work were highly vascular. but in the later
specimens vascular channels were choked off by the development ¢f dense
fibrous tissue. Respiration of many cells in densely fibrotic pleural ad-
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fibrous tissue. As mentioned in descriptions of other specimers from these
experiments, somewhat cuboidal cells were often seen lying in slands or
lining clefts in fibrous pleural adhesions. These cells resemb.ed mesothelial
cells of the pleura. Entrapment of cells preserving these characteristics
in fbrous tissue affords a possible theoretical explanation for the develop-
ment of epithelial types of mesotheliomas.
In the literature cited earlier in this paper on animals expozed to as-
bestos by inhalation or intratracheal injection. no cases nave ceen de-
ibed that show the extensive fibrosis that can resilt from eshestos in
human lungs. The concept just discussed suggests that
rezson for the failure of tumors to deveiop in the iu
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the gastrointestinai iract of an occupational group of men exposed to
ashestns, we zdded z-bestr: to the diet of hamsters in one of the experi-
ments reporied here. and rmaintzired them on such feed thoughout life.
In these anirals there were occasional gastric ulcers, one lymphoma that
invaded the pancreas. and a cholangiocarcinoma of the liver. Gastric ulcers.
lymphomas and cholangiocardinoma have been described as spontanecus
lesions in hamsters by Foriner ¢t ol. - in valuable papers on spontaneous
tumors of hamsters. In one of our hamsters that was fed ashestos. there
was an anap.zstic reoplasm in the mesentery near the colon. This lesion
is being studied furiher by a recently developed method for detection of
asbesios fib~rs in tissoea

The questicn of whether asbestos fibers may potentiate the action of a
carcinogen present in cigarette smoke was explored in experiments re-
ported in an azccompanying paper.’

CoxcLUsIoN

Gross and histological changes following single massive intrapleural
injections of asbestos into hamsters have been deseribed. Thick fibrotic
adhesions ensued. Later, pleural mesotheliomas were found in occasional
hamsters thzt had received brittle varieties of asbestos but not in those
that had received a soft variety.

No tumors have zs vet appeared in the respiratory tracts of hamsters
given repeated intratiracheal injections of these varieties of asbestos. Pul-
monary fibrosis oceurred following intratracheal injections. but this was
not comparabie in thickness to the fibrotic Jesions induced by intrapleural
injections.

The experiments show that asbestos can induce mesotheliomas in ham-
sters. They rzise a question as to whether these tumors signify a primary
carcinogenic action of asbestos fibers or are secondary and nonspecific
epiphenomena of fibrosis.
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