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STATEMENT CF PROGRESS: .

The aim of this project was to test 23 preparaticns
of asbestos or other minerals for carcinogenicity by
means of intrapleural injections into hamsters. Each
sample was tested in a group of 50 hamsters. In addition,
2 groups of untreated control hamsters were followed for
incidence of spontaneous tumors and other pathology.
Ancillary expeviments--and:iobservations are described at
the end of this report.

All hamsters used for this work were LVG:LAK ﬁales
obtained as weanlings from Lakeview Hamster Colony,
lewfield, N.J.. When the hamsters reached a body weighf
of 100 % 10 gms (abou£ 2 months of age) each hamster to
be treated was given a single injection into the fight
pleural cavity. Each injection consisted of 0.5 ml of a
suspension of the.selected material in 0.9% Na Cl solutica.

The animals were followed to maxinum perioas of 650
or, whare shown, 700 days after injection unless earlier

speatancous death ocsursced or unless they appearxed moribund
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and were sacrificed. At death, neciopsies‘were performed
which were complete except for the head. Gross observations
were recorded. Thoracic contents were fixed in formal;n

as were pertinent lesiocns found elsewhere. Microscopic
gettions were cut and stained with hemafoxylin and eosin.
For recording and retrieval of data, we designed and

used a punch card for individual hamsters as illustrated

in Fig. 1.
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Fig. l. Punch card used to record findings’on individual
hamsters. '
" At necropsy, the prosector ecntared identification
and date of death of the individual animal on this card,

punched the nurber of days on experimant, presence or

-&bsence of pleural adheaiens, character of adhesion
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" (focal or diffuse), presence or absence of depots, pleural
plaqgues, cardiac thrombi or other pathology. Gross findings
in the thorax were then sketched on diagrams shown in the
center of the card. Histopathologic findinés were subsequently
entered in the spaces provided to the right of the double
line with special reference to diagnosis of any tumors,
to characteristics of pleural adhesions, presence or
"absence of mineral particles, ferruginous bodies or
other pethology. Where additional descriptions of gross
or microscopic pathology were warranted, these were
entered on a séparate clank cérd.

All animals in these experiments have been examined

- at necropsy except for rare cannabalized individuals.
H;stopathongic studies have now been made on tissues

- saved frcm all animals except for rare autolyzed individuaus.

All tumors diagnosed as mesotheliomas have been confirmed

microscopically. Ko tumors suggesting mesothelioma in

the gross weré in animals where autolysis precluded
o

histopathologic study. Tumors listed in this report as
mesothelioma resembled those illustrated and described

in our previous work with intrapleural injection Sf.
.cﬁrysotile and amosite into hamsters. (Smith, W.E.,

L. ¥iller, R.E. Elsasser and D.D. Hubert; Tests forx
Carcinogenicity of Asbestoé, Annals N ¥ aczd Seil 132

(Art 1):456-483, 1955), (Smith, W.3., L. Miller, J. Churg,

and I.J. Selikoff, Mssotheliomas in Hamsters Following

3
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Intrapleural Injection of Asbestos. Jour Mt Sinai Hosp
(N ¥) 32:1-8, 1965) Findings frocm the present experiments
are summarized in Table 1.

Tumors listed in Table 1 under. the heading "Mesothelioma"
were with few exceptions large masses in the pleural space.
They compressed but rarely invaded the lungs. Microscopically,
they were composed of elongated or rounded cells that
appeared malignant. Under a separate heading of "Lymphoid
Tumors", Taolc 1 lists lymghomas, lymphosarcomas or
reticulun cell garcomas that were found in occasional
animals of the various grocuvps. Taese “Lymphoid Tumors™
occured in mediastinal or mesenteric¢ nodes, sometimes
with leukemic features. Iniection site sarcomas, also
listed separately in Table 1, were tumors found sub=
cutaneously on the chest wall in the area where intra-
pléural injection had been mads. Mineral particles of
the test sanples were usually seen in microscopic
sections ¢f injection site sarcomas.

From yields of tumors designated as mesothellomas

in Table 1, information emerged on the following points:

l. The yield c¢f mescthelionas in response to 3 dose
levels of chrysotila (Groups 2,7,8), 2 dose levels
of amosite (Groups 9,10) and 2 dcse levels of

crocidolite (Groups 15,19) is dose related, hence



hazards shculd be controllable by apprcpriate
" peductions in exposure (1). Chrysotile, amosite and
anthophyllite (Groups 20,21) appear less carcino-

~genic than crocidolita.

2. Closely ccmparable yields of mesctheliomas
resulted from soft (Group 1} and harsh {Group 2)
chrysotile fibers prépared €rom Arizona ores, and
fron the same soft fihors heatad to reduce their
content of molecular water to the level of harsh
fibers (Group 3). The twrors aroce :ore rapidly .|
in response to native harsh fibers (Table 2).
Studies of pleural achesions revealed that harch
chrysotile induced thiclier and denser scars than
soft chrysotile. Xlthcugh heat treatment of soft
chrysotile gava no appreciable enhancement of

carcincgenicity, it did enhance fibrogenicity (2).

3. At the highest dose level tested (25mg), 3
samples of chrysotile with mean fiber lengths between
.32 and 3% microns yielded 8, 9 and 10 mesothelioma-
bearing animals (Groves 1,2,3). When.fiber lengtiis

cf these chrysotiles were reduced t¢ an extent

where tl.e laiqe majority of fibers were less than

5 nicrons in lengta, fibregenicity was reduvced and

carcinogenicity was eliminatzd {(Groups 4,5,85).



The above long fiber samples were prepared
from ores by a wet grinding method, then sieved and
washed by a technique described £rom this laboratory
(ﬁadollet, M.S., and W.A. Gantt. Preparation of
hsbestos Fibers for Experimental Use. Annals of N Y
Acad Sci 132 (Art 1):451-455, 1965). Fibers thus
prepared were ground in a Wig-L-Bug to produce
the short fiber samples. The Wig-L-Bug process was
rnonitored by phase microscopf and stopped bhefore
destruction of the fibrous nature of the material.

These samples were furniched to Dr. J. lLeineweber
at Johns-Maﬁville Research & Engineering Center for
electron micrography. Fron -his photographs it was
learned that the long fiber samples contained
relatively.few fikters less than 5 microas in length,
whereas the short fibér samples contained relatively
few fibers more than 5 microns in length. Dr. Leine=
weber noted that the short fiber samples had not been
reduced to amorphous material but preserved the
fibrous structure of crrysotile. Further discussion

of length measurements is offered later in this reporé;

4. Tests of long and short fiber anthophyllite
_gave results consistent with en hypothesis that

reduction in firer length reduced carcinogenicity,
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though £indings were not statistically significant.
These samples were nct tested at the 25mg level. At
the LOﬁgslevel, long fiber anthophyllite induced 3
mesotheliomas (Group 20}, short fiber anthophyllite
induced 1 mesothelioma (Group 2%).
The short fiber sample‘was preparéd.by grinding

the long fibers in a Wig-LJBug, the process being
stopped.before the fibrous nature of the hateriél

was destroyed.

;5. At the 10 mg dose level, nmecotheliomas resulted

from a sample of microquartz with mean fiber length of
56.7 microns (Group 12}, but not from glass fibers

with or without pheacl-formal binder (Groups 16, 22).

Mean fiber léngths of thesa two. samples were 24.9 and 16.9

microns, respectively.

6. At our highest (25mg) dose level, mesotheliomas were
induced in hamsters 5y diatcmaceo&s.earth and by calcined
diatomaceous earth, but nct by talc, nemalite or, except
for a single case, by serxpentine rock dus; {(Groups 15,
15a, 14, 13, 11). The sample pf talec contained a large

amount of tremolite.

7. Mesotheliomas were induced by powdered nickel tested
at a 10mg dose level. The-yvield of mesothelicmas in

recponsa to nickel was clicssly comparable to the yield
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obtained with the same doss level of chrysotile and

of amosite, and less than hthe yield obtained with that

.level of crociddlite.

8. No mesothelicmas have been found in the untreated

control groups.

2. Lyrphoid tunmnrs occurred in 14 c¢f the 23 treated
~groupz, and in 1 cf the 2 untreated control groups.
"Thece tumors were regarded. as spontaneous tumors

varelated to treatment.

10. Tumors of the adrerals were common in both untreated
control grouns and in treeted crouvpsi. Henatomas were
found in 2 control ard in 4 trezated animals. aAdeno-

carcincnz of the latestine was found in single animals

in greuns 2,5, 43, 15, 1v and 18.

11, Thrambi in the left cardiac atrium were a common

cavse of'death in‘hamgters in our experiments., Such lesicng
occurred jin .untrzated control grbups. but in some

of the treated grougs they were fcund earlier and mcre

fracuantly, as saswn in T3klz 2 oFf addendum A (3).

Cormputer programming and eznalysss of data from necropsy
cards for animals in groups chovn in Tahle 1 has been done by

Dr. Thomas Hayten, cur Ceasultant in Statlsties. For each



-'group, he has made life table énalyses.broken down into
100 and 50 day intervals as.follows:
| Li = number of hamstérs at start of period
Di = dead in period
Vi = lost in period
Wi = withdrawn in period

Ei = effective number at risk in the period = Li =
(Di +Vi+Wi)

Qi = probability of dying in the-period
Pi = probability of surviving in the period

Ri = survival rate
Si = standard deviation

From these analyses, the group size used for tests in
Table 1 (50 hamste;s per group) seems satisfactory for cem-~
parison of relative carcinogenicity of the tested samples
in the 100 day periecds.

.Dr. Hayton's repart on his statistical studies is attached
as Addendum A.

In the preceding text, fiber lengths cited for our samples
1l and 2 (Table 1) were determined by light microccopy using a
40X bbjective and 10x ocular. These measurxements were made in
the laboratory of the Occupational Health Prcgram, Dept. of |
ﬁealth,‘State of New Jersey, at the start of our tests of
these sanmples in animals. Also at the stdrt of our animal 

tasts, very similar m2asurcmsnts vere reoported to us for
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these samples by the U.5.P,H.S5. Orcupational Health Rezeaxch
& Training Fa:iliéy'in Cincinrciti where 40X objective, 8X°
ocular and phase contrast illumination were used. Recently,
these samples were furnished to Johns Manville Research and
Engineering Center, lianville, N, J.; vhere they were studied
with a 12X objective and a EX ocular by dark field microscopy,
‘images b2ing projectcd to a fincl magnification of 100%,
photeozurhed, then enlargad kX for measurement of lengths
and dizaaters. Mean lengths reported undsr these lattex
conditions were consgiderably lcngar. M2asurements of samples
ctvdied unidar the 3 ortical cenditions are shewn in Table 3.
Also sg?ﬁg in Table 3 are measuvremsnis made on these and
other scmples by elactron micrograzhy at JMRLE. For EY work;
the original photegraph was nade at 2000¥ and was then enlarged
24X for meosurenents. Fibcrs extending peyond the Elf £ield
ware excluded frﬁm'ﬁéasurements, honcz mean lengths reported
in Table 3 for samples 1 ani 2 are much smaller than nean
lencths reported for these samples by optical microscopy.
In EM photcgraphs, fikers less than 5 nmicrons in length were
relativaly scarce in cavples L and 2, which wers samnoples

that proved hiuhly careinosenle in hemcters.

7]

" In samples 4,5 a2 6 which proved non-carcinogenic in
hamstexe, most fibexrs vvere too short for meaningful measure=-

-

ment by cpticzl methodo. ZM maacursnents of sanple 4 gave

rean f£itnx lencth of 0.75 nicyea. E4 rhotogyesihs ¢f caevplex
5 ornd 6 1ock avecut the sane as sarple 4, but have not yst besn
measuread.



Pable 1. FINDINGS IN HAMSYERS AFTER INTRAPLEURAL INJECYION
50 hamsters per group
(Cumulatlve data to 650 days cxcept where roted)

SAMPLE B MEAMN DOSE MESCTHEL- SARCCHUA LYMPHIOID REMARKS

FIBER _ YOMA INJECTION  TUMORS
. LENGTH SITE :
Group No. microns mg.
1 SOFT ~ 32.54 25 8 2 _ 1
© CHRYSOTILE . .
2 HARSH - 38.85 © 25 9 : 3 ' 1
CHRYSOTILE ' '
3 SOPT CHRYS. 32,54 25 10 0 0
{Heated) . '
4 SOrT ' 76 . 25 0 0 : , 2 700 days
CLDRYSOTILE g
$ HARSH 1 25 o - L 3 706 days
- CHIRYSOTILE (apprcx. ) i
§ SOFT CHRYS, 1 25 0 i 0 760 d:ys
] (Heated) (approx.) : R
7 HARSH 38.85 10 4 i 1
CHRYSOTILE
8 HARSH 38.85 1 0 i 0 700 deys
CHRYSOTILE )
5 AMOSITE 17 10 - 3 2 0
.10 AMOSITE 17 1 9 0 0
11 SERPENTINE ROCK 25 1 0 0 700 days
DUST (ANTIGORITE) g :
12 MICROQUARTZ 56.7 10 4 i 3

FIBERS

13 NEMALITE 53.1 25 0 0 2

[ ENE Kol

- 11



Table 1 {(Cont.) FINDINGS.IN INAMSTERS AFTER INTRAPLEURAL INJECTION
50 hamsters per group
(Cumulativc data to 650 days except where noted)

SAMPLE MEAN  DOSE  MESOTHEL-  SARCOMA LYMPHOID  REMARKS -
: FIBER ICMA INJECTION  TUMORS :
LENGTH SITE

Group No. microns  mg.

14 TREMOLITE TALC 25 0 0 0 700 days

15 DIATOMACEOUS o 25 3 2 2
EARTH . S

15A DIATOMACEOUS 25 p 2 1

_EARTH (Calecined) ‘

16 FIBDRGLASS WITH 24.9 10 0 0 5

PHENOL FORMAL BINDER

17 NICKEL POWDER 8 10 4 4 0

18 CROCIDOLITE U.I.C.C. 10 10 5 1

15 CROCIDOLITE U.I.C.C. 1 2 0 4 760 days

20 ANTHOPHYLLITE Long (UICC)10 3 0 2

21 ANTHOPHYLLITE Short(3.7)10 1 0 o

22 GLASS FIBERS  16.9 10 0 ] 5

23 UNTREATED none 0 0 0 700 days
UNTREATED - none 0 0 4 660 days (survivors

24

are being followed
o 700 days)

- 12 -



TABLE 2. YIELD OF MESOTHELIOMAS IN HAMSTERS AT SITES OF INJECTION OF CHRYSOTILES

Group Sample 151 340 372 450 500 550 6C0 656
' : days deys days days days days days days
2 B2 | | oy | '
; _ 1741 4/26 4/21 7/16 7/13 7/9 8/5 9/2
(Flarsh) . : . :
1 cz c/44 0/33 1/30 1/20 4/11 4/9 7/3 8/1
_* {Soft) : ’
3 Canl - 0/37 1/35' W22 w21 a1t sS4 1041
{Heated . .
Soft) ) .-

"= 313 -

Numerator: Cumulative number of hamsters having mesotheliomas.

Denominator: Number of surviving hamsters.

N. B. All survivors at 650 days were killed on that doy. Pleural adhesione, but ro tumors,

+

were found in them, For statistical treatment, see Addendun 2.



Table 3. Size Measurencnts of Sclected Samples.
(For mcasurcments of cther samples sce Table 1)

OPTICAL MICROSCOPRY ELECTRON MICROSCOPRPY
Sanple® Lab+ Maan fiter length Mean fiber lenath
TLLCEXONS miLcrons
1 A 30
D 32.54
T 52.5 6.9
2 A 39
B . 30,85
C 63.5 5.3
4 C ¢ 0.76
12 c 56.7 7.38

* Sample nos.
same as those
in Table 1

¢ Fiber lengths of scmple 4 were too small for measurement by optical methoeds.

+ Lzb A: 40 objective, 8X ocular (phase contrast)
‘Lab B: 40X " 1ex " {dark ficlq)

Lab . C: 12X " 5X "o " "

-n 14 -
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For optical apd El studies of these samples at JMR&E
we are indebted to Drs. James Leineweber, Alan Burns, Don
Bailey and Tom EBrown.

Sanmples of soft and harsh chrysotile prepared in.our
Jaboratory from Arizona ores were sent to Dr. Cralley in 13957
‘for analysis of trace.elezents by atemic absorption spectro=-
scopy. The following report was received from him on these
éémples, which were the "long Iiber* samples that subseguently
proved highly carcincgenic in our intrapleural tests in hamsters

(Groups 1 and 2).

Sarple ¥Wa., Material Microerran element/ aran sazole
A W1 Cx Co in

B2b Chrysotile (harsh) N.D. "N.D. N.D. 420

C2c Chrysotile (soft) ®.D. N.D. N.D. 190

From these results, it can ke seen that no detectable
amounts of nickel, chromium or cobalt were found in the
samples as injected into harsters.
‘ Supséquently, Dr. Cralley's group developed a micresieve
rethod for separating "loanger than 10 nicron” (+10p) and
"Less thaa 10 micron (-10y) fractions of asbestos and fcund
ceriain trace elements in higher concentration in the short
fractions. In 1969, we resubmitted our samples to Dr. Cralley.
They were fractionated by the microsieve method in his labor-

atory and he has repcrted the fellowing analyses:

- 15
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Sample - Microgram element/ gram samsle

Co. Cr Mn Ni Ca Mg Fe/g samdle

Harsh ariz. +l0pn <10 <10 525 <10 710
chrysotile . -l§p <60 414 480 230 1800

8
8
Soft Ariz. +10n <80 <9 0310 <9 185 4
chrysotile =-10p <50 157 230 48 118 2
In these analyses, the symbel< means not detectable at
the stated limit of sénsitivity of tests. From these data,
it is seen that detectable amounts of chremium and nickel -
were not found in the +10p fractions but were found in the
-10p fractions. The ~10u fractions constituted 6 to 7% by
weight_of the samples. These:fractionaticns were made on
our "leng" (}2:39 mean fiber length) samples that proved
highlf caréiﬁogenic in hamsters. 1If trace elements in the
"less than 10 micron" fractions were important in carcinogenesis,
then high carcinogenicity would have been expected in our
“short" (1-5 micrcnfﬂéreparations.of these ores, but such
was not the case, our short preparations proving essentially
non=-carxcinoganic, '
The followipg studies were not part of the aims stated
for this project in our criginzl proposal but were carried
cut as ancillary work:
a. Ina pfevious projest, we had carried out life-span“
studies on hamsters given repeated intratracheal injections

of. chrysotile with and without benzo{a)pyrene. Histo~
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‘pathologic studizs of lungs from those animals were

completed in the ccursa of the present project with

results preszented ia an attached publication ( 4 ).

.

b. Hamsters given a single intratracheal injection of
chrycotile were saczificed at intervals for examination
of lungs by electroa microzraoiy with resuvlts described

(3, (&), (7).

c. Por .ciemotheravamtic trials, a fast-growing meso=
O

theliona indueed by chrygotila and a slow-growing meco-

thelicra induced by crocidolite have been established

and are bzing carried in scorial transfer in new hosts

(hamsters) .

d. Govaxous c2ll cazciigrmes ond adenscarcincmas wera
ipduoed fmom pouse pullionary tissue exposed to chrysotile
( 8 ). For chemotherarautic trials, 2 lines of these

purlmonary squamous ¢ell carcincmas and one line of

being carxied in serial transfer in new hosts (BiL:/c
mice) .

LIST CF RO3ULTS

After single intraplevral injection of hamsters, tumors

2.

with ¢ress and microscopic chanzactaristics of pleural meso-

T P - -y A = % .- . T s e () 1
thelicnas wore found afiter injecliion of s0ft chrvsoiila, hars

chrysotile, amosite, crocidolita, anthorhyllite, diatomacsous

17
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earth, nickel powder and microguartz fibers, but not after
injection of treﬁolite talc, nemalite or glass fibers. Ser-
pentine rock dust (antigorite) induced only a single case

of mesotheiioma.

2. Nétive harsh chrysotile inducecd tumors more rgpidly than
soft chrysotile. Heat treatment of soft chrysotile increased
f£ibregenicity but not carcinogen y. |

3. With reduction in dose, there was reduction in fibrogenic

.and carcinogenic respfns2 to chrysotile, amosite and croeci-

Golite. Hence, hazards asscciatad with eyposures to asbestos

should be controllable by measures to reduca.amounts of ex-

posure. |

4. At the lowest dose level tested (lmgi, no tumors arose

in response to chrysotile or gmosite, but tumors were found

in response to crocicolite. |

5. With each of 2 samples of chrysotile, treatment to reduce

fiber lenzth reduced fibrogenic responses and eliminated car-

cinogenic responses. Electron nicroscopy revealed that the

treated semples were fibrovs in nature and had not bszen re-

dauced to~amorphous materiél. These f£indings afford informa-
ion pertinsnt to desiga of wmiks and to monit orlng of dusts

for industrial hygiens purposes.

6. Polyv@ny%;yridin—ﬂ-ox;:e did not inhibhit fibresis induced

~l " ) » b
by ashestos injected intraplsurally into hamsters.
-~ - &y 3 i > v = 2 P o e : . - -
7. After intratuacheal injecktion oo chryssiile into hamstzrs,

LY
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not only by macrophages but zlcc by epithelial cells.

Changes in fibers and in epithelizl cells were cdescribed.

8. After intratracheal injection of benzo(a)pvrene.plus

chrysotile into hansters, the incidence oI lung tumors was

greater than after benzo(a)nyrene alone,

S. Aftey exposure of fotal nouse lung tissue to chrysotile
eie
zansplant ¢cchanique, cyucous cell carcinonas

-y ¥

by tissuz iz

1

'aﬁd adenccarcingTas raswiiced,

10. Tor chamotherarsutic txials, two lines of transplaniable

nmesotheliomas viere estaxliched in cerial transfer in hoamsters,

-

two liner of vulmonery sguanmous ¢3.l carcincnas and one line

of pulwmonary edenocarcinora wern estzblished in cerial
J1.  Staticstical trcatmsn% cf responses of hamsters to’

intrapleveal injoction of tastod wminerals is descrikead.

ts ere in nrgparaticn for publz “ion.

19
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