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STATEMENT OF PROGRESS: 44,
The aim of this project was to test 23 preparations I

©of asbestos or other minerals for carcinogenicity by
means of intrdPleural injections inte 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.
E Ancillary expeviments-and:observations are described at
E ~ the end of this teport.. '
‘ ' All hamsters used for this work were LVG:LAK males
| obtained as weanlings from Lakeview Hamster Colony,
Newfield, N.J.. When the hamsters reached a body weighf ) -~
of 100 £ 10 gms (aboué 2 months of age) each hamster to
be treated was given a single injection into the right
pPlovral cavity. Each injection consisted of 0.5 ml of a
guspension of the selected material in 0.9% Na Cl solution.
i + The animals were followed to maximum periods of 650

or, wherc shown, 700 days after injection unless earlier

spontancous death occurred or unless they appeared moribund
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L et e sacrifEe®de At death, necropsies were performed . .

which were complete edcept for the ﬁcad. Gross observations
were recorded. Thoracic contents were fixed in formalin

as were pertinent lesicns found elsewhere. Microscopic
sections were cut and stained with hemaﬁoxylin and eosin,
For recording and retrieval of data, we designed and

used a punch card for irndividual hamstecs as illustrated

in Fig. 1.
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Fig. 1. Punch card used to record findings on individual
hamsters, |
At necropsy, the prosector eantared: identification
and date of death of the individual animal on this card,
punched the nur..bex_' of days on experiment, presence or '’

-absence of pleural adhoasiona, character of adhesions
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~—__lfocal or diffuse), presence or absence of dapa::,.plng‘i;h
i R —

.

plagues, cardiac thrombi or other pathology. Gross findings
in the thorax were then sketched on diagrams shown in the
center of the card. Histopathologic findings 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 pathology. Where additional descriptions of gross
or mieroseopic.pathology were warranted, these were
entered on a separate tlank card.

All animals in these experiments have been examined
at necropsy except for rare cannabalized individuals.
Histopathologic studies have now been made on tissues
saved from all animals except for rare autolyzed individuals.
All tumors diagnosed as mesotheliomas have been confirmed
microscopically. No tumors suggesting mesothelioma in
the gross w?fghin animals whefe autolysis vrecluded

—hiéégpathologic study. Tumors listed in this report as

mesothelioma resembled those illustrated and described

in our previovs work with intrapleural injection éf
chrycotile and amosite into hamsters. (Smith, W.E.,

L. Miller, R.E. Elsasser and D.D. Hubert. Tests for
Carcinogenicity of Asbestos; Annals N Y Acad Sci 132

(Art 1):456-488, 1965), (smith, W.E., L. Miller, J. Churg,

and 1.J. Selikoff, Mesotheliomas in Hamsters Following

Tp—-

dme s siha
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l_-“‘“ .Intrapleural Injection of Asbestos, Jour Mt Sinai Hosp

\ (N Y) 32:1—87ﬂT;E§T'Findings frcm the present expeéiments
| 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", Tablg 1 lists lymphomas, lymphosarcomas or
reticuium~c6;i:¢gggomas that were found in occasional "
animals of the various groups. These "Lymphoid Tumors"
occured in mediastinal or mesenteric nodes, sometimes
with leukemic features, Injection site sarcomas, also
listed separately in Takle 1, were tumors found sub-
cutaneously on the chest wall in the area where intra-
pledral injection had been made. Mioeral particles of

the test samples were usually seen in microscopic

sections of injection site sarccmas.

From yields of tumors designated as mesotheliomas

in Table 1, information emerged on the following points:

1o The yield cf nesctheliomas in response to 3 dose
levels of chrysotila (Groups 2,7,8), 2 dose levels
of amosite (Groups 9,10) and 2 dose levels of

crocidolite (Groups 18,19) ie dose related, hence
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‘ __hazards, .Ahewidsbe controllable by appropriate _ _oesmer - E
[__——-—-——--———--— reductions- ig exposura (l). Chrysotile, W

anthophyllite (Groups 20,21) appear less carcino-
~genic than crocidolite.

2. Closely comparable yields of mesotheliomas
resulted from soft (Group 1) and harsh (Group 2)
chrysotile fibers prépared from Arizona ores, and _
from the same soft fibers hecatad to reduce their
content of molecular water to the level of harsh
fibe:sm45;qu”§). The tumors arose more rapidly “
in response to native harsh fibers (Tabla 2).
Studiecs of pleural adkesions revealed that harsh
chrysotile induced thicker and denser scars than
soft chrysotile. Althcugh heat treatment of soft
chrysotile gav: no appreciable enhancement of

carcinogenicity, it did enhance fibrogenicity (2).

-3. At the highest dose level tested (25mg), 3

~.samples of chrysotile with mean fiber lengths between
32 and 32 microns yielded 8, 9 and 10 meaoghellama- ‘
bearing animals (Grouvs 1,2,3) . When fiber lengths . \
of these chrysotiles wers reduced to an extent
where the large majority of fibers were less than
5 microns in length, fibrogenicity was reduced and
carcinogenicity was ;liminatad (Groups 4,5,6).
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The above long fiber samples were prépare® ..

P . | from ores by a wet grinding method, then sieved and
) ‘ : washed by a technique described from this laboratory
(Badollet, M.S., and W.A. Gantt. Preparation of
asbestos Fibers for Experimental Use. Annals of N ¥
Acad Szi 132 (Art 1) 1 451-455, 1965). Fibers thus
prepared were ground in a éig-L-Bug to produce
the shnrt fiber samples. The Wlig-L-Bug process was
nonitored--by phase microscopy and stopped before
destruction of the fibxous nature of the materiai..
mhese sanples vere f.yaished to Dr. J. Leinecweber
at Johns-Manville Research & Engineering Center for
electron micrography. rrom -his photographs it was

jearnad that the lonyg fiber samples contained

relatively few fibers 1~3s than 5 microas in length,
whereas the short fibér gemples contained relatively
few fibers more than 5 miczons in length. Dr. Leine-
weber noted that the short fiber samples had not been

reduced to amorphous pmaterial but preserved the

fibrous structure of chrysotile. Further discussion

of length maasurawents is nffered later in this reporé.

4. mests of long and short fiber_anthophyllitq
~gave vesults consisteont with aa hypothesis that

reduction in fibar length rsduced carcinogenicity,

Z/ICesothelloma in Relation to Asbestos (1970)
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ough £i tatistically signif
| thoug n&w not statistically significant.

These samples were not tested at the 25mg level. At

the 10mg slevel, long fiber anthophyllite induced 3
mesotheliomas (Group 20), short fiber anthophyllite
induced 1 mesothelioma (G;oup 2}).

The short fiber sample was preparéd‘by grinding
the long fibers in a Wig-L;Bug, the process being
stopped Bcfore the fibrcus nature of the haterial

was destroyed.

e ———_ e
R

5. At the 10 mg dsée level, mesotreliomas resulted
from a sample of microguartz *'i%ih mean fiber length of
56.7 microns (Group 12), but not from glass fibers
with or without phenol-formal binder (Groups 16, 22).

Mean fiber lengths of these two. samples were 24.9 and 1§.9

microns, respactively.

6. At our highest (25mg) dose level, mesotheliomas were
induced in hamsters by diatomaceods‘earth and by calcined
diatomaceous earth, but not by talc, nemalite or, except

for a single case, by serpentine rock dust (Groups 15,

15A, 14, 13, 11). The sample 9£'ta1c contained a large

amount of tremolite. ;

7. Mesothecliomas were induced by powdered nickel tested
at a 10mg dose level. The-yield of mesotheliomas in

response to nickel was closely comparable to the yield

Published by AsbestosClaims.Law
Mesothelioma in Relation to Asbestos (1970) IRt s
ACL Doc 25532 - Page 7 of 21


https://asbestosclaims.law/library/25532/7

e Obtained WAWMEEC canc dose level of chrysotile--andesmmes
of amosite, #f@=iess than the yield obtained WitH thortume..
level of crocidoélite. i '

(7.. EEERLERL L 1 ’ S S
_ 1

8. No mesotheliomas have been found in the untreated _

control groups.

9. Lymphoid tumnrs occurred in 14 of the 23 treated
groups, and in 1 ef the 2 unirsated control groups.
“These tumors were regardad,as spontaneous tumors

unrelatcA to~treatment.

. 10. Tumors of the adrenal’ were common in both untreated
i control groups and iin treated groups. Hepatomas were

: ' found in 2 control anl in 4 treated animals. Adeno- |
: carcinesa of the Jntectine was found in single animals |

in ¢rcups 2,5, 13, 15, lv and 18. ! ' |

. |
11. Throwbi in the left cardiac atrium were a common 1 |
~cause of death in hamsters in our experiments. Such lesions
occurred in .untreated control groups, but in some
of the treated groups ikry vore found earlier and more

frequently, as shown im “3hiz 2 of addendum A (3).

Computer programming and analyses of data from necropsy
cards for aninals in ¢recups chown in Table 1 has been done by

Dr. Thomas Hayton, our Conaultant in Statistics. For each
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group, he has made life table analyses broken down into

200 and S0-@#™Mtervale as follows:

-———

N——
Li = numb@Bf hamsters at start of period

Di = dead in period

Vi = lost in period
| Wie 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

o ——
e

Si = gtandard deviation

'From these analyses, the group size used for tests in
Table 1 (50 hamsters per group) seems satisfactory for com~
parison of relative carcinogenicity cf the tested samples
in the 100 day perieds.
.Dr. Hayton's report on his statistical studies is attached
as Addendum A. )
In the preceding text, fiber lengths cited for our samples - ‘
)i and 2 (Table 1) were determined by light microescopy using a |
40X bbjective and 10x ocular. These measurements were made in
the laboratory of the Occupational Hea}th Program, Dept. of
i ﬂealth,_State of New Jersey, at the start of our tests of

these samples in animals. Also at the start of our animal

! tests, very similar measurements were reported to us for

aads.

i ims.L
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e tbpse Sample®®PPThe U.S.P.H.S. Orcupational- Heelth—ReWWEED
& Tfa.inil“&w in Cincinrati where 40X 6B3EEtIVET S

|
|
ocular and phase contrast illumination were used. Recently, \
!
\
!
\
!
|

these samples ware furnished to Johns Manville Research and
Engineering Center, Hanville, N. J., where they were studied
with a 12X cbjective ané a £X ocular by dark field microscopy,
‘images being projected to a final magnification of 100X,
photograrhed, “hen enlivged 27 for measurement of lengths
and dizmzters. Mean lengths rewrted under these latter
' conditiops'were congidarably lerngar. Measurements of samples
otudied undnr the ¥ epblesl veuditions are shown in Table 3.
Also sb}ﬁg in Table 3 zra measvrensnts made on these and |
; ' other samples by elesctron mig:ograpby at JHMRSE.. For =M work; ' ‘
\ the original photograph :uz nade at 2€00X and was then enlarqged
| 24X for mansuremernte, Fibzars zending bsyoad the EM field
were excladed from memsurements, honce mean lengths reported
in Table 3 for samples 1 and 2 are much smaller than mean
lengths reported for those sarples by optical microscopy.
~~ In EM photographs, fibers less than 5 microns in length were
relativaly scaree in cgavplac 1 and 2, vhich were samples
that proved highly caveinogenle in hameters,
in samples 4,5 and 6 which proved non-carcinogenic in
homstexs, mest fibers were *u0 Qhort for meaningful measure~
rent by ooticul methods. DY measursnents of sample 4 gave

|

i

\

| mean fiber length of 0.76 microan. EM photographs of samples

’ 5 and 6 loock about the sane as sample 4, but have not yet been
| .

mcasured.
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Table 1. FINDINGS IN HAMSTERS AFTER INTRAPLEURAL INJECTION

50 hamsters per group

(Cumulative data to 650 days except where noted)

MEAN DOSE MESOTHEL~  SARCOMA LYMPHOID  REMARKS
FIRER 10MA INJECTION TUMORS
. LENGTH A SITE . .
microns ng. g
f
32.54 25 B : :
HRYSOTILE 2 i
| 38.85 ° 25 9 3 1 /
CHRYSOTILE !
3 SOPT CHRYS. 32.54 25 10 0 0 i
{Heated)
4 SOFT .76 25 1] v v
CERYSOTILE . . e day?
5 HARSH 1 25 o i 3 70 d-—.ys '
CHRYSOTILE (apprex.) i o
§ SOFT CHRYS. 1 25 0 i 0 730 dzirs ’
(Heated) (approx.) : ? x
33.85 10 4 i 1
. {
38.85 1 { o 2 ¢ 720 deys ?'
17 10 - ﬂ 3 2 [}
17 1 0 0 0
11 ENTINE ROCX 25 p 1 0 o
ST (ANTIGORITE) ' .
12 ROQUARTZ 56.7 10 4 i i
! ZRS i
- 13 FBMALITE 53.1 25 0 0 2

Mesothelioma in Relation to Asbestos (1970)
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e 1 (Cont.) FINDINGS. IN HAMSTERS AFTER INTRAPLEUPAL INJECTION

)

T
. ; 50 hamsters per group .
Ml:p (Cumulative data to 650 days except where noted) - ¢
s LQ MEAN DOSE  _MESOTHEL~ SARCOMA LYMPHOID REMARKS l
§ - FIBER I0MA INJECTION TUMORS : 4
LENGTH SITE
Group No. microns mg.,
i 14 TREMOLITE TALC 25 0 0 0 700 days
15 DIATOMACEQUS 25
EARTH ’ 2 2
* 15A DIATOMACEOUS 25 4 2 1
1 _EARTH (Calcined) o
\ 16 FIBCRGLASS WITH 24.8 10 ] 0 5
PHENOL FORMAL BINDER
17 NICKEL POWDER 8 10 4 4 0
18 CREIDOLITE U.I.C.C. 10 "10 5 1
1 CIDOLITE U.I.C.C. 1 - 0 4 700 days
| | (]
! 20 IOPHYLLITE Long (UICC)10 F 3 0 2
HOPHYLLITE Short(3.7)10 o o 0
16.9 10 0 0 5
0 0 Q 700 days
0 0 4 680 days (survivors

Mesothelioma in Relation to Asbestos (1970)
ACL Doc 25532 - Page 12 of 21
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f BLE 2. YIELD OF MESOTHEL#)MAS IN HAMSTERS AT SITES‘OF INJ ECTION CF CHRYSOTILES

;{ Group Sample 151 340 372 450 500 550 600 650
: 3 days days days days days days days days

-

AR

; ! 2 B | - - . _1
i . Garsy) ¢ M4 426 421 e 13 79 85 ;912 EE
& e C/44  ©/33  1/30 1/20 4/11  4/9 - U3 8N
' _ ~ (Soft) _ . |
3 caH1 ' R - The :
(Beated . 0/37 1/35 1/32 /27 4/17 5/15 8/4 wl_l ;
Soft) ’ 3 - e
d -t
| o
exator: Cumulative number o" hamsters having mesotheliomas. ;o . l.
neminator: Number of surviving msteri. .

‘.‘B. A\ll survivors at 650 days were killeci on that day. Pleural adhesiong, but no tumors,

r

. were found in them. For statistical treatment, see Addendum A.

A
!
4
- r .
a ° : . 3
N . §
» . .

Published by AsbestosClaims.Law

Mesothelioma in Relation to Asbestos (1970)
asbestosclaims.law/library/25532/13

ACL Doc 25532 - Page 13 of 21


https://asbestosclaims.law/library/25532/13

Size Measurements of Selected Samples. : " : 3
(For measurements of other samples see Table 1) '

| OPTICAL MICROSCOPY ELECTRON MICROSCOPY
j Lab+ ueanl iber length Mean fiber length
f ?Icrons microns
! A 50 A . 1
B 32.54 1
- SR 52.5 6.9
2 A 30
' . 30.85 -
63.5 5.3
4 c R ; 0.76 -
‘? .............. \
| S P c . . 56.7 7.38 ‘
| s W T -
f |
* Sample nos. + Lab A: 402 objective, 8X ocular (phase contrast)
‘same as those : ‘
'in Teble 1 ‘Lab B: 40X . 1cx * (dark ficld)
Lab C: 12x " sx $ . e
¢ Fiber lengths of sample 4 were too small for measurement by optical methods.
| .

;

Mesothelioma in Relation to Asbestos (1970) Publlished by A§bestosCIa|ms.Law
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abje 3. Size Measurements of Selected Samples.
(For measurermcnicz of other samples see Table 1)
OPTICAL MICROSCOPY ELECTRON MICROSCOPY
H ¢ .
le* Lab+ Mean fiber length Mean fiber length
mierons microns
| a 30
B 32.54
iy )
T 52.5 6.9
. I *
2 . A 30
B ' 34.85
C 63.5 5.3
c K] 0.76
i -----
. ’ N
2 c . sr.'r 7.38 t
1 | '
* Sample nos. + Lab A: 40X objective, 8X ocular (phase contrast)
ame as those . !
Table 1 -Lab B: 40X . 10x * | (dark field)

, Lab C: 12X » 5X ol " "
! ¢ Fiber lengths of sample 4 were too small for measurement by optical methods,
|

Mesothelioma in Relation to Asbestos (1970) Publlished by A§bestosCIaims.Law
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IR E_ér optical u;ld EM studies of these samples-at-ONRei.
we are indebted—ZE Drs. James Leinéweber. Alan Burns, Don

Bailey and Tom Brown.

Samples of soft and harsh chrysotile prepared in‘our
laboratory from Arizona ores were sent to Dr. Cralley in 1967
for analysis of trace elements by atomic absorption spectro-
scopy. The following report was received from him on these
samples, which ware the "long fiber" samples that subsequently

proved highly carcinogenic in our intrapleural tests in hamsters

(Groups T and 2).. :
Sample XNo. Material Microgram element/ gram sample
o N1 Cr Co Mn
B2b Chrysotile (harsh) N.D. N.D. N.D. 420
C2c Chrysotile (soft) N.D. N.D. H.D.' 190

|
From these results, it can bé seen that no detectable ‘ ;
amounts of nickel, chromium or cobalt were found in the }
samples as injected into hamsters. :

. Subséquently. Drx. Cralley's group developed a microsieve

method for separating "longer than 19 micron" (+10p) and

"Less thaa 10 micron (-10y) fractions of asbestos and found

|
\
|
|
|
\
|
certain trace elements in higher concentration in the short
fractions. In 1969, we resubmitted our samples to Dr. Cralley.

|

|

They were fractionated by the migrosieve method in his labor=-

atory and he has reported the following analyses:

—«——.—-—M
= = i i - e — - . . e e ad e s soieh o & L
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|

Sample Microgram element/ gram sample
ample

- o Cr Mn my Ca - g

Harsh Ariz. +10j("%88= <10 585 <10 710 R TR —.
chrysotile . -10n <60 414 480 230 1800

8.7
Soft Ariz. +10n <g0 <9 2310 <9 185 4.6
chrysotile =-10p <50 157 230 46 118 2.9

In these analyses, the symbol < means not detectable at

the stated limit of sensitivity of tests. From these data,

|
|
|
|
it is seen that detectable amounts of chromium and nickel . }
were not found in the +10p fractions but were found in the |
-10p fractions. The -10p fractions constituted 6 to 7% by
weightfct*tﬂ!"I-mp;es. Thesestfractionations were made on
our "long" Q§2:39 mean fiber length) samples that proved
highlﬁ carciho;enic in hamsters. If trace elements in the
"less than 10 micron" fractions were important in carcinogenesis,

|

|

|

¥

r then high carc .nogenicity would have been expected in our
t | "short" (1-5 microni'breparations of these ores, but such
\

was not the case, our short preparations proving essentially

non-carcinogenic.

The followipg studies were not part of the aims stated
» *ggr.fﬁis project in our original proposal but were carried
- out as ancillary work:
' a. In a previous project, we had carried out life-span
studies on hamsters given repeated intratracheal injections

of chrysotile with and without benzo(a)pyrene. Histo~

Published by AsbestosClaims.Law
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.

' e . il - . __a
—— «-patﬁoi$?!é stuéizs of lungs from those animals were

cwp%e course of the p‘.‘esent— ;:u:oject' ST

results presented in an attachad publication ( 4 ).

b. Hamsters given a single intratracheal injection of
chrysotile wexe sacrificed at intervals for examination

of luncs by electron microzrapohy with results described

(33 (6), (7).

’ '

c, For;ﬁﬁfmothcrapautic tricls, a fast-growing meso-
thﬁligﬁ;_épﬁuced by szhrventilas and a slowrgxgwipg‘meso-
thelicmra ind;ccé by crxocidolite have been established
and are bzing carried in sari§1 transfer in new hosts

(hamsters).

d. Squawous c2il cazcincras and adenocarcinomas were
'inenced £xom rouse pulnunary tissue exposed to chrysotile
( 8 ). For chemotherarcutic trials, 2 lines of these |
pulmonary squamous <ell carcinomas and one line of
_pulmonary adenosarcinoma have been established and are
being carxied in serial tzansfer in new hosts . (RALB/c

mice).

LIST O RUSULTS

1. fier single intrapleﬁxal injection of hamsters, tumors
with gross and microscopic charactaristics of pleural meso-
theliomas wore found after iniesction of soft chrysotile, hazsh

chrysotile, amositz, crocidolitz, anthephyllita, diatomaceous

Mesothelioma in Relation to Asbestos (1970)
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vo‘a:h. nickq;_gowder and mjcroquartz fibers, hnt-nnt.l‘tlﬂ,.._h

injection of tremollte talc, nemalite or glass fibers. Ser-
pentine rock dust (antigerite) induced only a single case

of mesothelioma.

2. Native harsh chrysotile induced tumors more rgpidly than
soft chrysog;yg. Heat treatment of suft chrysotile increased
fibrcgenicity but not carcinogenicity.

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

-and carcinogenic responss to chrysotile, amosite and croci-

dolite. Hent®, hazards associsied with exposures to asbestos

should be controllable by measures to reduca.amounts of wx—

posure.

'4. At the lowest dose level tested (lmgi, no tumors arose
| in response to chrysoti;a or amosite, but tumors were found

i in response to croc:uolito.

5. With each of 3 samples of chrysotile. treatment to reduce

fiber length reduced fibrogenic responses and eliminated car-
: cinogenic responses. Electron microscopy revealed that the
f treated samples were fibrovs in nature and had not been re-
{ duced to aworvhous matoriil. <kose findings afford informa-
i tion pertirent to design of wuzks and to monitoring of dusts

for industrial hygiene purposes.

l 6. Polyvinylfyridin-N—oxiﬂe did not inhibit fibrosie induced
by asbestos injected intrapleurally into hamsters.
7. After intratvacheal injection of chrysotile into hamsters,

electron ﬁicrOg:aphy revealed phagocytosis of asbestos fibers
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not only the- but alcec by epithelial ceM
—:-;1-ehga«; Wnd in epithelial cells W

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

chrysotllo irto hamstors, the imcidence of lung tumors was

greater than after benzo(a)pyrene alone.

9. Aftev exnosu*e of fotal mouse lung tissue to chrysotilo
by tissue t:aaﬁﬁlant technique, eguamous cell caxcinomas
‘and adenncarcincmes rasulted,

10. For chemotherapeutic trials, +wo lines of transplantable
mesotheliomas were esuaulished in cerial tranafer in hamsters,
two 1in~§""“hu1non¢rv equamevs c2ll carcinomas and one line

© of pulwonary adenocarcincma waro established in serial

transfcr in mice,
11. statistical trecatmsns of Tesponses of hamsters to’
nirapleveal in rction cf testod rinerals is described,

\
12. ' Adcitional m meruscyipts arxe in praparation for pPublication, \

YT pe——
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