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Amonary Tumors in Mice Exposed to Asbestos Dust o
NITH M. LYNCH, M.D. FORDE A, MeVEIR, M.D., sad JAMES R. CAIN, M.O., Chariaston, S. C. " fl-\;f : 2
. elites 3
i . . . * > TR sl £
izse the first case of carcinoma of the Experimental Study ! z":’gf % ’3 s 1
. . . . . s &1 { vt .
:so:asted. hwx_&h asbfs‘tos was cited by Amimals.—Mice elected for this work be ARSI gy % A
<t and Smith in 1930.' there have been [ cuee: the use of inbred strains wouid climinate * : foﬁé&gﬁxr ol 7
“rous reports in the literature of sim- | some of the wncertinties inherent in the use of :’fg%:r?gﬂg‘ feod
vases, Authors reviewing the literature other_ animais. Furthermore, "f’ published report - e, “'““;’z:‘-* J.'?l'»i'
“:ribe an incidence of carcinoma of the ©f Norwmaan ant Sorge, which has been pre- ;‘:s:"{‘; “:El ‘?’3}.’_’" %
: associated with asbestosis ranging from vusly mantioned.” snd unpubl dask Left by ‘

9 ‘g{!\
%
Y
:g

i 159 Dr. L. U. Gardner,* of Saranac Laboratories, at SOy
1o 16%.3* Individual reports, usually  hig death sugested that mice might he suitabe : Lok el
.7ig with relatively small numbers of test animals. Dr. Gardner mentioned that, of 22 . =" ‘{*, o e
. describe an incidence ranging from mice inhaling short fiber asbestos for not more : 23 »

to 3092.%¢ In an editorial in 1933,
:ner ¥ siated that 127 cases of asbestosis
ama of the lung were on record and
-ibed the accurrence of 114 cases of
rary caranoniz in 738 autopsies of
--insis cases collecied frum the literature
ik
wprerimental wark has not kept
Teumuiation of chimeal data. An in-
el URTTETERTTumionary  tumors
wen recorded in mice following che
wlanenus injection intratracheal in-
:on,? intravenous injection,® and inkaia-
' of a variety of substances, but only
pubiished statement has been found
- esting the induction of tumore in ex-
iuen:al animals by the inhalation of
stos.}?
e puepose of the investigation to Le
sribed in this report was to enrrelate, if
=ible, the effect of asbestos un the lungs
perimental animsls with the suggested
“nogenicity for human subjects,

~setved foe pablieation Nov, 19, 1956,

partment of Pathology, Medienl College of
i Carolingy )
Lis work hag lwent cupporied by a research
© No. C-473, {eam the ['ublie Health Servies.
insemt adeleess (Dr, Melver), Universine of
siantinn Schenl of  Medicine, Madison; (Dr.
<3, St Joseph's Haspital, Atlania. :

hiagc ) o Ae— e

than 12 months, 3 (14%) deveioped lung tumors.
Fiity-one mice exposed 10 other Justs for 10-12
months Jeveioped lung tumors in 272, In both of
ihese studies the number of animais used was
smail. and ihe sirains cmploved were not men-
tioned or apparently variea.

In the study to be described, it was deeided 0

_use the F, generation ofspring of Strain A male

mice® and Strzin C femaic micz™ It was icl
that this hybrid strmain would possess .he zenctie
pusity of the parent stock but wouid Le haedier
auwd hence more suitable for long-term studies.

Strain A breeding stock was obtained from
1. ]. Bittner, ot the University cf lMinnesota, axd
Siain C {enale hreeding stoex 'was obtained from
Lloyd \W. Law, of ihe Nationai Cancer [nsdtute.
As soon as rhe Roscoe B. Jackson Memornial
Laboratories had recovered from the disastrous
fire of 1947, ail rewding stock was obtained frem
that sourec.

ACPF: animals -from the Ureccing colony were
divided into approximately equal groups, acd it
the .age of 2 mwouths one-hal! were placed in the
cages exposed to asbestos dust. The ather hwif
were maintaitted as 3 eontrol group. Mae and
female mice were kept in separate cages to avoid
o 2reeding in both the coatrai and the dusted graups.

Qf the hundreds of mice bred for this work, 2
sreat many succumbetd 1o cannibalism, intercyr-
rent infection, or other acmdents, hut 776 mice
were subjected 10 porimortem cxaminalion.
this numinr the largest groups were the control
and test animalst studied at 19 and 24 months of
age. The ohservations in these groupe aull de
emphasized in the discussion which {ollows.

In order to study larger animals with 3 (rachen-
bronchial tree more comparsbie 0 that fouwnd in
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man, dogs have aiso been subjected to dusting
with asvesios. The resuits of this suwiy wiil {orm
the basis or anotner report.

Methods amd Materials.e=Test animals were
kept in wire caxes on racks in an especimly cone
structed room. Usunily 10 or fewer animals were
placed in each cage. In the eariy stages of tie
work 3 s.rgie me:al bin, with a paddle wheel near
the hottom, was loaded witn ashesros to provide
a cloud af dust for the entire room. Later a
trough Alled with asbestos was rum behind en
row of cages (Fig. 1), the asbestos was stirred
by a series of smail rowaung metai agitators, and
dust was hiown toward the cages by mulupie fine
streams oi compressed air. Most of the test

= d
DTS A o N I X .
PNRYYE- 0 Ot o PP T - .

S e 3 -
[
Q0
te
T TR
et Rt

Fig, le=Dusting ap
paratus for mice: (A
mouse caage: (B8), trouy:
for asbestos: (C), cop
per tubing with minut
holes  directing com
pressed air toward cages
and (D). pulley used «
rotate  Leshaped  wire
pacdles. .

3
v
3

'’

2 . - 5
DO R

At 1]

animais were dusted in this manner hecause heavier
concentrations could Le obtained.

The ashestos userd in this wark was generous!.
supphierd, as was suuch of the iniarmation o
cerning  its compnsition, by the manutacturer-
This mater:al 18 refesred to enmrrersioily as A-.
bestos Floats 7-TF-2 1t 15 descrivwnd as a “ver.
fine Hoat wirh litile fbrous content’ hue w.
selecied  hecnuse of its simdari’y to “Ninu -
Floats,” used in other ashestns stidlies.® - he.
cause an matenal with a greater fiornus onter:
in 1the 10u-100s lenpmth was avzilable, Kemeeth LV
Smith, M.D., sravided the infaemation nn; 1337
of Asbestos Floats 7-T¥-2 passes a 200-m<ca weim

sereenn. This ‘-S'“rge geoporton of the Just sgpear

e o e .:a_,-é,.va‘i'f"" i
St AT e Ry 3 ; ~
g:?‘;&{kk @,2 3\“.1 | w’ p q-" ) ’
e N . . 9 ¢

Plg. Z-=Asbestos Fioats
7-TF.2  Phowograph
shows that portion of the
material which failed to
pass through 3 AXl.mesh
wet sereen. X 100,

.
»

3¢
‘;’" ‘? 1 3

X “3’&:5&'\5'- =
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WITTRRe
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MONARY TUMORS 1IN MICE EXPONED TQ ASBESTOS DUST
J

‘e mosily irvesudar pieces of ivert erauular
~tine rock.  Chrrwanie ashestos is thie ime
o -ut materal in that portins of the substance
sassing the 200.mesh sereen (P, 2). The
ical compesition of Canadian chrysotle ase
a3, IMgO-28i0::211,0, is represented in Talle
nicit was supplied by the prexiucers, The data
ssent high and low limits expressed in per-

2%

‘Tamz LewChemienl Awaivsis of Canadion
Carviotile Asbestos

e MeO U0 O  FeO

W M. 148
1390 * o4 ,“

Alds Cr0
0313 .03

© Yenres in snch eviuma reproent hizh limus
ived In pee cent. sd low

*t counts were done on numerous occasions,
inr extended periods 500,000,000 particies per
= oot of air were maintained. Counts varied
seding to ume of day, humidity, and other
:arg, but it was poscilie (0 maintain atmospheric
~surations of 150,000,000 to 300,000,000 par-
: per cubie {oot throughout mest of the ex-
reat. Dusting enuipment was operated for

.2 hours daily for 3 aays earhi week. Sam-

xere enilecisd in water within the rwuse
- Uy means of a standard mudget impingsr,

‘ucie-size sieterminations on samples of air

vied nwaler from mouse caes m 1930 chowerd
particies and fhers 10k in size ami over
d 139 to 2% of the towl. [n 1932 a
. af air coilected in 997% ixonropvi aicohol
iint te the laboratery of De. J, AL Dalla
at the Georgia Institute of Tecimalngy
c1d the following distribution of  parucie
.i tess than Ju, 13.5%; 3u-10s. 330%; 10k
. 282%, and grester than 20, 23.J%.

Resuits

1]

Tantral Awimals.~=At the time that this
it was started little was known about

[, mice, and the biolagic lehavior of
‘e animals was observed with consider-
'3 intarest. In general, the zontrnl colnny
. maintained without undue diffculty, |
. mast af the animals survived untit killed |
7 or 24 months of age. The greatest:
wrtality was in the male proup and re-
~d, apnr}_ycnﬂy, from fighting, but some
itudy was alse cnenuntered during the
rmer months with iinlectinus discases.

i was crigimally piamned to permit ani-
w3 1e live out a full life span, Lut exam-

el et Al

. tive__absence ‘of

- =T
pIor
é"'%v

e a9
o) »

’:‘".‘W o0 ASTyire

TR e

N

. .
. s o B

ination. _especially  micrnscopically,  of

animals which were found dead proved
very unsatisfactory, amd eventuaily only

killed animals were considered in the statis-

tical studies.

The micrnscopic appearance of the lungs
of control auimals is shown .in Figure 3.
Alveolar septa are delicate; alveoli are well
expanded. and macrophages, when present,
are small and eosinophilic. One or two
small collections of lymphoid tissue are fre-

quentiy present, and inflammatory changes

are found but are uncommon. Large fnamy
macrophages are oceasionally (ound in areas
of inflammation. '

In Table 2 the occurrence of puimonary
tumors in control mice killed at 19 months
pf age is recorded. Only those tumars con-
firmed histologically are inciuded. It shouid
be peinted out that on rare occasions 2
nodule regarded as a tumor grossly proved
to be inflammatory nn micrnsenpic examina-
tion. On the ather hand, tumors were
aceasirnaily found on micrnscopic examinae
tion which had not been detected grossiy.
Fer nractical purposes the results on gross
airl microsenpic exanunatien in the controt
group were the same.

't is interesting to nnte that there seems

to be a significant difference between the
number of maie and femie control mice

Fig. 3~Lunt of controi mouse at 19 monthgw
Mouse <3 {f{emaie). Photograpit show: a porticn
of- the wall of a broncivole and relaed alveq.i.

iseolar walls are delicate, ind ther: s a relae
intrasaiveoiar  macrophages.
X 425,
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The references which describe animal
studies are not_regarded as acceptable evie
dence for the experimentl productiva of
asbestosis carcinoma of the lung. Norr-
mann '* reports 2 number of instances and
types of epithelial change but found only
two puimonary tumors in 10 mice living to
the “cancer age” of 240 days. The number,
therefore, is very .smail, and no suitable
control animals are mentioned. Gardner i3
apparently regarded his observations as
merely suggestive. The work was done in
3 study of pneumoconiosis, and the inci-
dence of naturally- occurring puimenary
tumors was not established for the test
animais or for the controls.

The animais used in this study, mice, are
probably poarly suited for the purpose. The
tracheobronchial tree is of small diamezer,
and the nasopharyngeal Aitering apparatus
is probably highly efficient. Mics readily
form asbestns bodice, dut pulmanary fibrosis
is not producad. The latter change zould be
a featurc essénitial to the anticipated epi-
thelial alterazions. At ieast, in studies pow
in progress in which dogs are used, pul-
monary fibrosis is produced and there is
2 profound associated squamous metaplasia
of bronchial epitnelium. It is quite possibie
that future work chould be pianneu about
the use of primates. The incidease of newly
developing asbestosis in man is fortunately
very low at this time, and so the primate
best suited for future studies scems to be
the monkey.

Asbtestos Floats 7-TT-2 is a dificult ma-
teriai with which t1c woik in 2 climate with
high humidity because nf its kygroscopic
nature. By the use of hea: lamps, however,
it was possible to keep the stcrags bin
reasonably dry, and ail dust counts were
certsinly far above thuse in which human

asbestosis is thought to be a danger.

Particle length is a factor in human
asbestosis. The quantities of asbestns ma-
terial of various lengths reaching the lungs

212

A M. A ARCHIVES OF INDUSTRIAL |

of test mice are not known. It is
however, that a sufficient quantity o
materiai reached the mouse lu‘;fgs to
ashestos bodics in great numbers :
the sane material is capable of pr
fibrosis in dogs. If the ability to
ashestosis, therefore, were associat
carcinogenicity, then Asbestor Float.
2 should be capable of producing pul
tumors.

If the anticipated life span of a
mouse is considered to be 30 montt
the exposure of our animals for per
17 and 22 months should corresp
very adequate periods of human ex.
As was mentioned earlier, animal:
exposctl to the dust at 2 meaths of ag
the farger groups were Kiiled at 19 :
months, respectiveiy.

The results summarized in Table 4
that there is no striking hiference be
the total nuinber of contenl and test 3.
bersing lung tumors. the fpures beir
proximately 1675 for dusted anima:
365¢ for conirei animals at 19 m
There are 7 possidilities in 100 ths
difference might ke due to chance.
difference is noat stacistically significa

There was a considerable nceursen
nwltiple lung tumors in both the caste
the contfbl grouns. Table 4 shows thr
irgidence i 1852 and S% for the
groeups, respectively. Using the same -
la, there are only 0.31 chances in 10(C
tne difference is 2 chance diffcrence.
variation is statieticnlly significant. A -
ble interprotation of this odservation i:
given a group of animals with a s,
tendency to develop pulmonary tumors

* In evaluating the recorrled statistics, the
ard error is coinputed on the bhasis of the i
ing {ormula:

. . Vi (/NN

asbzstosis deveiops. Lven the low counts wh:Ze( /NN

of 15C,000,0CC particies per cubic ioot are p=miotal porcemtage nevurrence
.5 times greater than levels at which human A=ty

N =number in first sample

Ny=nanmber in second 13mple
The probability of accurrenee of the ¢ oz -
un the basis of chance is eranputed (- e
ber of standard crrors seith Deart's

.

Tl 13, 00 =ejs,
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"fONARY TUMORS. IN MICE LXPOSED TO ASBESTOS DUST PR N £
T i |
e : TARE 4 AC Fi Hybrid Mice: Summary : i""‘i :; j‘d
: !'-'.".*,1
Total Mice M Mire w A 7
e o, with Tumees, incle T umors, Multite Tumors, RS E
Ne. per Ceat Ne. per Cens Ne. per Cent L L3 4
"urde e iz 3 “ 3 3 n i ] .. " LI ,rﬁ‘}z‘ ik
R N = ] » 62 -] bl s "\ ifiee s y i
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sy 13.accemtuated by the inhalation of  Primary lung tumors were demonstrated D %‘%{3"?&"&&%& x
:#3 dust, and muiticentric foci of origin  microscopically in 469% of the dusted mice 2 14 Zﬁg@;‘-’%ﬁ‘j 4
: evident. Such an.interpretation i3] and in 365 of the control animals. L BT N

ie widely heldl belief that one require-

{5r the effectiveness of a arcinogen is
-<ptible host. The weaker the aarcino-
- more important becomes the {actor
st susceptibility.

+ 1ppreciable difference is noted in the tbe control and the dusted groups. g
-~7ic characteristics of pulmonary tu- . _No clear-cut proof of malignancy was #2000

‘1 the dusted and the control groups. found in any of the lung tumors studied. : e
* absence of any evidence of metastasis \Ve have been unable to demonstrate any - =

~" Qrcinoma should be applied to
“¢oplasms with great caution. Spe-

. - 1 tmes ! . -
“ the presence of smail neoplastic the increased mu@cnsc of muitipie lung tu- ; e
13n¢ in the vicinity of larger ones js ™MOFS in dusted animals must be regarded as Sl S
..1eat evidence of maiignancy, as is 2 Possible accentuation by the inhaiation of ]
naiignancy,

urrence of invasion of bronchial lu-
The former is more likely evidence
~uitipie foei of origin, and the latter
resuct of growth in the direction of
-esistance.  Both findings may be
regardless of the histologic or cyto-
7opearaace of the primary lesion. Ir-
-ity of tumor margine, the appearance
itration,” is similarly unrelated “to
tologic. evidence of possible malig-
. Eniarped lymph nodes are encotn-
" nat in{requently, but mctasiasis from
\enary rumors has not been found.

Summary and Conclusion

. Fy mice were exposed to dusty atmos-
.3 comtaining Asbestos Tloats 7-TF-2
arious lenghs of time,
¢ largest single experimental group
*sied of 127 animals killzd at 19 months
7 =xposuzr for 17 mornths. This group
svmpared with 222 control animals.

et AL

Multiple pulmonary tumors were demon-
strated in 180z of the dusted animals and
in 8% of the control animals. :

No significant histologic or cytologic dif-
ference was observed between tumors in

proof of the carcinogenicity of asbestos
under the conditions of this experiment. but

asbestos dust of an existing tendency to
deveiop lung tumors. .

- Future experiments with asuestos sncuid
inciude the use of iarger animals, probabiy
monkays.

The 2quivocal nzture of this revort dces
not answer the questions raised by azcumu-’
lating clinical evidence that asbestosis is
strongly associated with, and therefore 2
possible cause of. pulmonary carcinoma in
man.

In the choics of experimental animals very
lielaful advice was supplied by 11 B. Andervont,
Walter Hesion, ane Lioyd W. Law, of the Na-
tienal Cancer [astituie. C. D. Coisman, Building
Soperintendent at tae Modieal Coiiege of South
Carolina, provided *aluable 2sistaice in designing
and mainriniag tie mechanical ecuis Ade
vice and assisiance in the technique of dust counte
\Jng were provider 9y \V. G. Crashy, of the South
-xrolina State Bourd of Heaith, and Dr. I M.
Pewrie, of the Georgia Sinie Board of Hesith.
Further assistance was rendered by Robert A.
Brown and Miss Ethiyl McMinn, af the Depart.
ment of Medical lilustration, Mediza! Coilege of

‘South Carolinz. *
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