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September 20, 1963

Proposal for
Johns-Manville Corporation
on

The Pathogenicity of Brake Lining Dust:
Its relation to the development of '"asbestos' boedies

Broad statement of research objectives:

Since the discovery of ferruginous bodies in the lungs of adult city
dwellers with a prevalence ranging from approximately 30 to nearly .50%, -4
commonly used products in thch asbestos i;s a cormnponent have come under
suspicion as the sox.u'ce of dust particles that, when inhaled, cause the
development of these so-called asbestos bodies. This finding has been
linked with the possible cccurrence of pulmonary fibrosis, lung cancer, and
mesothelioma in these people.s

Asbestos bral-:e'lining dust has been suggested as one of the most likely
sources of the urban dust causing the development of asbestas’" bodies in
the lungs; aﬁd.therefore, posing a serious threat to health.l

The proposed study is intended to determine the pathogenicity of brake

lining dust and its ability to induce the production of '"asbestos’' bodies in the lungs.
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1, Research Plan
a. Introduction and Speciiic Aims
There is now no reason for doubting the high prevalence of fer-

fuginous hodies in the lungs of adult citv dwellers, We have recently found

e

them in nearly 100% of about 30 unselected autopsied hospital cases. How-
ever, we have also demonstrated that ferruginous bodies indistinguishable
from asbestos bodies can be produced experimentally in the lungs of hamsters .
injected intratracheally with filamentous particles of respirable size com-
posed of ceramic aluminum silicate, glass, or silicon carbide.6 This suc-
cessful demonstration establishes the non-specificity of ferruginous bodies,
It follows that the categorization of a ferruginous body as an a.sbestoé body
may be erroneous unless the Vcentral filament has been identified as asbestos,
If one assumes that many of the ferruginous bodies found in the
lungs of city dwellers are indeed asbestos hodies, then it is not unreasonable

to assume further that the scurce of much of the fibrous dust that is res-

ponsible for the formation of these bodies is the brake liningé of automobiles—

as has been suggested b-y 'I'hom..v.::.vn.l However, to imply that the inhalation
of the brake lining dust carries with it the same disease-producing potential
as the inhalation of asbestos dust, must be based on a further assumption:

namely, that the asbestos fibers {(embedded as they are in resin) poésess the

“Unpublished data

Ll

" —



INDUSTRIAL HYGIENE FOUNDATION OF AMERICA INC. 3.

same pathogenic potential as that of the asbestos fibers prior to their incor-
poration into the plastic of tiie brake band.
Since it cannot be denied that some, or even many, of the ferru-

ginous bodies found in the lungs of city dwellers may be caused by the

"inhalation of brake lining dust, it would appear to be appropriate to inves-

tigate the p__athogenicity of this dust as well as its ability to cause the development
of ferruginou.s bodies. {A short-term, preliminary study has already demon-
strated the developmnt of ferx;'uginous bodies in the lungs of hamsters injected
with brake lining dust.) Inasmuch as the pathogenic potential of asbestos

dust has two components, the fibfogenic and the cancerogenic, the ability

of brake lining dust to produce pulmonary fibrosis as well as its ability to

produce cancer are properly included in this investigation.

b, Method of Procedure

General: It will be advisable as a first step to introduce the bra-ke
lining dust into the lungs of the test animals by iﬁtratlracheal injection. In-
halation studies may be needed but will require specially constructed chambers
and are not covered hergin.#

Three species of animals will be empl;)yed: guinea pigs, rats, and

hamsters. Of these, only guinea pigs and hamsters have been found capable
of producing ferruginous bodies. We have £ound‘n<l: asbestos bodies in the

lungs of rats that had inhaled asbestos dust or that had been injected with this

" dust intratracheally. All three species of animals are suitable for the study

L

B}

* Inhalation studies will be the subject of a supplementary proposal later at
an appropriate stage of program development,



by

INDUSTRIAL HYGIENE FCUNDATION OF AMERICA.INC. 4‘

of the fibrogenic poitential. However, the hamster lung may react in an
anomalous manner to the presence of the dusl.‘.?’ 8 It is proposed to study
the seqticntial development of dust deposits and the tissue reaction to the
dust by serial sampling of the animals injected intratracheally, but not those
subjected to the inhalaiion technique. The reason for not sampling the latter
animals is that it will be important to have as many animals as possible
survive to the cancer—bhearing age. The spontaneocus deaths in this series
will be utilized for the sequential study of the dust reaction in the lungs.

For the purpose of studyiné the ability of brake lining .dust to
produce lung cancer, only rats will be used because in a previous investi-
gation, the intrapulmonary deposition of asbestos dust was associated with
lung cancer only in rats. NO tumors were found in guinea pigs or hamsters,
On .the other hand, to test the ability of the dust to prodﬁce mesotheliomas,
h_amsters will be used as well as rats. Here the dusé will be injected 'into-t.he
pleural ca.vity-.

The intratracheal injections will be accomplished under light
ether anesthesia w‘ith' the aid of an illuminated self-retaining speculum. This
speculum allows the introduction between the vocal chords (under direct
visual observation) of a blunted hollow needle attached to a syri;nge, and the
subsequeixt expulsion of the dust suspension inte the trachea.

The intrapleural injections will also be made under light ether

anesthesia. The needle will be inserted in the right midaxillary line just below

the axilla,

R
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The dust will be suspended in distilled water so that the desired
dosage will. be contained in 1 md water for rats and guinea pigs, and in 0.5 mnl,
for hamsters.

Animals surviving 30 months will be killed with ether. All animals
regardless of the mode of death will be autbpsied and the lungs distended
with formalin under a pressure of 10 cin water, Selected lungs will be fixed
with glutaraldehvde and osmic acid for electron ﬁxicroscopy. For optical
microscopy, blocks of lung will be embedded in paraffin, sections will_ be
cut at Hu, and stained.with hematoxylin and eosin.

Phot.qg raphiv records will be made on 35 mm film of pertinent .
lesions, The stromal rea;:tion of the lung tissue will be followed by mecans
of silver impregnation of the sections. Dust clearance and the topographic

distribution of the dust (if not visible in the stained sections) will be studied

v tire microincineration technique.

Controls:
a. Laberatory controls, —consisting of ten animals of cach species
" picked rindomiv from the same shipment as that of the animals on
test will be housed separately frorr; the test animals. These wili
not be subject to any procedure but will receive food and water
ad lib. . |
b. Intratracheal controls will consist of ten animals of each

species injected intratracheally with water as often as the test

animals. caiad
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¢.  Inmtraslecvral controls will consist of 20 rats and 20 hamsters,
Jen of envih species will be injected intrapleurally with quart:
rfust and ten, with amorphous magnesium silicate (prepared by
adding magnesium chloride to sodium silicate and adeqguately

washing the resalting precipitate),

A summary of the experimental plan is given in tabular form on

the fovllowing page,
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Table 1
v Intratracheal Injections Intrapleural Injections Lab
"Brake Lining| Chry- |H;O | Brake Liming|Ghry- | R0 artzll] Con-
Dust sotileP . Dust sotile® trols
D D/2 D* D/2
Rats 30 30 10 10 20 20 10 10 | 1o 10
Guinea :
Pigs 20 20 10 10 10
_Hamsters | 20 20 10 10 20 20 10 10 10 10
A |70 | 70 30 {30 | 40 | 40 |20 20 20 l 30
(a) The maximum intratracheal dosage (D) will be 28 mg for rats, 14 mg

for hamsters, and 50 mg for guinea pigs. This may be administered
in multiple injections. D/2 indicates half this dose.

{b) The dosage for rats will be 14 mg, 28 mg for guinea pigs, and 14 mg for
hamsters.

{c) A single injection will be given. The maximal safe dosage to be deter-
mined. The animals will be allowed to live out their lives or killed at
30 months, Again, D/2 indicates half the maxirum safe dose.

(e) Dosage to be the same as -in (c) if tolerated.

{f) Dosage to be the same as in (c) if tolerated.

NOTE: The numbers of animals in Table 1 are the net numbers to provide

statistical validity to the research program However, the program
will be initiated by a larger number approximating double the number
shown in the tabulation to allow for a 50% mortality rate during the
program. The totals in the tabulation are 160 rats, 70 guinea pigs,
and 140 hamsters, for a total of 370 animals; whereas the total number
of animals to be used in the prograrm will approximate 740. 1f additional

= animals are required, they will be inclided to assure statistical validity.
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¢, Significance of this Work

It has been catablished that urban dust contains filamentous
particles of respiratle size and that such filamentous particles are inhaled
by city }i\x-e‘llcrs and deposited in their lungs. Some of these filamentous
particles become coated with ferritin or a ferritin-like protein to become
ferruginous bodies.,

Some of the respirable lilamentous dust particles may be man-
made, Consi_sting of glass or rock wool; others may be derived from paper or

9

wood ash, “ as well as from other sources’ in addition to ashbestos products,
In view of the density of automobile traffic in modern urban centers, it is
theoretically possible that automobile brake lining dust may be found to be
the most abundant source of filan1ents derived from asbestos in urban air.

Recent publications indicate that there is little relationship

between asbestosis and the development of bronchogenic cancer in some

individuals. It has, therefore, become importanttodetermine whether or not
the dust derived from automobile brake linings is pathogenic and, if so, to
what degree, If our findings indicate that b1..-ake lining dust possesses a
significant pathogenic potential, both industry and public health authorities
are faced with problems, On the other hand, if as seems likelyi from a pre-

liminary investigation, brake lining dust has no significant pathogenic po-

tential from animal experiments, no problem exists,

#*Unpublished Data iy
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2, Supporting Data
a. Previows work done in this or related fields—

Quver the past twelve years, the lungs of workers from the asbestos
industry have been examined in this laboratory. These had varying degrees of
ashestosis, Most of t'nésu lungs were from workers who had worked in various
plants of a leading asbestos fabricating company in this country, although two
of the workers had mined chrysotile asbesto; for another company in Canada.

In a comparative study of asbestosis caused by chirysotile dust in

rats and hamsters, it was found that in rats this disease tends to be multi-
focal and to heal with the formation of collagenous scars that contain imprisoned
asbestos dust, ;\:o dust was found in the lung tissue between the focal scars,
In hamsters, chrysotile asbestos resulted in a fatal, non-healing diffuse
pneurmonitis chazfacterized bg.; air spaces filled with macrdphages, and the
p:..-oduction of an argyrophilic stroma that did not convert;' to collagen.' Asbestos
dust was fuund- difius.ely distributed throughout the affécted lung. 7

The distribution of acid-insoluble mineral dust in human asbestotic

0

lungs was investigated b-_,r Gross and Smith ! -;zsing the micro-incineration
technique., It was found that in asbestotic lungs _there was a paucity of acid-
ilnsoluble n-;.ine ral dust in generél, that the dist-.ribption of this d;:st was highly
irregular, that the amount of dust present was not proportional to the amount

of fibrosis, and that there were regions of fibrosis that contained no demonstrable

dust.
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In a four-year study cuinea pigs, hamsters, and rats were exposed
to hammer-milied chevsotife dust, Out of a totalA of 91 rats exposed by in-
halation (62 weweks) to (hrvsotile dust or injected intratracheally with the dust
{l4 to 21 myg.) and surviving 16 months or longer 28 orr 31% developed
primary lung canl:ers (including also une pleural mesothelioma). XNone of the
guinea pigs or hamsters developed lung cancer. (Gross, et al. 1 ).

An investigation of the prevalence qf asbestos bodies in the lungs
of autopsied hospital patients in Pittsburgh was conducted, It was tound that
these bodies werce present in 43% of the lungs examined, 6

Sy:}thctit- chrysotile \lvas prepared by Dr. W. T. Granquist of
Mellon Institute. The x-ray diffraction pattern of this synthetic material was that
characteristic of chrysotile and the electron photomicrographs show tubular
crystals tha't.a.re cimracteris‘tic of chr.ysotile. It was about 80% pure. The
impurities consisted largely of unreacted magnesium chloride and sod{um sili-
cate as well as small amwounts of amorphous silica. Thié material, when in-
jected intratracheally into rats, evoked. only a mild mbbiliza.tion of macro-
phages. There was no alveolar wall thickening or stromal proliferation. Five
months a}'tef the intratracheal injection, there was no evidence of its presence
detectable in the lung sections by micro-incineration or by altératioﬁ of the
alveolar morpimlogy. AThis was$ in contrast to the appearance of the lung tissue
following the intratracheal injection of the same dose (3.5 mg.) of hammer-

milled natural chrysotile dust. Here, there was a severe inflammation involving the

-
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respiratory dronchiole, adjoining alveolar ducts and all their evaginating al-

12

ceoli. " This resulted in collagenous scars,

The pulmonary respoase to an insolu.ble fibrous dust was studied
when a filanentous ceramic aluminum silicate of respirablé size was iniected
intratracheaily into rats. The tissuc reaction was judged to resemble more
that ubserved with limestone dust than that associated with feldspar, a silicate
the pathogenicity of which is interimediate between gquartz dust and limestone
dust. Limestonedust is generally classified as '"biologically inert’,

The specifivity of asbestos bodies was investigated recently in .

ir '
this laboratory, Tiw development of bodies indistinguishable from asbestos
Lodies was demonstirated in the lungs of hamsters that had been injected intra-
tracheally with filamentous dust of #luminum silicate, silicon carbide, and

. 6 : _

glass (all lu or less in diameter). Because these bodies, regardless of the
nature of the centré.l fibecr. are composed of ferritin{or a ferritin-like.material).
an iron-containiﬁg protein, they have been designated as ferruginous bodies.
Although many of the ferruginous bodies that formed in response to non-
asbestiform filaments wére non-segmented clubbed rods, typically segmmented
forms were also seen. A method was developed in connection with this work for
isolating and concentrating ferruginous bodies from human and.animal lungs,
It was shown that human ashestos bodies may also exist in the form of pale
golden or yellow- non-ségmented straight Tods with clubbed ends, similar to the
ferruginous bodics recovered from the lungs of hamsters injected intratracheally

with aluminum silicate, silicon carbide, and glass respectively. 6
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B. Personal Publications Pertinent to this Proposal—

-  ~Gross, P., Grandauist, W. T., Spei, S., Leinweber, J., and
deTreviie, R.T.P.: e Pulmonary Response to Synthetic Chrysotile,
1o be puhiished,

C.russ, F., Westrick, M. L., Schrenk, H.H., and McNerney, J.M.:
The Efrects of a Synthetic Ceramic Fiber Dust Upon the Lungs
- of Rats, A.M.A. Arch. Indus. Health 13: 161-166, 1956,

- Grass, P., and deTreville, R... T.P.: The Pulmonary Response
to Fibrous Glass Dust, to be published.

- Gross, P., deTreville, R.T.P., Tolker, E.B., Kaschak, M. A.,
and Babyak, M. A.: ‘Experimental Asbestosis: The Development
of Lung Cancer in Rats with Pulmonary Deposits of Chrysotile
Asbestos Dust, Arch. Environ., Health 15: 343-55, 1967,

- Gross, P, and Smith, K. W.: The Topographic Distribution of
Mineral Dusts in Some _Fneumoconiotic Lungs, Dis. Chesf 35:
14.9-154, 1959, |

- Gross, P. and deTreviile, R.T.P.: Experimental Asbestosis:
Studies on the Progressiveness of the Pulmonary Fibrosis
Caused by Chrysotile Dust, to be published, Arch. Env, Health.

- Cauna, D., Totten, R.S., and Gross, P,: Asbestoé Bodies in
Hum;n Lungs at Autopsy, J.A.M. A, 192: 371-373, 1965,
- Gross, P., Cralley, L,J., and dgTreville. R.T.P.: Asbestos

Bodies: Their Specificity, to be published, A.I.H.A. Journal,

-
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- Gross, P, deTreville, R.T.P., Cralley, L.J., and Davis,
J.ML G .':-"-.:h'r;uuary Ferraginous Bodies: 1. Their Develop-
ment in Respunse Lo Filamentous Dusts Other Than Asbestos.
2., Method of Their Isolation and Concentrating Them, to be
published,

- Gross, P.: The Paeumoccnioses: Chapter 4, Part l: Pathology
of the Preumoconioses, Edited by A, J. Lanza, Grune & Stratton,
Inc., (19h3),

- Gross, P., deVilliers, A.J., and deTreville, R.T.P.: Experimental
.Silicusis: The ""Atypical” Reaction in the Syrian Hamster, Arch.
Path., 8+4: 87-94, July, 1967.

- Crailey, L.J.: Ke¢nan, R.G.; Lynch, J.R.: Exposurc to Metals
in the Manuz’actux;e of Asbestos Textile Products, Presented at
Annual Meeting of American Industrial Hygiene Conference, Ghicago,

May 1967, JAIHA, to be published.

Pertinent Literature References:

t. 'fhomson, J.G.; Kaschula, R.0O.C.; and Mac-Dona.lcl, R.R.:
Asbestos as a Modern Urban Hazard, S Afr Med J37: 77-81, 1963,

2, Thomson, J.G. and Graves, W.M.: Asbestos as .a.n Urban Air
Contaminant, Arch Path 8]: 458.464, " 1966.

3, Cauna, D.: Totten, R.S.; and Gross, P.: Asbestos Bodies in

Human Lungs at Autopsy, JAMA 192: 371-373, 1965,

L Sy
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Anjilvel, L. and Thuribeck, W,.M.: The Incidence of Ashestos
Bodies iz;‘.‘.i:e Lungs at Random Necropsies in Montreal, Can Med
Assﬁ J 9=: 1179-1182, 1960,

Newhouse, M, L. and Thompson, H.: Mesothelioma of Pleura and

Peritoneum Following Expusure to Asbestos in the London Area,

_ Brit J Iadus Med 22: 261, 1965,

Gross, P., deTreville, R.T.P., Cralley, L.J., and Dav{s, J.M.G.:
Pulmonary Ferruginous Bodies: 1, Their Development in Response
to Filamentous Dusts Other Than VAsbestos. 2. Method of Their
Isolation and Concentrating Them, to be published in AMA Arch Path
Gross, P. and deTreville, R.T.P.: Experimental Asbestu‘sis:
Studies on the P;:ogressiveness of the Pulmonary Fibrosis Caused

by Chrysotile Duét, Arch Environ Health, to be published.

Gross, P., deVilliers; .A. J., and deTreville, R.T.P.: Experimental
Silicusis: The "Atl;'prica'l" Reactiog in the Syrian Hamster, Arch

Path , 84:87-94, July, 1967,

Cralley, L.J.; Keenan, R.G.; Lynch, J.R.: Exposure to Metals

_in the Manufacture of Asbestos Textile Products. Presented at

Annual Meeting of American Industrial Hygiene Conference, Chicago,

May 1967. JAIHA, to be published.
Gross, P.: The Pneumoconioses: Chapter 4, Part 1: Pathology
of the Pneumoconioses, Edited by A.J. Lanza, Grune & Stratton,

Inc., (1963). 2
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11,

t3.

14,

CGrouss, P., deTrevilie, R, T.P., Tolker, E.B., Kaschak, M.A.,

~and Babvav, M.A.: Experimental Asbestosis: The Development

of Lang Canver in Rats witi Pulmonary Deposits of Chrysotile
Asbestos Dust. Arch. Environ. Health 15: 343-55, 1967,

Gress, F., Grandquist, W.T., Speil, S., Leinweber, J.: and

. deTreville, R.T.P.: The Pulmionary Response to Synthetic Chrysotile,

to be pubiished.

Gross, P., Westrick, M. L., Schrenk, H.H., and McNernev, J.M.:
The Effects of a Synthetic Ceramic Fiber Dust Upon the Lungs

of Rats, A.MA, Arch Indus He.a.lth- 13:161-166, 1956,
Gr.oss,P., Cralley, L.J., and deTreville, R.T.P.: Asbestos

Bodies: Their Specificity, to be published, JAIHA
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BUDGET ESTIMATE FOR THREE YEARS OF SUPPORT .

(Detailed Budget for First 12-Month Period)

DIRECT COSTS

Salaries: $27, 500
- Paul Gross, M.D. — Principal Investigator $10, 000
Research Technician - 6, 000
Histopathology Technician 6, 000
Animal Caretaker 5, 500
Fringe Benefits (11%) 3,025
Supplies: 6, 500
Animals, Feed, Bedding ‘ 4, 500
Histologic 1, 000
Photographic ' : - - 1,000
Travel: 500
Total Direct Costs $37, 525
INDIRECT COSTS . 24,275
Equipment: (Charged at rate of $1, 200/year) 1, 200
Animal Racks and Cages 2, 000
Zeiss Microphotographic Apparatus 1, 500
: ‘Total First Year's Costs to |
Johns-Manville ' $63, 000
Estimated Total Three-Year Cost .
- to Johns-Manville $189, 000
ey
5 :
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