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substances have been shown to cause asbestos-
body-like structures, and therefore Gough* suggested
the name “mineral fiber bodies.” Perhaps the
most suitable term, “ferruginous bodies,” was
coined by Gross* to describe structures that have a
coating containing iron demonstrable by the Prus-
sian blue reaction, that look like asbestos bodies
and that may or may not have asbestos fibers as
their core.

ULTRASTRUCTURE

The original descriptions have now been made
more precise by electron microscopy. The core of
the bodies is variable. Chrysotile consists of hollow
tubes 150 to 400 A in diameter that may be filled
with crystal fragments.'® The amphibole group,
which includes crocidolite, amosite and tremolite,
has solid fibers that are much larger, the smallest
being 800 A in diameter. Davis!! has shown that the
coating consists of ferritin granules approximately
60 A in diameter, and of amorphous material, proba-
bly protein. This coating may be very thin or as
thick as 5 u. Several fine needles of asbestos, 0.05 to
0.5 u in length, may be scattered throughout the
. body with their axes parallel to the surface. Ferritin
may accumulate around very small dust particles
and produce “asbestos bodies™ of a size below the
resolution of the light microscope. Although the
deposition of the protein-iron complex was thought
to be an extracellular process, electron microscopy
now has shown that the formation is intracellular,
probably within giant cells or macrophages.

CHEMISTRY

The principal component of the asbestos body is
organic, mainly protein with iron; usually there is
less than 5 per cent asbestos. Early workers be-
lieved that the bodies were formed free within the
alveoli and that the coating was derived from hemo-
globin released from vessels injured mechanically
by the fibers. Another theory was that the coating is
deposited by phagocytes.!* The finding of hydroxy-
proline led some to suggest that it contains collagen
deposited by fibroblasts.”* Amino acid residues in
the protein of asbestos bodies have been examined

in the hope of differentiating collagen from other -

proteins. The analytical values for proline, hydroxy-
proline, leucine and glycine were all too low for
collagen to be the main part of the protein enve-
lope.* The protein resembles that of general lung
proteins and is also similar to that of serum gamma

globulin, globins and hemoglobins. This chemi--

cal evidence supports the finding, on electron mi-
croscopy, that the coating is formed by the cyto-
plasm of alveolar macrophages or giant cells. The
iron may be derived from disintegrating erythro-
cytes also ingested by these cells.

PREVALENCE
In recent years a search has been made for “as-
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bestos bodies” in random post-mortem material. At
first, they were found in 26 per cent of autopsies in
Capetown near mining operations, but later, surpris-
ingly enough, a similar percentage was demonstrated
in Miami, Florida.” Since then a still greater prev-
alence has been reported from other cities.’ Animals
apparently are subject to the same air pollution
because asbestos bodies can be found in don-
keys, field rats and baboons near mines.'” The
method of sampling is important: on routine histo-
logic examination ferruginous bodies were found in
only 2 per cent of lungs without fibrosis; this prev-
alence increased to 21 per cent if squeezed lung
juice was used, and it rose to 48 per cent with
scraping of the cut surface.’®* The sampling site was
also important, right basilar segments giving the
highest yield. A distillation process has revealed a
few asbestos bodies in 97 per cent of lungs.”® In
none of these autopsy surveys was there a relation
between the prevalence of asbestos bodies and pul-
monary fibrosis or cancer. The source of asbestos or
other mineral fibers in the city atmosphere has been
the subject of much speculation. Dust from automobile
brake linings and clutch faces was soon suspected.!s

FIGURE 2. Section -of the Lung of a 56-Year-Old Shipyard Pipe
Coverer Who Died of Squamous-Cell Bronchogenic Carcinoma unth
Brain Metastases (Hematoxylin and Eosin Stain, Origmal Mag-
nification X32).
He was at our laboratories nine years earlier because of asbestosis.
The section shows at the top diffuse interstitial fibrosis unth honey-
combing. In the left lower fild the carcinoma is surrounded by
masses of asbestos bodies. )
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FIGURE 3. Section of Pleura of a 61-Year-Old Man Who Had
Been an Asbestos-Sheet Stacker for 22 Years (Hematoxylin and Eosin
Stain, Oniginal Magnification X600).

Seven years earlier asbestosis was recognized at our {aboratory. He
died three months after the onset of dyspnea, weight loss, chest pain
and recurrent serosanguineous pleural effusion.®® At the bottom there
is a nest of asbestos hodies within a mesothelioma. In the upper right area
there are several smaller bodies and fine crysials with early beading.

The chryvsotile imbedded by heat in the plastic of these
linings becomes anhydrous forsterite. Animal experi-
ments have now shown that forsterite indeed can
produce ferruginous bodies but that, unlike asbes-
tos, it is nonfibrogenic.®

Sputum of asbestos workers frequently contains
asbestos bodies, the frequency increasing with time
of exposure (22 per cent under one year and 38 per
cent over five vears) and increasing with higher
dust concentration.?? However, asbestos bodies in
sputum are not necessarily indicative of asbestosis.
They have also been found in feces, presumably
from swallowed sputum, and in the spleen, tonsils
and lvmph nodes of exposed persons. Neoplasms,
particularly bronchogenic carcinoma and pleural and
peritoneal mesothelioma, may contain asbestos
bodies within and around them (Fig. 2 and 3).

EXPERIMENTAL PRODUCTION

Asbestos bodies can be produced in animals with-
out necessarily causing fibrosis or tumor. Indeed,
they have been found after only seven dayvs of expo-
sure.® Some animals produce them readily, most
notably guinea pigs. Thev respond by granuloma

Feb. 27, 1969

formation that may provide the ideal environment for
coating. Rats do not form bodies, perhaps because
asbestos dust causes early fibrosis* Only a tiny
fraction, probably less than 1 per cent of all the
fibers in the lung, become coated (Fig. 4). Whether
a special environment is required for the coating is
being investigated by means of pleural injection.
Preliminary results suggest that acid mucopolysac-
charides and colloidal iron both must be present.»2¢
In tissue cultures, even the smallest dust particles
are taken up by macrophages and fibroblasts, but no
typical asbestos bodies develop.

NONASBESTOS FERRUGINOUS BODIES

Today, respirable fibers are legion. Diatomaceous
earth, graphite and carborundum already have been
identified as the core of typical “asbestos bodies™ in
man.?*® Substances believed to be biologically inert,
including fibrous aluminum silicate (Fig. 3); fibrous
glass (Fig. 6), silicon carbide and forsterite have
caused ferruginous bodies in hamsters and guinea
pigs.>® Even fragments of the lung's own elastic
tissue may produce “elastosis bodies” that logk sim-

FiGure 4. Section of the Lung of a 55-Year-Old Man Who Had
Been an Asbestos Sheet Planer for Nine Years (Partially Polanized,
Hematoxylin and Eosin Stain, Original Magnification X800).

A left upper lobectoms was performed because of a large nodule,
whick proved 1o be an asbestoma. There are numerous free asbestos
fibers throughout the section. Many macrophages are filled with yel-
fow granular debris. There is one well preserved segmented asbestos
body at the top (upper arvow) and several broken-off. round heads
of bodies at the bottom (lower arrow).

pOW 05865



Vol. 280 No. 9

FIGURE 5. Smear of Sediment of Saline Washing of Hamster Lung
Nine Months after Endotracheal Injection with Ceramic Aluminum
Silicate (Perle’s Blue and Eosin Stain X800).

A ferruginous body has macrophages attached at each end. (This
matenal was kindly supplied by Dr. Paul Gross, director of the In-
dustrial Hygiene Foundation Laboratories, Pittsburgh, Pa.)

ilar* Technics are now available for analysis of
the core fibers. They include electron beam and
x-ray  diffraction, laser microprobes, ultrasonic
disintegration and mass spectroscopy. The electron-
beam diffraction patterns of ferruginous bodies
from 22 lungs of “unexposed” persons did not
coincide with that of chrysotile. Since 95 per cent

FIGURE 6. Section of Hamster Lung 16 Months after Endotracheal
Injection with Fibrous Glass Dust (Hematoxyln and Eosin Stain,
Original Magmfication X600).

Well developed ferruginous bodies are seen in the upper left and
lower right pelds. (Matenial from Dr. Paul Gross.)
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of asbestos used in the United States is of this
type; it was concluded that the vast majority
of ferruginous bodies found at random autopsies
are not from asbestos.®

B1oLOGIC IMPORTANCE

Obviously, the diagnosis of asbestosis, based on
the finding of ferruginous bodies in an apparently
unexposed person, must be made with caution.
However, one must be equally cautious in making a
diagnosis of “nonspecific interstitial pneumonitis”
in a person with known exposure because there is
no relation between the number of bodies and the
severity of asbestos pneumoconiosis. On the contra-
rv, we and others have noted an inverse relation %
In persons with prolonged but distant exposure, of-
ten retired because of respiratory impairment, the
lungs frequently show severe fibrosis with only rare
asbestos bodies whereas in patients with more re-
cent exposure, lung biopsy reveals alveoli filled with
bodies and debris-laden macrophages but little or
no fibrosis. _

This paradox can be explained in a number of
way's. The small number of asbestos bodies in work-
ers with fibrosis who were exposed long ago may
be the result of clearing of the intra-alveolar materi-
al. This clearing occurs most rapidly in areas of
supple alveolar walls whereas it is delaved in
the more noncompliant regions near the thickened
pleura and around larger vessels and bronchi.
Therefore, the distribution of asbestos bodies is
uneven, and their number in any section need not
be representative 2 The relation between the
number of visible asbestos bodies and the degree of
fibrosis is also poor because only a verv small and
variable fraction of fibers become coated (Fig. 4).
Probably the tiniest, uncoated particles, which are
invisible by light microscopy, are most fibrogenic
because they have the largest aggregate surface area.
This is important because at some stage a chemical
reaction must initiate the process of fibrosis. The
visible asbestos bodies, therefore, are best considered
as markers, rather than as important causative agents.

CONCLUSIONS

In 1929 Cooke said that “curious bodies have
been found in every necropsy in pulmonary asbes-
tosis, and the problems we have to decide are, first,
what the bodies are, and second, whether they are
diagnostic of asbestosis.” Although at first answers
seemed deceptively simple, new information in-
creasingly has raised new questions. That asbestos
bodies may contain asbestos is clear. It is equally
clear that structures apparently indistinguishable
from asbestos bodies may have as their core other
materials. Unfortunately, the methods of identifi-
cation are exceedingly complex, and, even in the
best bhands, results remain tentative. Neverthe-
less, recent animal exposure and analvtical work
suggests that, until ashestos has been identified as
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the core of an “asbestos body,” it is best to use the
more general term “ferruginous body.”
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Rewards of Teaching and Research

N
j‘b&hsrsn. M.D.

HE recurring economjc problems of Britain

some discipline in the matter of income~Jt is not
surprising, however, that the principle is weadil

acceptable in general but hard to accept in p
lar. No section of the community is likely t con'
tent to receive what it considers to be g adverse or
unfair decision of the Prices and
which the majority of pay clai
arisen from the report
university teaching staff.

alarv rise, based on a comparison
industry and the civil. service, but
roposed only an average rise of 4.9 per
emphasized the fact that the endless chain
hicreases made because similar groups had re-
ceived increases must be broken. To recruit teach-
ers of quality the largest rises were recommended

*

for assistant lecturers, who would receiv
in salary ranging from 10 to 17 per ¢
smaller increases for senior lectu
More controversial, however,
the total claim was the co
the present salaries and

‘reases
.~ with much
and professors.
the reduction in
ent in the report that
r structures of univer-
toward research rather than

number of
rect thi
amo

ias the Board proposed that bonuses
ng to 4 per cent of a university’s total salary
should be given up to half the teaching staff
below the grade of professor so long as they had
passed a four-year or five-year period of probation.
This system should be designed to reward a teach-
“er's hours of teaching, the quality of his teaching

and,_sometimes his load of administrative work.
A m obvious statistics of teaching work load
it was sbhggested that a teacher’s merit should be

tudents through a carefully drafted
questionnaire onDby the @xamination performance of
his students. Simildg awards would be made to pro-
fessors who had showq outstanding merit, particu-
larly in the setting up administration of teach-
ing departments.

Justifving his proposal to u¥_student opinion in
assessing the merit of their teadhers Mr. Aubrey
Jones, the chairman of the Prices and Income
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