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SIGNIFICANCE OF THE FIBRE SIZE OF ERIONITE

J.C. WAGNER

MRC External Staff Team on Occupational Lung Diseases
Llandough Hospital, Penarth, South Glamorgan, South Wales CF6 1XW

ABSTRACT

At the VIth International Conference at Bochum we demonstrated that by treating rats with erionite from
Oregon, we were able to produce 100% mesotheliomas by both pleural implantation and by inhalation;
the only fibre to produce these results under experimental conditions. In contrast to this we failed to pro-
duce any tumours with a non fibrous synthetic form of this material. Our colleagues who had studied the
Oregon material, in *in vitro® tests to detect genotoxicity, stated that it was the only dust which they had
examined which gives reproducible positive results. We were able to produce two samples from the Oregon
erionite of fibrous dusts; one of which contains fibres all of which were less than 5.0 microns in length
and, the other containing fibres greater than 5.0 microns to test whether specific sized erionite fibres would
produce tumours. Following intrapleural inoculation of the large fibres mesotheliomas occurred in 94%
of the rats in contrast to none in those receiving the shorter fibre. In the inhalation study 60% of the animals
exposed to longer fibres developed tamours but none of those exposed to the shorter material. A detailed
study including the size of the two original preparations and of the fibres recovered from animals receiving
both treatments has been undertaken. The significance of these studies will be discussed and the relevance
to the biological findings contrasted.

See Table of Contents, Part I, for Paper.
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EXPERIMENTAL STUDIES IN RATS ON THE EFFECTS OF ASBESTOS
INHALATION COUPLED WITH THE INHALATION OF TITANIUM DIOXIDE

J.M.G. DAVIS, MA., ScD. * A.D. JONES « IMELDA PARKER

Institute of Occupational Medicine, 8 Roxburgh Place
Edinburgh EH8 95U

INTRODUCTION

Many inhalation studies in experimental animals have been
undertaken to examine the pathogenicity of mineral
fibres.’:2.5 So far, however, work has concentrated on the
effects of pure dust clouds in spite of the fact that, in the
industrial environment, fibres are inhaled at the same time
as isometric dust particles of many types. To examine the
effects of other dusts inhaled with mineral fibres, we com-
menced a study in which amosite (a long fibre preparation)
and chrysotile (UICC *A’) asbestos were administered to rats
over the same time period as titanium dioxide, an innocuous
particulate dust, or quartz, a highly toxic material.

MATERIAL AND METHODS

Groups of 48 rats of the AF/HAN strain were treated with
one of the asbestos varieties at a dose level of 10 mg/m? of
respirable dust with either titanium dioxide at 10 mg/m? or
quartz at 2 mg/m?. The inhalation period was one year and
subsequently most of the animals were allowed to live out
their full life span. Groups of four rats were killed at the
end of the dusting period and similar groups six months later.
From these animals the left lung was ashed to determine the
content of retained dust, while the right was processed for
histology. All lung tissue was serially sectioned with sec-
tions examined at multiple levels throughout the organ. Sec-
tions were also examined routinely from all major organs
and all areas of pathological change detected macroscopically
at autopsy. Sections were stained with haematoxylin and
eosin, Van Gieson’s method for collagen or Gordon and
Sweet’s method for reticulin. The area of lung tissue occupied
by pulmonary interstitial fibrosis was measured using an
automatic image analyser (Graphic Information Systems
Ltd., GDS1). For the determination of retained asbestos, half
of the left lung was ashed at low temperature in nascent oxy-
gen and infrared analysis undertaken of a potassium bromide
disc containing the dust residue. For titanium dioxide the rest
of the lung tissue was analysed by atomic absorption follow-
ing muffle ashing. Comparisons of levels of interstitial
fibrosis and the retained asbestos content of lung tissue were
undertaken using conventional analysis of variance tech-
niques. Differences in the number of pulmonary tumours
found in the experimental groups were examined using the
Pearson chisquare statistic. The studies involving titanium
dioxide and asbestos and quartz and asbestos were not under-
taken synchronously. At present only the data from studies

with titanium dioxide are complete and these are presented
in this paper.
RESULTS

At the end of the dusting period, histological examination
of lung tissue revealed large amounts of both asbestos and
titanjum dioxide intermingled within pulmonary macrophages
and in deposits of fibrosing granulation tissue in the region
of the terminal and respiratory bronchioles which are the
characteristic early signs of lung pathology in rats exposed
to asbestos (Figure 1). These lesions consisted mainly of
macrophages, giant cells and fibroblasts with reticulin and
collagen fibres found in increasing density as the smdy pro-
gressed. Giant cells were particularly noticeable in animals
treated with asbestos and titanium dioxide with the
phagocytosed titanium dioxide particles packed in the
peripheral regions of cytoplasm along with the multiple
nuclei. Short asbestos fibres were also found in this peripheral
area but longer fibres transfixed the clear central regions of
cytoplasm. As the rats aged, pulmonary fibrosis extended
in some lung areas to involve the alveolar walls in the paren-
chyma between the terminal bronchioles. The first sign of
this alveclar interstitial fibrosis is a rounding up of Type Il
epithelial cells which then progressively increase in number
as the interstitial space is thickened with fibrous deposits until
the airspaces may become lined completely by cuboidal
epithelium. In some areas the fibrotic thickening of septa
predominates but, in others, epithelial change is more pro-
nounced leading to a pattern of adenomatosis. In the most
advanced stages of this condition, some remodeling of the
lung architecture occurs with thick walled airspaces no longer
corresponding to the original alveoli. The process is probably
equivalent to the development of honeycombing in human
lungs. The area of lung tissue involved in this type of ad-
vanced ‘fibrosis’ in those animals surviving to within two
months of the end of the study (age 34 months or more) is
illustrated in Table I with comparable figures from recent
studies using the same chrysotile or amosite samples on their
own.2* The inhalation of titanium dioxide as well as
asbestos did not increase the amount of fibrosis produced.

With the production of pulmonary tumours, however, a
marked difference was found between those animals inhal-
ing asbestos only and those inhaling asbestos and titanium
dioxide (Table II). For this comparison, two studies using
UICC chrysotile ‘A’ were available.2# In the two studies
with UICC chrysotile alone, the number of pulmonary
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F:gure 1. An area of ﬁbrosmg granulation time formed in the walls of respiratory bronchioles in a rat aﬁer
12 months inhalation of amosite and titanium dioxide. Fibres and particles of titanium dioxide
(which appear black) are mingled together in phagocytic cells both free in the alveolar spaces
and in the solid tissue of the lesion. Two foreign body giant cells are present with dust packed
in the peripheral regions of the cytoplasm but with relatively clear centres.
Magnification x 400.

Table 1
The Percentage of Lung Parenchyma Occupied by Pulmonary Interstitial Fibrosis

CHRYSOTILE CHRYSOTILE PLUS AMOSITE AMOSITE PLUS
TITANIOM DIOXIDE TITANIUM DIOXIDE

12.2% 12.9% 11.0% 9.5%
(1.5-24.3) (3.8-26.1) (0.4-34.6) (0.7-20.7)

Figures are means of all animals surviving until within two months of the end of the
study. Group sizes varied from 12 - 18 months.
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Table I
Pulmonary Tumours

TUMOUR TYPE CHRYSOTILE CHRYSOTILE PLUS AMOSITE AMOSITE PLUS
TITANIIM DIOXIDE TITANIUM DIOX]IDE
1 2

Adenoma 7 6 4 3 1
Adenocarcinoma 6 4 12 3 8
Squamous

carcinoma 2 4 3 4 3
Mixed/

undifferentiated 5 1 5
Pleural

mesothelioma 2 2 2
Peritoneal

mesothel ioma 1
TOTAL 15 14 26 14 19
No. of animals 40 37 41 40 40

tumours produced was almost identical, indicating a good DISCUSSION

degree of reproducability in the animal model. The inhala-
tion of titanium dioxide as well as chrysotile resulted in ap-
proximately twice the number of pulmonary tumours. With
amosite and titanium dioxide, tumour production was approx-
imately 50% higher than with amosite alone. For the ex-
periments with chrysotile asbestos, the figures for all
pulmonary tumours were significantly different (P <0.02)
and even more significant if only malignant tumours were
considered (P <0.004). For amosite the difference did not
reach statistical significance with the group sizes used (P
>0.10).

Figures for the lung dust content of animals six months after
the end of the dusting are illustrated in Table III. The
presence of titanium dioxide, a particulate dust normally con-
sidered to be innocuous is associated with double the amount
of chrysotile as normally retained at the same timepoint
following this asbestos dose on its own. For animals treated
with amosite and titanium dioxide, the retained amosite dose
was 60% more than with amosite alone. Even with very small
groups of only four rats, the differences in chrysotile reten-
tion were significant (P <0.05). With the amosite ex-
periments once again the differences were not large enough
to reach significance (P >0.10).

The results of studies with titanium dioxide and asbestos in-
dicate that the inhalation of a particulate dust normally con-
sidered to be innocuous may increase the carcinogenicity of
both amosite and chrysotile. Lung dust analysis suggests that
this may result from increased retention of asbestos with the
increase in pulmonary tumours very closely matching the in-
crease in lung dust content. Whether or not this finding in-
dicates an increased hazard for asbestos workers exposed to
mixed dusts in the industrial environment needs careful con-
sideration. Studies examining the buildup of amosite and
titanium dioxide in the lungs of rats over a one year exposure
period followed by a short clearance period of 38 days have
been reported.® In this study no reduction of amosite
clearance was found compared to similar studies with amosite
alone. However, dose levels were different from those in
the present study (2.5 mg/m? for amosite and 15 mg/m? of
titanium dioxide) and the clearance period was short cover-
ing time when much dust is known to be in macrophages
free in the alveoli. The six month period covered by the pres-
ent paper is a time when dust is being incorporated into solid
lesions in the lung patenchyma. The increased retention
reported for amosite (2s well as chrysotile) may reflect an
increase in this process.
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Table III

Lung Asbestos Burdens Six Months After the End of Dust Exposure

CHRYSOTILE CHRYSOTILE PLUS AMOSITE AMOSITE PLUS TITANIUM DIOXIDE
TITANIUM DIOXIDE
315 (49) 710 (71) 3080 (370) 4980 (499)

Figures are in microgrammes and are the means of groups of four animals. Stan-

dard deviations in brackets.

A continuing debate about asbestos-related pulmonary car-
cinomas concerns the question of whether or not these
tumours occur in the absence of pulmonary fibrosis.! In the
present study, levels of fibrosis were found not to increase
with an increase in lung tumours when asbestos was ad-
ministered with titanium dioxide. However, the principal
does appear to apply since all the animals developing
pulmonary tumours did have quite large amounts of
pulmonary fibrosis as well. It may be that while fibrosis is
an essential precursor of tumour development, the area of
fibrosis is not the most important factor. The amount of dust
retained in any area of fibrosis and the cellularity of the le-
sions may be much more important. In addition, the method
of measuring advanced interstitial fibrosis that we have
adopted involves ignoring, in animals with tumours, those
areas of lung occupied by the umour itself and estimating
fibrosis as a percentage of the remainder. Thus a tumour may
‘arise in a large area of fibrosis but overgrow this and
eliminate it. The percentage of fibrosis in the remaining lung
tissue may be relatively small.
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THE ROLE OF FIBER LENGTH IN CROCIDOLITE
ASBESTOS TOXICITY IN VITRO AND IN VIVO

LEE A. GOODGLICK » Agnes B. Kane

Department of Pathology and Laboratory Medicine, Brown University

INTRODUCTION

Inhalation of asbestos fibers during occupational exposures
is associated with the development of pleural plaques and
effusions, diffuse interstitial fibrosis, and an increased in-
cidence of cancer including bronchogenic carcinoma and
malignant mesothelioma. The geometry and dimensions of
asbestos fibers are important factors in the pathogenesis of
these diseases. Short fibers or spherical mineral particles
which reach the alveoli are rapidly cleared from the lungs.
Long, straight fibers characteristic of amphibole asbestos are
translocated to the pleural and peritoneal linings. In contrast,
curly serpentine fibers are trapped in the upper respiratory
tract or at tracheobronchial bifurcations. Serpentine fibers
also fragment and are gradually cleared, while unmodified
amphiboles persist in the lungs.!

These differences in deposition, translocation, and clearance
may account for the different pathogenicity of short and long
asbestos fibers after inhalation. Altemnatively, long fibers may
have intrinsically different effects on potential target cells
in the lung than short fibers. Support for this alternate
mechanism is based on numerous in vitro models of ashestos
toxicity and transformation. In many of these in vitro models,
long fibers are more biologically active than short fibers or
spherical particles as monitored by acute cell lysis, disrup-
tion of the cytoskeleton, inhibition of cell proliferation,
stimulation of various enzyme activities, and transformation
in vitro.*?

We have re-examined the importance of fiber length using
two models of crocidolite asbestos toxicity in vitro and in
vivo. Acute toxicity of long or short fibers was demonstrated
in primary cuitures of thioglycollate-elicited mouse peritoneal
macrophages in vitro. In contrast, after direct intraperitoneal
injection of crocidolite asbestos fibers, long fibers were more
toxic than short fibers. This differential toxicity in vivo is
due to more effective lymphatic clearance of short fibers from
the peritoneal lining. However, if lymphatic clearance was
prevented, short fibers were toxic, as well as carcinogenic,
in this in vivo model.

MATERIALS AND METHODS

Preparation and Characterization of Asbestos Fibers
Crocidolite asbestos which was prepared and characterized
according to the Union Internationale Contre Le Cancer
(UICC) was used to prepare samples enriched in short and
long fibers as described previously. !¢

In Vitro Toxicity Protocol and

Assay for H,O. Release

Thioglycollate-elicited mouse peritoneal macrophages were
plated onto 12-mm glass coverslips (2.5-5 X 10%cells per
coverslip) and exposed to various doses of short or long
crocidolite fibers for up to 24 hours. Viability was deter-
mined using fluorescein diacetate (FDA). Superoxide
dismutase (SOD) and catalase were prepared as reported;
final concentrations are given in the table legends.
Deferoxamine-coated fibers were prepared as described.!!
For assay of H,0, release, elicited macrophages (10° cells
per 35-mm well) were exposed to various doses of short or
long crocidolite fibers for up to 6 hours. H,0,-mediated ox-
idation of phenol red was assayed as previously described.!!

In Vivo Injury

Male C57B1/6 mice were injected intraperitoneally with
mixed crocidolite (200 pg), short crocidolite (120 pg), or
phosphate buffered saline (PBS) using the procedure of
Moalli et al.!® These doses of short and mixed crocidolite
contained an equal number of fibers. Mice were sacrificed
after 3 days. Peritoneal lavage fluid was used to measure
lactate dehydrogenase (LDH) activity. The diaphragm was
dissected and stained with trypan blue as described previous-
ly.”® In some experiments, mice were injected in-
traperitoneally with agarose blue A spherical beads. Two
days later, 120 pg of short crocidolite fibers were injected
intraperitoneally. Mice were sacrificed 3 days later.

NBT Reduction In Vive

Mice were injected with 1.5 m! thioglycollate (4% w/v), 200
ng of titanium dioxide, 200 ug of crocidolite asbestos alone,
or 200 pg of crocidolite asbestos which had been presoaked
in 10 mM deferoxamine and then rinsed as described above.
Mice were sacrificed 3 days later following a 15 minute ex-
posure to 0.3 mg/mi nitroblue tetrazolium (NBT). Fixed
diaphragms were dissected and viewed under a dissecting
stereomicroscope (2-80 x). Reduced NBT formed a blue
precipitate (formazan).

Induction of Mesotheliomas

Mzle C57B1/6 mice were injected intraperitoneally with
crocidolite asbestos. Two series of experiments were con-
ducted: in Series A, 20 mice were injected weekly with either
200 pg/ml of long crocidolite or 200 pg/ml of mixed
crocidolite fibers (40 mice total). In Series B, 15 mice were
injected weekly with either 120 pg/ml of short crocidolite
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or 480 pg/ml of long crocidolite fibers (30 mice total). The
doses of long and short crocidolite used in Series B contained
the same pumber of fibers as 200 pg/ml of mixed crocidolite.
At the intervals indicated, complete autopsies were performed
on all mice.

RESULTS

Preparation and Characterization of
Long and Short Fibers

Native UICC crocidolite asbestos was used for separation
of long fibers and short fibers by repeated centrifugations,
The number of fibers per mg of each fiber sample was deter-
mined by transmission electron microscopy and is shown in
Table I. Greater than 60% of the long fiber preparation is
longer than 2.0 um, while 90% of the short fiber prepara-
tion is shorter than 2.0 pm. The doses used in these in vitro
and in vivo experiments were adjusted to contain an equal
number of native, long, or short fibers. The doses listed in
Table I correspond to 2.8-5.6 x 10° fibers/108 cells in the
in vitro experiments and approximately 5.7 x 10°
fibers/106 resident peritoneal macrophages in the in vivo ex-
periments. For the in vitro experiments, the dose was kept
constant with respect to cell number and surface area of the
culture dish. The LDy, corresponds to approximately 25 pug
of native crocidolite asbestos fibers/cm; 2 complete time and
dose response curves were publisbed previously.!! In the in
vivo experiments to produce mesotheliomas, approximate-
ly 40 weekly injections of 200 pug of mative crocidolite
asbestos fibers were used. The total dose delivered to each
mouse over this time period is approximately 2 x 10%
fibers. This dose is comparable to human occupational ex-
posures to asbestos fibers estimated at 101°—10"! fibers dur-
ing a lifetime.12 In contrast, previously reported models to
induce mesotheliomas in rodents use a single dose of fibers
ranging from 10-25 mg injected intrapleurally or
intraperitoneally.!-13-17 -

In Vitro Toxicity of Long and Short Fibers

Long or short fiber preparations of crocidolite asbestos
caused a dose-dependent decrcase in viability of
thioglycollate-elicited mouse peritoneal macrophages. As
shown in Table II, equal numbers of long and short fibers
killed 20-30% of the cells after six hours. After 24 hours,
only 7.0 £ 0.2% of the cells exposed to shost fibers were
viable, while 6.4 + 1.5% of the cells exposed to long fibers
remained viable. At earlier time points, there is a lag in short
fiber toxicity most likely due to the delayed time in settling
onto the cultured cells.

Toxicity of Long and Short Fibers Depends on
Release of Reactive Oxygen Metabolites

Previous studies have shown that acute asbestos toxicity in
a variety of in vitro models is mediated by reactive oxygen
metabolites. 111819 While phagocytosis of any particle trig-
gers the release of superoxide anion and H;O,, the toxicity
of asbestos fibers is postulated to depend on the iron-catalyzed
generation of the hydroxyl radical. We tested whether a
similar oxidant-dependent mechanism is responsible for acute
toxicity of long and short crocidolite asbestos fibers in our
in vitro model system.

We tested whether long and short fiber preparations
stimulated the release of HyO, from elicited mouse
peritoneal macrophages in vitro, As shown in Table II, equal
numbers of long and short fibers produced similar release
of H,0, after six hours of exposure. Both long and short
fiber preparations also stimulated the production of superox-
ide anion as shown by the reduction of NBT.

Acute toxicity of mative crocidolite asbestos fibers to
macrophages is prevented by exogenous superoxide
dismutase and catalase which detoxify superoxide anion and
H,0,, respectively, or by coating fibers with deferoxamine

Table I
Characteristics of Crocidolite Asbestos Fiber Preparations

Sample # of Fibers % of Fibers In Vitro Dose In Vivo Dose
per mg x 10° 2 2.0 um long (ng) (1g)
Mixed (native)
fibers 2.93 23.6 S50 200
Long fibers 1.22 60.3 120 480
Short fibers 4.64 30 120

Short and long asbestos fibers were separated from native crocidolite
asbestos by differential centrifugation as described in Materials and

Methods.
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Table I

Viability and Release of H;O, by Elicited Mouse Peritoneal Macrophages
Exposed to Short or Long Crocidolite Asbestos Fibers for Six Hours In Vitro

Sample Viability nmoles H,0,/10% cells
Control (untreated) 100 £ 23,24 0

Long fibers 19.0 + 7.5 25.7 9.8
Shoxrt fibers 31.3 + 5.8 23.6 % 4.8

2 Mean * SD.

Thioglycollate-elicited mouse peritoneal macrophages (2.5-5.0 x 104 cells
per 12-mm glass coverslip) were exposed to egqual numbers of short (30 Lg)
or long (120 pg) crocidolite asbestos fibers. After six hours, viability
was determined by the ability to hydrolyze and retain fluorescein diacetate

as described in Materials and Methods.
10¢ cells per 35-mm multiwell were exposed to equal numbers of short (180

Ug) or long (720 pg) crocidolite asbestos fibers.
of H202 was measured as described in Materials and Methods.

For determination of H,0, release;

After six hours, release
No Hzoz was

detected when 0.5 mg/ml catalase was included in the reaction mixture.

which prevents the iron-catalyzed formation of the hydroxyl
radical.!! As shown in Table INI, exogenous superoxide
dismutase or catalase decreased the toxicity of long or short
fibers. Deferoxamine-coated long or short fibers were also
less toxic in this in vitro model.

In Vivo Toxicity of Crocidolite Asbestos Fibers
We have previously characterized the acute mesothelial reac-
tions to a single intraperitoneal injection of 200 pg of
crocidotite asbestos fibers in mice. The morphological reac-
tions to asbestos fibers were studied by scanning electron
microscopy of the diaphragm. Between 1-3 days after in-
jection of asbestos fibers, mesothelial cells become swollen,
develop blebs, and detach from the surface of the
diaphragm.i® Macrophages phagocytizing asbestos fibers
also show morphologic evidence of injury. Three days after
injection of mative crocidolite asbestos fibers, there was in-
creased trypan blue staining of the diaphragm and increased
LDH activity recovered in the peritoneal lavage fluid (Table
IV). A single intraperitoneal injection of PBS, thioglycollate
broth, or titanium dioxide or silica particles did not injure
the peritoneal lining.

Reactive Oxygen Metabolites are Released from
Macrophages Exposed to Asbestos Fibers In Vivo

A single injection of crocidolite asbestos fibers has been
shown to stimulate an inflammatory response characterized
by accumulation of macrophages on the mesothelial sur-
face.1° Nitroblue tetrazolium (NBT) was used to detect pro-

duction of reactive oxygen metabolites in situ. Three days
after injection of native crocidolite asbestos fibers, mice were
injected intraperitoneally with NBT and sacrificed 15 minutes
later. Blue formazan precipitates were found at sites of
asbestos fiber deposition on the surface of the diaphragm.
This localized staining was completely inhibited by SOD.
A nondegradable particle, titanium dioxide, or a soluble in-
flammatory agent, thioglycollate broth, did not cause reduc-
tion of NBT at the mesothelial lining. Peritoneal macrophages
collected by lavage three days after a single injection of 200
ug of native crocidolite asbestos fibers showed spontaneous
release of H,O, when assayed in vitro (39.2 £ 2.8 nmoles
H,0,/106 cells/hour). Neither macrophages collected three
days after injection of PBS or thioglycollate broth nor resi-
dent peritoneal macrophages released any detectable H,O,
when assayed in vitro,

Exogenous Scavenging Enzymes or
Deferoxamine Reduces Crocidolite-Induced
Injury In Vivo

We next investigated whether the enzymes SOD and catalase
decreased crocidolite-induced injury in vivo. SOD and
catalase conjugated to polyethylene glycol (PEG) were used
to prolong their stability in vivo. Both PEG-catalase and
PEG-SOD significantly decreased the number of trypan blue-
positive cells on diaphragms exposed to crocidolite (Table
IV). Treatment of crocidolite-injected mice with PEG-SOD
or PEG-catalase also reduced LDH activity compared to
crocidolite alone (Table IV). It is unlikely that the protection
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afforded by PEG-SOD and PEG-catalase was due to the
nonspecific adsorption of proteins onto crocidolite fibers. In-
activated PEG-catalase did not prevent crocidolite-induced
injury and PEG-conjugated bovine serum albumin did not
protect cells from crocidolite-induced damage.

We tested whether the iron chelator, deferoxamine, could
decrease crocidolite-induced injury in vive. Mice were in-
Jjected intraperitoneally with deferoxamine-coated crocidolite
and then sacrificed after 3 days. Deferoxamine significanty
decreased the number of trypan blue stained cells on the
diaphragm compared to crocidolite alone (Table IV) and pro-
duced a dose-dependent decrease in recovered LDH activity.

In Vivo Toxicity of Long and Short Fibers

We next compared the acute toxicity of short, long, and
mixed crocidolite in vivo. In contrast to mixed or long
crocidolite fibers, a single intraperitoneal injection of 200 ug
of short crocidolite fibers results in only a mild inflammatory
response and little cellular injury. Longer fibers, on the other
hand, are trapped on the surface of the diaphragm at the
lymphatic stomata. We tested whether short crocidolite

would be acutely cytotoxic in vivo i fibers were not cleared
from the peritoneal cavity. To obstruct stomata, mice were
injected intraperitoneally with Amicon agarose blue A beads
(50-150 pm in diameter) and 2 days later injected with
120 pg of short crocidolite fibers. Recovered LDH activity
was the same when mice were injected with short crocidolite
fibers plus agarose beads or when mice were injected with
mixed crocidolite fibers (Table V). Agarose beads alone did
not increase recovered LDH activity. Similarly, trypan blue
staining on the surface of the diaphragm was similar after
injection of mixed crocidolite alone or short crocidolite fibers
plus agarose beads.

Carcinogenicity of Long and Short Fibers

Crocidolite asbestos fibers are not only toxic to mesothelial
cells in vitro and in vivo, but are also carcinogenic. On the
basis of our previous observation that short fibers can in-
jure the mesothelial lining if lymphatic clearance is
obstructed, we tested whether repeated exposures to short
fibers would obstruct lymphatic clearance and produce
mesotheliomas. Mice were injected weekly with equal
numbers of native, long, or short crocidolite asbestos fiber

Table I

Protection Against Toxicity Caused by Long or Short Crocidolite
Asbestos Fibers by Superoxide Dismutase or Catalase

Sample Viability
Control (untreated) 100 + 9.8 2
Long fibers 3.3 £ 0.5
Long fibers + catalase 61.6 + 14.2 P
Long fibers + SOD 74.2 + 3.5 ¢
Short fibers 38.8 + 8.1
Short fibers + catalase 97.6 * 9,1 ¢
Short fibers + SOD 94.2 4.9 b
Mean * SD.

anuUrme

P< 0.01 as compared to long or short fibers alone.
P< 0.001 as compared to long fibers alone.
P<0.002 as compared to short fibers alone.

Thioglycollate-elicited mouse peritoneal macrophages were exposed to
equal numbers of long (120 pg) or short (30 jpg) crocidolite asbestos

fibers for six hours.

420 ung/ml) or catalase

Where indicated, superoxide dismutase (S50D;
{50 pg/ml)
determined as described in Materials and Methods.

was added. Viability was

Cultures treated

with SOD or catalase alone showed no loss of viability.
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Table IV

Trypan Blue Staining and LDH Activity in Peritoneal Lavage Fluid Three Days after
Intraperitoneal Injection of Native Crocidolite Asbestos Fibers
Alone or with Exogenous Scavengers

Treatment Number of Trypan Blue LDH activity
Stained cells per 0.5 cm? {Units/ml)

Control (PBS) 73 * 24 2 44.0 + 13.0 2
Crocidolite asbestos 798 + 3105 b 154.0 + 13.0 ®
Crocidolite + PEG-SOD 247 49 ¢© 90.3 + 7.5 ¢
Crocidolite + PEG-catalase 349 * a6 4 66.7 £ 6.5 ¢
Crocidolite + deferoxamine 381 # 14 d 83.0 £ 6.0 °©

4 Mean t SEM of triplicate mice.

b pe 0.001 compared to control (PBS).

€ P< 0.002 compared to crocidolite alone,

d

P< 0,02 compared teo crocidolite alone.

Mice were injected with 1.0 ml of PBS or 200 png of native crocidolite
agbestos fibers. Where indicated, mice also received an injection of 500
units of PEG-SOD or daily injections of 500 units of PEG-catalase as
described in Materials and Methods. Finally, mice were injected with 200
MBg of crocidolite asbestos fibers which had been prescaked in 10 mM
deferoxamine, then rinsed as described in Materials and Methods.
Peritoneal lavage fluid was collected three days later and assayed for
lactate dehydrogenase (LDH) activity. The dissected diaphragms were
stained with trypan blue and counted as described in Materials and Methods.
Three mice were used in each treatment group. Injection of PEG-SOD or
PEG-catalase did not significantly increase the extent of trypan blue

staining as compared to controls.

preparations. After 22-60 weekly injections, animals were
sacrificed as they developed ascites or evidence of intestinal
obstruction. After injection of native crocidolite asbestos
fibers, 37.5% of the mice developed mesotheliomas. In com-
parison, 23.5% of mice injected with long fibers and 50.0%
of mice injected with short fibers had mesotheliomas.

DISCUSSION

In this report, we present evidence that both long and short
crocidolite asbestos fibers are toxic to thioglycollate-elicited
mouse peritoneal macrophages in vitro. Both fiber prepara-
tions stimulated release of H,0, from these cells. As shown
in previous investigations, reactive oxygen metabolites
mediate acute asbestos toxicity.!!-18:1? Long and shert fiber
preparations of crocidolite asbestos also killed macrophages
via a similar, oxidant-dependent mechanism. As with native

crocidolite asbestos fibers, catalase, superoxide dismutase,
or deferoxamine decreased the toxicity of long or short fibers.

Numerous in vitro studies have reported that long asbestos
fibers are more biologically active than short asbestos
fibers.3® The differences between these previously pub-
lished studies and the data reported here reflect different ex-
perimental protocols and different definitions of acute tox-
icity. In these experiments, we exposed primary cultures of
elicited mouse peritoneal macrophages to equal numbers of
fibers in the absence of serum. Toxicity, as defined by
hydrolysis and retention of fluorscein diacetate, was
monitored up to 24 hours. Similar results were obtained
using erythrosin B staining or trypan blue uptake. Under
these conditions, similar to peritoneal macrophages in vivo,
these cells do not proliferate. Finally, we obtained our short
fiber preparation by centrifugation, not by milling which
alters the surface properties of asbestos fibers.2?
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Table V
In Vivo Injury Caused by Intraperitoneal Injection of Mixed or Short
Crocidolite Asbestos Fibers Alone or with Arparose Beads

Treatment Extent of Trypan LDR Activity
Blue Staining (units/ml)
Control (PBS) - 44.0 * 13,0 2
Control (beads) - 59.0 + 4.9
Short fibers + 93.5 + 18.8°P
Short fibers + beads +++ 168.0 * 30.0 ©
Mixed fibers +++ 164.0 £ 32.0 ©

4 Mean * SEM of triplicate mice.

b p< 0,02 compared to control (PBS).

€ P< 0.05 compared to short fibers alcne.

Mice were injected intraperitoneally with 1.0 ml of PBS,
or 200 Mg of mixed
two days
mice were injected intraperitconeally with
. agarose beads as described in Materials and Methods.

crocidolite asbestos fibers,
asbestos fibers.
crocidolite asbesatos fibers,

mice were sacrificed.

Where indicated,

120 pg of short
(native) crocidolite
before injection of short

After 3 days, the

Peritoneal lavage fluid was collected and assayed

for LDH activity and the diaphragms stained with trypan blue as described

in Materials and Methods.

Fiber dimensions are also an important factor in the chronic
reactions to asbestos fibers. In animal models, long fibers
are more inflammatory and fibrogenic than short fibers.!
More effective clearance of short fibers from the lungs may
be responsible for these different reactions to long and short
fibers. However, even with direct implantation of fibers in-
to the pleural or peritoneal cavity, long fibers induce
moﬁlehomsmmveﬂ'wﬁvelydmnshonﬁbcrsorsphcrical
mineral particles.3-14 In previous studies, we confirmed that
dlrectmnapentonwlmjecuonoflongﬁbersproducedm'e
mesothelial cell injury in vivo than injection of short fibers
or spherical mineral particles. Long fibers are not as readi-
ly cleared through lymphatic stomata at the peritoneal lin-
ing, while short fibers and spherical mineral particles ac-
cumulate in regional lymph nodes. ' In this report, we pre-
sent evidence that short fibers are also cytotoxic in vivo and
carcinogenic if lymphatic clearance is obstructed or saturated.

It is not known whether occupational exposure to massive
doses of short rated. It is not known whether occupational
exposure to massive doses of short fibers or other particulates
may also saturate pulmonary lymphatic clearance
mechanisms and increase the risk of developing
mesotheliomas.
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DOSE-RESPONSE RELATIONSHIPS IN PNEUMOCONIOSIS

Y. HAMMAD e+ H. Abdel-Kader *» B. Bozelka ¢ J. Lefonte * C. Reynolds
Tulane School of Medicine, Pulmonary Diseases Section, New Orleans, LA, USA

ABSTRACT

In pneumoconiosis epidemiology, dose-response relationships (DR) are determined to quantify the dose leading
to a certain effect. Current standards are based on DR that do not consider dust elimination or dust residence
time. This is a serious deficiency, especially for chronic diseases with long latent periods where significant
exposures are those occurring early in work history. DR should 1) consider the fact that tissue reaction
progresses after termination of exposure, 2) give more weight to the contribution of dust inhaled during
early exposure than that inhaled later, 3) differentiate heavy exposure over a short time from a longer but
less intense exposure, and 4) account for pulmonary clearance. A rat model of silicosis was utilized to relate
exposure to the disease process. Rats were exposed, in 3 groups, to a total dose of 24 mg/m? * months.
The 1st was exposed to 4 mg/m? for 6 mo., the 2nd to 2 mg/m? for 12 mo., and the 3rd to 5 mg/m® for
3 mo. followed by 1 mg/m® for 9 mo. Rats were sacrificed 3, 6, 12 and 24 mo. from the onset of ex-
posure. Response parameters used in the model were dry and wet lung weights, hydroxyproline and histology.
Without exception, all response parameters showed better correlation with models that take into considera-
tion residence time and pulmonary clearance. The conventional model of calculating DR resulted in poor
correlations.

No Paper provided.
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THE EFFECT OF SINGLE AND MULTIPLE DOSES OF
COAL DUST ON THE BRONCHO-ALVEOLAR FREE CELLS
AND ALVEOLAR FLUID PROTEASE INHIBITORS

J. KLEINERMAN » M.PC. Ip

Cleveland Metro. Genera! Hospital at Case Western Reserve University
Cleveland, OH, USA

ABSTRACT

It is well known that a period of many years of continuous coal dust exposure is required before the pulmonary
lesions of coal workers pneumoconiosis appear. The purpose of this study is to compare the population
of free cells and anti-proteases in the alveolar space following single and multiple intratracheal instillations
of coal dusts. Bituminous coal dust processed to concentrate particles 20 i or less in diameter were instilled
intratracheally into hamsters. Broncho-alveolar lavage was performed 3 and 90 days foliowing the introduction
of the coal. Aﬁeramngledoseof4mgofcmldustmmcreasembothalvwhrmacrophagesmdneu&ophﬂs
was observed. The elastolytic activity of the culture fluid in which the macrophages were sustained was
increased. The total concentration of the anti proteases in the alveolar fluid, both a1 protease inhibitor (ex1Pl)
and o2 Macroglobulin (02M) were not significantly different from control values. Multiple coal dust in-
stillations were performed at 5-7 day intervals over 4-5 weeks. At 3 and 90 days after the Sth instillation
the alveclar fluid neutrophils and macrophages were increased as compared with controls. The total elastolytic
activity of the leukocytes was greater at day 3 than day 90. However the alPl and o2M concentrations
in the alveolar fluid were also increased as compared to controls at both 3 and 90 days following the last
dust instillation. These data indicate a simultaneous increase in the elastolytic burden and in the protease
inhibitor activity of the alveolar fluid. Emphysema is not present by histologic study suggesting that no
significant imbalance between proteolytic and anti-proteolytic forces occurred as a result of the coal dust
treatments. These studies demonstrate that both the number of alveolar free cells and the anti-proteases
in the alveolar environment may be modulated by the coal dust burden and by time. Supported by NIOSH
Grant #OHO1717.

No Paper provided.
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