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Key Words Abstract
Short fibre chrysotite Controversy continues to surround the biological activity of short {ibre chryso-
Coalinga tile, This is largelv due fo a lack of studies in which there has been ‘pure expo-
Fibrosis sure’ to this matenal. Most of the exposures studied, whether in humans or
F3d4 cats animals. have been contounded by the additional presence of lung fibre chry-
sotile and/or amphubole. This report presents the morphological and morpho-
metric findings of a lifeume inhalation study of F344 rats exposed to three
types of chrysotile. The first. from Coalinga. Calif.. is comprised of fibres that
are almost all less than 3 um in length and is not contaminated with amphi-
boie. Thé other two.-the feffrev fibre and the UICC/B standard, -are both
Canadian long fibre preparations with a minor degree of amphibote contami-
nation. Exposed animals displaved no fibrosis following exposure to Coalinga
chrysotile but showed fibrogenic responses with bath Canadian tibres.
introduction outcroppings as well as diverse commercial products such

Two major theories are often cited to explain asbestos-
related disease. Of these, the “Stanton' hypothesis (1. 2]
proposes that short tibres are less harmful than loag whilst
the ‘amphibole’ hvpothesis {3. 4] claims that relatively
soluble fibres. like chrysotile, are less injurious than high-
ly durable amphiboles. If correct. these theories, taken
together, would suggest that the least harmful type of
asbestos would be uniformly short, amphibole-free, chry-
sotile. Short fibre chrysotile is the most common fom of
asbestos in air inciuding the atmosphere of buildings [5—
8], water, soil, and lung {9-11}. In fact, short fibre chryso-
tile'is so ubiquitous that it can confound even the most
carefully done analvses {12, 13}. Its large atmospheric
contribution comes from numerous, naturally occurring

as berake linings. tiles, and cement in which it has been
widely used {14].

This study and its companion reports describe the
unique analvtical and biological properties of Coalinga
fibre. a short. amphibole-free, chrysotile. and demon-
strate that it is largely devoid of biological activity. The
proposal that this form of asbestos should be regarded as a
nuisance dust and *maybe innocuous in lung tissue’ [5] is
therefore put forth. This is not only consistent with the
findings described herein but is also in keeping with the
much larger body of scientific thought. Historically, sup-
portive conclusions reached almost 30 vears ago by Vor-
wald et al. [13] are consistent with the later work of Davis
et af. (16} and Berman et al. {17]. Studies by all three
groups concluded that the truly pathogenic fibres are
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those greater than 20 um in length. Recent panels (6, 7)
have also endorsed the increased pathogenicity of long
fibres (i.e. > 5~8 pm in length). Although Lippmann {18)
claimed that the ‘critical fibre parameters for asbestosis’
were surtace area and fibre lengths greater than 2 um, this
wus based largely on Timbreil's {19-22] lung burden stud-
tes of relatively few amphibole workers.

The inabulity to produce *pure’ short fibre preparations
in large quantities. devoid of long fibres, has been a
chronic problem when comparing the biological potential
of long versus short fibres. For example, Wagner et al. [23]
assessed the biological activity of the shortest commercial
sample. a grade 7 fibre from the Bells mine (Québec), in
relation (o two experimental Canadian chrysotile prepa-
rations. Unfortunately, the Bells grade 7 material con-
tained more long (>5 um) fibres than the other two [see
fig. 1 in 23}, and the resulting pathogenic responses were
attributed to the high numbers of long fibres in each.
More recently, Davis and Jones {24] administered ‘short’
and ‘'long’ chrysotile preparations to rats by inhalation

and found that the ‘short fibre' produced significant
pathogenic effects. This was again attributed to sample
impuritv due to long fibce contamination.

Aside from the study by Davis and Sones [24], the most
cecent short fibre cheysotile inhalation investigation was
conducted at NIOSH by Platek et al. [25]. These workers
exposed rats and monkeys via inhalation to a highly puri-
fied short fibre chrysotile sample and found aeither fibro-
sis nor tmours in either species,

Historically, the findings of inhalation studies aimed at
assessing the role of fibre length have been supported and
clarified by numerous instillation and injection experi-
ments [see 3, 24 for excellent review and 26 for critical
discussion ot method]. Injection studies using short fibre
chrysotile preparations derived from ball miiling [for cita-
tions see 24] have been consistent with those obtained
with water sedimentation methods [27~30] in showing a
general lack of biological effects with short fibres,

The present report is based upon 2 lifetime study of
F344 rats exposed by inhalation to either Coalinga. Jef-
frey or UTCC/B chrysotile {ibres that was performed at the
National Institute of Environmental Health Sciences
(NIEHS), Research Triangle Park, N.C., USA and the
National Toxicology Program (NTP) between 1978 and

1980. Whilst this report is particularly concerned with
fibrosis. the others in this series (see above) describe the
implications of these findings for human fibrogenesis; the
historical evidence in support of the greatly reduced
pathogenicity of short fibre chrysotile; and the anatvtical
properties. tumourigenic effects, differential deposition.

Short Fibre Coatinga Chrysotle -
Lack of Fibrosis

distribution. and clearance of Coalinga chrysotile which
distinguish 1t from ‘long’ Canadian fibre. Taken together.
the findings described in ail these reports support the con-
tention that short-tibred chrysotile is innocuous and
should be regarded and regulated as a nuisance dust.

Materials and Methods

Source of Matenals

The present study onginated as part of a large, joint investueation
undertaken by the NIEHS in the United States and the Medscal
Research Council (MRC) Preumoconiosss Unit in the United Kine-
dom to compare the resuits of similar inhalauon swudies carmed out
at two different locations under neardy identical conditions [31. 52!
The comparative MRC - NIEHS study, as originally concesvea. con-
tained only one chrysotile exposure group. namely UICC/B- Two
additional groups. the ‘long' Jeffrey (fibre. (Jeffrey Mine. Asbestos.
Que.). and the 'short’ Coalinga, were added to the NIEHS protocol by
the NTEHS investigatocs’,

None of the (ibrosis or tumour pethology data have ever been
published for Coalinga or Jeffrey tibre. Fibrosis score data have only
been published for the untreated and UICC/B treated. interim sacni-
fice animals {31, 32| but not for the groups oa lifetime test. None of
the Coalinga and UICC/B morphometry data have been publisted in
scientific, peer-ceviewed journals though some have appeared n a
thesis published by Pinkerton (33} and in several smail abstracts by
Crapo et al. {34], Pinkenton et al. {35, 36) and O"Neil et at. [37]. How-
ever, most of the morphometric daw tor the untreared control and
the Jeffrey-treated animais bave already been described [38—1 ). All
of the morpbometnc studies were performed by Professor Kent Pin-
kenton. T

The records, histology slides. parafTin blocks. and wet tissues of’
the animais on lifetime test were located in November 199€ at the
NTP archives by Drs Sils, Hamiin and Bridges as inventoried docu-
ments. All of these were reviewed solely by the seaior author aside
from 45 cases that were studied in conjunction with De J.C. Wagner.

t  The NIEHS investisation was conducted at (he NIEHS and fuaded by the
NIH 25 an nuamural project (NIEHS contract No. NOL=21{-548CD 1nd
EPA Cuop. Agreement No. CRE0T255). Dr. Jack Moore was the uperasoc
and Dr, Amoid Brody, the Project Officer. The NTP pathologists. Dr. Eugene
Mc Conoedl and Dr. Gary Boorman. oversaw the parbotogual study of the 201
mats. Much af the routine work, mcluding monttoring of 1ibre kevas and daily
animal heith, was mmnally performed ander contract with 8ecton Dickinson
(BD) (vs -BCD", by Dr. Finzs Cavendar and Dr. Cunnse Stoae {ct: BD Quar-
terdy Reporis: Effects of chroaic exposure to arbocae environmental agents (1
April-fuly [978: 1 Aug -3t Oct (978: and ¢t Nav 197831 Jan [979)] 1nd
finalised by Nocthrug, Inc. by Dr. Bemard Atkins and Dr. Robert O"Coancr.
! “Unioa Intermationale Coatre le Cancer’ funded the preparatwe of "gan-
dard’ asbestos samples for research. UTCC/B chryvsotile was a muxture obtained
from ewghut different Canaditn chrysoule mines blended in proporon 1 therr
ourput. .
3 Ou 4 Sept 79, 2 Requext for Proposal (RFP NIEHS-79-13) was sent out log
bid by Dr. Amold Brody to have morpaometry pestormed in additioa to histo-
. The RFP was awarded to Duke University uader subeontracs to Dr.
James Crapo (NIEHS No. NOU-ES-0-0004). Mo af the xcrual morpbometry
was done by Prof, Kent Pinkertoa as Dr. Crapo’s PhD qudent,
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Tabls 1. Expenimental design - NTP nhalation bioassay (1975
1980) Nurber of antmals at each time point

Time, months?
0 3 t2 24

Treatmeat groups

Controls, untreated
Coalinga

uIcc/8

Jeflrey

45m. 450 36m. 36f 32m. 320 28m. 2S¢

¢ At each ume point, 4 ammals were sacnficed for morphometnical
analysis. At time zero, 5 ammals were sacnficed for morphological
analysts.

The latter included most of the pulmonary neoplasms plus a random
selection of diverse, nou-neoplastic lestons. Other records from the
Becton Dickinson Research Facility from Dr Steven Bernadyne and
the NIEHS from Dr Elizabeth Ford and Mr Don Goula were also
reviewed.

Anmimals

Four hundred $-week-old, specific pathogen-free (SPF) male and
female Fischer 344 cats (weighing 125150 g), originally obtained
from a single source (Chas. River, Inc. Wilmington, Mass.), were
shipped to the NIEHS (Research Triangle Park, N.C., USA). Three
hundred and thirty of these form the basis of this study. Upon recerpt
at the NIEHS, § animais of cach sex in each exposure group of the
360 rats were randomly selected and killed for mocphological study.
This included totat body necropsies which found these animals to be
tree of infectious and non-infectious disease of all major organs. The
rats, thus found to be suitabie for the inhaiation study, were released
to the Becton Dickinson contractor at 6 weeks of age and 40 animals
of each sex were randormly assigned to either a control group oroneof
three exposure groups, at 7-8 weeks of age. A total of 96 rats out of
the 320 were used for morphometric study: 4 males and 4 females
were randomly selected from each group of 40 male rats and 40
female rats {ollowing 5 and {2 months' exposure to erther: (1) Coalin-
ga Mine chrysotile: (2) UICC/B chrysotde, or (3) Jeffrey chrysoule.
Four additional males and 4 females from each exposure group were
randomly selected {rom the surviving ammais | year following the
end of 12 months’ exposure to each type of chrysatile. The remaining
224 ammals not used for morphometry were kept on lifetime test as
shown in table t.

Due to the pauvcty of normal lifespan data for F344 rats, 1,200
S-week-old SPF male and female animals were set up as lifetime con-
trols to help interpret the NTEHS NTP study descibed in this report
{sce 42 for results and ako 43 analysis of a subset (3,348/
4,640) of the same ‘historical' control group plus 44 for additional.
relevant, concurreat controt dataj.

Chrysocile Preparations

Pinkerton et al. {45] have described the origin and physical char-
acteristics of acrosols produced from the 3 chrysotile samples. Chat-
field and Qgren (in preparation] have also provided further details of
the physical and chemical properties of the Coatinga fibee, referred o
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as NIEHS short range chrvsoule and identified as COF-25 35
obtained from Union Carbide {46]. The Coalinga chrvsotile was sub-
Jected to addiional milling and separation but these processes did
not destroy the ey stathine structure of the (ibres [46). JefTrey chryso-
tile (NIEHS intermediate range) was prepared by rotler mulling using
standard wndustnal techniques, followed by three cycles of ‘Hum-
cane’ pulverisation to open further the fibre bundles. UICC/B Chry-
sottle 1s 2 well described reference sample (47].

Exposure Conditions

Pinkertoa et al [39) and McConnell et al. [31, 32] have descnibed
in detadl the exposure conditioas, including inhalation chambers and
dust generation. Bretly, exposures were of the "occupational’ type, 7
Wday. 3 davs/week for 12 months, the {ibres being aerosolised by a
Timbrell generator. Total chamber dust mass concentrations were
monutored daily with adjustments as required to maintain a cogstant
dust concentration throughout the exposure period. The mean values
(mg-m=~3) for each chirvsotile preparation (n = 240) were:11.36
2.18 for Jeffrey, 10.99 £ 2.11 for UICC/B, and 7.78 £ 1.46 for Coa-
linga as descabed by Pinkerton et al. {45]. Methods used to deter-
mine the mean chamber respicable dust concentrations and the com-
plete cesults of these determinations, including PCM- and SEM-
deaved fibre size determinauoas of all theee fibre types, have aiso
been described by Pinkerton et al. [39, 45]. Direct and indirect TEM
analyses of Coalinea have been described by Chatfield and ligren {in
prepasation].

Ammal Sacrifice. Tissue Dustnibution, and Sample Preparation

Pinkerton et al. [39] and McConnell et al. [31, 32] have described
the method of amimal sacrifice, tissue distribution, and sample prep-
aration. All animals had a complete post-mortem examination. The
lungs of angmals on lifetime test for morphotogical study were fixed

"in 10% neutral butfered formot saline. Random sections of the left

lung; a slice from the right diaphragmatic lobe: and random sections
through the rest of the aght lung (apart from the cardiac and middle
lobes) were taken and stained {or cells with haematoxylin and eosin
{H&E), for connective tissue with Van Giesen's stain (HVG), and in
some cases, for mucin with Alcan blue. Lungs of mterim sacnfice
animals to be studied for ntorphological evidence of f{ibrosis using
either the Wagner scoring method or a ‘severity/extent’ scoring sys-
tem (see below), were also fixed in (ormalin, Replicate sections of the
left lung were taken from the same area (mid-dorsal to ventral slices
through the hilag region) of each animal and again stained with H&E
and HVG. The methods used to (ix and preparce the lung tissues of
interim sacrifice animals (four randomly selected sites from the ven-
tral and dorsal portions of the cephalic and caudal regions of the left
lung of cach animal) for morphometric examination have been
descnbed by Pinkerton et il [39).

Histopathological Analysis

Animals on lifeume (est were anaiysed histopathologically as
described by McConaell et al. ([31, 32] (table 2} for the presence and
degree of reaction (o the fibres, using grades 1-8 as described by
Wagner et al. {48]. The grading severity is: | = normal; 2-3 = cellufar
change (no fibrosis); 4 = minimal fibrosis; 5 = mild {ibrosis;6 = mod-
erate fibrosis 7-8 = scvere fibrosis.

The witerim sacrifices were scored for severity and extent based
upon the number of cells and amount of matrix present within the
interstitium of each particular swucture. Severity scores ranged from
0 to 3+, 0 signifviag no change and 3+ signifying the greatest change.

Deren/Chatfield
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Table 2. Parcachymal fibrosis scores of rats on lifetime test
treated with Coatinga. UICC!B. and Jeffrey chrysoule graded with
the Wagncer (sevenity) system

Sex al! n2®  Av, fibrosis
score

Control/NIEHS, 19963 m 23 n | X3

r 26 21 1.6
Control/MRC. 1984¢ mf 34 ns 1.0
Coalinga/NIEHS. {996 m hyj 21 1.9

f k) 17 10
UICC/NIEHS. 1996 m 30 25 54

26 2 33
UICC/MRC., 1984 68 as 435476

¢
m.

Jeffrey/NIEHS. 1996 m 6 15 56
f 26 24 59

t  nl = Number of animalis at n1sk a1 the start of the study.

*  n2 = Number of animals that wers/could be used for fibrosis scor-
ng.

3 NIEHS, 1996 = present investigation.

4 MRC, 1984 = Wagner et al. [44].

5.6 UICC/B data for 500-749 days’ and 750+ daysé given but not
stratified for sex.

Table 3. Parenchymal (ibrosis (matn\) and cellufar changes in
ats sacrificad at 3. 12 and 24 months treated with Coalinga. Jeffrey,
and UICC B chrysotile graded semi-quantitatively with a Seventy/
Extent sconng svstem

n Celis and matnx Cells and matrix
within the peribroa-  around
chial interstitium alveolar ducts
Controls
3 moaths s 0.00£0.00 0.00£0.00
12 months 8 0.05=003 000+0.00
24 months 8 0.00£0.00 0.03+003
Coalinga
3 months 3 0.34£0.24 0.88+0.27
12 months 3 0.16:0.05 0.752£0.02
24 months 3 0.28+0.16 0.25+0.35
L1cers
3 months 8 0.53%£0.23 11320400
12 months 8 1.75£0.57 23£0.06°
24 moaths 3 1.03£0.29 2.838£0.524
JetTrey
3 moaths 8 0.8t £0.23 2.63+£0.60
{2 months ] 2.58£0.60¢ 55£04920
23 monchs s 1.75£0.16 3.73%£0Q.42

Extent scores were based on involvement of less than (/] of the.lung
section. (/3 to 2/3 of the lung section and greater than /3 of the lung
section for scores of {, 2 and 3 respectively. The results were
expressed as the product of the scores tor severity and extent {33].

Finally, although the difference in the percentage of Coalinga-
and Canadian-treated animals {22%) which could not be scored due
10 age-related lesions was probably treatment-celated, there is no rea-
son (o believe that the fibrosis scores of the Coalinga-treated animals
which could not be scored would be higher than those which could be
graded. Thus, there is little ceason 10 question their representative.
ness.

Morphomerric Analvsis
This was performed as described by Pinkerton et al. [39].

Stanistical Analyses

Statistical analysis of survival was performed using coe-tailed
tests for variance. Statistical anatysis of morphometric findings was
conducted using a two-way ANOVA 1est 23 described by Pinkerton et
al. {39].

Rusuits

Morphological observations, based on histopatholog-
ical study of animals on lifetime test treated with the three
tvpes of chrysotile, demonstrate that Coalinga chrysotile

Short Fibre Coalinga Carysotile -
Lack of Fibrosis

3 p<0.05 (or comparisan of the asbestos-treated groups to the cor-
responding age-matched controls;

t  p<0.05 for comparison of the group exposed to Jeffrey chrysatile
to the corresponding age-matched groups exposed to UICC/B and

. Coalinga chrysotile: also see Pinkerton {33}

is not fibrogenic (table 2) in contrast to the Canadian
fibres. both of which produced significant fibrosis.

Using a semi-quantitative, histological scoring system
to assess the extent and severity of fibrosis found around
bronchiolar walls and alveolar ducts, Coalinga chrysotile
failed to produce fibrosis at any of the three sacrifice
intervals. the measured parameters not being significantly
greater than coutrols at any time point. In contrast, both
Canadian fibres induced significant fibrosis (table 3) that
was also associated with adenomatoid change oc bron-
chiolar metaplzsia {15] characterised by air spaces filled
with a mucin like material {see also 33} and alveoli lined
with a cuboidal to columnar epithelium. The interstitial
matrix underiving these cells was thickened. These
changes were not seen with Coalinga chrysotile {see also
paag N

Electron microscopically, the lungs of Coalinga-treated
rats sacrificed at 3, 12-, and 24-month intervals did not
display a thickened basement membeane or other atten-
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TISSUE VOLUME (mm?)

Fig. 1. Changes in TITV in mats sacri-
ficed at 3. (2, and 24 mounths treated with 100 ~
Coalinga, Jetfrey, and UICC/B chnsoule.
CONT = controls; COAL = Coalinga:
LICC = UICC/B; JEFF = Jeffrey. Each bar S0 -
represents the mean ot 4 animals and 1s sub-
divided into the epuhelial, interstitial. and
endothefial compartments; *p < 0.05 for o
companson with age-matched controls: see
also Pinkerton [33].

CONT COM.  UKCC  JEFF CONT COAL UICC  JEFF

LES FEMALES
3 MONTHS EXPOSURE

100 - W Etheman

12 MONTHS EXPOSURE + 12 MONTHS AIR

1000

]

dant changes. By contrast, prolonged exposure to UICC/B
and Jeffrey chrysotile clearly resulted in a generalised
thickening of the basement membrane undertving much
of the alveolar epithelium of the iung with notable mem-
branous deposits of an amorphous. electron-dense materi-
al and concentrically layered, calcium-phosphorus bear-
ing rings, along with marked collagenisation of the inter-
stitial matrix [see also 33}. Such qualitatve EM findings
were morphometrically confirmed using data parameters
related to the whole interstitinm: the non-cellular and cel-
lular components of the interstitium; and its individual
cellular constituents. Changes in the thickness of the
whole interstitial compartment are shown in figure 1.

These are referred to as alterations in ‘total interstitial tis-
sue volume' or TITV. The TITV has two major compo-
nents: non-ceflular (or ‘interstitial (matrix) volume’ -
IMY) and cellular. Since the chief morphometric indica-
tor of fibrosis is an increase in the non-cellular compo-
nent, such IMV changes are of particular importance (ta-
bie 4). Changes in the total volume of the cellular compo-
nent of the interstitium are displayed in table 5 and are
referred to here as alterations in “cellular interstitial vol-
ume (CIV). Data are also presented for changes in the
number and volume of the individual interstitial celis
within the CIV. The former are presented in tabie 6 as
interstitial cell number (ICN) while the {atter (fig. 2) are

268 Indoor Bkt Eaviron 1997:6:264-276
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Table 4. Changes 1n noncelluiar IMV in rts sacrificed at 3. 12,
and 24 months treated with Coalinga. Jeffrey, and UICC/B chryso-
tile

Table 5. Changes in CIV 1n rats sacnficed at 5. 12, and 24
months treated with Coalinga. Jetfrey. and UICC B chrvsotile

Time. Sex Total volume, mm3/both lungs Time, Sex Total voiume. mm3/both lungs
moaths y s months :
Controt Coalinga UICC/B  Jeffizy Control Coalinga UICCB  Jeffrey

3 m 126=16 19522 {7743 163=13 3 m §7=3 138428 104 =54 izt

f 80+10 823 (4t 98=3 y 97 979 =0 140248
12 m 14913 239+(5*  230x25  36rz27— 12 m 57+8 77+3 80%16 145=12

[ 10911 13829 146210 265221~ f 4944 476° 62410 1382113
12+ m 178204 287+38  439%5x¢  J23=gps 12+ m 577 $1£21 127z 168x54
Rar 153=8¢  168£15 3il=8rc 282=222> {laic f 6%6 53+9 =4 1071632

All data mean £ SEM. n = 4 for each group and time penod:
1 p <0.05 when companng the age-matched controf values using
Duncan’s muitiple companson test after first testing for significance
using 2 one.way ANOVA:
® p < 0.05 when companing groups exposed to Jeffcey chrysotile
with all other asbestos-cxposed groups of the same time period:
< p<0.05 when comparing one treatment group to its corespond-
ng treatment group of the preceding time poinG
4 p<0.03 when companng 24 moath vatues to those at 3 months.

See text for explanation. All data = SEM. a = 4 for each group
and time peniod.
*  p< .05 when comparing the age-maiched control values using
Duncan's multipie comparisan test atter first testng for significance
using a2 one-way ANOVA:
* p < 0.05 when comparing groups ¢xposed to Jeffrey chrysoule
with all other asbestos-expased groups of the same time period:
¢ p<0.05 when comparing one treatment group (o its correspand-
ing treatment group of the preceding time point.

Tabie 6. Changes in the [CN(x 10%) in

rats sacnficed at 3, 12. and 24 moaths Time. months  Sex

treated with Coalinga. Jeffrey, and UICC/B

Contot Ref ! Coalingg UICC/B  Jetfrzy Ret't
"161%9 ©O38.39 51+ 197%9  M4=39¢ 39
3t=16 38,39 170+ 8 172%4 t87=100 39

1319 38,39 16012 165£125¢ 3dZ£14r® 39

118xd 38.39 1365 1186 135x22¢= 39

chrysotile ?‘
12 m

f
2¢ m

f

130+£15 38,19 1409 0013 JT=61n 39
1363 38,39 132+13 199%13s  191xd42c 39

See text for explanation. All data mean £ SEM; a = 4 for each group and time pedod:
t p < 0.05 when comparing to the age-matched; control values using Duncan’s muitipte
comparison test after firss testing foc significance using a one-way ANOVA;
b p<0.05 when companng the group exposed to JefTrey chrysotile with atl other treatment

groups:

¢ p<0.05 when comparing one treatment group to its correspoading treatment group of the

preceeding time point:

- ! References in which these data have previousty been presented in part or whole replicated
here for the sake of comparison: Pinkertan ¢t ab. [38. table 7.J; Pinkerton et al. [39. table 3]

referred to as interstitial cell volume (ICV). Finaily, nu-
merical changes in the seven interstitial cefl types namely
fibroblasts. monocytes-macrophages, lymphocytes, neu-
trrophils, mast cells, plasma cells, and pericytes are dis-
plaved in table 7. The time course of events within the

Short Fibre Coalinga Chrysotile -
Lack o1 Fibrosis

interstitiuvm and its compartments during and following
exposure to each of the three chrysotiles is classified here
as acute. subchronic, and chromic for alterations taking
place after 3, 12, and 24 months’ exposure. respectively
[see aiso 33].
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Percant Change from Ags Matched Coatrals

Fig. 2. Changes in ICV 1 rats sacrificed

INTERSTITIAL CELL VOLUME

~—o— Joflrey

at 3, 12, and 24 months treated with Coalin- -
ga, Jeffrey. and UICC/B chrysotile. Each ¢ 3
point represents the pooled mean of 4 males
and 4 females; see also Pinkerton [33].

-e- yicCs
-+ # - -Couslings
100 -
50 4 _________ -
¥ O P -7
Qececssrscrcsecunsctocnnnascanses --
0 4
50 ! ¢ \ \ = + + —+ 1
12 24

Qver the first 3 moaths of exposure, acute changes
were generally noted within the non~celiular and cellulfar .
interstitium in respouse to all three types of chrysotile.
After 12 months’ exposure, Coalinga failed to significant-
ly increase the interstitial matrix volume over the IMV
values noted after 3 months’ exposure (table 4) even
though these values were nonetheless significantly in-
creased above controls for males, but not for females (ta-
ble 4). By contrast, the [IMV values noted in all Jeffrey-
treated animals were significantly and dramatically in-
creased above those seen at 3 months, over age-matched
controls, and above the other two treatment groups as
well. Subacute IMV changes in UICC/B-treated animals
resembled those seen with Coalinga. The attendant celfu-
lar responses (see above) for the 3 fibre types at 12 months
appeared to be less dramatic than those found in the non-
cellular components. Still, the cellular changes (e.g. CIV
and ICN) in the Coalinga-treated females, despite contin-
uous exposure from 3 to 12 months, nonetheless fell very
significantly during this time period. In contrast, highly
significant and dramatic subacute cellular increases were
noted following exposure to Jeffrey fibre though again
most of the non-cellular and cellular interstitial responses
elicited bv UICC/B did not differ significantly from those
produced by Coalinga. By 24 months, Coalinga was the
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only fibre that failed to produce a persistent, significant
increase in. IMV over dge-matched untreated controls.
Similarly, the Coalinga associated celiular responses (see
above) were also not significantly different from controls.
In marked contrast to Coalinga, both Canadian fibre-
treated groups displayed very marked, non-cellular and
cellular interstitial changes by 24 months. Moreover, a
unique change was observed in the IMV of the UICC/B-
treated males dunng the post-exposure period with values
4-3 times greater than those seen in either untreated con-
trols or in animals exposed to Coalinga or Jeffrey chryso-
tile. In a manner similar to IMV, the cellular responses
{e.g. CIV. CIN and ICV) and the TITV remaned signifi-
cantly above control values in UICC/B- and Jeffrey-
treated groups in almost every case. Finally, the quantita-
tive changes in the individual, cellular components of the
interstitium in rats sacrificed at 3-, 12-, and l4-month
intervals assessed morphometrically (UICC/B data not
available), generally paralleled those seen in the tissue
components just described. Coalinga again failed to pro-
duce a significant increase in the number of any intersti-
tial cell type by the end of the study whilst jeffrey did so
dramatically in virtually every case being significant for
fibroblasts, monocytes-macrophages, lymphocytes, and
mast cells but not for neutrophils and pericvtes.
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Table 7. Changes 1n number of the indyviduat cellular compo-
nents of the alveolar interstitium ( x 104) n rats sacnliced at 3, {2,
and 14 months treated with Coalinga, Jeffrey, and UICC/B chryso-
tile

Coatrof Coalinga Jeffrey

Fibroblasts

5 months 94§ 133xn 108+9
{2 months 869 93+9 (46 16+
24 months + 82=9 86+9 137%192c
Monocyte-macrophages

J moaths ME-2 Tl 4ed 106270
{2 months 202 39¢ 30 1324 (2ac
24 months 19+3 x> 89t (9e<
Lymphocytes

3 months LE-3] ox2 bR 3
12 months AE 3] 5¢2 10+4
24 months 9+4 9+%3 61230
Neutrophils

3 manths ND Skt Izt
|2 months ND o 8120
24 months ND 2x2 RFIL
Mast cells

3 mouths ND ND ND
{2 months ND ND 10xlae
24 months ND tzl Ittas
Plasma ceils

3 manths (E-3 Sen gx3s’
{2 months txt &t 1kqr
24 months =1 Izt 43
Pericytes

3 months 0+4 185 12+4
12 months 12+3 12 I e 3!
24 months 133 72 102

See text for explanation. All data are mean £ SEM; n =4,

ND = not detedted within the interstitium;
' p<0.05 for comparisons 10 the age-matched coatrols;
b p < 0.05 for within group comparisons (o the previous lime
point;
¢ p <0.05 for comparisons fo animals expased to Coalinga Minc
chrysatile.
! Data previously pretented in Pinkerten et al. [33, table 8] in part
or whole,

Pleural Disease

Treatment-related pleural lesions, i.c. pleural plaques
[6. 49], diffuse (visceral) fibrous thickening {6, 50}, and
benign pleural effusion / pleuritis [51] were not found in
this study.

Shont Fibre Coalinga Chrvsote ~
Lack of Fibrosis

Survivaf Rates of Animals on Lifetime Test

Controls. Four (2 male and 2 fernale) out of 53 concur-
rent controls died spontaneously by 24 months on test. a
mortality level consistent with that (10-15%) noted by
Solleveld et al. [42]. The mean survival for untreated. con-
current controls dying after 24 months in this study was
809 days (604-967) for males (n = 28), 712 davs (482~
967) for females (n = 25), and 767 days for both sexes
combined. The ditference in length of survival between
the concurrent males and females just failed to attain sta-
tistical significance (p = 0.07).

Treatment Groups. Eleven treated animals (Coalinga. |
male and 2 females; UTCC/B. 3 females; and JefTrev, 2
males and 3 females) died spontaneously by 24 months
for reasons unrefated to treatment. The difference 1n sur-
vival between males and females just failed to reach statis-
tical significance (p = 0.06) for the Jeffrev-treated animals
whereas no sex-related differences were noted in length of
survival in the Coalinga- and the UICC/B-treated ani-
mals. Coalinga failed to reduce survival duration com-
pared with controls whilst Jeffcey nearty did (p = 0.06).

Parenchymal Filrosis and Survival

The survival times for control and Coalinga, male and
female animals on lifetime test with combined scores of
1 and 2, were compared with UICC/B- and Jeffrev-treat-

. ed rats with scores of 6 and 7. Cases with pulmo-

nary tumours, severe leukaemic infiltration, or marked
uraemic involvement of the lung were excluded from this
analysis. The severe fibrosis due to the Canadian fibres
thus significandy reduced survival (p = 0.04) whilst the
minimal cellufar changes associated with Coalinga expo-
sure did not.

Age-Related Lesians

Uraemtic pneumonitis and its artendant cedema, cellu-
larity, and membrane formation were sufficiently severe
in 1.8% (8/208) of cases s0 as to make reading of the slides
impossible. Leukaemia. autolysis and congestion were
also sufficiently severs enough to make sconng of the
slides impossible in 6.0% (13/208), 2.0% (5/208), and
0.4% (1/208) of the animals respectively. The percentage
of age-related lesions (leukaemia, uraemia, and conges-
tion} savere enough to make reading of the slides impossi-
ble amongst the four groups was as follows: 22% (11/50)
for Coalinga, 14% (7/53) for untreated controls, 8% (4/55)
for UICC/B; and 0% for Jeffrey. There was no difference
between the sexes. A small percentage of slides were miss-
ing 2.0% (5/208).
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Tabis 8. Summary of sclected mhalation broassays using ‘non-Coalinga’ and Coalinga chrysotles

Treatment Average  Fibre,% Fibre-ml-! Fibre-mi-' Iaterstitial Tumour response

conc.} >0um  (>3pm) peraverage (ibrosis %

mg-m-} conc.t (‘extent’ score) n
Short? 10 27 t.170 (7 140367 20 3/40
Long* 10 35 5.510 351 12.6(6.4-24) 53 22440
Chry. yam? 4.3 40 428 100 $.3¢5.1-17) 40 16/40
WDC vam? 1.6 30 679 148 128¢2.3-41) 4 18/40
Fac WDC? 48 35 468 98 12.1 {0 3-35) 51 21740
Exp WDC? 57 90 108 19 96(0.5-22) 44 18740
Exp WDC (L. rev.)} 5.6 90 (1% 20 10.8¢0.6-22 44 (8/40
Coalinga RG* 3.9 308 13t 2 0 0 0730
Coalinga COF25¢ 33 (23) 100 30 0 1.8 Y90

! Average chamber dust mass concentration.
! Davis and Jones [24].

V' Davisetal. [52]; WDC is wet dispersed chrysotile: chrysotile treated with anioaic surfactant to break down fibnls,
Fac WDC was dust collected from the arr in a WDC yam factory; Exp WDC was an experimental sampie not prepared
for commercial use: (It. rev.) in thus experiment the anumals were light reversed.

4 Muhle et al. {S1}; RG resin grade.

$ The Coalinga sampics contained long fibres artificially produced by a spinning process. These aggregates broke
down when wetted to matecial contaning 0% (ibres >10 um.,
¢ The present study: COF2S cyclone overflow (25 mm final port): see Pinkerton et al. (45].

Note: RG and COF25 are dimensionally simular materials.

Discussion

In conclusion, our findings demonstrate that long-
term, high-dose exposure to Coalinga fibre, a short, am-
phibole-free, chrysotile, does not induce parenchymal
fibrosis in contrast to two long Canadian samples which
are both clearly fibrogenic. These resuits were based upon
our own analysis of animals on lifetime test ptus careful
review of interim sacrifice data provided by Dr. Kent Pin-
kerton. The latter had been analysed both morphological-
ly using light microscopv and morphometrically with elec-
tron microscopic methods. The findings of previous stud-
ies. described below, support these conclusions.

Other Studies with Coalinga Chrysotile

The investigation by Muhle et al. [51} is the only other
inhalation study of Coalinga chrysotile and it too failed to
find fibrosis. [n this investigation, fibrosis was assessed as
‘septal thickening', the level (42%, 21/50) in the Coalinga-
treated animals resembling that seen in the combined
controls (36% i.e. 12% (6/50) for sham — and 24% (12/50)
for untreated controls). The interpretation of these find-
ings is made somewhat difficult by the fact that the
authors failed to indicate whether cellularity or fibrosis

72 {ndoor Buut Enviroa 1997:6:164-276

. made up the greater part of the observed septal thicken-

ing. The stanting materials used in this studv (COF25
fibre, [45]) and those used by Muhle et al. (51] (RG144
preparation) were not identical. However. this is not con.
founding since extensive analyses of COF25 and RG144
have not demonstrated significant differences in their
fibre size distributions. {Chatfield and Igren, in prepara-
tion}. The abserved lack of fibrosis was not simply due to
tow [ca 131 fibres-mi-! >3 ym) concentrations of long
fibre since very comparable fibre concentrations {111
fibres.ml-! >3 um] of other chrysotile preparations {52],
administered over identical exposure durations, have
been very fibrogenic (table 3).

There are anly two other investigations to assess specif-
ically the fibrogenic potential of Coalinga chrysotile ({53,
54] for Union Carbide and [55] for Johns Manville). Both
used injection methods and fibrosis was induced in each
instance. However, the observed fibrotic lesions were
clearly non-specific, being called ‘artifactual (due largely
to high doses and aiso) attributable to the technique’ by
Gross and de Treville [53]. Further confounding was
created by inadequate controls; contaminated starting
materials; pulmonary infection; a paucity of animals in
each treatment group; the failure to study histologically all

TNgreasChatfiedd

UCAREF00024358




w

but a few amimals: and vanious non-specific hstological
reacuions ¢.g. “foreign bady reactions' wrongly attributed
to Coalinga tibre {33, 54},

Other Comparable UICC/B and Jeffrev Inhalation

Studies

Although McConnell et al. {31, 32] examined animals
from the same UICC/B-treated and untreated control
groups as we did for this repoct, their findings for animals
kept on lifetime test were never published, only those for
the interim sacrifices. The 24-month fibrosis score (3.6)
reported by McConnell et al. [31. 32] for UICC/B animals
15 thus not strictly comparable to the lifetime scores (5.3~
3.4) we report here (see table 2). However, McConnell et
al. [31. 32] did describe progression in their investigation
(see below), thereby making it most likely that their 3.6
score would have increased further by the end of life.
Although the extent to which this would occur is obvious-
ly uncertain, it could very well come to within one grade
or less of that found by us in this report. This is suggested
by the fact that the lifetime fibrosis score reported by
Wagner ¢t al. (44] for identically treated, UICC/B-
exposed animals was 4.7, which is less than one grade low-
er than those noted by us. This level of variation is aot
uncommon when ir.dividual, age - matched cases, are
compared [e.g. see 13, 31, 32. 44; also noted in MRC
Expt. 131, 3 Qct. "80}. Observed differences in fibrosis
score are probably not due to dose and fibre size but may’
be related to other factors such as interreader vanation,
the choice of fixative and/or the mode of fixation {3t].

Overall Level of Parenchymat Fibrosis

In a manner similar to this study, a substantial percent-
age of the rats exposed to UICC/B chrysotile by McCon-
nell et al. [31, 32] and Wagner et al. (44] aiso had grade 5
tibrosis scores (NIEHS-MRC raw data, not shown). Thus,
33% (5/13) of the UTCC/B-treated males and 53% (5/9) of
the UTCC/B-treated females reported by McConnell et al.
{31, 32] had grade 3 lesions (raw data, not shown). Simi-
larly, 28% (7/24) of the UICC/B-treated males and 32%
(8/24) of the UICC/B-treated females reported by Wagner
et al. [44] had grade 3 scores, with one grade 6 lesion
noted in each sex.

Wagner et al, (23, 48] are possibly the only other group
to administer UICC/B chrysotile to rats via inhalation in
approximately the same duration and intensity as was
used in the present study. Wagner et al. (48] noted that
both sacrificed and surviving UICC/B-treated rats uiti-
mately developed fibrosis scores that averaged between
grade 3.1 and 6.0 whilst Wagner et al. {23] found that

Short Fibre Coalinga Chrvsotile -
Lack of Fibrosis

UICC/B-treated amimals, 12 months after a 12-month
exposure. had a mean fibrosis score of 5.0.

There appears (o be only one other inhalation rat study
of Jeffrey fibre [36]. In this studv. McConnell et al.
exposed F344 rats for the same duration and intensity as
the present investigation. These workers stated that grade
4 lesions typified the fibrotic changes {see 36, pp. 329.
331, and 333 as well as fig. 5] thus produced. However,
these were bv no means characteristic of the changes
noted in the Jeffrev-treated animals reviewed in the
present study which were cleacly grade 5 and grade 6
lesions. Although it is presendy not possible to reconcile
the observed differences, the high proporuon of minimal-
ly fibrotic lesions is surprising given the rate of neoplasia
(40%) reported by McConnell et al. [56] and the recoe-
nised association between the degree of asbestosis and
extent of pulmonary neaplasia {37].

Whole body exposure was used in the experiments
since the nose only technique was probably not in use at
the time the study was being designed (ca 1976) and
because the NIEHS study was 10 be modelled after the
MRC unit which only used whole body exposures. Al-
though whole body exposure has been criticized on saver-
al grounds inciuding adventitious exposure. avoidance of
exposure and ingestion of sample through grooming, the
necessarv comparative experiments have not vet been
done to demonstrate whether this is actually the case. [Da-
vis. personal commun.] Moreover, the daily restraint
associated with nose only exposure may, in itself, signifi-
cantly influence toxicity outcome [38].

Progression of Parenchymal Fibrosis

Comparison of our lifetime fibrosis scores for UICC/B
treatment (table 2) with those noted at 12 and 24 months
by McConnell et al. [31, 32) is consistent with minimal o
moderate progression. This is in keeping with McConnell
et al. [31. 32], who also observed a minimal amount of
progression in the UICC/B-treated animals between (2
and 24 months. In contrast, progression was not repocted
during the post-exposure year in the UICC/B~treated ani-
mals studied at the MRC (grade 4.0 at 12 months: 4.1 at
24 months) by Wagner et al. {44], Wagner et al. [23, 48]
did note an approximate one grade increase in animals
exposed for {2 menths [0.8 increase i.e. 4.3 at 12 months
and 5.1 in survivors, tables 3, 6 in 48}; 1.5 grade increase
i.e. 3.7 at 12 months and 5.0 in the 24-month sacrifices.
table 4 in 23]. The failure of Wagner et al {44] to note
progression might be related to other factors [e.g. inter-
reader variation, ¥McConnell et al., 31, 32}, although the
2.5 grade increment found in those exposed only for
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6 months (3.0 in the 6-month sacnfice and 3.5 in the those
sacrificed 6 months after 18 months non-exposure [23))
tends to go against this idea.

Sample vanation within the UICC/B stock might ex-
plain some of these inconsistencies. Thus, Elmes [58]
noted that since the UICC/B sample ‘was the most popu-
lar (research material, the) onginal stock ran out and was
replaced by a new stock, which turned out to differ yet
again from the original standards in the number and the
distribution of fibres’. Others have found the UICC stan-
dard chrysotile samples to be less active than expected
probably due to ‘overmilling’ making them ‘too short to
produce a maximal tissue response’ [52). Perhaps the
mare recent UICC/B samples were even more extensively
milled than the earlier ones thus fucther reducing the
aumber of long fibres and their attendant fibrogenic
potency.

Pinkerton (33] proposed, on morphometrical grounds
(see table 4), that progression only occurred in the UICC/
B-treated animals possibly due to ‘the presence of fewer
long fibres in the lungs of animals exposed to UICC/B
chrysotile (that) resulted in 2 slower rate of lung fibrosis
which continued to progress during the post-exposure
period’. This {ed Pinkerton to surmise that ‘The greater
exposure ta very long fibres (>50 um) in the animals
exposed to Jeffrey mine chrysotile stimulated a much
more intense initial inflammatory reaction which encased
many of these fibres in layers of non-cellular, collagenous
interstitial matrix thereby reducing their inflammation
inducing potential. This would have allowed the inflam-
matory reaction in these animals to have decreased in
intensity during the post-exposure year at an initially
slower but steady pace.’

In contrast to the UICC/B-treated groups, Pinkerton
(33] (see above) and-Pinkerton et al. [39] failed to find
progression with the Jeffrey fibre stating ‘that the intersti-
tial fibrotic reaction (with the Jeffrey fibre) did not signifi-
cantly progress during the past exposure period’. We do
not have the morphological data to confirm or refute this.
However, it is consistent with the failure by McConneil et
al. (56} to demonstrate progression with this fibre type at
least for severity since they did not assess extent.

Morphological and Morphomerrical Correlation of

Parenchymal Fibrosis

This is the first standard, inhalation asbestos bicassay
to be rigorously assessed both morphologically and mot-
phometrically. The findings thus derived are, in turn,
both complimentary and consistent, fully supporting the
proposal that Coalinga chrysotile is not fibrogenic, in
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clear contrast to the Canadian {ibres. Crapo et al. [34)
mocphometrically analysed a subset of the same ussues
we assessed 1n this study but concluded that Coalinga
could be ‘injurious’, thus inferning that it was also fibro-
genic. However, this claim was based solely on 12-month
data neither stratified for non-cellular interstitial changes
nor correlated with the histological absence of fibrosis.

By 24 months. the volume of non-cellular interstitial
matrix, the chief morphometrical indicator of fibrosis, in
the Coalinga-treated animals, fell to levels that no longer
differed from those of the age-matched controls (table 6).
The statistically significant. morphometrically detectable,
increases in non-celiular IMV seen in the Coalinga treated
males at 3 and 12 months were thus only transient in
nature. These were therefore, most likely, non-specific,
‘nuisance’ dust type reactions [see 39].

The morphometric data almost certainly underesti-
mate the observed differences between the Coalinga- and
Canadian-treated tissues because of sampling bias due to
exclusion of areas of bronchiolar metaplasia seen solely in
the tissues treated with Canadian fibre. Selective sam-
pling could therefore have seriously underestimated the
actual amount of morphometrically detectable ‘fibrosis’
in the Canadian-treated groups since the excluded meta-
plastic regions ‘were probably the areas of most intense
injury’ [39). .

The observed differential response in the individual
interstitial celi types was yet another important indicator
of the difference in fibrogenic potential between the
Canadian and the Coalinga fibres. The failure of Coalinga
fibre to elicit a mast cell reaction is particularly relevant in
this cegard since it has been said to be of importance in the
production of pulmonary fibrosis both in animals and
hurnans [60].

Survival, Parenchymal Fibrosis, and Competing

Causes of Death

Fibrosis with the Canadian fibres significantly reduced
survival but only in those animals with the highest fibrosis
scores. The present report may actually be the first to
demonstrate such a fibrosis-related reduction in survival.
Thus, Wagner et al. {23, 44], McConnell et al. (31, 32],
Davis and Jones [24], and Davis et al [1§, 52, 61, 62] do
not discuss fibrosis and survival whilst Wagner et al. {48]
state that ‘the effect was very slight’. The natural inci-
dence of pulmonary parenchymal fibrosis in untreated
F344 rats is very low. No spontancously occurring cases
were noted in this study, in the investigations of Wagner
et al. {44] and McConnell et al. [31, 32], or by others {42,
43, 63, 64]. Taken together, the above clearly suggests that
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fibrosts. in itself, rarely, if ever. causes death in expen-
mental ammals exposed to asbestos. This is not too sur-
prising, since it is not typically a cause of death 1n humans
either. many of whom are also smokers. Progressive dif-
fuse f{ibrosis. as produced by exceptionally high doses
such as those used in the very early studies [65], could
produce death directly by cor puimonale. An indirect
reduction in survival also might occur either by infection
ot an enhanced likelihood of tumour formation [37)
though the lethality of such neoplasms has been ques-
tioned [31].
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