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Inhalation and injection studies in rats using dust
samples from chrysotile asbestos prepared by a wet
dispersion process ‘
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Summary. Long term inhalation studies and intraperitoneal injection studies in rats were
undertaken with a series of chrysotile asbestos dusts. Three dust samples were generated from
chrysotile modified by the wet dispersion process (WDC) and one was from unmodified
chrysotile. Following a 1 year inhalation period. all the chrysotile samples proved extremely
fibrogenic and carcinogenic and there were no signilicant differences between the WDC dusts
and normal chrysotile. In all experimental groups approximately 25Y% of animals developed
pulmonary carcinomas and in the oldest rats advanced interstitial fibrosis occupied on average
10% of all lung tissue. In the injection studies all the dust samples produced mesotheliomas in
over 90% of animals. Very little chrysotile remained in the lungs of the animals that survived
longest following dust inhalation and what there was was present as individual chrysotile
fibrils. It is suggested that chrysotile is potentially the most harmful variety of asbestos as
shown in these and other animal studies but that it is removed from lung tissue quite rapidly. In
the long lived human species this may mean that except where exposure levels are very high
and of long duration. chrysotile should be less hazardous than other asbestos types.

Keywords: Chrysotile asbestos, wet dispersion process. carcinoma. fibrosis

The industrial use of asbestos has been  taken in order to examine these effects but

shown to result in considerable health risk to
asbestos workers (Selikofl & lLee 1y78).
Heavy exposure can result in pulmonary
interstitial fibrosis (asbestosis}. bronchial
carcinoma and mesothelioma.

While the main commerciaily used asbes-
tos varieties differ markedly in their chemical
composition. all show considerable potential
to produce pulmonary disease when inhaled.
It is now believed that the most important
dust factor in disease development may be

" the physical dimension of the fibres. particu-

larly length (Stanton 1972: 1977). Numer-

ous experimental studies have been under-

Lapy w ooy i Oty "og  Swrwy unmwedy @ Coliuren @ Barvasoy

most have used either in vitro or injection
techniques because these require only small
amounts of dust which can be specially
prepared. Long-term inhalation studies
unfortunately require large amounts of
asbestos dust and so far it has not been
possible to obtain sufficient size-selected
dusts of any single asbestos type to examine
the cffects of Hbre length when dusts are
inhaled. As an alternative approach, studies
are continuing in this Institute using such
asbestos materials as are available that are
likely to produce dust clouds of significantly
different libre dimensions..One such type of
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xofile that has been treated
by shes “wet dispersion” process. 'This process
i pstd cornnery ¢ withy minor varistions
throughout the waorld und its basic principles
fave been deseribed by Heron & Huggett
{1y7t). in the wer dispersion process bulk
cheysotile is treated with a dilute solution of
an anionic surface active agent so that the
individual chrysotile fibrils separate to pro-
duce a liquid slurry. The librils congufate into
w film on the application of electrolyte and
this process can be controlled to spin out a
yarn in which all the 8brils nre intermingled
and bound 10 one another. The yarn is then
treated fo remove excess surface active agent
although a smalt amount remains bonded to
the tibril surface. Thisis in contrast to normal
chrysotile textile yarn which consists of
scparate chrysotile fibres, mainly parallel to
one another and held together only by the
spinning process. Smither & [ewinsohn
{1973) described wet dispersed chrysotile
yarn as being smoother, stronger and more
regular than standard asbestos yarns and
suggested that its use might be without the
dust-related health haxzards of cheysotile pro-
duced by conventional technigues. Because
the chrysotile fibril urcangement in wet
dispersed chrysotile yarn is so different from
materials previously used in animal experi-
mentation. it was considered that an inhala-
tion study using this material might produce
new information on the way pulmonary
tissues react with different types of fibre.
rarallel injection studies were conducted for
closer comparison with Stanton's work.

Materials and methods

Experimental protocol for inhalation studies.
Groups of 48 white SPF rats of the AF Han
strain were exposed by inhalation to one of
four different chrysotile prepurations. These
were: {a) Yarn from wet dispersed chrysotile
production process. {(WDC varn). (b} Dust
collected from the factory aic tn a workshop
processing only this type of WDC (Factory
WDC): {¢) A standurd chrysotile textile yarn
produced by traditiona methods (Chrysotile

J.M.G. Davis et al.

yarn) (d) Yaru from an gxperimental Wil
provess which was never commerchitize
{Exp. W), .

Dusting was for 7 b u day, 5 days o week
for » totn) of 224 days during s period of 12
months. One additlonal group of ruts was
expused to dust from (d) using a reversed
daylight regimen In which the rats were
exposed during thelu pegiod of maximum
activity. This experimental variation was
included because there Was some evidencr
{Middleton et al. 1979} that pulmonary
deposition is increased under these condi-
tions and this could affect the development of
pulmonary pathology. This dust treatment
group s subsequently referred to as "WDC
Reversed Daylight’. Groups of 39 and 25
conirol rats were maintained for their full life
span during the period of these inhalation
studies,

Dust cloud generation and monitoring. Dust
clouds were generated by the methods de-
scribed previously by Daviset al. (19850} end
summarized in Table 1. The dust generators
were able (o produce satisfactory clouds from
the factory WDC as supplied but dust gene-
ratlon from WDC yarn and Exp. WDC proved
difficult and these yarns required a vigorous
preliminary milling using a Christie and
Norris mill. The sample of chrysotile yars:
was treated in a similar manner to ensurc
comparability with the dusts generated from
the WDC preparations. Dust concentrations
in the chamber were monitored daily
throughout sll exposure time for mass con-
centration and by approximately 100 short
period (snatch) samples at Intervals during
the exposure period for number concentra-
tion. The fibre size distributions were
assessed by phase contrast optical micros-
copy (PCOM) for fibres > 5 pm in length and
both fibre length and dlameter distributions
were obtained by scanning electron micros-
copy {SEM) for fibres > 0.4 jim in length and
>0.1 pm in diameter,

Histopathological studies. Four animals from
each inhalation group were killed at the end
of the 12 month dusting period and lou
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Sampling
Thefuli7 b

exposure
Thefull 7 h
exposune
At least ©
full day
Of the order
of 1 min

Description of sampling equipment

polycarbonate membrane filter

diameter in Gelman head facing
nuclepore

sampling flow rate 2 ltres/mi
downwards

facing downwards
sartorius menthrune filter

dust sampler
Vertical elutriatort
and

Caselis MRE 11 3A gravimetric®
Open flter holder. 25 mm flter

Open Riter. 50 mm diameter

Type of sample

1 Dodgson & Whirttaker (1973).
§ Asbestosis Research Coundl {tg71).
|1 Walton & Beckett (1977).

® Dunmore et al. (1964).

1 Walton (1954}

Respirable dust
Fibre number

Table 1. Dust sampling technlgues

el
Total dust

—
ey

2y

¥

s



HWBUI00092156

it

1.4

3.8

4.7

1ib }.M.C. Davis et al. ,.M Studivs in rats with dust from wet dispersed chrysotite
more were kRitled 6 months tater. The remiain- divided into 100 sqiinres which st this M
ing animals were left for their Tull fife spap magnification covered  tissue aren of 2. y ¥ 5
eacept Hhiat the stody was terminated when . Peribronchiolar lesions were recorden ﬁ 2 m . = vw
the numiber of survivors in some groups as u pereentage of squares contalning lesions ; £ m 2 mm.m“ Wm ;
dropped to six. Ustimutions ol carly patho-  of this type. © € EEEgE%|
fogical changes were limited to the small 3 2 *EZgzz: 2E %
groups of animals from the first two killing  Lung dust content. Lung dust estimations i e .m g wm .m ! RO
dates. However. for the more advanced  were performed on animals from the hirst two - E Es8 E£2 € _
lesions occurring in the oldest unimals, it killing dates. Only the lelt fung was used so & o= £2
was decided to include all those dying within  that the right lung wasavailable for histalo- m
2 months of the final killing date. In practice  gical studies. Dust retained in the lungs was 2
this produced groups of animals varying  recovered by a low ‘temperature plasma &, <
from 14 to 21 in number. Allcontrolanimials  ushing process using® a Nanotech Proo = % Ea
were allowed to survive for thelr full life span.  apparatus and estimated by infrared spectro- m, oig v A
Tissue used for histological examination was  photometry (Dodgson & Whittaker 1973). £ £ mw vy 9w
fixed in Karnovsky's fixative. Lungs were  Studies in this laboratory have shown that -
fixed by inflation in situ at a standard pres-  the dust content ratto between lelt and right W ¥
f sure of 30 cm of fixative. Subsequently the  lungs following experimental inhalation of @
€ traches was ligated and the lungs excised  fibrous dust such as ashestosinratsis 0.6:1 .m
w and immersed in fixative before histological  and this correction factor was therefore used 2 -y
H processing and embedding in parafiin wux. o estimute the pulmonary dust burden o & - B im.m ©® e
¢ Sections were cut in the coronul plane at 4 each animal. = > 2R £ L R
i mm intervals and were stained by either X m slED W
i haemotoxilin and cosin. Van Gieson's  Animal injection studivs. In nddition to the m = £ ’
methad for collugen or Gordon and Sweet's  inhalation studies, the ability of the four g = 2
w stain for reticutin. fissue samples from some  chrysotile samiples to produce mesothelioma ] =z E b e
& of the oldest unimuls were prepared for  was examined using the intraperitoneal 8 H W i 2 o
w, transmission electron microscopy by posttix-  injection assay. For the WIC yarn, the m £ g M s .e.m
. ation in a 2% solution of osmium tetroxide  factory WDC and the chrysotile yarn, groups 3 2 m 2 EZ| 23 324
m before embedding in araldite. Sections were  of 24 rats recelved a dose of 23 mg of dust - g £% B
stalned with both lead citrate and uranyl  For the exp. WDC, the group size was 3. 8 B mm e
acetate. animals. The dust samples were suspended o W g8
Measurement of pulmonary fibrosis was  in 2 ml of Dulbecco’s phosphate buflered ] & mvv..
undertaken by similar methods to those  saline and were Injected into the peritoneal g =R -
previously published (Davis of ol 1978)  cavities of the rats under ether anaesthetic. m 3 ol - 2 v u
except thut an electronic Bnage analyser  The dust was collected from the animal g E i ..m mm B3 ©o © ¢
{Craphic Information  Systems Limited,  Inhalation chambers using an elutriation .m W g wmm EE)Re A4
GBS1) was availuble for use in conjunction  process in an attempt to simufate the respir- i 282 2 ge
with the light microscope. Single coronal  able fraction of the dust clouds used in the 2 mm
lung sections were used with the section  inhalation studies {Bolton et al. 1982). e
selected from the central region but avoiding &
the major conducting afrways and pulmon- Results .m
ury vasculatare. Interstitial fibrosis was esti- 4 m_a £ o
mated using o x 2 microscope objective lens o gereration and measurement = g 88 Ez s
and is expressed as a percentage of total lung 4 = k] g m
tissue area (Davis vt al. 1978). Peribronchio-  During development work on dust gene- m.m Wm Wv. &
lar lesions are more numerous and smaller  ratlon procedures it was found to be ex- -] 25 i
and 50 the lung tissue was scanned with 2 tremely difficult to generate high density
x 4 abjective, usingsun eyepiece graticule  clouds of respirable Rbres from bulk prep

daylight)
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Erron c 0 Studies in rats with dust from wel dispersed chrysotile 121
, X nulation fissue consisted mainly of macro-  of dusting, widespread alveolur interstitial
E_ i, L - i phitges wind fibroblasts but forcign bedy glant fibrosts devetoped and this tended to obscure
g, 0 To=3 vells were also present. At 12 months after the carlier fibrotie deposits. For this reason,
. the stort of dusting there was marked retica-  estimations of peribronchiolur ibrosis were
5 - T lin staining in the peribronchiofar deposits  limited to the lirst two killing dates.
= 8 £ v although relatively little collagen could be From about 1 8 months onwards, areus of
wE e - = m s demonstrated by Yan Cieson's stain. With lung tissue In some animals showed a pro-
w.m - nE %z Increasing time sfter dust exposure, how-  gressive thickening of alveols septa. (Fig. 5).
mm m . B ever, collugen staining becume progressively  In its earliest form this thickening was
&l . . =h more marked. All treatment groups showed  caused alinost entlrely by hyperplasia of
- as v : deposits of this pertbronchial librosls around  alveolar lining cells, but luter there was
many of the smaliest alrways ut 12 months  consideruble deposition of eeticulin and
T~ inoen {Teble 3) but levels in the two groups of  eventually collagen In the septal walls. As
) x 7 5 = animals treated with exp. WDC were signlfi-  shown In Table 3. aress of ulveolir intersti-
@l . W 5 ® canily higher than for the groups treated  tial fibrosis became more widespread in all
3 x COE z == with WDC yam, factory WDC or chrysotlle  treatment geoups with Incrensing time alter
| 5 3 yamn. (P= <0.05). By t 8 months. fouroutof  the endof the dusting period. While the arcas
£ - -4 the five treatment groups showed a reduc-  measured varled from 8 menn of B.8Y, of
m - 55 tion In peribronchiolar fibrosis and taken  lungtissueln animals treated with chrysotile
£ overall, this reduction was significant  yarn to 12.8% in animals treated with WDC
w > = % (P= <0.05). After 18 months rom thestart  yarn, these differences were not stutisticully
< » . <
Bloef 87 3R
E 3 s =
b k3 el =
o k x o+ Sz %4
H m . =371
£ S Y og
m 2 o+ dzt w
3 g -3
3 L 8 ks di
2 W " ¥ F
[} =
3 o =
° ~ 3
i) 0§ "o
& ¥ i c
5 < 3
] LI - :
§ - _ Z
5 Lor ol mw
i
3 15 %5
TR 1T
£ HO2
= IR oy .m. m
m ..um.u. ;  Fig 5. Alveolar Interstitiul Abrosis in a rut treated by Inhalation with dust froim wet dispersed chrysonle for
3 € . % 24 months. x188.
g g Z '
£ 3 .F :
-3 & 2 w z
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J Davis et al Studies in rats with dust from wet dispersed chrysotile 123

found in control animals, The carcinoma
was o small lesion {2 pun dlameter) which

s

signilicant. o many arcas of lung tissue the
interstitial fibrotic clement of these leslons

L7
=3
& 2 { remained  predoniioant  throughout the  showed only carly signs of Invasion and was
2 .m wlmscooo B - study, but in others the hyperplasta of alveo-  not responsible for the death of the animal.
2 S - lar eplthellai cells becume progressively more As with other nalmal studies In which
E : marked to produce a pattern of adenomalo-  asbestos has been administered by inhala-
.m ., sis. Some definite adenomas could be seento  tlon, refatively few mesothellomas developed
3 » ?  have developed from the central regions of  (Table 4) but the groups of rats treated with
m E_ laounmuco o 1 ihese areas and it Is likely that this was also  the wvurlous chrysotife preparations all
£ § 17 3 the site of origin of some carclnomas showed areas of vesicular pleural meta-
2 { aithough by the time most of these were  plasio. Histological examinution showed
g . “ discovered they were too widespread to be  these areas only occurred where patches of
it ] certaln. alveolar interstitial fibrosls had reached the
g g .m g H All Bve, groups of dusted rats In thisstudy  lung surface although this pleural involve-
3 ZSE| nwmann~ ! developed primary pulmonary tumours in  ment did not slways result (n metaplasia.
3 mm m. over 35% of animals with no significant  Arens of metaplasia consisted of loose Gibrous
= - differences between treatment groups. (Table  tissue containing large veslcular spaces lined
a Y 4). While carcinomas predominated in four  with lattened cells, {Fig. 6). Electron micro-
.m, w of the groups. the group treated with factory  scope studies showed that these cells were of
g 88| miownmmg T  WDC. which had the highest overall igures  mesothelial type and that occasionally the
e Bz = ' did have 11 odenomas to 10 carcinomas.  walls between vesicular spaces were so thin
m One adenoma and one carcinoma were  thut they consisted of twa closely apposed
q
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roscope photogruph of the wall of one vesicle in on aren of pleurs!
mectaplasia. In this cuse the extremely thin wall consists only of two lattened cells of mesothelial type with
no busement membrane visible between' them, x un.wcc_

Fig 8. Transmission electron micrascope photograph of an ares of puimonary fibrosts from the lung of
rat twenty seven months after the start of trestment with dust from wet dispersed chrysatile. Numerous
Individual chrysotile fibrils ure visible among the collagen fibres. the longest chrysotile Abril in this

photograph being over 5 5im In length. x 36 000,

Table 5. Numbers of tumours occurring at sites other than lung

Controls

Controls
3

woC

Chrysotile Exp. Exp.
;?:1 wDC {Reversed Daylight)

Factory
wpe

WDC yara

37 39

43

42

4%

Number of rats examined

M

Organ System

S A

Ll I ]

Digestive/peritoneal
Urinogenital
Endocrine

Musculo, skeletal and

4]

"

{ntegumentary
Reticuloendothelial/

vascutar

Totals

12

1o

benign; M, malignant.

B.
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