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Some ctiological considerations of fibre carcinogenesis

M F STANTON!

The exogenous apents which contrihute to the
cavse of caneer generalty fall into one of three major
vroups sy radition, chemcals and viruses.
{here s g wealth of speculation as to how the mem-
hers of these groups act to induce cancer, but the
mechasmsms  of their action remain unknown.
Ahestos, tn o allis forms, contains chermicals that
H1e varcinogene under cestan um(hn(;ni. however,
1t s of purticular interest as a carcinogen because it
mas attnbutes of two of the above groups. Firstly,
the presence of various metatlic ions and polycyclic
hvdrocarbons, that are either inherent or acquired
through processing, would seem the best explanation
for the carcimogenictty of ashestos. On the other
hand, particies that are within the dimensional range
of viruses .are abundiint in all forms of asbestos; and
it s concervable that these submicroscome particles
could act v a fashwon ssmdar to that of viruses,
whatever that may be.

On the other hand, there i1s reasonably good evi-
dence that netther of these attrihutes & related to the
carcinogenicity of ashestos.  The evidence for this
conctusion can be summariced as follows:

1) There is na indication that any of the asbes-
toses are sufficiently contaminated with known
carcinogenic  hvdrocarbons 1o account for their
carcinogemicity, and rigorous estraction of those
hvdrocarbons present *n ashestos does not affect its
carcinogenicity for the pleura of the rat (Wagner
et al., 1970).

{2) Variations in the inherent metal content of
various types of asbesfos are great, vet these vanous
tvpes of ashestos show anly slight differences in car-
unugencity  (Hanngton, 1965; Timbrell, 1970;
Wagner, 1970; Stanton & Wrench, 1972).

' The L ahoratory of Pathology, *«stianal Cancer Instityte,
Rethesd g, Marviand, USA,

(4 Linely particulate metatlic aickel, stiunless
steel or naon-crystathne silicon dioatde apphed 1o the
pleura of the rot are not sufficiently carcinogensc (o
account for the carcinogenicity of asbestos by mill
contrrination (Stanton & Wrench, 1972).

(4) Reduction of fibre size by the partial pulverisa-
tion of ashestos, a process which increases contamina-
tion by metallic particles and increases the number
of submicroscomc Hibrils in ashestos, reduces its car-
cinogenicity (Stanton & Wrench, 1972).

{5) Handcobbed crocidolite ore, hand-milled
without metallic contamination, s equal in carcno-
genicity fo machine-milled crocidolite (Stanton &
Wrench, 1972).

(6) Non-asbestiform fibres such as fibrous glass
are increasingly carcinogenic as they approach the
size range of milled asbestos fibree (Stanton &
Wrench, 1972).

One must therefore consider that it 1s the structural
features of asbestos that may be the critical factor in
its carcinogenicity, and it is toward this hvpothesis
that we have directed our attention. I the structural
features of ashestos are important, then it follows
that similar fibres, if sufficiently durable, should also
induce tumours. On the basis of this reasoning, we
have assessed the distribution of particles by size in
a variety of fibrous materials and applied these to the
pleura of rats for a period of two years. These ex-
periments are still in progress; only preliminary re-
suits of part of themn are available and interpretations
are limited. However, estimates of final tumour n-
cidences have been made from the data currently at
hand, and the vanous materials have been segregated
into four groups which cause high, moderate, low
and neghigtble tumour incidence (Tables | -4). The
analysis of fibre distribution by size is subject (o
some error, nevertheless it is sufficien: to characterise
the general distribution of ﬁpm in the matenals.
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Graphig 11, stration nf the c stegnnas of size used 10 classify particies in the test samples
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WATIRIALS AND METHODS

Various  speamens  of  cracidolite,  chnysotile,
fibrov . gliss, and tihrous alumimum dude were
apphiedt b open tharacotomy o the left pleural sur-

-face of W, 11. 10 ld.week-old, female Osbarne- |
Mende! rats at a single standard 4 mg dose level by
a method previously described (Stanton er al., 1969).
The unique aspect of these experiment. s thai all test
materials were apphied to small 45 mg fibrous glass

High incidence groups ( + 40% mesothefiomas)

tHustratad pari( 's< repre -

pledgets prior to applicatton.  The gliss pledgets are
composed of large-diameter fibrous glass which,
when intact, has no apparent carcinegemicits a stself.
We use 1t simply as a convenient and accuriate means
of uniformis applying the test matenal to 2 wide sur-
face area of the pleura.  The test materials are listed
in Tables | 4. The UICC standard reference sampies
of crocidolite and chrysotife A have been previously
described (Timbrell, 1970). Reduction of particle
size was accomplished by grinding 1n a stainless-steel

Percentage o! mass occupred by libres in sach rangs of size

Tabie }
Length um
Duamater | — - o —n -
um -0% 2% i <255 «5-10 > 10-20 > 20-40 > 40 8C .80 160 ! .160.320
.20 40 f
+10 20 | Crocidotte LICC /
«5 10 “ e e 1 1 22
v»25-% 1 <1 1 3 3 17 1
208-2% J S 7 4 4 2 1 a4
> 20 40
»10-20 Chrysotse UICC H
+§.10 [P " '
>25-% 4 4
~05-2% L.} 1% 14 11" 17 ? s 3
» 20-40
»10-20 [ AAA giass crude Hibre l
» 810 e s
>25-6 1 3 ' y
»>08-28 -1 1 ] 2 2 $ 13 (%]
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»10-20 hmmmnm"no tyum’
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»25-8 1 3
\05-.-25 8 3 8 17 18 10 23 12
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SO I TN W, ICAL CONUDERATIONS OF FIBRE CARCINN, F IS

hall mud to produce parnally or fully pulverised
samples.  The crude fibres were stripped by hand
from handcohbed ore specimens, and bundles of
Hhres were retained as fong as possible without con-
tarnation 239 exvtraneonys mlﬂt‘ril‘-

The Lhrous glasses were obtained from both the
Owens-Carming  Frherglas  Corporation,  Toledo,
Ot and the Jobno Mansille Research and | ngineer-
g Center, AManvitle, New Jersey  We are particu-
Lith indehted to the latter institution for the size
separation of tibrous glasses, which was carried out
through a sertes of millings and the sedimentation of
exceptionally fine-diameter gliss fibres. Al of the
elasses were of the usual borosdicate tvne, whose
meera] owde contents have heen previously re-
corded (1Stanton & Wrench, 1972).

The noa-fibrous alummium awude and atummmum
oude whiskers were commercial products obtained
trom the Artech Corporation, Falls Church, Virginia,
These are single cryvstul tibres that are more than
8 pure ALGO L The miethad of counting tibres
has heen descnibed previously (Stanton & Wrench,
1972).

Samples of the matenals, suspended in Formvar,
were awr-dried on glass shides and photographed at
1000 >~ magmitications.  From the photographs,
1000 consecutively counted particles were assigned
ter the 10 ranges of dimension indicated in Figure 1.
A<surming that the particles in a given range were
normally distributed around the mean size of that
range, the total mass of ail particles could be calcul-
ated; and 1t is the percentages of the total mass
occupied by particles in a given range or size com-
partment that are presented in Tables (-4,

in the tables, the first entry for each diameter and
half of the duimeters in the second entry in each row
represent particles that are non-fibrous by optical
standards. The plus figures below the designated
specimen indicate the extent of pleural fibrosis most
commonly observed in the rats in each experiment.

The rats are being observed for two years follow-
ing application. A necropsy is performed on ail
dead or sick rats, and histologic sections are taken
from the site of treatment and from any other ab-
normal lesion.

CONCLLUSIONS

The data are arranged in four tables according to
our estimates of mesothelioma incidence. In Tahble !

291

are shawn the five specimens which produced tumour
incidences greater than 40° . These are the UICC
standard reference sample< of crocidohte and chryso.
nle A, two samples of cery fine tthrous glass with
drameters of 3 um or less, and the alunurium oude
whiskers  All of these <amples are composed almaost
entirely of fikres, and further have in commaon a pre-
dominance of fibres helow Sam on diameter. The
Al,O, fibres are of particular interest hevause thes
are totally different from those of ashestos and glass,
hath in internal structure and in chemical compos-
ton: yet their size distribution 18 remarkably Like
that of UICC crocidoliie. However, one-third of the
fibres are slightly longer and thicker than are the
crrcidolite fibres and, since the density of Al0), s
greater than asbestos, approximately one-sixth as
many fibrous parncies are present  The Al fibred
are most durable and do not frapgment into sybe.
microscopic nparticles sn the manner of ashestos

Nevertheless, electron microscope study reveals an
akundance of submicroscopicfibnlcof lesc than0.1 em
in diameter with lengthse comparable to those of
fibres in the fowest optical range.

Tables 2 and 3 hist the six sa.nples of ashestos and
glass that fall in the middle ground of carcincgenicity
These groups show several outstanding difterences in
fibre distribution from those shown in Table 1 ; both
extremes in the dimensional range of fibres are re-
presented. For example, the two crocidolite samples
show similar decreases in carcinogenicity . howeser,
one is composed almost entirely of long, large-
diameter fibre bundles (Table 2}; while the ather

(Table 3) has nearly half its mass reduced to fibres

that are at the very Jowest optical range of diameter
and length and the rest reduced to particles too smail
to be recognised as fibres by optical standards. This
iatter fraction is of particulur importance, since it
congists of particles that are aggregates of submicro-
scopic fibrils with diameters below 0.2 um and with
leagths of S to 10 um. Since these very short fibrifs of
submicroscopic size account for the bulk of this
material and occur in far greater numbers than in the
non-pulverised crocidolite, it follows that their role
in carcinogenesis is probably ncgligible (Stantun &
Wrench, 1972).

The distributional array of fibres in the three glass
samples of these groups indicates the second dimen-
sional parameter of carcinogencity. Here it is appar-
ent that carcinogenicity decreases as more fibres
exceed 2.5 pm in diameter and as the fibre lengih
decreases 10 less than (0 um.  Again, the submicro-
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Finally, Table € lists those matenals that have
yielded less than 5°, incidence of mesotheliomas.
Noa tumours have deveioped in rats exposed to either
crocidolite or chrysotile pulvenised to the extent of
reducing all of the optically visible particies to non-
fibrous form. Since these excessively milled materials
contain all of the elemental compuonents of ashestos
and are contaminated by metallic erasion of the mill
far more than are the other samples, :t follows that
neither of these factors is a likelv source of ashestos
carcinogenicity and that structural integrity of the
fibre is essential. The two glass samples in this group
again represent hoth extremes n structure, namely
either fibres of great length with diameters greater
than [0um or particles that arechort, thick and essents-
ally non-fibrous by optical standards  In the non-

fihraus ALO. experiment, a single tumour has heen
observed among M rats.  This tumour s of doubt{ul
significance, but it mav reflect the low background

incidence of less than $°., induced by partial frag-
mentation of the vehicle.

fy suttutiaty, the expenments may (v compared
among single types of matenal. The results from the
scven sampies of asbestos indicate that none of the
three extremes in fibre distribution yield as high an
incidence of mesotheliomas as do the more evenly
distributed  UICC  standard reference samples.
Either progressive pulverisation to non-fibrous form
or preservation of the test sample in {arge bundles of
fibres ciealy reduces carcinogenicity. In companng
the seven glass samples it is apparent tht samples
composed over 907, by weight of fibres wita dia-
meters of 2.5 um or less are the most carcinogenic ; and
that as length 1s reduced in these small fibres carcino-
genicity s also reduced. Finally, the contrasting
results obtained using fibrous and non-fibrous forms
of A1,0, re-emphasise the importance of structure in
carcinogenicity.  These exceptionally pure, inert
fihres, composed of materials foreign to ashestos and
glass, seem 10 carry the same carcinogenic hazard
{or the pleura as do those materials,

{t would seem therefore that carcinogemcity 18 in
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