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SUMMARY.—Cracidolite asbestos fibres, suspended in physiological saline,
were injected subcutancously into one or both ffanks ot 95 CB A Lac female mice;
75 control mice received injections of saline only  Most animals were killed at
chosen intervals of between 2 and 42 days after mjection bt some were left for
longer periods of up to 623 davs.  Atautopsy, m.ony hvimphoid and non-lymphoid
structures were removed and examined for the presence of asbestos by the
following techniques: haematoxylin and eosin starmno toltowed by conventional
and polarized licht microscopy; Perl's stain: microincineration followed by
phase-contrast microscopy; muaceration with KO tollowed by phase-contrast
microscopy; and electron microscopy.

A combination of haematoxylin and eosin <t uninge ond microincineration
was found to be the most convenient and reliable methed for demonstrating
asbestos fibres in the tissues.  Electron microsoapy was essential for detecting
very small fibres and for locating them to speaite intracrtular structures.

The morphological findings indicate that soimne micration of asbestos fibres
away from the initial site of injection tukes plaice  Dissemination is usually
along lvmphatic pathways and fibres tend to accumulate in the lvmphoid tissues,
particularly in the regional (axillary) Iymph nedes; smaller amounts were
found in inguinal, mediastinal and fumbar nodes. The fibres were usually
intracellutar, lying inside the phagosomes of miacrophages, but larger fibres
were sometimes enconntered Iving free. Small numbers of fibres were seen in
the spleen and also in non-fymphoid organs such as the liver, kidneys and brain
- -suggesting that sonte ashestos may enter the blood stream. There was no
evidence of massive or selective spread to subserosal tissues in the thorax or
abdomen, though trapping ot asbestos tibres sias observed in pleural “ milky
spots Vinlong-term survisors.  ‘The possible role of milly spots in the develop-
meint of pleural plaques and mesotheliomata s discussed.

Toere is mereasine evidencee that exposure fo axbe dos s associated with the
development of imesotheliomata moman (Wacener Sleco o and Marchand, 1960
Waaner, 19650 Newhowse and "Phompsorn Twin ~chilalt Chure and Hammond.,
FO65). This assocation ix horne out by experieentad <tadies moanimals where
mesotheliomata lave heeninduced by injectine o bestos dhrectly into the plearal
~pace of rats (Waener, 1962) hamsters (Smith Miler Choreg and Selikofl. 1965
Smith. Miller. Flsasser and Habert 1965) and fouwls Peacock and Peacock. 19653).
toes Carter Walter~ and Havmeton (1957} veported the mduction of plemal
and pertoneal mesothenomata m mice after hestos had been injected sub-
cutanconsly into the dlanke oo Tinitially remote from the regions where
mesothelionuta subsequently developed. A that ties it was suggested that
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ashestos tibres might spread widely from the oricaal myeetion sites and tind heir
way aasemiselective fashion to the subserosal Taver of the thoracie and abdommal
Viseera,

An attempt has now heen made to examine e more detail the dissemination
of asbestos fibre< after thew bgection mto the saboutancons Lisstues of miee.
A preveguasite of any sueh study s accarefal evaluation of the techniques available
for deteeting asbestos in the tisstnes. and the cunent results are aecordingly
presented m two parts firstoan appraisal of <ivomecthads fordentifving ashestos
fibres m the tissues, followed by an aceount of the anatonneal distribution of these
fibres after subeutancons injection mto one or both flanks of miee.

MATERIALS AND METHODS

Ashestos

A ULCC veferenee sample of erocidolite was supplied by Do J0 N Harington
(South African Institute for Medical Rescarchiy  The distributions of the fibre
length were determined by Deo Vo Timbrell (M R.C Preamoconiosis Research
Unit. Llandough Hospital. Penarth, Glamorgan)  Approximately 509 of the
fibres were hetween 0.2 and 122 ¢ in length, and the remaming 500 between 142
and 20 g less than 59, exceeded 7 g in length, "The fibres were suspended in
physiological salime belore injection,

Mice

One hundred and seventy CBA/Lac female nnce were used. aged 6--8 weeks
and weighing about 25 4. They were maint:ined on a cubed diet (Diet No. 86,
Messrs. Divon Ltdo Ware, Herts)) and water ad Libdwm. and were kept in metal
cages. 10 mice in each.

Conduet of crperinent

The mice were divided into 4 groups. Details of freatment are shown in
Table 1. Most of the animals were kKilled af chosen ntervals hetween 2 and 12
days after injection. Some mce were allowed then foll Bife span and survived
tor periods ot up to 3is days (Group 1) and 623 dayvs (Group HD.

Tapre L Dotails of Treatment in Tost wud Control Groups

‘\|l 1"
Caonp tee Treatooernt
L 0 30 e crocdolite O b ml iy v el salime

Fagooted abentancousto oot 0 b onc 3 suecessive day <

1l Do T ceaccdohte o bt phiv ode ol <aiime
Fojoctd aheataneonste o B0 dand ol an T oday,

Il Hy ol pha doscal calme ondv . civen g vroup |

I\ R a0 G4l phy wolomeal sabie onty L ceven as vroup 1F

Noles

I Ahee e groups Tand THE were derived from a simde batah aitlocated at vandam to the-e 2 Zroups
Mice i cronps Thand IV wore dersval fronm aseparate hatc by adso allocated randomls hetween the
ronpis

20N e Noo b ncedle was wsed for all mgections

\nimals were killed by ether vapour or by cervieal dizlocation.  Standard
necropsies were performed. Injection sites were examined  for evidence of
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nevdvertent wpechion of ashestos o the ahloaana b o thoraee caovities. Care

Was tahen to avord comrapinalion, of oo oo Bevos durimee autopsy. The

follow e Dsstes were removed pomimelc tor cvapnnaton asallary menmal

mediastinal Timbar amd o entene Boophooodde o thoms ovchea and oesoplhiaeas

moone hock Bt and Tones e one Block Tiver sptcen fodnevs ovanies, bradn,
[

castranntestmal tract the thoracre wall and ahdoranad wallo hothe at and away
from the injection site(s,

M ethods s r/'/m dedeeting ashoslos plaos e e dissies

Liht wiceoseopy  The tssues fived m Bown < solution were investignted as
Tollows:

I Pavalfin sections preparcd o 5 were stained eithor waith haematoxylin
and cosin or by Perl = method for ran and examined by conventional light.
MIEroscapy

2. The hacimatonylin and cosm stained <eetions were also examined under
polareed hehc for the presence of hirehrmeont parte les methe tissues,

oA ter dewasme waith sy loband aleohol addhitional sections were ineinerated
at 300 Cofor T houe mea SUNVIC deramomerator (Gallenhamp). They
were then dey mounted and exanuned hy phase contrast nincroscopy.

(X}

Flection eroscopy Tissues were dined e 200 ohitaraddehnde in 13w
cacodylate huller (pIl 746y Tor 2 hows posthsed with £ osnnn tetronade in
veronal acetate hufler (pH 7-0) tor 30 nunutes dehydided sotho methanol treated
with propylene onide and then eimbedded i araldite Uloathim secetion (600 1o
G0 ) were cut on o Haxdes -tope altramircrotane Sections were <tamed witl
Narnovsky s alkaline Jead <tainine medinm and exaommed ina Niemens or
Philip~ F2M 300 ¢lectton mictoscope Samples of croadohte ibres were embedded
in avaldite i the same way for control purposes

T gpeciation. The tesidlue of cach specnmen was mineed with a fine
sealpel (v new blade heme ased tor cacl specimen to avord transter of ashestos
from one tissue to the nextr and then nacerated by comaditieation of the method
deserithed by Gold (Tu67) Vhoat b o ob the marcod Gissie s msed swith 10 i,
of 107 agqueons potassoim hivdrosde and rertod onaowater hath for 12 hovres
until the issue Tiud been tinely fraomented  The resultme suspension was then
centrifuced  washed with thiee chiances of distiled water and a0 smear was
prepared from the deposit This was nounted dev for exaommation hy phase-
contrast peroseopny

RSt IS

Pt Lo Compraroson of Vavraus Wothods oo the Jictoetion of Ashesios
/"I///l N oM i ,I”,~\/// N

The presence of tlwes 1 the snbontoncons tesnes at the meetion site in tesy
mice viven ashestos and the dhence of sl flnes o control mitee ingected with
sadime proveded the posrmve andd necative controls neeessay for dssessine e
vidue of ddterent nethondds tor detectine ashe-tos thires e varons Gssues. The
ai observatin i o lition to the o e thods sed sre cammaaized i Table T1.
Cortam ceneral pomts e worth ~tres

S penaflon sectrons hasaeatonalons and cosoa Light pccoscoprs The ranee of
axhestos ibres ~cen s obviousty Linmated oy then <ize s the method i~ unsuitable
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fortibres of lessthan about 2 pondencth. Hacemosiderin eranules often accumulad e
i close relation to ashestox fihres and provide o usetul marker in certam tssaes
sieh as Ivmph nodess Mlns asoaation s not found o solid parenchy matous
oroans and the detecticn of siadl tibres n hacmatosydin and cosin <tamed
material from snch fissues s difthieult

S opavafliv scctiogs ol Stacn C light naeroseopy. SHhoneh ashestos fihres
are often associited wath haemasidenim, and arve themsehves coated with ron-
containing protems. stams for iron are not particubo by helpful, .\ distinetion

can be drawn hetween the darker stainmg ashestos fibres and paler staining
haemosidering hut in our experience the method s msensitive as less than 500,
of crocidolite tibres stained positively for iron.

S preralflin scetions wderorneincralion s phase-caonteast uocroseopy. Thismethod
appears to be more sensitive than the exammation of hacmatosylin and cosimn
stained material, s paaticularhy wseful for sohd Gesues sich as liver and brain,
Furthermore, 1t is ~tdl posaitble 1o localize (ibres withw intact tissue sections,
Fragmented colfagen may . however oive rise to Lidse positiv e results and there is a
tisk of contamination with extraneous ashestos partical wly from the lining of
the microincinerator oven itsclf. Careful focnsimg may help to distinemsh con-
taminating ashestos fibres af they lic moa more superticial plane {rom the main
specnmet,

Maceration . phasc-contrast wicvoseapy. "This procedure s more sensitive than
Iematosylm and cosm staining, but it carries a0 serons rish of false-positive
results. particularly in velation to small fibres, The resalts wee improved if the
macerated tissues are nucroineinerated hefore examination,

3o puraffin sections . hacumatovylin and coson s polasccd Light. - NMthough useful
for detecting larae fibres move than 10 gin leneth this technigue is unsatisfactory
for thin tibres ino which birefrngence i~ too weak to he detected.

Llcetion nevoscopy. This procedure is not sitable for sereening for the
presence of asbestos tibres but it s invaluable for confirmmmg the presence of, and
ientitving, fibres found by other methods (Fie 1), s essential for deteeting
very small fibres and partieles as small as 600 25 N hase been identified with the
electron niicroscope in the present work. Electron mieroseopy is also reguired for
the precise focalization of ashestos within cells (Fie, 1), During cutting, the
tnrerotome knife often drags ashestos fibres throuch the tissues, giving rise 1o
characteristic tears which are somcetimes helplul in Tovatime ashestos in a specimen,
The distinetion betveen asbestos tibres and residial badies m phagosomes or
erantles of hacmosiderm or melanm, i< usually ~tauehioraard,

[owasx concluded that the most effective mcthod for sereenming tissnes for
ashestos s combmation of facmatosy hinand cosm <tamimnge and microincineration.
The efficiency of these methods< i~ llustrated o Table THD which records the
distribution of ashestos tibre< i recional and more distant lymph nodes 2 to 12
days alter subeutancons mpection ol ashestos mte the flank. groups 1 and T are
tost animals mpected with ashestos coonps THEaond TV ane control anmials injectod
with salme (see Table Ty Three point< emeree. Predictably the hichest siekd of
posttiy e results was obtamed o eroup D in nnce wh hreceived the lavaer total dose
ol asbestos In hoth test eronps the proportion of posttive results declmed in
the more distant v mphoid tissues Fhe tendeney tor nacraincineration to produce
false-positive results is illustrated by the oceastional findings in axillary nodes from
control mice (eroups T and IV injected with saline only .
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Tavre L Dddection of Crocidolile Ashostos (o Ly phord Tissues . Concordanee
of Resulls by Hacwatoaylin aad Foson Stang (10« B0 and by Miero-
cerncrateon (M)

ARNTIATRS Modi~tinal Lambar Tngwnal
prondes noddes tiocdes nodes
Tewl ansmals
Hyuu[) | Nt M
30 e crocudolte 61l . { 22 O , 13 . 13
o,
~aline s ¢ oanto hoth tlanks L { I i . 2
on 3 suceessive day s Ihim f " 3 2 0
1 2 | i 5
Group IT H., & B MI
1O e croetdolite/0 1 il e {. . ' . 16 . 3 . 3 . [
~abime s eoanto aue tank on o \ . . RA . 28 . I8 . 12
I dav only . . 3 . 2 . { . 2
D { e I I
Control aramals
Croup &0 M
b ml saline gy en as i group . ¢ [ . 0 . 0 . ] R )
on, .
i 1 . . 1o . 1 . ~ . I
f . 0. i . 0. 0
D 1 . P " . T o
Ciroup 1V H & E ML
bl sahime mven as o group Con { . . t . 0 0 . 0
11 : . . 2N R 20 10 . 5
. . 4 . O {0 . (y
Dis. { L K . 0 0 . 1
: presence of asbestos confirmed; presence of nshestos not confimed  Con, concordant g
(IS hcordant ;) < ¢ “uhdninneons
) { )

04
. 100) ORI TTL

NTLY,

- (
Ford concordanee ( .
Fotal namber

Part 1. Dhsscmonadion of Asbestos Filpes Following Subewtoncous
Lujection ento the Fland

The tissues in which ashestos tihres may be locatived will be considered under
three main headings the vimpliond system mesothehal tissuesoand other organs,
Itomust. however be stressed that asbestos may be deposited inadvertently in
distant tissues ax o resalt of taulty injection techmgue o problem which s
pirticularly Tikely to ocour when vepeated mmjections of Luree volumes of material
are used,  Despite the care talien to avord penetrating the tall thickness of the
hody walll acadental mteapentoneat angection of ashestos occurred inoa few
mstances. Fadence of penetration was found moo e brom eroup bwhieh were
killed betore the atsthday and i 109 nnee o croup VD alfed betore the 62351
v Deposits of asbestos were ~eenas Bl winte nodales or plagques on the
serosal suface i those Cisessoccurnme most commonby e the subphrenic spaces,
the porta hepatis ond coaund the spleen donse iihran s adhesions were sometimes
loed throvuchout the shdommal cavaty Such animeds have been exelude 1 rom
further detanled considoratnom an the secetions that lollow,

No unexpected chanres weve seenc ot the st ains (igeetion sdfes . appear-
ances were simtlar e frome evoups Tand T see Table 1) Numerons ashestos
fhies were present o the subeut veons tisstes 0 all staces of the experiment.,
The proportion of fibres Iving inside the phagosomes of macrophages inereased with
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mordon of the full thickness of the hody wallosath subhecquent repanre (INanazawa.
unpuhished expenmentsy Na asbestor appeved et damme axillory vph
node~ untd the Tioch day aftor pection tfs dass it waeervt and it was elear
that o farce praportion of Bhres oed oo diverted cacd dliv o che mevmal Iviph
vodes, Ashestos Iilhnes dater crossad the md e el wore oberved e the
ontralateral meamal and Tomboao vodes sites whoch are oot mivolved i intad
antnads

A few fibres reach distant non lvmphoid oroans aod fssies probably in the
blood  The point ol entry of bhres nao the vasonln o~ anknown, it may be
nthe subeutancons tssiies at the site of imgection o vt craamne Ivmph nodes
where there are anmmber of potential lvmphaticovenous connections (Pressman
and Simon, 1961 Miotts 1963) or e the thorace duet T s probahble that most
ashestos fibres travel mside macrophaves thouch some Looer fibres may he free
m the lvmph or blood Cvery Taree tibres were occasionally secenom the tissues which
could not concenvahly have been carmed there nmeade macrophaces With one
execption. no evidenee has emerced to snegest that ashedtos acemmulates selec-
e’y e the subserosal tissues the obvions toeet Stractmres tor an agent which
mduees mesathehomata The single exception s~ ppovided by the plewral = milky
spots o whieh smadl nombers of ashestos fibres woore fomud durmge the ter
staves of the expermment Fhe - nndhy spots 7 contaon oy macrophaces and
are perlused by elahorately cotlled capllanies (Lane 1950 hres hecome trapped
m Giese sites and ot s possible that pleueal nalky ~pot o Joaded with ashestos,
may provide the ndus brom wbich both plearad pleques and plenral mesotheliomata
subrequently develop

The tissue reachions Lo injected ashestos fibres were mnemarkable. but two
point~ may be <tressed st the mtensity of the e ponse appeared to be
Inoadly related to the amount ol ashestos present The aovdbay bvmph nodes, for
example  contimed rather faree amounts of a-hestos whieh stonulated the
development of G pieal ihrons eranulomata with e colls <mnb o to (thongh on a
sitaller scale thany the reactive lestons found o the ngechion site<. I more
distal bymiph nodes ashestos tihres were dewor d evolied hittle or no tissue
responac.  Secondly ashestos hodies were varely seci Tos welb vecognized that
the merdence of these strictures vate< i difterent pecies of expernmental animals
tWacner 10630 they are readily produced i cuimea pees and o hamsters, but
they have not heen encountered mvats tHolt Mills and Y onnes 196850 Gross and
de'Trevitte 19677 and have only occasionally bheen scon e niee (Roe of al . 1H67),
[t i~ diiheult to aceount Tor this diflerence as there < mcreasing evidenee that the
tormation of a<hestos hodies s cssentidls s mbracelbolae process followme the
rpection of o fibre ho wcmacrophace Do Tooa taeT Holr and Y oune. 1967
Botham and Hole poos sozado el Chares TU6t phve scctosis of asbestos by
Pisstie mracrophaces ~scomes o he no oss effective 1~ i e than m guimea
pros ok hoaonsters G posability whach canmot he evcbaded s that ashestos
hadies are tormed o rodents Bt coe promptly destroved B chonkd be borne m
nond that the specailicies ol asbe tos badies 1+ home marevanely questioned
ol 1o60 Chross dobreadle Cralley and Dacis 196 Goaenster aond Nddmeton
(IR

One disturbime feaure of the prosent experment s the cocmrence ol what
appeared to he asbestos fibres i tissues o some of the untreated control miee
stiilar experiences have heen reported by other v esticators (Holv of af 0 1965)
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Althoneh considerable care was tahen with adl procedires involving  ashestos
fihres at seems fihely thd sonte contamination of the control animads aecarred,
Contamination has also bheer observed i wild anmals byvine i the vieinity of
ashestos maes o South Afoea (Webster, Uy and the present obseryvations,
although ymvolving ondy o small proportion of anmalss emphasize the extienme
care necessaiy 1w handhing ashestos i the faboratory .

The work reported in this paper was undertaken daring the tenure (by KK
of an KKleanor Roosevelt International Cancer Fellows<hip of the American Cancer
Society. awarded by the Unio Internationalis Contra Caneriim. Support was also
provided by erants fo the Chester Beatty Research Tonstitute, Institute of Cancer

Yeseareh - Roval Cancer Hospital, from the Medieal Rescareh Couneil and the
British Kmpire Cancer Campaign for Research.
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