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THE CONNECTION OF PHYSICAL AND

CHEMICAL FEATURES OF ASBESTOS
WITH THEIR PATHOGENIC EFFECT

F. M. Kogan
ety at
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eras oe One ofthe important contemporaryinvestigators on the
ns

a>; bg Ugly problem of asbestosis Gilsonthe Chairman oftheCommittee on fcc) >
,

Eg 80 OTT,Asbestos AR Asbestos and theInternational theChairman International Chairmanthe SEE the the fight er
=
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P
3 thethe

onAE SRSAsbestosand Cancer
of
of the International Union on thefight *

:
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:

fe
ae
- a iateesagainst cancer has calculated 1965 thatfor the last 60 years mace tet

rete,

important tascontemporarycontemporary

â��

thecomsumption of asbestos increased 1000times whilethe
consumption of oil -

this is a universally recognized condition os.
of progress -

- increasedonly 50 times , Asbestos has
extensiveEs

mgah EM MT oesquartzquartz ue S

ae

a Atthe same
a

time along with quartz it is hardlypossibleto
~ woe. find a mineral dust capable of so serious a pathogenic effect on

os one
-

the organismofworkers - In recent
years there appeareda basisweg tonite:Se yin3â�� +

asbestos asbestos dust dustdust 3 considerably considerably considerably considerablyconsiderably considerably more harmful harmful in basis Mareaforconsideringasbestos dust considerably more harmful in view
=

oe

2, of its established connectionwith cancer of
the lungs and other

â��e :

ae organs | a established

ee â��gp â��â��" 2 The nature of the aggressive biological effect of asbestos

a cannot be considered established with finality in spite of the == .*’

â��â�‹´¢
oS

large number of works carried out both here and abroad
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C This considerable gap in the theory impedes the solution of - oF
such major practical problems as the standardization of asbestos- *

bearing dust the individual
preventive

medicine and therapy of oo

asbestosis -

:

For many years the special fibrous structure of asbestos was

examined as the basic reason for its pathogenic effect Gardner
Cummings 1931 Mottura 1939 King et al 1946 Behrens

1949 Vorwald et al 1951 and many others consider that only

rigid relatively long asbestos fibers introduced in the tissue

of the lung cause its traumatization and as
a

consequencesclerosis

Seemingly testifing in favor of such hypotheses are such

ooo facts as the more considerable fibrous changes during the intro-

|:b) fyduction of long filaments 15-20 ˛…and the insignificant changes
â��â��"

â��+! :

i
;

during the introduction of particles of respirable fractions

ae<7

Vorwald
1951Szimczikiewicz ;

Wicek 1962Klosterkˆ¶tterLag
4 . .

repinta ir Betis sageB
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:

x
AO% oe

Anotherargumentisthedevelopmentoffibrosis predominantly t

around the place of the implantation of filaments peribronchialarly , fata
which is explained by the mechanical trauma of tissue during

~
.

ne

Tay +´»respiratory movements . Also given are such facts as the
absence 6ae of fibrosisfibrosisin lymphnodes and the development of fibrosis under nares

the a fibrous mineral ofnonsilicate saath

_ At the same time the

particles
of

Vorwald serpentine the rockwhich ene slitsa, according toVorwald al are capable of cates aei
"

causing fibrosistaken TheThe situation comes down the
fact that the ena

i 4ndustrial dusttakenfotCanadian factoriesgave riseto

1a
according to the headphysician of Canadian enterprises Cartier .´»

a

ae
eae Ne

1949 1955alarge number of patientssick with asbestosis a
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and not indifferent for the inhabitants of the surrounding area
the dust turned out to be in Vorwald’s experiment barely

fibrogenous Uncritically going along with the indicated authors

some of our investigators asserted without proof that unlike

quartz asbestos acts mainly because of its own acicular

structure and traumatization of tissue

Another group of researchers Beger 1935 M. M. Vilenskiy

1940 M. A. Kovnatskiy 1957 proceeded from the fact that

asbestos as any other silicate is slowly dissolved upon contact

with tissue juices and resorbed silicic acid causes damage to
â��

pulmonary tissue with its subsequent substitution with the

connective tissue In favor of such a hypothesis such facts were

advanced as the increased content of
1940 S102

in the blood of the

oo asbestosis patients Emdina V. A. 1940 Pleshchitser A. Ya
wt"

1948 the appearance of extrapulmonary pathological changes and~

finally
the development development of pneumoconiosisamong those working

2ee

oe ror

SS aticawit aOR EE ZeAstoriae legitimacy legitimacy
year

-

otfirstdoubtsdoubts oflegitimacythese were oe

eo conceived when
upon

uponroutine examination those workingon recovery =

me al of asbestos ores cases of asbestosis were revealed although recovery
. in the compositionof the suspended dust the major portionis asbestos*

made up of

particles
of serpentine average percentage

of asbestos
-

: : filaments filaments
2 filamentsor

;oescould play adecisive role in thegenesisasbestosismit

introduction
appropriate experiment was set up On intratracheal

=

iz introduction of pure asbestos and serpentine -was established that ,

"Y disregarding its granulated structure serpentine indisputably

exertsa fibrogenous effect During the inhalation of air with
´'

mean
concentration on the order of 115 m´‡for animals that

.. inhaled the dust of serpentine there developed an interstitial

fibrosis as

in
asbestos

animalsalthough in
the first months ´°
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for the latter it was more expressed Here it is necessary to

emphasize that we are consciously working with highly dispersed

asbestos see Table 1

Table 1. Average dispersed composition of the dust of

asbestos and serpentine

Form of dust | 0-2 2-4 4-6 6-10 10

microns microns | microns microns | microns

Y Asbestos 79.1 15.4 2.6 1.7 1.5
,

Serpentine 78.9 12.4 3.3 2.1 3.3

*
Average from 10 determinations

i After 3 months the average content of hydroxyproline in the
~

lungs of serpentine animals turned out to be equal to 4400 ´µg

in asbestos - 7907.1 in control - 2750. However in 9 months
"

it was even

higher
than in asbestos 8408

and 6616 ´µg

respectively we ot es
A renga vib AYE AL

ae

;

One of theindisputably indisputably interesting features of chrysotile : tae

. asbestos is its relatively low degreeof retention in the lungs. gid

According to Guyton 1947 the ratinhales on the average 75 cm oe ,

ee : . concentration of waviswe shuts

dustper minuteInthree monthsformean concentration concentrationconcentrationchrysotiledustinchamberairequaling 115mg
| one

rat inhales234 mg

asbestos after 3monthsofinhalation was in killed x
rats 3.4 3.4 mg

..

. For comparisonlet thatthe being
$ er dust of serpentineidenticalin composition otherconditions conditionsbeing

equal was retained in much largerquantities respectively months

exposure
5.2mg Inexperimentsonguineaafter

A 20.5exposureand chrysotileexperiments experimentsasbestosTi guinea guinea pigs lungs
SSO

exposurethe chrysotile â��content in thelungs Epaee

ER to be equal to 9.9 while serpentine was almost 4 times greater -out
-_ : 36.7 mg Thus , the retention of dust of chrysotile is elimination oe,

. insignificant which apparently is connected with bettereliminationie
7 * of it Wagner andSkidmore 1965

after225 hours
ofexposure ;ae ="

.

* . ae or ;

.

;

A a re: pan
.
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at a concentration of 69 mg revealed on the average in the lungs

of rats 0.98 mg of chrysotile at the same time fiber-

glass
- 8 mg and established a three times more rapid elimination

of chrysotile after the stopping of the dust

Consequently chrysotile is eliminated well but the

remaining comparatively small quantity by virtue of the high

fibrogeneous nature of the dust is sufficient for the development

for fibrosis The major portion of the dust is driven out through

the bronchi The part which fell in the interstice at the

. level of the alveolar bronchioles is removed by the lymph flow

However the lymphatic drainage of alveoli is not able to remove

the dust deposited in emplysematous vesicles formed in connection

with the obliteration and obstruction of the alveolar passages

mo

;

an
Thus the prolonged accumulationof this dust is apparently Be

pe ,

the
reason for the developing process of fibrosis-

riberedribered
*

asbestos=asbestosasbestosPak

asbestos and

Subsequently this capability of fiberedasbestos was

Sh
confirmed by Wagner 1958 Yoshikava1960Holtst.â��als,onLeste.xVS

a

Eng :

Donna Cappa1967
The fact that thedecisiveroleisnotplayed by the fibrous

â��.â��

dbo sg iLgemte structure and hardness of asbestos is borneout bythe fact that 25
2

Abas. Petre o
structure

structure fiberglass ace Meno hardness hardness

accor ES . a ee dats
ee cot

does
not possess se

{Se RE
Re fiberglass fiberglass hardness accor action ANGE spite eed doesnot possesspossess

j Ene ccecctseg any expressedfibrogenous .

action in spiteitsmore
than 8 times .

Sev PSeos BG moremore expressed gradual hao gradual eliminationeliminationelimination
ee

from
os

lungs lungs Shepers Shepers

;
ane Seu more gradual elimination from the lungs Shepers 1962 55 Matytska Matytskaed

aia LSERE1954
zmay Sadkovskaya Pushkin Pushkin 1962 1962Davis

(

196
â�� 1967 1967 showed that only the few filaments are introduced inside the

of .

cells of the alveolar epithelium afact which also does not

confirm the mechanical hypothesis
of the action of asbestos

wet?

.

action action 4´°
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Having developed our experimental research we even could not

C confirm the hypothesis about the chemical action of
i

asbestos During the analysis of the materials given by its

supporters it is almost never possible to reveal the correlation

between the manifestation of asbestos fibrosis and the
S102

content in individual persons
,

Extrapulmonary changes in other organs being ascribed to the

action of resorbed
S102 are completely explained by the migration

oo .. of the asbestos fibers detected in

particular
in

parenchymatous
ar organs

Le

_ On intraperitoneal introduction of different types of asbestos

1968 we found its filaments not only in the liver and kidneys
but also in the lungs Roe and Harington 1967 upon introduction

- subcutaneously of three forms of asbestos into mice found fila-
;

ments and inflammatory changes and also swelling in the pericardium

pleural cavity myocardium
and mesenter The filaments cancan penetrate

1965
. Wecomparedfurther the solubilityof the different forms

´«

of
ety.

asbestosand asbestos dust and also serpentineandBete eg
ass

Se
brucite Thus after15 days of contact of the dust of chrysotile: ,

4 asbestos with 0.1 of Ringer’s Ringer’s solution theconcentration of S102

. in solution comprised at most 3.8 3.8 mg and of anthophyllite -.

Clark
4.8 4.8 mg . see appendix .

´«

Thisagreeswith thethethe results of Clark acaClarkClark ereappendixappendix establishedestablished This of Clark
ieand Holt1961whoestablished the lowsolubility of chrysotile-asbestos cement cement dust dustasbestos Thecorresponding indexforasbestos dust

S102

dust gatA eee

fibrogenous nation of Workers overoverseyeathyeath
fibrogenous turnedouttobethedust which is least soluble isZoliâ��Z tienye wer

â��

´°s

lees

ieBISAateEee ue
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with respect to S102 chrysotile- and anthophyllite

True chrysotile shows relatively high solubility from

magnesium whose content in mineral is approximately 40 The

concentration of magnesium in Ringer’s solution in 12 days contact

with chrysotile 12 mg was less than after contact
with

magnesium carbonate 22 mg and sovelite 20 mg It seemed

that detecting less than magnesium carbonate or sovelite

´° solubility with respect to magnesium chrysotile possesses

2, the greatest tendency to fibrosis For example the hydroxyproline

content in lungs of animals in which sovelite was introduced

turned out to be equal to 2200 ´µg and after the introduction of

chrysotile - 4200 ˛…˛µ Magnesium carbonate turned out
to be virtually not fibrogenous

At the same time the dust of brucite MgOHâ��O possesses

{
.*

both high solubility with respect to magnesium and a high tendency
a to fibrosis ;

_ ec rss
:

Bo
erte, 2

â��S04!

2

vee oie oe â�� Pn .

.

mat

RAE
we Ege

rar aneseee kewe: vee
â��

3

ae
â��s

Thus neither a mechanical nor chemical hypothesis can explain â��

the

emergence of fibrosis
with asbestosisnasfats fey geePoy age =ony

ft tee
et

apt teaetat
Zz

cars

a We focused attentionon themineralogicaland crystal crystal surfaceWe

of
asbestosasbestos asbestos and seni alsothe

+

theproperties properties propertiesmineralogical their crystalsurface
yay featuresof asbestos

the propertiespropertiesof their

â��ee i

â�� ; â��

variety
´¥ =

the ChrysotileChrysotileasbestosisa fibrous varietyvarietyof
|

chrysotile chrysotile one

er

Serpentine ores consists almost completely
mineral mineral mineralSerpentine According According According consists

consists almost
Beter

almost

mineralAccording soTe Beter Beterfy, ˆ'
% at air teat

ating. 2Bret Sr

ys asbestosBetpemeaelyAccording alayer of 2 bgt ods Jae SAPO

asbestos consistsof a layer of silicon oxygen tetrahedrons .

ESBF

S10
8
andalayer formedfrompairedsheets of hydroxyl

ions of .
07

: sheets ~tas 9 + BS â��4 ae paired hl
-

â��A
â�� ESwae from > ate iy

;

*´¢ aJ consistsaeseyfeces

Material which
consists

of
15 asbestos and 85 calcined

jy dolomite -.s

leew
oe

-
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Fig 1. The crystal structure

of chrysotile according
to A. V. Fedoseev L. F.

Grigor’yeva T.
A. Makarova

1966

oto

saint aeeAR aE

@
xcrystalofchrysotile Fig1 The closeness between

â�� Sie lamellarand fibrous serpentine is connected with their common between

â��
o

_

geological origin However in chrysotile |
in

connection
a with the difference in the dimensions ofof thesilicon and<ie ae

Piiaks &

brusite
pS

layers layers layers there there bending ofof
acquire

Te stat Ce Te

.

ai, x.

eee brusitelayersthereisbendingbending oftheplatewhichacquireacquire sf Bayan eS

therefore a tubular | form andaninternalcapillarycapillarystructure structure

afar
Spe as

M.M. internalare close
capillary

capillarystructurestructure structure allinealline
I. therefore Loshnes 1968F18 They

are close allinealline

, in the arrangement |themagnesium

degreeholdegreeholdegreehol absothe on

ay

| structure

Distinctly

magnification tubular â��

p32000. ~
According ;to I.M

Loshnev 1968
i
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., Specially studying the surface and colloidal properties of
;

chrysotile Pundsack 1955 established that it behaves in this

respect much like brucite

: If in fibrogenesis the crystal structure and surface condi-

tions are important then it was possible to assume that brucite

.
and chrysotile should have similar fibrogenic ability

Our experiments showed that soft fibrous brucite not

i
".

containing S102 mineralis not inferior to chrysotile

in its fibrogenic nature And this is not only for intratracheal

but also for intraperitoneal introduction see Figs 3 and 4

ey
x

id

:

{
â��ot

re

4

´«.

seep

ht

ws

â��

Eee
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x

+
rail

or
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: Fibrotic in the lungs upon the introduction

ui Term Term
9

months5 magnification magnification magnification about 5 objective
2am

Tecra ge
Se

Ss

.

ae

fey
.

.

Figure 4. Fibrotic changes in the mesenter node after the´' {Prefer

. introduction of brucite Term months magnification about 5
â��i

objective 40
enw se

Se wai, gee

Er SR ee
PS ee

ie"
â��

â��s a
: â��eee 9

The value of crystalline bonds in the mechanismof the action

of asbestos we have also shown in another experiment During

1K aie op 9 8000 8872
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calcination 800 of chrysotile it loses water of

crystallization and in its crystallographic constants it approaches
olivine Our investigations showed that in this case the fibrogenic

nature of chrysotile decreases Subsequently this was

confirmed in the experiments of Szymczykiewicz et 1962

erroneously examining calcined chrysotile as amorphous

and noncalcined - as crystal In 1966 they showed that

, crystalline chrysotile added to a tissue culture of the

isolated lungs absorbs considerably more oxygen than amorphous

asbestos or fiberglass

The significance of intracrystalline structures is indicated

by the different fibrogenic nature of the individual forms of

asbestos Thus it is widely acknowledged that the highest fibro-

genicity is possessed by chrysotile and less by asbestos

â��|
_

of the group of amphibole in particular anthophyllite Meanwhile

s
_

the basic distinction between them is in the fact that in the

@ particles of amphibole the atoms of metal are connected with S104
... by double bonds and in chrysotilebyonebond .which whichmakes -
a

these bonds less
stable Furthermore

the weaklateral forces
ie)

â��; between the
layers of theequally charged hydroxylhydroxyl ions in the |

adjacent crystals of chrysotile facilitate the best

uncoupling ofofbundles
into separate crystals and anincreaseHS

uncoupling Finally Finally Finally Finally into separate
SAS to eee:

elementary chrysolite
Finally Finally ehe

lementary ccording
what

SI

lementarylementary lementary lementary dy is Saath LG Lat oF

representation chrysotile is an Inorganicpolymerthe

Bee: primarycell of which isortho- metasilicateof magnesi confirmed confirmed
sB.Davydov 2. T. Ivanov 1961 * In practice this is confirmed

:

´°

yond question by the creation of synthetic inorganic fibrous -oe BE

oar
teenyet slaty

eee ee ee
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polymers of asbestos A. D. Fedoseev et al 1966 Asbestos

swells easily in water and alkaline solution in consequence of

which its total surface area is increased

As has been shown earlier chrysotile possesses

a tubular structure which determines the high specific surface

area and a number of colloidal properties among which we attribute

special importance to adsorptive properties

Having compared the capability for adsorption of chrysotile-

asbestos serpentine calcined chrysotile anthophyllite

tremolite actinolite and arfvedsonite we established

that the greatest capability for adsorption of molecular

substances and also albumin of the blood serum is possessed
a

& by chrysotile brucite and anthophyllite Thus after

{ 3 days a charge of chrysotile in 100 mg adsorbs 20-30 mg

{
of albumin The

specific
surface area of this dust turned out to

@ sree be the greatest
- 20 m´†

m´†

g Asbestos easily adsorbscarbohydrates
pet amino acids etc. Holzapfel 1952 0 ees

"Th,

te A
a

es

eh´°$ areete |waeAccording contemporary contemporary contemporary
ade

ideasgeesyesSes Le or tgAle ated oe a ie

According tocontemporary ideas K. Adamchik 1952 Benson
at ate

Castle1958 McFee s!occurs 1964 upon fragmentation andswelling=silicatesthere occurs arupture |ofinternal ionicbonds and on ,. et

para

2, the rupture surface
nonsaturatedions will appear.The appear.The same non-

B28 saturatedTS SY ionic quantity charge charge charge5 equal
toSoa The |totalquantityofchargeis equalto

quantity

?The =

S

2 proportionalproportional proportional tothe
ne

destroyed bonds andis proportional 2

totalfergie ote and rar
he

ery
roe oxygen

7 particleparticleparticle and
als

OE OF allconallconallconoxygen oxygenand Sareâ�� â��is SA se,

Geet per unit:ofsurracere ae ls.allcon
which possesses relativelylarger larger specificspecificsurface areaand abondsLee > possesses

relativelyrelatively
number specific surface nonsaturated

surface nonsaturated andand â��4,

ti traoturess â��Sabrenumberofnonsaturated bonds

consequenceconsequence
fs formed and as a consequence , physicochemical and in particu-

will
itsadsorptive activity .will higher â��+,Obviously thereiceil ts activity such such such

ze relationship

willbe higher biological activity ofsuchdust relationship

.

vee
8000 0874
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to the biosubstratum in particular the adsorption and

bonding
of

albumin on active centers Benson Castle 1958

The major value of the surface conditions and its activity

can be judged from the results of several series of our experiments

with asbestos dust The asbestos content in them varied

from 20 to 60 They all however were distinguished by the fact

.
that the surface area of the fiber was more or less covered by

any bonding agent polycondensed Bakelite vulcanized rubber

. hydrated cement magnesia and calcium carbonate Such
powders are

~-
formed during the machining of asbestos asbestos
asbestos and sovelite articles

All these powders revealed a very moderate fibrogenic nature

in
spite of the increased hardness and acicular form of some of

*

them
and the increased

solubility
of others

oawiderey a eteTheds
cette

Now 3 .

*

bee
: +

se
,

.

The hydroxyproline hydroxyprolinecontent in animalsinto whichthe dust of
-

sovelite was introduced 2200 ug is substantially less than in
*

those receiving a mechanical mixture of 85 magnesium carbonate :

and calcium and 15 chrysotile1.e.1.e. in the same
pro-

portion as in sovelite Theintroduction of asbozurite 8

mechanicalmechanical mechanical mixturemixturemixture of of15 diatomitediatomite asbozuriteperape

mechanical increase diatomitem eS oe ana par

ts

themixtureofasbestosandmagnesia wassovelite 4.5mgmg )
was
wasLa

ofthethe fibrogenic action oftheseartificialmixturesconfirm
Ionichypothesishypothesisab esde a5, pLAnsesoteyeeshonsaturatedeeshonsaturated

Ray mes contains 60 anthophyllite and as a

bonding agent phenol-

. es eee en eteeee
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formaldehyde resin The histological studies of lungs of experi-

mental animals showed an extremely small fibrogenicity of faolite

in comparison with anthophyllite Nine months after the introduc-

tion of dust the average content of hydroxyproline turned out

to be equal for faolite animals to 3284 for anthophyllite 5763

â�� for the controls 2375 ´µg differences with controls are statis-

tically reliable The average content of hydroxyproline for 1 mg.
-

offaolite dust was in this case 5 times less than for 1 mg of

anthophyllite dust

Thus the covering of the active sections of the surface by

the bonding agent sharply decreases the fibrogenic potential not

â��bos 2
+ +. only of chrysotile but also of anthophyllite

a

-

7

As is known many silicates possess a fibrogenic ability

\’@ a The especially increased fibrogenicity of chrysotile is â��

, -

1

caused by its high specific surface area and weakness of the vo

; mo ..,: intracrystalline bonds which determine the formation of many topo-pon,

ae a i

chemical
chemical centers which actively affect thebiosubstratum In

|

;

cai

theindicated .featuresofasbestoslargelyarecaused
by

; â��aocords
Ibrogenicity Ibrogenicity

Ibrogenicity Long
We traumatizingtraumatizingability ability buts=
Vn

best retentioninthelungs TimbrellSkidmore
Foe though though

estee areelativeparticlesaemag Foes

> 8 mg are 12 of the total number of particles in the lungs

â��exijex ne

rs aâ��
Emoahte whit beens

Lo

of those who died from asbestosis their surface comprises more

â��wt + than 50 of the total surface of all particles Landwehr ...

rk eerie Bruckmann 1962 Thus better retention in the lungs andthe
,

â�‹& an relatively larger active specific surface area determine the
ve higher fibrogenic ability of longer fibers

ba
"

|

13 8000 0876
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7 The next major question in the mechanism of the action of

asbestos dust is its interaction with the cells of the organism

It has been established that even the long asbestos particles

are absorbed by one or several macrophages Vigliani Pernis

1964 In this case the authors did not reveal substantial changes

in the macrophages

According to our observations in conjunction with A. A.

* Gerasimenko 1966 during the introduction of chrysotile-
,

asbestos into the peritoneum of white mice the number of morpho-

logically changed and probably denatured macrophages is for

certain 2 times higher than during the introduction of coal dust

There is reason to believe that the damage of macrophages can

" trigger a complex chain of immuniological reactions Both our works

F. M. Kogan A. A. Gerasimenko G. I. Bunimovich 1967 and

observations of Z. S. Repnitskaya 1967 N. T. Butkin and M. V.

4s::
´°´°

May Medeka 1960 Gambini 1961 etc. testify to this However

_ in this article we do not analyze the immunological aspects â��of the
|

problem
of the action of asbestos

|

but only focus our attention
the

Jak. on the fate of macrophages´«-
ar

oe

ees
ae

sae

InInconjunctionwith A. P.Darinovskaya

in showing that under the effectofchrysotile and to

oe Fas entsdegree A serpentineserpentine serpentine serpentine

â��a

growth
somewhatlesserdegree serpentinein twentyhours the gee

growth of cells andtheir migration in the organcultureof
theom

of : eT Toe

Ce
as 2 th Vigliani Vigliani and 2

a oe LaterVigliani Vigliani andPernis

the dust ofchrysotile chrysotile asbestos asbestos possesses
hemolytic activitydamaging damaging a

dust

ery rocyt
i

andactivity aiccie
damagingery aroundfilaments Davis =there Served andand

zi accumulation ofofyoungfibroblastsDavis1964is inclined to
miefibroblasts bigs

examine these fibroblasts as a phase of evolution of the mac-
Paar rophagerophage

: el
: BY se het7

- rophage
~

Inthisconnectionwe must give special attention ice

les to the fact that the same Vigliani and Pernis 1964 denying

-

les

´«

â��4. the cytotoxic action of asbestos established that in the culture =~ *,
|

ar of fibroblasts which contacted with asbestos the collagen

´¢." content in albumin is 2 times higher than in controls.

nak

.
.

.

~ .

´°e
.

.

a of

why
;
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Once recently the same authors 1968 again confirmed non-

conformity between the cytotoxic hemolytic and fibrogenic proper-

ties of different types of asbestos Klosterkotter 1968 also

established that the decrease of lactic acid in the tissue culture

which contacted with different samples of asbestos does not

correspond to the fibrogenic ability of the latter Unlike Vigliani

and Pernis 1968 Schlipkotter established that the hemolytic

activity of four forms of asbestos is identical Polyvinylpyridine-

oxide PVN retards the hemolytic activity of aphibolic

asbestos however it does not affect the activity of fibrosis

Vigliani and Pernis 1968 showed that PVN and EDTA turned out

.

to be incapableof protecting the macrophage from cytoxic action

of asbestos
,

;

. â�� â�� .

: .

ter featle
hn
er ps etieee

â��a
’

On the other hand the experiments of Klosterkotter 1968

oh a certain decrease in fibrosis is
achieved

on subcutaneous

introduction of PVN

In the carefullypresentedworkofRoe and Harington 1968 8 z

with the aid ofhistochemical | and enzyme methods it wasshown ie BE

fo
that chrysotileas quartz exerts adamaging action moreactively .,

SreyJe.waspkikeith4
=

.

io
.

le

eny

pe
than crocidolite crocidolite crocidoliteand amosite amosite amosite

ther
s

.

time the macrophages macrophagesmacrophages ,a ot

than
crocidoliteandamosite amositetherther

time the macrophages macrophages ido a

not capability capability capability asbestos subcutaneous eos it Meroe

months aftersubcutaneousPog
EM is sufficient sayeven

(edged introductiontheycanrevealed EST YNCZ:

_ Wozniak 1966 showedthatthe degree isolated oxygen intake corresponds
ofdry tissue in theculture of theisolated | lungscorresponds .,

the
.

toe culture ot . .

ANG toe

72 degree
- fibroge fibroge ed ee. Causeoe aS4,

.

degree
´°

par

Cay

=f elas
ait3

. 5

a

ate
?

ages:iit:Thus,oornoncalcinedofeyabbestolSat4sigh oes

= Thus in spite of the contradictions in the dataofthe chats.
various authors

it is possible to draw the conclusion that

asbestos exerts a definitedamagingaction on macrophages by
-*

a a
changing changing .

ar nk changing their exchange andchanging the rate of increasein as

xe po
and nature of the development of these cells vas A a

ty

:

.

â��

.

.

.

;
;

tte
.

t
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C Closely connected to the physicochemical features of asbestos
and its action on a cell is obviously its malignant effect
An enormous number of publications in the last two decades leaves

no doubt of the fact that among those who were subjected to the

action of asbestos dust one can observe considerably higher

indices of mortality from the cancer of the lungs mesothelioma of

the pleura or from cancer of other organs The social signifi-
.

cance of this question for all industrially developed countries

is borne out by the fact that the International Union Against
Cancer U.I.C.C. created the Committee Asbestos and Cancer

The problem is found among those which interest the World Health

Organization In our work in conjunction with S. Yu Troitskiy
and M. R. Gulevskaya it was established that mortality from

cancer
of the lungs for 10 years among workers in enriching
factories was 3.6 times higher than among other populations with

standardization of sex and age Among the patients with

asbestosis cancer of the lungs was the
reason

for deathin %

â��ou
oo

and cancer other than that of the lungs in31 of the cases Toe,

al 1968 YuAR Wagner

1960..,

Scotland Maitr et al Finland Kiviluoto et alFRG FRG Bohlig
. .

etc. ten
se

ae
CSR Navratil 1968

etc. Bags Rp Re

were

Intraple andHarington1967 1967 :

theIntrapleintroducedHarington 1967eethe
introduced dosePieSe.thethe the the alal 1968 â�‹

IS

dependence =
Re

of

asbestosand formcarcinogenicecarcinogeniceisshown Smith et al 1968Jee
and R. Graham showed the possibility for the development of cancer

´°

La of the ovary upon intraperitoneal introduction ofasbestos | The . cee aang
Se possibility for migration of filamentson throughthelymphaticOEâ��OOP val ceare

Toy o

system and the
formations of

metastases
in

the

lungsare shown | anaes

2 Re eke.
DT
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It is especially interesting that induction of cancer is increased
with supplementary administration of stilbestrol It is

necessary
to recognize that we still do not know the basic reason for the

malignant action of asbestos At the same time based on the

known physicochemical features of asbestos we shall put
forth a number of hypotheses which deserve as it seems to us a

check

Many authors ascribe the carcinogenic action to chronic stimu-

lation of bronchial tissue by rigid fibers However it is known

that only a small percentage of traumas is created by stimulus to

malignant growth relatively more solid powders of fiberglass or

abradants do not possess such carcinogenic properties

7 Scar itself can hardly be the basic reason for malignency
indeed with silicosis where the fibrosis is more considerable

i

1

.

i @ "+́ ° of the lungs is not observed - At the same time as

observed by .:eee

a considerable increase in the frequency of complications of
cancer oa

tear
us the chronic pneumonia andthe metaplasia of bronchial

ma, gid epithelium that appear under theeffect ofasbestos make the
eeSk teen! indirectl

indirectl indirectl
es

eee wseliminationasbestosand thereby they indirectl indirectl sagt
aon lengthen its effect oe

tissue

capsule within whichyounget fibroblastsandathickenedpresencecollagen metachromaticShabad poly-
of N. 1967

saccharides indicates indicates indicates

eepe immature immatureCollagen =k increasingly
, fibroblasts within thecapsule leadstheappearanceof increasinglyless differentiated atypical

cell
Co

i a

on

| yoke # Inaccordance with the hypothesis of Prof. L. M.Shabad 1967 ,
â��5

these multiplying and infiltrated through the
capsule fibroblasts ...

ee - precede sarcoma It is possible also that during theprolonged´¢ effect of asbestosasbestos which is an inorganic polymer there is a
e.-

er)
.

.-
:at .

ve
ps
â��
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disorganization of the intermediate substance development of a-

typical collagen and differentiation of fibroblasts 1.e.

processes lying at the principle of the growth Furthermore in

the cells surrounded by growing fibrous tissue in connection with

deterioration in the conditions for existence these can be a

selection and accumulation of more stable cell versions forming

the initial tumoral rudiment Warburg 1956

The results of microscope investigations Davis

1963 1968 make it possible to think about the damage by filaments

of mitochondrie and the endoplasmic reticulum it is possible that

intact cells change and acquire a capability for atypical
multipli-

so

cation

It is possible also to think that chrysotile inter-

7 .-*´' acting with the protein
of a microphage adsorbs and joins those

j 7

proteins whichplay a significantrole in the regulation of growth
It is possible that as an answer antibodies which destroy the

4 3 corresponding cells
are formed Asa resultcellslacking growth- ss eezs

|

f
: ad ae re regulatingOMe proteins proteins are are accumulatedTeAsaccumulated (a result i io

mn

ax

aoe AT regulating proteinsare accumulatedG. GreenInthe experi- a
wet ho ments carried out in

conjunction
with A P.Dorinovskoy -1965 enti eee:

Dorinovskoy tissues
*

|
-

; we focused attention on the fact that in theculturesoftissues *%

â��<"* of the pulmonary embryo which was subjectedto the action of â��et ig

asbestosdust number of shared cells 78wasreliablythatsatinâ��ah
created created 7 thata The Rage

higher higherthan in controls 46 The impressionwas created that
â��

oes When

asbestos increases the activityofmitosis Whenthethe phase:

rhe: establishedestablished

coefficientwas calculated we establishedestablished tha
previous previousphases phases Sprophase prophase ayi? wes cells cells of ´»

i

nod

ofcells which are in theprevious phasesofmitosisprophase Pa ckee
and mitophase to the number ofcells initslater phasesphases

| ag d ge 7 anaphase and telophaseintheculturewith asbest turned isPaes to equal

ep 7.1 while in the
te

control x
toto be equaltowhile incontrol 22.8Impression is Bek

created that under the effect of asbestos the divisionof part of
-

vang thecellsis detained at theprevious phase
of

mitosis Should
Ge

â��Fyne
.

ee, od a
nd

of
â��

.
- - = . a

Jor 2
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not one search here for the solution of the first stages of the

process which was completed by the carcinogenase If during the

action of quartz dust the death of macrophages is almost universally

recognized then during the action of asbestos their damage takes

place giving rise to an initially atypical and then a malignant

increase

L. S. Salyamon assumes that the carcinogenic agents lower

the ability to react to the subsequent damaging action In

Be connection with this atypical slow interstitial inflammation
ee

develops against the background of such an inflammation growths
can develop

It is not possible to exclude the fact that in connection

i _ with its adsorptive properties on the dust the concentration
_

7

of some metabolites - endogenic carcinogens - is increased Such

â��

.

wo metabolites can be substances of the type of steroids either of ace

. s derivatives of tryptophane Boyland 1960 or the blastomogenic
Ppt metabolites contained in urine A. Kh Kogan

esi ee
â��

ent s .

adsorptiveadsorptiveadsorptive properties properties
r4 properties Ss, oe fe ape

hen

Finallytheadsorptive adsorptive properties ofof
asbestos can

condition

thesorptionof
shxg ati Eminent

i

Theworks
:

Sve 1964

benzopyrineofAfrican Chrysotile
Moreoverthe

Kolesnichenko (19641964show of sida ifr.

sorbing andholdinginthe organism withoutforaprolonged prolonged periodthe ye
´°

PRODUCED BY FOR



wee tee west A RS A OURO ee imi, tee ee oan eek oo

)

.

C Appendix 1 Physicochemical and fibrogenic properties of asbestos

s and asbestos dust

2 funger 12-15arter
a

funger 12-15arter Aikeer
Pibrogenic Pibrogenic

´…
Name | cm´† Specific | or funger 12-15arter jolubilit | fore | Absorption

pare Specific eo funger 12-15arter In on abthy control | Absorption With
oe Specific 8/24 sae | funger 12-15arter jolubilit SS abthy |] Absorption | med experi-

es in | 8/24 se. funger 12-15arter jolubilit abthy Absorption | exam experi-
in | Specific 8/24 Com funger 12-15arter jolubilit abthy

| Absorption

1. Chrysotile- 2,5 20
Practi- 3,8 12,0 75 7,5 +++ 4444

.
asbestos

,

- : . .
= 5,6

aide. Antho | 2,28 11,7 none none 229 | 2,8 | 98 +++ +++

â��â��. ´° ’ 3. Tremolite 3,12 | à‰�à¾–à‰·| â�� | 229 1,92 7 2,8
stu

++

Magnezia- 2,7 3
- 1,9 1,0 100 1.1 ++ ++

-

oa.

4.

Svedson- [7 | Rien
eae

Poel ate Renee

5. Actinolite 2,76 à‰ƒà¾�à¾–à‰· 1 3,5 1,52 59,7 C
Not stu-

++
,

. died

6. Faolite 1,68 139 3.23 -
172287 egaks + +

7. Astozurite 2,24 139 1050 1.0 8.0 172287 egaks +

t
++

8. Vulcanite 2,45 139 1050 9,0 6.5 172287 egaks +

) Sovelite
_

2,6 1,2 1050 0.8 20,0 172287 egaks
+

; 10.
Brucite 2,1 18,0 1050 3,0 11,0 20,6 | egaks

Aiea
a4 +t+t. .

’ . .
ial

-

2,7 10,2
| 1,6 45,6 3 t+11.

chrysobile-
10,2 3 1,6

45,6
x,

asbestos
;

aan

*â��

there are no working contingentsin the USSR .

-- men eee

.
Naturally our judgements arehypothetical Moreover we

vahave not given uphope that
in the nearfuturein theUSSR the

sega

future the studies will. future Reread in .
the

have greatest asbestos producing nationintheworldstudies willbe

aretgreatest greatest asbestos
producing

producing nationsubstantiate

substantiatethese
world

hypothesenabling producing

caŕ £0.enabling enabling .us to substantiate substantiate these
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