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THE CONNECTION OF PHYSICAL AND
CHEMICAL FEATURES OF ASBESTOS
WITH THEIR PATHOGENIC EFFECT

¥. M. Kogan

Institute of Industrial Hygiene
and Occupational Diseases,
Sverdlovsk

One of the important contemporary investigators on the
problem of asbestosis, Gilson, the Chalirman of the Committee on
Asbestos and Cancer of the International Union on the fight
against cancer, has calculated (1965) that for the last 60 years
the comsumption of asbestos increased 1000 times, while the
consumption of oll - this 1s a universally recognized condition
of progress - increased only 50 times. Asbestos has extensive

application in an ever increasing number of branches of nroduction.

At the same time, along with quartz it 1is hardly possible to
find a rineral dust capable of so serious a pathogenic effect on
the organism of workers. In recent years there appeared a basis
for considering asbestos dust considerably more harmful in view
of its established connection with cancer of the lungs and other
organs.

The nature of the aggressive biological effect of asbestos
cannot be considered established with finality in spite of the

large number of works carried out toth here and abroad.

FTD-MT-24-1477-72 1
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This considerable gap in the theory impedes the solution of
such major practical problems as tkh standardization of asbestos-
bearing dust, the individual preventive medicine and therapy of
asbestosis.

For many years the speclal fibrous structure of asbestos wac
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 1ts traumatization and, as a consequence,
sclerosis.

Seemingly testifing in favor of such hypothéses are such
facts as the more considerable fibrous changes du~ing the intro-
duction of long filaments (15-20 u) and the insignificant changes
during the introduction of particles of respirable fractions
(< 7 w) (Vorwald, 1951, Szimczikiewicz, Wicek, 2562, Klosterkotter,
1968).

Another argument 1s the development of fibrosis predominantly
around the place of the implantation of filaments, peribronchialarly,
which 1s explained by the mechanical trauma of tissue during
respiratory movements. Also glven are such facts as the absence
of fibrosis in lymph nodes and the development of fibrosis under
the effect of brucite, a fibrous mineral of nonsilicate nature
(MgO'H20).

At the same time the particles of serpentine, the rock which
carries asbestes, according to Vorwald et al, are not capable of
causing fibrosis. The situation comes down to the fact that the
industrial dust taken at Canadian fuctories "gave rise to,"
according to the head physician of Canadian enterprises Cartier
(1949, 1955), a large number of patients sick with asbestosis

FTD-MT-24-1477-72 2
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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 1ts 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 sllicate, is slowly dissolved upon contact
with tissue julces, and resorbed silicic acil causes damage to
pulmonary tissue with its subsequent substitution with the
connective tissue. 1In favor of such a hypothesis such facts were
advanced as the increased content of SiO2 in the blood of the
asbestosis patients (Emdina, V. A., 1940, Pleshchitser, A. Ya.,
1948), the appearance of extrapulmonary pathological changes and
finally the development of pneumoconiosis among those working

with non-fibrous sllicates: nepheline, ollvine and others.

Our first doubts of the legitimacy of these hypctheslis were
concelved when upon routine examination those working on reccvery
of asbestos ores, cases of asbestosls were revealed, although,
in the composition of the suspended dust, the major portion is
made up of particles of serpentine (average percentage of asbestos
equalling 4-5). However it was not possible to exclude the fact
that even a small admixture of the long fllaments of asbestos
could play a decisive role in the genesis of asbestosis.

An appropriate experiment was set up. On intratracheal
introduction of pure asbestos and serpentine it was established that,
disregarding its granulated structure, serpentine indisputably
exerts a flbrogenous effect. During the inhalation of ailr with
mean concentration on the order of 115 mg/m3, for animals that
inhaled the dust of serpentine there developed an interstitial

fibrosis, as in "asbestos" animals, although in the first months

FTD-MT-24-1477-72 3
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for the latter it was more expressed.
emphasize that we are consclously working with highly dispersed

A T L

asbestos (see Table 1).

T R T W

Here it 1s necessary to

Table 1. Average¥* dispersed composition of the dust of

asbestos and serpentine.

Form of dust 0-2 2-4 L6 6-10 10
microns |microns |microns |{microns |microns

Asbestos 79.1 15. 4 2.6 1.7 1.5

Serpentine 78.9 12.4 3. 2.1 ;3.3

¥ Average from 10 determinations.

After 3 months the average content of hydroxyproline .n the
lungs of serpentine" animals turned cut to be equal to 4400 ug,
in "asbestos™ - 7907.1; in control - 2750. However, in 9 months
it was even higher than in "asbestos" (8408 and 6616 pg
respectively).

One of the indisputably interesting features of chrysotile
asbestos is its relatively low degree of retention in the lungs.
According to Guyton (1947), the rat irnhales on the average 75 cm3
of air per minute. In three months, for a mean concentration of
dust 1n chamber air equaling 115 mg/m3, one rat inhales 234 mg,
and in 9 months, 702 mg of dust. Meanwhlle, the dust of chrysotile-
asbestos after 3 months of inhalation was in killed rats 3.4 mg,
and after 9 months, 3.9 mg. For comparison let us say that the
dust of serpentine identical in composition, other conditlons being
equal, was retained 1n much larger quantities: respectively
20.5 and 5.2 mg. In experiments on gulnea plgs after 9 months of
exposure the chrysotile-asbestos content in the lungs turned out
to be equal to 9.9, while serpentine was almost 4 times greater -
36.7 mg. Thus, the retention of dust of chrysotile-asbestos is
insignificant, which apparently 1s connected with better elimination
of it. Wagner and Skidmore (1965) after 225 hours of exposure
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at a concentration of 69 mg/m~ revealed on the average in the lungs
of rats 0.98 mg of chrysotile-asbestos (at the same time, fiber-
glass - 8 mg) and established a three times more rapid elimination

of chrysotile afte: the stopping of the dust.

Consequently, chrysotile-asbestos is eliminated well, but the
remaining comparative.iy 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 yhich fell in the interstice at the
level of the alveolar bronchioles is removed by the lymph flow.
However, the lymphatic drainage of alveoli i1s not able to remove
the dust deposited in emplysematous vesicles formed in connection
with the obliteration and obstruction of the alveolar passages.

Thus the prolonged accumulation of this dust is apparently
the reason fox the developing process of fibrosis.

So we have established that both fine-fibered asbestos and
granulated serpentine are capable of causing active fibrosis.
Subsequently, this capability of short-fibered asbestos was

confirmed by Wagner (1958), Yoshikava (1960), Holt, et al., (1964),
Donna, Cappa (1967).

The fact that the declsive role is not played by the fibrous
structure and hardness of asbestos is borne out by the fact that
fiberglass (hardness according to Mohs scale 5-7) does not possess
any expressed fibrogenous action, in spite of its more than 8 times
more gradual elimination from the lungs (Shepers, 1955, Matytskaya,
1954, Szmay, 1959, Sadkovskaya, 1959, Pushkin, 1962). Davis (1963,
1967) showed that only the few filaments are introduced inside the
cells of the alveolar epithelium, a fact which also does not
confirm the mechanical hypothesis of the action of asbestos.

21
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Having developed our experimental research, we even could not
confirm the hypothesis about the chemical-toxic action of
asbestos. During the analysis of the materials glven by its
supporters 1t 1s almost never possible to reveal the correlation
between the manifestation of asbestos fibrosis and the SiO2
content in individual persons.

Extrapulmonary changes in other organs being ascribed to the
action of rescrbed SiO2 are completely explalned by the migration
of the asbestos fibers detected, in particular, in parenchymatous
organs.

On intraperitoneal introduction of different types of asbestrcs
(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 fllaments can penetrate

even through the wall of the bowels and reach the pleura
(Westlake et al., 1965).

We compared further the solubllity of the different forms of
asbestos and asbestos-bearing dust, and also serpentine and
brucite. Thus, after 15 days of contact of the dust of chrysotile-
asbestos with 0.1% of Ringer's solution, the concentration of SiO2
in solution comprised at most 3.8 mg%, and of anthophyllite -

4.8 mg/m3 (see appendix). This agrees with the results of Clark
and Holt (1961), who established the low solubility of chrysotile-
asbestos. The corresponding index for asbestos-cement dust

turned out to be equal to 7.8 mg%, for tremolite - 7.2 mg’.

As our experiments showed, and also the data of the
examination of workers over srveral yeats (1959, 1967) the most
fibrogenous turned out to be the dust which 1s least soluble
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with respect to 8102: chrysotile- and anthophyllite-asbestos.
True, chrysotile-asbestos shows relatively high solubility from
magnesium, whose content in mineral is approximately U40%. The
concentration of magresium in Ringer's solution in 12 days contact
with chrysotile-asbestos (12 mg%) was less than after contact with
magnesium cartonate (22 mg%) and sovelite! (20 mg%). It seemed
that detecting less than magnesium carbonate or sovelite,
solubility with respect to magnesium, chrysotile-asbestos possesses

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 uyg, and after the introduction of
chrysotile-asbestos - 4200 ug. Magnesium carbonate turned out

to be virtually not fibirogenous.

At tie same time the dust of brucite (MgO'Heo) possesses

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

Thus, neither a mechanical nor chemical hypothesis can explain
the emergence of fibrosis with asbestosis.

We focused attention on the mineralogical and crystal
features of asbestos, and also the properties of thelr surface.
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Chrysotile-asbestos is a flbrous variety of chrysotile, one
of the forms of serpentine.

Serpentine ores consists almost completely of serpentine
mineral. According to A. T. Betnkhtin (1950) the crystals of
asbestos consists of a layer of silicon-oxygen tetrahedrons

E—r

(SiOu) and a léyer formed from paired sheets of hydroxyl ions of
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IMaterial whi:h consists of 15% asbestos and 85% calcined
dolomite.
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Fig. 1. The crystal structure

of chrysotile-asbestos (according
to A. V. Fedoseev, L. F.
Grigor'yeva, T. A. Makarova,
1966).
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crystal of chrysotile-asbestos (Fig. 1). The closeness between
lamellar and fibrous serpentine 1s connected with their common
geological origin. However, in chrysotile-asbestos, in connecticn
with the difference in the dimensions of the silicon-oxygen and
brusite layers there 1s bending of the plate which acquires
therefore a tubular form and an internal capillary structure

(I. M. Loshnes, 1968) (Fig. 2). They are close in crystalline
structure, i1n particular, in the arrangement of the magnesium

and hydroxyl groups and the degree of absorption of iodine

(K. Frank, 1952).

(\p:r'\ Y r -.-r\T r‘rr’"r‘“'lf‘,tr‘l r—

Fig. 2. Filament of
chrysotile-asbestos.
Distinctly visible tubular
structure, magnification

x 32000. According to I. M.
Loshnev, 1968).
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Specially studying the surfe.< 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-asbestos should have similar fibrogenic ability.

Our experiments showed that soft, fibrous, brucite, nct
contalning 8102 mineral, is not inferior to chrysotile-asbestos
in its fibrogenic nature. And this *s not only for intratraciheal
but also for intraperitoneal introduction (see Figs. 3 arua 4).
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Figure 3. Fibrotic changes in the lungs upon the introduction
of brucite dust. Term 9 months, magnification about 5, objective
4o.

Figure 4. Fibrotic changes in the mesenter node after the
introduction of brucite. Term 6 months, magnification about 5,
objective 40.

The value nf crystalline bonds in the mechanlism of the action
of asbestos we have also shown in another experiment. During
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calcination (800°C) of chrysotile-asbestos it loses water of

crystallization and in its crystallographic constants it approaches
olivine. Our investligations showed that in this case the fibrogeric
nature of chrysotile-asbestos decreases. Subsequently, this was
confirmed in the experiments of Szymczykiewicz et al. (19€2),
erroneously examining caicined chrysotile-asbestos as amorphous,

and noncalcined - as crystal. In 1966 they showed that
"erystalline” chrysotile-asbestos, added to a tissue culture of the
isolated lungs, absorbs considerably more oxygen than "amorphous"
asbestos or fiberglass.

The significance of intracrystalline structures 1ls 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-asbestos. and less by asbestos
of the group of amphibole, in particular anthophyllite. Meanwhile,
the basic distinction between them is in the fact that in the
particles of amphibole the ztoms of metal are connected with SiOu
by double bonds, and in chrysotile-asbestos by one bond, which makes
these bonds less stable. Furthermore, the weak lateral forces
between the layers of the equally charged hydroxyl ions in the
adjacent crystals of chrysotile-asbestos facilitate the best
uncoupling of bundles into separate crystals and an increase in the
total surface. Finally, the ratio of length to thickness of an
elenentary chrysclite filament is equal tc 100:3, and for individua:i
filaments of amphibole-asbes os 1s 100:20. According to Speil,
Leineweber (1968) the elementary tubular crystals of chrysotile-
asbestos have a th.ck~2ss on the crder of 150 Z, and amphibole -
1000 R.

But what 1is an elementary crystai? According to the existing
representation, chrysotile-asbestos is an inorganic polymer, the
primary cell of which is ortho- and metasilicate of magnesium
(A. B. Davydov, Z. T. Ivanov, 1961). 1In practice this is confirmed
beyond qu¢ stion by the creatinn of synthetic inorganic fibrous

10




polymers of asbestcs (A. D. Fedoseev et al., 1966). Asbestos
swells eas!ly in water and alkaline solution, in consequence of

which its total surface area is increased.

As has been shown earlier, chrysotile-asbestos possesses
a tubular structure, which uetermines 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-asbestos, anthophyllite,
tremolite, actinolite and magnesia-arfvedsonite, we established
that the greatest capability for adsorption of ionic-molecular
substances, and also albumin of the blocd serum is possessed
by chrysotile-asbestos, brucite and anthophyliite. Thus, after
3 days a charge of chrysotile-asbestos in 100 mg adsorbs 20-30 mg
of albumin. The specific surface area of this dust turned out to
be the greatest - 20 m2/g. Asbestos easily adsorbs carbohydrates,
amino acids etc. (Holzapfel, 1952).

According to contemporary ideas (K. Adamchik, 1952, Berson,
Castle, 1958, McFee, Tye, 1964) upon fragmentation and swelling of
silicates there occurs a rupture of internal iow.ic bonds and on
the rupture surface nonsaturated ions will appear. The same non-
saturated ionic bonds can arise also as a result of hydration.

The total quantity of charge is equal to the quantity of the
destroyed bonds and is proportional to the total area of the
particle, and also to the number szilicon-oxygen tetrahedrons

per unit of surface. It 1s possible to think that in the dust
which possesses relatively larger specific surface area and a

large number of fractures, a larger number of nonsaturated bonds

is formed, and, as a consequence, physico-chemical and, in particu-
lar, its adsorptive activity will be higher. Obviously, there

will be higher bilological activity of such dust in relationship

11
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to the bilosubstratum, 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 ~f several series of our experiments
E with asbestos-bearing dust. The asbestos centent in them varied
g from 20 to 60%. They all, however, were distinguished by ‘' .e fact

4 that the surface area of the flber was more or less covered by

E any bonding agent: polycondensed Bakelite, vulcanized rubber,
hydrated cement, magnesia and calcium carbonate. Such powders are
formed during the machining of asbestos-Bakellte, asbestcs-rubber,

asbestos-cement and sovelite articles.

All these powders revealed a very moderate fibrogenlc nature
in spite of the lncreased hardness and aclicular form of some of ‘
them and the increased solubility of others. , o

The hydroxyproline content in anlimals irto which the 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% chrysctile-asbestos, i.e., in the same pro-
portion s in sovelite. The introduction of asbozu.ite, a
mechanical mixture «f 15% asbestos and 85% diatomite, led to an
even greater increase in the hydroxyproline content (3232 ug),
this despite the fact that after U4 months the quantity of dust of
the mixture of asbestos and magneslia alba in the lungs was equal
to 3 mg, 1.e, 1.5 times less than sovelite (4.5 mg). The indices
of the fibrogenic action of these artificial mixtures confirm

the hypothesis about the decisive Importance of free nonsaturated
ionic bonds.

Recently under our supervision there was conducted an

investigation of the fibrogenlc nature of faolite, a material which
contains 60% anthophyllite, and as a bonding agent phenol- C

12
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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 cut

to be equal for "faolite" animals to 3284, for "anthophyllite" 5763,
for the controls 2375 ug (differences with controls are statis-
tically reliable). The average content of hydroxyproline for 1 mg
of faolite 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
only of chrysotile but also of anthophyllite-asbestos.

As 1s known, many sllicates possess a fibrogenlic ability.
The especially lncreased fibrogeniclity of chrysotile-asbestos 1s
caused by 1ts high specific surface area and weakncs< of the
intracrystalline bonds which determine the formation of many topo-~
chemical centers which actively affect the bilosubstratum. In
turn, the indicated features of asbestos largely are caused by
its tubular structure.

In ac-ordance with thlis hypothesls the more expressed
fibrogenicity cof long fllaments 1s determined anyway not by their
larger traumatizing abllity, but first of all by the relative'y
best retention in the lungs (Timbrell, Skidmore, 1968,
Szymczykiewicz, 1968).

It was established that, although relatively long particles
(> 8 mg) are 12% of the total number of particles in the lungs
of those who died from asbestosls, their surface comprises more
than 50% of the total surface of all particles (Landwehr,
Bruckmann, 1962). Thus, better retention in the lungs and the
1elatively larger actlve specific surface area determine the
higher fibrogenic abllity of longer fibers.

13

il




S T

e

|
|

The next major question in the mechanism of the action of
asbestos dusi is its interaction with the cells of the organism.
It has been established that even tre long asbestos particles
are absorbed by one or several macrophages (Viglianl, rerais,
1964). In this case the authors did not reveal substantial changes
in the macrophages.

According to our observations in conjunction with A. A.
Gerasimenkn (1966), during the introduction o:' chrysotile-
asbestos into the peritoneum of white mice the number of morpho-
logically changed and, probably, denatured macroohages 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.
May, Medeka, 1960, Gambini, 1961, etc., testify to this. However,
in this article we do not analyze the 1lmmunological aspects of the
problem of the action of asbestos, but onliy focus our attention
on the fate of macrophages.

In conjunction with A. P. Darinovskaya (1966) we succeeded
in showing that under the effect of chrysotile-asbestos (and to
a somewhat lesser degree serpentine) in twenty-four hours the
growth of cells and theiyr migration 1n the organ culture of the
lungs of the human embryo 1s retarded.

Later, Vigliani and Pernis (1968) came to the conclusion that
the dust of chrysotlle-asbestos possesses hemolytic activity,
damaging erythrocytes; arocund filaments there 1s observed an
accumulation of young fibroblasts; Davis (1964) is inclined to
examine these fibroblasts as a phase of evolution of the mac-
rophage. In this connectlon we must give special attention
to the fact that the same Vigliani and Pernis (1964), denying
the cytotoxlc actlon of asbesafos, established that in the culture
of fibroblasts which contacted with asbestos, the collagen
content in albumin is 2 times higher than in controls.
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Once recently, the same authors (1968) again confirmed the 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) Z2chlipkotter estabiished that the hemolytic
activity of four forms of asbestos is identical. Pnlyvinylpyridine-
N-oxide (PVN-0) retards the hemolytic activity of aphibolic
asbestos; however, 1t does nct affect the activity of fibrosis.
Vigliani and Pernis (1968) showed that FVN-O and EDTA turned out

to be incapatle of protecting the macrophage from cytcxic action

of asbestos.

On the other hand, in the experiments of Klosterkotter (1968)
a certain decrease in fibrosis 1s achieved on subcutaneous
introdiuction of PVN-0.

In the carefully presented work of R0e and Harington {1968)
with the aid of histcchemical and enzyme methods it was shown
that chrysotile, as quartz, exerts a damaging action more actively
than crocidolite and amosite. At the same time the macerophages do
not lose their capability for transfer of asbestos particles; it
is sufficient to say that even 18 months after subcutaneous
introduction, they can be revealed in the pleura. Szymc.ykiewicz,
Wozniak (1966) showed that the degree of oxygen intake (per 1 mg
of dry tissue) in the culture of the isolated lungs corresponds
to the degree of fibrogenicity of the dust of quartz, calcined

and noncalcined chrysotile-asbestos.

Thus, in spite of the contradictions in the data of the
various authors, it 1s possible %o draw the conclusion that
asbestos exerts a definlte damaging action on macrophages by
changing their exchange and changing the rate of increase 1n

and nature of the development of these cells.
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Closely connected to the physicochemical feat wes 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 *he lungs, mesothelioma of
the pleura, or Iirom 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 wcrkers in asbestos-enriching
factories was 3.6 times higher than among other populations (with
¢ ndardization of sex and age). Among the patients with
asvestosis, cancer of the lungs was the reason for death in 9%,
and cancer other than that of the lungs in 31% of the cases.

Even larger conce:rn is caused by the reports from Canada (Cartier),

USA (Selicoff et al, 1968; Cooper et al, 1968), YuAR (Wagne:’, 1960),

Scotland (Maitr et al), Finland (Kiviluoto et al.), FRG (Bohlig),
CSR (Navratil, 1968), etc.

In recent years many investigators were able to obtain
malignant growth - cancer, mesothelic of the pleura and cancer of
other organs -~ in experiment by means of tne introduction of
asbestos under the skin, intraperitoneal or intrapleural

introduction (Schmall, 1968, Peacock, 1968, Roe and Harington, 1967).

The dependence of carcinogenic effect on the introduced dose of
asbestos and form of the latter is shown (Smith et al, 1968), J.
and R. Graham showed the possihility for the development of cancer
of the ovary upon intraperitoneal introduction of asbestos. The
possibility for migration of filaments on through the lymphatic

system and the formations of metastases in the lungs are shown.
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It is especially interesting that induction of cancer is increased
with supplementary administration of stilbestrol. It 1s 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
well-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 filberglass or

abradants do not possess such carcinogenic prorerties.

Scar itself can hardly be the basic reason for malignency;
indeed with silicosis, where the fibrosis is more considerable,
a considerable increase in the frequency of complications of cancer
of th2 lungs is not observed. At the same time, as observed by
us, the chronic¢ pneumonia and the metaplasia of bronchial
epithelium that appear under the effect of asbestos make the
elimination of asbestos worse and thereby they indirectly
lengthen its effect.

During the introduction of polymers, around them there occurs
a formation of a connective-tissue capsule, within which young
fibroblasts and a thickened layer of collagen develop (Shabad
of L. N., 1967). The constant presence of metachromatic poly-
saccharides indicates the prolonged and constant process of forming
of 1mmature collagen. On the cother hand, the proliferation of
fibroblasts within the capsule leads to the appearance of increasingly
less differentiated atyplcal cell.

In accordance with the hypothesis of Prof. L. M. Shabad, 1967,
these multiplying and infiltrated (through the capsule) fibroblasts
precede sarcoma. It 1s possible also that during the prolonged
effect of asbestos, which 1s an inorganic polymer, there is a
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disorganization of the intermedliate substance, development of a-
typical collagen and differentiation of fibroblasts, i.e.,
processes lying at the principle of the growth. Furthermore, in
te 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 electron-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-
cation.

It is possible also to think that chrysotile-asbestos, inter-
acting with the protein of a microphage, adsorbs and jolins those
protelns which play a significant role in the regulation of growth.
It 1s possible that as an answer antibodies which destroy the
corresponding cells are formed. As a result cells lacking growth-
regulating proteins are accumulated (G. Green). In the experi-
ments carried out in conjunction with A. P. Dorincvskoy (1965)
we focused attention on the fact that in the cultures of tissues
of the pulmonary embryo which was subjected to the action of
asbestos dust, the number of shared cells (78%) was reliably
higher than in controls (46%). The impression was created that
asbestos increases the activity of mitosis. When the phase
coefficient was calculated, we established that the relationship
of cells which are in the previous phases of mitosis (prophase
and mitophase) to the number of cells in its later phases
(anaphase and telophase) in the culture with asbestos turned out
to be 2qual to 7.1, while in the control - 2.8. Impression is
created that under the effect of asbestos the division of part of
the cells 1is detained at the previous phase of mitosis. Should
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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 thelr damage takes
place, giving rise to an initially atypical and then a malignant
increase.

L. S. Salyamon assumes that the carcine zenic agents lower
the ability to react to the subsequent damaging action. In
connection with this atypical slow interstitial inflammation
develops; against the background of such an inflammation, growths
can develop.

It is not possible to exclude the fact that in connection
with its adsorptive properties, cn the dust the concentration
of some metabolites - endogenic carcinogens - is increased. Such
metabolites can be substances of the type of steroids either of
derivatives of tryptophane (Boyland, 1960) or the blastomogenic
metabolites contained in urine (A. Kh. Kogan, 1965).

Finally, the adsorptive properties of asbestos can cordition
the sorption of exogenous carcinogens.

The works of Harington et al, (1964) showed that ores and
rocks of South-African deposits of asbestos contain 3.4 -
benzopyrine and pitch. Chrysotile-ashestos actively sorbs
carcinogens on its surface.

Moreover, the works of L. M. Shabad, L. N. Pylev, T. S.
Kolesnichenko (1964) show that without a substance capable of
sorbing and holding in the organism .-r a prolonged period the
carcinogenic substance (e.g., benzopyri 1e), the latter are quickly
removed and render no carcinogenic action.

FTD-MT-24-1477-72 19




Appendix 1. Physicochemical and fibrogenic properties of asbestos
and asbestos-bearing dust.
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3 2. 3{{55‘?11:«3 228 nz 48 28 98 +++ j+++ 4
: 3. Tremolite 3,12 6,45 — 7.2 1,92 ;62 28 gtds;u- ++ :
e
&Mﬁ?eir 27 825 — 19 1.0 100 11 ++ ++
a eason- o
Site
5. Actinolite 2,76 54 - 35 1,52 59,7 32 Not stu{ ++
died *
6. Faolite 1.68 — 6 323 — — 37 + +
7. Asbozurite 2,24 25 40 10 . 80 43 2,2 ++ ++
8 Vulcanite 2,45 1,6 20 9,0 6.5 74 1,6 + +
9. Sovelite 26 1.2 25 08 20,0 62 2,06 + +
10. Brucite 21 18,0 - 39 110 268 69 [Not stui++++
died
11. Gale ined 27 102 = 88 16 45,6 8,7 = ++
cggys ;1le~
asbestos

* — there are no working contingents in the USSR.

Naturally, our judgements are hypothetical. Moreover, we
have not given up hope that in the near future in the USSR, the
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greatest asbestcs-producing nation in the world, studies will be

carried out enabling us to substantiate these hypctheses. ]

Bibliography

LAzanunk K A —X npuka. ximvuw, 1. 25, Ne 1, 1952, crp. 13.
2. Byrtkun I, Mait M. B. — C6. tpynos u-ta TyGepryaesa, Cse-
:pAtosck, 1957, 208—304.
3. berextun A T. — Mmepaiorns. Tocreomsaar, 1950,
4 Buseuckui M. M. — AcGecto3 1 TyGepKyaes, Huccepraunn, Cgepa-
SA0BCK, 1940, ’
5. Tpun T. H. — Tpyaw VI Memayuaposuoro APOTHBOPAKOBOrO KOM-
.rpecca, 1. 3, c1p. 333—330. '
6. Daswnon A b, Hsawosa 3. T. — Xuw nponuutt., 1961,
-Ne 5, 340—344.
7. Kosnaukni M. A — Coanxarossr. Mexrns, 1957.
8. Korsu A. X.— Co6. Kapunuorenes: mMoxanuimu neiicruoid, crp, 215—
. 236, M. 1965, '
t 9. Koran @ M, Tepacumenso A\, Byunmoouw [, I '
1 ! -— JK. Curnesa u canntapun, Ne 3, 1963, 34—239. ’
E 10. Korau & M, Tponukuii C. 10, Fyaeackan M. P. — X, I'n.
ruena 1 cannranpus, 8, 1966, 25—33.

FTD-MT-24-1477-72 20

e A S PG AL




T o e

el L de bt kil 2 e oo < Uil L gy S T

1. Massiukas B, C. — Teauew goka. mnayun. cecamt. Jlenmurpaicxui
HNCT/TYT THIHCHY TPYAa 1 t;{)otbaaﬁoneaanuﬁ.. J1. 1954,
12. TTaemuunep A Sl-— Pyxonucs Caepan. usctutyra curiiens Tpyaa
‘i npodaabonesannit, 1947.
R’J. Mywxunua MU K. — Astopedepar Anccepramus: «CpaBuHt. rur.
. DUCHKA NBIAK CHANKBTOB, HCNOAB3YeMHIX D KaueCTBe IAEKTPOHIONALRHOKHBIX Ma-
Tepuanos (C10Aa, CTCKAOBONIOKHO, TaNbK, aclect) M, 1962.
14. Penunukas 3. — Apropedopar nuccept. IPekTuBiocTs achemst
- 1yGepkyne3a aerkux y paGouux ubicBuX npodeccuit  ac6ectonoil  npoN-CTi.
- Cpepanonck, 1965.
15.Canxosckan H H. — Tar. vpyaa n npodaa6, Ne 1, 1659,
16. Caaanon JI. C. — Tur. tpyaa u npod3a6., 1962, 6, 28.
17. dcenocees A. JI. n ap. — Bonokuucrue cumukare. Ma-so Hay-
-Ka, 1966, M-J1.
18. @pank K. — Hai-po Bekwep u T'aar, TamGypr; 1952, ncpeaox, Ap-
XIB RU-T3 Mexanoci%:
19. 3mnuua B. A — C6. nncrnryra rur. Tpy&a n npoaaGonen. sun.
1, 1940, c1p. 6975, J1.
5 ‘?,.0. l]'sl cager R. J. Arch. Gew. Pathologie und Gewerbe Hugicne, 1935,
‘B V], H. 3. i
21. Behrens W. Schweiz Z. Pathol. M, 273, 195t
i 22.4oBcnson R E, Castle G. E: Journ. Phys, chem., v. 62 {1958),
p. 840.
23. Boyland E. Aromatische Amine als endogene Carcinogenes.
.Symn. iiber. Fragen der Carcinogenese. Berl. 19G0.

24. Cartier P. Arch. de maladies proiéssionnetles, 194. 10, 6, 598.
Arch. env. Health, 1955, 11, 3, 204—208.

25. Clark S. G, Holt P. F. Ann. ocenp. Hyg. v. 3, N 1, 22--29, 196},

26. Cooper et al Saml Rel Dresden. I1 inlern. Konfer. iiber die
biolog. Wirk. dcs Asbestes, 1968.

27. Donna, Cappa. La Med. del Lavoro v. 58, N 1, pp. 1—-21, 1967,

28. Davis J. M. Brit. Journ. Exp, Path, 19€3, v. 44, N 4, 6, Saml. Rel.
Dresden. 11 Intern. Konler, iiber die biolog. Wirk des Asbesles, 1968,

29. Gambini Med lav. 1961, v. 52, N 3, 185--190.

30.Gardner L. U, Cummings D. Journ. of Industr. Hyg. X111, 2,
1931; v. X111, 3, 97, 1931, .

3l.Graham J, Graham R. Environment. Reseazch. v. 1, N 2.

32. Guyton. Am. Journ, Physiol., 1947, 150, 1, 70—71.

33. Harington et al Arch. of Env. Health, v. 8, N 3, 457—459, 1954,

34. Holt et sl Journ. Path. Bact. 1964, 84, 1. 19¢4.

35. King et al Thorax, v. I, N 3, 1945, 168—198.

36. Kiviluoto et al. Saml Ref. Dresden, 1l Intern, Konier. iiber dic
blolog. Wirk des Asbestes. 1968,

37. Klosterkdtter. Saml. Rel. Dresden. 1l Intern. Konfer. iiber die
blolog. Wirk. des Asbes.es. 1968.

Landwehr, Bruckman, Staub, 22, G, 219—227, 1962.

39. Mair et al. Saml. Rcl. Dresden. 11 Intern. Konier. iiber die biolog.
Wirk. des Asbestes, 1968.

40. Me dek. Pracovni lekarstvi N 4, 1960, 191—194,

4]. Mcfee et Bl Am. Ind. Hyg Assoc. Journ, 1964, 25, 4, 338—345.

42. Navratijl et al Saml Rel. Dresden. 1l Intern. Konfer. iiber die
biolog. Wirk. des Asbestes. 1968.

43. Pundsack F. L. J. Phys. Chem. 65, 1, 30, 19G1.

44. Peacock. Saml Rel. Dresden. 1l Intern. Konfer. iiber die bioiog.
Wirk, des Asbestes. 1969.

45. Roe, Harington. Int J. Cancer, 2, 628—638.

46. Schlipkdotter. Saml. Ref. Dresden. 11 Intern. Konfer. iber die
biolog. Wirk. des Asbestes. 1968.

47. Schmall Saml. Rel. Dresden. 11 Intern. Konfer. {iber die biolog.
Wirk. des Asbestes. 1968. :

48. Shepers G. Arch. Ind. llealth, 1955, 12, 3, 280—288.

48. Sclicolf et al. Sanl Ref Dresden 11 Intern. Konfer, iiber die
biolog. Wirk, des Asbestes. 1968. .

49. Smith. Saml Rel. Dresden 11 Inlern. Konfer, iiber die biolog. Wirk.
des Asbestes. 1968,

50. Speil, Leinweber. Saml. Ref. Dresden. 11 Intern. Konfer. iber dic
biolog. Wirk. des Asbcestes. 1968,

56l. Shabad L. M. Plastics Carcinogenesis. Some Experimentai. Daie
and its possible importance lor clinic and prophylaxis of cancer Springer
Verlag Berlin. Heidel. N-Y. 1967.

52. Shabad 1. M, Fylev L. N, Kolesnichenko T. S. Im-
portance of the deposition ol carcinogenes for Cancer Induction in Lung Tis-
sue. National Institute ol Healith. 1961, U.S.A,

63. Szmay E. Ochrona pracy, 19539, 14, 3.

FTD-MT-24-1477-72 21




T

DR A L

T N

RS R

e i U U P — =

”24. Szymczykiewicz K. Wozniak H. Med. pracy N 3, 185—189,

itber dic biolog. Wirk. des Asbosles. 1968,

5. Wagner, Skidmore. Ann. N. Y. Acad. Sciences, 195, 132, N I,
71—86 Discuss. 121—127.

58. Wagner. Staublungenerl(rankungen Bd. 3, 9. 566—569, 1956

59. Westlake et al Lab. mvesmf' 1655, 14. N 11, 2028—2033.

o 3’"“?5 0‘ Sc{enclt.rdl] Ind. } 1—43, 1

6. Vorwa et a 1 ¥

62 vi élum. Pernis. Saml Ret sresden 11 lntern l\onur iiber
die biolpg. Wirk. des Asbestes. 1

63. Yoshlkava. Joutn of Science of Labour. 3G, 1960, 142

FTD-MT-24-1477-72 22

o A S L e Ty T T e

55. Szymczykiewicz K, Wicek E. Med. pracy. 1962, 2, 85—-97.
S&Tlmbrel Skidmore. Saml. Ref. Dresden. 11 Intern. Konler. .

R

o bl e i

A T e .

S ]

il




