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THE CONNECTION OF PHYSICAL AND
CHEMICAL FEATURES OF ASBESTOS
WITH THEIR PATHOGENIC EFFECT
F. M. Kogan e iy
' . e Institute of Industrial Hyglene = rgddie, »Iadi7vic o,
S o and Occupational Diseases, Dot e
Lo 8verdlovsk
. ,. ‘A&':’?‘{'VM”"‘ &,{ 1’-:-:1"3 ﬁﬂwmc.n’# TG T L L E_‘f“ﬁ:, _': D 4
7 One of the 1mportant contemporary investigators
roblem of asbestosis, Gilson, t 0
pﬁ. oD e ol obestosls, Gllson, t he‘cggg.‘_n,r}gp' I the Comitte€ ffn?"““f;‘r'
¥ isbestos and Cancer of the International Union on the right AR R
aws ... . 8ga8inst cancer, has calculated (1965) that for the last 60 yeax‘s e
""f ““"‘ " the comsumption of asbestos increased 1000 times, while the =~ ™ iz
i e consumption of oil - this is a universally recognized condition .
|t _.‘j-f-,a\-‘;-,.,,_'»- of progress - increased only 50 -times.  Asbestos has extensive e ey
RN appncation 1n an ever 1ncreasing number or branches ot‘ production. 3
- . ) ._.“ Lo * ‘.-""F. \l?'&
i R A ”&augckﬁbwggﬂf&f‘.,f7 - TR

SRR O+ S, At the same time. along with quartz 4t 1is hardly possible “to
. find a mineral dust capable of so serious a pathogenic effect on
g . ‘the organism of workers, In recent years there ,appeared a basis_ ...
J'q"“'for consldering“hsgengzﬂzagk‘ééﬁ;f;;;;bly more'g§§mfu1 in view' St
'ﬂu of its establlshed connection with cancer or the lungs and other:

organs.' R R

yﬁwﬁ

Cag e . The nature of the aggressive biological effect of asbestos 3

' "cannot be considered established with finality 4n spite of the e
“:(: T lJarge number of works carried out both here and abroad.
a0 FTD-MT-24-1477-72 1
vid T e e Y . . ' : BOOD 0864
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'(: This considerable gap in the theory impedes the solution of
_— such major practical problems as the standardization of asbestps-

bearing dust, the individual preventive medicine and therapy of .
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 (194€), Behrens
(1949), Vorwald et al (1951) and many others consjder that only
S o rigid relatively long asbestos fibers, introduced in the tissue
e of the lung, cause its traumatization and, as a consequence,

sclerosis.

Seemingly testifing in favor of such hypotheses are such
. . facts as the more considerable fibrous changes during the intro-
fon i ‘duction of long filaments (15-20 u) and the insignificant changes =~
] ’ during the introduction of particles of respirable fractions
‘35;; (€ 7. u).(Vorwald, 1951, Szimczikiewicz, wicek, 1962, xloaterkotter.' »:eﬁkéfﬁ
! ‘ .

around the place of the implantation of rilaments. peribronchia]arly,.
; 5 ~ which is explained by the mechanical trauma of tissue during
iﬁe ‘N,:respiratory movementa., Also given are such facts as the absence : .,“:“P”v

“of ribrosis 4n lymph nodes and the development or fibrosis under
wisi hepobheE, errect of Dbrucite, 8 fibrous mineralfor nonsilicate.na%;r
4%~(ﬂ s“O'“-n ‘o)mﬁ*“‘f?%‘f".‘i“ T s Gnls e

B R T

P 1. TJ n-""

KE .\ the same time the particles of serpeQ:ige; the rock which‘,,t
S i Mo Pr ARSI WA,

b re ), ﬁ \A;: ) ..";
iﬁ%&yg&?'}arrieﬂﬁaﬁbeatoa?f ccording to Vorwald "¢t°41, are not capable ‘of T %ﬁﬁﬁwi E

. s _down to the ract that_the > >
e causin_g ribrosis Th%’:‘ihggg’fj‘on come. R V%Wﬂ**v‘!"l 4\‘&&« 1;.@1 ,. ""«% 5,
“'aﬁ; S iﬂghstrial ‘dust taken at Canadian factories %“gave rise.

N according to the head Physician of Canadian enberprisea CArtier ~-<i;;lﬂggﬁli£
{%f«' (19&9. 1955). a large number of patients Bick with asbeatosis.‘”‘ "f'”":*t%
:fs; - FTD-MT;?N-IH77 72 2 4 L;
. l e e 8000 0855 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 Iinvestigators asserted without procf that unlike

quartz, asbestos acts mainly because of its owr 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
'pulmonary tissue with its subsequent substitution with the
connective tissue. In favor of such & hypothesis such facts were
advanced as the increased content of Si0, 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 fm
ST v th non-fibrous silicates: nepheline. olivine and others.
A T *¢9="~~'~cﬂﬂ“w*- Sat &
,*’“ 56‘3» ,;rirst;doixg:; oa;'&th? 1egit1m:'c"§”f§?’i’§
iconceived when’ upon routine examination those working ‘on recovery
of asbestos ores.f cases of. asbestosis were revealed, although,--.
'=:4:1n ‘the composition or the suspended dust, the major portion is
: "made up of particles of serpentine (average percentage of asbestos'
: equalling U< 5),~ However 1t.was .nNo :

FUL % U ALY sy s Wy 2o B ‘-'.'. AR

= that even a_ smal admixiqre ot

"introduction of pure asbestos and serpentine 1t was established that.
3 disregarding its granulated structure, serpentine indisputably
‘“ﬂva&ts a fibrogenous effect. During the inhalation of air with
'mea concentration on the order of 115 mg/m3. for animals that
1nha1ed the dust of serpentine there developed an interstitial
fibrosis, as in "asbestos™ animals, although in the first months -

R LW e me . . . CCRU
B 2% 2O ‘ -

T - P L 8000 0B&G
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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 composiiion of the dust of
asbestos and serpentine.

Form of dust 0-2 o-U -6 £-10 . 10

microns |microns [microns jmicrons |microns
v Asbestos 79.1 15. 4 2.6 1.7 1.5
. Serpentine 78.9 12.4 3.3 2.1 i3.3‘

¥ Average from 10 determinations.

i After 3 months the average content of hydroxyproline in thé
lungs of serpentine" animals turned out to be equal to 4400 ug,
4 in "asbestos" - 7907.1; in control - 2750. However, in 9 months

)

! . it was even higher than in "asbestos" (B40B and 6616 ug

{ _:: o N ' respecti vely) . o N O . . . . . - :‘ 'V;‘o"l«‘ )

] N . ,_ x ; . " :.- 2 "—2. ‘_.. "g. vl 3 a . ) . T ";l!'f‘! ,.':\
S 'ﬂ'” one of the indisputably interesting reatures of chrysotile.

Vel asbestos is its relatively low degree of retention.in the lungquA,;;k sl

According to Guyton (1947), the rat inhales on the average 75 cm
5 or air per minute.; In three months, ror a .mean concentragign of
e ‘." V. "‘* w2 YTy bl A S AW S oo (2184

duat in chamber air equaling iis mg/m K one rat inhalea 23“ mg, .
};and in 9 montha. 702 neg or dust._ Meanwhile, the dust of chryaotile

'."»"" "'9.!_,'5‘ ey \ vcn-tl-- R
i B and “atter. 9 monthey _For_ com ariao let‘us sa that the
é N > 3 4*0‘ “'aa.ﬂ% R i S L. ’ 3’:.19' \&53&» m‘:«gh )’l y y pi.
i LA duat ot serpentine identieal 4n composition, other cond tions being:‘v‘

.equal, waa :etained in much larger quantitiea respectively

: 2 e In ex erimente 8! arte ontha-or
.-?wsw’a’,:d*“s‘\ ms m»mfw‘w o O R T MDY (22 8 Al W»"-‘“ AL .u '“
'exposure’ the chryaotile-asbestos content in ‘the™ Lungs . turned out i M

“to be equal to 9.9, while uerpentine was almost 4 times greater -::
36.7 mg. Thus, the retention of dust of chrysotile~asbeatos is
insignificant, which apparently is connected with better elimination V“ﬁi%"

.

“%f toof 1ty Wagner and Skidmore (1965) after 225 hours or exposurelgwﬂ

. Ve e
L] oo .t .
. et S . .-_.l‘

RS

“ .‘ oo . . - o o . e
" ..x...l ...nIA NP . R
o '..'1'0-* \L‘.....n & SN
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C at a concentration of 69 mg/m3 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 after the stopping of the dust.

Consequently, chrysotile-asbestos is c¢liminated 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 alveoll is 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’

-

o the reason for the developing PPOCNB. of fibrosis. .

: Subsequently, this capability or ahort ribered asbestoa waa
... confirmed by Wagner (1958), Yoshikava (1960). ch, gt al..’_::”

Donna. Cappa (1967)-i.'t~'f.',-f",' R ORI

- ~,..t IO

.'rhe faet that the decisive role .is _not played by the fibrous PR

. \. .»»-

structure and hardneu of asbestos 18 box-?ne_out Qyﬁ the . !‘act that bt ...
R

3;, N'iF 4 e 18, \1‘

u‘ erg‘lau.-;haraneu .ac*opmng: 0\

p IS

. any expresaed ribrogenous action, 1n'sp1te ot'ita more than 8 timea_,

.".‘ EriR O B e, - bk ) 5 NI PONL Wt KRy
i a"-mot'eﬁ\zx'akdua“{ e‘iimln&lo ﬁf’“ .:S(Sh’gpet‘h .%‘ 555‘1?“3*'8\@?{.03 :
: -195&*“s‘my3.51959. Saakovskayap Pumin. 1962) .7 "Davis (1953.“"“

.‘;‘1967) showed that only the few rilaments are 1ntroduced 1nside the L

? 'scells of fhe alveolar epithelium, & fact ‘which also does not
. confirm the mechanical hypotheais of the action or asbestos.

e

8000 0868
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' Having developed our experimental research, we even could not.

(j confirm the hypothesis about the chemical-toxic action of
asbestos. During the analysis of the materials given by its
supporters 1t is almost never possible to rcveal the correlation
between the manifestation of asbestos fibrosis and the 5i0

2
content in individual persons.

Extrapulmonary changes in other organs being ascribed to the

, action of resorbed 840, are completely explained by the migration
;ﬁg; . of the asbestos fibers detected, in particular, in parenchymatous
: organs. ' '
=

" On 1ntréper1tonea1 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
o . 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 can penetrate

"We compared further the Bolubility of‘the d!fferent forms or
i ;3 asbestos and asbestos-bearing dusb and also serpentine and A
y Brucite._ Thus, after 15 days of contact of the dust of chrysotile-’wr. "
. asbeatoa with 0.1% of Ringer ) solution, the concentration of 510, o
-4n solution comprised at most 3.8 mgf, and of anthophyllite - .
u.8 mg/m3 (see appendix) Thia agrees witg sthe. reaulta of.Clar

e RIS ""vﬁ--\wfk AR I HOT SR L ST T NN o)
“and Holt (2951), who ‘established the low solubility of chrysotile-

RN S

*' asbestos.  The ‘corresponding index for asbestos-cement dust ~ 7
turned out to be equal to.7.8‘m z for t emolite ] gg,

";., 28 —-,v'u» gt d

M ribrogenous turned out to be the dust uhich is least soluble. ;..
: A ._ Iq o »c\' u"v' ‘r‘P'“‘.l‘ D‘l 'tg, A‘i‘" -’ B . . %" R -
& ' -l\ .. oia &% -

\

RN | 8000 6869
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. . with respect to 81025 chrysotile- and anthophyllite-asbestos.
True, chrysotile-asbestos 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-asbestos (12 mg%) was less than after contact with
magnesium carbonate (22 mgf%) and sovelite' (20 mg%). It scemed
that detecting less than magnesium carbonate or sovelite,

. solubility with respect to magnesium, chrysotile-asbestos possesses

I 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 ug, and after the introduction of
chrysotile-asbestos - 4200 ug. Magnesium carbonate turned out
to be virtually not fibrogenous.

At the same time the dust of brucite (MgO‘H2O) possesses
3 ot both high solubility with respect to magnesium and a high tendency
‘ to fibrosis. .

s el \J\_ 2, PR

A L RSN J \\ \ *W.ﬁ»-’\qmﬁm‘-. e .
Thus, neither a mechanical nor chemical hypothesis can explain

v .- ... the emergence of fibrosis with asbestosis._wﬁ-”"u

5,

5 e HE rocuaed attention .on the mineralogical and cryatalﬁé
‘\ & (Pno?-w“ A e TR IR e s RN R ST N p NI S R et o

f ﬂeature £ asbeptosJ and also0 the’ prgpertie:‘Pr their- urfac
4.:.,.. u‘ e R - (el ".. R Y/ >y % #

': fer e
LA™ e 220 e
. “ BRI e

v Serpentine ores consists almost pompletely of aerpentine vy e 3
3 el ""Y’ u,w _"jﬁ,” -«.;QW 9 ”’W &%‘t g R R T
:Amlneral.nflccording kél'%» Be%eﬁht; {395“ ‘he “Erystals of- :
v owtmt st % ‘.1 vy o A

u'”f asbestoa consists of 'a 1ayer or silicon-oxygen tetrahedrons.‘¢~ﬁ5@§¢;
f(°10q) and a 1ayer rormed rrom paired sheets or hydroxyl ions of

'Material which consists of 15% asbestos and 85% calcined
\ dolomite .

A T T

PR

I R P P A e A L S

TR ' 8000 0870
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™~
' Fig. 1. The crystal structure

of chrysotilre-ashestos (according
to A. V. Fedoseev, L. F.
Grigor'yeva, T. A. Makarova,

1966).

S ame11sr and ribrous serpentiné is’ connected with their common
_1..75"“‘ geological origin. However, in chrysotile asbestos,.in connection _

avi Tpe .

‘ . crystal of chrysotile-asbestou (Pig. 1) The closenesa between

»’thergfore a tubular rnrm and an 1nterna1 ca}iiiary.éirﬁqyure 5
' A T A Ly i A8 sy }-.c w' .
(I’ M.“Loshnes, 1968) (Fig "N‘?"rheyﬁf are” ;(lose%n crystalline,.
structure. 1n particular, 1n the arrangement o!‘ the magnesium

and hydroxyl groups and "?"» egre%‘r a-w,ta.

bs r

nt rrhh hﬂrl“l
'\w byl

r blstinctly visible tubu ar:
. structure, magnification )
K --xa?ooo.» According to 1. M.- 3
.« Loshnev, 1968) -

\q.. ‘,-.'.. .‘

v\ .“
-J:V:‘ “‘3' : t.'" A,
gl 34 SN AL

(S ] R :‘.&‘,, "
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Speclally studying the surface and colloldal 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 t¢ assume that brucite
and chrysotlle-asbestos should have similar {fibrogenic ability.

Our experiments showed that soft, fibrous, brucite, not
containing 8102 mineral, is not inferior to chrysotile-asbestos
in its fibrogenic nature. And this is nct only for intratracheal

but also for intraperitoneal introduction (see Figs. 3 and 4).

“As
L3

.A . ,‘ . . . , WV JUS “k‘ i) :‘f.'l.'\ RN A
J ' -8 CRAPHICS BIAT PEPPODUCIOGE -&‘%" -4“3"'»“33}}“53 ST b
.o . o~ LR % 4/. ¢ 0% *" LT . BEARXE by TR

"Figure,aﬂL
qg bruoite;gua P

Figure 4. Pibrotic changes in the mesenter node after the -
.roduction of brucite.< Term 6 months, magnirication about %,

The valﬁe or crystalline bonds 1n the mechanism of the action

) . of asbestos we have also shown in another experiment. During

B R g 8000 0872
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coad

(: calcination (800°C) of chrysotile—asﬁestos it loses water of
crystallization and in its crystallographic constants it approaches
olivine. Our investigations showed that In this case the fibrogenice
nature of chrysotile-asbestos decreases. rfubsequently, this was
confirmed in the experiments of Scymczyklewicz et al.(1962),
erroneously examining calcined chrysotile-asbestos as amorphous,

. and noncalcined - as crystal. 1In 1966 they showed that

. "crystalline" chrysotile-asbestos, added to a ticsue 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 {ibro-
genicity is possessed by chrysotile-asbestos, and less by asbestos
of the group of amphibole, in particular anthophyllite. Meanwhile,
. . _ the basic distinetion‘bebween them is 1n the fact that in the
‘ "!’ o particles of amphibole the atoms of metal are connected with 510,

_, by double bonds, and in chrysotile-asbestos by _one, bond. which makea«
v these bonds less stable. Furthermore, the weak lateral rorces
- _between the layers of the’ equally charged hydroxyl tons in the
iig“'*“f adjacent crystals of chrysotile-asbestos facjilitate the best

) uncoupling of bundles intp separate er stals and ?n increase in. the.,

R R e 1&“ %ﬁs,,; L

YA LY

: elementary chr&solite filament 1s egggl tq',oo
G rilamenta or.amybibdie-ébbéetoaéfﬁ'lggggbw: 5
1n!e eb"e"é%{f‘ys,g)“@ef menbaryn ' ui?u'la}'%

KMr@u4aw¢hmmw

R .p\'hg-n'y

esentat?%n cﬁrysotile asbebtos ig an Snorganic polvmer, the .
*rimary cell of which 18 ortho-. and metasilicate of, magnesiuqyav iR

.. Y

oG E ,E?'(Amwﬁ -Bavydov. 2, T. Ivano:i 1961) ) In practiee this 45 confirmed
T beyoﬁS~Question by the creation of synthetic inorganic fidbrous .

.
»~

el T 8000 0873
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saturated 1onic bonda can arise alsQ as. & result: of hydration..z :
i JThe total quantitg or charge s, egua} to tpe quantity.or th
;'destroyed bonda and_is proportiona

P N e ad ]

polymers of asbestos (A. D. Fedoseev et al., 1966). Asbestos

swells easily in water and alkaline solutlen, in consequence of
which its total surface area 135 increascd,

A3 has been shown earlier, chrys>.!le-nsbestos possesses
a tubular structure, which determines the hipgh specific surface
area and a number of colloidal propertiess, among which we atiribute
special importance to adsorptive properiies.

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 blood serum is possessed

by chrysotile-asbestos, brucite and anthophyllite. Thus, after

3 days & 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 m /g. Asbeatos _easily adsorbs carbohydrates,

»

amino acids etc. (Holzapfel, 1952). =~ ’\‘”x;'n-.y:-v C e

_;:._"' e MR PN NG g‘t' ) '1"&&" \“;\ g r}f}h N3N : CaneeT ", .:.- -.'. T datil L B T
According to contemporary 1deas (X Adamchik 1952 Benson..-

the rupture surface nonsaturated ions will appear.

CR 7SN AL EATR AL T 5 AN 2 dF o B W Y M l’ PR e SRS

RIRIRE Sy LAY B PN .ﬁﬁn-,_\

3 5 the total ea of th
e lqt;‘\%“_’,_ @.l"‘ $q)~‘#s.-~'f
.8 1§pq: xyeen e ra edrons

-ua-w ) N‘

which possesses relatively larger 5 eciric surface area and a -:

‘s‘\" A z ‘A',*q_.—.,... ne

S AR "Q» RNy TERERST
- A gggsgzgger%gtffrag ureiﬁ?“iargeﬂ~number of nonsaturated bonds

Sinlar, 1ts adsorptive ‘activity willibe higher..: ,Obyibuslyi there

1s formed, and, as a consequence, physico-chemical and, 1n particu-

Y ey <o (WIS, - P PRI PRI .ﬁ“ '{0. \I‘."'
w1l bgghlgher biologicafﬁactivity ‘of sucg dust‘in Yelationship
L .
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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-bearing dust.

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-Bake)ite, asbestos-rubber,
asbestos—cement and sovelite articles.

The asbestos content in them varied

All these powders revealed a very moderate fibrogenic nature
in spite of the increased hardness and acicular form of some of
e them and the 1ncreased solubility of others.

i a
. *“,‘: MR AD ..u.,-, i L
"'“»&;-h:"" r“.,,." R i

The hydroxyproline content "t ‘animals into which the aust of f%fq‘“"ﬁ'
sovelite was introduced (2200 ug.) is substantially less than 1in

" those receiving a mechanical mixture of B5¢% magnesium carbonate SR

and calcium and 15% chrysotile- asbeatoa, 4. e., in the same pro- ‘

portion as in sovelite. Tne_introduction of asbozurite,,a.': -=:d“$¢’{fﬁ

a L Ay S :..u.;--"‘ -~ T \‘,‘(r §" \“.\;f‘:.‘-*‘"‘-'..?; ﬁ*-"r
; echanicdl mixture~o; “sbe tos and 85%

SryAyiie R L R ST

this despite the ract that arterwﬁ months the éuantity or dust or

Wi 407 s S

}«- Siae. 347
uﬁ&i iiu ‘equal}

Jsg}'w /i L int
G nﬁaturate_
S e P, P S

iﬁveat gation“of ‘the ribrogenic ‘nature of faoclite, a material whioh v
:¥:*% : e"contains 60% anthophyllite and as a bonding agent ?ﬁgpgg:3 s
: ;‘. . , . .. .. . Y 2000 0875
- et ) :: '.2.2’ 'Y '
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formaldehyde resin. The histological studies of lungs of experi-
mental animals showed an extremely sma)l fibrozenicity of faolite
in comparison with anthophyllite., Nine monthe after the introduc-
tion of dust the average content of hydroxyproline turned out
to be equal for "faolite" animals to 3284, for "anthophyllite" 5763,
. for the controls 2375 ug (differences with con'rols 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.

1 - R . 4
I P ~ As is known, many silicates possess a fibrogenic ability.
"z’ ,.' The especially increased fibrogenicity of chrysotile—asbestos 15::“?Eﬁ’-
. ) ’ caused by its high specific surface area and weakness of the ‘;
1. .- intracrystalline bonds which determine the formation of many topo- . .wt7
e ffn',‘ chemical centers which actively affect the biosubstratum. In

! turn. the indicated, fea%gres of asbeatoa largely are cauaed by

S N R e T a0 o SERIPS S e gy g S eur RGBS TV
~~1£; tubular stryctur -ﬂ-*ﬁﬁﬁazzf AP AL “'Wa$¥35

=

-1 N Foivd o ..e-"? & AV
ipesi lar s 5 N S ~¢-
Tt A WSRO 33"5‘“ e
AL RS oS N3 e D AR IR TN s AL B9 ey S bl s AN
' L) O}’.d hE h -:. Ay "_ .

oy »“

:fe%kas Elablisheaf§5aé' althoush??éiatively‘1°“5 Pa’t1°1°°‘qé5§ﬂg?

. At

' (> 8 mg) are 12% of the total number of particles in the lungs
of those who died from asbestosis, their surface comprises more

’ ~H{ % - than 50% of the total surface of all particles (Landuehr, .
AN, NIRRT Bruckmann, 1962). Thus, better retention in the lungs and the
,‘3 o relatively larger active specific surface area determine the

v : higher fibrogenic ability of longer fibers.

1?..,‘ - e ' 13 C p0O0 0876
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(fi ] The next major question in the mechanism of the action of
asbestos dust is its interaction with the cells of the orpanism.

It has been established that even the long asbestos partlcles

are absorbed by one or several macrophages (Vigliani, Pernis,

1964), In this case the authors did not reveal substantial chanres

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 1s reason to believe that the damage of macrophages can
i trigger a complex chain of immuniological reactions. Both our works
(F. M. Xogan, A. A. Gerasimenko, G. I. Bunimovich, 1967) and
' ‘.observations of Z. S. Repnitskaya, 1967, N. T. Butkin and M. V.
2. " May, Medeka, 1960, Gambini, 1961, etc., testify to this. However,
. .. in this article we do not analyze the immunological aspects of the
0 “"" problem of the action of asbestos, but only focus our attention -
{3 w7 on the fate of macrophages. .. A ; 5 e

Wﬂl}n conjunction with :A._:P‘_. Darinovskaya (1966) we succeeded SR

. -1n showing that under the e{fect or chrysotile -asbestos (and to
. s1° c ey e \.~~«.u- vep s

*".': a somewhat lesser degree serpentino) in twenty- four hours the
growth of cells and ‘their migration 1n the’ organ culture of ‘the ®

lungs,or the human embryo 13 fetarded..

fﬁﬁuthe duet of chrysotile aabeatoe possesses hemolytic agfﬁ:i?
Vig s Yo 430 R s il s ) .
: damaging erythi"‘goyte i ﬁéﬂnﬁ‘»thmﬁentmg “ x{s sér%d" an 5,;

Y. CVIE P E AN . .
.ﬁ-'rOphage. Tn this connection we must give special attentdon - ..o

. to th2 fact that the same Vigliani and Pernis (19611), denying
‘“ﬁ*i * . the cytotoxic action of asbestos, established that in the culture
. of fibrodblasts which contacted with asbestos, the collagen
c . contesl Ir albumin i3 2 times higher than in controls. '
.. C. | - Rt - .
g - 8000 0877
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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) ailso
established that the decreace of lactic acid in the tissue culture
which contacted with different samples of asbestos does not

" correspond to the fibrogenic ahility of the latter. Unlike Vipgliani
and Pernis (1968) Schlipkotter established that the hemolytic
activity of four forms of asbestos is identical. Polyvinylpyridince-
N-oxide (PVN~-0O) retards the hemolytic activity of aphibolic
asbestos; however, it does not affect the activity of fibrosis.
Vigliani and Pernis (1968) showed that PVN-O and EDTA turned out
to be incapable or protecting the macrophage from cytoxic action
of asbestos.

':}' e On the other hand, iﬁ<the'experiments of Klosterﬁetter (1968)
) .. “a certain decrease in fibrosis is achieved on subcutaneous -
R e . introduction of PVN-O. ' ,Té. S S ife v e o
5;5 T f;f . In the carerully presented work of Roe and Harington (1968)"“?*3?“
h;ii j;A}__ with ‘the aid, of histochemical and enzyme methods it was shown .

’.

b and YAMOB1LE ':»fAf; the",“'ééﬁ ‘e}tlme ‘the macrop ages;.do .."“;vti'“"

Y e *wtc SRR T i L

VRIS A.ose Q%‘g cap b}ig.wh{ﬁs * ranz{ag,m{ ga}:e_etgg ;22:; q‘&\’};;

; 18 aufficient to’ aa§ that even 18 monthe after subeutaneous,»
Mg}‘@ 1ntroduotion, theva.xcan be ﬁ vealeq'ang. & pleur
Wozniak (1966) sbowed that t e degree or'bxyg.

i . 3N B AR R R
e re do e”@’ @&g EepisteyEotphes
PN T 2R w,;:;J,m~a_ﬁuﬁ. ¥
. ine chryso - i< ol
R

S oDl B NS vy ! 5
1&1‘&6{%’%&\2 ﬁ? T~ .-': -"\.."4‘; "‘f“:‘ : .3 u'ﬂ-‘V»bm i *1 \“ r.‘é«v :1; ..'._' ""‘3*’

-~nnJ honcale:
Thus, in apite of the contradictions 1n the data or the "7*345$~-;
. various authora, it 3is possible to draw the conclusion that

..'Q'
- asbestos exerts a definite damaging aetion on macrophages by * }
R B P
;% e ' changing thedr exchange and changing the rate of 1ncrease in -
-“; o7 " and nature of the development of these cells. i~ A

-
[
-
[
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(: Closely connected to the physicochemical features of asbestos
™ A 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 :ubjected to the
action of asbestos dust, one cun observe consliderably hipher
indices of mortality from the cancer of the lunys, mesothelioma of
the pleura, or from cancer of other organs. The social sipnifi-
cance of this question for all industrially developed countrles

is borne out by the fact that the International Union Against
Cancer (U.J.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 1t was established that mortality from cancer
of the lungs for 10 years among workers in asbestos-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 death in 9%,
4° and cancer other than that of the lungs in’ 31{ ‘of the cases. ‘
P Even larger concern 1s caused by the reports from Canada’ (Cartier),
. X U USA (Seldcoff et al} 1968;" Cooper ef”RI;L1068), YuAR (Wagner, 1960), sy

. Scotland (Maitr et 8l), Finland (Kiviluoto et al )

G e [RC (Boblig), .
% CsR (Navratil 968), etc.-~:vf1'fh Yool vesii

! ;..n;alignant growth ol cancer,:‘aesothelic‘ pf
- P, h PNy ¥ o Q o A

;. f”.ii""
Schmall
S0P £wn§gh" 4£ ;
e qpendence ofs BAre noge ‘ ot
; =*ﬁasbestos and form ot the’latfer 1s shown (Smith et al 1968) AT
’ and R. Graham showed the possibility for the development of cancer '

L“.. of}yhe ovary upon 1ntraper1tonea1 1ntroduction of asbestos. The.ﬁ,'&kqw#xﬁ

!v.‘ , .‘.. , A " [Ny \':‘ ""'\,'.':h:‘
Pl T possibllity for migration of filaments on through the IDmphatic w0
t&ﬁ: B systeh and the formations of metastases in the lungs are ‘shown. .

: R DL VL S - -

16.' .
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., Jt 1s especially 1ntefest1ng that induction of cancer is increased
A with supplementary administration of st!lbectrol. Tt 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
well-known physlcochemical features of asbestos, we shall put
forth a number of hypotheses which deserve, as it seems to us, &
check.

Many authors ascribe the carcinogeni: 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 30lid powders of fiberglass or
abradants do not possess such carcinogenic properties.

. Y Scar itself can hardly be the basic reason for malignency;
indeed with silicosis, where the fibrosis is more considerabdble,

a considerable increase in the frequency of complications of cancer.. _
of the lungs is not observed. - At the same time, as observed by . ": -

A— . -
.

ot '51;' us, the chronic pneumonia and ‘the metaplasia of bronchial -
O epithelium .that appear under the errect or asbestos make the.
‘Ewna cﬂereby “Uhéy 1ndirect1y4uw~”

Fe élimination pr-asbeatos worém
lengthen 1ts effect. '

.
”l‘ '"""

4;;§§-dﬁﬂwﬂg$ﬂﬁ#pb ) During the 1ntroduction 6? p

: The constant preaence of. metachromatic poly—“"'
*s ccharides 1ndicatéo. h Ionged.ana constanb oceaa .Of: rormlng §%$
}571 = " %’ BORTHAY p7eg \ro', *,(4,.;.;?';? “:. S3ny ‘ ‘\{"
rof~1mma bllagen._a e th p:Hand prdliferation PP IRRIR: A
:;.ribroblasts within the. capsule leadawto the appearance of 1ncreaﬁinzly

‘less dirfercntiated atypical cells ',

¥ !“;"

‘ e ¥ In'accordance with the hypothesis of Prof.-L. M. Shabad, 1967,
) " these multiplying and 1nf11trated .(through the capsule) fibroblasts ..
‘@i:'z.{., . precede sarcoma. It is possible also that during the prolonged

‘effect of as bestos, which 1s an inorganic polymer, there is a

o - N 8000 0880
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(: ©  disorganization of the intermediate substance, development of a-
N typical collagen and differentiation of fibroblasts, i.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 (Warbﬁrg, 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-
..8 acting with the protein of a microphage, adsorbs and joins those
' proteins which 'play a’ significant role in the regulation of growth.
‘ . It is possible that as an answer antibodies which destroy the

‘rcorreeponding cells are formed. . As B result cells lacking growth-:.
fﬁ{egLBthBg proteins ar;hgeoﬁ;higied (0. Green) Iﬁ'the experi- o
bmm !u;. ments carried out in conJunction with A: P. Dorinovskoy (1965)v*””w*
we focused attention on the fact that in the culturéa of tissues‘:
“of the pulmonary embryo which was subjected to the action of :
asbeatos .gust, the number of :hared cells (781) was, reliablxﬂq,wg ¥
f: higher than tn controls (h61) The impreseion was céeated that - -
_asbestos increases the activity of mitosis: 3 ﬁrﬁg;:ﬁf“'7
?coerficient was calculeted. we establiahea“&ﬂ&«ﬂthe relatiogfgiuf'
b R LT R T o e e S ,\x@@*};%\- &,&’“ﬁ AT

“'of cells whieh are in the previous phases of,_ mitosis (prophasek 3

and mitophase) to the number of. cells in’ its later phases N :
”(anaphaae and telophase) 1n the cultu~e &EE% ;sgeabos turned outﬂ%ifA.
:.4, 6 ?qual %o Ty while 1n tpeﬂgootgol2f“g“§%¥hlrpressiogrie’;;5 T
;.created that under the effect of asbestos the division of part of ?f“”‘“"

!f. ; 'the cells 1s detained at the previous phase of mitosis. Should
l“"' xe N - o R Co TR e .{4«».&1

i

I
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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 dursog the
action of quartz dust the death of macrophages is almost universally
recognized, then during the action of asbestns thelr 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
5; SR connection with this atypical slow 1nterst1t1al inflammation
- develops; against the background of such an 1nrlammation, growthsi'“q"
can develop.

EYRAS

It 1s not possible to exclude the fact that in connection

(;ju :‘g' with its adsorptive properties, on the dust the concentration
B of some metabolites - endogenic carcinogens = is increased. Such
ﬂfﬁ metabolites can be substances of the type of steroids eibhef of:.

X o derivatives of tryptophane (Boyland, 1960) or the blastomopenic
e metabolites contained in urine (A. Kh Kogan, 1965)

o e

i g
re n|s R 7',‘;—_ \~’; M-

Y Finally, the adsorpnive proberties of asbestos can condition .
o Al g he sor tion exo enoua<carcino ens. ,,-r‘ < m““’ %
i S e s e S
185 *ﬁ%ﬂg&'} e PR A U N
N Sy 'he” uorka or Harlngton et al 196&) showed that ores’ and

v ,_-»,5,4,‘«“‘.* r“ﬂ"'* ‘y _,\

o rocksLor SOuth-Arrican depoaita of eebesto onpain.B.N -
y.a_,

benzopyrine and pitch;gd,ff”:';ju. aobestos actively aorb

‘~f3V‘~ tymd

. R SRl Y, ' RN
Moreover ,the uorks ot L. M. Shabad L. N, . Pylev, T. S."f;

Fgﬂr’iaﬁr;& ‘f‘“ygi ahou e t&."i:"g&out ”ubetanoe capable of 2 .
Spons St Sutiadr e s -#«45 S{Gaiee i “v{,; 7, G

) td
Hgn ol)' R

et~ gorbing “and holding in the “organism for a prolonged ‘period the
'carcinogenlc substance (e.g., benzopyrine), the latter are qulckly
[ - o E%?' removed and render no carcinogenic action. ‘nanligpoe. S

- }:‘-‘ "?* "' &" &" [ -t" . :'(\‘nl‘ - l‘ -’. 4"\;;‘ - ’ '-' - ., L. ,‘;_..' c
: 4 ?'- % ) : .Z\’n'a:‘:'..' T ' o L i . .
: F'r.ﬁ'-M'l‘-N!-M??-?é"" T B
S et e L car ab0D 0882
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C Appendix 1. Physicochemical and fibropenic properties of asbestos
i and asbestos-bearing dust.
T o7
i 858 | 5y
. < AR 5 wpl £s 4TI
M Name of om_ 1o °g" SEAR] %S e T e
dant iR eI I U Y B A a2
L & . —_d - Ladia ©
9% } u’-Ez L &vw gm = ‘5" ‘o’g 3:{5;" :’;“"'4"‘ :cl- h N'p ri-
8h c | B5E S| BEe | S et | Whehia | 2owio| BLoE | exam. |meht
nw w | vine E| Ocen o BN sueen =ebie | so-o
). ch . 25 2 Procti-- 34 12,0 % 5 |44+ {4444
: Shpvpsite cafly ,
. thos ] —_ 8 38 56 +++ |44+
Yol 2 ;‘»ﬂy!‘?m 2.28 n . 28
T T 3 Tremolite 3,12 645 - 12 192 62 28 raskul t
’ 4. Magnezia- 27 8,25 — 1.9 1,0 100 1t + 4+ 4+
-~ . A iveawn- U ) A I
S. Actinolite 2,76 54 - 35 1,52 59,7 32 SY: rtuq 4+
6. Faolite ' 1.68 - G . 3.2 —_ - 3.2 + +
7. Astozurite 2.24 2.5 40 1.0 B.O 43 22 + 4 44
R Yulcanite 245 1.6 "0 9.0 6.5 L] L6 + +
9. Sovelfte 25 12 5 08 200 62 2.06 + 4
' 10. Brucite 2.1 180 30 "o AT IR | T P00 40 R :
, s ) , ’ . ed .
T q 27 102 - 88 16 45,6 61 |, — + 4
EZ'EE le- . o R e
’ o ¢ ~ there are no working contingents in the USSR, .- .- -
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