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' I. Introduction

Earlier studies on the prevention of hemolysis caused by minerals e.g.
silica of various forms or the asbestos variety chrysotile were based
on an experimental arrangement in which polymers were present as antag-

onists in the hemolytic system (Stalder and Stober, 1965; Nash et al.

1966; Macnab and Harington 1967; Koshi et. al., 1968; Schnitzer and

\ ’ .

I Pundsack, 1970; Schnitzer and Bunescu, 1970; Schnitzer et al. 1971).
Schnitzer &RT~PUNAEESk (1970) have also shown that the anionic polymemes

' “ - —--""—m
carboxymethylcellulose (CMC) forms apparently a stable complex with A

chrysotile fibers, which lose their hemolytic property after the excess

I

} of the polyanion is removed by centrifuging and repeated washing with

} comparatively large amounts of saline. This technique has also been

} used by Harington et al. (1971) to show the lack of inhibition of as-
bestos hemolysis by polyvinylpyridine-!—oxide (PVPNO) and the marked
antagonism of adequate concentrations of sialic acid. Schlipkiter

l (1968) has also studied the process of adsorption of PVPNO on asbestos;

},,. he mentions that PVPNO is bound to the fibers without, however, elimi-
L nating the lytic effect. Similar procedures were employed to demonstrate

the fact that the polymer is bound to silica particles but not to red
(Nash ot al. 1966)

colls./ This observation has been confirmed in this laboratory with

several chrysotile antagonists of the series of polyanions and the

silica antagonist polyvinylpyrrolidone (unpublished).

The generally high specificity of the antihemolytic activity of poly-~

-
el
-~
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anions for chrysotile and to a certain degree also for amphibole asbest i~
form fibers (amosite, crocidolite, snthophyuztc) and the prevention
of silica hemolysis by nonionic polymers prompted systematic quantitative
experiments on the binding of polymers to minerals followed by removal
of excess of nonadsorbed antagonists. The purpose of these studies was
the preparation of inactivated minerals which fail to show hemolytic
activity in a system in which no free antagonists or only not measurable

=
traces of'EE'M are present. The experiments are described in &N&.ﬁr_’

port. - T ——

I1. Materials and Methods

1. Hemolytic agents

a, Asbestos varieties (UICC Standard Reference Samples)

Chrysotile B: hammer-milled; surface area: 4.4 mzlg.
Amosite: hammer-milled; surface area: 2.5 mzlc.

| Crocidolite: hammer-milled; surface area: 2.4 mz/g.

r Anthophyllite: hammer-milled; surface area: 2,9 nzli.‘

The values for surface area were obtained by the permeability

method (Rendall, 1970).

S

b. Silica specimens

Mlcﬂuaﬁ:z (MQ): obtained from Johns-Manville; code 16; mean

fiber diameter 0.6 .,

Microfine precipitated silica (Philadelphia Quartz eoupt.ny) Quso
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Methyl cellulose (MC): commercial product (Matheson, Coleman and

Bell).

3. Cells

3 times washed red cells from defibrinated sheep blood.

4. Procedures
—_— o P
e e s a——y

The anerimnt- to be described here are based B —
tests with a comparatively large amount of 100 mg of the various '

-

materials, but tests with smaller amounts were also carried out.
Fibers and particles(G30, G32) were expose in large plastic centri-
fuge tubesto graded amounts of antagonists of 0.5 to 100 mg in a
volume of 20 ml isotonic veronal buffer (pH 7.3 = 7.4) and kept in

a shaking waterbath at 37°C for 30 minutes. The excess of antagonist
solution was removed by centrifuging and the sediments washed 3 times
in 40 ml saline. Between the washings the sediments were resuspended
in saline by manual shaking and, if necessary, by br-ikiﬁfﬂﬁp_of
clumpled sediments by stirring with glass rods. To the drained sedi-
{ ments were added 4 ml buffer solution and 4 ml 4% suspension of 3

times washed shoep blood crythroeytes. The tubes were then shaken

for 2 hours at 37“c, contrifuged and the hemoglobin concentration

determined colorimetrically. Every test contained 2 positive controls,

one of them the untreated lytic agents, the other one containing
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amounts of mineral fibers (100 mg) leading to a high degree of
inactivation suggests that small amounts of antagonists, approxi-
mately 5 - 10% of the weight of the fibers will be adequate for
producing inactivated material. As a rule not the entire amount
of antagonists is adsorbed by the fibers. In a similar group of
experiments the‘residual concentration of the polymers ;us deter-

mined by measuring the inhibiting titer of supernatants and wash-

-

water@: tests with chrysotile B or silica G30 or. G32...
as lytic indicators, All lupornat-nﬁtl contn-n;;dﬂm
tions of the antagonists, but only small amounts were occasionally
found in the first washings. The second or third washwaters did

not contain measurable amounts. Tests with amosite and crocido~

lite showed generally similar conditions &s may be seen in Table 3,

although the level of inactivation of crocidolite is somewhat

lower than that of the other varieties. If one considers the low

hemolytic polency of crocidolite and of amosite the results are

g not unsatisfactory, since in the actual experiments hardly any

lysis can be detected after exposure to the polyanions.

Anthophyllite is characterized by a marked response to the non-
4 ifonic polymer PVP., The general principle of specificity according

to which polyanions antagonize and inactivate chrysotiles and

other asbestos varieties, whereas the nonionic polymers prevent

s
ce——
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silica hemolysis !hitzer et al., 1971) is

instances. Schlipkiter (1968) has mentioned that amphiboles re-

kg "

not valid in all

spond to the antagonistic property of PVPNO, but in our tests in
which PVP was used this could only be demonstrated with anthophyl~
lite. The recent binding experiments confirm these observations.
As shown in Tables 2 and 3 anthophyllite is markedly inactivated
following exposu.re even to 2.5 mg. Also nonionic MC inactivated

anthophyllite. Im this experiment .(not tabulated) a higher dose
T S e —— F

of tm“ used, 200 mg causing 95 ~ _- _' '
4 average of inactivation in the range of 2.5 = 50 mg MC was 75% *
9.8, Otherwvise the larger amount of anthophyllite did not change

essentially the activity of polyanion antagonists; for instance
' the percentage of inactivation in the range of 1.0 - 50 mg CMC

was 87% * 7.8, of CS 77% * 10.8.

The question arose whether differences in the inactivation of as-

&

l bestos varieties by polymers particularly the genexal lower level
' of binding by crocidolite and the marked response of anthophyllite
| to PVP and MC could be explained by specific adsorptive properties

: of the fibors.

In earlier experiments it had indeed been observed that such dif-
ferences exist and that they can be demonstrated by dye stuff ad=

sorption. The principal result of the earlier experiments was

e
. ol
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the finding that chrysotiles show a much higher adsorption rate

to trypan blue (a benzidinetetrazo dye with 4 anionic sulfonate
groups) than to the nonionic methylene blue. Amphiboles had not

been tested at that time.

Comparative tests have been carried out now; adsorption of methy-
lene blue and trypan blue in aqueous solution by chrysotile B,
amnaifE“EFEETGSTite, and anthophyllite (all UICC material) was=—<
tested under expertmental conditions similar to the lysil-inlctivaé
tion tests. A constant amount of fibers (100 mg) was exposed to

20 ml dye stuff solution under agitation at 37°c for 30 minutes.
After centrifuging the color of the supernatant was noted and its
density determined using a filter #580. The color of the sediments

was also recorded. The results are shown in Table 4.

The higher adsorption rate of chrysotile for the anionic dye is
obvious. It is also evident that anthophyllite adsorbed both the
anionic and the nonionic dye, the latter more than 2 to almost 5

times better than the former one.

Amosite and crocidolite show generally low adsorptive capacity

of approximately 50% of the control and strictly limited to methy-
lene blue. These [inding suggest a parallelism of dye stuff ad-
sorption and inactivation of hemolysis by polymers in case of

chrysotile and anthophyllite and offer a basis for interpretation

I
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for the m\t ion by PVP in case.of {hrylot 110 And gt

response of anthophyllite to both polyanions and nonionic po

The reaction of amosite and crocidolite which is limited to methy~
lene blue is not in agreement with the inactivation of hemolysis -
produced preferentially by polyanions. This is perhaps an example
to show that the inactivation of amphiboles by polyanions is a
complex process in which other factors in addition to adsorption

are participating. s

-

S :

2 Im\ctivnm S T ——
It is evident from the data in Table 5 that the nonionic polymer

PVP is markedly bound to the fibrous as well as to the microfine

precipitated silica. After removal of the original polymer solu~

tion and thorough washing with saline the hemolytic property of the

silica sediments is 80 = 90% reduced after exposure to small amounts
E of the antagonist, such as 0,25 mg (microquartz), or 5.0 mg (G30, G32).
L The anionic polymers were ineffective with the exception of CS which
f exerted an inactivating effect limited to microquartz., As had been
found in the corresponding experiments with asbestos vi&ietioa there
was only an insignificant difference of inactivation in the range
of the different active concentrations of the antagonists:

microquartz/pVp: range 0,25 - 10 mg: B87% + 1.9 inactivation

microquartz/C8: " 5.0 =50 mg: 87% L 6.8
G30/PVP: " 5,0 -~ 40 mg: 94% t 4.5 =
Ga2/pPVp: " 5.0 - 50 mg: 95% t 3.0 " “
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Another exception rroA the rule of specificity has been observed: 1o

the effect of the anionic CS on microquartz. 1t has been known that

———————

CS acts as an inhibitor of microquartz hbnolylll. if present in the
lytic system (50% inhibiting concentration 0,35 mg/ml., See Schnitzer
22 El" 1971); while it failed to antagonize significently hemolysis
of (30 and G32 at a concentration of 10.0-50.0 mg/ml. The surface
structure of the fibrous material seems to possess specific sites of

adsorption for certsin polyanions lacking in the fine powders.

""'--!!!ihl "r -—--'..!!’!..l.‘i, l
IV, Discussion ]
The experiments described in the earlier sections of the report show
the inactivation of the hemolytic potency of 4 asbestos variecties by a
group of anionic and nonionic polymers following the binding of the
' antagonists to the fibers and the removal of unbound excess by repeated
. washing. Identical observations were made on the elimination of hemo-
lytic properties of fibrous and microfine silica after exposure to
the nonionic PVP and in one instance (microquartz) also to lniontg Cs.
it has been mé;ilohad in Section I that similar methods of binding have

s been carried oul before with silica and PVPNO and with sialic acid and

chrysotile (Harington et al., 1971). In other studies inactivation of

mineral dusts by serum proteins was achieved by their adsorption t&
' dust particles, Stalder and Stéber (1965) mention that silica suspon=

sion was pretreated with serum. Aronova et al. (1968) studied the ad-

sorption of human serum proteins on modified (Lreatment with silanes)
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quartz surrwnkabe (1972) adsorbed. rum on nbes!ol
dust and found inactivation of the toxic effect on nlcrophag;s after
removal of excess serum, thus confirming that inactivation of cytotoxic

properties of mincrals can be produced by stable antagonist-mineral

complexes.

The principal result of the present studies is the fact that approxi-
mately 80 ~ 90% of the‘lytic potency of the asbestos or silica can be
eliminated by'uumenutuigb polymers, Moreover the active concentrations
cover a ratm, from 50 to 2.5 to OM

of the effective antagonists. Although the inactivation fails to show

ecssential differences of the various antagonists, a certain degree of

specificity exists. The antagonists of the asbestos varieties could per-

haps be arranged in decreasing order in the following series:

NSC 46015) > (CMC = SA) > RS 781 > PVP

n

Chrzsotile B: (CS
Amosite: CS > (CMC = SA = NSL 46015) > RS 781 > PVP

Crocidolite: (CS = CMC = BA = NSC 46015) > RS 781 > PVP

"

f‘ Anthophyllite: CUC > (C5 = PVP) > SA > NSC 46015 > RS 781

These series showing a kind of order of the inhibition of hemolysis

may indicate that the differcnt asbestos varietics possess specific.

optimal inactivalors. For instance, CS was found somowhat more active :
in chrysotile B, and amosite and CMC in anthophyllite, In no case seem

the differences to be sufficicntly marked to be considered of practical
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importance. It 1('1‘- that CS, CNC, SA and NSC 46015 are all suit-
able for inactivation of the hemolysis by nsbeatosf The only striking
deviation from this general aspect is anthophyllite with its marked
sensitivity to the nonionic polymers PVP and MC and a suprisingly low
sensitivity to the otherwise quite active pyran-copolymer NSC 46015.
These observations suggest the existence of physical and/or chemical
binding factors or structural surface differences. They cannot yet be
explained biologicnl};. &

T — ~ *—--—“

It should be pointed out that inactivation of fiber hemolysis by poly-

mers is a quantitative process not only dependent on the concentration
of the inactivator as evaluated in the present experiments, but also on

the amount of fibers as shown in the following experiments with chryso-

tile and SA.
Chrysotile B 100 mg SA 1.0 mg : inactivation 40%
. " 40mg " 1.0 mg L 91%
) " 20mg " 1.0 mg : - 94%
*" . R 10 MR O " ﬁﬂ*
" 20 mg N : " 0
" " 10 mg - : " 15%

+# polystyrene sulfate (RS781) was of lower activity. THowever, marked,
though not optimal inactivation was observed in experiments with air-
jet-milled chrysotile Jeffrey treated with RS 781 at a ratio of 25%
of the weight of the fibers (Dr. J.P. Leineweber).
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An identical experin s carried out with highly lytic silica G32 &

and an inactive (see Table 5) amount of PVP 2.5 mg:

G32 mg PVP mg % inactivation
50 2.5 0
25 2,5 55.0
10 2.5 95.5
5 2.5 97.3
i 5 A 0 . b
R i A
- —"—'.”;; o ""'w

Summarizing the observations on inactivated hemolytic minerals one may
i state that both asbestos and silica can be deprived of hemolytic action
by comparatively small amount of polymers. The lytic agents retain only

fractions of their erythrocytolytiec potency even in systems in which if

any o¥ only traces of inactivators are present.

The mechanisms of mineral hemolysis and its prevention cannot yet be

definitively interpreted, because the lytic process is a very complex

phenomenon in which proteins, phospholipids (Stalder and St8ber, 1965;

Nash et al., 1966) polysaccharides, mucodisaccharides (sialic acid;

Harington et al., 1971) and mucopolysaccharides can be involved. The
specificity of antagonists for asbestos and silica respectively could
serve as a guide, if not the exceptions of the rule mentioned by

Schnitzer et al. (1971) and described in this report would require ex -

planations which could only be hypothetical at the present time.
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