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Chemical and photoelectron spectrometry analysis
of the adsorption of phospholipid model membranes
and red blood cell membranes on to chrysotile fibres
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ABSTRACT A study of the interaction of phospholipid model membranes and red blood cell
membranes with UICC A chrysotile fibres using chemical analysis and photoelectron spectrometry
showed that the interaction agreed with an adsorption of the membranes on to the chrysotile
fibres. The photoelectron spectrometry analysis allowed the statement that phospholipid model
membranes are adsorbed as bilayer. Chemical analysis showed that for each milligram of chrysotile
the amount of phospholipids adsorbed was about 155 ,ug and the available surface for phospholipids
was about 38 m2/g. It was established that entire membranes were adsorbed. A mechanism for
the haemolytic capacity of chrysotile is suggested.

Many investigations have provided information on
the adsorptive capacity of asbestos fibres.'-4 Recent
studies5 6 have shown that the surface charge of the
fibres determines the haemolytic activity and that
the adsorption of dipalmitoyl phosphatidyl choline
(DPPC), the main component of pulmonary
surfactant, reduces the surface charge. Previous
studies have shown that pretreatment of chrysotile
with red blood cell (RBC) membranes7 or with
phospholipids7 8 prevents haemolysis. From these
qualitative results it was concluded that the chryso-
tile fibres can adsorb phospholipids. It then became
of interest to determine quantitatively the adsorption
of pure phospholipids (PL) and to compare the
result with the amount of PL adsorbed when
chrysotile was exposed to red blood cell membranes.
These investigations are the subject of the present
paper.
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Material and methods

All experiments were carried out with UICC A
chrysotile. Suspensions of the fibres were obtained
by ultrasonic treatment at 20 KHz, power: 20 W for
45 s in KCl-NaCl 0d145 M. Human RBC and RBC
membranes (ghosts) were prepared as previously
described.8 Liposomes were made of DPPC (Cal-
biochem): a suspension of DPPC (15 ,umole/ml)
was sonicated at 20 KHz, power: 20 W, for 1 min
in KCl-NaCl 0-145 M.

TREATMENT OF CHRYSOTILE
Aliquots of the suspension of chrysotile (2 mg for
chemical analysis and 6 mg for photoelectron
spectrometry (XPS) analysis) were mixed with
various amounts of liposomes (0 to 400 ,ug/ml of
DPPC) or ghosts (0 to 200 ,tg/ml of phosphatides)
to give a final concentration of chrysotile of 1 mg/mi.
The mixtures were then incubated for 15 min at
37°C. Preliminary studies using a concentration of
500 jug of DPPC per ml have shown that the
equilibrium ratio of free DPPC to adsorbed DPPC
occurs in the first minutes (table 1).
The separation of chrysotile from unadsorbed

liposomes or ghosts was obtained by centrifugation
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Table 1 Kinetics of DPPC adsorption (XPS data)

Time Mg2s/Si2P P2P/Si2P P2P/Mg92
0 0-83 0 0
30 s 0-87 0-26 030
5 min 0-87 0-27 0-31
15 min 0 75 0-26 0 34

in saccharose. The mixture of chrysotile-liposomes
was placed on a 40% solution of saccharose and
the mixture of chrysotile-ghosts was placed on a
discontinuous saccharose gradient (60%-40%); all
the samples were spun for 20 min at 3000 rpm
(1500 g). It had previously been established that the
chrysotile reaches the bottom of the tube, the
unadsorbed liposomes are layered at the top of the
saccharose solution, and the unadsorbed ghosts
are at the interface 60%-40%. The saccharose and
the interfaces were then aspirated, and the chrysotile
was washed three times in KCl-NaCl 0-145 M.

LIPID EXTRACTION
For the chemical analysis, the determination of the
amount of PL adsorbed was conducted by analysis
of the PL extracted from chrysotile fibres. The
lipids were extracted for 5 min in 2 ml chloroform-
methanol mixture (vol/vol) and centrifuged. A
second extraction was carried out for 5 min in 2 ml
of chloroform. Solvents were evaporated under
pressure.

DETERMINATION OF THE PL ADSORBED

Chemical analysis
The dried extracts were mineralised with perchloric
acid according to the method of Chen et al.9
Standard curves were obtained with DPPC (0-6 ,ug
of phosphorus). The equilibrium concentration was
determined from the difference between the con-
centration of PL in the solution before mixing with
chrysotile and the concentration of PL adsorbed.
The results were expressed as ,ug of DPPC

adsorbed for each mg of chrysotile, for experiments
with liposomes; and as ,ug of phosphatide adsorbed
(phosphorus concentration x 23 5) for experiments
with ghosts. To determine the amount of DPPC
for liposomes, or phosphatides from ghosts pre-
incubated with chrysotile, standard curves giving
the amount of PL against the volume of liposomes
or ghosts suspension were obtained. The liposomes
(10 to 30 ,ul) were dissolved by the addition of
ethanol and then evaporated before mineralisation.
The ghosts (50 to 250 ,u, 20% ghosts) were pre-
cipitated in 40(% vol/vol trichloracetic acid. After
centrifugation the pellet was mineralised.

Photoelectron spectrometry analysis
XPS or ESCA is a relatively new technique, which
has been applied essentially to studying organic
surfaces, and catalysis or chemisorption on metals.
The study of silicate materials is being developed
at present. In this field the most rewarding research
has been in the use of the method for determining
the surface composition of materials from the
intensity of the peaks of different chemical ele-
ments.10-'2 The XPS method measures the kinetic
energy of photoelectrons ejected from a surface
using soft x rays; this method is sensitive to all
elements of Z > 2, with a limit of detection depend-
ing on the particular element measured.
The characteristics of the method are as follows:

(1) the depth of investigation into the oxides and
silicates is between 50 and 100 A.13 It is sufficient
to provide data in volume, while still allowing
surface analysis. (2) Measurements of the intensity
of peaks is easily reproduced and is usually of a
quality superior to +10% providing that a ratio of
concentration in a homogeneous material is deter-
mined. (3) It is a quantitative method providing it
can be standardised on fresh breaks of homogeneous
material of known composition.14 (4) The samples
do not require any particular preparation. Cleavage
faces, grains, and powders or mineral fibres may be
analysed in the same way. The principles of the
method, which have been applied in the mineral-
ogical field,'5 are described in the biological field by
Millard and Bartholomew16 and Thomassin.17
The XPS analysis was performed on an AEI

apparatus fitted with a magnesium anticathode
(radiation MgKa = 1253-6 eV). Graphic recordings
were used to measure the heights of peaks for
Mg2S (EB = 88-7 eV), Si2p (EB = 102-9 eV), P2p
(EB = 133-9 eV), and N1s (EB= 399-8 eV). The
analysed area is about 50 mm2. It should be noted
that for XPS the chrysotile surface is considered
homogeneous.
For XPS analysis, batches of 6 mg of chrysotile

were treated as described above. After the separation
of the excessed PL, the fibres were concentrated by
filtration (Millipore, porosity 5 ,tm) and well rinsed
with deionised water. Then the filter was cut to
obtain the sample (5 mm x 15 mm) that was stuck
on the sample probe.

Quantitative XPS analysis
The counting rate in a photoelectron peak from an
element is given by

I= dl
0

(1)

dI = aFSNe-Y/ dy (2)
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and a = cross section of the sublayer considered by
X-rays,

F = X-rays flux,
S = constant of the apparatus,
N = atom number in the layer of dy thickness by

unit volume,
y = depth in the solid,
A = mean free path of electron.

In the case where N does not vary with the depth,
equation (1) becomes

I =cFSN A.
For example, applied respectively to mag

and silicon, in the case of chrysotile, we obt
following relation

R = IMg/ISi = cg/oSi * CMg/Csi

where Csi, Cug = concentrations within th
0oo A in the solid.
Taking into account the very close values

energies of the Mg2S and Si2p electrons, th
A and S in equation 3 cancel out and F
supposed constant during each analysis. (N
relation shows that the theoretical slope
calibration curves is then equal to the ratio
cross-sections.)

DETERMINATION OF THE PROTEIN ADSO
In some experiments with ghosts the amc
protein adsorbed was determined after solubi
for 24 hours in NaOH 0 5 N, using Lowr)
cedure.18 Samples were centrifuged befo
spectrophotometric measurement. It should b
that the ghosts were not completely free of I
globin, but after incubation with the fibr
separation on saccharose haemoglobin sta
the upper fraction.
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Fig 1 Adsorption isotherms for DPPC liposomes
determined by XPS analysis. co = DPPC initial
concentration in tog/ml.
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Fig 2 Plot of clx against c for liposomes adsorption
(chemical analysis). c = equilibrium DPPC
concentration in ,lg/ml; x = ,ig of DPPC adsorbed/mg
of chrysotile.

Results

of the LIPOSOME ADSORPTION
Adsorption isotherms for DPPC are shown in
figs 1 and 2. In fig 1 the adsorption of PL was

)RBED characterised by means of the evolution of the peak
)unt of ratio P2p/Si2p related to the initial DPPC con-
lisation centration. With chemical analysis, a plateau was
y's pro- obtained for an initial concentration ofDPPC around
)re the 200 ,tg/ml. Figure 2 shows the variation of the
e noted amount ofDPPC adsorbed, x (,ug/mg of chrysotile)
haemo- versus the equilibrium concentration c of DPPC,
-es and expressed by a plot of c/x against c, which approxi-
Lyed in mates closely to a straight line. From such isotherms,

it is possible to deduce the maximum capacity, xo,
of the chrysotile fibres, when c -+ oo. From five
experiments, the results have shown that for each mg
of chrysotile, xo = 155 ± 27 ,ug. Assuming that this
plateau corresponds to a total coverage of chrysotile
surface by liposomes, a cross sectional area (s) of
one molecule of DPPC at the PL-chrysotile inter-

- I face may be deduced.
If DPPC are adsorbed in bilayer, the expressions

for the photoelectron peak intensities can be
deduced as follows.
(a) For phosphorus two contributions must be taken
into account, the outer atoms and the atoms at the
interface chrysotile-bilayer. The intensity of the peak
can be expressed by the following expression:

Ip = up F Sp Np 0 (I + e-l/A')
where Np = number of phosphorus atoms at the

interface per unit area,
I = thickness of the bilayer,
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A' = mean free path of P2p electrons through
the PL layer, and

= surface coverage.
(b) The intensity of the Si2p photoelectron peak can
be expressed as:

Isi = asi F Ss5 Csi A (1 - 0 + 6e-l/A')

where A = mean free path of Si2p electrons in the
chrysotile which has a value around
20 A-25 A, and

Csi = silicon atom number by unit volume:
(1-15) 10-2/A3.

Then, the peak ratio is:
Ip op Np 6(1 + e-l/A')

RO = _=_ A 0 -1/A'Si usj CsiA 1 + Oe1A

Isi(6 1) -/Let p = .s0)' then we have p = e-l/A.

For a total surface coverage, 6= 1, and RO
becomes:

R= p Np 1 + p
(Jsi CsiA p

Using the absolute heights of peaks, an approximate
value ofp can be obtained asp 0 43 and Ri 0-26.

Taking Asi = 25 A, the occupation of one molecule

of DPPC iss = = 64 A2,and if Asi = 20 A, then

s = 80 A2. This value is very close to the values
obtained by Lecuyer and Dervichian'9 using lecithin,
who found that the mean area may be from 65 to
55 A2, depending on the water content.
When the same calculation was made assuming

that DPPC were adsorbed in monolayers the results
showed that s = 24 A2 with Asi = 20 A, and
S = 19 A2 when Asi = 25 A.
By chemical analysis the available surface area of

chrysotile could be estimated, assuming that the
cross-sectional area of one molecule of DPPC is
60 A2 and that DPPC are adsorbed in bilayer. The
mean available surface area is 38 + 6-7 m2/g (range
44*4 to 27 5 m2g).
The adsorption coefficient can be deduced from

the relation = Kc (1 - 0). The mean value of
four experiments is 0 044 ml/,ug (chrysotile con-
centration: 1 mg/ml) corresponding to a 50%
coverage at 23 ,ug/ml. Surprisingly, this parameter
varies with the chrysotile concentration; this is
referred to again in the discussion.

GHOST ADSORPTION
From chemical analysis, it appears that ghost
adsorption is biphasic (fig 3). Maximal adsorption
cannot be deduced from the representation of c/x

Fig 3 Adsorption isotherms for ghosts obtained by
chemical analysis. c = PL concentration in ug/ml;
x = yg ofPL adsorbed/mg of chrysotile.

against c. If it is postulated that the value obtained
at the plateau gives roughly the maximal adsorption,
it is possible to estimate the surface coverage, 6.
A 50% coverage is obtained for c 25 ,ug/ml. Two
experiments were carried out in order to assay both
proteins and PL adsorbed on to the fibres. The
measurements were performed at various initial
concentrations of ghosts. The ratio r = ,ug of
protein adsorbed: ,ug of PL adsorbed was calculated
and compared to that obtained for ghosts, without
fibres, obtained at the interface after centrifugation
on saccharose. The results showed that r was nearly
constant when the amount of ghosts was increased
(table 2).
The results obtained by XPS analysis have shown

(figs 4 and 5) variations from one experiment to
another. The ratios P2p/Si2p and N1s/Si2p have been
plotted as a function of PL concentration. Actually,
it is not possible to elaborate a simple model to
explain the data. The intensity of the photoelectron
peak Nis, however, indicates that both proteins and
PL must be adsorbed on chrysotile fibres.

Table 2 Proportions ofproteins and PL adsorbed on
to chrysotile fibres

Ghosts* rt Ghost* rt
15+ 1 7+

5 5 1-7 27 2-5
1 1 1-7 53 1-8
22 1-8 80 1-5
33 2-2 107 1-6
44 1-8 160 1-6
55 2-1 214 1-7
85 1-8 267 2-4
111 1-4

*Initial concentration in ghosts measured as ,ug PL/ml.
tig protein adsorbed: tg PL adsorbed.
IRatio at interface. See text for explanation.
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Fig 4 Adsorption isotherms for ghosts obtained by
XPS analysis. Variation ofR = P2p/Si2p with initial
concentration in DPPC (,ug/ml).
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Fig 5 Adsorption isotherms for ghosts obtained by
XPS analysis. Variation ofR = N1s/Si2p with initial
concentration in DPPC (pg/ml).

Discussion

The differences observed from one experiment to
another may indicate that the available surface
area for DPPC or ghost adsorption is not constant
for each milligram of chrysotile, but depends on the
degree of opening of the fibres. Indeed, in each
experiment the sonication was made in the same

conditions, but the sample, before being sonicated,
may be more or less aggregated. Moreover, adsorp-
tion of membranes is complex because it must
concern glycoproteins, proteins, and lipids; the
preparation of erythrocyte ghosts may produce
inside-out ghosts, so that either the inner or the
outer membrane may be exposed; the large variations

in results for different experiments may arise from
the complex components or from the heterogeneous
ghosts.
The results show that the shape of isotherms

obtained for DPPC and ghosts are different,
however, both are Langmuirian, using the classifica-
tion of Giles et al.20 At maximum surface coverage,
DPPC are adsorbed in bilayer; this occurs probably
at low concentration because of the shape of the
isotherm; in the case of ghosts the adsorption is more
complex as shown by the isotherms.
The representation of 0 with the two methods of

analysis21 seems to indicate a higher surface coverage
by XPS analysis. This fact may be explained by a
variation of the available surface of chrysotile when
this mineral is in contact with a dispersing agent
such as DPPC. In the case of XPS, the formulation
of 0 is independent of the available surface. For
chemical analysis, the expression of 0 is obtained
assuming the constancy of the available surface.
This hypothesis is confirmed by the fact that the
available surface calculated at the plateau value
(38 m2/g) is higher than the specific surface area
measured by BET (20 m2/g).

Elsewhere, an enhancement (1 -2 ev) of the kinetic
energy of Si2p and Mg2s electrons was observed
when the degree of surface coverage by DPPC
increased. This indicates a modification of the
electrical charge of the mineral surface: the surface
of chrysotile seems positively charged on the
uncovered samples and the DPPC adsorption
decreases the surface charge. These results are in
good agreement with the measurement of zeta
potential performed by Light and Wei.6
From these experiments, it was difficult to

appreciate the affinity of PL for chrysotile, because
of the variations from one experiment to another.
When the adsorption of liposomes was studied,
however, a value of K of 0 044 ml/,tg was obtained;
these experiments were carried out with a chrysotile
concentration of I mg/ml. When the experiments
were performed with chrysotile at a concentration
of 2 mg/ml, the value of K was 0-017 ,ul/mg, but
maximal adsorption was nearly constant (208 ,ug
for each mg of chrysotile). Furthermore, when the
amount of DPPC adsorbed was expressed against
concentration of DPPC in mg of DPPC for each mg
of chrysotile, it appears that the curves may be
superimposed. It must be noted, however, that 500%
surface coverage was obtained at about 25 ttg/ml of
PL, either with liposomes or ghosts. These results
may be due to the high concentration of DPPC,
since the formula for adsorption is known for dilute
solution. Moreover, DPPC in liposomes as well as
in ghosts are engaged in definite structures, and the
mechanism must be different from isolated molecules.
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It is noteworthy that the maximum capacity of
chrysotile fibres of 155 + 27 ,ug/mg agrees closely
with results obtained by Desai and Richards4 with
pulmonary surfactant; indeed, pulmonary surfactant
contains mainly DPPC.22

If we now refer to previous experiments on the
inhibition of haemolysis by liposomes or ghosts8
it appears that a good correlation may be observed.
With liposomes an 80% inhibition of haemolysis
was observed when chrysotile was pretreated with
about 0 25 mg of DPPC for each mg of the fibres.
In the present experiments, when 0 = 0-8, the initial
concentration of DPPC was 0-22 mg for each mg of
chrysotile. In the same way, with regard to the
ghosts, 100% of inhibition was obtained at a ratio
of 0-20 (mg of lipids per mg of chrysotile), which is
equivalent to 0 12 mg of phosphatides; in the present
experiments 6 = 1 for a ratio of 0-20 to 0-13.
From these results, and those of other workers, it

appears that membranes either natural or model
can be adsorbed on to chrysotile fibres. A mechanism
for haemolysis was suggested by Harington et a123
and Allison.24 Hariiigton et a123 have shown that the
interaction with membrane sialoglycoproteins is
responsible for haemolysis. Allison24 suggested that
such proteins then form a cluster that could create
channels through which small molecules move; then
a Donnan equilibrium occurs and causes the RBC
to burst. The most likely explanation, however, of
chrysotile haemolysis appears to be that if the inter-
action with RBC is due to electrostatic forces23 it
may be followed by an adsorption of phospholipids
with concomitant release of haemoglobin and
adsorption of the whole membrane. Then the fibres
become unreactive owing to their covering by
membranes, explaining why the kinetics are self-
inhibiting.
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