Biophysical
Chemistry

Biophysical Chemistry 1082003 157-167

www.elsevier.com/locate/bpc

Electrochemical investigations of cholesterol enriched glassy
carbon supported thin lipid films

Miroslav Karabalie? *, Valery Kochev

@Department of Physics and Biophysics, Faculty of Medicine, Trakia University, 11 Armeiska, Stara Zagora 6003, Bulgaria
PDepartment of Atomic Physics, Sofia University “‘Kl.Ohridsky’’, 5 J.D.Bourchier, Sofia 1164, Bulgaria

Received 24 April 2002; received in revised form 26 August 2002; accepted 28 August 2002

Abstract

The formation and study of stable cholesterol enriched thin lipid layers onto the surface of glassy carbon electrode
is reported in this work. The method of formation relies on additional thinning of wetting films by electrostriction.
Electrochemical techniques based on the concepts of impedance and voltammetry are used to explore the films’
features. The impedance data reveal a substantial change of relaxation characteristics of the modified films. In this
respect, opportunities for the evaluation of the films’ stage based on the approximation with ‘constant phase angle
element’ are discussed. The possible final structure of the films, as well as, their relevance for development of sensor
elements are briefly viewed.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction The results from voltammetry suggested that solid
_ _ . supported lipid films are relatively compact and
The preparation of stable supported thin liquid \ith good blocking properties to heterogeneous
layers of lipids by the thinning of wetting films  glectron transfer between the electrode and the
[1,2] proved to be an adequate technique of lipid analyzed solutior{3,4]. This makes them of spe-
deposition alternative to other well-established cja) importance for the realization of sensors with
methods. It was successfully demonstrated for gjectrochemical signal transduction.
glassy carbon and other supports. The electrical  Fyrthermore, the significant impact of the cho-
parameters of thus modified substrate surfaces|esterol contents on the structure and properties of
were assayed in the light of their potential for pjological membranes and their analogs is well-
sensor construction. Voltammetric and impedime- egstaplished[5]. As one of the common building
tric studies of these and other similar systems species of the plasma membranes cholesterol

revealed promising aspects in this directif8]. affects in a great extent their fluidity, thus modu-
*Corresponding author. Tel.#359-42-2819-217; fax:+ lating _SUCh specific functions as transport and
359-42-600-705. reception [6—8]. In the present study we have
E-mail address: mi_karabaliev@abv.bgM. Karabaliev. investigated the changes in solid supported films
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after addition of cholesterol to the forming solution

of lipid, as well as their potency in the construction @ i
of sensitive interfaces. In this regard, some possi- ,

bilities have already been disclos¢d]. Here an T @
attempt is made for further clarification of the
cholesterol effect on the relaxation parameters of j I @

modified thin lipid films. R

2. Materials and methods &y @\ ®)

2.1. Formation of solid supported thin liquid films @ 4 F{Ej]:lj

of lipids

o ) ) . Fig. 1. Schematic view of the experimental set-up for genera-
The liquid films deposited onto the working tion and electrochemical studies of solid supported liquid films

electrode were prepared from natural lecitbiell of lipids. (1) cuvet with forming solution of lipid;(2) solid
Pharmacal Corp., USA DLPC (L-a-phosphati- support(working GCB); (3) Ag|AgCl reference electrodé€4)

: " ; capillary with electrolyte(0.1 M KCI) for the formation of
dylcholine dilinoleoyl, SIGMA Chemical Comp., electrolytelipid meniscus(5) microsyringe for the electrolyte;

U_SA) and DPPC(L-a-_phosphatidyl_choline d_|pal- (6) binocular microscope(7) eye-piece;(8) objective. The
mitoyl, SIGMA Chemical Comp. dissolved in @  main parts are in different scale.
mixture of 90%volume) n-hexane (SIGMA
Chemical Comp. and 10%(volume) chloroform, It should be said, that supported liquid films of
to give the respective concentrations. Cholesterol lipids could also be prepared without application
(5-cholesten-B-ol, C,;H,sOH, Kodak Comp., of external electric fields. In this case the process
USA) was dissolved in the same solvent to a of spontaneous self-thinning leads to generation of
concentration of 10 mgnl. This solution was  stable, relatively ‘thick’ films with final equilibri-
mixed with the lecithin solution in different ratios um thicknesses of the order of 100—200 [&].
to give the forming solution before each modified However, if external voltage is imposed to such
film preparation. film it undergoes an irreversible transition to a
The fabrication of the solid supported films is new stable statg9]. The numerous impedance
achieved by a thinning of wetting layers of lipid data indicate a thickness on the order of 2@fér
solution with the set-up shown in Fig. 1. As the case of plain lecithin and GC suppoand a
previously described[2,4], the essence of the pretty high film resistance in this new final state.
method is the preliminary formation of two inter- This clearly suggests that the film represents a
faces(electrolyte/lipid solution and lipid solutiop monolayer of lipid molecules arranged onto the
substrate with self-assembled monolayers of lipid GC surface. Moreover, the removal of the external
molecules adsorbed on the interphase boundariesDC potential, after the film conversion to mono-
The process of thinning is initiated as the two layer, does not change the thickness, which can be
interfaces are gradually brought into a contact by explained with the higher magnitude of the adhe-
carefully pressing the substratevorking elec-  sion at distances closer to the substrate surface
trode) against the electrolyfdipid meniscus. [71.
When an external DC potential is applied to the
electrodes of the cell a mechanical compressing 2.2. Electrochemical technique
force arises in the solution. The phenomenon is
known as electrostrictio10]. This compressing The electrochemical parameters of the films are
force overcomes the positive disjoining pressure studied in a two-electrode cell filled with 0.1 M
[11] in the film and substantially promotes the KCI (Potassium Chloride, SIGMA Chemical
thinning. Comp) as electrolyte solution. Glassy carbon elec-
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trode (GCE) is used as working electrode and a
single junction AgAgCI as reference electrode, so
the electrochemical cell can be represented as:

Ag|AgCl|0.1 KCIILF|GC

where LF is the liquid film of lipid molecules
formed onto the surface of the working GCE. The
cell construction is given in Ref$2,4].
Commercially available GCE for electrochemi-
cal analysis is playing the role of a rigid support
for the liquid films. The working area of the
electrode is 0.0707 c¢tn . The GCE surface was
conditioned by fine polishing and cleaning before
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Z (CPE)

Fig. 2. Equivalent circuits of the supported lipid film&)
R,(f) andC,(f) are the experimentally obtained equivalent fre-
guency-dependent parallel resistance and capacitébrehe
most common model used to fit the experimental dala;
Zo+Z(CPB); Ry, and C, are frequency-independent parallel

each measurement. No other pretreatments of theresistance and capacitanég(CPE) and C,(CPB are the par-

electrode have been done.
Voltammetry is employed in this study for deter-

ameters of the CPE.

mination of charge transfer between the GCE and called CPE [12]. Essential for a CPE is the

the solution, hence giving some information for jdentical dependence of the real and imaginary
the packing order in the films. Ascorbic acid parts on the frequency, hence the impedance dia-

(CsHgOg, Pharmachim, Bulgarieat concentration

of 1 mM is used as electroactive species added to
the electrolyte. The measurements are made with
commercial polarograpfOH-105, Hungary. The
sweep rates as well as the potential range are
indicated in the figures and discussed in the text.

2.3. Impedance measurements and equivalent
circuits

In the present work impedimetric technique is
used as an analytical tool for examination of the
films in their different stages. The impedance is
measured by the aid of a WAYNE KERR 6425
multi-bridge. The set-up, method of measurement
and calculations are described in more details
elsewherd1,2].

A circuit with equivalent parallel resistance
R,(f) and capacitance&(f) is ascribed to the
experimentally obtained impedance of the filtp
at each frequency (Fig. 29. For different types
of films Z; is approximated with a model combin-
ing frequency-independent parallel resistamitge
and capacitanceC, with constant phase angle
elements(CPBE) as shown in Fig. 2b.

A lot of data from impedimetric analyses sug-
gest that, with respect to their relaxation charac-
teristics, the solid supported lipid films can be
well represented by the model comprising the so

gram (ImZ vs. R&) represents a line. The impe-
dance of the CPE is given by

Z(CPB=A(jw) * (1

wherew=2xf is the radial frequency and and

a are the parameters characterizing the CPE. For
ideal capacitance=1; A=C . For ideal resis-
tance a=0; A=R. At intermediate values the
apparent equivalent parallel capacitance and resis-
tance are:

Co(CPB=A""'sin(am/2)w* *
R,(CPB=A cos Yam/2)o*

(2
(3

Physically, on molecular level, the CPE behav-
iour has been most often associated with a constant
dissipation of energy during the charge motion
within the dielectric upon the action of external
alternating field. However, still there is no exact
theory on the question. Nevertheless, in the case
of supported films the concept of CPE is very
useful, at least over the range of relatively low
frequencies used in our work.

The respective films’ thicknesses have been
obtained by the next simplified relation approxi-
mating the lipid film with a planar capacitdf.3]:

&

hA]

Cp| F/cn?]=8.85 (4)
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which the ratio lipid:cholesterol is 1:1wt/wt).
The figure represents the widely used impedance
40 1 B diagrams(ImZ vs. Re) of the two films.
The curve for the plain lecithin film(Fig. 3A)
is the best fit approximating the film with the
30 4 model shown in Fig. 2b. Such combination turned
out to be useful for the description of the relatively
‘thick’ (100—200 ‘A films. As it was shown[2],
an impedance diagram of such a film can be
regarded as superposition of readily distinguishable
parts ascribed to the different film regions. Accord-
ing to these considerations, films possessing
10 unstructured regionéin depth will always show
the prominent segment of the semicircle inherent
for the bulk lipid solution featuring frequency-
independenR, and C,. On their parts, the ordered
regions with more pronounced molecular con-
straints are represented by a ‘linear’ CPE behav-
Re Z / kQ.cm’ iour. In this respect, it is evident that for the
cholesterol-containing filn(Fig. 3B) the semicir-
Fig. 3. Impedance diagrams of plain lecithin fil/A) and cho- cle part of the diagram is completely absent. That
lesterol modified film(B). The modified film is generated from g why in this case the film impedance is approx-

a solution with lipig'cholesterol ratio of 1:Xwt/wt). Experi- . . .
mental data for the madified filnfopen circleg are obtained imated only with CPE consisting of frequency-

at several frequencies: 20, 120, 1200, 12 000, 60 000 Hz. The dependent  parallel resistanc&k,(CPB) and
curve for the plain lecithin film(A) is the best fit approxi- capacitancecp(CPE). The values of the power
mating the film with a circuit combining frequency-independ-  factor a—1 are —0.09 for the plain lecithin film

ent parallel resistance and capacitance with CPE connected to _ . -
them in serie§Z,=Z,+Z(CPB). The best fit for the modified and —0.03 for the cholesterol enriched film

20 A

-Im Z / kQ.cm?

film (B) is obtained with frequency-dependdi@PB parallel respectively.

resistance and capacitantg=Z(CPB). The two films are In Fig. 4 a comparison between the dispersion

with approximately the same thickne&s00 A). of the equivalent capacitances,(f) of the two
films is made. The smaller slope in the presence

here C,, is the specific capacitance of the film,  of cholesterol is evident. This is connected with a

is its thickness ands;=2.1 [14] is the dielectric  change in relaxation characteristics of the film in

mixed with organic solvent and eventually | order to examine how the impedance disper-

cholesterol. sion is influenced by the type of phospholipid
species experiments were carried out with three
3. Results different lipids (DPPC, DLPC and lecithinand
with a lecithin/cholesterol mixture. The results are
3.1. Impedimetric analysis shown as histograms of the parameterl in Fig.

5. They are averaged from measurements of sev-
In these experiments impedance dispersion is eral films for each specie@ndicated in the figure
used to differentiate the behaviour of films pre- caption over a range of frequencies from 7.5 Hz
pared from plain lipids and those modified with to 60 kHz.
cholesterol. The results shown in Fig. 3 are Fig. 5 clearly suggests, that the films from
obtained with a plain lecithin fim(A) and a unsaturated phospholipitDLPC) as well as the
modified film (B) generated from a solution in cholesterol enriched films exhibit lower dispersion.
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Fig. 4. Logarithmic scale of the capacitan€g(f) dispersion of the two films from Fig. 3A) film without cholesterol;(B) film

with 1:1 (wt:wt) lipid/cholesterol ratio. Points indicate the experimental data. Lines represent the fits with the model shown in Fig.

2b.

3.2. Electrostriction treatments

Unlike the plain lecithin films, however, those
enriched with cholesterol fail to develop a mono-
layer under electrostriction up to 1.5 V. This is
demonstrated in Fig. 6 where the behaviour of the
two types of films is shown. The figure illustrates
the dependence of the films’ thickness on the
applied external voltage. It represents the disjoin-
ing pressure isothernbl(4) [15] when equilibra-
tion of II with the pressure caused by
electrostriction is achieved, i.dl=P=¢g,g,U?/
2h2 [10]. Here U is the external DC potentiah
is the film thickness;g, is the dielectric constant
of the film; &, (8.8542<10°12 F/m) is the per-
mittivity of free space.

The film of plain lecithin (Fig. 6a, closed
circles is preliminary generated by a spontaneous
thinning and its equilibrium thickness before elec-
trostriction is 200 A. The application of an increas-
ing external DC potential causes the increase of
the disjoining pressure and additional gradual thin-
ning of the film to 60 A. This process is reversible
and the film returns back to its initial state with

-0.16
-0.14
-0.12 A
-0.10 A
you{
v -0.08 A
=
-0.06 1
-0.04 A

-0.02 A

0.00 — : >

1 2 4

3

Fig. 5. The dependence of the impedance dispersion on the
type of lipid. (1) DPPC, (2) DLPC, (3) lecithin, (4) leci-
thin/cholesterol mixture. On the ordinate the value of the
parametewu — 1 is given. The results are averaged from meas-
urements of four films for each species over a range of fre-
quencies from 7.5 Hz to 60 kHz.
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Fig. 6. Isotherms of the disjoining pressurb(h) (equal to the pressure caused by electrostricBens, s,U?/2h?). () Isotherm
obtained with a supported film of plain lecithi® mg/ml) during its evolution to the monolayer stagdy) enlarged view of the
reversible part of the isotherm frof@). Open circles denotes isotherms of cholesterol containing films which has been preliminary
develop to an equilibrium thickness of 200 A is the external DC potentiah is the film thickness;e,=2.1 is the dielectric
constant of the film;e,=8.8542< 10712 F/m is the permittivity of free space.

the decrease of the applied voltage passing througha pronounced amount of cholesterol material turns
the same points without any visible hysteresis. out to be deposited onto the GCE surface. This is
However, the compression of the film by electros- evidenced by enhanced contact angles for electro-
triction below 60 A results in irreversible ‘jump’  lyte solutions, as well as, by the hampered redox
to 20 A where its thickness is already independent reactions at ‘plain’ GCE when the latter is trans-
of the voltage. The sharp change in the thickness ferred to a new measuring celthe results not
indicates structural rearrangement to monolayer shown. Moreover, in this case it is impossible to
[16]. thoroughly clean the GCE surface with solvents in
Films prepared by the same as above-mentionedwhich the cholesterol is fairly well soluble. Deter-
procedure, but from forming solution containing gents are also ineffective and polishing pretreat-
cholesterol and phospholipitFig. 6b, open cir- ment is necessary to completely remove the
cles show different features in comparison with cholesterol remnants.
plain lecithin films. As seen, their disjoining pres-
sures fit the reversible part of the isotherm, but
the increase of the potential up to 1.5 V cannot
decrease the thickness below 60 A, i.e. does not
cause a transition to monolayer. With the application of linear sweep voltam-
It should be noted additionally that in accor- metry (LSV) an attempt was made to assess in
dance with thermodynamic considerations of wet- some extent the structural changes in the films
ting films (given as a main condition for the film  upon modification with cholesterol. The results are
stability (0I1/0h<0; [15,17), it is clear that the =~ shown in Fig. 7 where representative voltammo-
isotherms for both types of films consist only of grams of ascorbic acidl mM in 0.1 M KCI)
stable branches. obtained with GCE covered with different type of
Here an interesting observation is worth men- films are given. A voltammograntcurve 1, Fig.
tioning. After the electrostriction treatment of a 7a with the oxidative peak of ascorbic acid at
cholesterol enriched film has been accomplished, uncovered working GCE is shown for comparison.

3.3. Voltammetric studies
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Fig. 7. (a, b Representative voltammograms of ascorbic ddidnM in 0.1 M KCI) obtained with GCE covered with different

type of films; curve 1—voltammogram of the oxidative peak of ascorbic acid at uncovered working GCE; curve 2—voltammogram
of the ascorbic acid oxidation at GCE covered with monolayer of DLPC; curve 3—voltammogram of the ascorbic acid oxidation
at GCE covered with monolayer of lecithin; curve 4—voltammogram of the ascorbic acid oxidation at GCE covered with ‘thick’
(100 A) film of DLPC; curve 5—GCE covered with ‘thick(100 A) film of pure lecithin; curve 6—voltammogram of the ascorbic

acid oxidation at GCE covered with ‘thick100 A) film generated from a mixture of lecithioholesterol(1:1 weight ratig. Scan

rate 2 \V/min.

Deposition of lipid films on the GCE surface tively. The curve 6(Fig. 7b) is obtained with a
results in a notable change of the parameters of ‘thick’ (100 A) film of lecithin/cholesterol(1:1
the heterogeneous electron transfer. The curves 2weight ratio. The shift of the peak current poten-
and 3 (Fig. 79 represent ascorbic acid oxidation tial of ascorbic acid oxidation to more positive
at the electrolytélipid interface in the case of values for the different films is remarkably clear.
DLPC and lecithin monolayers respectively. The  As demonstrated earlidd], the relatively large
curves 4 and §Fig. 7b) are obtained with ‘thick’ molecule of the ascorbic acid does not penetrate
(100 A) films of DLPC and pure lecithin, respec- the hydrophobic core of the film even at monolayer
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stage. Due to the film oleophilic barrier, the elec-
tron transfer is highly restricted and the reaction
is kinetically limited, hence giving a shift in the
potentials.

For the aim of our survey, more interesting is
the fact that the thick films from unsaturated lipid
DLPC (curve 4, Fig. 7B, from pure lecithin(curve
5, Fig. 7b and from lecithin/cholesterol mixture
(curve 6, Fig. 7b show almost identical electron
blocking properties.

4, Discussion

Thus far a lot of investigations has been done
on the cholesterol—phospholipid relations in natu-
ral and model membranes. Different techniques for
the assessment of the cholesterol localization in
the bilayer, including X-ray and neutron diffraction
[18,19, NMR studies[20], impedimetric analysis
[21], differential scanning calorimetry and fluores-
cence[22], has been employed. Although there is
no complete consonance in details, it is clear that
the cholesterol positioning is determined in a great
extent by the specific hydrophilic lipophilic bal-

M. Karabaliev, V. Kochev / Biophysical Chemistry 103 (2003) 157-167

similar to those reported in Ref26]. In addition,
Fig. 5 shows comparable dispersion between the
cholesterol enriched films and the films from
unsaturated phospholipitDLPC) suggesting the
involvement of acyl chain configurations in the
mechanism of film relaxation. An assumption can
be made in this direction that a decrease in the
degree of freedom of intramolecular movements
in the hydrophobic part of the film results in a
dielectric loss decrease, hence giving lower dis-
persion. Respectively, the CPE parameterl can
serve as a quantitative measure of the increased
‘rigidity’ of the film structure.

The relatively higher fluidity of the solid sup-
ported liquid films of lipids have been pointed out
as one of their attributes providing an important
difference compared to other techniques of lipid
deposition such as chemisorbed molecular films or
Langmuir—Blodgett(LB) layers[2]. The inability
of cholesterol modified films to undergo the tran-
sition to monolayer stage under electrostriction
(Fig. 6b) should be ascribed to a decreased lateral
mobility and lowered potency for molecular rear-
rangements. Thus, the normal drainage is ham-

ance as well as by steric effects associated with pered preventing the further film thinning. This is

the rigid sterol moiety. Currently, the most com-

not so strange and experimental evidences con-

monly accepted model represents the cholesterolcerning the drastic effect of the cholesterol on the
molecules embedded between the phospholipid order parameters of the lipid hydrocarbon chains

acyl chains with the hydroxyl groups penetrating
more or less deeply into the hydrophilic zone of
the bilayer.

In spite of the difference in the structures of
glassy carbon supported films and bilayer mem-

disturbing their interactions and fluidity can be
found in Refs.[20,22,23,27-2P

Based on the presented impedance and electros-
triction data, a general scheme for the solid sup-
ported films modified with cholesterol could be

branes the observed features of the cholesterolassumed. Itis in compliance with the main features

modified films are in a good agreement with the
above scheme. As revealed by the impedimetric
analysis, cholesterol-modified films  show

of the aforementioned conventional model and
takes into account the structure of the ‘thick’ films
as earlier proposed2]. Characteristic for such

decreased dispersion which can be connected withfilms is the presence of a homogeneous ‘bulk’

an enhanced ‘elasticity’ of the molecular interac-
tions involving the acyl chains. This is in accor-

dance with earlier observations of decreased
number of gauche configurations in DPIPZD,23.

Furthermore, based on a model composed of cir-

cuits of frequency-independent elemefist,24,
Karolis et al.[26] have shown a decreased capac-
itance dispersion in cholesterol containing planar
bilayer lipid membranes proposing a respective
structural scheme. Our resul{§ig. 4) are very

phase between the adsorbed monolayEig. 83).
Under electrostriction, this phase is gradually com-
pressed and eventually structured to the stage
shown in Fig. 8b.

Essential for the schemeepresented in Fig.)8
is the location of the rigid sterol rings integrated
into the phospholipid acyl chains region. Certainly,
such location results in a strengthening of the film
structure with increased molecular constraints. On
the other hand, it is impossible with the present
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Fig. 8. Schematic presentation of a possible molecular structure of a ‘thick’ GCE supported lipid film modified with cholesterol;
(a) before electrostriction(b) under external potential of 1.5 V. The shape and size of the molecules are not strictly indicated. The
molecules of the solvent are not shown.

experimental technique to determine the exact zation of cholesterol into lipid bilayers recently
cholesterollipid molar ratio in the monolayer at determined by Huang et al30]. It should be
the electrolytélipid interface. Nevertheless, in our  stressed, however, that higher cholesterol contents
opinion, this scheme could serve as a general viewin the ‘thick’ (100—-200 ‘A films are possible
of the molecular arrangement of the cholesterol because of their specific structure comprising
enriched lipid films formed onto the GCE surface. homogeneous phase of ‘bulk’ lipid solution except

Interestingly, the results from LSV suggest that the monolayer at the electrolytipid interface. In
the change in the structure and packing order this regard it sounds plausible the excess of cho-
caused by the cholesterol does not alter too much lesterol from the monolayer region to be extruded
the direct electron transfer through the hydrophobic into the ‘bulk’ phase in the vicinity of the GCE
part of the film. It is manifested by equally surface. Actually, this can explain the observed
enhanced electron blocking properties for the films cholesterol remains onto the GCE after electros-
obtained from different forming solutions but with triction treatments.

similar equilibrium thicknesseicurves 4, 5, 6 Fig. For the purposes of sensor construction the
7b). Thus, it seems reasonable that the electrical modification of solid supported liquid films of
conductance of the filnfrespectivelyr,,, ascribed lipids with cholesterol is favorable because of

on the base of an CPE impedance modglonly several reasons. First of all, the consolidation of
connected with the overall processes of energy the molecular structure of the film increases the
dissipation but not with an ionic current within the stability of the sensitive interface. Second, the
film. On the contrary, the heterogeneous electron incorporated cholesterol could serve as ‘receptor’
transfer revealed by the LSV data turns out to be via specific interactions with some membrane
almost independent of the film structure. This item active substances like saponi@l. Thus, a selec-
obviously needs further efforts for the elucidation tive molecular recognition is transformed into
of the exact mechanisms of the charge transport changes of macroscopic parameters of the film
through the film. which can be readily monitored. Third, the
As far as the pure cholesterol is not able to decreased dispersion in the presence of cholesterol
generate stable bilayer structures, the question ofhelps to avoid some uncertainties connected with
its highest amounts present in the membranes isthe evaluation of the film thickness.
also challenging. The discussed solid supported At the end of the discussion, we have to say
films are enriched to a relatively high molar ratio that the presented results of course, are with no
(=65%) of cholesterollipid. This value is lower  pretension to exhaust the question of cholesferol
but very close to the upper limit of the solubili- lipid relations in solid supported films prepared by
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the technique of thinning of wetting lipid layers.
Further investigations(most probably engaging
other experimental metholsre obviously neces-
sary to clarify in more detail the exact molecular
structure and interactions within the cholesterol
modified films.

5. Conclusions

The cholesterol modification of solid supported
liquid films of lipids results in readable changes
of their electrochemical characteristics associated
with effects similar to those reported for various
biological and artificial lipid membrane structures.
The data from impedance and voltammetric studies
are consistent with the contemporary schemes for
the incorporation and mode of action of cholesterol
into the lipid bilayer. On the other hand, the films

[6] M. Shinitzky, Membrane fluidity and cellular functions,

[7

(8]

(9]

(10]

(11

under consideration here possess some advantaged12]

such as durability, easy managing, low cost and
simple technical appliance in comparison with
other membrane analogs. Particularly, interesting
seems the possibility to enrich the films to rela-
tively high cholestergllipid molar ratio, which is

a difficult task with other bilayer lipid systems.
Thus it becomes clear that these films are relevant
model system, which can be successfully used in
the exploration of different cholesteydibid rela-
tions. This could promote the research of choles-
terol interactions with membrane active substances,
as well as, of the cholesterol dynamics within the
lipid phase.
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