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A wide scale of various methods is being employed in modern studies of physical 
properties of biological and model bilayer lipid membranes. Two different groups 
of methods can be distinguished: those approaching macroscopic membrane 
parameters, such as viscoelastic properties and surface tension (Passechnik and 
Hianik 1977 ; Wobschall 1971), and those disclosing microscopic parameters, such 
as spin or fluorescent labels (Schreirer et al. 1978; Vladimírov and Dobretsov 
1980). A knowledge on the exactness of correlations between various parameters 
and other properties is required to get an overall idea on the membrane structure 
and molecular movements within it. 

This has stimulated our experiments and a comparative analysis of results 
obtained in a study of viscoelastic properties of bilayer lipid membranes (BLM) 
(the macroscopic parameter) with those obtained in a study of lipid vesicles using 
the method of ESR and a spin label (the microscopic parameter). The viscoelastic 
properties of BLMs were measured in direction perpendicular to the membrane 
surface, as characterized by both the Young modulus E± and the dynamic viscosity 
coefficient r\. Essentially, the above parameters reflect the compressibility of the 
membrane hydrophobic region. BLMs were prepared according to the method of 
Mueller et al. (1962) on a circular hole ( d ~ 0 . 5 mm) in the hydrophobic wall of 
a teflon cup. The electrolyte used was 0.1 mol/1 NaCl. Alternating electrical 
voltage U = U0 in 2JT/Í, with an amplitude U 0 = 1 4 0 m V and a frequency / = 
1000Hz, was applied to the membrane. The parameters E± and r\ respectively, were 
estimated according to the methods of Passechnik and Hianik (1977) and Hianik et 
al. (1984). Spin probe ESR spectra were recorded with a Varian E-4 spectrometer 
(USA) with following settings: microwave power 10 mW, modulation amplitude 
0.1 mT, scan rate 2.5 mT/min. A hydrophobic spin label I (12,3) (Syva, USA) was 
used (for the structural formula, see Fig. 2a). The label (2 x 10"4 mol/1) was added 
to egg lecithin vesicles (Kharkov Plant of Chemical Preparations, USSR) contain­
ing various concentrations of cholesterol. Vesicles were prepared according to the 
method of Vladimírov and Dobretsov (1980) in a concentration of 3 mg/ml in 
0.1 mol/1 NaCl+ 10"3 mol/1 EDTA. All experiments were performed at 20 °C. 
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Fig. 1. Relationship between cholesterol concentration and EL (1), n (2), for BLM, and T m „ (3) and 
/ (4) for egg lecithin vesicles, respectively (for explanation, see the text and Fig. 2). 

Fig. 1 shows the relationship between cholesterol content in egg lecithin BLM 
in n-heptane (20 mg/ml) and E x (curve 1) and Í) (curve 2). Both curves show 
a maximum in the cholesterol concentration range of 20 mol %. In a previous work 
(Hianik et al. 1984) this result was explained as due to clustering in lecithin + 
cholesterol bilayers. In the concentration range of cholesterol up to the maximum 
of curve 1 we have two types of clusters:lecithin alone (L) with elasticity modulus 
E L , and lecithin + cholesterol (LC) with elasticity modulus EL C. The concentration 
of LC clusters gradually increases and reaches saturation at the maximum of 
curve 1. The increasing of the resulting elastic modulus of the whole membrane E± 

is connected with different value of E L and EL C ( E L C > E L ) , because as was shown 
by Passechnik and Hianik (1979) the elastic modulus E± can be defined as follows: 

l/Ex = sJEL + sLC/ELC, 

when 5L and sLC are relative areas of the clusters of pure lecithin and Iecihin + 
cholesterol mixture, respectively. Analogously we can define viscosity coefficient r/ 
which is connected with E± as follows: 

E± . sin cp 

where cp is the phase shift (see Hianik et al. 1984). At further increasing of 
cholesterol concentation the membrane is composed of LC clusters and pure 
Cholesterol (C) clusters with elasticity modulus Ec- In this case, E C < E L C and 
analogously as in the above mentioned expression the elasticity modulus of the 
whole membrane decreased when cholesterol concentration increased ( c > 
20 mol % ) . The maximum values of E± and r? depending on the membrane 
cholesterol content are another proof of the fact that the interaction forces between 
molecules in an egg lecithin-(-cholesterol mixture are greater than in the phases 
considered independently (see Ivkov and Berestovsky 1981). The results obtained 
are in accordance with the paper by Pink et al. (1981), in which the phase 
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Fig. 2. a) Structural formula of the spin label I (12,3); ESR spectra of spin labeled egg lecithin vesicles 
with various cholesterol contents; b) pure lecithin; c) cholesterol 20 mol % ; d) cholesterol 30 mol %. 

distribution with maximal values at 20 mol % cholesterol in DPPC (L — fi, y 
— dipalmitoyl — a phosphatidylcholine) vesicles was determined theoretically on 
the basis of Raman spectra measurements. 

Identical experiments were run using spin labeled egg lecithin vesicles with 
various cholesterol contents. Fig. 2 shows spectra of / (12,3) for cholesterol-free 
vesicles (b), vesicles containing 20 mol % (c) or 33 mol % ((t) cholesterol. Both 
the spectrum shape and parameters became changed with the changing cholesterol 
concentration. Fig. 1 shows the relationship between both Tmax (curve 3) and 
intensity I (curve 4) of one of the spectrum components (see Fig. 2b), and the 
cholesterol concentration. Obviously, Tmax slowly increases as the cholesterol 
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concentration increases, and gradually reaches saturation. Increasing of Tmax with 
cholesterol concentration is due to increased average ordering of the whole 
membrane, predominantly in the region of the polar head groups of lipids 
(Schreirer et al. 1973; Smith and Butler 1976; Chapman 1983). This is just the 
region of the localization of N-oxyl group of / (12,3) spin label (see Fig. 2a). On 
the other hand, the parameter I does not change monotonously. A minimum is 
observed in the cholesterol concentration range of 20 mol % (curve 4). This 
change in the spectrum intensity is probably associated with a distribution of the 
spin label between L and LC, or LC and C type clusters, which are characterized by 
different homogeneity of the structure. The region of 20 mol % cholesterol content 
corresponds to the maximal inhomogeneity of the membrane. The increase of the 
parameter / for c > 20 mol % cholesterol probably shows that the spin label is 
localized predominantly in cholesterol clusters, in the region of a higher 
homogeneity as compared to the situation at c = 20 mol %. Thus, the parameter I 
can be compared with EL and t], which characterize the inner region of the lipid 
bilayer. The latter region is less ordered than that of the polar head groups 
(Chapman 1983). Due to different size of the hydrocarbon chains of lecithin and 
cholesterol molecules this region more expressively characterizes the inhomogenei­
ty of the membrane. 

In addition, the distribution mentioned could due to different phase states of 
the system which is characterized by different temperatures of the phase transition 
(see Lee 1983). 

A different distribution of the spin label in a cholesterol containing bilayer was 
observed earlier (see Smith and Butler 1976). With increasing cholesterol concent­
ration a decreased spin label distribution was observed in bilayers from egg lecithin 
and dioleoyl lecithin, and an increased distribution in dipalmitoyl lecithin bilayers. 
Our results have shown that different distributions of spin label are possible in one 
standard egg lecithin bilayer system at different cholesterol contents. 

The present results can thus be summarized as suggesting the existence of 
a correlation between viscoelastic and ESR parameters of the BLM. This has been 
suggested by the observation of clusterization occurring in the system of egg 
lecithin and cholesterol and by the fact that the distribution of the spin label in the 
membrane depends on the physical state of the membrane which can be charac­
terized by elastic modulus and viscosity coefficient. 
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