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By m eans of a set of fatty acid and fatty acid ester spinlabels we found that spontaneous 
peroxidation  of lecithin multilayers increases the rigidity of all regions of the lipid bilayer. However 
the partition  coefficient of T E M PO  increased with peroxidation indicating a greater affinity of
T E M P O  to the modified bilayer.
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I. Introduction

N atural phospholipids contain unsaturated double 
bonds and therefore are vulnerable by peroxidation. 
Lipid peroxidation is very important in physiology, 
pathology and food technology [1]. From  the bio­
physical point of view it is interesting to know how  
lipid peroxidation influences the membrane structure. 
C ontradictory results on this issue have been pub­
lished. It has been reported that lipid peroxidation  
decreases [2 -4 ]  as well as increases [5, 6] the degree of 
order o f natural and artificial membranes.

It seem s that one reason for this discrepancy of 
experim ental findings is the com plex structure of nat­
ural mem branes. The agents em ployed to induce per­
oxidation  m ay also affect membrane proteins which in 
turn can influence the organization of mem brane lip­
ids. M oreover these agents and their products may 
also disturb the m em brane structure by themselves.

The present study was devoted to the character­
ization o f the effect o f peroxidation on a simple, well 
defined lipid system. M ultilayers of egg lecithin were 
subjected to spontaneous peroxidation in air.

II. Experimental

Egg lecithin was purified from fresh hen eggs ac­
cording to the m ethod of Singleton [7], Lecithin m ulti­
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spinlabel-technique.

layers were prepared by depositing a lecithin film on 
the walls of a flask from a chloroform  m ethanol so lu ­
tion (3 :1 volum e ratio) and shaking the film with 
10 mM  sodium -phosphate buffer (pH 7.4). The con ­
centration o f lecithin was 30 m g/m l buffer.

Spinlabels: (Fig. 1). 5-doxylstearic acid (I), 
12-doxylstearic acid (III), 16-doxylstearic acid (V) and 
2,2,6,6-tetram ethylpiperidine-l-oxyl (T E M PO , VI) 
were purchased from Sigma. Ethyl-5-doxylpalm itate
(II) and m ethyl-12-doxylstearate (IV) were synthesized  
by G w ozdzinsky [8], Chair of Biophysics o f the U n i­
versity of Lodz.

The spinlabels I - V  were used at a final concentra­
tion of 1 ■ 1 0“ 4 M and T E M P O  at a final concentra­
tion of 5 - 1 0 ” 4 M.

From  the spectrum of spinlabel I (Fig. 2) an order 
parameter was derived using the formula

S =  (T] - T 1) (aN)/ (Tz;:- T xx)(a'N). (1 )

Here 7  and T± are hyperfine splitting elem ents paral­
lel and perpendicular to z ’, the sym m etry axis of the 
effective H am iltonian (//'), and Txx and Tz: are the 
hyperfine splitting elem ents o f the static interaction  
tensor (T ) parallel to the static H am iltonian (H ) 
principal nuclear hyperfine axes x  and z. The x-axis is 
parallel to the N -O  bond direction, and the z-axis 
is parallel to the nitrogen 2 p  orbital. <aN — 1/3 
(71, +  2 Txx) and a'N — 1/3 (Tj| -I- 2 T±); according to [9] 
the values Txx =  6.1 G and Tz: =  32.4 G  were used.

From the spectra of spinlabels I I - V  a “m otion  pa­
rameter” i. e. the ratio o f middle peak height to the low  
field peak height (h0/h + l ) and the outer half-width at 
half-height of the high field extrem um  were deter­
mined [10].
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Fig. 1. Spinlabels used in this study.

Fig. 2. ESR-spectra of spinlabels I - V I  in lecithin m ulti­
layers.

From the spectrum of T EM PO  the partition coeffi­
cient between the lipid and the water phases 
/  =  H /H  +  P was obtained [11].

The lecithin multilayers were subjected to sponta­
neous peroxidation in air in a closed container satu­
rated with water vapor in order to keep a constant 
concentration of lipid in the buffer at room  tem pera­
ture up to seven days.

Lipid peroxidation was determined by the spectro- 
photom etric m ethod [12].

III. Results and Discussion

A pplication of a set of spinlabels of similar structure 
(doxylgroup located at different positions along the 
fatty acid chain, Fig. 1) allowed to probe the fluidity in 
different regions of the lecithin bilayers.

The spectrum of spinlabel I show s the rigidity of the 
fatty acid chain close to the bilayer surface (Figure 2). 
From this spectrum the order parameter could be 
derived. In the spectra of the spinlabels I I - V  the outer 
hyperfine extrema were not resolved. The m otional 
behaviour of these spinlabels was characterized by 
determ ining the h0/h + l peak height ratio and the 
outer half-width at the halfheight o f the high field 
extremum.

All these parameters decrease with increasing tem ­
perature (Fig. 3), which confirms their usefullness for 
estim ation of the bilayer fluidity. Figure 4 show s the 
temperature dependence of the partition coefficient of 
T E M P O , which increases with increasing tem pera­
ture.

In agreement with literature [13] we observed that 
the m otional freedom of fatty acid esters is much  
higher than that o f the corresponding fatty acids 
(Fig. 2, Table 2).

Exposure of lecithin multilayers to air at room tem ­
perature induced progressive peroxidation o f the 
polyunsaturated fatty acid residues as dem onstrated  
by increasing values o f the absorption ratio measured  
spectrophotom etrically at two w avelengths of 233 and  
215 nm (Table 1).

Table 1. A 235: A 215 values, mean ±  S.D., n =  5.

Time (days) 0 2 7

^  2 3 5 ' ^ 2 1 5 0.19 ±  0.01 0.36 ±  0.03 0.75 ±  0.05
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Table 2. Effect of peroxidation on the spectral param eters of various spinlabels in lecithin m ulti­
layers m easured a t 30 C (n = 5, m ean values ±  S.D.).

Spinlabel Param eter Time of Peroxidation

0 2 7 Days

I S 0.459 +  0.010 0.469 +  0.004 0.485 +  0.009
II 1.515 +  0.008 1.525 +  0.010 1.627 +  0.002
III h0/ h +l 1.383 +  0.004 1.459 +  0.006 1.520 +  0.010
IV h0/ h+i 1.199 +  0.001 1.235 +  0.002 1.244 +  0.003
V h0/h + l 1.038 +  0.002 1.038 +  0.001 1.048 +  0.010
II Wx 2 (G) 6.9 +  0.1 7 .6 +  0.1 8.4 +  0.2
III H'i 2 (G) 4.7 +  0.2 5.2 +  0.3 5.8 +  0.6
IV ^1,2  (G) 2.5 +  0.1 3.1 + 0 .1 3 .4 +  0.1
V ^1.2 (G) 1.7 +  0.1 1.7 +  0.1 1.8 +  0.1
T E M P O / 0.758 +  0.001 0.782 +  0.0035 0.808 +  0.005

T able 3. Slopes of Arrhenius plots (Fig. 3) for spectra p a ram ­
eters of spin labels in fresh and peroxidized lecithin m ulti­
layers.

Spinlabel Param eter Slope [K] * 10- 3

Tim e of Peroxidation

0 7 Days

I
II
III
IV
V
T E M P O

S
V ^  + i 
h0/h + l 
h0/h + l 
K l h + i 
f

1.547 
1.285 
2.007 
1.107 
0.351 

-  0.627

0.977
1.156
1.156 
1.040 
0.187

-  0.593

N o  detectable hydrolysis took place during the in­
cubation period em ployed, as checked by thin layer 
chrom atography [14].

We observed an increase of the m otion parameter 
ratio h0/h + 1 and the halfwidth of the outer extrem um  
with increasing peroxidation, as show n in Table 2. 
The changes in lipid fluidity upon peroxidation de­
pended on the depth within the bilayer at which they 
were measured, maxim al rigidification being noted in 
the m iddle o f the constituent m onolayers (spinlabels
III, IV: depth about 12 carbon atoms). These results 
are in agreem ent with those of Bruch and Thayer [15] 
derived from a spinlabel study o f soybean lipid lipo­
som es subjected to iron-ascorbate induced peroxi­
dation, and are in contrast with those of D obretsov  
et al. [16], w ho reported a hom ogeneous transversal 
decrease in fluidity in peroxidized biological and m od­
el m em branes using fluorescent labels.

H ow ever the partition coefficient of T E M P O  in­
creased rather than decreased with peroxidation. This 
result is unexpected, because higher values of the par­
tition coefficient o f T EM PO  are believed to reflect 
higher bilayer fluidity [10],

Fig. 3. Tem perature dependence of the ra tio  h0/h + l of spin­
labels I I - V  in lecithin m ultilayers p lotted in Arrhenius coor­
dinates.

1/T [Kl -103

Fig. 4. T em perature dependence of the partition  coefficient 
of T E M PO .
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Apparently this m olecule may have higher affinity 
for a lipid bilayer m odified by peroxidation although  
the reason for this effect remains unclear.

In Table 3 the slopes of Arrhenius plots of param e­
ters derived from spin label spectra for 0 and 7 days 
are listed. These slopes decrease after peroxidation of  
the multilayers, indicating that the fluidity is less tem ­
perature dependent after peroxidation.

In summary, we conclude that peroxidation in­
creases the rigidity of all regions of lecithin bilayers, 
with preference of the middle of the chains.
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