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Abstract. The effects of lipid peroxidation (LPO) on the physical state (fluidity) 
of the rat brain synaptosomal lipid bilayer matrix and the annular lipid domains 
were investigated using the fluorescent probe pyrene. The parameters of pyrene 
fluorescence intensity a = /, /M were measured at excitation wavelengths 
280 nm and 340 nm (a2s0 and aM0). reflecting fluidity of lipid bilayer matrix and 
annular lipids, respectively. LPO induction was shown to result in changes of 
fluidity of both the bilayer and annular lipids. Upon reducing formation of LPO 
products by carnosine, fluidity changes of both the lipid bilayer matrix and 
annular lipids were diminished. Conformational changes of the annular lipid 
domain by LPO may therefore be considered as a possible cause of the functio­
nal changes in the receptor mediated responses and of the inactivation of 
membrane-bound enzymes by oxidative stress. 
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Introduction 

Under normal physiological conditions characterized by a balance between 
oxidants and antioxidants, the level of lipid peroxidation (LPO) is usually very 
low. However, LPO may be increased in a variety of pathological situations 
such as aging, hypoxia, ischemia, inflammation, drug toxicity, etc.. in which 
oxygen free radicals are well known to increase (Sies 1985; Yagi 1982). High 
LPO levels may occur also in brain pathology, e.g. epilepsy, Parkinson's disease 
or schizophrenia (Clausen 1984; Prilipko et al. 1987). 

One of the main consequences of LPO processes in nerve cells may be 
changes of physico-chemical properties of the membrane lipid bilayer and thus 
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Fig. 1. The emission fluorescence spectrum of the pyrene fluorescent probe incorporated in the rat 
brain synaptosomal membrane. Excitation at 280 nm and 340 nm. temperature 25 °C. /M = fluore­
scence intensity of pyrene molecule monomer, /E = fluorescence intensity of pyrene molecule 
eximer. 

altered membrane lipid-protein interactions. Therefore, LPO may affect the 
functional properties of membrane-bound receptors and enzymes (Raber et al. 
1989; Yukawa et al. 1983). 

LPO-induced changes of physico-chemical properties of the membrane 
lipid matrix as a whole are well-known fact. However, the pivotal role in the 
membrane lipid-protein interaction play the annular lipids. Their physical state 
in biomembranes, e.g. neuronal membranes, may be different from that of the 
lipid bilayer as a whole under normal conditions (Dergunov et al. 1982; 
Merevenskaya et al. 1986). 
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Fig. 2. The temperature dependence of the physical parameter a280 = /470//,75 (excitation at 280 nm); 
rat brain synaptosomal membrane. 1 (O) control sample; 2 (# ) after LPO activation by Fe: + 

(10/zmol/l) and hydrogen peroxide (1 mmol/l); 3 (A) after LPO activation in the presence of 
carnosine (20 mmol/l). 

Until recently, no evidence has been reported to show that the activation 
of LPO changes the physical properties of annular lipids in neuronal mem­
branes; this would explain the membrane lipid-protein interaction disturbance 
observed as the result of oxidative stress-induced receptor injury and enzyme 
inactivation. This prompted us to study the effect of LPO activation on the 
physical properties of annular lipids in the rat brain synaptosomal membranes. 
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Table 1. The level formation of TBA-active products in the ral brain synaptosomes during LPO 
induction in the absence and in the presence of carnosinc. 

c i n m o 1 M D A I D,~> f , i 

Sample LPO C ontrol 
mg protein 

Control 2.0 
Fe ľ (10/mrol l) + 
H ? a ( l m m o l l ) 2 3 6 

Fe : (K)//mol 1) + 
H.O.(l mmol 1)+ 17.8 8.9 
carnosinc (20 mmol I) 

Materials and Methods 

The synaptosomes were isolated from the gray matter of rat brain on a sucrose gradient according 
to Hajos (1975). Male Wistar rats (Vela/. Prague), aged 8 weeks, were used. The protein concentra­
tion was determined according to Bradford (1976). The suspension of isolated synaptosomes (final 
concentration 0.1 mg proteins per ml) was diluted by a medium of the following composition (in 
mmol 1): HEPES 20; NaCl 145; K.CI 5; N a H C O , 5; MgCL 1.3; glucose 10 (pH 7.4 at 37°C). LPO 
was activated by F c : ' (final concentration 10 //mol 1) and hydrogen peroxide (1 mmol I). In some 
samples LPO was inhibited by adding the water soluble antioxidant carnosinc (20 mmol I) prior lo 
LPO activation. The volume of any addition did not exceed 2 % of ihe total volume. All samples 
were incubated 30 min al 3 7 ° C Samples without LPO induction served as controls. 

The level of LPO was determined according to Ohkawa ct al (1979) by measuring ol'thiobar-
biluric acid (TBA) reactive compounds using a Shimadzu UV 2100 spectrophotometer (absorbance 
was measured at 532 nm). The obtained values were expressed as nmol malondialdehyde (MDA) 
per mg protein, using 1.2.3.3-tetraethoxypropane as a standard. 

The physical state of total and annular lipids was determined according to Dergunov et al. 
(1982) using pyrene (20 //mol 1) as the fluorescent probe. The ratio of fluorescence intensities /, lM 

(M = monomer. E = cximer of the probe) at the excitation wavelengths 280 nm and 340 nm 
respectively was determined as a parameter, reflecting the structural state of annular and total lipids. 

F'luorescence measurements were performed in a thcrmostated cuvette (temperature range 5 
— 40°C) using a Shimadzu RF 5000 spectrofluorophotometer with the excitation and emission 

bandpass of 5 nm. The temperature accuracy in all measurements was + I ° C 
Chemicals: pyrene. HEPES. sucrose, glucose. L-carnosine. Coomasie Blue-G were from Ser\a. 
F R G ; thiobarbituric acid. 1.1.3.3-tctraethoxypropane from Sigma. USA; all chemicals used were 
p.a. grade. 

Results and Discussion 

The physical state of the synaptosomal lipid bilayer as a whole and of the 
annular lipid domain was estimated using pyrene as a fluorescent probe which 
is spontaneously incorporated into the lipid region. Two forms of excited state 
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Fig. 3. The temperature dependence of the physical parameter a340 = /47(, /!75 (excitation wavelength 
340 nm); rat brain synaptosomal membrane. 1 (O) control sample; 2 ( • ) after LPO activation by 
Fe :+ (10 //mol/1) and hydrogen peroxide (I mmol/l); 3 (A) after LPO activation in the presence of 
carnosine (20 mmol/l). 

exist: a) monomer with a characteristic fluorescence emission spectrum of the 
multiplet state in the range of 340—400 nm; b) eximer, dimer of excited and 
nonexcited molecules with an emission maximum of 470 nm (Fig. 1). The eximer 
formation depends on the diffusion rate of pyrene molecules in the lipid bilayer, 
and thus it reflects the physical state (fluidity) of the membrane lipids. The 
parameter a = /E//M = hwlhis w a s estimated as the ratio of fluorescence inten­
sities of eximer at the emission wavelength 470 nm and that of monomer at 
375 nm. At the excitation wavelength Aex = 340 nm, all pyrene molecules located 
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Fig. 4. The temperature dependences of the ratio aMn alm 1 • control sample; 2 (O) after LPO 
activation (same as in Fig. 3). 

in the membrane lipid region can be observed. Hence. a340 reflects total lipid 
fluidity. On the other hand, excitation at Acx = 280 nm induces fluorescence of 
pyrene molecules located at distances not exceeding the Forster radius of 
nonradiant energy transfer from a protein aromatic aminoacid residue to 
pyrene. As can be seen from Fig. 1, this concerns a minor part of all pyrene 
molecules located close the membrane bound-proteins. Thus, changes of para­
meter or280 reflect changes of the physical state (fluidity) of the annular lipids. 

As can be seen from the temperature dependence of the parameters os80 and 
a340(Fig. 2 and 3), within the given temperature range, i.e. 5—40°C, the physical 
state of the lipid bilayer as a whole is different from that of the annular lipids. 
The activation of LPO (Table 1) in the synaptosomal membranes decreased the 
values of both parameters a2g0 and a340 within the entire temperature range 
tested. This decrease reflects the reduction of the lateral diffusion of pyrene 
molecules not only in the lipid bilayer matrix but also in the region of annular 
lipids. 
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To obtain convincing evidence that these changes in the physical state of 
total and annular lipids are due to LPO, the effect of LPO inhibition was 
studied. Considering that lipophilic antioxidants, such as a-tocopherol, retinol 
or butylhydroxytoluene, themselves affect the fluidity of membrane lipids, the 
water soluble compound carnosine was used as LPO inhibitor. At the conditions 
of our experiments, carnosine (20 mmol/l) inhibited LPO by approx. 25%. 
Simultaneously, changes of both parameters a2m and o,40 could be observed over 
the entire temperature range tested (Table 1, Figs. 2 and 3). 

The data obtained suggest that the activation of synaptosomal LPO causes 
changes of the physical state of both total and annular lipids. The question 
remains open which changes are more significant: these in the lipid bilayer 
matrix or those in the annular lipid domains. The ratio of parameters aU0/a2S0 

reflects the differences in changes of the physical state between total and annular 
lipids. The data shown in Fig. 4 indicate that LPO activation affects the physical 
state of annular lipids in a more significant manner than it does the lipid bilayer 
matrix. This fact could be interpreted in terms of ability of LPO products to 
form conjugated Schiff bases by crosslinking reaction between lipids and pro­
teins (Donato 1981). 

It may be concluded that the activation of LPO processes in the synap­
tosomal membranes affects the physical state of predominantly the annular 
lipids. This seems biologically important. The LPO-induced conformational 
changes of the annular lipid domain may be considered as a possible cause of 
the functional changes in the receptor mediated responses and of the inactiva­
tion of membrane-bound enzymes by oxidative stress. At the same time, since 
LPO activation may be blocked by antioxidants, the results obtained in the 
present work support the idea concerning the therapeutical effect of antiox­
idants in suppressing changes induced by oxidative stress (Šrám et al. 1988). 
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