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Two physiologically important methods of modification of the properties of the lipid 
bilayer of biological membranes are now known: the action of phospholipases and induction 
of lipid peroxidation (LPO) [I, 2]. In many pathological states (for example, in ischemic, 
hypoxic, and stress-induced damage) the structural and functional organization of membrane 
formations is disturbed by activation of both these processes [9, 13]. 

It was shown previously that peroxidation products of phospholipids (PL) may be the 
substrate for endogenous phospholipases in photoreceptor cell membranes [4]. Under real 
conditions ~n v~vo, a very small proportion of membrane PL, not more than 1-5% of their 
total content in the membrane, is involved in LPO, even when it is activated sharply due 
to the action of extremal factors or to the development of pathological processes [2]. 
However, the question how induction of LPO acts on hydrolysis of the rest of the unoxidized 
PL in the membranes is not yet clear. Data in the literature on the problem are quite con- 
tradictory [Ii, 14]. Hence the importance of a study of mechanisms of the mutual effect of 
LPO reactions and PL hydrolysis in biomembranes. 

The aim of this investigation was to study the kinetics of phospholipase A2-catalyzed 
PL hydrolysis in mitochondrial and microsomal membranes from rat liver after preliminary 
induction of LPO in them. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats weighing 150-170 go The microsomal 
fraction was isolated after preliminary perfusion of the liver with 1.15% KCI solution and 
homogenization in medium of the following composition: 1.15% KCI, 50 ~M EDTA, 1% bovine 
serum albumin (purified beforehand from free fatty acids with the aid of activated charcoal), 
pH 7.4, at 4~ by differential centrifugation (100,000g, 60 min). The residue of micro- 
somes thus obtained was resuspended in the same medium, but without albumin and was recen- 
trifuged under the same conditions. The microsomal fraction was kept in the form of a resi- 
due, covered by a layer of 1.15% KCI. Mitochondria were obtained by the standard procedure 
in 0.25 M sucrose (pH 7.4) and washed twice with the same medium. LPO was induced in sus- 
pensions of microsomes (3.0 mg/ml) and mitochondria (5.0 mg/ml) by a system of Fe++ + ascor- 
bate (20 and 500 ~M respectively) in 50 mM Tris-HCl buffer, pH 7.4, at 37~ The reaction 
was stopped by placing the suspension in ice, after which it was centrifuged at 144/000g 
for 60 min to remove LPO inducers. Activity of phospholipase A2 was recorded pH-metrically 
[I0], using the 0P-208 pH meter (Hungary) and "Servogor RE511" automatic writer (West Ger- 
many), the complete scale of which corresponded to 0.i pH unit in medium containing 5 mM 
Tris-HCl, 30 mM KCI, pH 7.8, at 30~ with the addition of 5 mM CaCI=. Oleic acid (C:B:I) 
was used for calibration. Changes in pH during recording of phospholipase activity did not 
exceed 0.07 pH unit. The content of LPO products was recorded by the reaction with 2-thio- 
barbituric acid by the method in [6], using a coefficient of molar extinction of e535 = 
1.56.105 M-: cm-:. Lipids were extracted from the membranes with a mixture of chloroform 
and methanol (2:1 by volume). The UV-spectra of solutions of lipids in cyclohexane were 
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Fig. i. Changes in pH of microsomal suspension during PL hydroly- 
sis catalyzed by phospholipase A2 from pig pancreas, i) Control, 
2) membranes + Fed'+ + ascorbate (20 min)~ Composition of reaction 
mixture: 5 mM Tris-HCl, 30 mM KCI, 5 mM CaCI=, 0.6 mg microsomal 
protein/ml, pH 7.8, at 30~ 0.14 ug phospholipase A2 (0.083 unit/ 
ml); total volume 5.8 ml. One arrow -- phospholipase A2; two arrows -- 
unoxidized microsomal membranes. 

Fig. 2. Effectiveness of inhibition of PL hydrolysis in micro- 
somal membranes as a function of intensity of LPO. A: Abscissa, in- 
cubation time in presence of LPO inducers (in min); ordinate, velo- 
city of PL hydrolysis (in ~g fatty acid/min); B: abscissa, MDA con- 
centration (in nanomoles/mg protein); ordinate, effectiveness of 
inhibition of PL hydrolysis (in %). 
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Fig. 3. Velocity of PL hydrolysis in micro- 
somal membranes as a function of Ca ++ concen- 
tration in incubation medium. A b s c i s s a ,  Ca +t- 
concentration (in mM); ordinate, velocity of 
PL h y d r o l y s i s ,  ( in  pg f a t t y  a c i d / m i n ) .  

recorded on a "Specord VSU-2P" spectrophotometer (East Germany). Protein was determined by 
Lowry's method. 

The phospholipase A2 was obtained from pig pancreas (from Boehringer, West Germany) 
and from bee venom (from Serva, West Germany), Tris was from Boehringer, 2-thiobarbituric 
acid was from Merck, West Germany, and EDTA and oleic acid were from Sigma, USA; the re- 
maining reagents were of the chemically pure grade. 

EXPERIMENTAL RESULT 

Kinetic curves of changes in pH of the incubation medium of the microsomal suspension 
in the presence of phospholipase A2, catalyzing hydrolysis of PL, with the formation of free 
fatty acids, are shown in Fig. i. Under these experimental conditinns the initial velocity 
of PL hydrolysis in microsomal membranes in the control was 58 pg fatty acid/min. Prelimi- 
nary induction of LPO in the microsomes by means of a system of Fe ++ + ascorbate led to inhi- 
bition of phospholipase A2-catalyzed PL hydrolysis. After induction of LPO for 20 min the 
initial velocity of PL hydrolysis in a microsomal suspension with the same protein concen- 
tration as in the control sample was 7.5 pg fatty acid/min. The effect of inhibition of PL 
hydrolysis was invensified with an increase in the duration of preincubation of the micro- 
somal membranes in the presence of LPO inducers (Fig. 2A); the degree of inhibition, more- 
over, was a linear function of accumulation of malonyl dialdehyde (MDA), one of the products 
of LPO (Fig. 2). After incubation of the microsomal suspension for 30 min in the presence 
of LPO inducers, leading to accumulation of 48 nanomoles MDA per milligram protein, no phos- 
pholipase A2 activity could be recorded, i~e., the inhibitory effect reached 100%. 

188 



TABLE i. Effect of LP0 on Velocity of PL 
Hydrolysis in Microsomal and Mitochondrial 
Membranes in Presence of Phospholipase A2 
from Pig Pancreas (A) and Bee Venom (B) 

Object  

Microsomes 

Mitochondria 

Experi- 
menta l  
conditions 

Control 
LPO 
Control 
LPO 

Phospholipase MDA con- 
A 2 act ivi ty 

centrat ion 
B 

58,3 38,8 
7,5 6,7 

54,0 38,0 
24,2 18,8 

0,4 
44,2 
0,7 

20,4 

Legend. LPO was induced for 20 min. Phos- 
pholipase activity expressed in ~g fatty 
acid/min, MDA concentration in nanomoles/mg 
protein. 

A similar inhibitory effect of LPO on phospholipase A=-catalyzed PL hydrolysis also 
was found on mitochondrial membranes. In this case also, accumulation of LPO products led 
to a decrease in the velocity of free fatty acid formation during incubation of the membranes 
with phospholipase A= (Table i). The inhibitory effect discovered was likewise independent 
of the source of phospholipase, for it was found whether the phospholipase A2 used was from 
pig pancreas or from bee venom (Table i). 

The question arises, what is the mechanism of the inhibitory action of LPO products on 
phospholipase A2-catalyzed PL hydrolysis? It can be asserted that the inhibitory effect is 
not based on the direct action of LPO products on the enzyme. This conclusion can be drawn 
from two facts: first, addition of "unoxidized" membranes to a suspension in which the velo- 
city of hydrolysis was reduced by 60% as a result of preinduction of LPO led to an increase 
in the velocity of PL hydrolysis in the membrane (Fig. 2) and, second, the character of de- 
pendence of phospholipase A= activity on the Ca ++ ion concentration in the incubation medium 
was unchanged for membranes subjected to LPO (Fig. 3). 

Exhaustion of substrate for the phospholipase reaction as a result of LPO can hardly 
be the cause of inhibition of PL hydrolysis by phospholipase A=. Recording UV absorption 
spectra of solutions of lipids extracted from control and LPO-treated membranes showed that 
the content of unconjugated dienes (with maximum of absorption at 210 nm), even after in- 
duction of LPO for 30 min, when the velocity of PL hydrolysis was reduced virtually to zero, 
was reduced by not more than 30%. When the possible causes of inhibition of phospholipase 
A2-catalyzed PL hydrolysis after induction of LPO are examined, the following circumstances 
must be taken into account: l) LPO substrates are the most unsaturated fatty-acid residues 
of PL [12]; 2) hydroperoxides and other LPO products form "peroxide clusters" in the mem- 
brane [3, 5]; 3) the phase of unoxidized lipids in the membrane is enriched as a result of 
LPO with more saturated PL; 4) the velocity of the phospholipase reaction depends on the 
degree of unsaturation and orderly arrangement of PL in the membrane [8]. Hence it can be 
postulated that the possible causes of the reduction in the velocity of PL hydrolysis in the 
membrane after LPO induction are a decrease in the content of polyunsaturated and unoxidized 
PL in the membrane, and a redistribution of PL in the membrane (as a result of lateral sep- 
aration of oxidized and unoxidized phases) which leads to an increase in orderliness and a 
decrease in accessibility of PL for phospholipase attack. Incidentally, an increasein or- 
derliness of PL in the membrane as a result of LPO was noted previously by the use of fluor- 
escent and spin probes [5, 7, 13]. 

It may be concluded by stating that independently of the concrete cause of inhibition of 
the phospholipase reaction after LPO, this effect itself may have far-reaching consequences, 
for phospholipase A2-catalyzed PL hydrolysis is the initial stage of a cascade of reactions 
that leads ultimately to synthesis of prostaglandins and leukotrienes, the most important 
intracellular regulators. 
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Phospholipids (PL) have the property of extracting cholesterol (CH) from biological 
membranes [2, 3]. The writers have shown that CH-accepting properties ~n u~tro are most 
marked in positively charged micelles of polyunsaturated phosphatidylcholines (PCH). 

This paper describes the results of a study of the possibility of extracting CH from 
biological membranes ~n u~uo in rabbits with experimental atherosclerosis by intravenous 
injection of positively charged soy PCH micelles. 

EXPERIMENTAL METHOD 

Experimental atherosclerosis was induced in male rabbits weighing 2.5-4 kg by feeding 
with CH for 3 months [4]. Half of the animals (experimental group), 2 weeks after stopping 
the high cholesterol diet, were given PCH intravenously at the rate of 3 or 4 injections 
per week for 5 weeks. The total dose of PCH given to one animal was i0 g. Animals of the 
second (control) group were kept under conditions of spontaneous regression of their athero- 
sclerotic lesions. Total CH, PL, triglycerides, and CH and PL of high density lipoproteins 
(HDL) in the blood serum were determined on an "SMA-12/60 Technicon" automatic analyzer [4]. 
The methods of isolating ghost erythrocytes, extracting lipids, and determining CH and PL 
in lipid extracts were described previously [3]. The fatty acid composition of HDL phospho- 
lipids was studied on a "Tsvet-106" gas-liquid chromatograph in the Silar 10-ts phase, column 
temperature 196~ vaporizer temperature 200~ detector temperature 200~ Carrier gas 
nitrogen, flow rate 40 ml/min. Erythrocyte ATPase activity Was determined by the method in 
[6]. The microviscosity of HDL and the erythrocyte ghosts was investigated by determining 
the ratio between fluorescence of pyrene excimers and monomers F~7o/F39~ [2]. The intensity 
of fluorescence was measured on a Hitachi-2MPF spectrofluorometer. Platelet aggregation 
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