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The role of platelets in atherogenesis and the connection between platelet function and 
the pattern of lipid metabolism and its changes in atherosclerosis are widely familiar [7, 
8, 12, 13]. What leads to changes in platelet function during atherogenesis? We know that 
the physiological activity of any cells, including platelets, largely depends on the physico- 
chemical properties of their membranes. A dynamic regulatory role in biological membranes, 
which consists in particular of the control of fluidity, is played by cholesterol (Ch). A 
decrease in fluidity arising with an increase in the fraction of Ch prevents normal function- 
ing of membrane-bound enzymes and disturbs some properties of the cells. It was shown previ- 
ously [3] that incubation of platelets with low- and very-low-density lipoproteins, taken 
from patients with ischemic heart disease, enhances their aggregation, whereas incubation 
with high-density lipoproteins has the opposite effect. Considering the donor and acceptor 
character of these lipoproteins relative to Ch, it can be postulated that changes in platelet 
function are determined primarily by the quantity of this steroid in their membrane. We 
know that in hypercholesterolemia there is an increase in the Ch content in membranes of 
erythrocytes [I], affecting their function. It can be tentatively suggested that similar 
phenomena also take place in platelets, and that this is one cause of their hyperreactivity. 

In the investigation described below changes in the physicochemical characteristics of 
platelet membranes and in the functional activity of the cells (ability to aggregate) were 
studied in rabbits with experimental atherosclerosis. 

EXPERIMENTAL METHOD 

Experiments were carried out on 35 Chinchilla rabbits. Experimental atherosclerosis 
was induced in 15 rabbits by feeding them daily for 3 months with 0.25 g Ch/kg body weight. 
The control group consisted of 20 rabbits. Blood was collected from the auricular vein into 
siliconized tubes containing 3.8% sodium citrate in the ratio of 9:1 by volume. Platelets 
were isolated by gel filtration from platelet-enriched plasma on Sepharose 2B. The content 
of Ch and phospholipids (PL) was determined after extraction of the lipids by Folch's method 
[6], by the methods of Abell and Vaskovsky [14]. The structure of the membranes was studied 
by the electron paramagnetic resonance (EPR) of spin probes method, using stearic acid de- 
rivatives with nitroxyl fragments in positions 5 (I) and 16 (II) relative to the carboxyl 
group. The appearance of the EPR spectra and the structural formulas of the probes used in 
rabbit platelets are shown in Fig. I. The probes were introduced into the test samples in 
the form of ethanol solutions; their final concentration was 10 -5 M per 6"108 cells/ml, and 
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TABLE I. Physicochemical and Functional Properties of Platelets of Rabbits with 
Experimental Atherosclerosis 

| 
Group of animals ~lasma Ch, rag% 

Control (n= 20) 123• 

Experiment (n= 15) t 586-+48 
p [ d0,001 

'aram eters of order ~Rotary correlation ! 
iness of probe I (S)$ime ofprobe II, ratio Ch/PL 
elative units I "r �9 10"% sec Molar 

0,619=h0,018 ] 1,85+0,30 [ 0,55• 

0,661• i 3,12• t 0,80• 
<0,01 <0,02 <0,01 

Aggregation 
time, rain 

6,81_--+1,18 

5,82• t,09 
<0,05 

c/~:: c.~ ),: c-:cM 4-Cool: 
/ \  
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Fig. i. Structural formulas and 
EPR spectra of spin probes I (a) 
and II (b) in rabbit platelets. 

s 
~ 
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05 I0 Ch/PL 

F ig .  2. Dependence 
o f  p a r a m e t e r  o f  
o r d e r l i n e s s  (S) o f  
s p i n  probe  I on Ch 
content in rabbit 
platelets. 

the ethanol content did not exceed 2% by volume. EPR spectra were recorded on an E-4 radio- 
spectrometer (Varian, USA) in a thermostatically controlled flat cuvette at 37~ with micro- 
wave power i0 raW, amplitude of high-frequency modulation 1-2 G, and rate of development of 
magnetic field I00 G in 8-16 min. To estimate the degree of randomness of movement of the 
acyl chains of platelet membrane PL in the region of probe I the parameter of orderliness S 
was used [2]. The microenvironment of probe II was characterized by calculating the rotary 
diffusion correlation time T, which signifies the mean duration of rotation of the radical 
through an angle ~/2 [2]. The rate of platelet aggregation was measured by the method [4] 
by recording the decrease in scattering of light by the cell suspension in buffer (134 mM 
NaCI, 15 mM Tris-HCl, i mM EDTA, 5 mM glucose, pH 7.35) after addition of i0 -~ M ADP and 
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3-10 -3 M CaCI~ per 107 cells in I ml, and estimating the time taken to reach maximal trans- 
lucency. Measurements were made at 37~ and at a wavelength of 620 nm. 

EXPERIMENTAL RESULTS 

During feeding of the animals with Ch, simultaneously with an increase in its plasma 
concentration, Ch also accumulated in platelets. This was shown by an increase in the molar 
ratio Ch/PL from 0.55 in platelets of control animals to 0.80 in rabbits kept on a high- 
cholesterol diet (Table l). Since membranes of cell organelles contain little or no Ch, the 
significant differences in Ch concentration obtained can be attributed entirely to the outer 
cytoplasmic membranes of the platelets. Analysis of parameters of EPR spectra of spin probes 
I and II~ depending on the microenvironment and characterizing the viscosity of the lipid 
phase of the membranes, showed that simultaneously with an increase in the Ch content there 
is also an increase in rigidity of the platelet membranes. This is manifested as an increase 
in the parameter of orderliness of probe I and the rotary correlation time of probe II (Table 
i). It was shown by the use of fatty acid probes to study platelets [10] that the sites of 
these compounds are hydrophobic regions of the plasmalemma. Consequently, it can be con- 
eluded from the experimental results that the cytoplasmic membranes of platelets from rab- 
bits with experimental atherosclerosis have a higher molecular packing density than normally, 
and this is evidently due to the excess of Ch. This hypothesis is confirmed by the direct 
dependence of the parameter of orderliness of probe I on the molar ratio of Ch to PL (Ch/PL) 
in rabbit platelets (Fig. 2). With an increase in the Ch/PL ratio the parameter of orderli- 
ness and, consequently, the microviscosity of the membranes rises. The coefficient of linear 
correlation is 0.7, a reliable result with a level of significance of 0.95. The significant 
increase in �9 in the platelets of rabbits with hypercholesterolemia (~able i) is evidence of 
the reduced mobility of the acyl chains of PL at a depth of about 22 A (the depth at which 
the nitroxyl fragment of this probe lies in the bilayer) compared with the control. This 
may be due both to accumulation of Ch and also to other factors, such as changes in the 
fatty-acid composition of membrane PL. These results suggest that the increased activity 
of the platelets in plasma, discovered previously in a model of hypercholesterolem:ia, is 
due to modification of the lipid composition of the membranes by Ch, and this in turn leads 
to a disturbance of the structure of the bilayer and of functioning of the membranes, modu- 
lating c~llular activity. A study of the functional properties of platelets isolated from 
plasma showed that in experimental atherosclerosis an increase in the Ch/PL ratio and in the 
microviscosity of the membranes is accompanied by shortening of the ATP-induced aggregation 
time (Table i). 

Some suggestions may be put forward regarding the mechanism of the increased aggrega- 
tion properties of the platelets during accumulation of Ch. An increase in microviscosity 
of the platelet membranes leads to i~nobilization of membrane proteins, one result of which 
may be a decrease in the degree of sinking of the receptors (glycoproteins) into the bilayer, 
which must promote activation and facilitate intercellular contacts. Meanwhile an increase 
in rigidity of the membrane leads to inhibition of the membrane enzymes, such as Na +, K +- 
ATPase which, in turn, causes disturbance of the ionic balance, swelling, and finally, ag- 
gregation of the platelets [9]. One of the membrane enzymes is adenylate cyclase, which, 
through cAMPsynthesis, controls the cell response to the action of the regulator. This en- 
zyme is known [ii] to control the content of intracellular Ca ++ , which plays an important 
role in platelet activation. A fall in the cAMP level on account of reduced adenylate cyclase 
activity leads to changes in the Ca++-binding properties of the membrane structures of the 
platelets, thus intensifying the flow of these cations into the cytoplasm. The excess of 
Ca++ causes disassembly of the cytoskeleton and activation of platelet phospholipase, an 
enzyme which limits the rate of synthesis of active metabolites of arachidonic acid and, in 
particular, of thromboxane A2. This hypothesis is confirmed by recent investigations [5] 
which showed an increase in the blood concentration of thromboxane A2 in animals with ex- 
perimental atherosclerosis. 

It can thus be concluded on the basis of these data and our own observations that one 
cause of acceleration of platelet aggregation in rabbits with experimental atherosclerosis 
is a change in the physicochemieal state of their membranes on account of an excess of Ch. 
Some hitherto missing links can therefore now be introduced into the scheme for participa- 
tion of platelets in the process of atherogenesis: 
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Hypercholesterolemia 

Increase in Ch content in platelet membrane 

Decrease in fluidity of platelet membrane 

Change in charge Change of permeability Change of function of fragments 

Adhesion 
Alteration 
Aggregation 
TIir ombosis 

Stimulation of growth of 
smooth-muscle cells 

If our own results are compared with those obtained previously in studies of erythro- 
cytes, fibroblasts, smooth-muscle cells, lymphocytes, and other cells it can be concluded 
that they all react equally to accumulation of Ch in the plasma membrane: by disturbance of 
permeability and of the function of membrane-bound enzymes, and by more intensive aggrega- 
tion. These findings confirm yet again the primary nature of the membranotropic effect of 
Ch in atherosclerosis and they are evidence in support of the validity of the "membrane" 
hypothesis of atherogenesis. 
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