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In view of data showing that the intensity of behavioral and somatic pathological disturb- 
ances induced by stress depends on the type of the animals' emotional-behavioral reactivity 
[I], of population differences in the distribution of lipid and lipoprotein content in man 
[7], and also on ideas regarding instability of the various components of the system inhibit- 
ing free-radic~l oxidation (FRO) [3], it was decided to study the state of lipid peroxidation 
(LPO) at tissue and functional system levels in emotional and unemotional rats (ER and UR, 
respectively) before and after exposure to chronic emotional stress. 

EXPERIMENTAL METHOD 

ER and UR (8 males weighing 250-300 g in each group), previously selected (from a nonin- 
bred population) on the basis of behavioral features [2], were subjected to chronic (for 7 
days) stress by behavioral deprivation of fast sleep by the small platform method [12]. Behav- 
ioral changes were recorded 1 h after the end of stress. Four intact animals from the groups 
described above were used as the control. The intact and experimental rats (2 h after stress) 
were decapitated. The peroxide resistance of the erythrocytes [ii] was determined in the blood, 
and concentrations of lipoproteins [6] and their hydroperoxides [4] in the serum. The content 
of LPO products was determined in the brain, liver, and heart, which were removed quickly in 
the cold. To determine the rate of spontaneous LPO not induced by pro-oxidants, samples of 
tissue homogenates, made up in 0.025 M Tris-HCl buffer, pH 7.4, containing 0.175 M KCI, were 
incubated on a watey bath at 37~ for 60, 120, and 180 min with continuous shaking. The degree 
of peroxide formation was judged from the accumulation of malonic dialdehyde (MDA) in the reac- 
tion with 0.8% solution of 2-thiobarbituric acid (TBA) [9]. Protein was precipitated with 
TCA (final concentration 5%) fol~owed by centrifugation for 10 min at 4000g. The content of 
lipid peroxides was expressed in nanomoles ~A per ms of protein, determined by Lowry's 
method. Somatic reactions were assessed by measuring the area of ulceration of the stomach, 
and changes in body weight and the weight of the adrenals and thymus. The numerical results 

were subjected to statistical analysis. 

EXPERIMENTAL RESULTS 

The results of evaluation of the behavioral and somatic manifestations in UR and ER after 
exposure to stress were identical with those obtained during previous investigations [i]. Ac- 
cording to such parameters as effective reactions to test stimuli, a twofold increase in 
weight of the adrenals, considerable atrophy of the thymus and a reduction in body weight, 
extensive ulceration of the gastric mucosa, and injection of the vessels of the internal or- 
gans, ER had a greater tendency than UR to develop pathological reactions. Differences in the 
level of resistance of the animals to stress were accompanied by different rates of accumu- 
lation of LPO products in the tissue before and after exposure to stress (Table i). 

It will be clear from Tables 1 and 2 that ER were distinguished by a high blood level of 
lipoprotein acylhydroperoxides and by a high rate of MDA accumulation in the tissues. The ab- 
sence of differences in values for peroxide hemolysis (an indicator of total tocopherol prov- 
ision; see Table 2) explains the high level of FRO in the brain, liver, and myocardium of ER 
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as due to the low functional activity of their antioxidant system and the possibility of 
greater depletion of the antiradical inhibitor chain in these tissues. 

The sharp rise in the rate of MDA accumulation induced in the rat tissues by emotional 
stress (expectation of falling into the water against the background of chronic hypodynamia) 
points to breakdown of the FRO inhibition system and the development of a peroxidation syn- 
drome. The greatest increase (5-9-fold) in the MDA concentration was observed in brain tissue 
homogenates, a smaller increase in the liver (3-5-fold), and only a twofold increase in the 
myocardium of ER. This was due to the high phospholipid concentration in membranes of the sy- 
naptic endings, a high molecular oxygen consumption (25% of that utilized by the body), and 
also, perhaps, to an increased concentration of potential FRO inducers, namely free-radical 
forms of biogenic amines. Activity of tyrosine hydroxylase, the key enzyme of catecholamine 
biosynthesis, in the hypothalamus of rats of the different emotional types is increased by 
3-4 times. A greater increase in activity of the enzyme is observed in ER [i]. The same trend 
of differences between the groups also was found with respect to the rate of MDA accumulation 
in brain, liver, md heart tissues. In both cases stress-induced functional loading amplified 
the individual differences. This could reflect individual differences in coordination between 
processes of LPO, synthesis and degradation of biogenic amines, and inhibition of FRO. 

It can accordingly be concluded that the sharper increase in the intensity of FRO in ER 
during stress is due to the high reactivity of their neuroendocrine systems, together with 
the correspondingly higher level of the oxygen and fatty acid supply to their tissues and the 
relatively low functional activity of the physiological antioxidant system. 

The higher lipoprotein (cholesterol carriers) level in the blood of intact ER, and also 
data on behavioral changes [2] indicate a predominantly emotionally-negative typological sta- 
tus. High blood cholesterol levels are recorded when such states are induced in animals by 
stimulation of the hypothslamus [I0], which participates directly in the mechanism of the 
stress reaction. Emotional stress leads to activation of competitive FRO of fatty acids and 
triglycerides, which have not been utilized for a long time in the course of enzymic oxida- 
tion. Under these conditions the rate of hydroperoxide accumulation in emotional animals rose 
significantly even if the lipoprotein concentration was lower. This correlates distinctly with 
differences between hemolytic resistance of the erythrocytes in the two groups. 

Increased erythrocyte hemolysis in ER and ultrastructural changes in the hypothalamic and 
myocardial microcirculation of these animals (separation of endothelial junctions and escape 
of erythrocytes into the intercellular space [4, 5]) are pathological manifestations of iden- 

tical genesis. 

Sixfold individual differences were observed in the accumulation of TBA-active products 
in the myocardium after stress, which correlate with the qualitatively different ultrastruc- 
tural changes [5]. Rupture of the sarcolemma of the myocytes, with release of mitochondria 
and of numerous glycogen granules into the intercellular space, and also the presence of mul- 
tiple conglomerates of aggregating platelets in the lumen of the vessels in emotional animals, 
are evidence of profound pathological changes with disturbances of coordination of lipid and 
carbohydrate metabolism, the leading role in whose genesis is played by LPO. Somatic patho- 
logical changes observed at the macro- and ultrastructural levels in ER are evidence of a 
stress-induced profound stage of exhaustion, in which the thrombus-forming properties of the 
blood are enhanced. This leads to activation of the humoral agent of the anticlotting system, 
namely lipoprotein lipase, which forms complexes with lipoproteins, potentiates their fibrin- 
olytic activity, and may bydrolyze the triacylglycerides present in the composition of the 
complexes themselves [8]. These factors can significantly affect concentrations of B- and 
pre-B-lipoproteins in animals in a state of prethrombosis due to prolonged emotional stress. 

These data showing how changes in the FRO level and tissue damage arising during stress 
depend on the type of emotional response are of great importance for the explanation of the 
increased risk of ischemic heart disease and of other diseases known to exist in highly emo- 
tional persons, those with so-called type A behavior. Meanwhile these data indicate that be- 
sides psychotropic drugs, the use of antioxidants may also be indicated for the pharmacopro- 

phylaxis of the consequences of stress. 
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Clinical and experimental investigations have yielded evidence of the effect of hyper- 
lipoproteinemia (HLP) on the rheologic properties of the blood and on the microcirculation 
(MC) [1-3, 5, 10-12]. We know that HLP is one of the leading risk factors of atheroschlerosis 
and its complications: ischemic heart disease (IHD) and myocardial infarction. According to 
some authorities changes in blood rheologic properties are similar in character whether ather ~ 
osclerotic changes are present in the large arteries or not [7]. Accordingly, the study of 
the mechanisms of disturbance of the rheologic properties of the blood and of MC in the early 
stages of development of HLP, in the preclinical stage of the disease, becomes particularly 
important. 

This paper describes a comparative study of the rheologic properties of the blood and MC 
in the early and late stages of experimental HLP. 

EXPERIMENTAL METHOD 

Twenty male Chinchilla rabbits weighing 2.3-2.8 kg were used. Exper~lental HLP was in- 
duced by Anichkov's method in Yushchenko's modification: 0.5 g/kg cholesterol (Ch) in i00 g 
of carrot. Blood for testing was taken from the auricular vein of the rabbits before Ch load- 
ing, 15 h after a single Ch loading, and also after the animals had been kept for I, 3, 9, 
30, 60, and 90 days on an atherogenic diet (AGD). Total Ch (TCh) (by the method of Girard and 
Assous), chylomicrone (ChM), and low (LDL), very low (VLDL), and high (HDL) density lipopro- 
teins (LP) [8] were determined in the blood serum. 
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