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Intensification of lipid peroxidation (LPO) in biomembranes leads to a disturbance of nor- 
mal cell function [4]. LPO in the body is regulated by protective systems, including natural 
antioxidants [2], and antioxidative enzymes utilizing active forms of oxygen (superoxide dis- 
mutase -- SOD) and lipoperoxides (glutathione peroxidase -- GP) [4, i0]. 

The best known natural antioxidant ~-tocopherol (TP), is not synthesized in animal cells, 
and accordingly the supply of this vitamin to the body depends primarily on alimentary fac- 
tors [13]. It has been shown that vitamin E deficiency causes the development of certain func- 
tional and structural disturbances of the motor apparatus, the regenerative system, the myo- 
cardium, and so on [i, ii, 13]. It has been shown to be possible, in principle, to modify ac- 
tivity of antioxidative enzymes by administering TP [6]. Nevertheless, data in the litera- 
ture on changes in activity of the protective enzymes following variation of the vitamin E 
level in the tissues are contradictory and, moreover, the investigations themselves are in- 
sufficiently systematic. 

Since the elucidation of relations between different components of the antioxidative sys- 
tem of the cell is of practical as well as theoretical importance, and also with the more wide- 
spread use of antioxidants for prophylactic or therapeutic purposes, it was decided to study 
changes in concentrations of LPO products and activity of antioxidative enzymes in the myocar- 
dium and liver of rats differing in their vitamin E intake. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats weighing initially 60-80 g, receiving a 
semisynthetic diet for 2 months differing in its content of DL-~-tocopheryl acetate [7]. The 
animals were divided into three groups: i) rats with a normal supply to TP (i00 mg/kg diet); 
2) rats with a reduced TP content in the diet (6 mg/kg diet); 3) rats receiving a diet with- 
out TP. The TP concentration in the tissues was determined spectrofluorometrically [14] and 
concentrations of primary LPO products (acyl hydroperoxides) in lipid extracts were deter- 
mined on the basis of the characteristic absorption of conjugated dienes at 232 nm on a "Hi- 
tachi-557" spectrophotometer (Japan) [15]. Concentrations of secondary LPO products, namely 
intermolecular cross-linkages of amine-containing phospholipids of the Schiff base type--were 
determined spectrofluorometrically in lipid extracts on a "Hitachi MPF-4" fluorometer [9]. 
The concentration of malonic dialdehyde, a product of oxidative destruction of lipoperoxides, 
in the tissue homogenates was recorded by the reaction with 2-thiobarbituric acid [12]. Ac- 
tivity of the antioxidative enzymes SOD and GP in the tissue homogenates (850 g x i0 min su- 
pernatant) was determined as described previously [5]. 

EXPERIMENTAL RESULTS 

The results indicate a sharp decrease in the TP concentration in the liver and heart of 
rats receiving a semisynthetic diet with a low vitamin E level (6 mg/kg) or a diet without 
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TABLE i. Concentrations of TP and LPO Prod- 
ucts and Activity of Antioxidative En- 
zymes in Tissues of Rats (numerator-- in 
the heart, denominator -- in the liver) 
with Avitaminosis E (M • m, n = 6) 

Parameter 1 3 

50,2• 1 TP, ~g/g tissue 
Acyl hydroper- 
oxides (A232/ 
A20 ~ x ,i00) 

Malonic diaJ.de- 
hyde, ~moles/g 
tJ ssue 

Flourescent prod- 
ucts, relative 
units]g of 
lipids 

SOD, units/rag pro- 
tein 

GP, units/g pro- 
tein 

Group of animals 

1 2 

17,0/=2,1" 
67,7-+-2,9 ~ 1  

25,7!:2,1 24,2 _+4,1 
38,4+_3,8 32,1::26,0 

0,19_0,02 0,25_+0,03 
0,27-+-0,03 0,30+__0, 0,34-4-0,03 

1,00-+-0,21 1,50+_0,22 1,57_+0,54 
2,52-+0,30 2,24_+0,25 2,41• 
45,3+__2,2 42,8_--4-1,5 33,6__+1,7" 
64,6-+-7,0 65,3_+5,9 76,3_+5,5 
14,5_+5,7 120,0-+-5,6 99,0_9,7 
81,5_4,6 80,0+-2,8 74,5_+7,9 

13,1___0,5" 
25,4• 

34,2_2,4" 
34,2• 

0,32• 

vitamin E (Table i). After 2 months on a diet with the addition of 6 mg DL-~-tocopheryl ace- 
tate/kg diet, the TF concentration in the liver and heart of the rats was reduced by 2.2 and 
nearly 3 times respectively. However, neither in the liver nor in the heart of the animals 
of this group were any changes observed in the concentration of primary and secondary LPO prod- 
ucts, and also in activity of the antioxidative enzymes studied compared with the tissues of 
animals receiving the semisynthetic diet with the addition of i00 mg/kg of vitamin E. Evi- 
dently the level of supply of vitamin E to the rat ensured by its concentration of 6 mg/kg in 
the diet is sufficient to maintain the antioxidative defense of the body at the necessary level. 

The TP concentration in the liver and heart of the animals with avitaminosis E was re- 
duced by 2.7 and 3.8 times respectively compared with the control group (Table i). The concen- 
trations of primary (acyl hydroperoxides) and secondary (malonic dialdehyde) LPO products in 
the heart of rats with avitaminosis E was 1.3 and 1.7 times higher respectively than that in 
the heart of the control group of rats. Meanwhile, a reduction of SOD activity by 1.3 times 
was observed in theheart of the animals with avitaminosis E compared with that in animals re- 
ceiving an adequate amount of TP (control). The concentration of LPO products and activity 
of the enzymes of antioxidative defense in the liver of the animals with avitaminosis E were 
unchanged compared with the control. 

Thus both a subnormal level and the total absence of vitamin E in the diet under these 
experimental conditions did not lead to any significant changes in the concentrations of LPO 
products or the activity of antioxidative enzymes in the liver. In advanced stages of vita- 
min E deficiency, LPO products were observed to accumulate in the heart and SOD activity was 

reduced. 

The absence of intensification of LPO in the liver of rats with avitaminosis E, when the 
level of activity of antioxidative enzymes remained unchanged, may be indirect evidence of the 
important role of the defensive enzyme systems of the body in the regulation of free-radical 
processes. It must also be recalled that under normal conditions the liver is supplied with 
excessive stocks of TP [8], so that a threefold reduction in its concentration may be insuf- 
ficient to activate LPO (Table I). The results of this investigation indicate that the myo- 
cardium is more sensitive than the liver to alimentary vitamin E deficiency. These facts ex- 
plain the results of investigations in which disturbances of cardiac function were found in 
avitaminosis E [i, 3, ii], and it may accordingly be concluded that deficiency of natural an- 
tioxidants is not always compensated by activation of the defensive enzymes. The results of 
this investigation also indicate that LPO in the myocardium can be corrected with the aid of 

TP. 
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ADP is a specific activator of platelets which can induce platelet aggregation both in 
vitro and in vivo. Preincubation of platelets with ADP lowers their sensitivity to the sec- 
ondary action of this inducer or, as is usually stated, transition of the platelets into a 
state of refractoriness [5]. Reduction of aggregation in the refractory state cannot be ex- 
plained entirely by the formation of aggregation inhibitors, namely adenosine and AMP [8]. 

On the other hand, we know that platelet activation depends essentially on synthesis and 
(or) movement of secondary messengers, such as calcium ions, inositol triphosphate, diacyl- 
glycerol, and cAMP [6]. The connection between refractoriness and the secondary messenger 
system has not been adequately studied. Previously the writers found changes in the concen- 
tration of calcium ions bound with the platelet membrane corresponding to the state of re- 
fractoriness [2]. The aim of this investigation was to study changes in the free Ca ++ con- 
centration in the cytoplasm during a change in shape and aggregation of platelets in the nor- 
mal and refractory state. 

EXPERIMENTAL METHOD 

The following preparations were used: Indo I-AM, Indo i, and MOPS from "Calbiochem," 
apyrase, ADP, and bovine serum albumin from "Sigma," and EGTA from "Fluka~" All other re- 
agents were of the chemically pure grade. 

A rabbit's blood was stabilized with standard acid citrate-dextrose solution in the ra- 
tio of 8.5:1.5. Platelets were washed by the method in [3]. MOPS--NaOH was used as the buf- 
fer. After centrifugation of the platelet plasma and removal of the supernatant the plate- 
lets were resuspended in 1% Tyrode solution, incubated with i0 ~M Indo 1-AM for 30-45 min at 
37~ and washed twice. 
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