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The main factor leading to a change in certain parameters of energy, protein, and lipid metabolism in hypokinesia is 
hypofunction of the muscles. As a result of atrophy the weight of the muscles decreases, and their content of myofibrillary 
and sarcoplasmic proteins is reduced [3] through a reduction in their synthesis and increased breakdown [9]; the energy 
supply for contractile activity of the muscles also is reduced [5], and the parameters of excitability and contractility of the 
muscles are changed [7]. Disturbance of the ratio between Na +, K +, and Ca ++ ions in the blood and body tissues has 
been found in hypokinesia [4, 6]. The facts described above suggest a change in the fine mechanisms responsible for 
contractile function of the muscles. 

The object of this investigation was to study the effect of hypokinesia on the rate of accumulation of Ca ++, Ca- 
ATPase activity, and the rate of inflow and outflow of Ca ++ in the light and heavy fractions of the sarcoplasmic reticulum 
(SR) of skeletal muscles. It has been shown [10, 15] that mainly longitudinal regions of SR, containing Ca-ATPase, are 
present in the light fraction of SR. The heavy fraction, corresponding to the terminal cisterns, contains concentrations of 
Ca++-binding proteins as well as Ca-ATPase. 

To characterize the lipid components of the membranes, the intensity of lipid peroxidation (LPO) in the membranes 
was determined. 

EXPERIMEN TAL METHOD 

Experiments were carried out on 90 male Wistar albino rats. Hypokinesia was induced in the animals by keeping 
them in restraining chambers. The duration of hypokinesia was 30-90 days. Animals kept under standard conditions in 
the animal house were used as the control. The microsomal fraction was isolated from the rats [14]. Actomysin was 
extracted with 0.3 M KC1 and 25 mM Na4P2OT, pH 7.0. The coarse fraction of microsomes thus obtained was fractionated 

by centrifugation in a sucrose density gradient (20-45% sucrose) at 25,000 rpm (SW-27 rotor, Beckman L-5-65 ultracentri- 
fuge) for 90 min into two fractions: light and heavy, at 29-33 and 37-40% sucrose respectively. The velocity of Ca ++ 
transport and of ATP hydrolysis was measured pH-metrically [ 1 ]. The rate of inflow and outflow of Ca ++ from the 
vesicles was calculated by the equations in [1 ]. Protein was determined by Lowry's method [12]. The intensity of LPO 
was judged from the increase in the malonic dialdehyde (MDA) content [2]. The results were subjected to statistical 
analysis by the Student-Fisher test. 

EXPERIMENTAL RESULTS 

Ca-ATPase activity and the rate of Ca ++ accumulation in the light fraction of microsomes isolated from muscles 
of the control animals were higher than those in the heavy fraction by 33 and 50%, respectively (Table 1). The difference 
was even more marked when the velocity of inflow and outflow of Ca ++ from the light and heavy vesicles was compared 
(49 and 16%, respectively). 

The results are in agreement with those of investigations which showed that Ca ++ is liberated mainly from the 
terminal cisterns of SR [11, 16]. 

Hypokinesia for 30 days had no effect on Ca-ATPase activity, the rate of accumulation of Ca ++, or the velocity of 
inflow and outflow of Ca ++ from the light and heavy SR fractions. The small increase in thesel parameters in the heavy SR 
fraction was not statistically significant. 
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TABLE 1. Ca ++ Transport in SR Fractions of Predominantly White Muscles of Rats during Hypokinesia 
( g  + m) 

Hypokinesia, 30 Hypokinesia, 90 
SR fraction Parameter Control (u = 20) days (n = 15) Control (n = 25) days (n = 10) 

Light VATP 
Vca 
Vtn 
Vout 
Ca/ATP 

1,96 4-0,06 
1 , 9 9 •  16 
3,984-0,16 
2,024-0,17 
1,014-0,08 

1,994-0,10 
2,044-0, 17 
4,434-0,21 
1,854-0,18 
1,04 4-0,08 

1 , 7 8 •  
1,834-0,25 
3,554-0,17 
1,794-0, 10 
1,03• 

1,85+0,20 
1,98 4-0,22 
3,964-0,15 
1,754-0,09 
1,07 4-0,07 

Heavy VATP 
Vca 
Vin 
Vout 
Ca/ATP 

1,32 4-0,29 
0,99• 
1,984-0,12 
1,664-0,16 
0,784-0,1 

1,524-0, 15 
I, 234-0,28 
2,46 4-0,08 
1,804-0,09 
0,804-0,03 

1,184-__0,06 
0,864-0,08 
1,81 4-0,04 
1,544-0,01 
0,794-0,04 

1,584-0,10t 
1,25-4-0,21" 
2,554-0,19" 
1,95• 
0,73+_0,02 

Legend. VAT P) Velocity of ATP hydrolysis by SR Ca-ATPase (in p moles Pi'mg -1 "rain -1 ), VCa) rate of 

Ca ++ accumulation (in p moles Ca++'mg-1 "rain "t ), Vin) velocity of inflow of Ca ++ into vesicles, Vou t) 

velocity of outflow of Ca ++ from vesicles, Ca/ATP) coefficient of efficiency of SR calcium pump. 
*P < 0.01, ?P < 0.001; number of  experiments in parentheses. 

TABLE 2. MDA Concentration (in p moles/rag protein) 
in SR of Skeletal Muscles during 30-Day Hypokinesia 
(M + m) 

Light fraction Heavy fraction 

Parameter control experiment control experiment 
(n : 10) (n : 10) (n : 15) (n = 15) 

Initial 
level 
Stimulation by 

Fe2+:. 
5mm 
10 rain 

4,34.0,6 6,0-i-0,5 

65,14-1,0 59,14-1,8 
67,6:t:1,8 63,34-5,8 

5,4::k 0,7 9,2+--0,55 

20,04.2,1 18,4+-1,8 
22,0+-3,2 26,6+- 1,6 

_Legend. 1-2 mg protein in 1 ml incubation medium (10 
mM Tris-HC1, pH 7.4, 52 mM KC1), 12"10 -6 M Fe ++. 
Extinction was measured at 535 nm. MDA concentra- 
tion calculated by using a coefficient of molar extinction 
of 156"10 s M -1 'cm -1 ; number of animals given in 
parentheses. 

During 90-day hypokinesia the parameters of Ca ++ transport in the light SR fraction were the same as in the control. 
In the heavy SR fraction Ca-ATPase activity was increased by 36% and Ca ++ accumulation by 44%. The Ca/ATP ratio was 
unchanged, for all the indices increased by the: same degree (Table 1). 

During hypokinesia for both 30 and 90 days the rate of outlfow of Ca++ increased relative to the rate of its inflow 
into the vesicles, i.e., a decrease in the rate of muscle relaxation was possible. 

Determination of LPO in the SR fractions showed that, despite the higher initial level of the MDA concentration in 
the light and heavy SR fractions during hypokinesia, the degree of intensification of LPO by Fe ++ ions was lower than in SR 
of the control animals (Table 2). In the control rats and rats with hypokinesia the intensity of LPO was 3 times higher in 
the light fraction of microsomes than in the heavy fraction. This was evidently due to differences in the concentration of 
phospholipids and their composition in the light and heavy microsomes [13]. 

Hypokinesia for 30 days thus did not affect Ca ++ transport in SR from predominantly white skeletal muscles. In- 
creasing the duration of hypokinesia to 90 days led to a marked increase in the rate of Ca++ accumulation, in Ca-ATPase 
activity, and in the velocity of inflow and, in particular, of outflow of Ca in the; heavy SR fraction, consisting chiefly of 
terminal cisterns. These parameters were unchanged in the light fraction. The increase in the rate of Ca ++ accumulation by 
the heavy SR fraction was evidently connected with the fact that some unatrophied muscle fibers preserved their normal 
structure and assumed a compensatory function in order to maintain the vital activity of the muscles. This conclusion is 
supported by the results of electron-microscopic investigations showing a relative increase in the content of SR and dilata- 
tion of its lumen [8]. 
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Numerous investigations have shown that the velocity of ethanol oxidation in liver cells largely depends on the ratio 
between the concentration of oxidized and reduced forms of pyridine nucleotides (NAD and NADP) in the cytoplasm, 
which is kept at a certain level through the participation of NAD- and NADP-dependent dehydrogenases. Changes in the 
activity of these enzymes may have a significant effect on the metabolism of alcohol, especially if it is consumed excessively 
[2, 10]. The hypolipidemic agent clofibrate can accelerate ethanol oxidation [3, 5] and also modify the steady-state intra- 
cellular concentration of various metabolites which are substrates of cytoplasmic dehydrogenases - lactate, pyruvate, 
glycerol-3-phosphate, etc. [3, 5, 6, 13]. The mechanism of these effects of clofibrate has n o t  been explained. Clofibrate 
is known to cause marked proliferation of peroxisomes and of the smooth endoplasmic reticulum. Selective induction or 
repression of the synthesis of catalase, D-amino acid oxidase, and carnitine-acetyltransferase also is observed at the same time 
[4, 7]. 

The goal of this research was the discovery of the possible role of certain cytoplasmic dehydrogenases in accelerating 
the metabolism of ethanol under the action of clofibrate. 

EXPERIMENTAL METHOD 

Male Wistar rats weighing 200-250 g were used. Clofibrate was injected intraperitoneally in a dose of 250 or 800 
mg/kgbody weight daily. Animals of the control group received injections of physiological saline. The animals were de- 
prived of food for 24 h before sacrifice. Perfusion of the liver, homogenization, preparation of "nuclear-free" homogenate 
and its differential centrifugation, and also the enzyme control for the composition of the subcellular fractions were carried 
out as described previously [ 1, 11 ]. The effect of clofibrate on cell metabolism was assessed by determining activity of 
the peroxisomal enzymes catalase, L-~-hydroxy-acid oxidase [ 1 ], and carnitine-acetyltransferase [4]. Activity of sorbitol 
dehydrogenase (SDH) [12], lactate dehydrogenase (LDH), NAD-dependent glycerol-3-phosphate dehydrogenase [1 ], N AD- 
dependent malate dehydrogenase (MDH-NAD), and NADP-dependent malate dehydrogenase (decarboxylating; MDH-NADP) 
[9] was determined. Catalase and carnitine-acetyltransferase activity were determined at 25~ that of the other enzymes 
at 37~ using a Gilford model 250 spectrophotometer. The LDH isozyme spectrum was studied by electrophoresis in 
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