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The effect of motor activity on the physiological functions of animals and man is widely 
familiar and continues to attract the attention of research workers. Movement takes place by 
means of skeletal muscle tissue which, in man, accounts for 41-43% of the body weight, The 
high plastic properties of muscle tissue have been demonstrated in Studitskii's laboratory. 
Skeletal muscles of various animals have shown to be capable of regeneration and transplanta- 
tion [3~ 7, ii]. According to data in the literature, restriction of movement has an adverse 
effect on the adult animal: the body weight falls [2, 9] and disturbances arise in the cir- 
culation [5, 6], and in activity of the nervous [12, 13] and endocrine [I, 15] systems. Hy- 
pokinesia has been shown [2, 8, 14] to affect the skeletal muscles of rats weighing 140-200 
g~ The absolute and relative weight of the skeletal muscles has been shown to decrease sta- 
tistically significantly. No published data could be found on the response of younger ani- 
mals, during the period of most active growth, to hypodynamia. 

The object of the present investigation was to examine the growth of young animals kept 
under different conditions of hypokinesia and to investigate the response of skeletal muscles 
to reduced motor activity. 

EXPERIMENTAL METHOD 

Three series of experiments were carried out on 72 young noninbred male albino rats 
weighing 110-130 g (24 animals in each series). The rats in series I were kept in cages (4 • 
19 • 4 cm) in which they could not turn round. In the experiments of series II the rats were 
kept in slightly larger cages (5 x 19 • 5 cm), in which they could turn through 180 ~ In 
series III (control) the animals were kept in ordinary animal house cages (16 x 35 x 31 cm). 
The experiment lasted 2 months. Every day the animals were weighed in the morning before 
feeding. The numerical results were subjected to statistical analysis by Student's test and 
used to plot curves showing the change in the animals' body weight. At the end of the ex- 
perimental period the animals were killed, the gastrocnemius muscles dissected on both sides, 
and their weight determined. The ratio of the weight of all the muscles to the body weight 
(in %, the muscle index) was determined in some of the animals. Material was fixed in Zen- 
ker~s fluid and then processed for histological examination. In particular, the diameter of 
the muscle fiber was determined by the method suggested by Zhenevskaya [4]. 

EXPERIMENTAL RESULTS 

In the experiments of series I in which the animals were kept in very constraining 
cages a strong stress reaction was observed, including a response of alarm, a stage of re- 
sistance, and a stage of exhaustion [I0]. During the first week after the beginning of the 
experiment the rats were restless and lost their appetite, but on the following days they be- 
came increasingly aggressive and lost a considerable amount of weight: After 2 weeks their 
mean body weight was 125 g and after 3 weeks 119 g. Accordingly no further observations were 
made in this series of experiments. 

Laboratory of Evolutionary Histology, A. N. Severtsov Institute of Evolutionary Morphol- 
ogy and Ecology of Animals, Academy of Sciences of the USSR, Moscow. (Presented by Academi- 
cian of the Academy of Medical Sciences of the USSR A. P. Avtsyn.) Translated from Byulle- 
ten t Eksperlmentallnoi Biologii i Meditsiny, Vol. 93, No. 3, pp. 118-119, March~ 1982. Orig- 
inal article submitted June 19, 1981. 

0007-4888/82/9303-0371507.50 �9 1982 Plenum Publishing Corporation 371 



300 

270 

2+0 

2ZO 

180 

150 

120 

90 

60 

3O 

Fig. 1 

1,6 
1,4 

1,0 

0,8 

0,2 

1 2 

Fig. 2 

Fig. i. Body weight of rats (in g) kept in ordi- 
nary cages (i) and in constraining cages (2). 

Fig. 2. Weight of gastrocnemius muscles of rats 
kept for 2 months in ordinary (i) and constrain- 
ing (2) cages. 

In the experiments of series II in which the rats were kept under conditions of restrict- 
ed movement, the stage of restlessness was exhibited for several days, after which the ani- 
mals became adapted and showed no outward stress reaction. Their body weight gradually in- 
creased from 125 to 180 g 2 months after the beginning of the experiment. 

In the experiments of series III, in which the rats were kept in ordinary cages, the 
animals' body weight increased steadily to reach 330 g after 2 months~ Differences between 
the increase in body weight of the rats with age in series II and III are clearly illustrated 
by the graph in Fig. i. These differences were significant (P < 0.001). 

Calculation of the muscle index showed that if the animals were kept in ordinary cages 
it was 34% after the end of the experiment, a little higher than the index obtained when rats 
were kept in constraining cages (32%). However, the significance of these findings could not 
be estimated because of the small number of animals used to determine the index. Differences 
in the weight of the gastrocnemius muscles in animals of series II and III are shown diagra- 
matically in Fig. 2. These differences likewise were significant (P < 0.001). 

The results thus indicate that the increase in body weight of young rats when kept under 
conditions of hypodynamia is appreciably delayed compared with that in rats kept under ordi- 
nary conditions. It can be postulated from the results of determination of the muscle index 
that prolonged hypokinesia is reflected in particular in growth of muscles. The results of 
determination of the weight of the gastrocnemius muscles, used as an example of an actively 
worklng muscle, confirm this conclusion. 

The study of the histological structure of these muscles was interesting. Determination 
of the diameter of the muscle fibers showed that the smaller weight of the muscles in animals 
kept in constraining cages was due to a decrease in diameter of the muscle fibers: The mean 
diameter of the muscle fibers of the gastroenemius muscles in the animals of series II was 
41.6 ~, and of series III 46.2 u(P < 0.05). These results suggest that prolonged hypodynamia 
has a considerable adverse effect not only on the incresse in body weight of the animal as a 
whole, but also on its muscle tissue. This investigation also demonstrates the plastic prop- 
erties of muscle tissue exhibited under the influence of external factors. 
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The arsenal of drugs available for treatment of diseases of the kidneys is growing con- 
tinually. However, many mechanisms of the action of these drugs on renal function still re- 
main unexplained. Recent investigations have shown that the action of most of them is aimed 
at redistribution of the blood in the kidneys. In this connection data have been published 
on the action of drugs on the juxtaglomerular apparatus (JGA) and insterstitial cells (IC). 
In particular, an increase in renin activity (RA) in the blood plasma has been demonstrated 
after administration of frusemide [2]. This effect is explained by the direct action of fru- 
semide on the dense spot of the JGA [i0]. Meanwhile the excretion of prostaglandin (PG) E 
with the urine is increased [8]. Indomethacin, an inhibitor of prostaglandin synthetase, re- 
duces the synthesis of PG A and E and also reduces RA in the blood plasma [9]. Under these 
circumstances the blood flow in the kidneys is redistributed from the inner zone of the cor- 
tex to the outer zone [5]. During hyperbaric oxygenation (HBO) sodium reabsorption and oxy- 
gen consumption are reduced. Urine containing a high concentration of sodium acts on the 
dense spot, increasing activity of the JGA and RA [7]. Venoruton, which belongs to the flav- 
noid group, reduces capillary permeability and improves the venous drainage. The action of 
trental is connected with inhibition of cyclic AMP phosphodiesterases [4]. The action of 
these last two drugs on the renin--angiotensin and prostaglandin systems of the kidneys is un- 
known. Changes in JGA and IC under the influence of all the drugs mentioned above have vir- 
tually not yet been investigated. Only the effect of indomethacin on the JGA and IC is well 
known [3, 6]. 

The object of the present investigation was to study the state of the JGA and IC after 
administration of a series of drugs widely used in the treatment of kidney diseases, and also 
after exposure to HBO. 

EXPERIMENTAL METHOD 

Experiments were carried out on 42 rabbits, divided into ii experimental groups with 
three to six animals in each group. The control group contained six animals. Frusemide in 
a dose of 20 mg/kg, indomethacin I0 mg/kg, venoruton 500 mg/kg, and trental i00 mg/kg were 
injected intravenously into rabbits of the appropriate groups. Other rabbits were exposed 
to HBO (i, 6, and 12 sessions) on alternate days under a pressure of 0.5 atm. The rabbits 
were killed either 3 h (the time for the drug to accumulate in the organ) or 24 h (the time 
of its excretion from the body) after injection of the drugs. Pieces from the outer zone of 
the cortex and inner zone of the medulla (papilla) of the kidneys were fixed in 1% OsO~ solu- 
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