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The influence of nonachlazine on myocardial metabolism is linked with its antianginal ef- 
fect [I, 2]. Meanwhile no data are available on the effect of the drug on energy metabolism 
in the myocardium when given repeatedly over a long period of time. In view of the practi- 
cal importance of such information, the investigation described below was undertaken. 

EXPERIMENTAL METHOD 

The anterior interventricular branch of the left coronary artery was ligated in the mid- 
dle third of its course under aseptic conditions under pentobarbital anesthesia in 73 nonin- 
bred dogs of both sexes weighing 8-14 kg. Nonachlazine was injected intravenously in a dose 
of 1 mg/kg body weight into 35 animals i0 min before this ligation, and daily thereafter. The 
remaining animals served as the control. The dogs were killed after 2 h, i, 3, and 6 days, 
and 3 weeks under pentobarbital anesthesia (40 mg/kg, intrapleurally), and samples of myo- 
cardial tissue were taken from the central (infarcted), boundary (transitional), and intact 
(posterior wall of the left ventricle) zones. Activity of Mg-dependent ATPase and creatine 
phosphokinase [13] of the tissue homogenates was judged from the increase in the concentra- 
tion of inorganic phosphorus in the incubation medium; activity of glycogen phosphorylases a 
and b was determined by Ramenskii's method [6]. Succinate dehydrogenase [Ii] and cytochrome 
c oxidase [15] activity was investigated in a suspension of mitochondria. Protein was deter- 
mined by the biuret reaction. Samples of myocardium were fixed in liquid nitrogen; adenine 
nucleotides were determined by high-voltage electrophoresis on paper [14], and the concentra- 
tions of glycogen, creatine phosphate, and inorganic phosphorus were determined by known 
methods [7]. The energy charge was calculated by Atkinson's formula [12]. The results were 
subjected to statistical analysis by Student's t test. 
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EXPERIMENTAL RESULTS 

After only 2 h nonachlazine completely suppressed phorphorylase b activity in all zones 
of the affected myocardium (Table i). This effect could be the result either of total phos- 
phorylation of the enzyme in response to myocardial ischemia or, and this is more likely af- 
ter 1-6 days, of loss of glycogen phosphorylase by the injured myocardium, which takes place 
primarily on account of the b isozyme [i0]. This may be connected with the ability of non- 
achlazine to produce marked stimulation of the collateral blood flow in a focus of acute is- 
chemia and the contractile activity of the damaged myocardium [3]. The longer absence of ac- 
tivity of phosphorylase b in the transitional zone was probably attributable to the fact that 
nonachlazine, under conditions of acute occlusion of the coronary artery, causes a redistribu- 
tion of the blood flow in favor of this zone [4]. 

In the intact myocardium nonachlazine significantly accelerated glycolysis and glyco- 
genolysis [2], but when injected repeatedly after ligation of the branch of the coronary ar- 
tery, the time course of glycogen phosphorylase a activity was more complex (Table I). After 
an initial and considerable decline its activity increased to reach the control levels after 
3 days, after 3 weeks the control level was exceeded, although not significantly, in full 
agreement with the ability of nonachlazine to reduce the escape of lactate into the Blood 
stream from a focus of acute ischemia, accompanied by a simultaneous decrease in the oxygen 
demand of its mitochondria [5]. 

Succinate dehydrogenase and cytochrome c oxidase activity was reduced by nonachlazine, 
whether given as a single or as repeated doses (Table I). The succinate dehydrogenase stage, 
in acute ischemia, is the principal path for electrons to enter the respiratory chain on ac- 
count of the more serious damage to NAD-dependent enzymes [9], and for that reason a fall in 
its activity can most probably be explained by the malonate-like effect of nonachlazine [8]. 
The latter, naturally, reduces the intensity of oxidative phosphorylation but, at the same 
time, the inhibition of calcium ion transport into the mitochondria [8] enables all the ener- 
gy of electron transport to be used purely for respiration-coupled ATP synthesis, for the ac- 
cumulation of calcium ions and ATP synthesis are two mutually exclusive processes taking place 
in mitochondria [12]. 

The fall in phosphorylase a activity under the influence of nonachlazine after 2 h of 
ischemia, on the one hand, and the malonate-like effect, on the other hand, were reflected 
in the magnitude of the energy charge of adenine nucleotides (Table I), in agreement with the 
decrease in the arteriovenous oxygen difference at this time on account of an increase in the 
oxyhemoglobin concentration in the coronary venous blood [3]. After 1 day and also after 3 
days, nonachlazine was able to increase the energy charge. Injection of nonaehlazine abol- 
ished within the first 3 days the differences observed between the energy charge of the cen- 
tral and boundary zones, and increased it to the highest degree in the "intact" zone, indi- 
cating that the effect of the drug depended essentially on the functional state of the tissue. 

Nonachlazine significantly increased the creatine phosphate concentration in the affect- 
ed myocardium in all zones studied, and in the central zone the increase was observed 1 day 
after ligation of the artery (Table i), so that it facilitated survival of the affected tis- 
sue and maintained its functional activity. Nonachlazine reduced the inorganic phosphate 
concentration after 1 and 3 days and considerably increased it after 3 weeks of treatment 

(Table I). 

Nonachlazine caused a lasting decrease in Mg-dependent ATPase activity at all times of 
observation except the 21st day, when the activity of this enzyme was above the control lev- 
els, especially in the intact zone (Table i). The time course of creatine phosphokinase ac- 
tivity was similar. High activity of these enzymes, together with the increase in the inor- 
ganic phosphate concentration in the tissue and approximation of values of activity of the 
respiratory enzymes to the control levels all suggest a different response of the damaged my- 
ocardial tissue to prolonged administration of nonachlazine in the repair period. Whereas in 
the early period of development of experimental myocardial infarction nonachlazine reorgan- 
izes metabolism of the damaged heart muscle to a more sparing program, reducing the risk of 
acidification of the medium, which would impair the accumulation of calcium ions in the mito- 
chondria, and increasing the content of high-energy compounds while ensuring their more eco- 
nomical breakdown, in the late stages a distinct tendency is observed for the more rapid metab- 
olism of high-energy compounds and acceleration of oxidative phosphorylation. 
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INDUCTION OF POSTURAL ASYMMETRY BY ENKEPHALIN ANALOGS 

G. A. Vartanyan, B. I. KlementVev, 
E. I. Varlinskaya, Yu. V. Balabanov, M. A. Danilovskii, 
K. N. Yarygin, E. Do Trushina, G. Ya. Bakalkin, 
and M. I. Titov 

UDC 612.88-06:[547.943:547.95 

KEY WORDS: opioid peptides; opiate receptors; nalorphine; postural asymmetry 

It has recently been shown that opioid peptides methionine- and leucine-enkephalin in- 
duce postural asymmetry of the hind limbs in rats with a transected spinal cord [I]. It 
seems most likely that opiate receptors are involved in the formation of postural asymmetry, 
for the opiate antagonist naloxone prevents the development of postural asymmetry induced by 
enkephalins. This paper presents data on the induction of postural asymmetry of the hind 
limbs in rats by enkephalin analogs. 

EXPERIMENTAL METHOD 

Male albino rats weighing 150-180 g were used. All operations and measurement of pos- 
tural asymmetry were carried out under ether anesthesia. The test preparations in aqueous 
solution, or water alone (control), were injected in a volume of I0 ~I suboccipitally into 
the animals. Laminectomy was performed at the thoracic level 3 h after the injection, and 
the spinal cord was then divided at the level T6-T7. The presence of postural asymmetry, its 
magnitude, and the side of the flexed limb were recorded 24 h after injection of the drugs 
(preliminary experiments showed that by this time the number of animals with postural asym- 
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