When the roles of these twofactors are compared it must be remembered that disturbance
of catecholamine synthesis under the influence of picolinic acid, a dopamine decarboxylase
inhibitor, prevents damage to the heart but does not prevent the formation of gastric ulcers
during stress [8, 9]. Meanwhile the development of ulcers and also of heart lesions is pre-
vented by butyryl derivatives of picolinic acid penetrating into the brain. y-Hydroxybutyric
acid, which activates the inhibitory strionigral system in the brain, hasa similar effect

[6].

Factors with a central inhibitory action can thus prevent not only the disturbance of
cardiac activity during stress, but also the formation of gastric ulcers. Adaptation to hy-
poxia does not have this effect, and it can therefore be concluded that this factor exerts
its prophylactic effect.through adaptive changes in the heart and in its regulatory appara-
tus.
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CHANGES IN THE NICOTINAMIDE NUCLEOTIDE CONTENT IN THE BRAIN AND
MYOCARDIUM OF RATS EXPOSED TO FACTORS INDUCING NEUROGENIC DYSTROPHIES

E. A. Migas UDC 616.8-009.85-092:577.152.1'133

The content of nicotinamide nucleotides in the brain and myocardium of rats was
investigated during electrical stimulation of the animals and administration of
toxic doses of noradrenalin, The level of total nicotinamide nucleotides and their
oxidized forms was reduced but the content and rate 6f synthesis of nicotinamide
nucleotide-phosphates were increased. The results point to a disturbance of oxida-
tiom=reduction processes and to an increase in the activity of the pentose pathway
of carbohydrate utilization in the tissues in neurogenic dystrophies caused by ex-
tremal stimulation,

KEY WORDS: neurogenic dystrophies; nicotinamide nucleotides; energy metabolism;
brain; heart.

Extremal stimulation causes a disturbance of nervous regulatory influences on metabolism
in the tissues, with the consequent development of dystrophic changes in them. Disturbance
of the functions of the sympathetic nervous system, a deficiency of catecholamines in the
tissues, and marked inadequacy of energy metabolism are observed in such cases. The creatine
phosphate level in the tissues falls, glycolysis is disturbed, the glycogen concentration is
reduced, lactic acid accumulates, and oxidative phosphorylation is depressed [1, 4, 5, 7].
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Since energy metabolism is closely connected with the activity of oxidation-reduction
processes involved in the oxidation of energy-rich compounds and the formation of high-energy
phosphate bonds, it was decided to study these processes during the development of trophic
disturbances caused by extremal stimulation.

The content of nicotinamide nucleotides, coenzymes of many of the dehydrogenases, in-
cluding enzymes of aerobic and anaerobic carbohydrate conversion, and which constitute the
first link in the chain of electron acceptors in the reactions of energy formation, was in-
vestigated after extremal stimulation. The level of nicotinamide nucleotides, the ratio be-
tween their oxidized (NAD, NADP) and reduced forms (NADH, NADPH), and also between nucleo-
tide-phosphates and nucleotides are indices of metabolic activity in the tissues and largely
reflect their functional state.

EXPERIMENTAL METHOD

Experiments were carried out on rats exposed to extremal stimulation: electrical stimu-
lation for 3 h [3] and administration of toxic doses of noradrenmalin (NA), which was injected
intraperitoneally in a dose of 2.5 mg/kg. Tests in the laboratory showed that both these
forms of stimulation caused neurogenic dystrophic lesions in the internal organs [1]. Tissue
from the myocardium and brain was removed for investigation after stimulation for 3 h.

Oxidized and reduced forms of nicotinamide nucleotides were extracted separately [2, 8].
NAD was determined by an enzymic method based on its reduction by alcohol dehydrogenase; NADP
was determined by Slater's method [12]. :

Besides the content of nicotinamide nucleotides, the activity of NAD-kinase was deter-
mined. This is an enzyme which synthesizes NADP from NAD, which is the sole source of forma~
tion of NADP in the tissues. NAD-kinase activity was determined in the brain tissue after
electrical stimulation causing the most changes in the nucleotide-phosphate content. Activ-
ity of the soluble fraction of NAD-kinase obtained by centrifugation of brain homogenates in
0.02 M KHCOs at 16,000 rpm was investigated [2, 13].

EXPERIMENTAL RESULTS

The results showed that in response to extremal stimulation the level of oxidized forms
of nucleotides was reduced in the tissues of the brain and myocardium compared with the con-
trol (Table 1), and in some series the level of total nicotinamide nucleotides also was re-

 duced, evidence of inadequacy of oxidative processes during extremal stimulation. It can
tentatively be suggested that this was connected with exhaustion of catecholamines, which ex—
ert a regulatory influence on the activity of oxygen consumption by the tissues, and, par-
ticular, with a fall in the NA level during electrical stimulation of the animals and through
the action of toxic doses of exogenous NA [1, 5, 9]. A very important physiological function
of NA is to regulate the oxygen consumption by the tissues, the activity of oxidative proces-
ses and of the enzymes participating in them, and also the intensity of oxidation-reduction
processes [11, 14], through its action on a-adrenoreceptors [10].

Besides a decrease in the content of oxidized forms of nicotinamide nucleotides during
extremal stimulation, the level of nucleotide-phosphates in the tissues was increased, mainly
in the form of NADPH.

Determination of NAD-kinase activity revealed an increase in the intensity of NADP syn-
thesis. NAD-kinase activity in the rats' brain after electrical stimulation for 3 h was sig-
nificantly higher than in the control animals: 7.80 * 0.80 and 4.65 + 0.27 nmoles NADP/mg
protein/h, respectively.

Since the level of nicotinamide nucleotides corresponds to activity of the dehydrogen~
ases dependent on them, the accumulation of NADPH in the tissues and the increased synthesis
of NADP may evidently indicate an increase in the activity of NADP-dependent dehydrogenases
and, in particular, dehydrogenases of the glucose-monophosphate shunt. The role of this
pathway of carbohydrate conversion is known to increase in the presence of an energy defi-
clency, for the affinity of glucose-6-phosphate dehydrogenase for glucose-6-phosphate is
higher than that of the glycolytic enzymes. Investigations in the writer's laboratory have
in fact shown that glucose-6-phosphate dehydrogenase activity is increased in neurogenic dys-
trophies of the myocardium induced by extremal stimulation [7].
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It is interesting to note that metabolic changes similar to those obtained in the pres-
ent experiments have been found in tissues characterized by insufficiency of nervous con-
trol — in denervated and embryonic tissues, in which the activity of dehydrogenases of the
glucose-monophosphate shunt and NAD-kinase is considerably increased {2, 6, 8].

It can be concluded on the basis of these results showing an increase in NADP synthesis,
increased activity of glucose-6é-phosphate dehydrogenase, and accumulation of NADPH that dur-
ing extremal stimulation the activity of NADP-dependent dehydrogenase on the glucose~
monophosphate pathway of carbohydrate conversion is increased, evidently as a result of dis-
turbance of neurotrophic influences on tissue metabolism.
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