Bulletin of Experimental Biology and Medicine, Vol. 144, No. 5, 2007 PHARMACOLOGY AND TOXICOLOGY

695

Effect of Cerebronorm on Energy Metabolism
and Lipid Peroxidation in Rat Brain during Hypoxia

K. Yu. Vasilyev and V. A. Khazanov

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 144, No. 11, pp. 538-541, November, 2007

Original article submitted July 16, 2007

Cerebronorm prevents de-energization of mitochondria, limitation of succinate- and

NAD-dependent energy production,

and oxidation-phosphorylation uncoupling and

inhibits LPO processes in the brain of rats under conditions of hypoxia.
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Hypoxia is a typical pathological process accom-
panying various diseases. Irrespective of the type
of hypoxia, characteristic hypoxic disorders are
determined by insufficient aerobic energy produc-
tion in mitochondria [2]. Energy deficiency causes
a variety of metabolic shifts, including activation of
free radical oxidation in cells [2].

Hypoxia plays a very important role in the
pathogenesis of cerebral abnormalities: acute cere-
brovascular disorders, chronic cerebral ischemia,
toxic and posthypoxic encephalopathy, brain dam-
age, neurotropic intoxication, coma. etc. [2,5]. There-
fore, the use of drugs correcting energy deficit and
stabilizing secondary negative shifts, including LPO
activation, is justified in combined therapy of ce-
rebral disorders.

Mitochondrion (MC) substrate-based agents
and substances modulating mitochondrial processes
are perspective agents for prevention and correc-
tion of hypoxic aftereffects [4].

We studied antihypoxic activity of cerebro-
norm (CN), a complex drug developed in our labo-
ratory. The composition of CN tablets (0.5 g) is as
follows: succinic acid (SA; 0.1 g), riboxin (0.1 g),
nicotinamide (0.05 g), and riboflavin (0.01 g). The
metabolic composition of CN components is desig-
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ned to maintain oxidative phosphorylation proces-
ses in the brain under conditions of hypoxia.

MATERIALS AND METHODS

Experiments were carried out on outbred male al-
bino rats (200-250 g). Hypercapnic hypoxia was
induced by placing the animals into a sealed ves-
sel (3 liters) for 1.5 h, which, according to our data
corresponds to medium severe hypoxia [4]. CN was
used as a preventive drug in a single daily dose of
260 mg/kg intragastrically for 5 days, which cor-
responded to 50 mg/kg (antihypoxic dose) of SA,
50 mg/kg riboxin, 25 mg/kg nicotinamide, and 5
mg/kg riboflavin. Controls received an equivalent
volume of the solvent (1% starch gel).
Mitochondrial function was evaluated by re-
spiratory activity of brain homogenate using the
polarographic method. The rates of O, consumption
in metabolic states before (V,,), during (V;), and
after (V,,) phosphorylation of 1x10—* M ADP du-
ring oxidation of 5x10—* M succinate or NAD-de-
pendent substrates malate and glutamate (3x10—
M each) in the presence of SDH inhibitor (malo-
nate; 2x10— M) or aminotransferase inhibitor (ami-
nooxyacetate; 5x10—* M). Respiration stimulation
(V4/V,,), respiratory control (V./V,,), and oxida-
tion-phosphorylation coupling (ADP/O) coefficients
were calculated. Inhibition of LPO by CN was eva-
luated by its effect on the development of spon-
taneous and ascorbate-dependent LPO in brain
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homogenate [2]. The significance of differences
was evaluated using Mann—Whitney nonpara-
metric test at 5% significance.

RESULTS

The rate of O, consumption by brain MC under
conditions of hypoxia in our experiment increased
during utilization of endogenous substrates before
and during ADP phosphorylation cycle, while the
respiration stimulation coefficient decreased (Fig.
1). Hypoxia appreciably increased MC respiration
rates under regulated conditions (V,, and V,,) du-
ring utilization of exogenous substrates (succinate
and NAD-dependent substrates). The rate of MC
phosphorylating respiration (V;) increased during
succinate utilization under regulated conditions,
this being paralleled by a reduction of V./V,, co-
efficient. Oxidation of NAD-dependent substrates
was also associated with an increase in MC respi-
ration rates and a decrease in respiration stimulation
and respiratory control coefficients (Fig. 1). Hypo-
xia was associated with a reduction of the ADP/O
coefficient in rat brain MC during oxidation of all
types of substrates (Fig. 1), which indicated un-
coupling of oxidative phosphorylation. Activation
of SDH in hypoxia was paralleled by the deve-
lopment of compensatory limitation of enzyme ac-
tivity. Malonate, a competitive SDH inhibitor, con-
trasted the signs of energy deficiency in the MC
during oxidation of NAD-dependent substrates: re-
duced the level of malonate-sensitive respiration
and oxidation-phosphorylation coupling in animals
exposed to hypoxia (Fig. 1).

These data indicate a strong effect of this hypo-
xic model on cerebral energy homeostasis. Mito-
chondrial energy deficiency developing under con-
ditions of O, deficit and most demonstrative during
oxidation of NAD-dependent substrates, manifes-
ted predominantly in increased rates of regulated
respiration and less so by increased rate of phos-
phorylating respiration in the presence of oxida-
tion-phosphorylation uncoupling (reduced respira-
tion stimulation, respiratory control, and ADP/O
values). It seems that detected activation of MC
respiration in animals exposed to medium severe
hypoxia results from transition of organelles from
hypoxic to hyperoxic status during in vitro incu-
bation [7], which masks the actual status of the
object. The possible cause of changes in the meta-
bolic status of MC is impaired permeability of their
membranes [8] during in vivo hypoxia and sub-
sequent in vitro reoxygenation. Increased total
number and rate of lipoperoxide production in
brain homogenate of animals exposed to hypoxia
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really indicates activation of free radical formation
(Fig. 2).

Preventive treatment with CN before hypoxia
eliminates energy deficit in cerebral MC by trans-
ferring the organelles in animals of the studied group
into the reduced respiratory activity mode (“eco-
nomy strategy”) under conditions of low Po,. CN
treatment before hypoxia reduces MC respiration
rates under regulated conditions (V,, and V,,) du-
ring oxidation of substrates of all types, this indica-
ting elimination of hypoxic changes in metabolism
and can be explained by the stabilizing effect of the
drug on MC membranes. CN promotes the increase
in the respiration stimulation coefficients during
oxidation of endogenous substrates, succinate, and
NAD-dependent substrates by MC (Fig. 1); during
succinate oxidation CN promotes the increase of
the respiratory control coefficient, which fact indi-
cates a wider range of MC respiratory activity (V;-
V,). Normalization of the ADP/O coefficient during
oxidation of all types of substrates was noted in MC
of animals CN in comparison with the parameters
in untreated animals.

The decrease in LPO intensity in brain tissue
under conditions of hypoxia after CN treatment
(Fig. 2) presumably reflects normalization of oxi-
dative phosphorylation, prevention of the cascade
of free-radical cell damage [2] as a result of orga-
nelle energization. Presumably, the antioxidant ef-
fect of CN is explained by the formation of redu-
ced glutathione [8] at the expense of electron return
in the respiratory chain as a result of its mono-
polization by succinate.

Activation of SDH by exogenous succinate
contributes to the antihypoxic effect of the drug [3].
Enzyme activity does not depend on the deficit of
oxidized NAD"* forms in hypoxia, due to which the
energy-producing function of MC is preserved in
the presence of disturbed NAD-dependent respira-
tion of organelles. Presumably, the substrate effect
of SA is realized predominantly in the liver during
primary passage of the substance through it, due to
intense metabolism of the substrate [3]. The close
neurohumoral relationship between the organs and
strain irradiation in the energy production systems
[6] suggest that the antihypoxic mechanism of the
drug in the brain does not depend on the substrate
effect of SA. Presumably, it is caused by the recep-
tor direct and indirect effect of the drug [1,9]: the
concentration of SA, received with the drug dose
of 50 mg/kg, does not reach the Michaelis’ constant
for SDH (0.35 mM) even in the plasma. The anti-
oxidant effect of riboxin is realized via stimulation
of NAD synthesis in MC from nicotinamide, xan-
thine oxidase inhibition, and suppression of the
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Fig. 1. Function MC from rat brain during hypoxia and after preventive treatment with CN. Oxidation substrates: 1) endogenous; 2)
succinate; 3) malate and glutamate; 4) malate, glutamate, and malonate; 5) malate, glutamate, and aminooxyacetate. RS: respiration
stimulation coefficient; RC: respiration control coefficient. Here and in Fig. 2: p<0.05 compared to: *control, *hypoxia.

radical processes. Riboflavin is characterized by
antihypoxic effect associated with activation of
flavin reductase and reduction of the content of
macroergic substances (ATP and creatine phospha-
te), as well as by antioxidant effects caused by

glutathione reduction [8]. Nicotinamide is a com-
ponent of NAD, it activates cellular NAD-depen-
dent dehydrogenases and antioxidant systems of
ubiquinone oxidoreductases, protecting cell mem-
branes from free radicals [10]. As the targets of CN
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Fig. 2. Effect of CN on the dynamics of accumulation of ascorbate-
dependent TBA-reactive products in the brain of rats during
hypoxia. 1) control; 2) hypoxia; 3) CN.

components cytoprotective effects are different in

hypoxia, presumably, their effects are synergic.
These data suggest clinical use of CN as a cere-

broprotector for prevention or therapy of damaged
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function of the CNS in disorders of the cerebral
hemodynamics or hypoxia.
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