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Posthypoxic encephalopathy is characterized by inhibition of the succinate oxidase stage in
cerebral energy production. When administered to rats exposed to hypoxia, Bergeniae crassifolia
extract reduced mortality and restricted the inhibition of rapid metabolic cluster reactions
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This study analyzes the role of rapid and slow meta-
bolic clusters [2,3] in the maintenance of brain ener-
gy homeostasis by measuring the level of NADH flu-
orescence in rat brain mitochondria during posthy-
poxic encephalopathy (PHE) and its correction with
extract from Bergenia crassifolia leaves. Previous scre-
ening revealed high cerebroprotective activity of this
preparation in hypoxia [4,5]. The present study used
an original approach to the assessment of energy pro-
duction based on the analysis of kinetic characteristics
of pyridine nucleotide reduction (PNR) during phos-
phorylation of exogenous ADP [4].

MATERIALS AND METHODS

The study was carried out on 2-month-old male Wist-
ar rats weighing 180-200 g (Laboratory of Experimen-
tal Biomedical Modeling, Tomsk Research Center).
Piracetam (400 mg/kg) and extract of Bergenia cras-
sifolia leaves (300 mg/kg) were suspended in water
and administered intragastrically for 5 days starting
from day 14 after hypoxia. Hypoxia was modeled in a
hermetically sealed S-liter jar until the start of agony
(3.5-4.0 h), after which the jar was open, and the ani-
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mal was returned to its home cage. After the 19th hy-
poxia session the rats were decapitated under ether an-
esthesia.

Isolated brains were homogenized in an ice-cold me-
dium containing: 1.2x10~' M KCl, 2x10— M K,CO,,
102 M HEPES, 2x10—* M EDTA (pH=7.2), 2x10
M KH,PO, (pH=7.2 at 26°C) was added during incu-
bation. The functional state of the energy production
system was evaluated by the level of reduced pyridine
nucleotides [9].

The data were analyzed statistically using paired
Wilcoxon—Mann—Whitney test.

RESULTS

In the experimental animals, the time of NAD reduc-
tion after the addition of ADP to cerebral mitochond-
ria oxidizing an endogenous substrate was 2.65-fold
prolonged and the rate of transition from 24P to 2R
metabolic state was 2.8 times lower compared to the
control (Table 1). During oxidation of exogenous suc-
cinate, the time of NAD reduction was 2.3-fold pro-
longed and the rate of transition from metabolic state
3 to 4R was 2.5 times lower than the corresponding
control values. During oxidation of NAD-dependent
substrates, Tr, increased 1.95-fold and V, decreased
2.9-fold. These changes indicate that hypoxic injury
causes pronounced negative shifts in the brain energy
metabolism [1].
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Fig. 1. Effect of malonate and aminoacetate on the NAD fluorescence of rat brain mitochondria. Open bars: malate with glutamate; shaded bars:
malate with glutamate+malonate; filled bars: malate with glutamate +aminooxyacetate. p<0.05 in comparison with the control (*) or posthypoxic

encephalopathy, PHE (*). BCE: Bergenia crassifolia extract.

Thus, evaluation of cerebral energy production by
the rate of transition from 3 to 4R mitochondrial meta-
bolic state and the time of RPN in combination with
inhibitory analysis made it possible to reveal a con-
siderable contribution of rapid metabolic cluster reac-
tions to metabolic disturbances in PHE. Bergeniae
crassifolia extract exerted a cerebroprotective effect by
preventing inhibition of the succinate oxidaze system,
more resistant to oxygen deficiency than NAD-depen-
dent energy production. The observed antiradical pro-
perties of this preparation can also contribute to the
mechanisms of its cerebroprotective effect.
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