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THE STUDY OF THE EFFECTIVENESS OF ANTIHYPOXIC
PROPERTIES OF CERTAIN COMPOUNDS OF VARIOUS ACTION
MECHANISMS ON HEMIC HYPOXIA MODELS
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The article presents experimental data on the effectiveness of drugs that could
stimulate the start of metabolic adaptation during the development of methemo-
globinemia. The modeling of this type of hemic hypoxia led to the disruption of
antioxidant protection, resulting in a rather significant decrease of superoxide
dismutase and catalase (primary antioxidant enzymes) in the blood plasma of tested
animals. We have established that anti-hypoxic activity was higher with the use of
mexidol compared to the use of tocopherol. The differences in the indicators
can perhaps be explained by the different mechanisms of action of the used
antioxidants. The state of methemoglobinemia has also led to increased
concentrations of medium-size molecules in the blood plasma. The use of mexidol
and tocopherol did not show any significant effect on normalization.
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Introduction. Any type of hypoxia is accompanied by a decrease in oxidative
metabolism and leads to disruption of the energy-producing system of the cell. As a
result, a discrepancy between the energy demand and energy production of the cell
is established, the process of synthesis of high-energy compounds, for example,
ATP, is disrupted. ATP deficiency and the accompanying metabolic and structural
changes become toxic factors that change the functions of membrane-bound
proteins, the structure of lipid-protein interactions. ATP deficiency leads to the
activation of anaerobic glucose breakdown, causes the accumulation of lactic acid
and the development of acidosis. In conditions of O, deficiency, acidosis is
aggravated by insufficient oxidation of fatty acids. The accumulation of under-
oxidized active forms of fatty acids (acylcarnitine, acyl-CoA) inhibits adenine
nucleotide translocase, thereby inhibiting the transport of ATP produced in
mitochondria to the cytosol [1, 2]. This creates the prerequisites for the initiation of
lipid peroxidation (LPO), which has a pronounced membrane damaging effect. The
LPO activity causing modification of biological membranes is also stimulated by
suppression of the activity of enzymes of the antioxidant system and, first of all,
superoxide dismutase (SOD), catalase, which in turn is provoked by the formation
of free radicals [3, 4]. Thus, a vicious circle is closed — a violation of energy
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metabolism leads to the activation of free radical oxidation, which damages the
mitochondrial membranes, thereby increasing the energy deficit of the cell.

In recent years, it was found that under various pathological conditions, inclu-
ding hypoxia against the background of the formation of reactive oxygen species and
the intensification of free radical oxidation processes, activation of LPO reactions in
blood plasma, so-called molecules of middle mass (MM) appear in increased
concentrations, covering the range with a molecular weight of 300-5000 Da.
Molecules of this kind are degradation products of proteins and their complexes. An
essential feature of MM is their clearly pronounced high biological activity and the
ability to aggravate metabolic disorders that caused their formation. In fact, they
acquire the role of “secondary toxins”, influencing the vital activity of the cell [5].
Although a certain part of MM is a product of blood protein catabolism, it should
not be ruled out that MM can be synthesized to bring homeostasis back to normal.

With the accumulation of information that the main indicators of hypoxia of
any etiology, including endogenous hemic, are disorders of energy metabolism, it
became clear that the antihypoxic defense of the body should consist in restoring the
energy balance of the cell and the correction of energy metabolism can be achieved
with the help of antihypoxants. Capable of influencing various links of energy exchange.

Currently, drugs that support the activity of the succinate oxidase link are finding
practical use. One of these drugs is mexidol. The presence of succinate in the structure
of mexidol is of fundamental importance for the manifestation of the pharmacological
effects of the drug. In the presence of mexidol, the succinate oxidase oxidation
pathway was activated, which under conditions of limiting NAD-dependent oxidation
in the early stages of hypoxia allows the cytochrome portion of the respiratory chain
to retain the ability of the cytochrome region to generate energy [6].

Some vitamins also exhibit pronounced antioxidant properties. So, vitamin E
(o-tocopherol) has antioxidant properties. a-tocopherol has the ability to interrupt
free radical oxidation chains due to the transfer of hydrogen from the phenolic ring
to the peroxide radical, with the formation of a stable phenoxide radical, incapable
of further free radical transformations [7, 8].

Despite the widespread use of antioxidants and antihypoxants in medicine,
until now there is no clear systematization of drugs and pathogenetic substantiation
of the appropriateness of combinations of certain antioxidants and antihypoxants.

The aim of the study was to identify the severity of metabolic disorders in
experimental animals under conditions of hemic hypoxia, to compare the dynamics
of these parameters against the background of the introduction of antioxidants of
various classes — mexidol and a-tocopherol.

Materials and Methods.

Laboratory Aimals. The studies were carried out on rabbits (domestic rabbits,
Oryctolagus cuniculus). The animals were kept in standard vivarium conditions with
free access to water and food, in a room with an air temperature of 22°C witha 12 h
light / dark cycle. The studies were carried out in accordance with the bioethics rules
approved by the National Bioethics Committee (Armenia).

Simulation of the Experiment. Modeled the average degree of methemo-
globinemia (blood methemoglobin is 35-36%) by introducing NaNO, at a dose of
50 mg/kg subcutaneously [9].
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To correct the disorders, mexidol was injected intraperitoneally at a concentra-
tion of 100 mg/kg, a-tocopherol — in the form of a 10% oil solution at a concentration
of 200 mg/kg 30 min before the introduction of NaNO,. Concentrations correspond
to the dosages used in experiments [10].

For research, the animals were divided into 4 groups (n =5 per group): | group
— intact animals, 11 group — animals with the development of hemic hypoxia, 11 group
— animals with hemic hypoxia developing against the background of the introduction
of mexidol, IV group — animals with hemic hypoxia, developing against the
background of the introduction of tocopherol.

Determination of Blood Biochemical Parameters. Blood was taken from the
marginal vein 50 min after poisoning, when the concentration of methemoglobin
(metHDb) in the blood was at its maximum.

To identify the antioxidant status of the organism, the activities of SOD and
catalase were determined. SOD activity was determined by the rate of adrenaline
autooxidation [11]. Catalase activity was determined by the colorimetric method
[12]. The intensity of lipid peroxidation was determined by the level of its molecular
product: malondialdehyde (MDA). MDA was determined by the reaction with
thiobarbituric acid spectrophotometrically at a wavelength of 535 nm [13]. The level
of intoxication was assessed by determining the MM [14].

Processing of Results. Data are presented as arithmetic mean values with
standard error in accordance with Microsoft Excel 2013. Standard error does not
exceed 3% of absolute values (not shown in the figures). Statistical hypotheses were
tested according to Student’s t-test [15], the difference between the results of
different series of experiments was taken as significant at p<0.05.

Results and Discussion. The reason for the development of hemic hypoxia
can be the effect on the body of a number of chemical compounds (nitrates, nitrites,
nitric oxide, some toxins of infectious origin, drugs), leading to the formation of
metHb. Methemoglobinemia is expressed in a decrease in the oxygen-binding
properties of hemoglobin. The process of metHb formation is reversible, but its
reduction to normal hemoglobin occurs relatively slowly (over several hours), when
the oxide form of iron (Fe**) again transforms into the ferrous form (Fe?*). Clinical
manifestations are observed when a significant amount of metHb accumulates in the
blood — more than 30%.

We assessed the significance of violations of the prooxidant-antioxidant
balance in the group of animals with simulated hemic hypoxia against the
background of drug correction using antioxidants of various mechanisms of action.

The state of the enzyme link of antiradical protection of cells was studied
according to the activity of SOD and catalase, LPO processes and their changes
under the influence of a-tocopherol and mexidol, as shown by the experimental
results, 50 min after the start of hypoxia there was a significant decrease in the
activity of SOD (by 60%) and catalase (by 54%) in the blood plasma of animals as
compared with those of the control group (Fig. 1). It should be noted that the activity
of the enzyme link of the antioxidant blood system underwent phase changes: at the
early stage of hypoxia (10 min after the start of hypoxia), there was some SOD
activation, followed by suppression at the later stages of pathology (50 min after the
start of hypoxia). In the group with mexidol correction, the activity of catalase and
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SOD in the blood plasma of animals (Il group) increased by 47% and 51%,
respectively, with tocopherol (1 group) — by 30% and 34%, respectively, relative
to the experimental group of animals without medical correction (Fig. 1).

H intact animals
& hypoxia
1 hypoxia+mexidol

# hypoxia+tocopherol

SOD U/mg protein catalase umol/L H,0,

Fig. 1. Influence of mexidol and a-tocopherol on the antioxidant status of blood plasma of
experimental animals in hemic hypoxia (differences are significant, n =5, p <0.05).

It should be noted that synchronicity in changes in the activity of SOD and
catalase is also noted by other authors [16, 17].

The presented data indicate, that under conditions of methemoglobinemisa,
inactivation of key enzymes of the antioxidant system occurs. The use of correction
drugs leads to a partial restoration of enzyme activity, but not to the indices of a
group of intact animals.

It was also found that in the blood plasma of rabbits there is a significant
increase (by 3.5 times) in the MDA content: its concentration increased from
2.71 umol/L in the control to 9.54 umol/L in the group of animals subjected to
hypoxia (Fig. 2). The MDA level in the Il group (experimental group with the use
of mexidol) was increased by 2.3 times, in the IV (experimental group with the use
of tocopherol) — 2.9 times compared with the indicators of the control group (Fig. 2).

According to modern concepts, there is a relationship between the processes
of LPO and accumulation in the blood of MM [18]. Under our conditions, the level
of MM in the hypoxic period increased by 4.3 times (Fig. 3). Administration of
mexidol and tocopherol did not seriously affect MM levels. The content of MM
remained significantly higher than the blood plasma indices of intact animals both
against the background of the introduction of mexidol and against the background of
the introduction of tocopherol (3.8 times and 3.9 times, respectively).

Thus, 50 min after the development of acute hemic hypoxia, metabolic
disorders appeared in the blood plasma of animals in the form of activation of LPO
processes and insufficiency of the antioxidant system. The introduction of (-
tocopherol and mexidol in the indicated doses caused a decrease in the intensity of
lipid peroxidation, manifested by a decrease in the concentration of MDA. There
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was also a tendency to restore the activity of antioxidant enzymes. The antihypoxic
activity with the use of mexidol was more pronounced, than with the use of
tocopherol. The differences in the mechanisms of action of the antioxidants used
may explain the differences in the recorded values of the indicators.
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Fig. 2. Changes in the content of MDA in the blood plasma of animals against the background of the
use of mexidol and a-tocopherol in hemic hypoxia (differences are significant, n =5, p <0.05).
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Fig. 3. Changes in the content of MM in the blood plasma of animals against the background of the
use of mexidol and a-tocopherol in hemic hypoxia

Conclusion. As a result of the development of experimental hemic hypoxia,
metabolic disorders appeared in the blood plasma of animals in the form of activation
of LPO processes and insufficiency of the antioxidant system. The injection of -
tocopherol and mexidol in the indicated doses caused a decrease in the intensity of
lipid peroxidation, manifested by a decrease in the concentration of MDA. A
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tendency to restore the activity of antioxidant enzymes has also been observed. The
antihypoxic activity with the use of mexidol was more pronounced than with the use
of tocopherol. The differences in the mechanisms of action of the antioxidants used
may explain the differences in the recorded values of the indicators. The obtained
data suggest that the use of antioxidant protection agents can weaken the negative
effects of chemical compounds causing intoxication and leading to the development
of hypoxia.
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H. K. AUPAIIETSH

U3YYEHUE DOOEKTUBHOCTHU ITPOTHMBOI'MIIOKCUYECKMX CBOMCTB
HEKOTOPBIX COEJUHEHUI PA3JIMUHOI'O MEXAHW3MA JIENCTBUS
HA MOJIEJIIX TEMUYECKOM TMIIOKCHUU

B cratbe mpezicTaBieHbl 3KCIIEpUMEHTAIBHBIE JaHHBIE 00 3PQEKTUBHOCTH
CpPEZCTB, KOTOpBbIE MOIJH OBl CTUMYJIHMPOBATH 3aIlyCK MeTaOOIMYECKOW aJanTaliu
IOpH Pa3BUTUH METTeMOTJIOONHEMHH. MOJETMpOBaHNE 3TOr0 THIIA T'€MHYECKOM
THITOKCUHM TIPUBOAMIIO K HAPYIICHUIO aHTHOKCUAAHTHOW 3aIUTBI, YTO TPOSBISIOCH
JOBOJIbHO PE3KHUM CHIDKEHHEM aKTUBHOCTH (PEPMEHTOB TIEPBHYHOTO 3BEHA
AQHTHOKCU/IAHTHOM CHCTEMBI — CYNEPOKCHIUCMYTa3bl U KaTajasbl B IUIa3Me KPOBH
IKCIIEPUMEHTAITBHBIX )KUBOTHBIX. Y CTAHOBJICHO, YTO aHTUTUIIOKCHYECKAsT aKTHBHOCTD
Ipyd MPUMEHEHHH MeKcuaoia Obia OoJiee BBIPAKEHHOH, YeM NpH NPHUMEHEHUH
ToKko(epona. Bo3MOXKHO, OTIIMUMS B PETUCTPUPYEMBIX 3HAYCHHSX ITOKa3aTeNei
MOXXHO  OOBSCHHTh  pa3in4yueM  MEXaHWU3MOB  JIGHCTBUSI  NPUMEHEHHBIX
aHTHOKCUIAHTOB. COCTOSTHHE METTEMOTTIOOMHEMUH TIPUBOIUIIO TAKXKE K YBEIUUCHHIO
KOHIIGHTPALIMK MOJIEKYJ CpeIHel Macchl B IUIa3Me KpoBu. [lokaszaTenbHO, 4TO Kak
MEKCHJI0J, TaK M TOKO(Epoa He OKa3aly 3HAYMMOTO ITOJIOKUTEIFHOTO BIMSHUS Ha
HOPMaJIM3alMIo 3TOro napameTpa.
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