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Molecularly-biochemical and Neuropsychophysiological
Aspects of Neuroprotective Activity of Mexidol during Chronic

Immobilizational Stress

IS Chekman?’, I Yu Yakovleval, I F Belenichev?, N A Gorchakova?, N V Buhtiyarova?

Abstract: It is found out that in models of rats’ chronic stress an oral administration of Mexidol (100 mg/kg) during 10 days
decreases a degree of DNA oxidative modification markers (8-OHG), proteins APH and KPH, hyperproduction of NO, and activity
of NO-synthase. Also it changes an expression of early gene c-Fos and increases a concentration of Bcl-2 in neurons of

paraventricular nuclei of the hypothalamus.

INTRODUCTION

The decrease in longevity and quality of life directly
depends on the increase in frequency of central nervous
system (CNS) diseases’ appearance, in an ethiogenesis of
which a stress takes place. According to this, a development
of techniques of pharmacological correction of emotional
stress is one of essential problems of modern medicine. It is
known that the one of the emotional stress pathogenesis
links is an overproduction of reactive oxygen species (ROS)
by bioenergetics and neurochemical systems of the brain. [3
7,10, 14, 18] A surplus of ROS in antioxidant deficiency
conditions leads to an oxidative modification of lipids,
proteins and nucleonic acids. Oxidative modification of
proteinaceous components of receptors, ion channels,
neuron synaptic structures leads to disorders in generation
and conductance of nervous impulse, breaks synaptic
transmission and, as a result, leads to an impairment of
brain cognitive functions. [2 57 9,10,12,14,15] [t js also known
that under the action of ROS, an activation of an expression
of redox-sensitive genes takes place in a cell. Some of these
genes are essential for the cell defense against toxical
effects of oxidative stress, while the others, in the surplus of
ROS, initiate an apoptosis. [22 241 According to mentioned
above, the use of antioxidants, nootropics and their
combinations is a promising direction in pharmacotherapy
of a stress and its consequences. [131 Mexidol
(Ethylmethylhydroxypyridine succinate), an antioxidant
with neuroprotective activity, is the dramatic example.

The medication has pronounced antioxidant, anti-
ischemic, nootropic and cerebroprotective activity. [2 45 8
17, 18] The aim of current research is to study the
neuroprotective activity of Mexidol during chronic
immobilizational stress, an influence of the drug on
oxidative stress, immediate early genes’ expression and
development of apoptosis in a brain.

MATERIALS AND METHODS

Research has been carried out on sufficient number of
experimental animals, and all manipulations have been
implemented according to the ‘European Convention for
the Protection of Vertebrate Animals Used for
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Experimental and Other Scientific Purposes’ (Strasbourg,
1986 with supplements of 1998) and ‘General Ethic
Principles of Animal Experiments’ (Kyiv, 2001). Protocols
of experimental studies have been approved by the
resolution of Bioethics Commission of ZSMU (protocol Ne
26, the 17t of December, 2010).

Experiments were carried out on 48 male rats of Vistar
line with 180-190 g in weight and 6 months in age. Chronic
immobilizational stress (CIS) was modeled by 2-hour long
rough immobilization on a back during 10 days. [23] Mexidol
(CJSC ‘ALSI Pharma’) was administered orally in the dosage
100 mg/kg by a metallic 0.5 ml tube during 10 days, each
day 30 minutes before immobilization. On the first day of
experiment, 30 minutes before stress, the conditioned
reflex of passive avoidance (CRPA) had been generated in
animals in a two-chamber cage. After 10 days and after 2
hours after the last stress the ‘open field’ test on rats has
been carried out. Number of horizontal, vertical
movements and looks into the ‘hole’ were determined. At
the same time the stability of CRPA was checked by the
latency period of entering the dark chamber of the cage. [15
23] Than animals were euthanized with Nembutal narcosis
(40 mg/kg). Their brainpans were being opened and brains
were quickly plucked out. For biochemical study brains
were washed in cooled isotonic solution NaCl (+5°C) and
then were homogenized in Potter homogenizer (1500
rotations/min) during 3 minutes in 5 volumes of buffer,
containing 50 mM of tris-HCl, 2 mM of EDTA and 2 mM of
dithiothreitol (pH 7.4). Aliquots of these homogenates were
centrifuged on Sigma 3-30 k refrigerator centrifuge
(Germany) with 1000 g during 10 minutes, and then with
14000 g and temperature +4°C during 10 minutes. [11,16,22]

The products of protein oxidative modifications by the
level of aldehyde phenylhydrazone (APH) and ketone
phenylhydrazone (KPH) in the reaction of oxidized amino
acid residues with 2,4-dinitrophenylhydrazone were
measured in the supernatant (5 mg/ml). [12] Also, stable
NO metabolites (by the amount of nitrates in Griss
reaction, 16l and an activity of NO-synthase (NOS) were
measured. The NOS activity was calculated according to
the difference between the speeds of NADPH oxidation
registered by a fluorimeter in two parallel samples - with
and without N-nitro-L-arginine (the NOS inhibitor). [19]
Protein concentration was measured with Bradford
protein assay.

The level of oxidative DNA modification was calculated by
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Table 1: An Influence of Mexidol on Orientative and Investigative Activity and Memory of Animals with CIS

Groups of Animals Number of Horizontal Number of Vertical Number of Looks into  Latency Period
Movements (in 3 min) Movements (in 3 min) the ‘Hole’ (in 3 min) of CRPA, s
Intact 56,5+2,76 17,2+0,86 7.8+0,66 180,5£11,0
CIS (control) 10,6+2,87 4,3+0,27 2,240,14 52,445,6
Mexidol 100 mg/kg + CIS 22,5+2,4* 13,2+0,54* 3,46+0,14 78,8+6,4*

*p < 0.05 in comparison with control

Table 2: An Influence of Mexidol on the Amount of Products of Protein Oxidative Modifications, Stable NO Metabolites, NO-
Synthase Activity in Rat Brain and Daily Expression of 8-OHG during CIS

Groups of Animals APH, units/g of KPH, units/g of NOz;, pm/g of NO-Synthase, 8- OHG,
Protein Protein Protein nmole/mg/min nmole/day
Intact 0,720,033 0,58+0,011 5,67+0,23 8,44+0,33 97,8+12,6
CIS (control) 2,77+0,112 3,02+0,155 21,43+1,44 22,57+2,56 412,3+16,8
Mexidol + CIS 1,76+0,105* 2,37+0,176* 12,55+1,11* 16,43+1,52* 337,8+17,8*

*p < 0,05 in comparison with control

Table 3: An Influence of Mexidol on the Expression of Inmediate Early Genes (C-Fos) by the Number of Fos-Positive Neurons
and on the Amount of Bcl-2 in Neurons of Paraventricular Nucleus of the Hypothalamus of Animals with CIS

Groups of Animals Number of Fos-positive Neurons in 1 mm? Number of Bcl-2-positive Neurons in 1 mm?2
Intact 40,4+2,5 167,8+11,7
CIS (control) 125,44+10,7 83,2+5,8
Mexidol + CIS 73,54+7,4* 114,8+7,2*

*p < 0,05 in comparison with control

Figure 1: The fluorescence of Fos-positive neurons in paraventricular nucleus of the hypothalamus of intact animal group. Lens
magnification x 100

Figure 2: The fluorescence of Fos-positive neurons in paraventricular nucleus of the hypothalamus of control animal group. Lens
magnification x 100

Figure 3: The fluorescence of Fos-positive neurons in paraventricular nucleus of the hypothalamus of animal group exposed to CIS
and during Mexidol therapy. Lens magnification x 100
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the daily expression of 8-hydroxyguanine (8-OHG) in a
urine with chromatography method. [20]

For histochemical study a brain was fixed for 24 hours
in Carnoy’s fluid and then according to the standard
scheme it was embedded into blocks with Paraplast-X100.
After that serial frontal 14 um histological sections of
hypothalamus on rotational microtome were prepared. An
immunohistochemical method of indirect
immunofluorescence was used to measure c-Fos and Bcl-2
expression in paraventricular nucleus of the hypothalamus.
Histological sections were taken out from Paraplast,
rehydrated, three times washed for 5 minutes in phosphate
buffer (pH 7.4), and incubated for 30 minutes in 2 N
hydrochloric acid (T 37°C). Then they were twice washed
for 5 minutes in phosphate buffer (pH 7.4), twice washed
for 5 minutes in Holmes borate buffer (pH 8.4), and again
four times for 5 minutes in phosphate buffer (pH 7.4). After
that the material was incubated for 30 minutes in 0.1%
trypsin solution in phosphate buffer (T 37°C). After
incubation sections were four times washed for 5 minutes
in phosphate buffer (pH 7.4) and incubated for 24 hours in
dampening chamber (T 4-6°C) with primary polyclone
rabbit IgG to proteins c-Fos and Bcl-2 (Sigma Chemical,
USA). After incubation sections were four times washed for
5 minutes in phosphate buffer (pH 7.4) and incubated for 1
hour (T 37°C) with secondary goat antibodies to mice IgG
fragment, conjugated with fluorescent dye (FITC) of Sigma-
Aldrich (cat. No. F 2266). Fos-positive and Bcl-2-positive
neurons were studied with the fluorescent microscope
Axioskop (Ziess, Germany), the video camera COHU - 4922
(USA), and the image digital analysis computing system
VIDAS-386 (Kontron Elektronic, Germany).

The choice of statistical procedures and the analysis of
the mode of values distribution. The analysis of a normalcy
of distribution was measured by Kolmogorov-Smirnov (D),
Lilliefors, and, predominantly, Shapiro-Wilk (W) criteria.
Also, as fitting criteria, the values of asymmetry and excess
of data distribution were measured. When the null
hypothesis that there were statistically significant
differences between observed and normal distribution
couldn’t be rejected, nonparametric methods were used.
Otherwise parametric methods were used.

Quantitative Data Censoring

When there were variants in studied totality that extremely
differed from the entire mass of inquiries (measured
according to the properties of standard normal
distribution), they were excluded from further analysis.
Such thing happened when these variants were higher or
lower in absolute units than critical value, measured as a
sum of mean value and tripled expectation sample value.

Representation of Data
Data was represented as a mean with a mean-square error
of representatively of a sample mean.

An Evaluation of Differences of Unrelated Sat Samples
In cases of a normalcy of distribution of a variable, when
there were more than two groups compared, in order to

Inventi Rapid: Molecular Pharmacology Vol. 2013, Issue 2
[ISSN 0976-3856]

Spreading
Knowledge

mventi

verify the statistical hypothesis that studied groups
belonged to different general totalities, the procedure of
single-factor analysis of variance was used, during which
the null hypothesis that there were no statistically
significant differences in set sample when p<0.05 was
rejected, and calculated value of F-criterion was compared
with a critical one for the further pair-wise comparison of
groups with the use of Games-Howell criterion.

In the case of distribution that differed from normal or
in the case of ordinal variable analysis the Mann-Whitney
U-criterion was used for 2 unrelated sat samples, and
Kruskal-Wallis H-criterion with further Games-Howell
comparison - for greater number of unrelated sat samples.
When the number of groups was 2, statistical significance
was measured with the means of heteroscedastic Gosset U.
t-criterion for unrelated groups with Bonferroni correction.

An Evaluation of Differences of Sat Samples in Parallel
Groups

During the analysis of treatment influence on studied
values in the case of normal distribution of variables the
procedure of single-factor analysis of variance of repeated
changes was used with further use of Newman-Keuls or
Games-Howell, taking into account the plurality of
comparisons.

In the cases when the distribution of studied variables
wasn’t normal, nonparametric analogue of analysis of
variance of repeated changes was used - the Fridman
criterion. In the case when there were only two groups, a
comparison was made using Wilcoxon criterion.

Chi-squared Test

The comparison of groups by qualitative attribute and the
study of a frequency of occurrence of values were carried
out with the use of chi-squared criterion and an analysis of
contingency Tables.

Multifactorial Analysis of Variance of Repeated
Changes and Co-variance Analysis

In analysis of an influence of different factors on studied
parameters during therapy and the analysis of dynamics of
indexes in dependence on initial values, the multifactorial
analysis of variance of repeated changes and covariance
analysis were used.

Correlation Analysis

An evaluation of relation rate between pairs of
independent attributes, expressed on quantitative manner,
was made with the use of Pearson (r) or P. Spearman (R)
coefficient of rank correlation, in dependence on the mode
of variables’ distribution. The confidence estimation of
correlation coefficients was carried out, comparing
calculated coefficients with critical (according to the
properties of correlation coefficients and degrees of
freedom).

Regression Analysis
For the determination of existence and properties of
dependence between numerical variables regression
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analysis procedure was used with an implementation of
lineal, logarithmic, power-law, exponential, and polynomial
(the second and third power) models, in an effort to
achieve independent (with Darbin-Wothson criterion),
normal distribution of residues (with asymmetry and
excess values as fitting criteria). The final choice of
regression equations was implemented with general
quality criterion - the weighted sum of general accuracy
criterion and general adequacy criterion. The accuracy
criterion was the normalized value of the average relative
approximation error, while the adequacy criterion was the
normalized value of the Darbin-Wothson criterion. During
the analysis of regression equations the value of the
multiple correlation coefficient and the R? determination
coefficient were taken into account.

Results of the study were processed with licensed
statistical suite «STATISTICA® for Windows 6.0» (StatSoft
Inc, No. AXXR712D833214FAN5) and «SPSS 16.0»,
«Microsoft Excel 2003». Separate statistical procedures and
algorithms were implemented in the form of intentionally
created macrosses in relevant programs.

RESULTS AND DISCUSSION

The results of studies showed that CIS was characterized by
changes in motional activity that came to decrease in
horizontal and vertical activity, and in inhibition of
investigative activity. An administration of Mexidol
significantly in comparison with control animal group (p <
0, 05) increased orientative and investigative activity. The
CRPA repetition, made after 10 days of daily stress, showed
that the maintenance of a memory trail is impaired in
control animals. Almost all rats of this group quickly
entered the dark ‘dangerous’ chamber. An administration
of Mexidol decreased the CIS-caused amnesia of CRPA and
significantly increased the latency period of reflex during
its repetition (Table 1).

The CIS modeling during 10 days led to development of
oxidative stress in a brain of experimental animals, as is
evidenced by an increase in level of marker products of
protein oxidative modifications. Thus, concentrations of
APH and KPH in control group of animals exceeded such
figures for intact group. An administration of Mexidol
significantly (p < 0.05) decreased the concentration of
protein oxidative modifications’ markers. We and other
authors [5 7,10, 21] think that protein oxidative modification
leads to the decrease in protein function in electron
transport chain, ATPase activity, and selectivity of
transporting pores. Changes in Red/Ox potential of
mitochondrial membrane can influence the function of
electron chain cascade of neuron. Mentioned above
changes eventually lead to an impairment of secretory,
incretory, and transport functions of neuron, and, as a
consequence, to the development of cognitive deficiency. [1-
8 25] [t is known that due to the activity of ROS in a cell an
activation of Red/Ox-sensitive genes takes place. Many of
these genes are needed for a cell defense against
toxicological effects of oxidative stress. Thus, in normal
concentration of oxygen in an environment (normoxia) by
the action of ROS an activation of generally c-Jun and ATF-2
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transcriptional factors takes place, while in condition of
oxidative stress — predominantly JunB and c-Fos factors. (&
7,8, 22,24, 25] An activation of exactly these transcriptional
factors in condition of ROS overproduction is explained by
the presence of highly sensitive to ROS cysteine residues in
DNA-binding domains of JunB and c-Fos. Oxidation of their
SH-residues leads to the reversible inactivation of AP-1 and
NF-kB. These data is confirmed by studies of other authors
[2,7,24, 25 which showed that emotional stress intensified an
expression of c-Fos in different brain structures.

To the point of view of some scientists, hyperproduction
of NO and OH- in some pathologies (ischemia, stress,
neurodegenerative diseases etc) plays a crucial role in
molecular mechanisms of oxidative stress and represents
the trigger mechanism in oxidative destruction of cell DNA.
[3.7.24] Oxidative modification of DNA leads to the formation
of 8-hydroxyguanine (8-OHG) which has profound cyto-
and genomotoxic activity with the major consequences - an
impairment of molecularly-biological processes in a cell
(replication and transcription). It is seen from Table 2 that
CIS is accompanied by significant rise in 8-OHG
concentration in daily rat urine. An administration of
Mexidol in animals showed protective activity in respect of
nucleic acids in oxidative stress as was evidenced by a
decrease of daily 8-OHG excretion p < 0.05.

Recently new articles appeared that convincingly proved
the role of NO in a pathogenesis of neurodestructive
diseases. A significant role in hyperproduction of NO belongs
to inducible no-synthase that is expressed under action of
transcription factors JunB, c-Fos, and AP-1. [9 14,22, 24]

Our researchers found out that CIS led to an activation
of NO-synthase and hyperproduction of NO as was
evidenced by four-fold increase of its stable metabolites in
rat brain. An administration of Mexidol in experimental
animals led to normalization of these indices. This effect of
Mexidol, apparently, is one of mechanisms of its
neuroprotective action, since the ratio of intracellular
concentrations of NO and ROS dictates the effects of these
compounds on processes related to neurons apoptosis
regulation. In conditions favorable for an accumulation of
peroxynitrite (ONOO-), NO stimulates an apoptosis, that is
related first of all to an activation of kinase JNK, factors p53
and Bax, release of cytochrome C from mitochondria with
further activation of caspases. [6.7.22,24]

Histoimmunochemical studies showed that the number
of Fos-positive neurons in paraventricular nucleus of the
hypothalamus of rats with CIS was significantly higher (p <
0.01) that of rats of intact group (Figure 2). An
administration of Mexidol in a dosage of 100 mg/kg led to
significant decrease (p < 0.01) in Fos-positive neurons in
paraventricular nucleus of the hypothalamus in
comparison with control animal group (Figure 2, table 3).
Also a decrease in concentration of antiapoptotic protein
Bcl-2 in neurons in paraventricular nucleus of the
hypothalamus was observed. It is believed [22 241 that Bcl-2
is metal-containing protein, the scavenger of ROS, an
apoptosis development blocker.

An administration of Mexidol slowed down a decrease
in Bcl-2 as was evidenced by the lowering of a number of
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Bcl-2-positive neurons in a paraventricular nucleus of the
hypothalamus in comparison with control group (p < 0.01).

Thus, results of carried out research read that Mexidol
has significant influence on different indices of rat
resistance against CIS and has pronounced stress-
protective and neuroprotective activity. The mechanism of
stress-protective and neuroprotective activity of Mexidol is
explained generally by its antioxidative properties and
related to its ability to increase an activity of glutathione-
dependent enzymes and an amount of reduced glutathione,
and also to decrease the grade of protein oxidative
modification by the means of direct interaction with ROS.
Mexidol has pronounced membrane-stabilizing activity
(increases an amount of phosphatidylserine and
phosphatidylinositol), normalizes an activity of many
crucial membrane-dependent enzymes - adenylate cyclase
and creatine phosphokinase. [3 71 Mexidol has protective
activity on protein components of neuron membranes -
receptors and ion channels, improves nervous conductivity,

synaptic transmission and increases an ability of
receptor complexes to bind with ligands and to increase an
activity of neurotransmitters. Thus, Mexidol improves
intellectual and memory activity. [3 ¢!

In conditions of antioxidant deficiency that developed in
CIS, Mexidol decreased the rate of oxidative modification of
DNA, proteins and lessened the hyperproduction of NO
(according to concentrations of its stable metabolites) and
activation of NO-synthase.

An administration of Mexidol changed expression of
early gene c-Fos and content of Bcl-2 in neurons in a
paraventricular nucleus of the hypothalamus in rats. The
area of a paraventricular hypothalamus is a source of
corticotropin-releasing factor, which, as it is known, leads
to higher production of ACTH in hypophysis and, thus,
activates the synthesis of steroids in adrenal glands, which
are the main link in emotional stress. An activation of early
genes and, consequently, an increase in number of Fos-
positive neurons in a paraventricular nucleus is a marker of
activation of this structure. [22 24 Moreover, as it was shown
previously, c-Fos plays a significant role in an expression of
NO-synthase and, as a consequence, in a hyperproduction of
stable NO metabolites, which are cyto- and genomotoxic.
Expression of an early c-Fos gene plays some role in an
initiation of apoptosis during CIS as was evidenced by a
decrease in Bcl-2 amount. An influence of Mexidol on an
expression of c-Fos and amount of Bcl-2 in rat neurons
during CIS can explain the mechanism of its neuroprotective
activity, particularly, by an influence on such delayed
mechanisms of neuronal death after stress, as apoptosis.

CONCLUSION

1. The modeling of chronic stress in rats by way of daily 2-
hour long rough immobilization on a back after 10 days of
experiment led to a disorder of cognitive and memory
function, an increase in formation of products of protein
and nucleic acid oxidative modifications, stable NO
metabolites, NO-synthase hyperenzymemia, and to an
excessive expression of immediate early genes (c-fos) and a
decrease in a concentration of antiapoptotic protein Bcl-2.
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2. Oral administration of Mexidol (100 mg/kg) in animals
during 10 days led to a decrease in levels of oxidative DNA
and protein modification markers (8-OHG, APH and KPH),
and to a decrease in NO hyperproduction (concentration of
stable- NO," metabolites) and NO-synthase activity.

3. Mexidol changed an intensity of immediate early gene c-
Fos expression and increased a concentration of Bcl-2 in
neurons of paraventricular nucleus of the hypothalamus in
rats with chronic immobilization stress.

4. Mexidol lessened an expressiveness of cognitive and
memory function in rats with chronic immobilizational
stress, while increasing orientative and investigative
activity and conditioned reflex of passive avoidance
integrity.

5. An influence of Mexidol on expression of c-Fos and
concentration of Bcl-2 in neurons of rats with chronic
immobilizational stress can explain the mechanism of its
neuroprotective activity, particularly, by an influence on
such delayed mechanisms of neuronal death after stress, as
apoptosis.

REFERENCES AND NOTES

1. Belenichev I F, Buhtiarova N V, Pavlov C V. New possibilities of
alcoholism treatment. Int. Neurol. J., 1(23)11-37, 2009.

2. Belenichev I F, Cherniy V [, Kolesnik Y M. Rational
neuroprotection. Donetsk: The ‘Zaslavsky’ Publishing House,
248,2009.

3. Belenichev I F, Hubsky Yu I, Dunaev V V. Cerebroprotective
effects of antioxidants in neuroimmunoendocrinic disorders
caused by toxicity or reactive oxygen species. Mod. Probl.
Toxicol, 1(7)14, 2004.

4. Belenichev I F, Hubsky Yu I, Pavlov C V. Toxic consequences of
oxidative modification of proteins in different pathological
conditions. Mod. Probl. Toxicol. 3, 20-26, 2005.

5. Belenichev 1 F, Levitsky E L, Hubsky Yu I. Antioxidant
protective system of an organism. Mod. Probl. Toxicol, 2, 32-
38,2003.

6. Belenichev I F, Mazur I A, Chekman I S. An influence of
Thiotriazoline on a development of neuroimmunoendocrinic
disorders caused by a hyperproduction of reactive oxygen
species during brain ischemia. Allergol. Immunol, 7(3)272-
274,2006.

7. Belenichev I F, Hubsky Yu I, Pavlov C V. A role of reactive
oxygen species in a pathogenesis of prenatal stress syndrome.
Mod. Probl. Toxicol, 2, 37-46, 2006.

8. Belenichev I F, Mazur I A, Stets V R. Inotropic therapy: the
past, the present, and the future // News Med. Pharm,
14(155)10-16, 2004.

9. Boldirev A A. A role of reactive oxygen species in neuron
functioning. Success Physiol. Sci, 34(3)21-34, 2003.

10. Goikova L A, Zoryan E V, Anisimova E N. Pharmacological
methods of stress correction. Probl. Biol. Med. Pharm. Chem, 3,
3-5,2004.

11. Hall E D, Vaishnav R A, Mustafa A G. Antioxidant therapies for
traumatic brain injury.Neurotherapeutics, 7(1)51-61, 2010.
12. Halliwell B, Yutteridge M C. Free radical in Biology and

Medicine. Oxford: Clarendon Press, 320, 1999.

13. Kharkevich D A. Fundamental routes of development of new
drugs. Exp. Clin. Pharmacol66, (3)74-79, 2003.

14. Koplyk 1 V, Mesheryakov A F, Pertsov S S. An influence of
dipeptide Vilon on a resistance of rats against emotional
stress. Russ. Physiol. ], 88(11)1440-1452, 2002.

15. Lalonde R, Strazielle C. The effects of cerebellar damage on
maze learning in animals. Cerebellum, 2(4)300-309, 2003.

2013 pmp 206, CCC: $10 © Inventi Journals (P) Ltd
Published on Web 18/02/2013, www.inventi.in



16.

17.

18.

19.

20.

21.

22.

23.

RESEARCH ARTICLE

Lalonde R, Strazielle C. The effects of cerebellar damage on
maze learning in animals. Cerebellum, 2(4)300-309, 2003.

Li L P, Liu L, Yu L S. Effects of centrifuge training on mRNA
expression in different rat tissues. Space Med. Med. Eng.
(Beijing), 17(3)184-188, 2004.

Mazur [ A, Belenichev I F. To the problem of neuroprotective
drugs’ design. News Pharmacol. Pharm, 4, 28-36, 2006.

Mazur I A, Zimenkovsky B S, Voloshyn N A. Thiotriazoline.
Lviv: Nautilus, 230, 2005.

Patent Ne 13132 (Ukraine), MPC JOIN 33/48. - (UA). -
Ne200509119/ Y M Kolesnik, I F Belenichev, A V Abramov.
The method of an estimation of an activity of NO-synthase
enzyme of tissue homogenates. - Pending, 2005.

Patent Ne 17279 (Ukraine), MPC JOIN 33/52. - (UA). -
Ne2006035001/ Y.M. Kolesnik I F Belenichev, N V Buhtiarova.
The method of an estimation of 8-hydroxyguanine in a urine
as a marker of nucleic acid damage. - Pending, 2006.

Rancillac A, Rossier ], Guille M. Glutamatergic control of
microvascular tone by distinct gaba neurons in the
cerebellum. J. Neurosci, 26(26)6997-7006, 2006.

Shleev S, Wettero ], Magnusson K E. Simultaneous use of

Inventi Rapid: Molecular Pharmacology Vol. 2013, Issue 2
[ISSN 0976-3856]

24.

25.

26.

Spreading
Knowledge

mventi

electrochemistry and chemiluminescence to detect reactive
oxygen species produced by human neutrophils. Cell. Biol. Int.,
32(12)1486-1496, 2008.

Stephanov A V. Preclinical studies of drugs. -Kyiv: State
Pharmacological Center of MH of Ukraine, 568, 2002.

Turpaev K T. Reactive oxygen species and gene expression
regulation, Biochem, 67(3)339-352, 2002.

V'yushina A V, Gerasimova I A, Flerov M A. Peroxide oxidation
of blood serum proteins in rats divided into groups according
to an ability to develop the conditioned reflex of passive
avoidance, in normal conditions and stress, Bull. Exp. Biol.
Med, 133(3)286-288, 2002.

Cite this article as: I S Chekman, I Yu Yakovleva, I F
Belenichev, N A Gorchakova, N V Buhtiyarova:
Molecularly-biochemical and Neuropsychophysiological
Aspects of Neuroprotective Activity of Mexidol during
Chronic Immobilizational Stress. Inventi Rapid:
Molecular Pharmacology, 2013(2):1-6, 2013.

2013 pmp 206, CCC: $10 © Inventi Journals (P) Ltd
Published on Web 18/02/2013, www.inventi.in




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


