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Abstract
The influence of selenium derivatives selenoline, cysteine selenate, and methionine selenate
on  the  main  indicators  of  HSP70-dependent  mechanisms  of  endogenous   neuroprotection
under conditions of acute cerebrovascular accident (CVA) modeling has been  investigated,
and  pathogenetic  substantiation  of  prospects  for  their  further  study  as  potential
neuroprotectors has been given. The experiments have been performed on white Wistar rats
by  bilateral  irreversible  ligation  of  the  common  carotid  artery.  Cysteine  selenite  and
methionine  selenite  at  a  dose  of  30  μg/kg,  and  selenoline  at  a  dose  of  50  μg/kg  were
introduced intraperitoneally to the experimental animals once-daily for 4 days. Every day for
4 days, the severity of neurological reactions was assessed in points on a stroke-index scale,
and the mortality rate in animals was recorded. In the process of biochemical studies of brain
tissue, the state of mRNA expression, HSP70 level, hypoxia-induced factors (HIF) – HIF1α
and HIF-3α were evaluated using the method of polymerase chain reaction (PCR) with real-
time  reverse  transcription.  While  false-operated  animals  developed  mild  neurological
disorders,  the  control  group  developed  bilateral  ptosis,  circling  movements,  paresis  and
paralysis  of  the  limbs.  On  the  4th  day  the  mean  score  on  Stroke-index  P.  McGraw
neurological deficit assessment scale was 16.7 ± 0.52, and 40 % of animals survived. In the
cytosol and mitochondria of brain tissues, a decrease in HSP70 was detected by 47% and 59%,
respectively.  The  administration  of  selenite  cysteine,  selenite  methionine  and  selenoline
contributed  to  the  normalization  of  this  indicator,  to  a  greater  extent  under  the  action  of
selenite cysteine.  In the control group there was a decrease  in HSP70 mRNA expression.
After administration of all the studied compounds, a tendency to increase the expression of
HSP70  mRNA  was  observed  compared  to  the  controls.  Under  conditions  of  cerebral
circulation insufficiency ACCI, in brain tissue, a decrease in the synthesis of HIF-1α at the
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stage of translation with ATP deficiency was noted. The course administration of selenium-
containing drugs to rats with ACCI induced an increase in HIF1α levels: cysteine selenite –
by 11.2 times, selenite methionine – by 3.13 times, and selenoline – by 1.1 times (p ˃0.05). A
significant  difference  in  relation  to  the  expression  of  HIF-3α  was  shown  only  after
administration  of  cysteine  selenite  (by  4.3  times  higher  than  the  control).  The  study  of
antioxidant modulation of HSP70-dependent mechanisms of endogenous neuroprotection of
the brain have demonstrated that administration of selenium-containing medications cysteine
selenite, methionine selenite, and selenoline lead to a decrease in neurological signs and the
mortality rate in animals with ACCI. The action of selenium-containing drugs is realized due
to their  positive influence on the glutathione system, the preservation of energy-producing
function of organs and mitoprotective effect. The obtained results indicate the relevance of
further  study  of  selenium-containing  drugs  on  other  models  of  pathological  processes
accompanied by ischemia.

Key  words:  selenium  derivatives,  HSP70,  dependent  mechanisms,  neuroprotection,
acute cerebrovascular accident

Despite  significant  advances  in  the  prevention  and  management  of   acute
cerebrovascular  accident  (CVA),  the  issue continues  to  be  of  extreme medical  and social
importance  [2,  10].  Stroke is  the second leading cause of death  and the leading cause of
disability among the residents of Ukraine, creating a serious burden for the healthcare system,
the economy and society as a whole [2].

Clinical  research  studies  over  the  past  15  years  have  indicated  the  positive effects
associated with the administration of primary and secondary neuroprotectors in the treatment
of ischemic stroke [2-5, 10]. However, basic neuroprotective agents do not always produce
the expected therapeutic effect in the acute phase of cerebral stroke [14].

In this regard, in order to optimize basic therapy, it is justified to identify new molecular
therapeutic targets of ischemic neurodestruction and to search for medications that selectively
modulate them. Therefore, studies of molecular-biochemical brain damage in CVA and the
development of new approaches to targeted neuroprotection,  the most promising targets of
which are considered to be strengthening the mechanisms of endogenous neuroprotection and
neuroplasticity,  in  particular,  the  coupled  glutathione  reduced/heat  shock  protein  70
(GSH/HSP70) system [1, 6-7, 11].

The glutathione unit of the thiol-disulfide system of the brain plays a significant role in
the  mechanisms  of  endogenous  neuroprotection  [3].  Recent  studies  in  the  field  of
neurochemistry and neuropharmacology have established that glutathione is not only the main
component of the antioxidant defense of the neuron, improving its resistance under ischemic
conditions, but is also a neurotransmitter and neuromodulator (in micromolar concentrations it
is  an  agonist  of  glutamate  receptors;  and  in  millimolar  concentrations  it  modulates  SH–
methyl-D-aspartate  (NMDA)  receptors,  regulating  endogenous  neuroprotection  links  and
neuroapoptosis [2]. Increasing the systemic glutathione levels by the use of modulators of
glutathione synthesis is a modern strategy for replenishing glutathione deficiency in ischemic
neurodestruction [2].

Of particular interest in this regard are selenium derivatives that affect the expression
and  activity  of  GSH-dependent  enzymes  and  regulate  glutathione  levels  [9].  The  role  of
glutathione (GSH) in the regulation of HSP70-dependent mechanisms of endogenous
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neuroprotection  is  known  [12,  13].  Thus,  the  search  and  development  of  methods  for
pharmacological  modulation  of  GSH/HSP70-dependent  mechanisms  of  endogenous
neuroprotection is an important and promising task of modern pharmacology. The foregoing
theoretically  substantiates  the  prospects  for  the  study  of  selenium  derivatives  Selenolin
(diacetophenonyl selenide), Se-methionine and Se-cysteine as neuroprotective agents [15].

The purpose of the study was to investigate  the action of selenium-containing drugs
Selenolin,  Se-methionine  and  Se-cysteine  on  the  main  indicators  of  HSP70-dependent
mechanisms of endogenous neuroprotection under conditions of experimental acute cerebral
circulation  insufficiency  (ACCI)  and  to  substantiate  theoretically  the  prospects  for  their
further study as promising neuroprotectors.

MATERIALS AND METHODS OF RESEARCH
The experimental  part  was performed on 100 white Wistar  rats weighing 160-170 g

collected  from  the  breeding  center  of  Institute  of  Pharmacology  and  Toxicology  of  the
Academy of Medical Sciences of Ukraine. The experimental animals were kept in accordance
with the sanitary and hygienic standards of the vivarium of ZSMU (air temperature22±2 °C)
under conditions of a natural change of day and night, food and nutrition ad libitum. [9].

The  experiments  were  carried  out  in  accordance  with  the  legislation  of  Ukraine,
Commission  on Bioethics  and  Pharmacy  “General  ethical  animal  experimentation”  (Kyiv,
2001), the provisions of the European Convention “On Protection of Vertebrate Animals used
for experimental or other scientific purposes” (Strasbourg, 1986; 1998) [2]. The experiments
were conducted on the basis of the Scientific medical-laboratory center of ZSMU, certified by
the Ministry of Health of Ukraine (certificate No. 039114). Compliance with ethical standards
is confirmed by the Commission on Bioethics of ZSMU.

Acute  cerebrovascular  accident  (CVA)  in  animals  was  performed  by  bilateral
irreversible occlusion of the common carotid artery (CCA) under thiopental anesthesia (40 mg
/  kg)  [8].  Every  day  for  4  days  (acute  period  of  cerebral  ischemia),  the  severity  of
neurological disorders was assessed in points on Stroke-index P. McGraw neurological deficit
assessment scale [2, 8], and mortality rate in all the experimental groups was calculated.

To study the influence of selenium-containing drugs on HIF1α levels and severity of
neurological signs in rats with ACCI, separate groups (20 rats in each group) of animals were
administered: L-Se-cysteine (Sigma Aldrich, USA) at a dose of 30 μg/kg, L-Se-methionine
(Sigma Aldrich,  USA) 30 μg/kg [9], and Selenoline (JSC "Bioamide",  Russia) 50μg/kg [9]
during the observation period (4 days). The drugs were administered intraperitoneally once a
day.

False-operated  and control  animals  were  administered  intraperitoneally  physiological
solution throughout the study.

For biochemical studies, blood was quickly removed from the brain, then brain tissue
was separated from the brain tunic, and the samples were placed in the liquid nitrogen. Then
they were finely ground in liquid nitrogen to powders and homogenized in a 10-fold volume
of a medium (2°C) containing (in mmol): sucrose 250, Tris-HCl buffer 20, EDTA 1 (pH 7.4)
[8].  At  a  temperature  of  +4°C,  the  mitochondrial  fraction  was isolated  by the  method  of
differential  centrifugation on the refrigerator centrifuge Sigma 3-30k (Germany). To purify
the mitochondrial fraction from large cell fragments, centrifugation was preliminarily carried
out for 7 min at 1000g, and then the supernatant was re-centrifuged for 20 min at 17000g. The
supernatant was decanted and stored at –80°C.

To assess the state of expression of HSP70 mRNA, hypoxia-induced factors (HIF) HIF-
1α and HIF-3α, the method of polymerase chain reaction (PCR) with reverse transcription in
real time (RT-PCR), the amplifier CFX96 ™ Real-Time PCR Detection Systems (Bio-Rad
Laboratories, Inc., USA) were used.
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The content of HSP70, a protein in the brain tissues, was determined by Western blot
analysis. Proteins were separated on a 10 % polyacrylamide gel by electrophoresis. Primary
antibodies against HSP70 (Santa Cruz Biotechnology) and secondary antibodies (biotinylated
anti-mouse IgG, SIGMA, USA, cat. # 051M4885) were used. For visualization, the membrane
was treated with a solution of 3-amino-9-ethylcarbazole (Sigma, USA, cat. No. A6926). The
HSP70 protein was detected using densitometry in the Adobe Photoshop program.

Statistical processing of scientific research data was carried out using the
STATISTICA®  for  Windows  6.0  software  package  (StatSoftInc.,  No.
AXXR712D833214FAN5),  as  well  as  SPSS  16.0,  Microsoft  Office  Excell  2003.  Before
applying statistical criteria, the hypothesis about the normal distribution of random variables
was  tested  (using  the  Shapiro-Wilk  and  Kolmogorov-Smirnov  tests).  Under  normal
distribution  conditions,  the  reliability  of  intergroup  differences  was  determined  using  the
experimental data obtained using the Student's parametric t-test. If the data did not correspond
to  the  laws  of  normal  distribution,  a  comparative  analysis  was  carried  out  using  the
nonparametric Mann-Whitney U test.

For comparison of independent variables in more than two samples, analysis of variance
(ANOVA) with normal distribution or the Kruskal-Wallis  criterion for a distribution other
than  normal  were  used.  To  analyze  the  regularities  of  the  relationship  between  different
indicators, a correlation analysis was carried out using the Pearson or Spearman correlation
coefficient. For all types of analysis, differences p <0.05 (95%) were considered statistically
significant.

RESULTS AND DISCUSSION
The assessments of the neurological status of animals on the McGraw scale showed that

severe neurological disorders in the form of paresis and paralysis did not develop in the group
of false-operated animals. Neurological soft signs in the form of sluggishness of movements
were  noted  on  the  1st  day  of  the  experiment.  Animals  in  the  control  group  developed
significant neurological disorders – bilateral ptosis, circling movements, paresis and paralysis
of the limbs. On the 4th day after surgery, the average P.McGraw score in this group was 16.7
± 0.52. By the 4th day, 40% of the animals survived in the control group.
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Table 1 – Influence of selenoline, Se-methionine, and Se-cysteine on neurological status 
according to the McGraw scale and mortality rate in animals with ACCI
Indicators false- 

operated
animals

Control
(ACCI)

ACCI +
selenoline

ACCI +
Se-methionine

ACCI +
Se- cysteine

Index 
McGrаw

1 
da

y

0,145±0,02 10,2±0,47 10,11±0,82 10,12±0,72 7,34±0,67

Mortality
rate 0 4 4 2 2

Index 
McGrаw

2 
da

y

0,043±0,02 12,8±0,60 10,31±0,57 8,22±0,31* 7,7±0,24*

Mortality
rate 0 6 1 2 1
Index 
McGrаw

3 
da

y

0 14,5 ± 0,50 9,23±0,41* 8,0±0,27* 6,87±0,37*
Mortality
rate 0 4 1 1 0
Index 
McGrаw

4 
da

y

0 16,7±0,52 8,27±0,27* 7,5±0,31* 5,65±0,22*

Mortality
rate 0 4 0 0 0

% survived
animals 4th

day/ total
amount

100/10 40/30 70/20 75/20 85*/20

Note: * – p≤0.05 in relation to the control

Administration  of  selenium-containing  drugs  to  animals  with  ACCI  statistically
significantly  hampered  the  manifestation  of  neurological  symptoms  and  decreased  the
mortality rate. Thus, rats treated with selenoline had a statistically significant decrease in the
severity of neurological signs and symptoms on the 3rd and 4th days of stroke by 5.27 and 8.43
points respectively, in relation to the control group (Table 1). Animals that were administered
selenoline  had the  mortality  rate  by30 % less  in  comparison with the control  group.  The
introduction of Se-methionine led to a significant decrease in neurological disorders on the 2nd

and 4th days of ACCI by 9.2 and 4.58 points respectively, relative to the control (p≤0,05). Se-
methionine showed a 35% reduction of the death rate.

Se-cysteine  was  the  most  effective  of  the  investigated  selenium  derivatives,  its
administration ensured a significant reduction of neurological disorders already by the end of
the  2nd  day  after  stroke  (by  5.1  points),  and  on the  4th  day  it  decreased  by  11.05 points
(p≤0,05),  compared  to  the  control  group.  Se-cysteine  reduced mortality  on the  4 th  day of
ACCI by 45%.

There was a  decrease  in  the levels  of  heat  shock protein HSP70 in the brain tissue
homogenate in every group of animals (Table 2).

Recently,  the  data  about  heat  shock  proteins  cytoprotective  and  regulatory  role  in
cerebral  ischemia,  accompanied by intensification of the processes of free radical  proteins
damage,  a  shift  in  the  thiol-disulfide  equilibrium,  development  of  nitrosative  stress,  and
glutamate excitotoxicity have found [13].
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Table 2 – Levels of HSP 70 in the brain of animals with ACCI
Group of animals HSP70 ,s.u./g 

(cytosol)
HSP70 , s.u./g 
(mitochondria)

False-operated 15,9 ±0,82 7,8 ±0,33
ACCI 6,5 ± 0,46 4,1 ± 0,17
ACCI + Se-cysteine 14,7 ± 0,78* 7,0 ± 0,55*
ACCI + Se-methionine 11,3 ± 0,67* 5,5 ± 0,47*
ACCI + selenoline 8,9 ± 0,38 5,3 ± 0,30*

Note: * – p≤0.05 in relation to the control

Thus, in the group of untreated animals, there was a significant decrease in the levels of
HSP70 in the cytosol and mitochondria by 59% and 47% respectively, on the 4th day of the
experiment. Administration of Se-cysteine, Se-methionine and Selenoline contributed to the
normalization of its levels, which indicates their cytoprotective properties and the ability to
prevent inhibition of expression of HSP70 genes in the neurons. Animals treated with Se-
methionine had the concentration of the HSP70 protein in the brain homogenate increased by
2.8 times, and with the use of Se-cysteine it amounted to 21.7 s.u./g, which is 3.4 times higher
than in the control group. Therefore the data obtained indicate  that the use of Se-cysteine
produces statistically significant activation of HSP70 gene expression in neurons.

PCR studies detected a tendency to increase levels of mRNA HSP70 expression in all
the experimental  groups of animals  treated with selenium-containing drugs by comparison
with the control group on the 4th day (p <0.05). The most effective medication was Se-
cysteine, and the least effective was Selenoline. This activity of Se-cysteine is associated with
its antioxidant activity and the ability to regulate redox-dependent mechanisms of expression.

Table 3 – Expression of mRNA HSP70, , mRNA HIF-1, and mRNA HIF-
3 in the bran of animals with ACCI
Group of animals мРНК HSP70,

у.е.
мРНК HIF-1а,
у.е.

мРНК HIF-3а,
у.е.

False-operated 1,0000±0,0117 1,0000±0,2380 1,0000±0,1144
ACCI 0,09761±0,0087 0,12665±0,0721 0,35432±0,05532
ACCI + Se-cysteine 0,8784±0,0023* 1,42235±0,0532* 1,17641±0,0412*
ACCI + Se-methionine 0,6552±0,0011* 0,54551±0,0243* 0,48352±0,0511
ACCI + selenoline 0,2881±0,0031* 0,12778±0,0801 0,38221±0,0314

Note: * - изменения достоверны по отношению к группе контроля (р<0,05)

A comparative analysis of the protein levels and HSP70 expression on the 4th day of
the  post-occlusion  period  against  the background of  the  therapy with selenium-containing
drugs showed an increase in gene expression and intensification of protein synthesis, which
indicates the mobilization of the mechanisms of endogenous neuroprotection. One of the most
important functions of HSP70 is induction as well as extension of survival time of the stable
form of HIF in animal models.

The hypoxia-inducible factors HIF-1 and HIF-3 play the role of transcription factors
and  regulate  the  expression  of  genes  encoding  the  synthesis  of  proteins  involved  in  the
physiological response to hypoxia/ischemia [13-14]. It has been found that during hypoxia,
the levels of HIF-1α increase, mainly in the cytoplasm [14], whereas the levels of HIF-3α
increase mainly in the cell nucleus of the neuron [11, 13]. Both HIF isoforms interact with
each other according to the principle of negative feedback under hypoxic conditions.



105

Thus, the HIF-1α protein can affect HIF-3α gene expression, and the HIF-3α protein
competes with HIF-1α when binding to HIF-1β subunits, and reduces the expression levels of
the latter [2, 11]. The HIFs are significant participants in the processes of neuroprotection and
neuroplasticity  under  hypoxic  conditions;  they  stimulate  reparative  processes  in  nervous
tissue, increasing the pool of the free radical trapping agents and VEGF [4, 7]. HIF under
hypoxic conditions increase the energy resources of the neuron, participating in the processes
of  metabolism of  glucose  and key glycolysis  enzymes,  thereby  increasing  ATP synthesis
under  conditions  of  energy deficiency  [3].  Anti-apoptotic  effects  leading to  a  decrease  in
neuronal death in cerebral ischemia have been described [5]. HIF-1 can increase the levels of
GSH in the brain of rats with experimental ACCI [3, 5].

Under conditions of intensification of reactions of oxidative, nitrosative stress and lack
of  energy  sources  in  brain  tissues,  a  decrease  in  HIF  synthesis  develops,  which  many
researchers associate with the activation of the ubiquitin-independent pathway of degradation
of oxidatively modified HIF-1α and the suppression of its synthesis at the stage of translation
under conditions of ATP deficiency [14]. The course of administration  of the studied drugs
for 4 days after CVA modeling led to an increase in the expression of mRNA HIF-1α: Se-
cysteine – by 11.2 times over the control (p ˂ 0.05), Se-methionine – by 3.1 times over the
control (p ˂ 0.05), and Selenoline – by 1.1 times over the control (p ˃ 0.05). Only Se-cysteine
statistically significantly increased (p ˂ 0.05) the levels of HIF-3α expression (by 3.6 times
over the control).

The  results  obtained  demonstrated  that  the  administration  of  modulators  of  the
glutathione system leaded to an increase in the expression of the HIF-1α and HIF-3α genes
and could serve as a molecular marker of the activation of the mechanisms of endogenous
neuroprotection under conditions of experimental cerebral ischemia.

RESULTS AND DISCUSSION
The family of HSP is induced in the cells of all  living organisms in response to the

action of numerous stress factors, such as heat shock, hypoxia, ischemia, metabolic disorders,
viral infection, and administration of pharmacological agents [11]. A significant number of
works have been devoted to the participation of the endogenous cytoprotective proteins HIF
and HSP in the regulation of these processes; therefore, it is topical to use these proteins to
increase  the  resistance  of  neuronal  cells  to  hypoxia/ischemia.  Many  researchers  express
assumption of the ability of HSP70 to resist mitoptosis through the transport and folding of
proteins in mitochondria; to hamper the processes of free radical protein damage; to limit the
damaging influence of free radicals on mitochondrial membranes [5].

Besides,  the  compensatory  mitochondrial-cytosolic  shunts  of  energy  production  are
activated due to the properties of HSPs to extend HIF survival time [14]. All of the above
indicates the great importance of the expression and synthesis of HSPs in the implementation
of  compensatory-adaptive  cellular  reactions  under  conditions  of  oxidative  stress.  Another
significant  property  of  heat  shock  proteins  described  in  the  scientific  literature  is  their
regulatory effect on the processes of cell death [1, 5].

These effects of HSPs are most likely explained by the following: first, due to the ability
of HSPs to limit the cytotoxic action of free radicals; secondly, due to the energotropic action,
HSP70 under conditions of hypoxia may hamper the fall of mitochondrial membrane potential
and  the  opening  of  the  mitochondrial  pore;  and,  finally,  third,  HSPs,  according  to  some
researchers,  modulate  the  expression  of  the  redox-sensitive  transcription  factors  such  as
nuclear  factor  kappa  B  (NF-kB)  and  c-fos  that  is  associated  with  their  main  biological
function as the chaperone proteins.

A tandem of HSP-HIF proteins is a universal mechanism of neuronal protection against
damage of different genesis. Considering the importance of HSPs in the processes of
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cytoprotection, the attention of scientists is focused on the possibility of using HSPs for the
prevention and treatment of a number of neurodestructive diseases. A lack of HSP70 in GSH
deficient  neurons  is  apparently  associated  with  overproduction  of  reactive  oxygen species
(ROS) and cytotoxic forms of nitric oxide, leading not only to modification (reversible and
irreversible)  of  macromolecules,  including  HSP70  itself,  but  also  can  decrease  gene
expression of various mRNA by either inhibiting translation or directly causing degradation of
the transcript [14].

Administration  of  Se-cysteine,  Se-methionine  and  Selenoline  to  rats  with  CVA
modeling  revealed  the  ability  of  these drugs  to  activate  HSP70-dependent  mechanisms of
endogenous  neuroprotection,  hamper  the  pathophysiologic  processes  of  oxidative  protein
modification  with  following  neurologic  and  cognitive  disorders.  The  treated  groups  of
animals had a decrease in mortality rate and reduction in neurological signs in comparison
with the control. The most effective of the studied drugs was Se-cysteine. The effectiveness of
Se-cysteine is based on its ability to positively influence on glutathione synthesis, regulate the
expression  of  Se-glutathione  peroxidase  (Se-GPR),  as  well  as  the  GSH-dependent
mechanisms of endogenous neuroprotection.

Se-methionine is able to regulate the formation of carnitine, which plays the role of a
“shuttle”  in  the formation  of  acetyl-CoA from fatty  acids  [9,  15].  Se-methionine  has also
properties  a  mitoprotector,  preventing  irreversible  oxidation  of  SH-groups  of  proteins  of
cyclosporine  A-dependent  mitochondrial  pore  aimed  at  preserving  the  energy-producing
function  of  these  organelles  in  hypoxia/ischemia  [15].  Se-methionine  can  also  inhibit  the
activity of IL-1b receptors and the expression of the inducible NO synthase (iNOS) [7]. The
selenium  residue  in  brain  tissues  can  modulate  the  affinity  of  glutamate  receptors,  in
particular, NMDA receptors [2, 9].

This  action  of  selenium  is  especially  important  under  conditions  of  glutamate
excitotoxicity, which occurs in hypoxia/ischemia and leads to an increase in the intracellular
concentration  of  Ca2  +,  activation  of  NO-synthase,  intensive  formation  of  NO   and
peroxynitrite (ONOO-), which is a direct cause of cell death. Decreasing hyperexcitability of
glutamate receptors, selenium reduces the release of excitatory amino acids (glutamate and
aspartate), thereby hampers the manifestations of glutamate excitotoxicity.

The significant antioxidant activity of Se-cysteine and Se-methionine is mediated by the
presence of selenium in their structure, due to which the drugs have strong reducing properties
and the ability to receive electrons from various reactive oxygen species. From the above, it
follows  that  Se-cysteine,  as  well  as  Se-methionine,  can  be  attributed  to  the  group  of
antioxidants that are the free radical trapping agents [4]. These drugs transform free oxygen
radicals into an inactive state, reactivate antioxidant enzymes, and contribute to more efficient
use of the non-enzymatic antioxidant tocopherol. As a result, the structure and functions of
neuronal cells remain undamaged.

The study of antioxidant modulation of HSP70-dependent endogenous mechanisms of
brain  neuroprotection  with  selenium-containing  drugs  revealed  that  administration  of
Selenoline,  Se-cysteine  and  Se-methionine  led  to  the  activation  of  endogenous
neuroprotection,  therefore indicating the topicality of further study of these drugs on other
models of pathological processes accompanied by the development of ischemia.
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