
INTRODUCTION

The development of in vivo models is an important
approach actively used in studies aimed at diagnostics
and treatment of Parkinson's disease (PD), a common
neurodegenerative disease characterized by degeneration
of the nigrostriatal dopaminergic (DA) system. 
In this context, one of the most adequate and 
widely used models of PD in rats is the so-called
rotenone Parkinsonism induced by administration 
of the neurotoxin rotenone. By inhibiting complex I 
of the mitochondrial respiratory chain, this pesticide
causes degeneration of cells of the DA system and 
the development of motor disorders and other changes
that are most similar in symptoms and molecular
biological characteristics to those of PD [1–4]. 

Previously, in a mouse model of PD, 
induced by the administration of the neurotoxin 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP),
the endogenous neuroprotector isatin decreased
manifestations of movement disorders and influenced
the proteomic profile of mitochondrial proteins [5, 6]. 

Isatin (indole-2,3-dione) is a biological regulator
found in the brain, peripheral tissues, and biological
fluids of humans and animals; it has a wide range 

of biological and pharmacological activities [7, 8]. Isatin
is an inhibitor of monoamine oxidase type B (MAO-B),
an enzyme responsible for the biotransformation 
of MPTP and the formation of an active 
neurotoxin (1-methyl-4-phenylpyridinium ion) [9, 10].
In addition to MAO-B, it interacts with 
numerous brain proteins, including proteins
pathogenetically important for the development of PD
and other neurodegenerative diseases [11, 12]. 
Since the mechanism of the development 
of rotenone-induced Parkinsonism differs from 
MPTP-induced Parkinsonism, it is of obvious 
interest to assess how universal the neuroprotective
effect of isatin is in different experimental 
models of PD. In this regard, it should be noted that 
the classical MAO-B inhibitor deprenyl (of which isatin 
is considered an endogenous functional agonist [13])
exhibits its neuroprotective activity both 
in the MPTP-induced Parkinsonism [9, 10] and 
in the rotenone-induced Parkinsonism models [14]. 

The aim of this work was a comparative 
study of the effect of isatin and afobazole 
on the manifestations of rotenone-induced PD in rats,
including physiological reactions and quantitative
changes in the brain proteomic profile. 
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Effects of the endogenous neuroprotector isatin and the pharmacological drug afobazole (exhibiting
neuroprotective properties) on behavioral reactions and quantitative changes in the brain proteomic profile have been
investigated in rats with experimental rotenone Parkinsonism. A single dose of isatin (100 mg/kg subcutaneously 
on the last day of a 7-day course of rotenone administration) improved the motor activity of rats with 
rotenone-induced Parkinsonism in the open field test (horizontal movements) and the rotating rod test. Afobazole 
(10 mg/kg intraperitoneally, daily during the 7-day course of rotenone administration) reduced the manifestations 
of rigidity and postural instability. Proteomic analysis, performed using brain samples obtained the day after the last
administration of rotenone and neuroprotectors, revealed similar quantitative changes in the brain of rats with 
rotenone Parkinsonism. An increase in the relative content of 65 proteins and a decrease in the relative content 
of 21 proteins were detected. The most pronounced changes — an almost ninety-fold increase in the alpha-synuclein
content — were found in the brains of rats treated with isatin. In animals of the experimental groups treated 
with “Rotenone + Isatin”, as well as “Rotenone + Afobazole”, the increase in the relative content of this protein 
in the brain was almost 60 and 50 times higher than the control values. Taking into consideration the known data 
on the physiological role of alpha-synuclein, an increase in the content of this protein in the brain upon administration
of neuroprotectors to animals with rotenone Parkinsonism may represent a compensatory reaction, at least in the early
stages of this disease and the beginning of its treatment.

Key words: Parkinsonism; neurotoxin rotenone; neurodegeneration; alpha-synuclein; neuroprotectors; isatin;
afobazole; brain; proteomic profiling

DOI: 10.18097/PBMC20236905290

©Buneeva et al.



Afobazole (5-ethoxy 2-[2-(morpholino) ethylthio]-
benzimidazole dihydrochloride) is an original anxiolytic
developed at the V.V. Zakusov Research Institute 
of Pharmacology. It acts on a number of important
receptor systems in the brain [15]. In a model 
of MPTP-induced Parkinsonism, afobazole reduced 
the severity of extrapyramidal disorders, decreased
rigidity and improved movement activity and
coordination in mice; in a model of rotenone-induced
Parkinsonism in rats, afobazole reduced the severity 
of postural instability and reduced the mortality 
rate of rats [16].

MATERIALS AND METHODS

Reagents

The following reagents were used in the study: 
Tris (hydroxymethyl)aminomethane, ammonium
bicarbonate, dithiothreitol, urea, guanidine
hydrochloride, sodium chloride, Triton X-100, 
4-vinylpyridine, Coomassie brilliant blue G-250
(Merck, USA); formic acid, sodium hydroxide 
(Acros Organics, USA), acetonitrile (Fisher 
Chemical, UK); isopropanol, trifluoroacetic acid
(Fluka, USA); Tris-(2-carboxyethyl)phosphine 
(Pierce, USA); modified trypsin (mass spectrometry
grade, Promega, USA). Other reagents of the highest
available purity were from local suppliers.

Experimental Animals

The study was performed on outbred albino rats
obtained from the Stolbovaya nursery (the Scientific
Center for Biomedical Technologies, Russia). 
The animals were kept under standard vivarium
conditions with free access to food and water under 
a twelve-hour light regime.

Modeling of Experimental Parkinsonism in Rats 
and Administration of the Neuroprotectors 
Isatin and Afobazole 

Modeling of PD using systemic administration 
of rotenone was carried out according to the guidelines
described in [17]. Rotenone solution in Miglyol 840
was administered intraperitoneally (i.p.) to rats at a daily
dose of 2.75 mg/kg for 7 days. Rotenone solution 
was prepared as described in [18]. Control animals
received daily i.p. injections of the equivalent 
volume of saline (0.2 ml/100 g) during 7 days. Isatin
was administered subcutaneously 30 min before 
the rotenone injection and 1 h before behavioral testing.
Afobazole was administered i.p. 30 min before 
the rotenone injection and 1 h before testing. 

The animals were randomly subdivided into 
the following groups:

1) animals of the passive control group
(“Control”) received daily saline injection 
(7 days; 10 rats);

2) animals of the active control group
(“Rotenone”) received daily i.p. injection 
of rotenone at a dose of 2.75 mg/kg intravenously 
(7 days; 21 rats);

3) animals of the experimental group 
(“Rotenone + Isatin”) received rotenone daily (7 days)
and once, on day 7, isatin at a dose 
of 100 mg/kg subcutaneously (9 rats);

4) animals of the experimental group 
(“Isatin”) received saline injections daily (6 days) 
and once, on day 7, isatin at a dose 
of 100 mg/kg subcutaneously (10 rats);

5) animals of the experimental group
(“Rotenone +Afobazole”) receiving daily i.p. injections
of (7 days) afobazole 10 mg/kg and rotenone (16 rats);

6) animals of the experimental group
(“Afobazole”) received daily i.p. injections 
of Afobazole 10 mg/kg (7 days; 10 rats). 

Behavioral Testing

In animals with experimental PD, the dynamics 
of body weight growth were recorded throughout 
the experiment versus the first day of the experiment
before rotenone administration. Animal mortality 
was also recorded throughout the experiment. 
On day 7 of rotenone administration, behavioral
reactions were tested to identify extrapyramidal
disorders in the open field and rotating rod tests and
assess postural instability and rigidity, as described 
in detail in [18].

Statistical data processing was carried out 
using the Statistica v. 10.0 program. The normality 
of distribution was checked using the Shapiro-Wilk test,
followed by assessment of equality of variances 
using the Levene's test. Since there was no normal
distribution in the experimental group, further
processing was carried out using the nonparametric
Mann-Whitney statistics method. The Fisher's exact test
was used to evaluate categorical data in small groups.
The results in the tables are presented as mean ± 
error of the mean (Mean ± SEM). Differences between
the groups were considered significant at p<0.05.

Preparation of Brain Homogenate Lysates

On the next (eighth) day of the experiment 
the animals were decapitated under light ether
anesthesia. Brain tissue (cerebral hemispheres) 
was homogenized using a Heidolph SilentCrusher
homogenizer (Heidolph Instrument GmbH, Germany)
(50,000 rpm) in 0.05 M potassium phosphate buffer
(pH 7.4) to a final concentration of 30 mg/ml. To assess
relative quantitative changes in the content of brain
proteins in animals from different experimental 
groups, the same amount of total protein was used
during sample preparation, which was controlled 
using the Bradford method [19]. After incubation 
in the presence of 3% Triton X-100 (4°C, 1 h), 
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the lysates were diluted 3 times with the same buffer
and centrifuged for 30 min at 16,000 g to obtain 
a cleared supernatant.

Sample preparation for mass spectrometric analysis
(protein extraction, alkylation, and trypsinolysis) 
was carried out as described previously [20].

The Mass Spectrometric Analysis

Mass spectrometric analysis was performed using
an Ultimate 3000 RSLCnano high-performance liquid
peptide separation system (Thermo Scientific, USA) 
in the nanoflow mode of a Q-Exactive HFX 
mass spectrometric detector (Thermo Scientific). 
The chromatographic separation of peptides 
was carried out on a Peaky C18 reverse phase analytical
column (100 μm × 300 mm, 1.7 μm particle size,
Molekta, Russia) in a linear elution gradient 
of mobile phase A (0.1% aqueous formic acid 
solution) and mobile phase B (80% acetonitrile, 
0.1% formic acid) from 2% to 45% at a flow rate 
of 0.3 μl/min for 60 min, followed by washing 
the system with 99% B for 5 min and subsequent
equilibration of the chromatographic system in the initial
gradient conditions (A : B = 2 : 98) for 5 min.

The conditions for mass spectrometric analysis and
bioinformatics data processing are detailed in [18].

Each of the proteins presented in the tables 
was identified in at least three independent experiments. 

RESULTS AND DISCUSSION

Effects of the Neurotoxin Rotenone and 
the Neuroprotectors Isatin and Afobazole 
on the Behavioral Reactions of Rats

Under the conditions of the rotenone-induced 
PD model all rats treated with the toxin showed 
a negative dynamics of body weight throughout 
the experiment as compared to the group “Control”.
Afobazole and isatin had no effect on the body weight
dynamics in animals. 

Administration of rotenone caused the death 
of animals: on day 7 of the experiment, the mortality
rate in the active control group was almost 29%, 
and on day 8 it reached already 43%. This significantly
differed from the mortality rate in the passive 
control group. The percentage of dead animals 
during subchronic administration of afobazole 
on day 8 of the experiment was 5.4% less than 
in the “Rotenone” group. A single administration 
of isatin (100 mg/kg s.c.) to animals in the experimental
groups “Isatin” and “Rotenone + Isatin” (see above) 
did not cause death of animals. 

Administration of rotenone caused the development
of oligokinesia in rats. On day 7 of the experiment 
in the “Open Field” test, a significant decrease 
in the horizontal (3.1-fold) and vertical (5.4-fold)
locomotor activity was noted versus the group

“Control”, respectively, as well as a 4.4-fold decrease 
in search activity (the number of peeks into “holes”)
(Table 1). A single subcutaneous administration 
of isatin led to a significant decrease in the locomotor 
and orientation-exploratory activity of rats, which 
may be due to some known sedative effect of this
compound. A single administration of isatin to rats
treated with rotenone (the group “Rotenone + Isatin”)
did not reduce the activity of the animals 
as compared to the group “Isatin”, while the number 
of movements was significantly higher (by 61.8%),
than in the group “Rotenone”. Afobazole, which 
was administered for 7 days before the behavioral test,
had no effect on the locomotor and exploratory 
activity of rats in the “Open Field” test as compared 
to the group “Control”. Afobazole did not reduce 
the severity of oligokinesia in rats with PD caused 
by 7-day administration of rotenone (Table 1). 

In the rotating rod test performed on day 7 
of the experiment, the rats with rotenone-induced PD
demonstrated a 2.1-fold decrease in the duration 
of their retention on a rotating rod (10 rpm) (Table 2).
A single administration of isatin 30 min before the last
administration of rotenone (group “Rotenone + Isatin”)
reduced the locomotor deficit: the time spent 
on the rotating rod demonstrated a 1.7-fold increase 
as compared with the group “Rotenone”. A seven-day
administration of afobazole to rats together 
with rotenone caused an insignificant increase 
in the locomotor activity of rats by 1.2 times 
as compared to the group “Rotenone” (Table 2).

Systemic administration of rotenone caused 
the development of rigidity — the appearance 
of a “hump”, which resulted in a significant decrease 
in the stride length of the animal by 1.4 times compared
with this parameter in the group “Control” (Table 3).
Afobazole administration decreased in the severity 
of rigidity, significantly increasing the step length 
of rats with PD (by 1.4 times) as compared to the group
“Rotenone” (Table 3). Isatin administered once to rats
with rotenone-induced PD did not reduce the severity
of rigidity (Table 3).

The study of postural instability has shown 
that the development of rotenone-induced PD 
was accompanied by severe postural instability; 
on day 7 animals with rotenone-induced PD had to take
a longer step to achieve body balance than animals 
of the group “Control”. The step length of both the left
and right front forelimbs in the rotenone-treated rats
was significantly longer (by 1.8- and 1.5-fold,
respectively) times than the corresponding stride length
of the control group (Table 3). Isatin reduced 
the severity of postural instability in PD rats, reducing
the step length of the animals by 1.3- and 1.2-fold 
as compared with the group “Rotenone”. Afobazole
also reduced the severity of postural instability 
in PD rats, resulted in a decrease in the step length 
of the front paws by 1.4 and 1.3 times as compared 
with the group “Rotenone” (Table 3). 
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Thus, systemic administration of rotenone models
severe PD, characteristic of the advanced stage of PD,
accompanied by a significant body weight loss 
in animals, their possible death, oligokinesia, rigidity,
and postural instability. The corrective effect 
of isatin, which was administered once subcutaneously
at a dose of 100 mg/kg (the “Rotenone + Isatin”), 
was manifested as a decrease in postural instability, 
as well as a decrease in oligokinesia, recorded in terms
of the locomotor activity in the “Open Field” and
“Rotating Rod” tests. Subchronic 7-day administration
of afobazole reduced the manifestations of rigidity 
and postural instability in PD rats and had no effect 
on other parameters studied under the conditions 
of this PD model. These results indicate involvement 
of different mechanisms for the neuroprotective 
effects of isatin and afobazole.

Effects of the Neurotoxin Rotenone and 
the Neuroprotectors Isatin and Afobazole 
on the Relative Content of Rat Brain Proteins

Proteomic analysis has shown that the neurotoxin
rotenone and the neuroprotectors afobazole and 
isatin have a significant impact on the relative 
content of eighty-six proteins belonging to various
functional groups in the rat brain (Supplementary
Materials, Table S1). At the same time, similar
quantitative changes were found in the brain of PD
treated with isatin or afobazole. An increase 
in the relative content of 65 proteins and a decrease 
in the relative content of 21 proteins were detected
(76% and 24% of the total, respectively, see Fig. 1A).
The proteins, demonstrating increased relative 
content (both in the case of separate administration 
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Table 1. The effects of isatin and afobazole on behavior of rats with rotenone-induced PD in the open field test 

*, **, *** – p<0.05, p<0.01, p<0.001, respectively, in comparison with the group “Control”; # – p<0.05 as compared
with the group “Rotenone”.

Table 2. The effects of isatin and afobazole on coordinated locomotor activity of rats with rotenone-induced PD

Coordinated locomotor activity of rats was evaluated on day 7 of the experiment 100 min after the last rotenone
administration. *, ** – p<0.05, p<0.01, respectively, in comparison with the group “Control”; # – p<0.05 as compared
with the group “Rotenone”.

Table 3. Rigidity and postural instability in rats with rotenone-induced PD 

Rigidity and postural instability of rats was evaluated on day 7 of the experiment. **, *** – p<0.01, p<0.001,
respectively, in comparison with the group “Control”; # – p<0.05 as compared with the group “Rotenone”.

Group of animals Number of animals
Locomotor activity on day 7

Horizontal (number of movements) Vertical (number of stands)

Control 10 37.8±5.5 8.7±1.3
Rotenone 12 10.2±1.9*** 1.6±0.5***
Rotenone + Isatin 9 19.9±4.7#* 1.2±0.4***
Isatin 9 18.1±5.5* 2.6±0.5***
Rotenone + Afobazole 10 12.0±4.4** 1.2±0.5***
Afobazole 10 35.9±6.2 3.6±1.1**

Group of animals Number of animals Time spent on the rotating rod, s

Control 10 162.2±15.1
Rotenone 8 78.6±17.2**
Rotenone + Isatin 8 135.1±18.8#*
Isatin 9 158.7±16.1
Rotenone + Afobazole 8 94.6±27.3*
Afobazole 10 162.2±15.3

Group of animals Number of animals
Rigidity Postural instability

Step length, cm Left forelimb, cm Right forelimb, cm

Control 10 10.8±0.3 2.7±0.2 2.9±0.2
Rotenone 10 7.7±0.6*** 4.8±0.2*** 4.4±0.3***
Rotenone + Isatin 9 8.8±0.4*** 3.7±0.2##** 3.7±0.2**
Isatin 9 10.9±0.4 2.7±0.3 2.6±0.2
Rotenone + Afobazole 8 10.3±0.7# 3.4±0.2##* 3.3±0.3#*
Afobazole 10 11.1±0.3 2.4±0.2 2.7±0.2



of rotenone or neuroprotectors and in the case 
of combined administration of the neurotoxin 
with the neuroprotectors) belonged to several
functional groups. These included groups of enzymes
responsible for energy generation and carbohydrate
metabolism, cytoskeletal and exocytosis proteins, 
and proteins involved in signal transduction and
regulation of enzyme activity (each group represented
26% of the total number of proteins). The remaining
22% collectively included antioxidant and protective
proteins, regulators of gene expression, cell division
and differentiation, enzymes for the metabolism 
of proteins and other nitrogenous compounds, 
as well as enzymes for lipid metabolism (Fig. 1B). 
The highest proportions of proteins demonstrating
decreased relative content in response to either 
separate administration of the neurotoxin and
neuroprotectors or their combined injections were
found in the groups of proteins involved in signal
transduction and regulation of enzyme activity (35%)
and cytoskeleton formation (30%). Other groups 
with decreased relative protein content included
antioxidant and protective proteins, enzymes of energy
generation and carbohydrate metabolism as well 
as proteins involved in regulation of gene expression,
cell division and differentiation representing 
10%, 10%, and 15% of the total number of proteins,
respectively (Fig. 1C). 

Among the proteins with altered relative 
content upon administration of the neurotoxin 
and the neuroprotectors isatin and afobazole, 
a group of mitochondrial proteins attracts special
attention (Fig. 2); most of proteins are components 
of the cytochrome c oxidase complex and 

voltage-dependent ion channels. Our results are
consistent with numerous literature data on the key role
of mitochondrial dysfunction in the pathogenesis of PD
(e.g. [21–23]).

Altered relative content influenced by rotenone,
isatin, and afobazole (at their neurotoxin/neuroprotector
combinations) has been also found in the brain 
proteins associated with neurodegeneration (Fig. 3).
These included DJ-1 protein (Parkinson disease 
protein 7 homolog), a modulator of various signaling
pathways [24–27], glyceraldehyde-3-phosphate
dehydrogenase [28–32], TRIM2 (E3-ubiquitin ligase
Tripartite motif-containing protein 2) [33, 34], 
the inner mitochondrial membrane receptor Prohibitin-2,
a participant in the signaling pathway (which also
includes Parkinsonism markers PINK1 and Parkin) 
that triggers mitophagy [35, 36], and also components
of voltage-dependent ion channels (Fig. 3). 
The membrane protein wolframin (WFS1), responsible
for the regulation of endoplasmic reticulum stress and
intracellular calcium transport, also underwent
quantitative changes [37]. Mutations of the Wfs1 gene
cause a rare autosomal recessive neurodegenerative
disease, Wolfram syndrome [38]. At the same time, 
a decrease in the increased content of brain proteins
associated with neurodegeneration, detected 
in PD rats, in response to the administration of isatin
and/or afobazole (Fig. 2 and 3) was noted only 
for components of voltage-dependent ion channels
(Vdac, Voltage-dependent anion-selective channel
proteins) 1, 2 and 3. In all other cases, no antagonism
was found between the effects of administration 
of the neurotoxin rotenone and the neuroprotectors
isatin and afobazole.
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Figure 1. A – The proportion of brain proteins with the altered relative content (increased or decreased) 
in response to treatment of rats with neurotoxin rotenone and the neuroprotectors isatin and afobazole 
(percent of total proteins with altered relative content). B, C – Functional distribution of brain proteins with altered
protein content in response to treatments of rats with rotenone and the neuroprotectors; B – increase, C – decrease.
Functional groups of proteins: 1. Proteins/enzymes involved in the processes of energy generation and carbohydrate
metabolism. 2. Proteins involved in the formation of the cytoskeleton and exocytosis. 3. Proteins involved in signal
transmission and regulation of enzyme activity. 4. Antioxidant and protective proteins/enzymes. 5. Proteins involved 
in regulation of gene expression, cell division and differentiation. 6. Enzymes involved in the metabolism of proteins,
amino acids and other nitrogenous compounds. 7. Enzymes involved in lipid metabolism. A color version of the figure
is available in the electronic version of the article.
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Figure 2. Fold changes in the relative content of mitochondrial proteins in the brain of rats treated with rotenone, isatin,
and afobazole. The diagram shows the names of the genes. The Supplementary Materials provide accession numbers
and names of proteins according to the Uniprot database (see table to Figure 2). P-values for each measurement 
are given in the overall table S1 (see Supplementary materials). Here and in the figure 3 the following experimental
groups are shown: 1. Control; 2. Rotenone; 3. Rotenone + Isatin; 4. Isatin; 5. Rotenone + Afobazole; 6. Afobazole. 
A color version of the figure is available in the electronic version of the article.

Figure 3. Fold changes in the relative content of brain proteins associated with the pathogenesis of PD, which 
were induced in rats by administration of rotenone, isatin and/or afobazole. In the inset, for better illustration 
of changes in the relative content of all other proteins, alpha-synuclein, characterized by the most pronounced changes
in the relative content, was excluded. The diagrams indicate the names of the genes. The Supplementary Materials
provide accession numbers and names of proteins according to the Uniprot database (see table to Figure 3). 
P-values for each measurement are given in the overall table S1 (see Supplementary materials). A color version 
of the figure is available in the electronic version of the article.



Among all the brain proteins characterized 
by relative quantitative changes identified in this study
in rats treated with rotenone and/or isatin and
afobazole, the most interesting results were obtained
for alpha-synuclein (Fig. 3, as well as Supplementary
Materials). This protein is considered to play a key role
in the occurrence of PD [39–43].

Normally, alpha-synuclein is mainly localized 
in presynaptic terminals, where it enhances the fusion
of synaptic vesicles with the presynaptic membrane.
Alpha-synuclein has structural and functional
homology with the 14-3-3 family proteins, chaperones,
which (like alpha-synuclein) are widely abundant 
in the brain and are involved in the regulation of many
cellular processes: apoptosis, cell cycle, division, 
gene expression, etc. [44]. In synucleinopathies, 
alpha-synuclein aggregates and can accumulate 
in association with the membranes of various cellular
organelles. Its aggregates accumulate both in presynaptic
terminals (thus inhibiting dopamine release) and 
in the neuron bodies in the form of Lewy bodies 
(which also contain lipids and membrane organelles,
including autophagosomes) and their precursors, more
diffuse structures known as “pale bodies” [41].

Cultivation of human neuroblastoma SK-N-MC
cells for 1 week with 5 nM rotenone resulted 
in a 40% increase in soluble alpha-synuclein; long-term
incubation of these cells for 4 weeks was accompanied
by a 30% increase in synuclein, insoluble in 12% sodium
dodecyl sulfate, while soluble synuclein maintained 
at the increased level [45]. In our experiments, 
a change in the relative content of synuclein 
was detected in the supernatant of the brain homogenate
lysate with a final content of Triton X-100 of 1% 
(see section Materials and Methods).According to other
authors, synuclein forms soluble in 1%–2% Triton 
are represented mainly by monomers of various lengths
with various post-translational modifications [46–48].
Taking these data into account, the increase in the relative
content of Triton X-100 soluble alpha-synuclein, found
in this study during proteomic profiling, is apparently
due to increased production and/or decreased
degradation of the detergent soluble protein. It should
be noted that the assessment of relative changes 
in brain proteins in rotenone-induced Parkinsonism 
was performed without taking into account 
the possible effects of rotenone, isatin, and afobazole
on brain cell volume. It is known, for example, 
that under conditions of depletion of ATP resources 
in cells, it can increase by 200% [49] and thereby 
affect the relative quantitative results of proteomic
analysis. It cannot be excluded that this factor 
has influenced the relative values of brain proteins
caused by the administration of the studied neurotoxin
and neuroprotectors. 

Administration of rotenone increased the relative
content of Triton X-100-soluble synuclein in the brain,
and administration of isatin or afobazole to intact
animals led to a significant increase in the relative

content of this protein in the brain. This indicates 
that this effect is determined by administration 
of the studied neuroprotectors. 

The neuroprotective role of alpha-synuclein 
has previously been shown. Overexpression 
of human alpha-synuclein protected rat dopaminergic
neurons (N27 cells) from the toxic effects of MPP+

(1-methyl-4-phenylpyridinium) by interacting with 
the proapoptotic factors BAD and PKCδ. 
Using the TSM1 cell line (mouse nerve cells), 
da Costa et al. observed the protective function 
of wild-type alpha-synuclein (but not alpha-synuclein
with the Ala-53-Thr amino acid substitution associated
with PD) in response to various apoptotic stimuli [51].
In experiments on transgenic mice, overexpression 
of alpha-synuclein protected against neurodegeneration
caused by the toxic effects of the pesticide paraquat.
These results indicate a possible correlation 
between toxin-induced alpha-synuclein accumulation
and neurodegeneration [52]. 

Taking into consideration these and other known
data on the physiological role of alpha-synuclein [53],
an increase in the content of this protein in the brain
upon administration of neuroprotectors to animals with
rotenone parkinsonism may represent a compensatory
reaction stimulated by neuroprotectors, at least 
in the early stages of this disease and the beginning 
of its treatment. This brings alpha-synuclein research
back from the realm of pathophysiology to the realm 
of compensatory neurophysiology and cell biology.
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НЕЙРОПРОТЕКТОРНЫЕ ЭФФЕКТЫ ИЗАТИНА И АФОБАЗОЛА СОПРОВОЖДАЮТСЯ
УВЕЛИЧЕНИЕМ УРОВНЯ РАСТВОРИМОГО В ТРИТОНЕ Х-100 АЛЬФА-СИНУКЛЕИНА 
В МОЗГЕ КРЫС С ЭКСПЕРИМЕНТАЛЬНЫМ РОТЕНОНОВЫМ ПАРКИНСОНИЗМОМ

О.А. Бунеева1*, И.Г. Капица1,2, В.Г. Згода1, А.Е. Медведев1

1Научно-исследовательский институт биомедицинской химии им. В.Н. Ореховича, 
119121 Москва, Погодинская ул., 10; *эл. почта: olbuneeva@gmail.com
2Научно-исследовательский институт фармакологии им. В.В. Закусова, 

125315 Москва, Балтийская ул., 8 

Исследовали влияние эндогенного нейропротектора изатина и фармакологического препарата афобазола,
проявляющего нейропротекторные свойства, на поведенческие реакции крыс с экспериментальным
ротеноновым паркинсонизмом, а также на количественные изменения протеомного профиля мозга этих
животных. Изатин (100 мг/кг подкожно однократно, на 7 день курсового введения ротенона) улучшал
двигательную активность крыс с ротеноновым паркинсонизмом в тесте открытого поля (горизонтальные
перемещения) и вращающегося стержня. Афобазол (10 мг/кг внутрибрюшинно, ежедневно в течение 
7-дневного курса введения ротенона) снижал проявления ригидности и постуральной неустойчивости.
Протеомный анализ, выполненный на следующий день после окончания введения нейропротекторов, выявил
сходные количественные изменения в мозге крыс с ротеноновым паркисонизмом. Обнаружено увеличение
относительного содержания 65 белков и снижение относительного содержания 21 белка. Наиболее выраженные
изменения — почти девяностократное увеличение содержания альфа-синуклеина — обнаружены в мозге крыс,
получавших изатин. У животных экспериментальных групп “Ротенон+Изатин”, “Ротенон+Афобазол”
увеличение относительного содержания этого белка в мозге почти в 60 и 50 раз, соответственно, превышало
контрольные значения. С учётом известных данных о физиологической роли альфа-синуклеина, увеличение
содержания этого белка в мозге при введении нейропротекторов животным с ротеноновым паркинсонизмом
может представлять компенсаторную реакцию, во всяком случае, на ранних стадиях этого заболевания 
и начала его лечения.

Полный текст статьи на русском языке доступен на сайте журнала (http://pbmc.ibmc.msk.ru).
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