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ABSTRACT

We studied changes in S-glutathionylated proteins (PSSG) content in rat brain structures in vivo after administration of Fe+LPS, aluminum
chloride, rotenone, and 3¥nitropropionic acid, and in vitro experiments with oxidative stress on rat brain tissue culture or on subcellular
fractions, as well as possibility of correcting these changes with pantothenic acid precursors — panthenol, pantethine and homopantothenic
acid (HPA). We have shown that the content of PSSG significantly increases in brain structures in all the models of neurotoxicosis, and this
increase is observed to the greatest extent precisely in those structures (hemispheres, hippocampus, basal ganglia) where a particular
neurotoxin has the most pronounced effect. Thus, the protein glutathionylation can initiate dysfunction of proteins and contribute to the
development of neurodegeneration. Precursors of CoA reduce S-glutathionylation of proteins, since HPA, which is not a precursor of CoA,
does not have a protective effect in relation to PSSG.

AHHOTaIMA

Bbitn 13ydeHbl M3MEHEHNUs B COflePXKaHUM S-ITyTaTMOHMIMPOBaHHBIX 6enKoB (PSSG) B cTpyKTypax Mosra KpbIC in vivo mocie BBefeHns Fe +
JITIC, xmopupa anoMUHNUA, POTEHOHA U 3-HUTPONPOIMOHOBON KUCTOTHI, @ TAK)XXe B 9KCIePMMEeHTAX in Vitro Ipu OKMCIUTENTbHOM CTpecce Ha
Ky/IbType TKaHM MO3ra KpBICHI MIM Ha CyOKJIeTOUHBIX (pakuMAX, a TakKe BO3MOXXHOCTb KOPPEKIVM I3TUX M3MEHEHMII C IIOMOIIBIO
IpeJjIIeCTBeHHMKOB TAHTOTEHOBO KMCIOTH — nmanTeHona (IUI), manreruna (I1T) u romonanTotenosoit kucnotel (I'TIK). Ycranosneno, uto
copiepkanne PSSG 3HaumTeNnbHO yBeIMUMBAETCA B CTPYKTYpaxX TOMIOBHOTO MO3Ta BO BCeX MOJENAX HENPOTOKCMKO3a, ¥ 3TO yBelMYeHue
Hab/mogaeTcsa B HanbOoJIbIlIeil CTENIEHN MMEHHO B TeX CTPYKTypax (6onpmmx MOMYLIAPUAX, TUIIIIOKAMIIE, 6asa/jIbHBIX TAHIINAX), IJI€ JAHHBIN
HEPOTOKCVH TIPOsB/IsAeT Hanbosee BbIpaKeHHOe JieiicTBye. OUeBUHO, NMPOLecC S-ITyTaTMOHWINPOBAaHUA 6€lKOB MOXeT VHMUIMMPOBATh
HapylleHuss uX QYHKUMI M CIIOCOOCTBOBATH pPasBUTMIO HelipopiereHepaimn. IlpenmiectBeHHuKyM OmocmHTesa KoA cHmkaioT S-
IIyTaTMOHWIVMPOBaHye 6enKoB, Toraa Kak I'TIK, KoTopblit He sAB/AeTCA HpenliecTBeHHNKOM KOA, He OKa3bpIBaeT 3alMTHOTO JIEVICTBYIS Ha 9TOT
[MOKa3aTesb.
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The levels of GSH were proposed to use the determination

1. Introduction

Currently known, disorders in brain structures in such
neurodegenerative pathologies as Alzheimer's disease (AD),
Parkinson's disease (PD), Huntington's disease (HD), etc.,
are accompanied by the development of oxidative stress [1,
2]. In the mechanisms that ensure the maintenance of redox
balance in the brain tissue, the glutathione system plays an
important role [3, 4].

of the GSH level as a marker of moderate kognitive
impairment in AD [5].

In addition to participating in redox reactions, glutathione
is involved in protein glutathionylation reactions. Protein S-
glutathionylation is a specific oxidative post-translational
modification characterized by the reversible formation of a
mixed disulfide bond between Cys protein residues and
glutathione [6]. The high level of GSH in the cells and the
easy conversion of sulfenic acids and S-nitro derivatives to
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glutathione-mixed disulfides suggest that reversible
glutathionylation may be a common mechanism of redox
signal transmission and regulation of the activity of redox-
sensitive thiol-containing proteins [7]. Currently, over 100
proteins have been identified, the activity of which changes
as a result of post-translational S-glutathionylation [6]. For
example, as a result of S-glutathionylation, the activity of
apoptosis regulation proteins (caspase-3), folding and
degradation proteins (heat shock protein HSP70), energy
metabolism proteins (glyceraldehyde-3-phosphate
dehydrogenase, isocitrate dehydrogenase, a-ketoglutarate
dehydrogenase complex) significantly changes [8, 9, 10].

Glutathionylation can occur through non-enzymatic or
enzymatic reactions. Enzymes that catalyze the reaction of
formation of S-glutathionylated proteins (PSSG) are
thioltransferases - glutathione-S-transferase P, glutathione-S
-transferase Ol of the omega class. The non-enzymatic
formation of S-glutathionylated proteins (PSSG) depends on
the availability of GSH and / or GSSG. PSSG are easily and
reversibly formed via GSH binding by Cys residues in target
proteins under the action of glutaredoxins and thioredoxins
(4, 13].

S-glutathionylation proceeds both under normal
physiological conditions when the GSH / GSSG ratio in the
brain is about 100: 1 [14], and in conditions of changes of
redox balance in oxidative stress, when the GSH / GSSG
ratio can significantly decrease. S-glutathionylation, on the
one hand, is a protective mechanism against the action of
reactive oxygen species, and, on the other hand, by changing
the activity of certain enzymes, it can lead to changes in
energy metabolism, folding and protein degradation, and
regulation of apoptosis, which play an important role in the
pathogenesis of neurodegenerative disorders [1-3, 6, 7].
Recent studies have shown that glutathionylation of specific
proteins can contribute to the onset or progression of AD,
PD, HD and other neurodegenerative diseases [9-12, 15].

Based on this, we studied changes in the PSSG content in
rat brain structures in different experimental models of
neurodegenerative diseases, which are characterized by
different mechanisms for the development of pathological
changes in brain tissue. What was common to them was that
in all cases the development of oxidative stress was observed
and, accordingly, a shift in the redox balance and changes in
the glutathione system [3, 4]. We also studied the possibility
of correcting these changes with pantothenic acid
derivatives. Earlier, we found the presence of pronounced
neuroprotective activity in CoA precursors, carried out
through interaction with the glutathione system [16].

2. Material and Methods

Experimental models were performed on male Wistar
CRL: (WI) WUBR rats weighing 180-200 g, kept under
standard vivarium conditions. All experiments with
laboratory animals were carried out in accordance with
ethical standards, as well as the rules for conducting

scientific work using experimental animals in scientific
research, compiled on the basis of recommendations and
requirements of the World Animal Welfare Society (WSPA)
and the European Convention for the Protection of
Experimental Animals (Strasbourg, 1986).

Derivatives of pantothenic acid (PA) D-panthenol (PL)
and D-pantethine (PT), which are the precursors of CoA
biosynthesis, as well as homopantothenic acid (HPA,
hopantene), which is unable to convert to CoA, were used as
modulators of metabolic disturbances during oxidative
stress. These drugs were administered at a dose of 200 mg /
kg, intragastrically.

Administration of iron (II) gluconate and E. coli
lipopolysaccharide (LPS) to model PKAN (pantothenate
kinase-associated neurodegeneration) [17, 18]. 10-12-Day-
old rats weighing 20 + 5 g were injected with iron (II)
gluconate (30 mg / kg, intragastrically) for 20 days. From 21
days, PA derivatives were administered for 14 days. The day
before decapitation, E. coli lipopolysaccharide (200 pg / kg,
ip) was administered.

Administration of aluminum chloride for modeling AD
[19]. Aluminum chloride (200 mg / kg, intragastrically) was
administered daily to rats for 6 weeks. From the 5th week of
the experiment, PA derivatives were administered daily for
14 days.

Administration of rotenone for modeling PD [20, 21].
Rats were injected with rotenone daily for 6 weeks (2.5 mg /
kg, subcutaneously, diluent — a mixture of DMSO with
sunflower oil). From the 5th week of the experiment, PA
derivatives were administered daily for 14 days.

Administration of 3-nitropropionic acid for modeling HD
[22]. Rats were administered 3-nitropropionic acid daily for
14 days (NPA, 10 mg / kg, intraperitoneally). PA derivatives
were administered daily for 14 days, too.

Brain structures examined. We studied the level of PSSG
in the cerebral hemispheres, hippocampus, basal ganglia,
brain stem and cerebellum isolated from rat brain, as well as
in brain cell culture from rat embryos.

Primary cell culture and isolation subcellular fractions
from brain tissue.

The primary brain cell culture of 18-day-old rat embryos
was isolated using mechanical and enzymatic tissue
disaggregation with trypsin [23, 24]. Cells were incubated in
Eagle’s medium (MEM) containing 5% thermally inactivated
rat serum, 5.55 mM glucose, 2 mM glutamine, 20 U / ml
penicillin and 20 U / ml streptomycin in 50 mm diameter
plastic Petri dishes pretreated poly-D / L-lysine [23, 24]. The
cell culture was incubated at 37 ° C in a gas mixture
containing 5% CO2. Cell viability in culture was assessed by
the release of lactate dehydrogenase into the extracellular
medium.

In the another experiment subcellular fractions were
isolated from rat cerebral tissue by differential centrifugation
using a selection medium containing 0.32 M sucrose, 10 mM
Tris HCl, pH 7.4 and 1 mM EDTA. Mitochondrial sediment
was resuspended in isolation medium at the rate of 0.4 ml of
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Table 1 | The effect of PL and PT on the content of PSSG (umol / g
tissue) in the brain structures after the administration of iron (II)
gluconate and LPS, (M = SEM, n = 8). Bmusauue IUI u IIT Ha
comep>xanye PSSG (MKMOMb / T TKaHM) B CTPYKTypaxX MO3ra KpBIC
rocie BBeeHus rmokoHaTa sxenesa (I1I) u JITIC (M+SEM, n=8). No-
tes: * - p <0.05 as compared to the control group, # - p <0.05 as com-
pared to the Fe+LPS group.

Groups Hemispheres  Basal ganglia =~ Hippocampus

Control 0.1+0.1 0.1 +£0.03 0.11 +0.04

Fe+LPS 0.13 £0.03* 0.11 £0.01* 0.12 £0.01*
Fe+LPS+PL 0.13+£0.01* 0.08 = 0.02*# 0.11 £ 0.02#
Fe+LPS+PT 0.12 £ 0.01*# 0.11 £0.01* 0.09 £ 0.03*#

medium per mitochondrial precipitate isolated from 1 g of
tissue. Cells and mitochondria were destroyed using a lysis
buffer containing 20 mM Tris HCL, pH 7.4, 150 mM NaCl, 1
mM EDTA, 0.2% Triton X-100.

The content of PSSG determined by
spectrofluorimetric method using 2,3-
naphthalenedicarboxaldehyde (NDA) by the technique of
Menon, Board [25] with our modifications. In order to avoid
formation of free thiols (predominantly GSH) in the
samples, they are blocked by the inclusion of 10 mM NEM
(N-ethylmaleimide) in the homogenizing solution. After
centrifugation a tissue extract was precipitated with twice
the volume of ice-cold acetone to remove the alkylated
cellular free thiols and excess NEM. After second
centrifugation, the supernatant was discarded and the
precipitated proteins were washed again in ice-cold acetone
and allowed to air dry. The pellet was suspended in 0.5 M
Tris-HCI, pH 8.2, containing 0.1% Triton X-100.

The reducing agent tris(2-carboxyethyl)phosphine (TCEP)
was added to the protein solution (final concentration of 5
mM) to break the disulfide protein bonds and elute the
protein-bound GSH. The deglutathionylated proteins was
then precipitated by the addition 5-sulfosalicylic acid on ice
for 30 min, and the precipitated proteins were removed by
centrifugation. Releasing GSH from proteins in the
supernatant was detected with NDA spectrofluorimetrically
(Ex=485 nm, Em =520 nm). The results were calculated as
nmol GSH/mg protein by reference to a standard curve
generated with GSH.

Total protein was determined by the Bradford method
[26].

Statistical processing of experimental data was performed
using Microsoft Excel 2016, GraphPad Prism 6.0. The
experimental data were presented as M = SEM, where M is
the average value, SEM is the standard error of the mean.
The significance of intergroup differences was evaluated
using one-way analysis of variance (ANOVA) using the
Tukey test. In all cases, differences were considered
statistically significant at a value of p <0.05.

was

3. Results

We have studied changes in the content of PSSG in rat
brain structures in different models of neurodegeneration.

Since iron does not penetrate well through the blood-brain
barrier in adult animals, we administered iron preparations
to 10-12-day-old rat pups when the barrier permeability is
still high [17, 18]. This contributes to the accumulation of
iron in the brain tissue, and mainly in the striatum of the
cerebral hemispheres. An additional single administration of
LPS to animals on the 34th day of their life leads to the
development of inflammation and can serve as an
experimental model of PKAN, which is characterized by the
accumulation of iron and due to impaired CoA biosynthesis
due to a genetic defect in the key enzyme of its biosynthesis
- pantothenate kinase [27]. The control group consisted of
animals of the same age, which were injected with a solution
of sodium chloride 0.85 %.

We found that the content of PSSG after administration of
iron (II) gluconate and LPS in the cerebral hemispheres
increased by 26%, in basal ganglia by 11% and in the
hippocampus by 14% (table 1).

Although PL did not affect the process of S-
glutathionylation of proteins in the cerebral hemispheres, it
was shown that it decreased S-glutathionylated proteins in
the hippocampus to the control level, and even lower than
the values in the control in basal ganglia (p <0.05). Against
this background, PL did not affect the process of S-
glutathionylation of proteins in the cerebral hemispheres,
reduced their content in the hippocampus to the control
level, and in basal ganglia reduced their content even lower
than the values in the control (p<0.05). Conversely, tThe
presence of PT did not affect this indicator of basal ganglia,
decreased the level of PSSG in hemispheres, and in
hippocampus decreased it below the control values.

To model AD symptoms in rats, we used a model with
intragastrically administeredration of aluminum chloride for
6 weeks. This led to the development of neurotoxicosis in
animals, accompanied by disturbances in the redox balance
and pronounced changes in the redox potential of the
glutathione system in brain tissue [28].

The action of aluminum chloride led to a significant
increase in the content of PSSG in all the rat brain structures
we studied, which, obviously, is an indicator of an increase
in the post-translational modification of proteins under
conditions of a shift in the thiol disulfide balance (table 2). It
can be noted that the level of PSSG changes the least in the
brain stem. The introduction of all PA derivatives (PL, PT,
and HPA) led to the return of restored the PSSG content in
hemispheres and hippocampus to the control level, and even
lower than the control values in other brain structures.

Together, these results indicate Thus, that the process of S
-glutathionylation of proteins under the action of aluminum
chloride is activated in all brain structures of rats, and PA
derivatives are effective correctors that reduce post-
translational modification of proteins under conditions of
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Table 2 | The effect of PL, PT, and HPA on the content of PSSG (nmol / mg protein) in the brain structures after the administration of AICI3
(M%SEM, n=8). Bnusuue I, IIT u I'TIK Ha comepkanne PSSG (uMonb / Mr 6enka) B CTPYKTypax Mo3sra Kpbic mocie BBemenus AlCI3

(M*SEM, n=8). Notes: * - p <0.05 as compared to the control group, # - p <0.05 as compared to the AICI3 group

Groups Hemispheres Basal ganglia
Control 0.47 £0.04 0.52 +0.04
AlCl, 0.60 £ 0.05* 0.58 £ 0.02*
AICL; +PL 0.46 + 0.08# 0.48 + 0.05#
AICL + PT 0.47 +0.06# 0.40 £ 0.06*#
AICL; + HPA 0.34 £ 0.02*# 0.51 +0.06#

oxidative stress in the central nervous system.

Rotenone is one of the neurotoxins used to model PD in
vitro and in vivo [21]. Administration of rotenone to animals
causes biochemical, histological and behavioral symptoms
similar to those observed in patients with PD. Rotenone is
an inhibitor of the mitochondrial I complex I of the electron
transport chain of mitochondria, resulting in the formation
of free radicals and the development of oxidative stress
[229]. In our experiments, it was found that the effect of
rotenone was accompanied by an increase in the content of
PSSG in the cerebral hemispheres by 20%, the hippocampus
by 18% and, most notably, in the basal ganglia by 56 %
especially pronounced (by 56%) in the basal ganglia (table
3). Predictably, rotenone is known to cause the most
prominent damage to neurones in the basal ganglia. It is well
known, that in this structure of the brain rotenone causes
the most pronounced damage to neurons.

PL and PT contributed to the weakening of the effect of
rotenone on this indicator in the cerebral hemispheres and
the hippocampus, returning it to the values in the control,
while in basal ganglia the effect of their exposure was
insufficient to return the PSSG level to normal. HPA had no
effect on the content of PSSG against rotenone.

Table 3 | The effect of PL, PT, and HPA on the content of PSSG
(nmol / mg protein) in the brain structures after the administration
of rotenone (M=SEM, n=8). Bmusaume IIJI, IIT u TITIK =Ha
copepxxanne PSSG (umonbp / mr Genka) HMonb / Mr Oenka) B
CTPYKTypax Mo3Tra KpbIC ITOC/Ie BBefieHusa poreHoHa (M+SEM, n=8).

Notes: * - p <0.05 as compared to the control group, # - p <0.05 as
compared to the rotenone group .

Hippocampus Brain stem Cerebellum
0.25+0.04 0.28 £0.03 0.24 £ 0.03
0.28 + 0.05* 0.31 £ 0.05* 0.29 £ 0.05*
0.26 + 0.04# 0.27 £ 0.03# 0.23 £0.03#
0.24 +0.02# 0.26 £ 0.02# 0.21 £ 0.02#
0.25 £ 0.06# 0.24 + 0.04# 0.24 + 0.04#

NPA is a mitochondrial toxin that causes selective
degeneration of neurons in the striatum and the
development of symptoms characteristic of HD in
experimental animals [2930]. Oxidative stress is one of the
important factors in the pathogenesis of HD [3031]. In this
model, we also observed an increase in the PSSG content in
hemispheres by 20% and hippocampus by 23%, while in
basal ganglia this increased by 65% (table 4).

PL and PT also returned the PSSG level to control in
hemispheres and hippocampus, while in basal ganglia they
contributed only to its slight decrease relative to the value
against the background of NPA. The effect of HPA was
weaker in all studied brain structures.

In order to clarify the mechanisms of the protective effect
of PA derivatives on protein glutathionylation processes, we
studied changes in this parameter in in vitro models of
oxidative stress. For this, we used the primary brain cell
culture of 18-day-old rat embryos. Derivatives of PA with
final concentrations of 10, 25, 50, 100, and 500 uM were
added to the cell suspension (0.5-1.0 mg / ml total protein)
and preincubation was performed for 30 min at 37 ° C. To
induce oxidative stress, 50 uM tBHP was added and samples
were incubated for 30 min at 37 ° C. It was shown that the
development of oxidative stress initiated by tert-butyl
hydroperoxide (tBHP) was accompanied by an almost 3-fold
increase in the content of PSSG in the culture of brain cells
of rat embryos (figure). The introduction of both PL and PT

Table 4 | The effect of PL, PT, and HPA on the content of PSSG
(nmol / mg protein) in the brain structures after the administration
of NPA (M+SEM, n=8). Biusauue IV, IIT u I'TIK Ha comepxaHue
PSSG (umonb / Mr 6e/Ka) B CTPYKTYpax MO3Ia KPBIC I10C/Ie BBEIEHA
3-Hutponponmonosoit kucnotel (M+SEM, n=8). Notes: * - p <0.05
as compared to the control group, # - p <0.05 as compared to the
NPA group.

Groups Hemispheres  Basal ganglia  Hippocampus

Control 0.50 £ 0.02 0.57 £0.02 0.51 £0.03
Rotenone 0.59 + 0.02* 0.88 + 0.03* 0.60 + 0.02*
Rotenone 0.52 +£0.02# 0.72 £ 0.02*# 0.52 +£0.01#
Rotenone 0.51 +£0.02# 0.69 = 0.02*# 0.51 £0.01#
Rotenone 0.53 £ 0.01* 0.90 £ 0.03*# 0.61 +0.02*

Groups Hemispheres  Basal ganglia = Hippocampus
Control 0.48 +0.01 0.57 +0.01 0.53 +0.03
NPA 0.58 £0.01* 0.93 £0.01* 0.65 £ 0.02*
NPA+PL 0.52 +0.01# 0.71 £ 0.01*# 0.55+0.01#
NPA+PT 0.53 +0.01# 0.69 £ 0.01*# 0.57 +0.01#
NPA+HPA 0.51 £0.01* 0.83 £ 0.02*# 0.60 £ 0.02*
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Figure 1 | Influence of tBHP (50 uM), PL (histogram A) and PT
(histogram B) on the level of PSSG in the primary brain cell culture
of 18-day rat embryos. Bnusuue tBHP (50 puM), ITJI (rucrorpamma
A) n IIT (rucrorpamma B) Ha copmepxanme PSSG B mepBMYHOI
Ky/IbType K/IETOK T'OJIOBHOTO MO3ra 18-7HeBHBIX 3MOPMOHOB KPBIC.
Notes: * - p <0.05 as compared to the control group, # - p <0.05 as
compared to the tBHP group.

into the incubation medium in a dose-dependent manner
contributed to a decrease in the content of PSSG, which
indicates a direct effect of the drugs on the processes of
glutathionylation of proteins.

In the next experiment, we examined in which subcellular
fraction the proteins undergo had the greatest modification
of proteins. For this, PL or PT with the final concentrations
of 10, 25, 50, 100, and 500 pM were added to the
homogenate of brain tissue or a suspension of subcellular
fractions (1.5-2 mg / ml of total protein) and preincubated
for 30 min at 37 ° C. 100 uM tBHP was added into the
samples to induce oxidative stress and incubated during 15
min in 37 °C.

It was established that, against the background of tBHP,
the content of PSSG increased both in the total homogenate
and in mitochondria, microsomes, and in the cytosol (table
5). In the presence of PL in the incubation medium, the
effect of tBHP was not manifested, and the level of PSSG did
not differ from the values in the control group either in the
total homogenate or in the subcellular fractions studied.
However, in the nuclear fraction, the content of
SXglutathionylated proteins did not change either against
tBHP or in the presence of PL.

4. Concluding Remarks

Protein S-glutathionylation has the ability to regulate a
number of biological functions of proteins in the cell, both in
normal and pathological conditions. It is generally accepted
that S-glutathionylation of proteins is considered one of the
mechanisms of protein protection against the oxidative
effects of reactive oxygen species [1-3, 6]. We have shown
that under the conditions of the development of oxidative
stress, the content of PSSG significantly increases in brain
structures in all the models of neurotoxicosis that we
studied, and this increase is observed to the greatest extent
precisely in those structures where a particular neurotoxin
has the most pronounced effect. As a rule, with
neurodegenerative diseases, pathological changes occur
primarily in the cortical and subcortical structures of the
hemispheres [32, 33, 34]. According to our data, changes in
PSSG levels in the brain stem were minimal in the models of
experimental neurodegeneration.

PA  derivatives, precursors of CoA, reduce S-
glutathionylation of proteins, which can be regarded as a
protective effect against protein conformation disorders and
preservation of their biological activity during oxidative
stress, and these effects are obviously mediated through the
CoA system, since HPA, which is not a precursor of CoA,
does not have a protective effect in relation to PSSG.

Thus, the activation of S-glutathionylation of proteins is a
characteristic sign of metabolic disorders of redox balace in
brain tissue during oxidative stress and is observed in
different ways of modeling neurodegenerative processes.
Given the fact that glutathionylation of proteins can also
initiate misfolding of proteins and their aggregation into
insoluble complexes, impaired mitochondrial functions, iron
accumulation in brain structures, and contribute to the
progression of death of neurons, therefore it can be assumed
that glutathionylation of proteins can not only protect them
from irreversible damage by free radicals during oxidative

Table 5 | The effect of PL (100 uM) on the content of PSSG (nmol /
mg protein) in the subcellular fractions of hemispheres in the presen-
ce of tBHP (100 uM) (M+SEM, n=4). Bmusure IUI (100 uM) Ha
conep>xanye PSSG (HMonb / Mr 6enka) B CyOK/IETOYHBIX (paKIMAX
6onplMx Tomymiapuit Mosra B mpucyrcrBum tBHP (100 uM)
(M%SEM, n=4). Notes: * - p <0.05 as compared to the control group,
# - p <0.05 as compared to the tBHP group.

Subcellular Control tBHP tBHP + 0.1

Homogenate 1:10
1.73 £ 0.01 2.31 £0.03* 1.81 £ 0.02#

(wiv)

Nucleus 0.14 £ 0.01 0.12+£0.01 0.11 £0.01
Mitochondria 0.55+0.02 0.92 +£0.02* 0.63 £0.01#
Microsomes 0.28 £ 0.01 0.39 £ 0.01* 0.31 £ 0.02#
Cytosol 0.76 £ 0.02 0.88 + 0.02* 0.76 £ 0.02#
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stress, but also perform certain regulatory functions in the
cell, having a close relationship with to CoAlation functions.
Recently it has been shown that protein CoAlation is a
reversible post-translational modification induced by
oxidizing agents and metabolic stress in prokaryotic and
eukaryotic cells [335]. During physiological conditions CoA
produces metabolically-active derivatives, but may act as an
antioxidant in response to oxidative or metabolic stress. The
close  relationship between CoA-lation and S-
glutathionylation is evidenced by the pronounced effects of
CoA biosynthesis precursors - PL and PT, but not HPA, on
the level of S-glutathionylated proteins in brain structures in
the experimental models of neurotoxicosis. It must be taken
into account when considering the mechanisms of the
pathogenesis of neurodegenerative diseases and may be the
rationale for the use of pantothenic acid derivatives for
treatment of neurodegenerative disorders.

3aknroyeHmne

S-ryraTnoHMIMpoBanne 6enKoB 06/1afaeT CIOCOOHOCTHIO
perynmmposarb psp Omonormdeckux (GyHKuuii OelKoB B
KJIeTKe KaK IpJ HOPMAJIbHBIX, TaK M IPU HAaTOTOTMYECKUX
COCTOAHMAX. VI3BeCTHO, 4YTO  S-IIyTaTMOHMIMPOBaHME
6€/IKOB CUMTAETCA ONHUM M3 MEXAHM3MOB 3alUThI OETKOB
OT OKUCIMTETbHOTO  BO3[EICTBMA  aKTMBHBIX  GoOpM
KUCIopofa. Mbl IOKasamy, 4YTO B YCIOBUAX Pa3BUTKA
OKJICTUTENIbHOTO cTpecca comep>kanme PSSG 3HaumrenbHO
BO3pacTaeT B CTPYKTypax TOJOBHOTO MO3Ta BO BCeX
M3YYeHHBIX HaMM MOJIAX HEMPOTOKCMKO3a, M  3TO
yBenudeHne HabmomaeTcs B HanboNbIlelf CTeTIeHN MMEHHO
B TeX CTPYKTYypax, I7ie KOHKPeTHbI} HeIPOTOKCUH 00/IafjaeT
Hambosiee BbIpa)KeHHBIM HelicTBMeM. Kak IpaBmio, mpu
HellpofiereHepaTVBHBIX ~ 3a00/IeBaHMAX  I1AaTOJIOTMYECKMe
M3MEHEeHNA IPOUCXO[AT B IIEPBYI0 Ouepelb B KOPKOBBIX I
HOIKOPKOBBIX CTPYKTypax OO/NbIIMX NOMyLIapuit Mo3ra. B
U3YYeHHBIX  HaMM  MOJEIAX  SKCIepUMEeHTaIbHOM
HelipofiereHepauun us3MeHeHusa ypoBHa PSSG B cTBONIE
TOJIOBHOTO MO3Ta ObUIM HaVIMeHee BhIpayKeHHBIMIA.

[IponsBopHbIe HaHTOTEHOBO KICTIOTBHI,
IpefiIeCTBeHHNKI KoA, CHIDKAIOT S-
DIYyTaTMOHWIMPOBaHMe Oe/IKOB, 4YTO MOXKHO pacCMaTpMBaTh
KaK 3al[UTHBIA 3¢ eKT IpOoTUB HapylleHuiT KOHGOpMaun
Oermka M coxpaHeHMe UX OMONIOIMYECKON aKTMBHOCTM BO
BpeMsI OKMC/IUTEIBHOTO CTpecca, ¥ 3TU 3¢ deKThl, 04eBUIHO,

ormocpenyoTcsa  4epe3  cucreMy  KoA,  IOCKOIBbKY
TOMOIIAHTOTEHOBAasE ~ KMC/IOTa, KOTOpas He  ABJAETCA
mpeniiecTBeHHUKOM KoA, He o0KkasbIBaeT 3alUTHOTO

TIeVICTBUSA HA 9TOT ITOKa3aTe/lb.

Takum o6pasoM, akTMBALUA S-ITyTaTMOHUIMPOBAHUA
6enKOB ABMAETCA XapaKTepHBIM IIPM3HAKOM HapyIIeHu
OKMCTIUTETbHO-BOCCTAHOBUTENbHOTO ~ 6alaHca B TKaHU
MO3Ta TIpYM OKMCIUTETbHOM CTpecce M HabmofaeTca Ipu
PasHBIX CTIoco6ax MOJIeMMPOBAHNA HelfpoiereHepaTHBHBIX
IIPOIL[ECCOB. YunrsiBas TOT (axr, qTOo
TTyTaTMOHWINPOBAHIE 6enxoB TaKXe MOXKeT

VHULMMPOBATh HApYLIEHUS CBOPAYMBAHUA O€IKOB ¥ MX
arperaiyio B HePAacTBOpMMble KOMIIIEKCHI, HapyIleHue
GYHKIWMIT MUTOXOH/PUIL, HAKOIUIEHE JKeJle3a B CTPYKTypax
TOJIOBHOTO MO3Ta U CIIOCOOCTBOBATH IIPOTPECCUPOBAHMIO

rnbenn HeﬁpOHOB, MO>XHO I1oj1ararb, 49To
ITyTaTUOHWINPOBaHME 6eIKOB MOYKET HE TOIBKO 3aluuiaTb
ux OoT H€O6paTI/IMOI‘O TIIOBPEXAEHNA CB060]1HI>IMI/I

pafiMKajaMy BO BpeMs OKMUCIMUTEIBHOTO CTpecca, HO TaKXKe
BBIIIOJIHATD  OTIPEie/IeHHbIE PETYIATOpHbIe (yHKIUM B
KJIeTKe, TeCHO CBsi3aHHble ¢ ¢yHKuusAMu KoA-mmpoaHus.
HepaBHo Obuto mokxaszano, uto KoANmmposanme Oenxa

ABIACTCA O6paTI/IMOI7[ HOCTTpaHCHHHI/IOHHOﬂ
MOIII/I(bI/IKaLU/Ief/'I, BBbI3BaHHOI OKMCIIUTENAMN n
MeTabo/IM4IeCKIUM CTpeCcCOM B IIPOKApMOTUYECKNX U

SYKapMOTUYECKUX K/IeTKax. B ¢usmonorndyecknx ycmoBmax
KoA  cmocob6ctByer — 00pa3soBaHMIO  MeTAOOMMYECKN
AKTUBHBIX IPOU3BOJIHBIX, HO OH MOJXET TAKXXE [eliICTBOBATh
KaK aHTMOKCUIAHT B OTBET Ha OKUCIUTEIbHBINA WM
MmeTabomudeckuit crpecc. O TeCHOI B3aMMOCBA3SM MEXY
KoA-nmuposanuem u SXrmyraTnorMnInpoBaneM
CBUJIETE/ILCTBYIOT BbIPa)KEHHbIE addexTsr
npepiiectBeHHNKOB O6mocuHTe3a KoA — IDI u IIT, HO He
ITIK, Ha ypoBeHb S-IIyTaTMOHWIMPOBAHHBIX O€IKOB B
CTPYKTypaX TOJIOBHOTO MO3Ta B 9KCIIEPMMEHTa/IbHbIX
MOJENAX HePOTOKCMKO3a. O  (QakThl HeoOXOHMMO
YIUTBIBATh IIPU PAacCMOTPEHMM MEXaHM3MOB IIaTOTEHE3a
HelpofiereHepaTUBHLIX 3a00/IeBaHMIl M MOTYT CIYXUTb
obocHOBaHMEM UCIIOb30BaHNUsA IPOU3BOJIHBIX
KUCTIOTBI LS JIe4eHNA
HellpofiereHepaTUBHBIX 3a00/TeBaHMIL.
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