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AHHOTAUNA

Bsederue. ABCB1-6enok — MeMbpaHHbIV TpaHCMOpTEp, OCYLLECTBAALLMI 3PPIOKC U3 KNETOK LUMPOKOro CMEKTPa
NeKapCTBEHHBIX BELLECTB. M3yyeHne MexaHM3MoB perynsaumm ¢pyHKUMoHMposaHusa ABCB 1-6enKkaB ronoBHOM Mo3re Ha ¢poHe
€ro MLWeMMK No3BOAWT NPEASIOKUTb HOBbIE NOAX0Ab! K GapMaKoTepanum LiepebpanbHON UWeMUYecKor naTonoruu.

Llens. V3yuntb perynaumio ¢pyHKUMOHMpoBaHuA ABCB1-6enka B Kope rofioBHOrO Mo3ra KpbiC Npu rnobanbHow
LepebpanbHoii UweMnun.

Mamepuaner u Memodsl. 3KkcnepuMeHT BbinonHeH Ha 30 Kpbicax-caMuax, KOTOPbIM MOAENUPOBanM rnobansHyto
LepebpanbHyio UweMuio NyTeM bunaTepanbHOW OKKIO3UM 06LLMX COHHBIX apTepui. B Kope ronoBHoOro Mo3ra MeTofoM
MMMYHOQEPMEHTHOMO aHanu3a onpegenanu Konudectso ABCB1-6enka u TpaHcKpunumoHHbIx gaktopos Nrf2 u HIF-1a.
CBobogHOpaamMKanbHbIl cTaTyc Kopbl 60/1bLWIMX NOMYLUAPUWIA OLLEHWBANM MO KOHLEHTpALMM ManoHOBOro AManbaernaa,
SH-rpynn, akTMBHOCTM rnyTaTMOHNepoKcuaassl (G-per).

Pesynomameoi. bunatepanbHaa OKKNIO3MA 06LMX COHHbIX apTepuii Bbi3biBana yBenuyeHue ypoBHA ABCB1-6enka
B KOpE MOfIOBHOrO MO3ra KpbIC K YETBEPTOMY Yacy MLIEMWUM, Yepe3 24 Y. ero KOJIMYECTBO 0CTaBanoCh MOBbILEHHBIM,
ayepes 72 4. yMeHbLLAN0Ch 40 3HAYEHWUI, HE OTIMYAIOLLMXCA OT NOKa3aTesei T0KHOONEPMPOBaHHbIX Kpbic. CoflepraHue
MaNlOHOBOM0 Manbhernaa B Kope 6onblUMX NoNyLlapui yBENMUYMBANOCh Yepe3 2 Y. U 4 4. mocne OKKNK3WK, panee
MOCTENEHHO CHUMANOCh [0 MCXOOHbIX 3HaYeHUN. AKTMBHOCTL G-per 6bifa CHUMEHa N0 CPAaBHEHMIO C KOHTPOJSIbHbIMMU
3HayeHunaMK Yepe3 30 MUH. 1 4 4. nocne MogenupoBauua uwemnn. Copepxkanune Nrf2 B Kope 6onblumx nonywapuii
BO3pacTasno Yepes 2 Y. U 4 Y. nocne NpoBefEHUA OKKMIO3UK, NPY 3TOM Yepe3 CYTKU ero YPoBeHb HECKOMBKO CHUMKACA,
a Ha TPeTUM [eHb 3KCMepuMMeHTa J0CTUran UCXofHbIX nokasatener. Konuyectso HIF-1a noBbiwanock TonbKo yepes
24 4. 1 72 4. nocne onepauumu.

3arnoyeHue. Konmuectso ABCB1-6enka B Kope rofioBHOrO Mo3ra Kpbic npu rnobanbHoi LepebpanbHoii
ULLEMWUM 3aBUCUT OT MNOKa3aTesiei BbIPAaXKEHHOCTU OKUCIIMTENBHOMO CTPecca, NPy 3TOM B €ro perynauMmn urpaiT posb
TpaHcKpunuuoHHble ¢arTopbl Nrf2 u HIF-1a. CHuKeHWe KonnyecTBa TpaHcnopTepa B reMatosHuedanvyeckoM bapbepe
3a CYeT BNIMAHMA Ha NPOLLECCh NEPEKMUCHOMO OKUCIEHUA IUMUL0B UM CUHTE3 U3YYeHHBIX TPAHCKPUMLUMOHHBIX (aKToOpoB
pacLIMpAeT BO3MOMHOCTM [JIA MOBbIWEHWA 3QDEKTUBHOCTU (papMaKoTepanuu 3aboneBaHWI LeHTPanbHOW HepBHOM
cucTeMbl cybetpatamm ABCB1-6enka.
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Regulation of ABCB1 Protein Function in the Cerebral
Cortex with the Underlying Global Cerebral Ischemia

Ivan V. Chernykh, Aleksey V. Shchul’kin, Natal’ya M. Popova™, Mariya V. Gatsanoga,
Elena N. Yakusheva

Ryazan State Medical University, Ryazan, Russian Federation

ABSTRACT

INTRODUCTION: ABCB1 is a membrane transporter protein responsible for efflux of a wide range of drugs from cells.
The study of the mechanisms of regulation of the functioning of ABCB1 protein in the brain in its ischemia will permit to
propose new approaches to pharmacotherapy of cerebral ischemic pathology.

AIM: To study the regulation of ABCB1 protein function in the cerebral cortex of rats with global cerebral ischemia.

MATERIALS AND METHODS: The experiment was performed on 30 male rats with global cerebral ischemia
modeled by bilateral occlusion of the common carotid arteries. The amount of ABCB1 protein and Nrf2 and HIF-1a
transcription factors in the cerebral cortex was determined by enzyme immunoassay. The free radical status of the
cerebral cortex was assessed by the concentration of malondialdehyde, SH groups, and by glutathione peroxidase (G-per)
activity.

RESULTS: Bilateral occlusion of the common carotid arteries caused an increase in the level of ABCB1 protein
in the cerebral cortex of rats by the 4th hour of ischemia; in 24 hours it remained elevated, and in 72 hours decreased
to values that did not differ from those of falsely operated rats. The content of malondialdehyde in the cerebral cortex
increased in 2 and 4 hours after occlusion and then gradually decreased to the initial values. In 30 minutes and 4 hours
after ischemia modeling, G-per activity decreased compared to the control values. The content of Nrf2 in the cerebral
cortex increased in 2 and 4 hours after occlusion, then slightly decreased on the next day, and reached the initial values on
the 3 day of the experiment. The amount of HIF-1a increased only in 24 and 72 hours after the surgery.

CONCLUSION: The amount of ABCB1 protein in the cerebral cortex of rats with global cerebral ischemia
depends on the severity of oxidative stress, with Nrf2 and HIF-1a transcription factors playing a role in its regulation.
Reduction of the amount of the transporter in the blood-brain barrier through the influence on the lipid peroxidation
processes or synthesis of the studied transcription factors expands the possibilities of using ABCB1 protein substrates
for improving the effectiveness of pharmacotherapy of diseases of the central nervous system.
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LIST OF ABBREVIATIONS

G-per — glutathione peroxidase

HIF-1a — hypoxia inducible factor 1a

NADPH, — nicotine amide adenine dinucleotide phosphate reduced
Nrf2 — nuclear factor erythroid 2-related factor 2 (redox-sensitive
transcription factor 2)

INTRODUCTION

ABCB1 protein (glycoprotein-P, Pgp) is a membrane
transporter protein responsible for efflux of a wide range
of lipophilic substrates from cells including medical
drugs. Localized in the small intestinal mucosa, on the
biliary membrane of hepatocytes, in the epithelium of
nephron tubules and in the histo-hematic barriers, the
transporter prevents absorption of substrates in the
gastrointestinal tract, excretes them into urine and bile
and prevents penetration into the sequestrated organs
(brain, ovaries, internal eye media, to the fetus).

The functioning of ABCB1 protein is determined
by genetic peculiarities of an organism, the existence
of pathological conditions, intake of some foodstuffs
and medical drugs. Alteration of the activity of the
transporter can lead to drug interactions which may
result in reduction of the efficiency of pharmacotherapy
in case of increase in the activity of the transporter
protein, and to increased risk of the relative drug
overdose in case of its inhibition [1, 2].

Alteration of the functional activity of ABCBI1
protein in the hematoencephalic barrier is a cause
for development of multidrug resistance of brain
tumors, the ineffectiveness of using neuroprotectors in
cerebrovascular disorders, and of epilepsy reluctant to
drug treatment [3]. To note, the targeted pharmacological
control of ACBC1 protein can increase the effectiveness
of pharmacotherapy of these pathologies through
increased penetration of transporter substrates into
the brain tissue.

The ischemic-hypoxic lesion of the brain is the
leading pathogenetic factor in the development of a
number of diseases and pathological conditions: strokes,
ischemic-hypoxic encephalopathy, discirculatory
encephalopathy, metabolic and toxic lesions of the
central nervous system.

Most in vitro studies of ABCB1 protein have shown
increase in its functional activity and synthesis, as well
as in the expression of the MDRT gene encoding the
transporter, on exposure to hypoxic hypoxia [4]. To this
end, the functioning of ABCB1 protein in circulatory
hypoxia has not been sufficiently studied, and in vivo
results of the influence of cerebral ischemia and of
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ischemia/reperfusion on the transporter are rather
contradictory.

To note, in the scientific literature, the control
of functioning of ABCB1 protein was mostly evaluated
in vitro on cell cultures over expressing this transporter
protein. The results obtained on animals, are scarce
and contradictory. A combined participation of
redox-sensitive transcription factor 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) and of hypoxia
inducible factor T1a (HIF-1a) were not considered earlier
in the control of the function of ABCB1 protein.

Taking into consideration the above, the
identification of the mechanisms controlling ABCB1
protein in the underlying ischemic/hypoxic brain lesions
will permit to expand the approach to the targeted
alteration of its activity which may increase the
effectiveness of pharmacotherapy of the mentioned
pathologies through use of these transporter substrates.

The aim of this study is regulation of ABCBI1
protein functioning in the cerebral cortex of rats with
the global cerebral ischemia.

MATERIALS AND METHODS

The experiment was performed on 30 sexually
mature male stock Wistar rats with 250 g—360 g body
mass, obtained from Stolbovaya nursery (Moscow
region, Russian Federation) in accordance with the
rules of laboratory practice regulated by the Annex
to the Order of the Ministry of Health and Social
Development of the Russian Federation of August 23,
2010 No. 708n, and by the Order of the Ministry of
Health of the Russian Federation of April 1, 2016 No. 199n
‘On the Approval of the Rules of Good Laboratory
Practice’. The study was approved by the Commission
for control over the maintenance and use of laboratory
animals of Ryazan State Medical University (Protocol
No. 7 of April 03, 2018). All surgical interventions
were performed in the operating room of the Vivarium
of Ryazan State Medical University under anesthesia
with intraperitoneal administration of Zoletil 50@
(Virbac, France) at a dose of 10 mg/kg [3]. The
animals were euthanized by taking blood from the
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abdominal aorta under deep anesthesia (intraperitoneal
administration of Zoletil 50® at a dose of 30 mg/kg),
after which samples of the cerebral cortex were
extracted [3].

Experimental series. Rats were divided into 6
series:

- 1 series — ‘false operation’ (control),

- 2—-6 series — animals after 30 minute, 2 hours,
4 hours, 24 hours and 72 hours after modeling of global
cerebral ischemia by bilateral occlusion of the common
carotid arteries of rats.

This operation included dissection of the soft
tissues of the neck of an animal, isolation of the
common carotid arteries, ligation of them with Surgipro
[I 4.0 (Covidien, Switzerland) and suturing of the wound.

Preparation of the biological material. The
frontal lobe of the cerebral cortex was taken from
each animal, the samples were crushed with scissors
and homogenized at low temperature in a phosphate
buffer with pH 7.4 (1:10 by weight) followed by
triple freezing-defrosting for cell lysis, as indicated
in the instructions for enzyme immunoassay kit, and
centrifugation at 1750 g. The frozen supernatant
was stored before analysis at -80° for no more than
three weeks.

Determination of the amount of ABCB1 protein
in the cerebral cortex. The absolute amount of ABCB1
protein in the cortex was evaluated by the method of
heterogeneous enzyme-linked immunoassay with a
ready-to-use diagnostic kit Elisa Kits Blue Gene (China)
designed for work with rat tissues.

Investigation of the free radical status in the homo-
genate of the cerebral cortex of rats. Determination
of the concentration of malondialdehyde (thiobarbituric
acid — reactive products). A TBK-AGAT (AGAT-MED,
Russia) kit was used to analyze the content of
malondialdehyde. The method is based on the ability
of malondialdehyde to react with 2-thiobarbituric acid
to form an equimolar amount of a colored complex
with absorption maxima at 535 nm and 570 nm. Into
a tube, 0.25 ml of the supernatant, 3.0 ml of 1.4%
orthophosphoric acid, 1.0 ml of 2-thiobarbituric acid
solution (150 mg — 31 ml of distilled water) were
introduced, after which the tubes were incubated for
45 minutes in water bath at 100°C and cooled with cold
water for 3 minutes. After that, 4.0 ml of n-butanol
were added, the tubes were shaken until the formation
of a homogeneous white suspension with a pink tinge,
centrifuged at 1750 g for 10 minutes, and in 3 ml of
the organic phase, the optical density was determined
on a UV-150-02 spectrophotometer (Shimadzu, Japan)
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at two wavelengths versus a blank sample (0.25 ml
of distilled water instead of brain homogenate). The
results were expressed in nmol/mg of protein.

Determination of the content of total sulfhydryl
(SH) groups. The method used is based on the ability
of sulfhydryl groups to restore disulfide 5.5-dithiobis-
2-nitrobenzoate dissolved in ethanol (Ellman reagent)
to form an equivalent amount of yellow-colored anions
of 2-nitro-5-thiobenzoate, which were determined
by the increase in light absorption of the solution on
a UV-150-02 spectrophotometer (Shimadzu, Japan) at
412 nm wavelength. The supernatant in the quantity of
100 pl was introduced into a test tube, and 100 plof 0.2 M
ethylenediaminetetraacetate solution in Ellman reagent
were added. The optical properties on the resulting
mixture were determined on a spectrophotometer after
30-minute incubation at 22°C-25°C.

The content of total sulfhydryl groups was
calculated using a molar extinction coefficient of
0.0136 cm™ x nmol™, the results were expressed in
pmol/mg of protein.

Determination of glutathione peroxidase (G-per)
activity. The spectrophotometric determination of
G-per activity is based on the registration of a decline
of the optical density of the test sample at 340 nm
and 37°C as a result of the oxidation reaction of
reduced nicotine amide adenine dinucleotide phosphate
(NADPH,), which is a donor of reducing equivalents for
the reaction of enzymatic reduction of glutathione,
pre-oxidized by tert-butyl hydroperoxide. The higher
the G-per activity, the higher the intensity of NADPH,
oxidation, and the more pronounced decline of the
intensity of light absorption.

The reaction mixture contained 1.2 ml of 0.05 mM
isotonic phosphate buffer with pH 7.4, 0.1 ml of 1 mM
ethylenediaminetetraacetate, 0.1 ml of 0.12 mM
NADPH,, 0.2 ml of 1.85 mM reduced glutathione
solution, 0.5 units (UN) of glutathione reductase, 0.2 ml
of 0.2 mM tert-butyl hydroperoxide and 0.1 ml of the test
sample. The reaction was initiated by adding tert-butyl
hydroperoxide, after which the tube was incubated at
37°C for 3 minutes. The optical density was determined
on a Humalaizer 2,000 biochemical analyzer (Germany)
at 340 nm. One unit of activity was taken to be the
amount of enzyme required for the oxidation of 1 uM
of reduced glutathione per minute under the conditions
of determination. The activity results were expressed in
nmol NADPH,/min x mg of protein.

Determination of the level of transcription
factors. To assess the content of Nrf2 and HIF-1a
transcription factors, a sample of cerebral cortex
was homogenized in a phosphate buffer with pH 7.4
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(1:1 by mass) at low temperature with subsequent
triple freeze-defrost for cell lysis, as indicated in the
instruction for the enzyme-linked immunoassay kit, and
centrifuged at 1750 g. The absolute amount of factors
was determined by heterogeneous enzyme-linked
immunoassay using Elisa Kits Cloud-Clone (China) and
Elisa Kits Blue Gene (China) kits, respectively, designed
for work with rat tissue.

The activation of these factors was evidenced by
an increase in their amount due to their stabilization
under conditions of oxygen deficiency (HIF-1a) or
accumulation of lipid peroxidation products (Nrf2) [5].

The absolute amount of ABCB1 protein and
transcription factors, as well as the intensity of lipid
peroxidation in brain tissue were compared to the total
amount of protein determined by Bradford method.

Statistical processing of the results was carried
out using Microsoft Office XP package (USA) and
Statistica 7.0 program (USA). The character of the
data distribution was evaluated using Shapiro-Wilk,
Kolmogorov—Smirnov and Lilliefors tests. The equality
of variances was proved using Levene test. The inter-
group differences were determined by Newman-Keuls
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test. The dependence of the content of ABCB1 protein
in the brain tissue on the parameters of free radical
status and the level of transcription factors was
assessed by Pearson correlation coefficient (r).
The sufficient level of statistical significance was
considered to be p < 0.05.

RESULTS

The bilateral occlusion of the common carotid
arteries was found to cause an unreliable decrease in
the amount of ABCB1 protein in the cerebral cortex of
rats 2 hours after the onset of pathology, after which
its level increased and by the 4th hour of ischemia 3.55
times exceeded the parameters of falsely operated
animals (p < 0.05). In 24 hours after occlusion, the
content of the transporter reliably exceeded (by 3.27
times) that of the false operation series (p < 0.05), and
in 72 hours its amount decreased to values not differing
from the level of falsely operated rats (p > 0.05).

In examination of the free radical status of the
cerebral cortex of the rats, the following results were
obtained by us (Table 1).

Table 1. Content of ABCB1 Protein and Parameters of Intensity of Oxidative Process in Cerebral Cortex of Rats in Bilateral

Occlusion of Common Carotid Arteries

Series of Experiment

protein

(11.21;33.12)

(29.41; 40.17)*

(59.12; 82.54)*

(2417, 79.72)

(18.48; 69.09)

Parameters False Bilateral Occlusion of Common Carotid Arteries
Operation 30 minute 2 hours 4 hours 24 hours 72 hours
n 5 5 5 5 5 5
. 0.22 0.14 038 0.78 0.72 022
Level of ABCBT protein, ng/mg (0.16;025) (0064015 | (021:042) | (0A40;082* | (0.62:2.08)" (0.11;022)
Malondialdehyde, nmol/mg of 24.69 31.36 68.61 45.46 47.22 3431

(31.10; 38.71)

SH-groups, pmol/mg of protein

48.92
(41.41; 64.01)

2477
(20.04; 43.31)

55.55
(44.96;72.67)

4211
(40.07;53.31)

31.93
(17.28; 68.08)

4037
(30.38; 41.49)

Activity of glutathione peroxidase,
nmol of NAPDH/mg of protein x min

20.48
(18.6; 22.76)

16.1
(12.7;19.3)*

209
(19.2;27.4)

15.4
(14.3;18.0)*

17.04
(16.83;17.14)

20.71
(19.77; 20.98)

Notes: * — statistically significant differences in comparison with parameters of falsely operated animals (p < 0.05); results are presented as median,
lower and upper quartiles — in distribution of the data different from normal; NADPH, — nicotine amide adenine nucleotide phosphate

The content of malondialdehyde in the cerebral
cortex statistically increased in 2 hours and 4 hours
after occlusion by 2.78 (p < 0.05) and 1.84 times
(p < 0.05), respectively, after which it gradually
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declined to the initial values. Concentration of the
total SH-groups did not reliably differ from the
parameters of falsely operated rats, but G-per activity
decreased in 30 minute by 21.5% (p < 0.05) and
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in 4 hours by 24.9% (p < 0.05) compared to the control
values.

Increase in the amount of ABCB1 protein in the
cortex of rats with the global cerebral ischemia
was found to correlate with the parameters of lipid
peroxidation, which is shown by the direct correlation
dependence (r = 0.33, trend level, p = 0.066) between
the level of transporter protein in the cerebral
cortex and the amount of malondialdehyde the main
parameter characterizing intensification of the tissue
lipoperoxidation.

To identify the dependence of the amount of ABCB1
protein on the intensity of oxidative stress in global
cerebral ischemia and evaluate the mechanisms of the
transporter regulation, the absolute amount of Nrf2 and
HIF-1a transcription factors in the cerebral cortex of
rats was studied.
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Evaluation of the dynamics of the level of
transcription factors in the cerebral cortex of rats
showed that in 2 hours after modeling bilateral
occlusion of the common carotid arteries, Nrf2 content
increased 3.83 times (p < 0.05), and after 4 hours of
ischemia — 4.05 times (p < 0.05). At the same time,
after a day, the level of this factor decreased but was
1.29 times higher than the trend level (p = 0.076). On
the 3™ day of the experiment, Nrf2 content reached the
initial values (Table 2).

It was established that bilateral occlusion of the
common carotid arteries led to a 32.12 times increase
in the content of HIF-1a at the trend level (p = 0.083)
in 24 hours after surgery, and to a reliable increase by
17.21 times (p < 0.05) in 72 hours after the experimental
effect. At the same time, at other time points, the
differences with the parameters of the falsely operated
rats were unreliable (p > 0.05) (Table 2).

Table 2. Content of Nrf2 and HIF-1a Transcription Factors in Cortex of Rats in Bilateral Occlusion of Common Carotid Arteries

Series of Experiment
Parameters False Bilateral Occlusion of Carotid Arteries
Operation 30 minute 2 hours 4 hours 24 hours 72 hours
n 5 5 5 5 5 5
N2 amount na/ma of protein 0.021 0.011 0.038* 0.085* 0.027** 0.003
ng/mg ore (0.013;0.031) | (0.0052;0.014) | (0028;0044) | (00150.122) | (0.023;0031) | (0.0021;00062)

Notes: * — cstatistically significant differences in comparison with parameters of falsely operated animals (p < 0.05); ** — differences in
comparison with parameters of falsely operated rats at the trend level (0.05 < p < 0.1); HIF-1a — hypoxia inducible factor 1a, Nrf2 — nuclear

factor erythroid 2-related factor 2 (redox-sensitive transcription factor 2)

The correlation analysis identified a direct
dependence between the amount of ABCB1 protein
and content of Nrf2 in the cortex of rats in bilateral
occlusion of the common carotid arteries (r = 0.33,
p = 0.047).

DISCUSSION

To study the functioning of ABCB1 protein in the
cerebral cortex of large hemispheres, we have chosen
a model of bilateral occlusion of the common carotid
arteries of male rats, which is an adequate model of a
chronic cerebral hypoperfusion [6].

It was found that in bilateral occlusion of the
common carotid arteries, the level of ABCB1 protein
in the brain began to rise starting from the 4™ hour
after the onset of pathology and remained elevated
within one day of the experiment. To note, ischemia
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lasting more than 3 days, has not been studied because
of the low survival rate of the animals, which agrees
with the literature data [7], and also because of
partial restoration of the cerebral circulation due to
neoangiogenesis in the survived rats [8], which would
lead to incorrect interpretation of the data.

In the scientific literature, a direct correlation
dependence between the amount of ABCB1 protein
and its functional efflux activity has been demonstrated
[9]. Accordingly, an increase in the amount of ABCB1
protein in the cerebral cortex in global cerebral
ischemia will lead to enhancement of its functioning,
which will be manifested by a decrease in the
penetration of protein-transporter substrates, including
drugs, into the brain tissue.

The results of such studies in the scientific
literature are scarce and contradictory. Thus, it was
found that a 20-minute occlusion of the vertebral and
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carotid arteries caused an increase in the concentration
of doxorubicin, a substrate of ABCB1 protein, in the
brain of rats, which, according to the authors, is
associated with depletion of adenosine triphosphate in
the brain tissue and a decrease in the activity of the
transporter [10]. The differences between our results
and the data from other experiments may be due to the
different amount of cerebral ischemia, the duration and
method of modeling pathology, the severity of oxidative
stress, the area of tissue sampling, and different
methods of analysis.

Activation of lipid peroxidation is a sign of a number
of diseases of the central nervous system, including
those of ischemic etiology [11]. When studying the
free radical status of the rat cerebral cortex, it was
found by us that an increase in the amount of ABCBI1
protein in the cerebral cortex in global cerebral
ischemia correlates with the parameters of lipid
peroxidation, which is evidenced by the revealed direct
correlation between the level of the transporter in the
brain and the amount of malondialdehyde the main
parameter characterizing the intensification of lipid
peroxidation. The obtained dependence is consistent
with the results of other scientific papers, where
ischemia was found to be associated with activation of
the expression and functional activity of ABCB1 protein,
correlating with the intensification of lipid peroxidation.

Thus, it was shown in in vitro experiment that the
effect of hydrogen peroxide (200 uM) led to oxidative
stress and to an increase in the amount of ABCBI1
protein and MDR1a and MDR1b transcripts in the culture
of endothelial cells of the cerebral vessels of rats [12].

Incubation of KB31, KBV1, A549 and DMS-53 tumor
cell cultures on hypo- and hyperglycemic media
induced development of oxidative stress via NADPH2-
dependent oxidase 4 and destabilization of mitochondrial
membranes, increase in expression and activation
of HIF-1 transcription factor and evident increase in
the functional activity of ABCB1 protein leading to
resistance of its substrate — doxorubicin [13].

It should be noted that the scientific literature also
presents the data on the inhibition of ABCB1 protein in
activation of lipid peroxidation.

Thus, in ischemia/reperfusion of the intestine,
reduction of excretion of an ABCB1 protein substrate —
rhodamine-123 by the liver was noted, which may be
due to decreased expression of transporter in result
of increased peroxide oxidation of lipids and increased
content of information ribonucleic acid of inducible
NO-synthase [14].

In in vitro experiment it was established that
incubation of cells over expressing ABCB1 protein
with low doses of hydrogen peroxide (0.1 pM-1.0
uM), resulted in increase in the amount of the
transporter, with no changes in its activity. When the
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concentration of the pro-oxidant increased to 10 pM,
the functional activity of the transporter decreased,
and at concentrations 50 pM-100 pM, there was a
reduction of its quantity and activity [15].

Inhibition of ABCB1 protein against the background
activation of peroxide oxidation of lipids in the
above experiments is probably associated with the
development of a more prominent uncompensated
oxidative stress.

To identify the dependence of the amount of
ABCB1 protein of the intensity of oxidative stress in
global cerebral ischemia and to evaluate the mechanisms
of regulation of the transporter, the absolute amount
of Nrf2 and HIF-1a transcription factors in the cerebral
cortex of rats was studied. Nrf2 is an intracellular
sensor of reactive oxygen species and pro-oxidants
and an activator of a number of detoxifying enzymes
and efflux transporters of xenobiotics and toxic
metabolites including ABCB1 [16], and HIF-1 is a sensor
of tissue hypoxia [17].

Evaluation of the dynamics of the level of trans-
cription factors in the cerebral cortex of rats showed
that the content of Nrf2 increased in 2 hours, 4 hours
and 24 hours after bilateral occlusion of the common
carotid arteries. On the 3" day of the experiment, Nrf2
content returned to the initial values. The amount of
HIF-1a increased only in 24 hours and 72 hours after
surgery. At the same time, a correlation analysis
revealed a direct dependence between the amount of
ABCB1 protein and the content of Nrf2 in the cerebral
cortex, which demonstrates the role of this factor in
regulating the level of the transporter protein. This is
confirmed in in vitro experiments, which show prevention
of increase in the amount of ABCB1 protein in hypoxia
in result of knockdown of the gene encoding Nrf2 [18].

In another in vitro study, inhibition of HIF-1
transcription factor was found to prevent Increase
in the content of ABCB1 protein in hypoxia [19]. To
note, the absence of any reliable changes in HIF-1a
within the first hours of ischemia in our experiment is
likely to be connected with inter-individual differences
between the animals. It is also known that synthesized
Nrf2 is rapidly degraded by 26S proteasome in cell
cytoplasm, and formation of HIF-1a is characterized
by a long latent period and a longer functioning due
to persisting oxygen deficit [20]. Taking into account
the results obtained in vitro and our results, it can be
suggested that at the early stages of ischemia, the
main regulator of ABCB1 protein is Nrf2, and at later
stages — oxygen-sensitive factor.

CONCLUSION

Thus, the amount of ABCB1 protein in the cerebral
cortex of rats in global cerebral ischemia depends
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on the severity of oxidative stress. The role in its
regulation is played by Nrf2 and HIF-1a transcription
factors. Decline in the amount of the transporter in
the hematoencephalic barrier through the influence
on lipid peroxidation processes or synthesis of the
studied transcription factors, expands the possibilities
of increasing the penetration of ABCB1 protein into the
brain to increase the effectiveness of pharmacotherapy
of various diseases of the central nervous system,
where the intensification of work of the transporter
was demonstrated.
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