OPUIMHANbHOE WUCCIEQOBAHME

ORIGINAL STUDY DOI:10.23888/PAVLOVJ2019272150-159

OYHKIIMOHAJIBHASA AKTUBHOCTbD I'VIMKOIIPOTEUHA-P
B 'EMATOSHIEPAIMNYECKOM BAPBEPE HA ®OHE
IKCIIEPUMEHTAJIBHOI'O MAPKHHCOHUYECKOI'O CHHAPOMA

© U.B. Yepnwvix, A.B. Lynoxun, I1.10. Muironurxos, M.B. 'ayanoea,
A.C. Ecenuna, M.M. I paounapv, E.H. Axywesa

®OI'bOY BO Ps3zanckuii rocy1apcTBEHHbIA MEIUIIMHCKUNA YHUBEPCUTET
uMm. akan. M.I1. [TaBnoBa Mun3zapasa Poccuu, Ps3ans, Poccus

Axmyansnocms. ['muxonporenn-P  (Pgp, ABCB1-Genok) — MemOpaHHBIH OelloK-
TPAHCIOPTEP C LMIUPOKON CyOCTpaTHOM creuu(PUIHOCTHIO, KOTOPBIM JIOKAJIU3YeTCsl B TeMaTolu-
Tax, YJHTEPOIIUTAX, MUTEITHH MTOYSYHBIX KaHAIBIICB, a TAKXKE B TKAHEBBIX Oapbepax, BKIIOYAs Te-
MatosHuedannueckuit 6aprep (I'9b). IloBbimenue aktTuBHOCTH Pgp B I'Db sBnsiercs oaHoi u3
npuunH papmakopesucteHTHOCTH pana 3adoneBanuii [IHC. Ifens. Ananu3 ¢yHKIIMOHATBHON aK-
tuBHOCTH Pgp B I'Db npu skcrnepuMeHTanbHOM MapKUHCOHUYECKOM cuHapome. Mamepuanst u
Mmemoobl. Pabora BrinonHeHa Ha 90 KppIcax-caMIlax BHCTAp, pa3feieHHbIX Ha 3 cepur (N=30 B
kaxxnoii). [lepBoit cepun (KOHTPOJIb) B T€YEHHE 7 CYT MOJKOXKHO 1 pa3 B CyT BBOIMIU IOACOJI-
HEYHOE Macllo, Ha 8-e CyT oueHuBaiIM akTuBHOCTH Pgp B I'Db. BTOpoii u tperseil cepumn (kKoH-
TPOJIb MATOJIOTUN) — B TeueHue 7 1 28 cyT BBOAMIN POTEHOH MOJKOXHO B 03¢ 2,5 Mr/kr 1 pa3 B
CYT JIJIsi MOJCIIMPOBAHHS CHHApPOMA MAapKUHCOHHW3MA, a B KOHIIC DKCIICPUMEHTA OICHUBAIH aK-
TUBHOCTH PQp. i moaTBepKACHMS TApKUHCOHUYECKOTO CHHIPOMA, TOMUMO KJIMHHYECKOH Kap-
THHBI, Y )KUBOTHBIX METOJIOM UMMYHO(EPMEHTHOTO aHaJlh3a OIpelessuld YpoBeHb Ho(aMuHa B
cTpuaryme u cpeaHem Mosre. OyHKIMoHANbHYIO akTUBHOCTH PQp B ['Ob onieHuBanu no crenenu
MIPOHUKHOBEHHUSI B KOPY TOJIOBHOTO MO3ra MapKepHOro cybcTpara TpaHcmopTepa — ¢ekcodeHa-
JIHa TIOcNie ero BHYTpUBEHHOTro BBeAeHus B no3e 10 mr/kr. Coxmepkanue QexcodeHaanHa B
I1a3Me KpOBU M B KOpE OOJBIINX MOJIYIIAPHI OICHUBAIN TI0 TUTOIIAIN IO KPUBON KOHIIEHTpa-
st pexcodenanuna (B kpoBu mnu TkaHu Mosra) — BpeMs (AUCo.yumaswa) WM AUCq.4(wosr)). 151
orieHkn nponumaemMoctu I'9b paccunteBamu coornomerne AUCo.qwosr) | AUCo tmnaswa). Pe3yiib-
mamul. BBeJileHUE POTEHOHA MPUBOJMIO K PA3BUTHIO THITMYHOW KapTHHBI MApPKUHCOHU3MA: PU-
THUIHOCTH MBIIII, THIIOKUHE3HsI, HECTAOMIBHOCTh MOXOAKH. OTMEUaaoch CHIKEHUE YPOBHS J10-
damuna B ctpuaryme Ha 7 ¢yt Ha 69,6% (p=0,095), Ha 28 cyt — Ha 93,9% (p=0,008), B cpeaHem
Mmo3re — Ha 72,7% (p=0,095) u 68,7% (p=0,032) coorBercTBeHHO. [Ip1 BHYyTpUBEHHOM BBEJCHUU
KOHTposbHBIM KpbicaM (ekcodenanuna AUCo.tumasva) B AUCq t(mosr) BEIIECTBA COCTABUIIU COOT-
BETCTBEHHO 2606,2 (246,4; 285,6) Mxr/mir*mun u 5,9 (5,8; 6,6) Mxr/r*mus, AUCq.qvosr / AUCq.
t(asma) — 0,020 (0,019; 0,022). BBeneHue ;xMBOTHBIM POTEHOHA B T€YEHHE 7 JHEW IMPHUBOAMIO K
Bo3pacTaHuio AUCq. yyosr) Pekcodenannna B 2,02 paza (p=0,0163), AUCo.tvosr) / AUCo-t(nnasva) — B
2,4 pasza (p=0,0283). 28-mHeBHOE BBEJCHHE POTEHOHA COMPOBOXKAaNoCch Bo3pactanuem AUC).
tiosr) Dekcodenanmra B 1,75 pasa (p=0,0283), AUCo.tmosry / AUCotmmasmay — B 2,27 pasa
(p=0,0163). Bbi60o. Pa3BuTre MapKUHCOHUIECKOTO CHHIPOMA, BHI3BAHHOIO BBEJIECHHEM POTEHO-
Ha, CHMXaeT (QYHKIMOHAIBHYIO akTUBHOCTH Pgp B I'DOb, uro moaTBepkmaeTcs HAKOIICHUEM B
TOJIOBHOM MO3T€ MapKepHOro CyOcTpara Tpancmoprepa — pekcopeHaanHa.

Knrouesvie cnosa: 6one3nv Ilapkuncona; napKuHCOHUYeCKUl CUHOPOM, 2IUKONpomeuH-P;

qbyHKlﬂlOHaﬂbHdﬂ AKmueHocnib, eemamoaﬂueqbaﬂuqecmzi 6apbep.
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FUNCTIONAL ACTIVITY OF P-GLYCOPROTEIN IN BLOOD-BRAIN BARRIER
DURING EXPERIMENTAL PARKINSON'S SYNDROME

I.V. Chernykh, A.V. Shchulkin, P.Yu. Mylnikov, M.V. Gatsanoga,
A.S. Yesenina, M.M. Gradinar, E.N. Yakusheva

Ryazan State Medical University, Ryazan, Russia

Background. P-glycoprotein (Pgp, ABCB1-protein) is a membrane transporter with broad
substrate specificity that is localized in hepatocytes, enterocytes, epithelial renal tubules, and also
in tissue barriers, including blood-brain barrier (BBB). Increased Pgp activity in BBB is one
of the reasons for the pharmacoresistance of a number of CNS diseases. Aim. Analysis of Pgp
functional activity in BBB during experimental Parkinson's syndrome. Materials and Methods.
The work was performed on 90 Wistar rats, divided into 3 series (n=30 in each). The 1 series
(control) was subcutaneously injected sunflower oil once a day for 7 days, and Pgp activity in
BBB was assessed on the 8" day. The 2 and 3 series (pathology control) — were administered
rotenone at a dose of 2.5 mg/kg once a day for 7 and 28 days respectively to simulate parkin-
sonism. At the end of the experiment Pgp activity was estimated. To confirm Parkinson's syn-
drome, in addition to the clinical picture, level of dopamine in midbrain and striatum was deter-
mined using enzyme-linked immunosorbent assay. Pgp functional activity in BBB was assessed
by the degree of penetration of its marker substrate fexofenadine into the brain after its intraven-
ous administration at a dose of 10 mg/kg. The content of fexofenadine in the blood plasma and in
brain tissue was estimated by the area under pharmacokinetic curve of the substance (in the blood
or brain tissues) — AUCq.plasma) OF AUCo.1(orain) respectively. To assess the BBB permeability the
ratio AUCo.tprain)/ AUCo.t(plasma) Was calculated. Results. Rotenone administration led to the devel-
opment of parkinsonism typical picture: muscle stiffness, hypokinesia, gait instability. There was
a decrease in dopamine level in the striatum after 7 days by 69.6% (p=0.095), after 28 days — by
93.9% (p=0.008), in midbrain — by 72.7% (p=0.095) and 68.7% (p=0.032) respectively. Fexofe-
nadine AUC.y(plasma) and AUCo.yprain) after its intravenous administration to control rats were 266.2
(246.4; 285.6) pg/ml*min and 5.9 (5.8;6.6) pg/g*min respectively, AUCo.tprain) /AUCo-t(plasma) —
0.020 (0.019; 0.022). When rotenone was for 7 days administered — fexofenadine AUC.t(prain) IN-
creased 2.02 times (p=0.0163), AUCq.t(rain) / AUCo.t(plasma) — 2.4 times (p=0.0283). 28 days admin-
istration of rotenone led to augmentation of AUC.yprain) OF fexofenadine by 1.75 times (p=0.0283),
AUCo-t(prainy / AUCo.t(plasma) — by 2.27 times (p=0.0163). Conclusions. The development of Parkin-
son’s syndrome, caused by the administration of rotenone, inhibits Pgp functional activity in
BBB, which is confirmed by the accumulation in the brain marker substrate of the transporter —
fexofenadine.

Keywords: Parkinson's disease; Parkinson's syndrome; P-glycoprotein; functional activity;
blood-brain barrier.

Parkinson’s disease is a socially signifi- by a wide spectrum of motor, neuro-psychic
cant chronic progressing neurodegenerative and sensory disorders [1]. The etiology of
disease of the central nervous system, with Parkinson’s disease is generally unknown, but
the pathogenesis based on death of neurons of is believed to involve genetic, constitutional,
substantia nigra of the midbrain and of other age-related and toxic factors and mechanisms.
parts of the brain where the main neurotrans- Chemical agents include many pesticides, in-
mitter is dopamine. The disease is characterized secticides and other neurotoxins, the molecu-
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lar basis of whose action consists in alteration
of the confirmation of a molecule of a-
synuclein presynaptic protein and in the abili-
ty to considerably accelerate the rate of for-
mation of a-synucleic fibrils and of Lewy bo-
dies in neurons [2].

Of certain significance in development of
parkinsonism is the ability of pesticides to de-
range the function of mitochondria through
inhibition of | complex of the respiratory chain,
stimulation of oxidative stress and of reactions
of apoptosis, and through reduction in the activ-
ity of ubiquitin-proteasome system [3].

Characteristic of Parkinson’s disease and
of other kinds of chronic neurodegeneration
(Alzheimer disease, schizophrenia, autism) is
dysfunction of the blood-brain barrier (BBB)
with derangement of close contact structures
and with dysregulation of transporter pro-
teins. In parkinsonism, permeability of BBB
in the substantia nigra of the midbrain and
striatum may increase which is associated
with alteration of expression of transport pro-
teins and proteins of intercellular contacts,
with damage to vessels, accumulation of acti-
vated microglia with release of proin flamma-
tory cytokines and with alteration of expres-
sion of close contact proteins ZO-1 and oc-
cludin. Inflammatory hyperexpression of in-
tercellular adhesion proteins facilitates migra-
tion of immune cells into the damaged region
increasing permeability of BBB [4].

Glycoprotein-P (Pgp, ABCB1-protein)
is one of transporters localized in endo theli-
ocytes of BBB, an efflux ATP-dependent
transmembrane protein with molecular mass
170 kDa that prevents penetration of numer-
ous endogenous and exogenous substances of
different chemical structures — its substrates —
from blood to the brain [5].

Functional activity of Pgp may increase
or decrease under influence of external and in-
ternal factors, and also of medical drugs [6]. In
case of inhibition of the function of Pgp, per-
meability of BBB for its substrates increases
with increase in their contents in the brain tis-
sue, while induction of the activity of the trans-
porter, on the contrary, leads to reduction in the
concentration of its substrates in the brain [7].

Pharmacoresistant epilepsy, ineffective-
ness of medicinal treatment of acute disorder
in cerebral circulation and of Alzheimer dis-
ease are supposed to be associated with in-
crease in the activity of Pgp in BBB [8]. On
the other hand, some authors believe that one
of leading pathogenetic factors of Parkinson’s
disease is reduced activity of the transporter
[9], and a pharmacological induction of Pgp is
a probable strategy to prevent this pathology.

The aim of work was assessment of the
functional activity of Pgp in BBB of the cere-
bral cortex in rats with the underlying expe-
rimental parkinsonian syndrome.

Materials and Methods

The work was conducted on 90 male rats
of Wistar line with 280-320 g mass in accor-
dance with the Rules of good laboratory prac-
tice (Order of HM of Russia of 2016 April 1).

The functional activity of Pgp in BBB
was evaluated by the extent of penetration
into the cortex of the marker substrate of the
transporter protein — fexofenadine — intro-
duced intravenously (i/v) at a dose 10 mg/kg
of body mass.

The animals were divided into 3 series
(n=30 in each). The animals of the 1% series
(control group) were subcutaneously intro-
duced sunflower oil once a day for 7 days and
on the 8™ day were introduced fexofenadine
into the tail vein. The animals of the 2™ and
3% series (control of pathology) were subcuta-
neously introduced rotenone within 7 and 28
days, respectively, at a dose of 2.5 mg/kg
once a day [10] for modeling Parkinson’s
syndrome, and on the 8" day were intrave-
nously introduced fexofenadine.

Because of unavailability of a pharma-
ceutical form of fexofenadine for injections,
the medical substance was extracted from Al-
legra, Sanofy pills (France) 180 mg by the
following method: one pill was ground and
suspended in 20 ml of acetonitrile (ACRO-
SORGANICS, Belgium) of ‘for High-
Efficiency Liquid Chromatography (HELC)’
category, the contents were shaken for 15 mi-
nutes on Shaker device with subsequent cen-
trifugation at 1750 g within 15 min. The su-
pernatant fluid was evaporated on a rotor-

POCCUNCKUA MEOUKO-BMONONMYECKUMA BECTHMUK
nmeHu akagemuka WU.MN. NMaeno.a. 2019. T. 27. Ne2. C. 150-159

152

I.P. PAVLOV RUSSIAN MEDICAL
BIOLOGICAL HERALD. 2019;27(2):150-9



DOI:10.23888/PAVLOVJ2019272150-159

OPUITMHANBbHOE UCCINEQOOBAHUE

ORIGINAL STUDY

vacuum evaporator, the dry residue was di-
luted in 10 ml of water for injections. The
concentration of fexofenadine for calculation
of the dose was determined by HELC method.

Rats of all series were withdrawn from
the experiment under zoletile narcosis in 5,
10, 15, 30, 45 and 60 minutes after introduc-
tion of fexofenadine, taking 5 animals for
each time point for construction of pharma-
cokinetic curve. For analysis 4 ml of blood
were taken from the abdominal aorta in the
quantity of 4 ml, and also cerebral cortex tis-
sue where concentration of fexofenadine was
determined by HELC with UV detection by
the earlier described method, after appropriate
preparation of samples [7,12].

The total content of fexofenadine that
got into the systemic circulation and the cortex
was evaluated by the area of the curve of fex-
ofenadine concentration (in blood or cortex
tissue) — time (AUCq.plasma) OF AUCo-t(prain))
that were calculated by trapezoidal method.
Because of the fact that AUCo.yprain) parame-
ter may increase both in result of reduction in
the functional activity of Pgp locally in the
BBB, and in result of increase in the concen-
tration of marker substrate of transporter in
blood plasma, it was reasonable to additionally
evaluate the ratio AUCq. yprainy/ AUCo-t(plasma),
the change in which would characterize the
activity of Pgp particularly in BBB [11].

To confirm development of parkinsonian
syndrome in animals, besides evaluation of its
clinical presentation, the level of dopamine
was determined in striatum and the midbrain
selectively in 5 rats in each of 3 series by
ELISA method on StatFax-2100 analyzer
(USA) (reagents: CEA851Ge 96 Tests,
Cloud-Clone Corp., CILIA).

Statistical processing of the results was
carried out using Statsoft Statistica 7.0 pro-
gram (USA). The character of distribution of
data was determined using Shapiro-Wilk test.
With normal distribution of data, the statistic-
al significance of differences was determined
by ANOVA test, for pairwise comparison
Fisher’s test was used. With other than nor-
mal distribution of data, differences between
series were evaluated by Kruskal-Wallis test.
With the level of significance less than 0.05,
pairwise comparison of parameters was car-
ried out using Mann-Whitney test with Bon-
feronni correction. The data with normal dis-
tribution were presented in the form of arith-
metic mean + standard error of the mean, the
data with other than normal distribution — in
the form of median, lower and upper quar-
tiles.

Results and Discussion

Introduction of rotenone within 7 and
28 days led to a typical presentation of par-
kinsonism: rigidity of muscles, hypokinesia
and unsteady gait. On the 7" day dopamine
level in striatum decreased by 69.6%
(p=0.095), and on the 28™ day — by 93.9%
(p=0.008), in the midbrain — by 72.7%
(p=0.095) and by 68.7% (p=0.032), respective-
ly (Table 1). No reliable differences between
the content of dopamine in the midbrain on the
7" and 28" days of introduction of rotenone
were found (p>0.05), however, in the striatum
concentration of dopamine on the 28" day was
80.0% lower that on the 7" day (p=0.056).

Alteration of concentration of fexofena-
dine in plasma and its content in homogenate
of the rats’ brain after its single intravenous
introduction in different experimental series is
given in Figures 1, 2, respectively.

Table 1

Level of Dopamine (pg/mg of tissue) in Striatum and Midbrain of Rats
after Introduction of Sunflower Qil (control) and Rotenone
(statistical significance is given in comparison with control)

Series of Experiment

Dopamine Level:
striatum

Dopamine Level:
midbrain

Control (n=5)

148 (13.1; 16.5)

9.9 (6.6; 15.1)

Rotenone 7 days (n=5)

45 (1.6; 11.3), p=0.095

2.7 (1.5; 8.5), p=0.095

Rotenone 28 days (n=5)

0.9 (0.5; 1.7), p=0.008

3.1 (1.7; 6.5), p=0.032
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Fig. 1. Dynamics of concentration of fexofenadine in plasma

after its intravenous introduction, in series of control and of introduction of rotenone
for 7 and 28 days (medians of values)
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Fig. 2. Dynamics of concentration of fexofenadine in homogenate of cerebral cortex
after its intravenous introduction in series of control and of introduction of rotenone
for 7 and 28 days (medians of values)

The dynamics of concentrations of fex-
ofenadine in plasma did not show any relia-
ble differences in all experimental series
(p>0.05). With this, maximal concentration of
the substance was determined in 5 minutes
after introduction with a gradual reduction by
the 60" minute. To note, in the series with 28-
day introduction of rotenone, the content of
fexofenadine in blood plasma of animals in
15 minutes was 1.82 times lower (p=0.0472)

as compared to control.

Concentration of fexofenadine in homo-
genate of cerebral cortex of rats after 7-day in-
troduction of rotenone in 10 and 45 minutes
was 3.91 and 3.53 times higher than control
values, respectively, on level of the tendency
(p=0.0758). After introduction of rotenone for
28 days, the content of fexofenadine in the brain
in 10 minutes increased 3.02 times, and in 15
minutes — 4.85 times (tendency: p=0.0758).
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In intravenous introduction of fexofe-
nadine to control rats, AUCqgpiasms and
AUCo.prainy Of the substance made 266.2
(246.4; 285.6) pg/ml*min and 5.9 (5.8; 6.6)
ug /g*min, respectively, with the ratio of
these parameters AUCo.iprain)/ AUCo.-t(plasma)
equaling 0.020 (0.019; 0.022). Introduction of
rotenone within 7 days led to 2.02 times in-
crease in AUCq.prainy Of fexofenadine
(p=0.0163), and to 2.4 times increase in the
ratio AUCO-t(brain)/ AUCO-t(pIasma) (p:0.0283).
Introduction of rotenone for 28 days caused
increase in AUCo.prin) Of fexofenadine 1.75

times (p=0.0283), and of AUCq.iprain/ AUC,-
t(plasma) atio — 2.27 times (p=0.0163). With
this, no differences between parameters of
series with 7-day and 28-day introduction of
rotenone were found.

The identified changes of pharmacoki-
netics of the marker substrate of Pgp — fex-
ofenadine — evidence reduction of the func-
tional activity of the transporter protein in
BBB with the underlying introduction of ro-
tenone — pesticide inducing parkinsonian
syndrome.

Table 2

ValUES Of AUCO.t(bram, AUCO.t(p|asma) and AUCO.t(bramz) /AUCO-t(p|asma) Of FEXOfenadlne
in Series of Control and of Introduction of Rotenone within 7 and 28 Days

Series/Parameter AUC.q(brainy, Ng/g*min AUC.(plasmay pg/ml*min | AUCq yprain)/AUCo.q(plasma)
Control 5015.8 266181.6 0.0202
(5783.2: 6645.2) (246356.3; 285630.8) (0.0199: 0.0222)
Rotenone 7 davs 119408 206994.0 0.0484
Y (9237.8; 24989.4)* (195394.7; 292076.2) (0.0396; 0.0856)*
10343.9 235258.6 0.0458
Rotenone 28 days (8448.6; 10770.3)* (231383.8; 267335.3) (0.0447; 0.0569)*

Note: * — reliable differences as compared to control series; the data are presented in the

form of median, lower and upper quartiles

A number of research works devoted to
study of correlation between polymorphisms
of MDR1 gene coding for Pgp, show existence
of dependence between the function of the
transporter and Parkinson’s disease. Correla-
tion of polymorphism of MDR1 C3435T gene
with the risk for development of the disease
was studied in 606 patients of Japanese popula-
tion. Patients with TT genotype associated with
reduced activity of Pgp, exhibited a higher risk
for development of Parkinson’s disease in com-
parison with patients with CC genotype [13].

Patients with Parkinson’ disease of
Swedish population showed correlation de-
pendence between (1236T polymorphous
marker of MDR1 gene and the disease, how-
ever, polymorphisms 2677G/T/A and 3435C/T
were non-significant for development of the
disease [14].

In European and Asian populations, ab-
sence of correlation between the existence of
C3435T polymorphous marker of MDR1 gene
and development of Parkinson’s disease was
identified on allelic, homozygous, recessive
and dominant models; here, a statistically
significant influence of C1236T polymor-
phism was found on recessive model [15].

Thus, in works studying interrelation
between polymorphism of MDR1 gene and
development of Parkinson’s disease, contra-
dictory results were obtained, which requires
further study of this matter and does not ex-
clude participation of Pgp in the pathogenesis
of the disease.

Today the results of some research
works evidence changes in the functional ac-
tivity of Pgp in parkinsonism. For example, a
method of photon emission computed tomo-
graphy permitted to identify increased pene-
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tration of tagged *'C verapamil (Pgp sub-
strate) into the brain of patients with Parkin-
son’s disease [16].

In experiments on rats with parkinson-
ism modeled by a session of subcutaneous
introduction of rotenone, 3-fold increase in
the amount of Pgp-positive cells in BBB of
the midbrain was found [17].

Thus, the data about functioning of Pgp
with the underlying parkinsonism are also
ambiguous.

In the given work the activity of Pgp in
BBB of the cerebral cortex of rats was studied
in experimental parkinsonian syndrome mod-
eled by subcutaneous introduction of rotenone
at a dose 2.5 mg/day within 7 and 28 days.

With recognition of the role of neuro-
toxins in Parkinson’s disease, some of such
substances are used to model parkinsonism in
in vivo experiments (6-hydroxydopamine, 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine,
rotenone, etc.) [4]. Here, in the opinion of
many authors, the optimal model is obtained
by subcutaneous introduction of rotenone to
rats according to the scheme used by us
[4,18]. An advantage of rotenone model is the
ability of the neurotoxin to provoke dopami-
nergic neurodegeneration with symptoms and
molecular-biological signs similar to those in
Parkinson’s disease. Thus, introduction of
rotenone leads to selective progressive dege-
neration of nigrostriatal pathway, similar to
that in Parkinson’s disease[19], and also to
formation of ubiquitin- and a-synuclein-
positive inclusions in nigral cells similar to
Lewy bodies.

Activity of Pgp in BBB was evaluated
by penetration of the marker substrate of the
transporter — fexofenadine — into the brain.
Marker substrate is a substance of exogenous
and endogenous origin, whose pharmacoki-
netics largely depends on functioning of Pgp,
that is, it does not undergo biotransformation
and is not a substrate of other transporter pro-
teins [11].

Introduction of rotenone led to a typical
picture of parkinsonsm (rigidity of muscles,
hypokinesia, unsteady gait) and decreased the
level of dopamine in the striatum and in the
midbrain of animals. Besides, increased pene-
tration of fexofenadine into the cerebral cor-
tex was detected which indicated reduction in
the activity of Pgp in BBB.

Inhibition of the activity of Pgp in BBB
may lead to accumulation of neurotoxins —
substrates of transporter protein in the brain
tissues, and in result may promote neurode-
generative processes and manifestation of pa-
thology.

So, one of promising trends of preven-
tion of initiation and progression of parkin-
sonism especially in individuals whose occu-
pation suggests contact with toxic substances,
is probably application of Pgp inductors. Re-
cently, some medical drugs (dexamethasone,
carbamazepine, rifampicin, morphine, reti-
noic acid, phenothiazine, etc.), have been
found to have inducing influence on the
transporter protein [20]. However, besides
their effect on Pgp, they also possess a wide
spectrum of basic and side effects. At present,
there have been not synthesized any safe sub-
stances possessing the ability to selectively
activate the transporter, and such ability is not
found in any of the known drugs, for exam-
ple, in drugs of the neuroprotector group.

Thus, the hypothesis of reasonability of
induction of Pgp in BBB for prevention of
parkinsonism associated with action of neuto-
toxic substances, requires further verification.

Conclusion

Development of parkinsonian syndrome
induced by subcutaneous introduction of ro-
tenone at a dose of 2.5 mg/kg of body mass
once a day within 7 and 28 days leads to re-
duction of the activity of glycoprotein-P in
the blood-brain barrier of the cerebral cortex
of rats that is confirmed by accumulation of
the marker substrate of the transporter protein
— fexofenadine.
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