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An 11-amino acid peptide imitating the natural structure of B erythropoietin a-helix (P-aB), has a specific affinity to the heterodimeric com-
plex EPOR/CD131.

The aim of the study was to test whether P-aB can be positioned as a preventing and treating agent for cardiovascular diseases.

Materials and methods. The study was performed on sexually mature male Wistar rats. Endothelial dysfunction was modulated by a 7-days
intraperitoneal administration of L-NAME at the dose of 2.5 mg/100 g. P-aB, or erythropoietin (EPO), was used for therapy at the dose of 2.5
ug/100 g x 3 times for 7 days, the total dose was 7.5 ug/100 g. The function of endothelium was estimated by an endothelium-dependent
and endothelium-independent vasodilation. In addition, a histological assessment of the abdominal aortic wall state and the analysis of
eNos, Tnf and II-18 genes expression were performed. To estimate prothrombotic properties, P-aB and EPO were administered, at the doses
of 2.5 and 5 pg/100 g (3 times a day for 7 days, the total doses were 7.5 pug/100 g and 15 pg/100 g, respectively) and on the 8™ day, the time
of ferric (Il1) chloride-induced carotid artery thrombosis was estimated.

Results. The results of the functional tests for endothelium-dependent and endothelium-independent vasodilatation, as well as the histolog-
ical picture of the aorta have evidenced that P-aB and EPO do not affect L-NAME-induced hypertension but improve the endothelium func-
tion. At the same time, P-aB shows a significantly higher endothelial-protective activity, reducing the coefficient of endothelial dysfunction
from 5.1+0.15 to 2.72+0.12. In addition, P-aB has significantly increased the expression of eNos and reduced the expression level of Tnf and
1I-18 mRNA genes. Carrying out Ferric (Ill) chloride-induced carotid artery thrombosis has revealed that P-aB (5 pg/100 g x 3 times a day for
7 days, total dose was 15 pg/100 g) has a lower but statistically significant prothrombotic activity than EPO.

Conclusion. P-aB can be positioned as an atheroprotector because of its ability to prevent the death of endothelial cells, as well as to reduce
remodeling and proinflammatory activation of the vascular wall. However, the prothrombotic properties of P-aB limit its use as a preventing
and treating agent for atherosclerosis-associated diseases.

Keywords: atherosclerosis, erythropoietin, rats, P-aB, cibenitide, endothelium

Abbreviations: P-aB — a-helix of B erythropoietin; EPO — erythropoietin; L-NAME — N(w)-nitro-L-arginine methyl ester; eNOS — endothelial
nitric oxide synthase; ED — endothelial dysfunction; EDC — endothelial dysfunction coefficient; SBP — systolic blood pressure; DBP — diastolic
blood pressure.

For citation: M.V. Korokin, V.O. Soldatov, A.A. Tietze, |.V. Golubev, A.E. Belykh, M.V. Kubekina, O.A. Puchenkova, T.A. Denisyuk, V.V. Gureyev, T.G. Pokrovskaya,
0.S. Gudyrev, M.A. Zhuchenko, M.A. Zatolokina, M.V. Pokrovskiy. 11-amino acid peptide imitating the structure of erythropoietin a-helix b improves
endothelial function, but stimulates thrombosis in rats. Pharmacy & Pharmacology. 2019;7(6): 312-320. DOI: 10.19163/2307-9266-2019-7-6-312-320
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Lienb. 11-aMMHOKUCAOTHbBIN NENTUA, UMUTUPYIOLLMIA NPUPOAHYIO CTPYKTYPY a-cnupanun B aputponoatuHa (P-aB) obnagaet cneupydunyeckum
CPOACTBOM K retepoaumepHomy Kommniekcy EPOR/CD131. B Hallem Ucc/ieA0BaH1mM Mbl PELLWIN MPOBEPUTL MOXKET 1 P-aB no3uumoHnposaTb-
€A B KayecTBe CPeACTBa A1 NPOPUNAKTUKMN U NEYEHUA CepAEYHO-COCYANCTbIX 3ab0NeBaHUIA.

Martepuanbl U meToabl. MiccnegoBaHMe BbINONHEHO Ha MOA0BO3PEbIX Camuax Kpbic AMHUKM Wistar. JuchyHKUMIO SHAOTENIUA MOLENNPOBa-
N1 NyTem 7-AHEBHOTO BHYTpMBpIoWMHHOrO BBeAeHMA L-NAME 8 gose 2,5 mr/100 r. B kauecTse Tepanuu ucnonb3osanu P-aB uau sputpono-
3TH (EPO) B mo3e 2,5 mkr/100 r x 3 pa3a B TeueHue 7 AHel, cymmapHas fo3a 7,5 Mkr/100 r. PyHKLMIO IHAOTENNA OLEHUBAW NyTEM MPO-
BeeHUA SHAO0TENNN3aBUCMMON U SIHAOTENNINHE3aBUCMMO BasogunaTaumu. B fononHeHVe K 3TOMy NPOBOAMIIN TUCTONOTUYECKYHO OLEHKY
COCTOAHUA CTEHKM abA0MUHANbHOM a0PTbl U aHau3 aKkcnpeccuu reHos eNos, Tnf u [1-1B. 19 oLueHKM NPOTPOMBOTUYECKUX CBOMCTB P-aB 1
EPO BBOAMAM B fi03ax 2,5 1 5 MKr/100 r (3 pasa B TeueHue 7 AHel, cymmapHas fo3a 7,5 mkr/100 r u 15 mkr/100 1, CoOTBETCTBEHHO) U Ha 8-11
AeHb oueHnBanu Bpemsa xenesa (lll) xnopua-MHAYyLMPOBaHHOTO TPOMB03a COHHOM apTepuu.

Pesynbratbl. P-oB 1 EPO He BauAtoT Ha L-NAME-MHAYLMPOBaHHYIO TMNEPTEH3MIO, OAHAKO YNYULIAOT GYHKLMIO SHAOTENUA, O YEM CBUAETENb-
CTBYIOT pe3ynbTaTbl GYHKLMOHANbHbIX NPO6 Ha SHAOTENUIN3AaBUCMMYIO U SHAOTENMUMHE3ABUCUMYO BAa30AMNATALLMIO, @ TAKMKe MMCTOIorMyeckas
KapT1Ha aopTbl. Mpu 3ToM P-aB AEMOHCTPUPYET 3HAUUTENBHO BONBLLYIO SHAOTENMONPOTEKTUBHYHO aKTUBHOCTb, CHUMKasA KOIQPULMEHT SHAOTE-
NvanbHon amcdyHKumm ¢ 5,1+0,15 o 2,72+0,12. Kpome Toro, P-aB 3HauMTeNbHO yBeNnYMA 3Kkcnpeccuto eNOs, U CHU3UA YPOBEHb SKCNpPeccun
MPHK reHos Tnf u 1I-1B. Mpu nposeaeHum »xenesa (Il1) xnopna-MHAyLMPOBaHHOTO TPOM603a COHHOW apTepumn obHapy:KeHo, uyto P-aB (B go3e
5 MKr/100 r x 3 pa3a B TeyeHue 7 AHel, cymmapHas ao3a 15 mkr/100 r) obnagaet meHblel, 4em EPO, HO CTaTUCTMHECKM 3HAYMMOM NPOTPOM-
60TUYECKOM aKTUBHOCTbIO.

3akntoueHue. P-oB MOXKeT MO3ULMOHMPOBATLCA B KAYECTBE aTEPONPOTEKTOPA BBUAY CNIOCOBHOCTM NPeaoTBpalLaTh rbenb SHA0TENUOLUTOB,
a TaKKe CHUKATb PEMOAENNPOBAHME U NPOBOCMANINTENbHYIO aKTUBALMIO COCYAUCTON CTEHKU. TeM He MeHee MPOTPOMBOTUYECKME CBOMCTBA
P-0B orpaH14MBatOT Ero NPUMEHEHME B KAYECTBE CPEACTBA A/1A MPODUNAKTUKM U NeYEHWUA aTePOCKIeP03-acCoLMMPOBAHHbIX 3a601€BaHUN.
KntoueBble c10Ba: aTEPOCKNEPO3, IPUTPOMOITUH, KpbICbl, P-aB, LMBEHWUTUA, SHAOTENNI

CnUCOK CoKpaLieHuii: P-aB — a-cnupanb B sputponostuHa; EPO — sputponostuH; L-NAME — N-HUTpO-L-aprMHUH meTuiosblin adup; eNOS
— 9HAOTEeNIMaNbHAA CUHTA3a OKCUAQ a3oTa; 3/ — aHaoTenanbHasa ancoyHkuma; K3 — koapduumeHT aHaoTennanbHon aucyHkumm; CAL —
CUCTONIMYECKOe apTepuanbHoe aasneHue; AL — anactonnyeckoe aptepmanbHoOe AaBneHue.

INTRODUCTION

The permanent growth of atherosclerosis-
associated diseases in the overall structure of the death
causes andthe disability rate in the developed countries,
necessitatetheir in-depth study and the improvement
of the correction methods [1, 2]. Hereby the experience
accumulated since the first works by N.N. Anichkov [3]
shows that the atherosclerotic damage of the vascular
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wall is a long-term multifactorial process [4]. According
to the modern understanding of cardiovascular disease
pathogenesis, endothelial dysfunction (ED) plays an
integral role in the development of atherosclerosis and
related complications [5—7]. The changes in the spectrum
of molecules secreted and expressed by endothelium,
and disruption of its barrier function, eventually lead to
the vascular wall infiltration by atheromatous masses

313



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

and formation of atherosclerotic plaques [8]. The
emerging pathogenetic cascade becomes an actual
target for pharmacological influence [1, 2].

An effective way to prevent the endothelium injury
is the use of molecules with a universal cytoprotective
activity [9]. One of such molecules is an endogenous
glycoprotein — erythropoietin (EPO) [10]. A number of
our studies have demonstrated that EPO is capable of
significantly improving the morphofunctional state of
the vascular wall when simulating ED in rats [11-14].
Nevertheless, a long-term experience shows that
promising results of EPO preclinical studies are poorly
translated into clinical reality and its main niche is still
treatment of anemia [15-17].

In 2004, Michael Brines et al. [17] proved that
non-hematopoietic effects of EPO are realized via the
heterodimeric complex of EPOR/CD131. The discovery
of the fact that the erythropoiethic and tissue protective
properties of EPO are realized by means of two different
receptor systems, has led to the creation of prerequisites
for a fundamentally new direction in the search for
innovative molecules with a cytoprotective activity.

In 2008, the same authors [18] presented the
generalized results of the study of the cytoprotective
activity of an 11-amino acid peptide based on
erythropoietin a-helix B. It imitates the spatial part of
the molecule that interacts with the heterodimeric
EPOR/CD131 receptor, but does not interact with the
homodimeric EPOR/EPOR receptor.

This compound (P-aB, cibenitide, PubChem CID:
91810664) demonstrated the ability to significantly
improve the morphofunctional state of tissues in diabetic
macular edema, a renal ischemia/reperfusion injury, and
significantly improve cognitive functions in the model
of galantamine-induced amnesia in the absence of any
effect on erythropoiesis.

THE AIM of the research is to evaluate the
endothelial- and atheroprotective activity of P-aB and to
evaluate the prothrombotic properties of this molecule
in order to identify the obstacles in the clinical use of P-aB
as a preventing and treating agent for cardiovascular
accidents.

MATERIALS AND METHODS

Animals

The animals were obtained from the Charles River
Laboratories Kennel (Massachusetts, USA). They were
kept at the preclinical research center of the Research
Institute of Pharmacology of Living Systems. After 14
days of quarantine, the rats were stratified by weight
and placed by 9 individuals in separate conventional
cages according to their experimental group. Before
and during the study, the animals were kept in rooms
with artificial lighting (12h/12h mode) at 21-23°C, the
humidity of 38-50%, and had a free access to food and
water. The number of the conclusion of the Independent
Ethical Committee is 06-09/02-1 dated 16 May 2019.
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The experiment was performed on 76 male rats
(200-220 g) of the Wistar line. The requirements of
the Law of the Russian Federation “On Protection of
Animals from Cruelty” dated 24 June 1998, the rules
of laboratory practice during preclinical studies in the
Russian Federation (GOST 3 51000.3-96 and GOST R
53434-2009), Directives of the European Community
86/609EU and the Rules of laboratory practice adopted
in the Russian Federation (Order of the Ministry of
Health of the Russian Federation No 708 dated 29
August 2010), were observed.

Endothelial dysfunction modeling

Endothelial dysfunction was modeled by a
7-days’ intraperitoneal administration of the blocker
of endothelial nitric oxide synthase L-NAME (Sigma
Aldrich, USA) at the dose of 2.5 mg/100 g. To estimate
the endothelial-protective effect of P-aB in comparison
with EPO, 4 groups of 9 animals each, were formed of 36
male Wistar rats (200—220 g):

1) ED + EPO (LLC “Pharmapark”) (2.5 pg/100 g, 3
times a day for 7 days, the total dose was 7.5 ug/100 g);

2) ED + P-aB (Pharmapark LLC) (2.5 pg/100 g, 3
times a day for 7 days, the total dose was 7.5 ug/100 g);

3) ED + Solvent (0.9% sodium chloride solution 0.1
ml/100 g, 3 times a day for 7 days, the total dose was
0.3 ml/100 g);

4) Intact + Solvent (0.9% sodium chloride solution
0.1 ml/100 g, 3 times a day for 7 days, the total dose was
0.3 ml/100 g).

Exactly 24 hours after the last administration of
L-NAME to each animal under anesthesia (Zolazepam
(Virbac ( France)) 6 mg/100 g + Chloral hydrate (Panreac
(Spain)) 15 mg/100 g), the left carotid artery was
catheterized for intravascular blood pressure monitoring
using  Biopac  MP150. Endothelium-dependent
(Acetylcholine, 4 pg/100 g) and endothelium-
independent (Sodium nitroprusside, 3 pug/100 g) kinds
of vasodilation were stimulated against the background
of continuous blood pressure monitoring. Vasoactive
agents were injected at the intervals of 15 minutes
through a catheter installed in the femoral vein. During
all manipulations, the animal was assigned a unique
code and the surgeon did not know the animal’s
belonging to the group. The ratio of the area above the
pressure drop curve during the administation of sodium
nitroprusside to the area above the pressure drop curve
during the administation of acetylcholine,was taken
as the endothelial dysfunction coefficient (EDC).After
the functional vascular tests had been performed, the
animals were euthanized by exsanguination and the
abdominal part of the aorta was taken for histological
studies, as well as for the evaluation of eNos, II-1b and
Tnf mRNA genes expression.

Histology
The samples of the abdominal aorta were fixed in
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a 10% formaldehyde solution and then embedded into
paraffin wax in a carousel-type machine “STP 120 (Microm
International GmbH, Germany). Embedding of blocks
with a standard orientation of pieces was carried out at
the station for embedding biological material into paraffin
wax EC 350 (Microm International GMBH, Germany). To
ensure standardization, wax embedding was carried out
in the form of multiblocks of 5-6 pieces each.

The sections 5 microns thick for histological
examination, were made on a semi-automatic rotary
microtome with the system of transportation and
distribution of sections “HM 340 E” (Microm International
GmbH, Germany).

Hematoxylin and eosin staining was carried out in
a machine for staining histological sections and smears
(Microm International GMbH, Germany).

Hematoxylin and eosin staining was carried out in
a machine for staining histological sections and smears
(Microm International GmbH , Germany). A descriptive
study of histological preparations was performed under
the microscope Axio Scope A1l (Carl Zeiss Microimaging
GmbH, Germany).

Determination of eNos, Tnf and Il-1p expression

by quantitative polymerase chain reaction (qPCR)

The aortic tissue was taken out, homogenized and
incubated in an “Extract RNA” solution for 10 minutes
at 37°C. After the sample lysing in the reagent, it was
chloroform cleaned, and the resulting RNA precipitate
was washed with isopropyl alcohol and 70% ethyl
alcohol. The concentration of the RNA was measured
on an IMPLENNanoPhotometer®. The RNA yield was
approximately 1000 ng/ul.A reverse transcription was
performed using MMLVRTSKO21 kit in accordance
with the protocol of the manufacturer (Evrogen). The
mixture was carefully mixed and heated for 2 minutes
at 70°C to melt down the secondary RNA structures
and the subsequent annealing of the OligoDT primer.
Then the samples were transferred to ice. The entire
reaction mixture was incubated for 60 min. at 40 °C in
the T100™ThermalCycler (Bio-Rad). To stop the reaction,
the mixture was heated at 70°C for 10 minutes. The
obtained cDNA was diluted to the concentration of 1
ng/ul. The gene expression level was estimated relative
to the Gapdh reference gene values. The calculation of
the expression at a specific point was carried out by the
formula: Gene expression = 27[(Ct(Gapdh)-Ct(Gene of
interest)] (Table 1).

Prothrombotic Activity Study

40 rats, divided into five equal groups:

1) EPO (2.5 ug/100 g, 3 times a day for 7 days, the
total dose was 7.5 ug/100 g);

2) EPO (5 pg/100 g, 3 times a day for 7 days, the
total dose was 15 pg/100 g);

3) P-aB (2.5 pug/100 g, 3 times a day for 7 days, the
total dose was 7.5 ug/100 g);
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4) P-aB (5 pg/100 g, 3 times a day for 7 days, the
total dose was 15 pg/100 g);

5) 0.9% sodium chloride solution (0.1 ml/100 g,
3 times a day for 7 days, the total dose was
0.3 ml/100 g).

24 hours after the last administration of the
drug (or a solvent for the control group), the animals
were anesthetized and fixed to the operating table.
Then, a 10 mm incision was made to the left of the
neck middle line, the common carotid artery was
isolated and carefully separated from the surrounding
tissues without damaging the vagus nerve. Using the
ultrasound Minimax-Doppler (St. Petersburg, Russia),
the best point for the signal was determined on the
selected artery.

After that, a cotton wool moistened with a 50%
ferric (lll) chloride solution was applied, and the time
was had been fixed until the initial signal was reduced
to =10%. In all manipulations, the animal was assigned a
unique code and the surgeon did not know the animal’s
belonging to the group.

Statistical analysis

Statistical processing was performed using the R
programming language. In the statistical sample, the
data distribution type was determined using the Shapiro-
Wilk test and the Spiegelhalter test (‘normtest’ package),
the evaluation of the variance equality was determined
using the Levene’s test (‘lawstat’ package). Depending
on the data distribution type and the variance equality,
the significance of the obtained results was assessed
using a parametric (ANOVA) or nonparametric (Kruskal—
Wallis H test) one-way analysis of variance. The unpaired
Student’s t-test or Wilcoxon—Mann-Whitney test,
respectively, were used as post-hoc analyses to identify
the differences in the intergroup comparisons, with
Benjamini—Hochberg procedure to decrease the false
discovery rate. The results were considered statistically
significant at p<0.05.

RESULTS

Estimation of endothelial dysfunction

An 8-day administration of L-NAME (2.5 mg/100 g)
resulted in a significant increase in blood pressure. At
the same time, EPO and P-aB therapy had no statistically
significant effect on systolic and diastolic blood pressure
values (Table 2).

At the same time, the functional tests with
acetylcholine and sodium nitroprusside revealed a
significant effect of the therapy on the endothelium
NO-producing function (Fig. 1A). The group treated
with L-NAME and 0.9% sodium chloride solution,
demonstrated almost 5-time increasing in EDC (5.1+0.15
c.u. in contrast to 1.21+0.09 in intact animals). In the
group treated with EPO and P-aB, this indicator was
3.8140.14 and 2.72+0.12, respectively.
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Table 1 — Primers for determination of mMRNA expression of target and reference genes

PCR product size

Primer name Nucleotide sequence 5’->3 Melting point (°C) (nucleotide pairs)
II-1b F TCGTGCTGTCTGACCCATGT 61.47 126
II-1b R AGGCCACAGGGATTTTGTCG 60.61
eNos F GCCAACTCAAGGCAGGAGAC 60.96 129
eNos R ATCCCCGGAAGGGTGCAATA 60.99

Tnf-alpha F TGAACTTCGGGGTGATCGGT 61.19 152
Tnf-alpha R CGCTTGGTGGTTTGCTACGA 61.2
Gapdh F AGTGCCAGCCTCGTCTCATA 60.68 141
Gapdh R TGAGGTCAATGAAGGGGTCGT 61.11
Table 2 - Influence of EPO and 11-amino acid peptide P-aB on rat blood pressure
in modeling L-NAME-induced endothelial dysfunction
Group SBP (mm Hg) DBP (mm Hg)
Intact 121.5£3.4 97.5+3.1
ED + NaCl (0.9%) 189.9+4.8 133.2+4.1
ED + EPO 186.0£5.1 133.24+4.5
ED + P-aB 190.3+4.3 134.3+3.9
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Figure 1 — Morphofunctional state of the vascular wall

Note: A) Influence of EPO and P-aB on the endothelial dysfunction coefficient calculated as the ratio of the area above the
pressure drop curve during endothelium-independent vasodilation to the area above the pressure drop curve in endothelium-
dependent vasodilation; B) Histological picture of the abdominal aorta wall. Intact — Endothelial lining is continuous, endothelial
cells are flat. There are no signs of swelling or infiltration. Architectonics is not broken, the ratio of layers is preserved. ED +
0.9% sodium chloride solution — There is swelling of the outer shell, round cell infiltration of the middle shell and vacuolar
dystrophy of smooth myocytes. The cell density is high. The ratio of layers is changed in comparison with that of intact animals,
endotheliocytes are swollen, most of them are exfoliated from the surface of the basal membrane. ED + EPO — Against the
background of disturbances of the architectonics of the middle shell and the initial signs of fibrosis, polymorphocytic infiltration of
the outer shell of the vessel is observed; ED + P-aB — In the preparation, a complete safety of the architectonics of the vessel wall
layers is visualized. The endothelial lining iskept safe, and the endothelial cells are located on the basal membrane in one layer.
There are no signs of pericellular and perivascular edema (stained with hematoxylin and eosin. x 400). * — p<0,05; ** — p<0,01.
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Histological picture of the aortic wall

Inthe histological study, asimilar trend characterizing
the endothelial-protective activity of EPO and P-aB, was
determined (Fig. 1B).

— L-NAME + 0.9% sodium chloride solution. In the
group of the animals with L-NAME-induced ED significant
morphological changes in comparison with intact
animals were revealed. They consisted in the presence of
perivascular and pericellular edema signs, inflammation
of all the membranes of the vessel wall (aorta). Single
diapedemic haemorrhages were observed in the
perivascular tissue, and there were mural microthrombi
in the vascular lumen. In the area of endothelial lining,
there was swelling of endothelial cells and their exfoliating
from the surface of the basal membrane. The nuclei were
located along the wall of the blood vessel in small areas
with the preserved endothelium. In single endothelial
cells, karyolysis, vacuolization of cytoplasm and wrinkling
of the cells were observed up to their death. There was
a round cell infiltration of the middle and outer shells.
Vacuolar dystrophy was observed in the middle shell, in
smooth myocytes. In the outer shell, there was deflaking
and signs of swelling. The density of the cells in both
middle and outer shells was high.

— L-NAME+EPO (2.5 pg/100 g). In this group,
polymorphocytic infiltration of the outer shell of the
vessel was observed against the background of minor
disturbances in the architectonics of elastic membranes,
the presence of functionally active fibroblasts (cells
with dark-basophilic cytoplasm, large sized, visualized
in the center of the middle shell), which may indicate
the initial signs of fibrosis. A small number of reactively
altered smooth myocytes located between the elastic
fenestrated membranes, were visualized. At the same
time, the majority of endotheliocytes had a flattened
form and were located continuously, their nuclei were
oriented parallel to the basal membrane.

— L-NAME+ P-aB (2.5 pg/100 g). In the study of
histological slices in the group of the animals after the
pharmacological correction by P-aB, almost a complete
safety of the architectonics of the vessel wall layers was
revealed. The ratio of the layer thicknesses did not differ
visually from that in the intact group of the animals. The
endothelial lining was kept safe, the endothelial cells were
placed on the basal membrane in one layer, the cells were
shaped flat, the cytoplasm was slightly oxyphilic. The stick-
shaped nuclei were oriented along the blood vessel. No
signs of pericellular or perivascular edema were visualized.

A slightly increased cell density per unit of the
section area was revealed, but it was without any
signs of destruction, observed in the animals without
pharmacological therapy.

Expression of eNos, Tnf and 1l-13 according

to quantitative PCR

When modeling L-NAME-induced ED in comparison
withtheintactanimals,anincreasein the relative expression
of the eNos mRNA gene was revealed in all groups. At the
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same time, the eNOS expression grows in the following
series: ED + 0.9% sodium chloride solution < ED + EPO <
ED + P-aB. The level of proinflammatory cytokines mRNA
genes Tnf and /l-1B is characterized by the highest increase
in the group of ED without therapy, and the use of EPO and
P-aB reduces the degree of their expression (Fig. 2).

Estimation of prothrombotic activity

When estimating the time of the onset of ferric (lll)
chloride-induced thrombosis in the animals treated with
EPO and P-aB for 8 days, a dose-dependent reduction of
the thrombosis time was found out. A more significant
prothrombotic effect was demonstrated by EPO, which
reduced the thrombosis time to 16.7+1.2 min. (2.5
ug/100 g) and 14.2+1.3 min. (5 pug/100 g) compared
to 19.5£0.9 min. in the group not treated with any
preparations. P-aB at the dose of 1.25 pg/100 g did
not significantly affect the thrombosis time, and at the
dose of 2.5 ug/100 g, it accelerated the carotid artery
thrombosis time up to 16.2+1.1 min. (Fig. 3).

DISCUSSION

Our work has shown that the 11-aminoacid
peptide P-aB, which has a selective affinity to the
heterodimeric receptor EPOR/CD131, is able to reduce
the endothelial damage in the L-NAME-induced nitrogen
oxide deficiency. The eNOS blockade led to persistent
hypertension, which provoked morphological changes
in the vessel wall. It was manifested in its hypertrophy,
necrosis and architectonics disorders.

With the use of a molecular-biological analysis, an
increase in the mRNA expression of the eNos gene, which
is probably a compensatory response to hypertension,
has been found. At the same time, the level of the
proinflammatory cytokine markers — TNF-a and IL-1B
— has increased. The triple application of P-aB at the
dose of 2.5 ug/100 g did not affect arterial hypertension
associated with the introduction of L-NAME, but led to a
more pronounced increase in the expression of the eNos
mRNA gene. This may be explained by the fact that P-aB
has increased the number of functioning cells capable of
synthesizing eNOS due to its antiapoptotic properties.lt is
noteworthy that in the EPO group, despite the decrease
in EDC, the eNOS mRNA level did not significantly increase
with respect to the control. This is consistent with the data
obtained by Sultan F. et al. showing that EPO is capable of
suppressing the expression of eNOS [19]. Apparently, this
property qualitatively distinguishes the vasotropic activity
of P-aB from other erythropoietin preparations.

The results obtained also show that P-aB is able
to prevent an inflammatory activation in the L-NAME-
induced ED model. This phenomenon is most likely
associated with both the antiapoptotic activity of the
compound and the intrinsic anti-inflammatory activity of
erythropoietin molecules. This property is very important
for the potential atheroprotector, as a decrease in
the cytokine activation is necessary to stabilize the
atherosclerotic plaque and prevent its rupture.
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Figure 2 — Influence of EPO and P-aB on the expression of eNos, Tnf, and 1I-13 mRNA genes in the abdominal
aorta against the background of L-NAME-induced ED modeling (based on quantitative PCR data)
Note: * — p<0,05; ** — p<0,01.
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Figure 3 — Influence of EPO and P-aB on the time of FeCl_-induced thrombotic occlusion of the carotid artery
(reduction of Doppler signal to the level of *10% from the initial one)
Note: * — p<0,05.
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Finally, the last stage of the study with the use of
FeCl,-induced carotid artery thrombosis in the rats
has revealed that P-aB has prothrombotic properties.
The prothrombotic activity of P-aB is less pronounced
than that of EPO and has not appeared in the doses at
which it demonstrates an endothelial-protective action
(2.5 pug/100g x 3 for 7 days). However, this property
is a significant limitation in the positioning of P-aB
as a preventing and treating agent for cardiovascular
diseases associated with atherosclerosis.

We see a perspective in the modification of P-aB
by adding peptide motifs with an antiaggregant activity.
To eliminate a prothrombotic activity, the amino acid
sequences Arg-Gly-Asp and Lys-Gly-Asp, can be added
to P-aB. Arg-Gly-Asp and Lys-Gly-Asp are known to
have pronounced antiaggregant properties [20-22].
In a number of domestic studies, antithrombotic and
antiplatelet properties of another auxiliary amino acid
tripeptide, Pro-Gly-Pro, have also been revealed [23-
25]. In addition, Pro-Gly-Pro stabilizes the molecule in
the biological environment by inhibiting the activity of
proteolytic enzymes [26] and has the ability to block

angiotensin-converting enzyme [27], one of the most
important proatherogenic factors that catalyzes the
reaction of angiotensin Il formation and promotes
vascular wall remodeling [28].

The character (position, linkers, etc.) for the amino
acid sequences in the base molecule still remains the
key problem. The bioinformatics analysis will make it
possible to determine the most optimal localizations
for the tripeptide addition, allowing not to influence
the interesting pharmacophores, preserving both
endothelial-protective and antiplatelet kinds of activity.

CONCLUSION

The 11-amino acid peptide imitating erythropoietin
a-helix B, has a pronounced endothelial-protective and
potentially atheroprotective effect due to its ability
to prevent the death of endothelial cells, as well as to
reduce remodeling and pro-inflammatory activation of
the vascular wall. However, the prothrombotic activity
of P-aB limits its use as a preventing and treating agent
for atherosclerosis-associated diseases and necessitates
further modifications of this molecule.
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STRUCTURAL TRANSFORMATIONS OF THERMAL BURN
WOUNDS IN RATS UNDER THE INFLUENCE
OF SEMAX AND SELANK NEUROPEPTIDES
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The morphological features of the skin of rats under the stress exposure, such as burn injury and against the background of the correction
by the drugs of the peptide structure, have been studied.

The aim of the study was to investigate the regulatory effect of the neuropeptide drugs Semax (Met-Glu-His-Phe-Pro-Gly-Pro) and Selank
(Thr-Lys-Pro-Arg-Pro-Gly-Pro) under the conditions of thermal burn exposure.

Materials and methods. The object of the study was integumentary tissues (skin, subcutaneous tissue) of laboratory non-linear male rats
(n = 36) excised from the thermal injury zone. A thermal burn of the skin had been caused by the application of a copper object in the
interscapular in the interscapular dorsal area. Starting from the first day after the injury, neuropeptide drugs Semax (Met-Glu-His-Phe-Pro-
Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-Gly-Pro) had been administered intraperitoneally at the doses of 100 pg/kg daily during the entire
period of the experiment. To assess the condition of the skin tissues, histological sections 5-6 um thick were prepares, stained afterwards
with hematoxylin and eosin. The consistency of the systemic effect of the neuropeptide drugs was estimated by a change in some indicators
of the immune system.

Results. The thermal exposure led to the development of significant degenerative and dystrophic changes in the skin. The recovery of the
burn wounds on rats’ skins proceeded according to the type of the delayed partial reparative regeneration, accompanied by destructive
phenomena and the formation of the scar tissue.

Under the influence of the drugs based on the regulatory peptides of Semax (Met-Glu-His-Phe-Pro-Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-
Gly-Pro), the recovery of burn wounds in rats proceeded more intensively, compared with the animals from the group without any correc-
tion. This fact was confirmed by the earlier signs of the beginning of the reparative skin regeneration: the restriction of destructive processes
within the epidermis and dermis, the absence of purulent-necrotic complications, the initial phases of granulation and epithelization, an
early scab rejection and a partial closure of the defect.

Conclusion. The use of the neuropeptide drugs Semax and Selank as systemic remedies for the correction of wound skin defects in experi-
mental animals proves their polypotent effectiveness, expands the therapeutic possibilities and opens up new prospects for their use.
Keywords: burn wound, structural transformations, neuropeptide regulation, Semax, Selank
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B pabote nsyueHbl Mopdonornyeckme 0cobeHHOCTU KOXKM KPbIC NPU CTPECCOPHOM BO3A,EMCTBUM — OXKOrOBOM TpaBMe U Ha GoHe KoppeKLum
NIeKapCTBEHHbIMU CPEACTBAMM NENTUAHOW CTPYKTYPbI.

Lienb uccnepoBaHUA — M3yyYeHMe PEryINPYIOLLErO BAUAHWUA HEMPONENTUAHbIX IEKapCTBEHHbIX cpeacTs Cemakca (Met-Glu-His-Phe-Pro-Gly-
Pro) u Cenanka (Thr-Lys-Pro-Arg-Pro-Gly-Pro) B ycn0oBMUAX TEPMUYECKOTO OXKOrOBOTO BO3AENCTBUSA.

Matepuanbl u meTtoabl. O6BEKTOM UCCEA0BAHMA CTYKUAMU NOKPOBHbIE TKAHM (KOXKa, MOAKOXKHAA KNeTyaTKa) 1abopaTopHbIX KUBOTHbIX-He-
JIMHEMHbIX KpbiC-CamLOB (n=36), UcCceYeHHble U3 30Hbl TEPMUYECKOM TPaBMbl. TEPMUYECKMIA OXKOT KOXKM BbI3bIBAZIM HANIOXKEHUEM MEAHOTO
npeamMeTa B MeX/10NaTo4Hol 061acTi cnnHbl Kpbic. HaunHas ¢ nepBbiX CYTOK NOC/1e TPaBMbl BHYTPUOPIOLMHHO BBOAUAMN HeponenTuaHble
NeKkapcTBeHHble cpeactBa Cemakc (Met-Glu-His-Phe-Pro-Gly-Pro) u CenaHk (Thr-Lys-Pro-Arg-Pro-Gly-Pro) B fo3ax 100 MKI/Kr exkefHeBHO B
TeYyeHue BCEro Nepuoaa aKcnepumeHTa. [ina oLEeHKN COCTOAHUA TKAHEMN KOXKM U3roTaB/IMBaIN TMCTONOTMYECKUE CPe3bl TONLLMHON 5—6 MKM,
KOTOpble OKPaLUMBANN FeMaTOKCUANMHOM M 303MHOM. COCTOATENbHOCTb CUCTEMHOTO BAMAHMA HEMPONENTUAHBIX NPenapaToB OLEeHNBaNU no
MN3MEeHEHUI0 HEKOTOPbIX NMoKa3aTenei MMMYHHOM CUCTEMBI.

PesynbTatbl. TepMuyecKoe BO3AENCTBUE BE/IO K PA3BUTMIO 3HAUUTENbHBIX AereHepaTUBHbIX U AUCTPOGUYECKUX UBMEHEHWIA B KOXe. Boc-
CTaHOBJ/IEHME OXKOTOBOW PaHbl KOXM KPbIC NPOTEKAN0 No TUNY 3aMef/1IeHHOM YaCTUYHOI penapaTMBHOM pereHepaLMmn, ConpoBOXKAAOLLLEN-
CA AEeCTPYKTUBHBIMU ABNEHUAMU U GOpMUPOBaHMEM PyBOLLOBOI TKaHW. Mo BAUAHMEM NIEKAPCTBEHHbIX CPEACTB HA OCHOBE PEryaaTopPHbIX
nentuaos Cemakca (Met-Glu-His-Phe-Pro-Gly-Pro) n Cenaxka (Thr-Lys-Pro-Arg-Pro-Gly-Pro) BoccTaHOB/IEHME OXKOTOBbIX PaH Yy KpbiC NpoTe-
KaNio UHTEHCUBHEE, MO CPABHEHMIO C }KMBOTHbIMM U3 rpynnbl 6e3 KoppeKLuuu, YTo NoATBepXKAaNock 6osee paHHUMM NPU3HAKaMK Havana
penapaTMBHOM pereHepaLMm KOXKK1: orpaHnYeHneM AeCTPYKTUBHbIX MPOLLECCOB B MpeAenax anuaepmMmmuca 1 Aepmbl, OTCYTCTBUEM THOMHO-He-
KPOTUYECKNX OCNOXKHEHWIM, HauyaZlbHbIMW $aszamu rPaHyNALMM U SMUTENN3ALUN, PAHHUM OTTOPXKEHWEM CTPYNa M YaCTUYHbIM 3aKpbiTUEM
nedekra.

3aknoueHue. NpumeHeHWe HelponenTUAHbIX 1eKapCTBEHHbIX cpeacTB Cemakca u CenaHKa B KauecTBe CUCTEMHbIX CPEACTB KOPPEKL MK
paHeBbIX AePEKTOB KOXKM IKCMEPUMEHTA/IbHBIX KUBOTHbIX AOKA3bIBaeT UX MOMUMOTEHTHYIO 3$PEKTUBHOCTb, pacluMpAeT TepaneBTMYecKkme

MpwuHATa K neyatn 11.12.2019

BO3MOXXHOCTU U paCKpblBaeT HOBble MepCrneKTUBbl UX NPUMEHEHUA.

KntoueBble cN0OBa: 0}KOroBas paHa, CTPYKTypHble NpeobpasoBaHus, HeliponenTuaHas perynauus, Cemakc, CenaHk

INTRODUCTION

In recent years, the study of pathogenesis of ther-
mal skin injuries has been aimed at identifying the pecu-
liarities of the response of immune, nervous and endo-
crine systems which provide mechanisms for activating
regenerative processes. This study has also been aimed
at searching for new means of correcting intersystem
interactions in pathological changes [1-4]. Numerous
studies consider complex relationships through which
reactions of neurogenic and immunologically induced
inflammation, are carried out under the conditions of
skin damage [5-8].

Against the background of thermal stressful effects,
alongside with destructive, dystrophic [9—13] and infec-
tious manifestations in the skins, Imbalance, dysfunction
of immunocompetent cells, insufficient local resistance
[14-17], disorganization in the emotional zones of the
brain [17-20], formation and triggering of stress-adap-
tive and / or stress-maladaptive reactions take place
[22-26]. Currently, peptide drugs that act as regulators
of the intersystem interaction, are actively used as ef-
fective remedies for the correction of stress-induced
disorders of homeostasis in the clinical practice. In this
regard, neuropeptide drugs with a nootropic, neuromet-
abolic, immunomodulating effect, in particular, an ad-
renocorticotropic hormone analogue, Semax (Met-Glu-
His-Phe-Pro-Gly-Pro) and a Tuftsin derivative, Selank
(Thr-Lys- Pro-Arg-Pro-Gly-Pro), are of great interest [27,
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28]. The use of synthesized peptide preparations in-
creases the adaptive abilities of the body under stress-
ful conditions, helps restore the structures of the cen-
tral nervous system, and corrects immune and humoral
disorders. In addition, under the stress exposure, these
drugs have a corrective effect on somatic disorders, re-
storing adequate motivational activity and activating
adaptive behavior [27-29]. Experimental and clinical
data also confirm anxiolytic, antidepressant, psychoac-
tivating, stress-protective, vegetotropic effects of these
drugs [32—-34]. However, the results of recent studies do
not give a complete picture of the reparative potential
of these drugs and the mechanisms of their stimulating
dermatropic action.

Nowadays, the stimulation of the skin’s regenerative
potential is reduced to the use of the agents that com-
prehensively correct violations of neuroimmune endo-
crine interactions and the skin [35, 36]. One of the types
of the systemic treatment is a neuropeptide correction.
So, in the study on the immunotropic, antioxidant ef-
fects of a new thymogen analog H2N-L-Glu-L-Trp-D-Ala-
COOH, modified with the D-alanine from the C-terminus
of the peptide under the conditions of skin wounds, the
reparative properties of the neuropeptide have also
been established [37].

An experimental study of the peptide preparations
Gly-His-Lys, dalargin and thymogen, revealed their par-
ticipation in the reparative regeneration of the skin, ex-
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pressed by the activation of reparative processes and
stimulation of healing skin wounds [38]. A significant im-
provement in the course of psoriasis treatment has been
proven: a decrease in the activity of the inflammatory
process and a decrease in the area of psoriasis-affected
skin in the patients taking Semax as a part of the com-
plex therapy.

The results of the study describing a combined treat-
ment of acne with the Semax neuropeptide drug and a
supravenous laser blood irradiation, showed a decrease
in skin manifestations and a change in personality self-es-
teem among alexithymic patients [39]. The use of Semax
in the complex treatment of acne patients, contributed to
an increase in the clinical efficacy of the therapy.

An important role of regulatory peptides in the cor-
rection of physiological stress-limiting mechanisms, is
evidenced by the Semax correction as a part of the com-
plex therapy of atopic dermatitis [40]. It has been found
out that the use of heptapeptide has a beneficial effect
on the reduction of itching, sleep quality and dynamics
of the dermatological indices against the background of
the absence of the side effects characteristic of a gluco-
corticoid hormone therapy.

The obtained results substantiate the position of a
close structural and functional specific interaction of the
neuroendocrine, immune systems and skin, both under
physiological conditions and in the development of cer-
tain skin pathologies.

The research data on the detection of the healing neu-
ropeptides effects, have determined the scientific interest
and significance of studying the neuropeptide regulation of
reparation under the conditions of burn exposure.

THE AIM of the study was to investigate the regula-
tory effect of the neuropeptide drugs Semax (Met-Glu-
His-Phe-Pro-Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-
Gly-Pro) under the conditions of thermal burn exposure.

MATERIALS AND METHODS

Laboratory research

The experiment was carried out on 36 non-linear white
male rats, aged 7 months, weighing 200-230 g, provided by
the Federal State Budget Educational Institution of Higher
Education “Astrakhan State University” (Astrakhan). The
animals were kept under standard vivarium conditions
(natural light conditions, at the air temperature of 22—24°C
and the humidity of 60+5%) at the Department of Pharma-
cognosy, Pharmaceutical Technology and Biotechnology
(FSBEI HE Astrakhan State Medical University, Ministry of
Health of Russia), in individual cages with a sawdust litter
and a free access to water and food.

The animals were divided into 4 groups depending
on the type of the exposure and correction:

Group | — the animals not exposed to burn effects —
intact (n = 8);

Group Il — the animals exposed to burn effects and
not receiving correction remedies (control, n = 8);

Group Il — the animals exposed to burn effects
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and receiving a daily intraperitoneal administration of
100 mg/kg Semax peptide dissolved in water (n = 10);
Group IV —the animals exposed to burn effects and re-
ceiving a daily intraperitoneal administration of Selank pep-
tide dissolved in water at the dose of 100 pg/kg (n = 10).
During the experiment, the general condition of the
laboratory animals was estimated. All manipulations with
animals were carried out in accordance with the provi-
sions of the European Convention for the Protection of
Vertebrate Animals used for experimental and other
scientific purposes (Strasbourg, 1986), the Helsinki Dec-
laration adopted by the General Assembly of the World
Medical Association (1964-2013), Order No. 199n of the
Ministry of Health of Russia dated April 1 2016 “On the
approval of the rules of good laboratory practice”.

Burn injury model

The burn wounds on the rats’ skins, were modeled
in the depilated zone of the interscapular dorsal area
with the help of a copper object with the diameter of
1.5 cm, heated in boiling water to the temperature of
100° C, under the conditions of weak ether anesthesia.
The exposure duration was 5 seconds.

In the animals of the control group, the reparation
of the skin defect took place naturally. Starting from the
first day after the thermal exposure, the individuals of
experimental groups Ill and IV were administrated intra-
peritoneally with Semax and Selank peptides dissolved
in water, respectively (Peptogen Innovation Research
and Production Center, Russian Federation, Institute of
Molecular Genetics, Russian Academy of Sciences, Rus-
sia), at the dose of 100 mcg/kg a day for 10 days daily,
throughout the whole period of the experiment.

During the experiment, the general condition of the
animals was observed [41], the appearance and size of
the burn wounds, the nature of the discharge and the tim-
ing of the scab discharge were evaluated, photographings
surveys of the wound surfaces were carried out.

The complex effect of neuropeptide drugs was es-
timated by a change in some indicators of the immune
system. The functional activity and adaptability of the
immune system were estimated by the following tests
— determining the total number of leukocytes, assessing
the leukocyte formula and leukocyte coefficient, and de-
termining the mass of immunocompetent organs.

The degree of reparation of the skin defect was es-
timated planimetrically. To do this, a transparent film
coating was applied to the wound with the borders of
the wound marked. The size and area of the wounds
were measured immediately after the simulation of
burn wounds and then daily till the end of the exper-
iment. During the experiment, the wound surface was
determined according to the method developed by V.Ya.
Vasyukov, N.V. Protsenko (1993). The area of the wound
surface corresponded to the area of the circle: S = mxR?,
where R is the distance from the center of the wound to
its periphery.
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Based on the parameter of “the wound area”, the
percentage reduction of the wound area from the initial
size was calculated, which served as a criterion for the
rate of epithelization of the damaged skin. The degree of
healing of a burn wound, or the rate of epithelialization
(AS), was calculated as a percentage of a change in the
area relative to the original group, according to L.N. Pop-
ova’ formula (1942): AS = ((S — Sn)/S x t) x 100, where:
S is the size of the wound area in the first measurement
(cm?), Sn is the value of the area of the wound on the
day of the subsequent measurement (cm?), tis the num-
ber of the days between measurements.

Sampling and preparation of biomaterial

Skin tissues were a biological material in the study.
The material was sampled on the 10th day after the start
of the experiment. The animals were taken out of the ex-
periment under anesthesia by decapitation using sodium
etaminal. For the morphological study of the skin, the
tissues (epidermis, dermis, subcutaneous tissue) excised
from the zone of the thermal damage in the interscapular
dorsal area of the rats of all studied groups, were used.

The skin samples were fixed in 10% neutral buff-
ered formalin (Biovitrum LLC, Russia). The material was
washed, carried out on solutions of alcohols of various
concentrations, solutions of xylene, then it was embed-
ded in paraffin, and sections 5-6 um thick were made.
To assess the general morphological state of the skin lay-
ers, they were stained with hematoxylin and eosin.

Microscopic observations of histological preparations
were carried out in transmitted light at 100x magnification
(10x lens, WF-10x/18 eyepiece) of the Altami BIO 8 digi-
tal biological trinocular microscope (Altami LLC, Russia).
Microphotography was carried out using a 3 megapixel
camera and Altami Studio 3.4x64/Ink software.

Methods of statistical processing of results

Statistical processing of the results was carried out
using the Excel 2000 program by methods of variation
statistics, including the calculation of average values
(M), standard errors of average values (+ m). To assess
the reliability (significance) of differences between the
two average values, Student t-test with Bonferroni cor-
rection was used. The differences were considered sig-
nificant at p<0.05.

RESULTS

As a result of the experimental study it was estab-
lished that a thermal burn on the skin of the rats caused
not only local reactions, but also led to changes in the
general condition of the body — there was “fading” and
loss of hair, disorganized movements of the animals along
the cage and a decrease in the dynamics of weight gain.

A microscopic analysis of histological skin tissue
sections of the rats’ burn wounds of all experimental
groups, showed the presence of structural changes in
the skin compared with the intact animals (group | —
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control) (Fig. 1). The epidermis of the interscapular area
of the intact rats is represented by stratified squamous
keratinizing epithelium. The stratum corneum is repre-
sented by a uniform layer. In the prickly layer, there are
up to 2 rows of keratinocytes, in the granular layer there
are 2-3 rows of nuclear-free cells. At the level of the ger-
minal or malpighian layer, epithelial cells are visible. The
cells of the basement membrane are arranged in a sin-
gle row. On the level of the dermis, there are sebaceous
glands and hair follicles, vessels of the microvasculature.

Along with the signs of the general behavioral dis-
organization, in the animals of the second group, pro-
nounced destructive changes capturing the epidermis,
dermis and hypodermis were observed. In this case, in-
flammation phenomena prevailed over reparative ones.
In the area of the burn surface, a purulent inflammatory
reaction was observed macroscopically, in some animals
a hemorrhagic scab of a gray-brown color was observed.
By the 10th day, there was a sucrose discharge in the ani-
mals, the wound cavity was covered with a necrotic mass.

It was microscopically revealed that the heat affected
zone was devoid of stratified squamous epithelium, and in
some places, necrotic elements in the form of folds were
observed. The hyperemic dermis looked edematous due
to the serous inflammation, a large amount of exudate
and cellular elements; there was no pronounced differen-
tiation into papillary and reticular layers. The papillary lay-
er of the epidermis was disrupted. In the reticular layer,
intercellular swelling and infiltration by macrophages and
lymphocytes were observed. The basal membrane could
not be clearly determined (Fig. 2).

Against the background of the thermal injury cor-
rection of the rats’ skins with preparations of a neuro-
peptide nature, the animals of groups Il and IV showed
signs of improvement in the general condition, activity
restoration and positive weight dynamics.

One of the stages of the work was the study of the
rats’ immune state in conditions of a “burn” stress and
its correction.

As aresult of the research of Semax and Selank effect
on the total number of leukocytes and leukocyte counts
under thermal burn conditions, it was established that
these peptide preparations activated the leukocyte re-
action: the total number of leukocytes increased; among
them lymphocytes, eosinophils, monocytes, segmented
neutrophils were restored to normal values.

The administration of neuropeptides led to a de-
crease in stab forms of neutrophils by more than 50%
(p<0.001), to a normalization of the number of segment-
ed neutrophils by 50% (p<0.001). (Tab. 1). An increase
in the level of the Garkavi index under the conditions of
thermal burns, can be interpreted as the degree of the
response to the stress state, the so-called “reactivation”
of the body in the conditions of an active inflammatory
process. The use of Semax and Selank contributed to the
restoration of the index to normal values, and the activa-
tion of adaptation reactions.
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A B
Figure 1 — Micrograph of a skin flap excised in intact rats on day 10
Note: stained with hematoxylin and eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18)

A B
Figure 2 — Micrograph of a skin flap excised in the wound 10 days after the burn exposure
in the rats not treated with correction remedies
Note: stained with hematoxylin and eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18)
A —The edge of the burn wound. At the level of the epidermis and dermis, there is a pronounced coagulation necrosis and
inflammatory infiltration; in the underlying fatty tissue there is lymphoid infiltration (hyperplasia of lymphoid follicles).
B — Necrotic changes in violation of the structure of tissues

Table 1 — The effect of Semax and Selank neuropeptides on the functional activity of the immune system

Experimental groups . X
Group | Intact  Group Il Control  Group Ill (animals Group IV (animals

Indices (M £ m) (n=10) Group Group treated with Semax) treated with Selank)
Total number of leukocytes, x109/I 27.7+0.4 84.5+4.5* 103.3+0.2### 99.3+0.6##
Eosinophils, % 5.710.2 4.3+0.2%** 6.710.2### 6.310.2###
Stab neutrophils, % 12.0£0.4 26.5+0.6* 14.2+0.2### 14.9+0.44###
Segmentonuclear neutrophils, % 19.3+0.2 13.9+0.4*** 20.8+0.2##t# 19.7+0.44##
Lymphocytes, % 61+0.6 53.7+1.1* 56.3+0.4## 57.310.6#
Monocytes, % 2.01£0.2 1.6+0.2* 2.0+0.1## 1.8+0.2##
Leukocytal coefficient 3.1+0.4 3.9+0.4* 2.740.2## 2.9+0.4##
Thymus mass, mg 51+0.4 31+5.4%* 7316.04## 68+0.4##
Spleen mass, mg 352.3+0.6 456+10.3** 572439.6## 583+31.4##

Note: * — p <0.05; ** — p <0.01; *** — p <0.001 — relative to the intact group; # — p <0.05; ## —p <0.01; ### — p <0.001 - relative
to the control group; Student t-test with Bonferroni correction for multiple comparisons.
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The study has also established that thermal burns
provoked involution of immunocompetent organs: the
spleen — by more than 60% (p <0.01), the thymus — by
more than 40% (p <0.01). The studied drugs contributed
to anincrease in the mass of the spleen by an average of
40% (p <0.01), as well as the mass of the thymus by more
than 50% (p <0.01), compared with the control group.

In the course of macroscopic observations it was
found out, that the use of Semax and Selank neuropep-
tides at the dose of 100 pg/kg a day under the condi-
tions of thermal burn exposure leveled the development
of the inflammatory process, helped to tighten the edg-
es of the wound and, as a result, reduce its size on the
4th day. As the data in Tables 2 and 3 show, a decrease
in the area of the burn wound by more than 60% (p
<0.01) in the experimental groups on the 10th day of the
post-burn process was observed. It corresponded to the
acceleration of wound recovery by 30% (p <0.05), com-
pared with the control group (Tab. 4, 5).

In Group Il of the animals exposed to burn effects
and treated with Semax, the wound surface was weakly
edematous in the center, and along its edges there were
growing hair shafts. There were inflammatory manifes-
tations of the surrounding tissues in the form of a mild
swelling. The boundaries of the wound narrowed signifi-
cantly. Under a partially detached scab, an increase in
granulation tissue was manifested. From the edges of
the wound, there was also an epithelium growth.

A microscopic analysis of the skin fragments ex-
cised on the 10" day of the experiment in the area of
the thermal injury, showed slightly destroyed epidermal
layers and a partial necrosis of the stratified squamous
epithelium. The epidermis was represented by a dark
plate, sometimes exfoliated from the papillary dermis.
Under the scab, the regenerate zone was determined in
the form of a wide layer of newly formed granulation
tissue (Fig. 3).

The papillary layer looked edematous, without con-
tours of connective tissue fibers, but dark nuclei of con-
nective tissue cells were identified. The papillary layer
retained uneven edges. The reticular layer appeared to
be broad, mildly swolen; dark nuclei of connective tissue
cells were observed. The lower part of the mesh layer
was infiltrated by lymphocytes. Hair follicles made of ne-
crotically altered collagen fibers, were found out; single
cells with light nuclei were found in hair sheaths. Mild
neoangiogenesis was observed.

A macroscopic analysis of burn animal the IV groups
wounds showed that on the 10t day after the burn ex-
posure and Semax correction, a slightly swollen and hy-
peremic wound with uneven outlines, without purulent
exudate and necrotic elements, was observed on the
rats” skin. The inflammation of the tissue surrounding
the wound, was moderate. The process of the periph-
eral wound epithelization was visualized. There was an
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increase in granulation tissue from the bottom of the
wound. Under a partially detached scab, skin append-
ages appeared.

A morphological picture in the area of the burn
wound of the skin excised on the 10th day after the
burn exposure and Selank correction (Group 1V) (Fig. 4),
is comparable with the visualization of Semax activity.
During this time period, activation of vascular neoplasm,
hypertrophy of the border zone of the epidermis were
established, and proliferating cells were noticeable. The
upper layers of the epidermis were exfoliated. In their
place, dark layers were found out. They had exfoliated
from the basement membrane. The basal membrane
itself was represented by a wide dark-colored plate on
the papillary layer. The papillary layer was characterized
by a small width and a wavy shape. In the upper part of
it, there was a partial necrosis. The reticular layer was
wide, its upper part was saturated with the nuclei of
connective tissue cells. Necrotic changes were observed
in the lower part of the reticular layer, although lympho-
cyte infiltration occurred in most fields of view. Hair fol-
licles consisting of necrotic altered collagen fibers, were
established. In the lower parts of the hair sheaths, sepa-
rate epithelial light cells with rounded nuclei were deter-
mined. Around the hair follicles, lymphocyte infiltration
was notified.

DISCUSSION

The problem of post-burn skin regeneration is of
great medical and social importance due to the signifi-
cant prevalence of burn injuries, the complexity of the
pathogenesis of burn injuries, disability, features of so-
cial disadaptation, and a high mortality rate [42]. The
causes of mortality are microvascular and membrane
lesions, burn sepsis, metabolic and hormonal changes,
profound systemic disorders and the development of
multiple organ failure syndrome [33]. Despite the ex-
perience gained in the treatment of burn diseases, the
matter of morphogenetic changes during the thermal in-
jury to the skin, remains poorly studied and determines
the relevance of the problem.

During the experimental study it was established
that under the conditions of the thermal injury to the
skin during the first three days, not only local skin in-
flammatory reactions but also a change in the general
condition of the body are observed: “fading” and hair
loss, disorganized movement of animals along the cage,
lethargy, lack of dynamism, a decrease in the dynamics
of weight gain. Based on the results of a morphologi-
cal study of fixed skin tissues, significant degenerative
changes in the damaged skin and inhibition of repara-
tive processes have been revealed. Recovery of a burn
wound of the skin in the animals of the control group
proceeded physiologically, accompanied by destructive
phenomena and the formation of scar tissue.
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Table 2 — Dynamics of changes in the areas of burn wounds in rats under conditions
of thermal injury to the skin and against the background of exposure to Semax and Selank

Observation time (days)/Wound square area, cm2

Group Ne 1 3 5 7 10
1 1.76 1.76 1.63 1.50 1.42
2 1.76 1.76 1.63 1.51 1.41
3 1.76 1.76 1.62 1.54 1.39
Control 4 1.76 1.75 1.62 1.52 1.42
group 5 1.76 1.75 1.62 1.57 1.39
6 1.76 1.76 1.63 1.52 1.41
7 1.76 1.76 1.63 1.54 1.42
8 1.76 1.75 1.61 1.53 1.34
1 1.76 1.54 1.34 1.14 0.78
2 1.76 1.58 1.37 1.19 0.74
3 1.76 1.55 1.35 1.18 0.77
4 1.76 1.53 1.32 1.19 0.79
Group Ill (animals 5 1.76 1.57 1.34 1.13 0.76
treated with Semax) 6 1.76 1.58 1.35 1.18 0.69
7 1.76 1.58 1.39 1.19 0.78
8 1.76 1.59 1.35 1.17 0.77
S 1.76 1.59 1.36 1.18 0.78
10 1.76 1.55 1.31 1.16 0.77
1 1.76 1.59 1.33 1.19 0.74
2 1.76 1.58 1.32 1.22 0.80
3 1.76 1.59 1.31 1.24 0.77
4 1.76 1.53 1.34 1.28 0.79
Group IV (animals 5 1.76 1.58 1.33 1.24 0.77
treated with Selank) 6 1.76 1.58 1.33 1.29 0.78
7 1.76 1.58 1.32 1.25 0.79
8 1.76 1.59 1.35 1.27 0.81
9 1.76 1.57 1.28 1.24 0.79
10 1.76 1.57 1.33 1.29 0.81

Table 3 — Planimetric indicators of the wound surface in rats under conditions
of thermal injury to the skin and against the background of exposure to Semax and Selank

Wound square area, cm?

Groups of animals

Day Day 3 Day 5 Day 7 Day 10
Group Il (Control) 1.76 1.76+0.01 1.62+0.01 1.53+0.01 1.4+0.01
Group Il (animals treated with Semax) 1.76 1.56+0.01*%**  1.35+0.01***  1.17+0.01*** 0.76+0.01*
Group IV (animals treated with Selank) 1.76 1.58+0.01***  1.32+0.01***  1.25+0.01*** 0.79+0.01*

Note: * — p <0.05; ** — p <0.01; *** — p <0.001 — relative to the control group (Student t-test with Bonferroni correction for
multiple comparisons).

A B
Figure 3 — Micrograph of a skin flap excised in the wound area on day 10 after
the burn exposure in rats treated with Semax
Note: stained with hematoxylin and eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18); A — Mild swelling
of the tissues. Moderate leukocyte infiltration in the underlying fibrous and adipose tissue. B — Full-blood vessels and moderate
leukocyte infiltration (individual sections of leukocyte diapedesis through the capillary wall into the tissue)
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Table 4 — Dynamics of burn wounds recovery in rats under conditions of thermal injury
to the skin and against the background of exposure to Semax and Selank

Observation time (days)/ Recovery rate (%)

Group Ne 1 3 5 7 10
1 0.00 0.00 7.39 14.77 19.32
2 0.00 0.00 7.38 14.20 19.89
3 0.00 0.00 7.95 12.50 21.02
Control group 4 0.00 0.56 7.95 13.64 19.32
5 0.00 0.56 7.95 10.79 21.02
6 0.00 0.00 7.39 13.64 19.89
7 0.00 0.00 7.39 12.50 19.32
8 0.00 0.56 8.52 13.07 23.86
1 0.00 12.5 23.9 35.2 55.7
2 0.00 10.2 22.2 324 57.9
3 0.00 11.9 233 329 56.3
4 0.00 13.1 25.0 324 55.1
Group Il (animals 5 0.00 10.8 23.9 35.8 56.8
treated with Semax) 6 0.00 10.2 23.3 32.9 60.8
7 0.00 10.2 21.0 324 55.7
8 0.00 9.7 23.3 33.5 56.3
&) 0.00 9.7 22.7 32.9 55.7
10 0.00 11.9 25.6 34.1 56.3
1 0.00 9.7 24.4 324 57.9
2 0.00 10.2 25.0 30.7 54.5
3 0.00 09.7 25.6 29.5 56.3
4 0.00 13.1 23.9 27.3 55.1
Group IV (animals 5) 0.00 10.2 24.4 29.5 56.3
treated with Selank) 6 0.00 10.2 24.4 26.7 55.7
7 0.00 10.2 25.0 28.9 55.1
8 0.00 9.7 23.3 27.8 54.1
9 0.00 10.8 27.3 29.5 55.1
10 0.00 10.8 24.4 26.7 54.1

Table 5 — Epithelization rate of burn wounds in rats under conditions of thermal injury
to the skin and against the background of exposure to Semax and Selank (M £ m)

Epithelization rate (%)

Groups of animals

1 Day Day 3 Day 5 Day 7 Day 10
Group Il (Control) 0.00 0.21+0.24 7.74£0.35 13.14+1.04 20.46+1.31
Group Il (animals. treated with Semax) 0.00 11.02+0.41***  23.42+0.55*  33.45+0.40** 56.66+0.68*
Group IV (animals treated with Selank) 0.00 10.46+0.44***  24.77+0.48* 28.9+0.68**  55.42+0.45*

Note: * — p <0.05; ** — p <0.01; *** — p <0.001 — relative to the control group (Student’s t test with Bonferroni correction for
multiple comparisons).

A B
Figure 4 — Micrograph of a skin flap excised in the wound area
on day 10 after burn exposure in rats treated with Selank
Note: stained with hematoxylin-eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18)
A — A fragment of the skin with underlying tissues. In the underlying tissues, there is a moderate diffuse leukocyte infiltration.
B — A fragment of skin with underlying tissues. At the level of the dermis, there is swelling; in the underlying fibrous tissue,
there are foci of a moderate leukocyte infiltration reaching the dermis
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At present, the search and development of effective
means of correcting skin lesions, as well as determining
the role of pathogenetic links of complex systemic ho-
meostasis disorders of the body, are of great interest in
reparating skin wounds of various origins, stimulating
tissue reparation. Taking into account a close relation-
ship between the skin, immune, nervous and endocrine
systems, in the study of the pathogenesis of skin wounds
and its regenerative potential, special attention is paid to
studying the regulation of these processes by the Teuro-
immunoendocrine interactions and their disorders.

Today, regulatory peptides are increasingly being
used as effective remedies for correcting homeostasis
disorders under the conditions of stress, in particular,
the adrenocorticotropic hormone analogue Semax (Met-
Glu-His-Phe-Pro-Gly-Pro) and a tuftsin derivative Selank
(Thr-Lys-Pro-Arg-Pro-Gly-Pro). The use of synthesized
peptide preparations increases the adaptive capabilities
of the body under stressful conditions, helps restore the
structures of the central nervous system, and corrects
immune and humoral disorders.

However, the results of recent studies do not give a com-
plete picture of the reparative potential of these drugs and
the mechanisms of their stimulating dermatropic action.

The carried out study on the assessment of morpho-
logical characteristics of the rats’ skins under the condi-
tions of thermal injury to the skin in the animals treated
with Semax and Selank, established mild degenerative
and dystrophic changes in the burn wounds by stimulat-
ing start adaptive reparative processes in the skin and a
systemic regulation of reparations.

A microscopic analysis of the structural features of the
skin layers in the rats treated with neuropeptide prepara-
tions Semax and Selank intraperitoneally, confirmed the

earlier onset of skin regenerative regeneration processes.
That phenomenon manifested itself in the decrease of the
destructive phenomena in the wound and leveling of in-
flammatory reactions, as well as the signs of early scab ex-
foliation, the formation of granulation tissue and accelerat-
ed epithelization of burn wounds. In the course of studying
the systemic effect of Semax and Selank under the condi-
tions of thermal exposure, it has been found out that these
neuropeptide preparations have regulatory, stress-adap-
tive and immunocorrection properties. They reparate the
leukocyte formula, leukocyte coefficient and weight of
immunocompetent organs (the thymus and spleen). Such
positive results prove the viability of systemic coordination
in stimulating the regenerative potential of damaged skin
and other pathological processes in the body.

CONCLUSION

Up-to-date understanding of the molecular mech-
anisms of the complex regulation of the skin patho-
physiological processes, Is at the heart of the systemic
approach in. It proves their polypotent effectiveness,
expands the therapeutic possibilities and opens up new
prospects for their application.

The results of the experimental study make it pos-
sible to suggest the following qualities of neuropeptide
drugs Semax and Selank: they contributes to the regu-
lation and stimulation of reparative processes, which
gives grounds to consider them as correction remedies
for skin wounds with local and systemic effects, realized
through neuroimmune endocrine mechanisms. The
above determines the importance and necessity of the
next stages of research in this direction.

The above analysis determines the importance and
necessity of the next stages of research in this direction.
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The aim of the study was to evaluate the cerebroprotective effect of some phenolic acids under the conditions of experimental cerebral
ischemia in rats.

Materials and methods. The experiment was conducted on male Wistar rats weighing 220-240 g. Focal cerebral ischemia was modeled by
irreversible right-sided thermocoagulation of the middle cerebral artery under chloral hydrate anesthesia (350 mg/kg, intraperitoneally). The
experimental compounds (4-hydroxy-3.5-di-tert-butyl cinnamic acid, caffeic acid and gallic acid 100 mg/kg each compound) and a reference
drug (Mexicor — 100 mg/kg) were administered intragastrically next day after the surgery and then for three daysrunning. The effect of the
test-compounds on the cognitive functions of the rats was evaluated by CRPA and TEA tests. The influence of the compounds on the changes
in the concentration of lactate, pyruvate, homocysteine, as well as the degree of cerebral edema formation and necrosis of the brain tissue,
were studied.

Results. In the study, it has been established that against the background of the focal cerebral ischemia, the administration of caffeic,
4-hydroxy-3,5-di-tert-butylcinnamic and gallic acid, contributed to the preservation of a memorable trace in rats, as well as a decrease in
lactate concentration (by 40.37% (p<0.05), 151.26% (p<0.05), 48.02% (p<0.05)) and pyruvate (by 96.6,% (p<0.05), 38, 78% (p<0.05), 33.3%
(p<0.05)), homocysteine (by 59.6% (p<0.05), 102.18% (p<0.05), 28.8% (p<0.05)), anecrosis zone (by 122.79% (p<0.05), 165.11% (p<0.05),
12.38% (p<0,05)) and cerebral edema (by 10.47% (p<0.05), 11.08% (p<0.05), 9.92% (p<0.05)) relative to the NC group of rats.

Conclusion. The obtained data indicate the possibility of further detailed investigation of the cerebroprotective effect of 4-hy-
droxy-3,5-di-tert-butylcinnamic, caffeic and gallic acids.

Key words: cerebral ischemia, an insult to the brain, lactate, pyruvate, caffeic acid, gallic acid, 4-hydroxy-3,5-di-tert-butylcinnamic acid, eth-
ylmethylhydroxypyridine succinate, choline alfoscerate.

Abbreviations: SO — sham-operated animals; NC — negative control; M — Mexicor; CA — caffeic acid; GA — gallic acid; HDTBCA — 4-hy-
droxy-3,5-di-tert-butylcinnamic acid; CRPA — Conditioned Reflex of Passive Avoidance; TEA — extrapolation avoidance test; ATP — adenosine
triphosphate; AMP — adenosine monophosphate; ROS — reactive oxygen species.
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Lienb uccnepoBaHna — U3y4nTb LepebponpoTEKTUBHYO aKTUBHOCTb HEKOTOPbIX GEHONOKMCIOT B YCI0BUAX SKCNIEPUMEHTAZIbHOW ULIEMUU
roJI0BHOrO MO3ra Yy KpbiC.

Martepuanbl U MeToabl. IKCNepUMEHT bbin NpoBeaeH Ha Kpbicax-camuax MHum Wistar, maccoit 220—240 r. PoKaibHYH ULWEMUIO FOSI0BHOTO
MO3ra MOAENNPOBaaU NyTeM HeobPaTUMOW NPaBOCTOPOHHEN TEPMOKOAryALMKN CPEeAHEN MO3rOBOM apTepumn NoA, X0PaNrMapPaTHbIM Hap-
K030M (350 Mr/Kr, UHTapnepUTOHeanbHO). IKCNepUMEHTaNbHbIE CoeAMHeHUn (4-TAPOKCK-3,5-An-TpeT-6yTUNKOPUYHAA KUCI0Ta, KodelHan
KucnoTa u rannosas kuciota 100 mr/Kr Kaxpoe coeavHeHune) u pedepeHTHble npenapatsl (Mekcvkop — 100 mr/kr, XonnHa anbdocuepat
— 150 mr/Kr) BBOAUAM Ha C/ieaytoLime CyTKM Noce onepauuyn MHTParacTpaabHO U Aanee B TeYeHUU Tpex AHel. BauaHue coegmHeHui Ha
KOFHUTUBHbIE GYHKLIMM KPbIC OLEHWBAAN B TECTAX YCOBHAA peaKLmA NnaccuBHoro nsberanua» (YPIN) n Tecte skcTpanonaLmMoHHoro n3bas-
nenua (T3N). Usyyanocb BAMAHWE AaHHBIX COEAUHEHNIM Ha U3MEHEHME KOHLIEHTPALIMKW 1aKTaTa, NMpyBaTa, TOMOLIMCTENHA, a TaKXKe CTeneHb
$bopMUpPOBaHMA OTEKA U HEKPO3a MO3rOBOM TKaHM.

PesynbTathbl. YcTaHOB/NEHO, YTO Ha GpOHE POKaNbHOW ULLIEMUU TONIOBHOTO MO3ra MPUMeHeHUe KopeHoW, 4-ruapoKeun-3,5-au-TpeT-6yTnaKo-
PWUYHOM M rannoBoOW KUCAOT CNOCOBCTBOBANO COXPAHEHMIO MAMATHOIO C/1efa Y KPbIC, @ TaKXKe CHUMKEHUIO KOHLLeHTpaLumn nakTata (Ha 40,37%
(p<0,05), 151,26% (p<0,05), 48,02% (p<0,05)) n nupysaTa (Ha 96,6,% (p<0,05), 38,78% (p<0,05), 33,3% (p<0,05)), romoumcTenHa (Ha 59,6%
(p<0,05), 102,18% (p<0,05), 28,8% (p<0,05)), 30HbI HEKPO3a (Ha 122,79% (p<0,05), 165,11% (p<0,05), 12,38% (p<0,05)) n oTeKka (Ha 10,47%
(p<0,05), 11,08% (p<0,05), 9,92% (p<0,05)) OTHOCUTENLHO rPYMNMbl KPbIC HEraTUBHOTO KOHTpoAA (HK).

3akoueHue. PesynbTaTthl IKCNEPUMEHTaNbHbIX AaHHbIX CBUAETENLCTBYIOT O BO3MOMXKHOCTU AasibHelero yrybaeHHoro nsyvyeHmna 4-ru-
OPOKCK-3,5-AU-TPeT-6yTUNIKOPUYHOMN, KODENHOM, raNNoBoM KMCIOT Ha NpeaMeT LepebponpoTeKTUBHOM aKTUBHOCTY.

KnioueBble cnoBa: niiemus roloBHOro Mo3ra, MHCY/bT, 1IaKTaT, NMpyBaT, KodelHaa KUCNOoTa, raNnoBas KMCAO0Ta, 4-rnapoKeu-3,5-an-TpeT-by-
TUNKOPUYHAA KUCNOTA, STUIMETUATMAPOKCUNUPUANHA CYKLMHAT, XONUHa anbdocLepar.

CnUCOK coKpaleHumii: J1/0 — 10}KHOOMNEePUPOBaHHbIE KUBOTHbIE; HK — HeratmeHbIN KOHTPoAb; M — Mekcukop; KK — KodeiHas kuciota; MK
— rannosas kucnota; [ATEKK — 4-ruapokcu-3,5-au-TpeT-6yTunkopuyHas kucnota; YPIMU — ycnoBHas peakuma naccuBHoro nsberaHus; TIU —
TECT 3KCTPanoNALMOHHOro n3basnenns; AT® — ageHosnHTpudocdat; AM® — ageHosnHmoHopocdaT; APK — akTMBHbIE GOPMbI KUCAOPOAA.

INTRODUCTION

Due to ischemic events, brain damage remains the
leadingcausefordeath and primarydisabilityinthe whole
world [1, 2]. Social and economic consequences of an
insult to the brain require the development of effective
pharmacotherapeutic approaches, in connection with
which the targeted search for new compounds used
for the treatment and prevention of this pathology,
becomes relevant. For the world scientific and medical
community improving the pharmacological correction
and rehabilitation of people who have suffered acute
cerebrovascular accident, this is still an acute problem
[3].

However, to date, the problem of pharmacological
correction of an insult to the brain, remains an elusive
goal, despite various major studies on the pathogenesis
of cerebrovascular diseases and new compounds that
can affect it [4, 5].

Based on the results of new domestic and foreign
studies, it can be assumed that among the compounds
that can influence patogenetic elements of an ischemic
stroke, a special role is played by plant-origin bioactive
substances, which can become an effective treatment
of cerebral ischemia. Such assumptions are mainly
associated with the positive effects possessed by plant-
origin-substances. These include the breadth of the
pharmacological activity spectrum, the ability to use
these compounds in complex therapy, as well as the
minimal risk of undesirable adverse effects [6, 7].

Cinnamic acid is knownto have antioxidant, anti-
inflammatory, anti-apoptotic properties [8]. To date,
many scientists have also found out a positive effect of
various phenolic compounds on the course of neuro-
degenerative diseases, in particular, Alzheimer’s disease
[9]. Caffeic acid (3.4-dihydroxycinnamic acid) is a phenolic
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compound that is widely found in medicinal plants, as
well as in fruits, vegetables, wine, coffee and olive oil
[10]. Caffeic acid has various types of apharmacological
activity: antioxidant [11], antihypertensive [12], antiviral
[13], anti-inflammatory [14] and antidiabetic ones [15].
Recently, a cerebroprotective effect of caffeic acid has
also been evaluated [16-18]. Gallic acid is a secondary
metabolite present in most plants. This metabolite is
known to have a number of pharmacological properties,
including antioxidant, antimicrobial, anti-inflammatory
and antitumor ones [19].

THE AIM of this study is to evaluate the
cerebroprotective effect of caffeic, gallic and 4-hydroxy-
3.5-di-tert-butylcinnamic acid under the conditions of
experimental cerebral ischemia.

MATERIALS AND METHODS

Biological model

The experiment was performed on 42 Wistar male
rats weighing 220-240 g, obtained from the «Rappolovo»
laboratory animal nursery. All manipulations with animals,
as well as their contents, met the requirements of the
European Convention for the Protection of Vertebrate
Animals used for experimental and other scientific
purposes (Strasbourg, 1986). This study was approved
by the Independent Ethics Committee of Pyatigorsk
Medical and Pharmaceutical Institute. The rats were
kept in macrolon cages, where a granular wood fraction
was used as litter material at the relative humidity of 60
+ 5% and the air temperature of 22+2°C. The animals
received food and water ad libitum. Previously, the rats
had been randomized by behavioral activity byCRPA and
TEA tests. During the study, seven experimental groups
wereformed. The first group of rats wassham-operated
(SO) animals (n = 6). The second group of animals (n = 6)
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was a negative control group (NC); they received a 0.9%
solution of sodium chloride in the equivalent volume.
The second and subsequent groups of rats (n = 6in each
group) were subjected to the ischemic damage to the
brain by irreversible occlusion of the right middle cerebral
artery, while the animalsof groups 3—7 received the test-
compounds and referebce drugs (Fig. 1).

Reference drug and test compounds

Ethylmethylhydroxypyridine succinate («Mexicor»,
100 mg/kg, EcoFarminvest, Russia) [20, 21] (Fig. 1) was
chosen as a reference drug. The reference medicines
and test compounds were administered per os next
day after the simulation of cerebral ischemia and then
for 3 days running. The test compounds-4-hydroxy-3,5-
di-tert-butylcinnamic, caffeic, and gallic acids — were
administered at the dose of 100 mg/kg (Fig. 1).

Focal cerebral ischemia model

Focal cerebral ischemia was modeled by irreversible
right-sided thermocoagulation of the middle cerebral
artery under chloral hydrated anesthesia (350 mg/kg).
The area below and to the right of the eye was depilated,
an incision was made and soft tissues were spread apart,
exposing a process us of the zygomatic bone, which
was removed. Then, a trepanation hole was madewith
a drill and the middle cerebral artery was burned by a
thermocoagulator under the place of its intersection with
the olfactory tract. After that, if possible, the topography
of the soft tissues was restored. The seam was treated
with a 5% iodine alcohol solution. The biomaterial was
taken outon the 4th day after the reproduction of focal
ischemia.

Cognitive tests

Before modeling ischemia, the animals of all groups
were skill-trained in the Conditioned Reflex of Passive
Avoidance (CRPA) and extrapolation avoidance test (TEA)
tests. The essence of the CRPA test is to form a memorial
trace in animals, after which the latent entry time into
the dark compartment, where electricity is supplied, is
lengthened, or the rat does not enter it at all.

The TEA test, also makes it possible to evaluate the
cognitive functions of the animals, based on the time of
theratdivesfromthe cylinder. Subsequent reproductions
of CRPA and TEA tests, as well as the assessment of the
animal’s behavioral activity and emotional status, were
performed on the fourth day in theCRPA (latent time of
the rat entry into the dark compartment was recorded)
and TEA tests (the rat diving time was recorded) [22, 23].

Studied laboratory parameters

As biomaterial, the animals’ brain and blood were
used in the work. The parameters under study were:
concentrations of lactic and pyruvic acids in the blood
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serum, the size of the necrosis zone and the cerebral
edema rate. The contents of lactic and pyruvic acids
in the blood serum, were determined by an enzymatic
colorimetric method using a standard reagents Kkits,
manufactured by SMA«Arbis +» (St. Petersburg,
Russia). The necrosis zone was evaluated using the
triphenyltetrazolium method, which is based on a
change in the absorbance of the formazan chloroform
extract between the necrotic and intact parts of the
brain [24]. The degree of brain hydration was estimated
by the drying method, for which the animal’sbrain was
removed and incubated for 24 hours at 60°C. The value
of cerebral edema was determined by the difference in
the brain masses before and after incubation [23].

Statistical Methods

The experimental data were processed by the
variation statistics method using the STATISTICA 6.0
software. (StatSoft, Inc., USA for the Windows). The
data obtained, checked the normality of the distribution
using the Shapiro-Wilk test. In case the data had been
normally distributed, ANOVA with a posteriori Newman-
Case criterion was used for statistical average calculation.
In case the data of the experiment had been abnormally
distributed further statistical processing of the data was
carried out using the Wilcoxon test.

RESULTS

In the CRPA test, after the reproduction of ischemia
in rats of the NC group, a decrease in the latent time
of rat entry into the dark compartment by 10% (p<0.05)
was registered, the diving time of the animals in the
TEA test was increased by 69.6% (p<0.05) relative to
the SO group. The data of CRPA and TEA tests indicate
that all the experimental compounds positively affect
the cognitive functions of rats under the conditions of
cerebral ischemia.

In the CRPA test, against the background of the
administration of all the test compounds, a statistically
significant increase in the latent time of entry into the
darkcompartmentwasobserved.Incomparisonwiththe
NC group of animals, the maximum effect was observed
after the administration of caffeic acid: the latent time
of entry into the dark compartment was increased by
239.39% (p <0.05), after the administration of gallic
acid —by 129.09% (p<0.05), after the administration of
4-hydroxy-3,5-di-tert-butylcinnamic acid — by 90.15%
(p<0.05). The administration of Mexicor to the animals,
caused an increase in the time of entry into the dark
compartment by 71.2% (p <0.05). It is worth noting
that all phenolic compounds exceeded the reference
drug in thepharmacological effect rate: caffeic acid —
by 103.74% (p <0.05), gallic acid — by 33.8% (p<0.05),
4-hydroxy-3,5-di-tert-butylcinnamic acid —-by 11.06
(p<0.05) (Fig. 2).
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Figure 1 — Model of the study

Table 1 - Study of the effect of experimental compounds on the concentration
of lactate, pyruvate and homocysteine

Investigated

4-hydroxy-3,5-

SO NC Mexicor Caffeic acid Gallic acid di-tert-butyl

parameter . L
cinnamic acid

Lactate, mmol/I 1.08+0.1 2.99+0.024# 2.57+0.16* 2.13+0.040%* 2.02+0.079* 1.1940.043*
Piruvate, mmol/I 100.38+1.1 200.68+15.664# 116.89+5.82* 102.0743.48*  150.51+3.787* 144.60 +7.357*

Homocysteine,

10.271£0.675
ng/ml

46.44+1.054#

26.75+1.617*

29.07+1.303* 36.0+0.86* 22.95+1.342*

Note: * — statistically significant relative to the NC group of rats (Newman-Keulse test; p<0.05);
# — statistically significant relative to the SO group of rats (Newman-Keulse test; p<0.05)

In the TEA test, the latent diving time was evaluated.
In this test, in comparison with the NC group of animals,
a decrease in diving time by 1042.2% (p <0.05) was
notedin the rats treated with 4-hydroxy-3,5-di-tert-
butylcinnamic acid, whereas, when caffeic and gallic
acids were used, this parameter decreased by 358.9%
(p <0.05) and 229.48% (p <0.05), respectively. Under the
same conditions, the administration of Mexicor reduced
the diving time relative to the group of the NC rats by
96.69% (p <0.05). Therefore, in this test,4-hydroxy-3,5-
di-tert-butylcinnamic, caffeic and gallic acids exceeded
the reference drug effect by 477.7% (p <0.05), 132.14%
(p <0.05) and 66.6% (p <0.05), respectively (Fig. 2).

The reproduction of focal cerebral ischemia in rats,
caused the development of edema and necrosis of the
brain tissue (52.38+3.03), which corresponds with the
published data [25]. There was a significant increase in
lactate (176.8% (p<0.05)), pyruvate (99.9% (p<0.05)), as
well as homocysteine (352.2% (p<0.05)) in the NC group
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of animals (Tab. 1).

The administration of the reference drug contributed
to a decrease in the concentration of lactate, pyruvate
and homocysteine. Thus, in the group of the animals
treated with Mexicor, a decrease in lactate by 16.3%
(p<0.05), in pyruvate — by 71.68% (p<0.05), and in
homocysteine content — by 73.45% (p<0.05) relative to
the NC group of rats, was noted. (Tab.1).

When the animals were treated with 4-hydroxy-
3,5-di-tert-butylcinnamic acid, a decrease in the serum
lactate concentration by 151.26% (p<0.05), in pyruvate
— by 38.78% (p<0.05) and in homocysteine — by 102.18%
(p<0.05) relative to the NC group of the animals, was
observed. It is worth emphasizing that against the
background of the use of 4-hydroxy-3,5-di-tert-butyl
cinnamic acid, a greater decrease in the formation of
lactate — by 115.96% (p<0.05) and homocysteine —
by16.5% (p<0,05) compared with the group of the rats
treated with the reference drug, was observed (Tab.1).
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Figure 2 - The influence of the test-compounds on the execution time of tasks in CRPA and TEA tests
Note: * — statistically significant relative to the NC group of rats (Newman-Keulse test; p <0.05); SO —sham- operated animals;
NC — negative control; M — Mexicor; CA — caffeic acid; GA — gallic acid; HDTBCA — 4-hydroxy-3,5-di-tert-butylcinnamic acid.
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Figure 3 — Influence of caffeic, gallic and 4-hydroxy-3,5-di-tert-butylcinnamic acids on the formation
of cerebral edema and necrosis of brain tissue against the background of the experimental focal ischemia
Note: * — statistically significant relative to the NC group of rats (Newman-Keulse test; p<0.05); SO —sham-operated animals;
NC — negative control; M — Mexicor; CA — caffeic acid; GA — gallic acid; HDTBCA — 4-hydroxy-3,5-di-tert-butylcinnamic acid

In the group of the rats treated with gallic acid, a
decrease in the lactate, pyruvate and a homocysteine
content by 48.02% (p<0.05), 33.3% (p<0.05), 28.8%
(p<0.05), respectively, relative to the NC group of rats,
was noted. Compared with the Mexicor-treated group,
gallic acid administration reduced the level of lactate
formation by 27.2% (p<0.05) (Tab. 1).

The administration of caffeic acid also caused a
decreasein the formation of lactate—by 40.37% (p<0.05),
pyruvate — by 96.6% (p<0.05) and homocysteine —
by 59.6% (p<0.05) relative to the NC group. When
compared with the group of the animals treated with
Mexicor, it was noted that the concentration of lactate
and pyruvate in the blood serum was 20.65% (p<0.05)
and 14.52% (p<0.05) higher than in this group of the
animals treated with caffeic acid (Tab. 1).
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In the rats treated with Mexicor, a decrease in
cerebral edema relative to the NC group of rats by 9.36%
(p <0.05) was noted. The administration of caffeic,
4-hydroxy-3,5-di-tert-butylcinnamic and gallic acids to
the rats, caused a decrease in the hydration of the brain
tissue, relative to the NC group, by 11.08% (p<0.05),
10.47% (p<0 05) and 9.92% (p<0.05), respectively
(Fig. 3).

According to the effect on the degree of the
brain necrosis formation, 4-hydroxy-3,5-di-tert-
butylcinnamic was the most effective of the three
experimental compounds and the reference drug. So,
relative to the NC group of rats, the administration
of 4-hydroxy-3,5-di-tert-butylcinnamic acid reduced
the degree of cerebral necrosis by 165.11% (p<0.05),
caffeic acid — by 122.79% (p<0.05), Mexicor — by
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83.4% (p <0.05). In the rats treated with gallic acid, a
decrease in brain tissue necrosis by 12.38% (p<0.05)
was observed. It should be noted that 4-hydroxy-3,5-
di-tert-butylcinnamic acid exceeded Mexicor by 44.8%
(p<0.05) (Fig. 3).

DISCUSSION

Focal cerebral ischemia leads to the depletion
of brain energy reserves. In biochemical tests, this is
manifested by a decrease in the content of macroergs
(ATP, creatine phosphate), an increase in the number
of semi-oxidized products (ADP, AMP, lactate, pyruvate,
homocysteine), a decrease in the energy charge of
the system, and the development of lactic acidosis
[26]. Lactate, pyruvate, homocysteine are biomarkers
of various neurodegenerative diseases, including an
insult to the brain, Alzheimer’s disease, as well as
pathologies caused by a decrease in the mitochondrial
function [27]. The conducted study has shown that
against the background of the cerebral ischemia in
rats, phenolic acids have a positive effect on theenergy
metabolism in the brain decreasing the concentration
of lactate; pyruvate and homocysteine in blood serum.
Separately, it is worth noting a decrease in the degree of
necrotization of the brain tissue when the experimental
compounds were administered to the animals.
The potential cerebroprotective effect of phenolic
compounds may be associated with the chemical
structure of these substances and their antiradical effect
[28]. The cerebroprotective effect of 4-hydroxy-3,5-di-

tert-butylcinnamic, caffeic, and gallic acids, can be also
associated with their antioxidant, anti-apoptotic and
anti-inflammatory properties [8-19]. It is possible that
phenolic compounds improve the functional activity
of mitochondria, which are most sensitive to ischemic
conditions [29]. Mitochondria are organelles, which are
the main producers of reactive oxygen species (ROS).
Since ROS play one of the key role in the induction of
mitochondrial pores, preventing the development of
oxidative stress, is an effective method of stopping the
cell death, and antioxidants, in particular phenolic acids,
can be used as drugs of pharmacological correction of
a mitochondrial dysfunction against the background of
the focal cerebral ischemia.

CONCLUSION

Against the background of rats’ cerebral ischemia,
4-hydroxy-3,5-di-tert-butylcinnamic, caffeic and gallic
acids improved metabolic processes and brain energy
exchange, had a positive effect on cognitive functions.
Experimental compounds may have a potential
cerebroprotective activity against the background of the
rat’s cerebral ischemia, as evidenced by the experimental
data.

This creates prerequisites for a further in-
depth study of phenolic compounds, in particular,
derivatives of cinnamic acid, in order to confirm
cerebroprotective properties, as well as to continue the
search for compounds of plant origin that can exert a
cerebroprotective effect.
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ETHYLIMIDAZO[1,2-A]BENZIMIDAZOLE DINITRATE
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Nowadays, the search for new effective and safe medicines for the treatment of acid-dependent gastrointestinal diseases remains an urgent
problem of modern pharmacology.

The aim of this study was an experimentally study of the anti-ulcer activity of 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimida-
zole dinitrate on the model of damage to the gastric mucosa caused by the administration of 80% ethanol and prednisolone combination
(20 mg/kg).

Materials and methods. To simulate the damage to the gastric mucosa, the experimental animals (white male Wistar rats) were adminis-
trated with prednisone at the rate of 20 mg/kg and 80% ethyl alcohol at the dose of 0.6 ml/100 g of the animal body weight. Prednisolone
was dissolved in 80% alcohol. Antisecretory antiulcer agents actively used in clinical practice, were selected as reference drugs: ranitidine
(30 mg/kg, 10 mg/kg and 3 mg/kg) and omeprazole (3 mg/kg, 1 mg/kg and 0.3 mg/kg). The studied compound was used at the doses of
30 mg/kg, 10 mg/kg and 3 mg/kg. All the substances under study were administered intragastrically with the use of an atraumatic probe.
Results. It has been established that the benzimidazole derivative in the studied doses contributes to a dose-dependent reliable reduction
in the area and depth of ulcerative lesions of the gastric mucosae relative to the control and reference drugs (ranitidine and omeprazole).
In addition, in the maximum studied dose (30 mg/kg), the proportion of the animals with ulcerative lesions significantly decreases by more
than 2 times. The calculated ED,  values for the benzimidazole derivative and ranitidine were 5.09 mg/kg and 38.23 mg/kg, respectively.
Conclusion. The obtained experimental data indicate that the benzimidazole derivative has a pronounced dose-dependent antiulcer effect
on the model of ethanol-prednisolone erosive-ulcerous defects of the rats’ gastric mucosae, which is superior to the effects of the reference
preparations. It makes its further study promising.

Keywords: 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole dinitrate, antiulcer action, ethanol-prednisolone damages / injuries,
preclinical studies
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MowncK HOBbIX 3PEeKTUBHbIX M Be30nacHbIX 1IEKAPCTBEHHbIX CPEACTB AR NeYeHUA KMCN0TO3aBUCUMbIX 3a601eBaHUI XKeNya0uHO-KULLEYHO-
o TPaKTa A0 HACTOALLEro BpeMeHM OCTAaETCA aKTyaslbHbIM BONPOCOM GapMaKoiormu.

Lienb AaHHOTO UcCnef0BaHUA — SKCNEPUMEHTAIbHOE M3yYeHWe NPOTUBOA3BEHHOM aKTUBHOCTU CYyBCTaHLMM AUHUTPaATA 2-GpeHnn-9-amaTu-
NaMUHO3TUIMMKAA30[1,2-a]6eH3uMmaa30na Ha MOLENU NOBPEXAEHNUA CAU3UCTON 0B0N0YUKM KenyaKa, BbI3BaHHOW BBeAeHNEM KOMbBUHa-
umm 80% sTaHosa 1 npeaHM3oioHa (20 mr/Kr).

Martepuanbl u metogbl. 1N MOAENMPOBAHUA NOBPEKAEHNSA CIM3UCTON 060N0UKM KenyaKa SKCNEePUMEHTA/IbHBIM KUBOTHbLIM (6enble Kpbl-
cbl-camubl AvHum Wistar) BBoAMAM NpeaHn30/10H 13 pacyeTa 20 mr/Kr u 80% 3TnnoBbIi cnupT B go3e 0,6 ma Ha 100 r macchl Tea }KMBOT-
HbIX. MpeaHn30n0H pactBopsaan B 80% cnupTte. B KayecTBe NpenapaToB CpaBHEHWUA Obliv BbiIBpaHbl aHTUCEKPETOPHbIE NPOTUBOA3BEHHbIE
CPeacTBa, aKTMBHO NPUMEHAEMbIE B KIMHUYECKOIN NpaKTUKe: paHuTUAmMH (30 mr/kr, 10 mr/Kr v 3 mr/kr) u omenpason (3 mr/kr, 1 mr/krun 0,3
Mr/Kr). MU3yyaemoe coevHeHVe UCnosib3oBanoch B fo3ax 30 mr/kr, 10 mr/Kr u 3 mr/Kr. Bce nccneayemble BeLLECTBA BBOAUANCH BHYTPUNKE-
JlYA04HO C MOMOLLbIO aTPaBMATUYHOTO 30HAA.

Pe3ynbTatbl U 06cykaeHMe. YCTaHOBIEHO, YTO Npou3BoaHoe 6eH3MMMaa3ona B Uccaeayemblx A03ax CnocobeTByeT 40303aBUCMMOMY [0-
CTOBEPHOMY OTHOCUTE/IbHO KOHTPO/IA M MPenapaToB CPaBHEHUA (PaHUTUAMHA U OMENPA30/1a) CHUMKEHMIO NAOLWAAN U YOUHbBI A3BEHHbIX
NopakeHui CAM3NUCTON 060104KM KenyaKa. Kpome TOro, B MaKCMMabHOW UccneaoBaHHoM fo3e (30 mr/Kr) LOCTOBEPHO CHUMKaeTca 6onee
Yem B 2 pasa A0/ HUBOTHBIX C A3BEHHbIMW NOPaXKeHUAMU. PacyeTHble 3HauyeHuna Efl. Ans nponssoaHoro 6eH3MMmnAasona n paHNTUAMHA
coctasuan 5,09 mr/kr n 38,23 mr/Kr, COOTBETCTBEHHO.

3aKkntoueHue. MonyyeHHble IKCNepUMeHTabHble JaHHble CBUAETENIbCTBYIOT O TOM, YTO NMPOM3BOAHOe HeH3MMMAA301a OKasbiBaeT Bbipa-
YKEHHbIN [,0303aBUCUMbIA NMPOTUBOA3BEHHbIW 3GDEKT Ha MOAENN STaHON-MPEAHU30/I0HOBbLIX 3PO3UBHO-A3BEHHbIX AedeKTOB CNU3UCTON
060/104KM KenyaKa Kpbic, NpeBocxoaaLmin adpdeKTbl MpenapaTos CpaBHEHUA, YTO AeNaeT NepcneKkTUBHbBIM ero JasibHelliee n3yyeHue.
KntoueBble cnoBa: AVHUTPAT 2-GeHUN-9-AN3TUNAMUHOITUAMMINAA30[1,2-a]6eH3MKnaa301a, NPOTUBOA3BEHHOE AeWCTBME, STAHON-NPEeaHN-

30/10HOBblIe nNoBpexXaeHuna, JOKNUHUYeCKHue nccneoBaHuna

CnuncokK cokpalieHmii: COX — cansumcras obonouka xenyaka, CU — cteneHb n3bAsBneHuns, UM — HAEKC M3bA3BAEHUA

INTRODUCTION

Nowadays, the search for new effective and safe
medicines for the treatment of acid-dependent gastro-
intestinal diseases, remains an urgent problem of mod-
ern pharmacology [1, 2]. Chemical compounds from the
group of benzimidazole derivatives, seem promising in
terms of the development of new drugs, including those
associated with an increase in acid production in the
stomach [3, 4].

Nowadays, preclinical studies of the benzimidazole de-
rivative, i.e., 2-phenyl-9-diethylaminoethylimidazo([1,2-a]
benzimidazole dinitrate, which demonstrates antisecreto-
ry, antiulcer and gastroprotective effects in the experimen-
tal animal models of the laboratory pathologies associated
with various pathogenetic mechanisms of ulcerogenesis in
the gastric mucosae, are currently underway [5-7].

It is known that one of the mechanisms of the gastric
ulcer formation is dissociation of the hypothalamic-pitu-
itary-adrenal system of functions regulation caused by a
chronic stress. In particular, an increased level of gluco-
corticoids, which cause an increase in catabolic process-
es that inhibit regeneration, disrupt microcirculation and
stimulate the secretion of hydrochloric acid, provokes ul-
cerogenesis against the background of ischemia of the
stomach wall [8, 9].

Moreover, under experimental conditions, the ulcer
model caused by the action of the pure prednisolone
glucocorticoid in its pure form, is characterized by low
reproducibility. Therefore, a model modification had
been used. It proposed a combination of prednisolone
with 80% alcohol [10].

Ethanol contributes to the dissolution of the pro-
tective mucosal barrier, making the stomach wall vul-
nerable to damage by proteolytic and acidic factors. In
addition, ethanol reduces the blood flow, damages the
vascular endothelium, unbalances the cellular antioxi-
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dant defense, stimulating the formation of superoxidan-
ion and hydroperoxide radicals [11].

Thus, the combination of ethanol and prednisone
makes it possible to recreate erosive-ulcerous defects of
the gastric mucosa with a high (100%) statistical probability.

The aim of this study was an experimentally study
of the anti-ulcer activity of 2-phenyl-9-diethylaminoe-
thylimidazo[1,2-a]benzimidazole dinitrate on the model
of damage to the gastric mucosa caused by the admin-
istration of 80% ethanol and prednisolone combination
(20 mg/kg).

MATERIALS AND METHODS

Animals

A study of the pharmacological activity was per-
formed on outbred Wistar male rats (aged 10-12 weeks)
weighing 180-250 g, obtained from the Rappolovo lab-
oratory animal nursery (Rappolovo village, Leningrad re-
gion). At the time of the study, the rats were kept under
standard vivarium conditions at the air temperature of
22 + 20°C, the relative humidity of 60 £ 5% and a natu-
ral change in the daily cycle. Extruded food and tapwater
were received by the rats ad libitum. The dispersion in the
initial animals’ mass in the group did not exceed 10% [12].

The conditions of keeping the animals met the re-
quirements of the Decree of the Chief State Sanitary Doc-
tor of the Russian Federation No.51 dated 29.08.2014
“On approval of SP 2.2.1.3218-14 “Sanitary and epide-
miological requirements for the device, equipment and
maintenance of experimental biological clinics (vivaria)”.

Manipulations with the experimental animals were
performed in accordance with the generally accepted
ethical standards adopted by the European Convention
for the protection of vertebrate animals used for exper-
imental and other scientific purposes (1986) and taking
into account the International recommendations of the
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European Convention for the protection of vertebrate
animals used in experimental studies (1997) [13, 14].

Study design

The substance of 2-phenyl-9-diethylaminoethylim-
idazo[1,2-a]benzimidazole dinitrate was synthesized at
the Scientific Research Institute of Physical & Organic
Chemistry (FSAEI HE “Southern Federal University”, Ros-
tov-on-Don).

The evaluation of the antiulcer effect of the sub-
stances was carried out at the doses of 3 mg/kg, 10 mg/
kg and 30 mg/kg. The omeprazole substance of 0.3 mg/
kg, 1 mg/kg and 3 mg/kg (Sigma Aldrich, USA) and the
ranitidine substance of 3 mg/kg, 10 mg/kg and 30 mg/
kg (Sigma Aldrich, USA), were used as reference drugs.

The maximum volume of the drugs for the intragas-
tric administration to the rats did not exceed 3 ml for the
animals weighing up to 200 g, 5 ml for the animals from
200 to 240 g and 6 ml for the animals weighing more
than 240 g.

Peptic ulcers were caused by the administration of
prednisone at the rate of 20 mg/kg and 80% ethyl alco-
hol at the dose of 0.6 ml per 100 g of the animal body
weight. Prednisolone was dissolved in 80% alcohol.

24 hours before the simulation of the pathology, the
animals were subjected to a food deprivation with a free
access to water.

In the experimental study, the animals had been di-
vided into 10 groups of 10 individuals in each. The individ-
uals of the control group were given a combination of eth-
anol and prednisone intragastrically as a single dose. In
the experimental groups, the studied benzimidazole de-
rivative and comparison preparations were administered
1 hour before the ethanol and prednisolone combination.
The animals were euthanized 12 hours after the adminis-
tration of the ethanol and prednisone combination.

After opening the abdominal cavities, the stomachs
were removed and bathed with physiological saline.
Then a macroscopic assessment of the mucous mem-
brane was carried out, the tissues were photographed
(macro photography). For histological studies, the stom-
achs were fixed in 10% neutral formalin and embedded
in paraffin. Then, with the use of a sled microtome, the
sections were prepared. They were stained with hema-
toxylin-eosin and probed microscopically. The process
was followed by a description of the histological picture.
Then the assessment of the depth of damage to the wall
of the stomach was carried out.

Microphotography was performed using a LeicaDM
1000 microscope and the Leica Application Suite soft-
ware package (Leica, Germany). The morphometric
study was carried out using Leica Application Suite soft-
ware tools, where the depth of the damage to the gas-
tric mucosa was determined.

Defined indicators
To assess the severity of the damage in the study of
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the antiulcer action in the simulation of all pathological
conditions, a point system was used [15].

In each group, the total score was calculated. The
arithmetic mean value characterizing the average de-
gree of ulceration in the group, was derived from that.
In addition, the ulceration index was calculated in the
group. The ulceration index reflects both the percentage
of the frequency of animals with ulcers and the degree
of degenerative disorders in the stomach. The depth of
the damage was assessed by a histological examination.

According to the results of the study, the ED, values
were calculated for the benzimidazole derivative and for
ranitidine, since they had been used in the same doses.
The ED,, for omeprazole was not determined, since this
substance has a different order of the doses used, and
therefore, the comparison of the ED,_ values as a criteri-
on for evaluating the effectiveness, is incorrect.

Statistical processing

The obtained experimental data have been analyzed
based on the method of variation statistics. The sum-
mary tables show the group averages (M) and the stan-
dard error of the mean (m). Intergroup differences have
been analyzed based on a nonparametric criterion - the
Mann-Whitney U test. The differences were determined
at the 0.05 significance level. For statistical processing of
the results, the StatPlus 2009 software package was used.

RESULTS

Macroscopically, this model reproduces the ulcer-
ous defects affecting a significant area of the gastric mu-
cosa, while both erosive and ulcerative lesions up to the
necrotic ones, are clearly expressed.

The obtained experimental data showed that the
benzimidazole derivative at the doses of 3, 10 and
30 mg/kg, contributes to the dose-dependent reliable
control and reference drugs (ranitidine and omeprazole)
reducing the ulcer lesions, the degree of perforation
(DP) and the index of perforation (IP) by 35%, 74% and
91%, respectively. In these conditions, the proportion
of the animals with ulcerative lesions of the gastric mu-
cosae reduced by 60% at the dose of 30 mg/kg (Table 1).

Ranitidine at the dose of 10 and 30 mg/kg also
caused a significant decrease in the area of peptic ulcer
lesions relative to the control. However, taking into ac-
count the degree of perforation points and the frequen-
cy of manifestations of peptic ulcers, the decrease in
the index of perforation did not exceed 38% and 44%,
respectively.

The administration of omeprazole at the doses of 1
and 3 mg/kg contributed significantly to the control de-
crease in the area of ulcerous defects, the degree of per-
foration and the index of perforation by 35% and 46%,
respectively, while the proportion of the animals with
ulcerative lesions of the gastric mucosae did not differ
significantly from the control ones with the administra-
tion of both ranitidine and omeprazole (Table 1).
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Table 1 — Macroscopic analysis of the effect of the benzimidazole derivative substance and reference
preparations on the gastric mucosae in response to the administration of the ethanol
and prednisolone combination (male rats), n =10, Mt m

Proportion of an-  Degree

substance UL fimury (mme/animan ™IS withgastric of perfora- fePR I B
mucosae (%) tion
Control Ulcers 88.9+25.7 100% 4.0 0.0 4.00 =
Ethanol + -
Prednisolone 36.7£15.9 90% -
3 Ulcers 23.7415.1" 100% 2.640.4 2,60 -35
Erosions 16.31+6.5 90%
Benzimidazole Ulcers 3.2+0.9" 70% 1.5+0.4°* 1.05 74
derivative 10 Erosions 7.9+5.8 80%
30 Ulcers 4,413,4"% 40% 0.9+0.4"* 0.36 -91
Erosions 16.317.1 80%
Ulcers 38.617.8 90% 3.3+0.4 2.97 -26
} Erosions 19,2+4,2 90%
Ranitidine 10 Ulcers 28,546,2" 80% 3.1+0.5 2.48 -38
Erosions 15.7+5.7 70%
30 Ulcers 18.1+5.6° 80% 2.8+0.6 2.24 —44
Erosions 27.149.3 70%
03 Ulcers 47.0£7.6 100% 3.9+0.1 3.90 -3
Erosions 29.7+8.2 80%
Omeprazole ) Ulcers 42.9+10.8" 90% 2.9+0.5 2.61 -35
Erosions 28.2+8.8 80%
Ulcers 21.85.7 80% 2.7+0.5 2.16 —46
Erosions 17.6+6.7 70%

Note: * — significantly relative to control, P <0.05; # — significantly relative to the group receiving ranitidine, P <0.05; & —
significantly relative to the group receiving omeprazole, P <0.05.

Table 2 — Results of morphometric assessment of the benzimidazole derivative and reference drugs’
effect on the development of ulcerative lesions of the gastric mucosae in response to the administration
of the ethanol (80%) and prednisolone 20 mg/kg (n = 50) combination

Group Dose, mg/kg Depth of injury, mkm Average reduction in

injury depth, %
Control (ethanol 80% + prednisolone 20 mg / kg) - 311.22+9.83 =
3.0 194.91+9.03"% -38
Benzimidazole derivative 10.0 179.79+10.17"*& —42
30.0 89.76+10.27"* -71
3.0 251.28+15.94" -20
Ranitidine 10.0 283.03+21.53 -9
30.0 282.33+22.11 -9
0.3 225.76+12.48" -28
Omeprazole 1.0 246.35+14.14" -21
3.0 189.55+16.95" -39

Note: * — significantly relative to control, P <0.05; & — significantly relative to the group receiving ranitidine at the equivalent
dose, P <0.05; # — significantly relative to the group receiving omeprazole at the equivalent dose, P <0.05
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Figure 1 — Macrographs of the rats’ stomachs in modeling erosions caused by the administration
of the ethanol and prednisolone combination (natural scale):
Note: 1 — Control (ethanol + prednisolone), 2 — Benzimidazole derivative 10 mg/kg, 3 — Benzimidazole derivative 30 mg/kg,
4 — Ranitidine 10 mg/kg, 5 — Ranitidine 30 mg/kg, 6 — Omeprazole 1 mg/kg 7 — Omeprazole 3 mg/kg

1 2

3 4

Figure 2 — Micrograph of the mucous membrane of the rats’ stomachs in modeling erosions caused
by the administration of the 80% ethanol and prednisolone (20 mg/kg) combination against the background
of the benzimidazole derivate administration
Note: 1 — Control (ethanol + prednisone), 2 — Benzimidazole derivative 3 mg/kg, 3 — Benzimidazole derivative 10 mg/kg,
4 — Benzimidazole derivative 30 mg/kg

Thus, on the model of ethanol-prednisolone ulcers,
the benzimidazole derivative had a pronounced antiul-
cer effect that exceeded the results in the ranitidine and
omeprazole groups by an average of 2 times.

The calculated ED, value for the benzimidazole de-
rivative was 5.09 mg/kg, and the ED,  value for ranitidine
was 38.23 mg/kg.

Fig. 1 shows the most typical macroscopic picture of
the gastric mucosa against the background of the action
of the studied substance of the benzimidazole derivative
in comparison with ranitidine and omeprazole in model-
ing ethanol-prednisolone ulcerative lesions.

Histological studies showed that the combination of eth-
anol with prednisolone causes the development of extensive
superficial defects of gastric mucosae with impressive zones of
eosin masses affecting the submucosal base, profound leuko-
cyte infiltration, hemorrhage and tissue necrosis (Fig. 2).

Tom 7, Beinyck 6, 2019

The benzimidazole derivative contributed to the
dose-dependent decrease in the degree of mucosal in-
jury, reduction of edema, hemorrhage, necrosis and de-
struction of blood vessels (Fig. 2).

In this model of injury, ranitidine and omeprazole
showed a significantly less pronounced protective effect.
The frequencies of the injuries reaching the submucosa,
necrosis, destruction of glands and hemorrhages in the
mucous membrane were comparable with the control
(Fig. 3).

The results of morphometric studies indicate that
the substance of the benzimidazole derivative at the
doses of 3, 10 and 30 mg/kg contributed significantly
to the control and reference drugs to reduce the in-
jury depth by 38%, 42% and 71%, respectively (Table
2), significantly exceeding ranitidine and omeprazole
effects.
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Figure 3 — Microphotographs of the mucous membrane of the rats’ stomachs in modeling erosions caused
by the administration of the 80% ethanol and prednisolone (20 mg/kg) combination against the background
of the reference drugs administration
Note: 1 — Ranitidine 3 mg/kg, 2 — Omeprazole 0.3 mg/kg, 3 — Ranitidine 10 mg/kg, 4 — Omeprazole 1 mg/kg,

5 — Ranitidine 30 mg/kg, 6 — Omeprazole 3 mg/kg

DISCUSSION

The mechanism of the damaging effect of glucocor-
ticoids on the gastric mucosa is in reducing the resis-
tance of the protective barrier by inhibiting the synthesis
of prostaglandins, which have a gastroprotective effect.
It is also in inhibiting the activity of peroxidase, which
leads to an increase in the level of H,0, and, accordingly,
the level of hydroxyl radicals, which, in their turns, en-
hances the gastric mucosa injury with hydrochloric acid
secreted by the parietal cells of the stomach [16]. Glu-
cocorticoids also slow down the repair and regeneration
of the gastric mucosa by inhibiting angiogenesis [17],
suppressing EGF-stimulated proliferation of the gastric
mucosa epithelial cells, and under these circumstanc-
es one of the ways is to inhibit the activation of ERK1/
ERK2, followed by suppression of COX-2 and a decrease
in Cyclin D1 expression and DNA synthesis [18]. Etha-
nol, in its turn, helps to dissolve the protective mucous
barrier, reduces the blood flow, damages the vascular
endothelium and stimulates the formation of superox-
ide anion and hydroperoxide radicals [11]. The studied
pharmaceutical substance of 2-phenyl-9-diethylamino-
ethylimidazo[1,2-a]benzimidazole dinitrate has shown a
pronounced dose-dependent antiulcer effect in model-
ing a gastric mucosa injury caused by a combination of
80% ethanol and prednisolone. It has been recorded at
both — macro- and micro-morphological levels, reducing
the area and degree of the damage to the gastric mu-
cosa, reducing edema, the intensity of hemorrhages,
necrosis and destruction of blood vessels. Under these
circumstances, the data obtained are consistent with the
results of several previous studies, indicating the pres-
ence of antiulcer and gastroprotective effects under the

344

conditions of reproduction of helicobacter-like damage
in rats modeled by intragastric administration of ammo-
nia in combination with acute dosed blood loss [5] and
immobilization stress [6].

The antiulcer action of the benzimidazole derivative
can be associated with several mechanisms. First, it is
due to the pronounced antisecretory effect, manifested
by suppression of HCl secretion, both basal and under
the conditions of stimulation with histamine [7]. It leads
to a decrease in the acidity of the gastric contents and,
accordingly, a decrease in its ulcerogenic potential. Sec-
ond, it is connected with the probable antioxidant activ-
ity, which is shown in a number of studies on the biolog-
ical activity of benzimidazole derivatives [19-21], which,
however, requires additional studying.

CONCLUSION

The obtained experimental data indicate that the ben-
zimidazole derivative has a pronounced dose-dependent
antiulcer effect on the model of ethanol-prednisolone ero-
sive-ulcerous defects of the gastric mucosa, on average 2
times greater than the effects of the reference drugs.

The research results are consistent with the previ-
ously obtained data on the antisecretory and antiulcer
activity of 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole dinitrate. A further study of the phar-
macological effects of this compound in order to create
a new antisecretory antiulcer drug, can be suggested
as promising if we take into consideration the level of
anti-ulcerogenic effect exceeding that of the reference
drugs widely used in clinical practice, H,-histamine
blocker ranitidine and an inhibitor of hydrogen-potassi-
um ATPase omeprazole.
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Tribulus terrestris L., an annual herb belonging to the Zygophyllaceae family and growing in moderate and tropical climates, has a rich
chemical composition of biologically active substances and chemical elements.

The aim of the work is a phytochemical study of Tribulus terrestris L. growing in different geographical zones.

Materials and methods. The objects of study were herb specimens of Tribulus terrestris L. collected in different habitats. The samples of the
raw materials were shade-dried. The determination of saponins in the raw materials, was carried out by high performance liquid chromatography
with a mass spectrometric detection (HPLC-MS / MS). The study of the qualitative and quantitative composition of the elements was carried out
on an X-ray fluorescence spectrometer.

Results. The saponins had been studied by HPLC-MS/MS, according to which in all the studied samples, dioscin and protodioscin were
found. Their retention times coincided with the retention times of dioscin and protodioscin standards. It has been established that among the
macroelements of Tribulus terrestris L., potassium and calcium are mostly accumulated. They account for about 90% of the total content of the
elements in the plant. It has been revealed that the distribution of macro- and microelements in the plant, varies significantly depending on their
place and growing conditions.

Conclusion. The maximum dioscin content was observed in the samples harvested in Moldova, and the minimum — in the samples from the
nursery garden of the All-Russian Scientific Research Institute of medicinal and aromatic plants. The largest amount of protodioscin was found
out in the samples from the Crimea, and the minimum — in the samples from Moldova. The carried out study of the elements content of Tribulus
terrestris L. showed that the habitats (geographical zones) in which the studied samples of raw materials had been were collected, affect the
accumulation of the elements by the plant. Based on the data obtained, biological absorption series have been compiled for the samples from
each habitat.

Keywords: Tribulus terrestris L., high performance liquid chromatography with a mass spectrometric detection, HPLC-MS/MS, elements
content, phytochemistry
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AIKOpLLbI CTeNOLLMECS, UK AKOPLLbI Ha3eMHble — Tribulus terrestris L., cemeicTBO MapHONUCTHUKOBbIE — Zygophyllaceae, ogHoneTHee Tpags-
HWCTOEe pacTeHue, MpouspacTatoLLee B YMEPEHHOM U TPOMUYECKOM KAMMATE, MMeeT 60raTbiii XMMUYECKMI1 COCTaB BMONOTUYECKN aKTUBHBbIX
BELLECTB U XMMUYECKUX /1eMEHTOB.

Lienb paboTbl — pUTOXMMUYECKOE UCCef0BaHUE AKOPLLEB CTE/IOLLMXCA, MPOM3PACTAOLLMX B Pa3HbIX reorpapuyecknx 3oHax.

Matepuanbl u metogbl. O6beKTaMM UCCNeL0BAHUA ABAAAUCL 06PasLbl TPaBbl AKOPLEB CTENIOLMUXCA, COBPaHHbIE B Pa3/IMYHbIX YCA0BUAX
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06uTaHuA. 06pasLbl CbipbA HblAM BbICYLLIEHbI BO3AYLWHO-TEHEBLIM cCnocobom. OnpeaesieHre CanoHMHOB B CbIPbe NPOBOANAN METOLOM Bbl-
COKO3DPEKTUBHOM KMAKOCTHOM XpomaTorpadum ¢ Macc-CeKTPOMETPUYECKUM AeTeKTupoBaHmem (BIXHX-MC/MC). N3yueHne KayecTBeH-
HOTO M KOZIMYECTBEHHOIO COCTaBa 3/IEMEHTOB NPOBOAUAN HA PEHTIEHO(IYOPECLEHTHOM CNEKTPOMETPE.

Pesynbratbl. MpoBeaeHO ncciefoBaHMe canoHMHOB meTogom BIXKX-MC/MC, no pesynstaTam KOTOPOro, BO BCeX Ucciedyembix obpasuax
06HapyeHbl AUOCLUH 1 NPOTOANOCLMH, BpEMEHA YAEPXKUBAHUA KOTOPbIX COBMNALAIOT C BDEMEHAMM YAEPIKMBAHMA CTAHAAPTOB ANOCLMHA U
NPOTOAMOCLMHA. YCTaHOB/IEHO, YTO B 06pasLLax AKOPLLEB CTENIOLLMXCA TPABbl CPEAM MaKpPO3/IEMEHTOB B HanbO/IbLLEM KONMYECTBE HaKanIn-
BAlOTCA KaM U KaNbLMi, HA UX SO0 NPUXoAMTCA 0Koo 90% OT 06LLEro coaeprkaHna 3N1EMEHTOB B pacTeHUW. BbiABNeHO, 4To pacnpeaene-
HUE MaKpPO U MUKPO31EMEHTOB B PACTEHUM CYLLECTBEHHO PA3/IMYaeTcA B 3aBUCUMMOCTM OT MeCcTa M YC/I0BMIM NPOoM3pacTaHus.

3akntoueHune. MakcMmanbHoe cofepaHue amocumHa Habaoganu B 06pasLax, 3arotosneHHbIx B MonaoBse, a MMHMMaIbHOE — B 06pa3uax
13 NUTOMHUKA GTEHY BUJIAP. Hanbonbluee KonnmyecTso NpoToaMoCcLMHa 06HapyKeHo B 06pasuax u3 KpbiMa, a MMHMManbHoe — B 06pasuax
13 Mongosbl. MpoBegeHHoe nccaesoBaHUe 3/1IEMEHTHOIO COCTaBa AKOPLIEB CTE/IOLLMXCA TPaBbl MOKa3asno, YTo mecTta obutaHus (reorpadu-
YecKMe 30HbI), B KOTOPbIX OCYLLECTBAANCA CH6Op UCCef0BaHHbIX 06Pa3LLOB Cbipbs, BAMAIOT HA HAKOMN/IEHWE 3/1eMEHTOB pacTeHnem. C ydyeTom
NOAYYEHHbIX AAaHHbIX COCTABAEHbI PAAbI 6UONOrMYECKOro NOMNOLLEHUA ANA 06PA3L0B M3 KayKA0ro MecTa NnponspactaHus.

Kniouesble cnoBa: sakopubl ctentowmecs, Tribulus terrestris, BOXX-MC/MC, anemeHTHbI# cocTas, GUToXMmms

INTRODUCTION

Currently, a lot of attention is focused on complex
preparations containing vitamins, amino acids and mi-
croelements. It has been established that manganese
(Mn) and molybdenum (Mo) potentiate the effect of
cardiac glycosides, Mn potentiates the effect of ascorbic
acid and carotenoids in medicinal plants. In addition, the
microelements found in plants, are better absorbed by
the human body since they are found in plant materials
in “biological” concentrations [1, 2].

Tribulus terrestris L. is an annual herb belonging to
the Zygophyllaceae family.

The plant has a tap-root system with a framework
of fibrous lateral roots. Its leaves are pinnately-paired
compound. The flowers with a diameter of 1-1.2 cm,
are located in the leaf angles. The calyx consists of 5
long-pointed, externally pressed hairy calyx lobes 4-5
mm long, 1-1.3 mm wide [3-5].

It grows in moderate and tropical climates in south-
ern Europe, South Asia, Africa, Northern Australia.

In the Russian Federation, Tribulus terrestris L.
grows in the European part, in the North Caucasus, in
Western and Eastern Siberia and in the Crimea. It grows
in dry, sandy and rocky steppes on clay-silty, saltierra,
sandy loamy soils, moist meadows, along river valleys,
like weeds in crops, along roads [6]. Raw materials base
consist of wild plants.

One of the major groups of Tribulus terrestris L. bio-
logically active substances are steroidal saponins, repre-
sented by Dioscin, Protodioscin, Tribestin, Prototribestin,
Methylprototribestin, methyl protodioscin, pseudo-pro-
todioscin, Tribulosin and other compounds [7-10]. In the
raw materials there are flavonoids, mainly derivatives
of quercetin, astragalin, 3-rutinoside, 3-genciobioside
kaempferol, 3-genciobioside isorhamnetin, tribuloside,
rutin, kaempferol, quercetin, 3-0O-rhamnoside quercetin
[7,11-13]. In the roots, aerial parts, fruits, flowers there
is hecogenin, in the roots, aerial parts there is neo-tigo-
genin, in roots and flowers there are such substances as
B-sitosterol, stigmasterol, campesterol; in the aerial part
and flowers there is ruskogenin.

Carotenoids: in leaves there is a carotene; in fruits
there are phenolcarboxylic acids — ferulic and p-hydroxy-
benzoic; alkaloids: tribulusamide C, tribulusterine, trib-
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ulusin, harmine. Harmine; other components include
organic acids, amino acids; as for organic acids, there are
benzoic, vanilla, ferulic and succinic acids. The main ami-
no acids are alanine and threonine, in addition, there are
the following substances there: coumarin, emodin and
fission [6, 14-17].

Extracts from Tribulus terrestris L., have hypocho-
lesteremic, anti-inflammatory, hepatoprotective, antihy-
pertensive, immunomodulating and antioxidant effects,
they enhance intestinal motility, stimulate the function
of the sex glands, and have the properties of an aphro-
disiac [18].

Tribulus terrestris L. is widely used in folk medicine
in many countries [19]. In folk medicine, it is used to
treat impotence [19]. In folk medicine of Iran — as a di-
uretic, laxative, for poultices, in the treatment of syphi-
lis [20]. In Nepal it is used for urogenital infections [21],
in the Indian medicine — for radiculitis, inflammation of
the pelvic and sacral organs, dry cough and respirato-
ry disorders [22]. In the traditional Chinese medicine, it
is used for the treatment of eyes, swelling, abdominal
bloating, pathological pains and sexual dysfunctions. In
the Shern-Nong Pharmacopoeia, Tribulus terrestris L. is
presented as a very valuable drug [19].

In the study conducted in Egypt in 2015 in an elder
age group of men suffering from age-related andro-
gen deficiency, the use of a Tribulus terrestris L. extract
showed a statistically significant difference in the in-
crease in testosterone levels [23].

The study of 2016 carried out in Iran on human sper-
matozoids, showed improvements in various parame-
ters of male sperm [24]. Another study on 65 males in
Brazil, 2016, showed a significant increase in its quality
[25]. A randomized, double-blind, placebo-controlled
study confirmed a high effectiveness Tribulus terrestris
L. in the treatment of female sexual dysfunction [26].

In 2016, scientists from Iran showed that etha-
nol extract of Tribulus terrestris L. effectively reduced
glucose levels compared with placebo in women with
type 2 diabetes [27]. The mechanism of hypoglycemic
action, most likely, is associated with inhibition of the
activity of a-glucosidase in the small intestine [28, 29].
A mild a-amylase inhibitory effect was also established
[28].

347



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

Steroid saponins of Tribulus terrestris L. have an
antifungal effect against fluconazole-resistant fungi of
the Candida genus [30]. Other in vitro studies have also
shown both the antifungal and antibacterial properties
of this plant [31].

In vitro studies of heart cells and whole animals’
hearts showed that Tribulus terrestris L. substances
have a protective effect on the heart tissue [32], as
well as the neuroprotective effect of steroidal saponins
[33]. On the basis of Furostanol-Type Steroidal Sapo-
nins, Bulgarian scientists have created Tribestan, the
drug which has hypolipidemic and hypocholesteremic
effects [34].

A neogalenical drug Tribusponin (the sum of steroid
saponins), has been obtained by Georgian scientists on
the basis Tribulus terrestris L.; it reduces a blood cho-
lesterol level and increases a lecithin/ cholesteric coef-
ficient [35].

The drug “Tribusponin” has been registered in the
Russian Federation in the dosage form of tablets (0.1
g) with Tribulus terrestris L. extract as an antisclerotic
agent; the extract is a part of the complex preparations
“Fitovit”, “Speman”, “Speman forte”. ZAO “Evalar”
produces dietary supplements “Effex tribulus” for the
treatment of erectile dysfunction and to increase po-
tency.

Because of a widespread currency and use of the
plant in scientific and folk medicine, it is of great in-
terest in studying the chemical composition of the raw
materials of Tribulus terrestris L. collected in different
habitats.

THE AIM of the work is a study of Tribulus terrestris
L. harvested in different geographical zones.

MATERIALS AND METHODS

Object of the study

The object of the study is Tribulus terrestris L. col-
lected in different geographical zones: Syrian Arab Re-
public, the vicinity of Damascus; Republic of Moldova,
the vicinity of Chisinau (Kishinev); the Botanical Garden
of VILAR; the peninsula of the Crimea, the peak of the
Mount Kush-Kaya (Table 1). The samples were collected
during flowering and fruiting periods and represented
the entire aerial part of the plant with the root. The pri-
mary processing of the raw materials was to remove the
root, brown parts of the plant. After the shade drying,
the raw materials met the requirements of All-Russian
Federal Assembly No. 42-827-79 “Herba tribuli terres-
tris” in terms of “authenticity” and “good quality”.

Methods of determining of saponins

Quantitative determination of saponins in Tribu-
lus terrestris L. was performed by HPLC-MS/MS using
a liquid triple quadrupole chromatomass spectrometer
LCMS-8050 (Shimadzu) under the following conditions:

—chromatographic column: Luna 5u C18(2) (2.1x150
mm 3.5-Micron);
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— column thermostat temperature: 40°C;

— eluent: 0.1% formic acid solution — acetonitrile;

— elution mode: gradient;

— mobile phase flow rate: 0.4 ml/min.

—The conditions of mass spectrometric detection
are presented in Table. 2.

Sample preparation

About 0.5 g of the crushed raw materials (accurate-
ly weighed quantity) was placed in a conical flask with a
capacity of 100 ml, 25 ml of methanol (c.p.) was added.
Next, the contents of the flask were extracted in an ultra-
sonic bath for 30 minutes at the temperature of 30+1°C.
1 ml of the resulting extraction was transferred to a cen-
trifuge tube and centrifuged for 5 minutes at 10.000 rpm.

50 ul of the supernatant was placed in a 2 ml vial,
950 ul of methanol was added and mixed up. The vol-
ume of the analyzed sample was 5 pl.

The identification and quantitative determination
of saponins in the extracts from the plant raw materi-
als was carried out using standard samples of dioscin
and protodioscin (Sigma-Aldrich, Germany). Accurately
weighed quantities (about 1 mg) were dissolved in 1 ml
of methanol. The resulting solutions were used to pre-
pare methanol solutions with the concentration of 1000
ng/ml of each standard.

The detection of the generated ions was carried out
in the MRM mode (monitoring of multiple reactions).
lonic transitions for dioscin were 869.50 - 415.00, for
protodioscin 1031.5 - 415.0 [36].

The determination was carried out in three replications.

Methods of determining elements content

The elements content was studied using an X-ray
fluorescence method recommended for the study of the
elemental composition of medicinal raw materials (State
Pharmacopoeia XIV) [37].

Sample preparation

About 10 g of dry Tribulus terrestris L. was ground
to a powdery state, placed in a crucible and burned on
a stove in an exhaust fume hood until smoking stopped.
The crucible was placed in a muffle furnace at a tem-
perature of 500+1° C, kept there for about 2 hours, un-
til it was completely salted and there was no black coal
mass. After complete cooling in the fume hood, 50% ni-
tric acid was added to the crucible and evaporated on
a tile with a shut down spiral, avoiding splashing. Then
it was placed in a muffle furnace at the temperature of
500+1 ° C for 2 hours [38].

After cooling the crucible, the qualitative and quan-
titative composition of the elements was determined in
the ash residue on a Thermo Scientific QUANT’X X-ray
fluorescence spectrometer [39]. The determination was
carried out in in three replications.

Statistical processing of results

Processing of chromatographic information was car-
ried out using the software “LabSolutions” (Shimadzu).
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Table 1 — Zones for harvesting the samples of Tribulus terrestris L. raw materials

. Date of
Habitat collecting
Syrian Arab Republic, vicinity of Damascus June 2018
The peak of the Mount Kush-Kaya, Laspi Bay, Republic of the Crimea, the Russian Federation July 2017
The vicinity of Chisinau (Kishinev), Republic of Moldova June 2017
The Botanical Garden of “All-Russian Scientific Research Institute of medicinal and aromatic plants” (VILAR) July 2016

Table 2 - Conditions of mass spectrometric analysis

Interface

DUIS (electrospray + chemical ionization)

Spray Gas Flow

3 L/min

Heating gas flow 10 L/min
Drying gas flow 10 L/min
Interface temperature 300°C
DL temperature 200°C
Heat Block Temperature 400°C
Drying gas Consumption 10 L/min
Capillary voltage 4000 V
lonization source polarity Positive
30eV

Impact Cell Energy

L S T
125000

100000+

T

"5 id i Zp 25 D a5 4D 45

50 55 BD BS 70D 75 &0 &5 90 95

min
Figure 1 — Chromatogram of a protodioscin standard sample solution (concentration 1333 ng/ml)
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Figure 2 — Chromatogram of a dioscin standard sample solution (concentration 900 ng/ml)

For the statistical analysis of the results obtained,
the statistical programming language R CRAN was used.
The results were processed using Microsoft Excel. To
compare the analyses of the results, Student’s test was
used with an assessment of the reliability of differences
(p<0.05).

The results were visualized using non-metric mul-
tidimensional scaling. To make up the scaling, the Bray
distance (also known as the Sgrensen test) was applied
[40, 41]. To minimize the stress function, centering and
Procrustean rotation were performed

Tom 7, Beinyck 6, 2019

RESULTS

Fig. 1-2 show chromatograms of solutions of dioscin
and protodioscin standard samples in methanol.

The retention times of protodioscin and dioscin
were 4.93 + 0.03 and 8.86 + 0.03 min, respectively.

Chromatograms of the extracts from the studied
samples of plant materials are presented in Fig. 3 (A-D).

The identification of dioscin and protodioscin on
the chromatograms was carried out by retention times
in comparison with standard samples. Additional peaks
observed on the chromatograms of the extracts corre-
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sponding to the coextractive compounds, are well sepa-
rated and do not interfere with the determination of the
target analytes. To quantify saponins in plant materials,
the external standard method was used.

The results of the studies showed that dioscin and
protodioscin are found in all the studied samples. The
maximum dioscin content is observed in the samples of
the raw materials collected in the Crimea — 1.90 £ 0.02
(p<0.05), and the minimum — in the samples from the
nursery garden of the nursery garden of the Federal
State Budgetary Scientific Institution “All-Russian Scien-
tific Research Institute of medicinal and aromatic plants”
(VILAR). No statistically significant differences were
found out between the dioscin content in the samples
collected in the Crimea and Syria. The largest amount
of proto was also found in the samples from the Crimea
—15.59 +0.28 (p <0.05), and the minimum — in the sam-
ples from Moldova (tab. 3).

The next stage of the work was the determination
of the key elements in the elements content of Tribulus
terrestris L. collected in different habitats, because these
key elements are necessary for plant life and affect the
processes occurring in the human body (tab. 4).

The data of statistical processing of the analyses re-
sults are presented in table. 5.

Fig. 7 shows a mutual disposition of the samples
in the reduced attribute space and the contribution of
each of the elements studied to the main coordinates.

Fig. 7 shows that the samples characterizing each
geographical zone, are localized densely, especially
the samples from the VILAR nursery garden. The least
similar are the samples from Syria and Russian VILAR,
whereas the samples from the Crimea and Moldova, by
contrast, are relatively close.

As a result of the elements analysis of Tribulus ter-
restris L. samples, it has been found out that among the
macroelements in all the studied samples, potassium
and calcium are accumulated most of all, they account
for about 90% of the total contents of elements in the
plant. Among others, Tribulus terrestris L. contains es-
sential elements, such as iron, copper, zinc, manganese,
chromium and molybdenum.

The distribution of macro- and microelements in the
plants differs significantly depending on the place and
conditions of their growth. So, for example, the content of
titanium in the samples of the raw materials collected in
the VILAR nursery garden, is 5-6 times higher than that in
other samples (tab.4). A high content of titanium in these
samples is associated with the growing conditions of the
plant (cultivated in the VILAR nursery garden). The mini-
mal accumulation of titanium is found out in the samples
from Syria. There was more Zinc in the samples collected
on the Crimean Peninsula, and its minimum content was
in the samples from the VILAR nursery garden. There was
most of all of Manganese in the samples from the VILAR
nursery garden; and in the samples from Syria, its mini-
mum content was established.

Manganese is involved in metabolism, it improves
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physiological processes in the body. It takes part in oxi-
dative processes, in the regenerative process of nitrates
during photosynthesis, as well as in the antagonism be-
tween manganese and other chemical elements [42].
This leads to the conclusion that the intensity of met-
abolic processes is higher in the plants cultivated in the
VILAR nursery garden. A high intensity of metabolic pro-
cesses indicates favorable conditions for the plant.

The data provided by other researchers [42], showed
a certain relationship between the contents of iron and
manganese. With a decrease in the manganese content
in the plant, an excess amount of active nitrous iron is
accumulated [42]. A similar interdependence is found
out in some of the studied samples.

The organic compounds containing ferrum, are nec-
essary for plants to ensure the biochemical processes
that occur during respiration and photosynthesis. Com-
pounds with ferrum in the structure, act as electron
carriers in biochemical processes, since they are compo-
nents of the enzymes dihydrogenases and cytochromes.
Ferrum takes part in the process of chlorophyll biosyn-
thesis, so with a limited supply of it, severe plant diseas-
es, in particular chlorosis, may occur, [42, 43].

The following pattern of ferrum accumulation is pre-
sented in the studied samples. Its content was higher in
the samples collected in Moldova. There is less iron in
the samples collected in Syria.

The maximum amount of silicon was found out in
the samples from the VILAR nursery garden, while its
minimum amount was found in the samples from Syria.

In the VILAR samples there was twice as much Al-
uminium as in the other samples. In the human body,
aluminum is involved in the construction of epithelial
and connective tissues, bone regeneration, mineral me-
tabolism, etc. [1, 44]. It is also worth noting that a high
content of aluminum can have a negative effect on the
human body, since excessive intake may have an impact
on the central nervous system, the progression of Alz-
heimer’s disease and depression [1].

According to GPM 1.5.3.0009.15. “Determination
of the content of heavy metals and arsenic in medici-
nal plant materials and herbal medicines”, the maximum
permissible concentration (MPC) of lead is 6.0 mg/kg.
No lead has been detected in the samples from Syria,
the Crimea and Moldova. The lead content in the sam-
ples collected in the VILAR nursery garden, did not ex-
ceed the maximum permissible concentration.

Based on the results obtained, a series of biological
uptake of chemical elements has been compiled for Trib-
ulus terrestris L.

The samples harvested in Syria: K>Ca>Na>S>P>Al>
Mg>Si>Fe>Zn>Ti>Mn>Cu>Ni.

The samples harvested in the Crimean Peninsula:
K>Ca>Na>S>Fe>P>Si>Al>Mg>Ti>Zn>Mn>Cu.

The samples harvested in Moldova: K>Ca>Na>S>Fe>
Si>P>Al>Mg>Ti>Zn>Mn>Cu>Cr.

The samples harvested in the VILAR nursery garden:
Ca>K>Na>Al>S>Si>Ti>Fe>P>Mg>Mn>Zn>Cu>Cr>Pb>Cu.
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Figure 3 — Chromatograms of extracts from the samples of raw materials collected in Moldova (A),

Crimea (B), Syria (C) and VILAR nursery (D)

Note: a — detection of protodioscin at ionic transitions (1031.5 = 415.0), b — dioscine (869.50 - 415.00)
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Table 3 — The results of dioscin and protodioscin quantitative determination in the samples
of plant materials by method of HPLC-MS/MS

Content of dioscin, mg (in 1 g of raw materials)  Content of protodioscin, mg (in 1 g of raw materials)

Samples X cf £ SD X cf £ SD
Moldova (2017) 0.265+0.011° 3.1740.13"
Crimea (2017) 1.90+0.02 15.5940.28"
Syria (2018) 1.6740.04° 3.80£0.11°
VILAR (2016) 0.09740.02" 1.435£0.38"

Note: * — significance of differences p <0.05 significance of differences

Table 4 — Elements content of Tribulus terrestris L. samples

% of the total content of elements in the samples, in terms of dried raw materials

SI.No. Element

Syria (2018) Crimea (2017) Moldova (2017) VILAR (2016)
Macroelements
1 Na 7.70+0.15 3.20+0.26 3.5+0.6 4.30+0.211
2 K 50.71+0.56 64.6510.39 63.97+0.30 36.27+0.42
3 Mg 0.47+0.09 0.498+0.056 0.58+0.042 0.31+0.01
4 0.6910.10 0.878+0.098 0.88+0.08 0.35+0.04
5 1.43+0.13 1.099+0.124 1.08+0.20 1.02+0.11
6 Ca 37.83+0.54 27.2210.23 26.9810.21 46.59+0.35
Microelements

7 Cu 0.0323+0.001 0.0163+0.004 0.018+0.001 0.018+0.002
8 Zn 0.0685+0.008 0.0959+0.007 0.074+0.003 0.054+0.011
9 Al 0.600£0.079 0.628+0.048 0.736%0.045 1.555+0.124
10 Si 0.458+0.058 0.656+0.072 0.957+0.043 0.908+0.062
11 Ti 0.056+0.001 0.134+0.007 0.143+0.008 0.630£0.075
12 Cr 0 0 0.008+0.002 0.016+0.001
13 Mn 0.046+0.010 0.065%0.004 0.067+0.008 0.215+0.008
14 Fe 0.356+0.088 0.880+0.07 0.962+0.054 0.474+0.045
15 Co 0 0 0 0
16 Ni 0.004+0.002 0 0 0.011+0.001
17 Pb 0 0 0 0.011+0.003
18 Mo 0 0 0 0
19 Sn 0 0 0 0
20 Ba 0 0 0 0

Table 5 — Statistical processing of the results of the elements content analysis

Df Sums of Sqgs Mean Sqs FM model R? Pr (>F)
Group 3 0.158631 0.052877 951.25 0.9972 0.001
Residuals 8 0.000445 0.000056 0.0028
Total 11 0.159075 1

Figure 7 — A mutual disposition of the samples and the contribution of each of the elements studied
to the main coordinates
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DISCUSSION minerals in Tribulus terrestris L. varies depending on the

The plants of Tribulus terrestris L. from different
geographical regions, are known to contain saponins dif-
ferent in composition [45, 46]. The accessible literature
contains information about the saponins isolated from
Tribulus terrestris L. growing in China, India, New Zea-
land, South Africa, Bulgaria, Georgia and Moldova [46].

According to Szakiel et al. [47], the structure of sapo-
nins and their quantitative contents in this plant depend on
several factors: climate, light exposure, moisture and sail
composition, as well as some other local regional character-
istics. In addition, in the majority of previously performed
studies, the stage (phase) of plant growth or when and how
the raw material was harvested, has not been reported.

It is also clearly stated that the method of steroidal
saponins extraction, obviously, affects the results of their
determination in the Tribulus terrestris L. raw materials
[45]. Therefore, the data on the absence, for example,
of dioscin in some samples analyzed by other research
groups [48] suggest that the phase of Tribulus terrestris L.
development and the specific methods of the extraction
of steroid saponins have a significant effect on the result.

The studies performed by our group, allow us to
conclude that in the flowering and fruiting phases, all
the samples, regardless of the sample preparation zone,
contain dioscin and protodioscin. Moreover, in some
samples, the content of protodioscin is several times
higher than the content of dioscin.

The scientific literature devoted to the study of Trib-
ulus terrestris L., provides information on various meth-
ods used to assess the contents of steroidal saponins, in-
cluding dioscin and protodioscin, in this medicinal plant
material [46, 48].

According to A.N. Stavrianidi et al. [45], “the best
detection method (by informative value, selectivity and
sensitivity) for determining saponins is considered to
be electrospray ionization in combination with tandem
mass spectrometry”.

Our methods we based on using HPLC-MS/MS, al-
lows us to reliably assess the quality of Tribulus terrestris
L. raw materials by the content of dioscin and protodi-
oscin in it using the external standard method.

According to some researchers, a characteristic set
of macro- and microelements in this plant is considered
an important component of its chemical composition
[49-51].

R. Selvaraju et al. register Tribulus terrestris L. as a
good source of Na, K, Ca, Mg, and Fe. However, a signifi-
cant concentration of some heavy metals can accumulate
in the flowers [49]. They also showed that the contents of

composition of the soil on which the plants grow. Our re-
sults also allow us to conclude that Na, K, and Ca are the
predominant elements in Tribulus terrestris L.

A study by A. Ghani et al. has established that Tribulus
accumulates Cu?* up to 0.044% (dry weight), Ni** — 0.239%,
Zn**—0.434%, Co* —0.161%, Cr** — 0.241%, Cd** — 0.384%,
Fe?*—0.349%, Mn* —0.527%, Pb** —0.494%, Mg** —0.541%
[50]. The ability of this plant to accumulate cadmium and
lead, depending on the composition of the soil, allows us
to consider that control over the content of heavy metals in
the Tribulus terrestris L. raw materials, is necessary.

Daur et al. [51] have found out that the accumula-
tion of mineral elements in Tribulus terrestris L. is asso-
ciated both with stressful conditions in the places where
the plants grow and with their content and availability
in the soil.

The series of biological uptake of macro- and micro-
elements, which can be compiled on the basis of the re-
sults obtained for Tribulus terrestris L. samples collected
by these researchers in Saudi Arabia and Pakistan — K>
N> Mg> Ca> P> Na; Mn> Fe> Zn> Ni — allow, in compar-
ison with the data obtained by us, to speak about the
influence of the place (zone) of growth on the mineral
composition of the raw materials of this plant.

CONCLUSION

As a result of the studies by HPLC-MS/MS meth-
ods, dioscin and protodioscin have been found in all
the studied samples. The maximum dioscin content
was established in the samples of Tribulus terrestris L.
raw materials harvested in Moldova, and the minimum
was in the samples from the VILAR nursery garden. The
largest amount of protodioscin was established in the
samples of Tribulus terrestris L. raw materials collected
in the Crimea, and the minimum — in the samples from
Moldova. The obtained data and the methodology for
assessing the quality of raw materials have been used in
the preparation of the draft pharmacopeia article “Trib-
ulus terrestris L.”, sent to the “Scientific center for expert
evaluation of medical products of the Ministry of Health
of the Russian Federation”.

The carried out study of the Tribulus terrestris L. ele-
ments content showed that the habitats (geographical
zones) in which the studied samples of raw materials were
collected, affect the accumulation of elements by the plant.
Based on the obtained data, biological uptake series have
been compiled for the samples from each habitat. All the
tested samples of raw materials met the requirements of
GPM.1.5.3.0009.15 SP on the content of heavy metals.
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The aim of the study was to investigate the prevalence of acute viral hepatitises A, Band Cin the Volgograd region; the range and identification
of the most frequently prescribed pharmacological groups to be used in hospital environment; and analyzing the price dynamics of medicines.
These factors will make it possible to assess the state of the medicine provision for the patients with this disease in hospital environment.
Materials and methods. In the study, the following methods have been used: comparison, a method of grouping indicators and a structural-
logical method. The materials were the hepatological department patients’ treatment sheets (Volgograd Regional Clinical Infectious Diseases
Hospital N1).

Results. Acute hepatitis A is the most common (46.9%), acute hepatitis B occupies the second position (27.4%), and acute hepatitis C — the
third one (25.7%), where in 46.2%, 23.5% and 14.7%, respectively, are accounted for by icteric viral hepatitis. Hepatoprotectors, symptomatic
medications and rehydration and detoxification medicinal preparations are prescribed for all forms and degrees of the disease severity.-
Conclusion. The study has revealed a decreased morbidity of acute viral hepatitises A, B and an increased morbidity of acute viral hepatitis C
in the Volgograd region. Among all the types of hepatitises, the prevailing one is the icteric form of moderate severity. The range of medicinal
preparations prescribed for the treatment of acute viral hepatitises has been studied. Most often, doctors prescribe hepatoprotectors,
rehydration and detoxification medicinal preparations. The study of price dynamics, showed a predominant increase in hepatoprotectors
and a decrease in medicines for rehydration and detoxification. The results obtained indicate a tendency towards the improvement of drug
provision in the Volgograd Region, for the patients with acute viral hepatitises. Besides, the results of the study give an opportunity to
consider the ways of its further optimization.

Keywords: acute viral hepatitis, the form and severity of the disease, range of medicinal preparations

Abbreviations: ATC — Anatomical Therapeutic Chemical Classification System; HAV — viral hepatitis A; HBV — hepatitis B virus; HCV — viral
hepatitis C; SRMP — state register of medicinal preparations; VEDL — Vital and Essential Drugs List; AVH — acute viral hepatitis.
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Lienb. UccneposaHne pacnpoCTPaHEHHOCTU OCTPbIX BUPYCHbIX renatutos A, B u C B Bonrorpasckom perMoHe, U3y4eHMe acCopTUMEHTa,
BblfiB/IeHMe Hanbonee YacTo HazHaYaembix GapmaKoNorMyeckux rpynn ANa CTaluMOHAPHOro NeYeHUa U aHaAu3 AMHAMUKK LEeH Ha sieKap-
CTBEHHbIE NpenapaTbl, 4TO NO3BOUT OLLEHUTb COCTOAHME NEKAPCTBEHHOIO obecneyeHns NaLMeHToB ¢ AaHHbIM 3a601eBaHNEM B YCIOBUAX
cTaumoHapa.

Martepuanbl U meTogbl. Mcnonb3oBanncb MeToabl CPaBHEHUA, TPYMNUPOBKM NOKasaTenei u CTPYKTYpHO-NorMyeckuin. Matepvuanamm nocny-
KUK INCTbI Ha3HAYeHW I NALLMEHTOB renaTo/I0rMYEeCcKoro OTAeeHUA Boarorpaackov 061acTHOM KAMHUYECKON MHDEKLMOHHOM 6oibHMLbI Nol.
Pe3ynbraTtbl. Hanbonbluee pacnpocTpaHeHNe MMeeT OCTpbI renatut A —46,9%, ocTpblii renatuT B —27,4%, ocTpbiii renatut C—25,7%, 13 Ko-
TOPbIX COOTBETCTBEHHO 46,2%, 23,5% 1 14,7% NpuUXoaATCcA Ha KenTywHyo Gopmy cpesHei cteneHn TaxecTu. Mpu Bcex Gopmax 1 cTeneHsax
TAXKECTU 3260/1€BaHNA HA3HAYAOT renaToNnpPOTEKTOPbI, CAMNTOMATUYECKME NPENapaThbl U NPenapaThbl AN PernapaTaLmm, 4e3MHTOKCUKALMN.
3aknoueHue. 3a nccneayemblii nepuog B Bonrorpaickom pervoHe BbIABNEHO CHUXeHWe 3a601eBaeMOoCTU OCTPbIMU BUPYCHBIMU renatu-
Tamun A 1 B, HO, B CBOO 0Yepesb, U POCT 3a60/1EBaEeMOCTU OCTPbIM BUPYCHbIM renatutom C. Mpeobnagatolein cpeam Bcex BUAOB renatura
ABNAETCA XeNTylWwHana popma cpefHel cTeneHn TaxecTu. M3y4eH acCOPTUMEHT JIeKapCTBEHHbIX NPenapaTos, MPUMEHAEMbIX NPU evYeHnn
OCTPbIX BUPYCHbIX renaTuToB B Boarorpasckoi 061acTHOM KNMHUYECKo MHdeKunoHHoM 6onbHuue Ne 1. Hanbonee yacto Bpaum HasHavatoT
renaTonpoTeKTOpbI, NpenapaTbl ANA peruapaTaumm, Ae3MHTOKCMKaLUn. M3yyeHrne AMHAMUKM LLeH NOKa3ano NpemmyLLecTBeHHOE NoBblILle-
HWe Ha renaTonpoTEKTOPbI U MOHMXKEHWE Ha NpenapaTsbl A4 pernapaTaummn U Ae3vHTOKCUKaLMK. MonydyeHHble pesynbTaTbl CBUAETENbCTBY-
10T O TEHAEHLMU K YNYYLLIEHWNIO NIEKAPCTBEHHOTO 0becneyeHuns B Bonrorpagckom pervMoHe naLmMeHToB ¢ OCTPbIMU BUPYCHbIMM renatutamm u
NO3BO/IAKOT PACCMOTPETb MYTU €ro AanbHelLen onTUMU3aLnn.

Kniouesble cnoBa: oCTpbIli BUPYCHDIV renatut, Gopma 1 cTeneHb TAXKECTU 3a60n1eBaHWA, aCCOPTUMEHT JIeKapCTBEHHbIX NPenapaTos
CnUCOK COKpaLeHuit: ATX — aHaTOMO-TepaneBTUYECKO-XMMUYECKanA Knaccudukaums; BIA — BUpycHbli renatut A; BI'B — BUpYCHbI renatut
B; BI'C — BUpycHbIi renatut C; MP/1IC — rocyf,apcTBEHHbIM peecTp NeKkapcTBeHHbIx npenapaTos; KHBJIM — nepeyeHb XU3HEHHO HeOBXOAMMbIX

1 BarKHEMLIMX N1eKapCTBEHHbIX nMpenapaTos; OBl — 0CTpbIi BUPYCHbIN renaTur.

INTRODUCTION

Viral hepatitis is a widespread infectious disease that
destroys a human liver. According to the World Health
Organization, hundreds of millions of people in different
countries are infected with viral hepatitises, which exceed
the spread of HIV infections. Hepatitis is a medical and so-
cial problem both for the Russian Federation and for the
whole world. A decrease in the incidence of acute hepa-
titises, is associated with increased preventive measures
and the introduction of vaccination in accordance with
the national vaccination calendar?. Vaccination against vi-
ral hepatitises A (HAV) and B (HBV) has been carried out
in Russia for the past 20 years, but a vaccine against vi-
ral hepatitis C (HCV) has not been developed due to the
severe variability of the virus genome [1, 2]. The main
reason for the carrier state of this hepatitis virus is the
epidemiological problems of countries over the previous
20-25 years. About 650 thousand deaths per year in the
world are associated with hepatitis B virus. 2-3% of the
Russia population, are infected with hepatitis C. The main
routes of HBV and HCV transmission are parenteral, con-
tact (through a skin microtrauma, sexual promiscuity),
and the vertical routes (from a mother to a child) [3-9].

The mechanism of HCV transmission is the fecal-oral
route. As the practical data have shown, in the Volgo-
grad Region, the main route of hepatitis B infection is the
parenteral route (administration of narcotic substances
with non-sterile needles in drug addiction).

Viral hepatitis A is the most common and, although
this disease is typical of the third world countries, rare
cases or outbreaks of hepatitis A are also observed in de-
veloped countries. In the Russian Federation, HAV is the
most common (more than 50% of cases). In its turn, mor-
tality rate due to HAV is low and accounts for a fraction of
a percent worldwide. About 1.5 million cases of HAV have
been registered in the world annually, and in the Russian
Federation in 2010, the mortality rate was 6.3 cases per
100 thousand people. High incidence of the disease is as-
sociated with the active release of HAV (hepatitis A virus)
from the patient’s body and its high resistance to the en-
vironment. As a rule, chronic hepatitis A does not develop

* On approval of the national calendar of preventive vaccinations and the calen-
dar of preventive vaccinations according to epidemic indications: order of the
Ministry of Health of the Russian Federation dated March 21, 2014 (as amended
and added by the order of the Ministry of Health of the Russian Federation, dat-
ed 16 June 2016). Available at system “Consultant Plus”
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when it comes to a single-agent infection. [10, 11].-Statis-
tics of the Volgograd region on acute hepatitis A, are not
available in the public information sources.

In the Russian Federation in 2012, acute hepatitis
B amounted to 1.43 cases per 100 thousand people.
Thanks to the vaccination, the morbidity decreased by
30 times in 2000-2012. 90-95% of adults with HBV re-
cover and only 10% have the chronic form. The mortality
rate due to acute hepatitis B is less than 1%. In the Vol-
gograd region in 2015, the morbidity of acute hepatitis
B was 1.7 times lower than its morbidity rate in the Rus-
sian Federation, in 2015 it amounted to 0.78 cases per
100 thousand people, in 2016 it was 0.54 [12, 13].

In the Russian Federation in 2012, acute hepatitis C
amounted to 1.8 cases per 100 thousand people. 50-80%
of the infected people have a chronic form. In the Volgo-
grad region in 2015, the morbidity of acute hepatitis B
amounted to 0.66 per 100 thousand people, which is 2.1
times lower than the average rate of this disease in the
Russian Federation, and in 2016 it amounted to 0.16 [14].

THE AIM of the study was to investigate the state
of affairs in acute viral hepatitises A, B and C in the Vol-
gograd region during the period of 2016—-2018: its prev-
alence, the forms and severity of the disease, the range
of medicinal preparations used in hospitals for the acute
hepatitises treatment, the dynamics of prices for med-
icines of the most widely used pharmacological groups
based on the state register of medicinal preparations.

Early disease and treatment intelligence plays an im-
portant role in preventing health complications and sav-
ing budget funds, of both the state and the population.

MATERIALS AND METHODS

In the study, the following methods have been used:
comparison, a method of grouping indicators and a
structural-logical method. The materials were 175 hepa-
tological department patients’ treatment sheets (Volgo-
grad Regional Clinical Infectious Diseases Hospital No.1)
and the data of the state register of medicinal prepara-
tions of the Russian Federation.

The research design is represented by 4 intercon-
nected stages:

1 — the analysis of the morbidity dynamics of acute
viral hepatitises A, B, C;

2 —the analysis of the data on the duration of treat-
ment in hospital environment;
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3 — the detection of the most significant range
groups of medicinal preparations for the treatment of
acute viral hepatitises A, B, C.

4 — the analysis of the dynamics of prices for the
medicinal preparations prescribed for the treatment of
acute viral hepatitises.

RESULTS AND DISCUSION

Viral hepatitises are classified according to the form
and severity of the disease [15,16]. In the infectious hospi-
tal during 2016-2018, the following forms were registered:

—the icteric form (moderate and heavy severity lev-
el);

— the anicteric form (mild and moderate severity
level).

At the first stage of the study, the analysis of the
morbidity dynamics of the acute viral hepatitises A, B,
C (according to the form and severity in the Volgograd
region) was carried out (Tab. 1). Methods of comparison
and grouping were used. From the data of Tab.1 it fol-
lows that acute hepatitis A was the most common — 82
(46.9%) cases; acute hepatitis B — 48 (27.4%) cases, it
occupies the second place; and acute hepatitis C — 45
(25.7%) cases it occupies the third place.

In 2016-2018, the dynamics of the acute hepatitis A
prevalence was characterized by a significant decrease
in the morbidity rate from 59.8 to 12.2%, i.e. by 5 times;
the morbidity of icteric moderate forms was decreased
from 58.8 to 12.3%, i.e. by 4.5 times, although it should
be noted that a single case of an icteric form of heavy
severity was detected in 2016.

The dynamics of the acute hepatitis B prevalence
in 2016-2018 was characterized by a tendency of a
decrease in the morbidity rate from 39.5 to 29.2% (by
1.5 times); a decrease in the icteric form of moderate
severity from 31.3 to 25% and in the anicteric form of
moderate severity from 2.1 to 4.2% was also found out.
A single case of acute hepatic encephalopathy has been
detected for the whole period.

The dynamics of the acute hepatitis C prevalence
in 2016-2018 was characterized by a tendency of an in-
crease from 20 to 42.2% (by 2 times); there was a growth
of the icteric form of moderate severity from 11.1 to
20%, of the anicteric form of mild severity — from 2.2
to 11.1%; and of an anicteric form of moderate severity
from 4.4 to 11.1%. Two cases of icteric severity were also
detected in 2016 and 2017 per annum.

A decrease in the acute hepatitises A and B mor-
bidity is associated with an active use of the hepatitis
vaccines [17]. Vaccination of newborns is carried out
from the first days of their lives in accordance with the
national calendar of vaccinations. Vaccination has also
been prescribed for the adult population®.

At the 2nd stage of the study, the data of the du-
ration of treatment in hospital environment were re-
viewed and summarized. The therapy of acute viral
hepatitis takes a different time depending on the type
of hepatitis, the form and severity of the disease, and
goes with clinical guidelines, standards of specialized
medical care for patients with acute viral hepatitises
[18]. The icteric form of hepatitis is severer than the
anicteric form and, therefore, requires a longer treat-
ment. Using the structural-logical method, we can con-
clude that among icteric forms of hepatitises, it is more
difficult to treat acute severe hepatitis B (the treatment
duration is 255 days).
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The icteric form of acute severe hepatitis, occupies
the 2" position as its treatment duration is 1940 days.
Acute hepatitises A and B of the icteric form of moderate
severity are in the third position; their treatment dura-
tion is 1717 days. A period from 8 to 16 days is required
for the treatment of the anicteric form of mild severity
of acute hepatitis C; of moderate severity of acute hepa-
titises C and B; for the icteric form of acute hepatitis C of
moderate severity; and for the icteric form of acute se-
vere hepatitis A (Tab. 2). The cases of the anicteric form
of moderate severity of acute hepatitises A and a mild
degree of acute hepatitises A and B in hospital environ-
ment were not registered.

At the next stage of the study, the range groups
of medicinal preparations and the frequency of their
prescriptions were cleared up. In the treatment of
acute viral hepatitises, pathogenetic therapy (hepa-
toprotectors, enzymes, vitamins, hormonal medi-
cines, medicines for rehydration and detoxification
for parenteral use) was used; besides, etiotropic (in-
terferons and their inducers) and symptomatic kinds
of therapy were used. These kinds of therapy also go
with the clinical recommendations and standards of
specialized medical care [19-23]. The use of groups
of medicinal preparations in the corresponding types,
forms and degrees of severity of acute hepatitises are
presented in Tab. 3-5.

As it follows from Tab. 3, etiotropic therapy was
not used for the icteric form of moderate severity of
acute hepatitis A, and only interferons in the function
of etiotropic therapy, are added to the main treatment
of the icteric form of heavy severity of acute hepatitis
A. It should be also noted that vitamins were not used
at all in this hospital for the treatment of acute hepa-
titis A.

As Tab. 4 shows, vitamins were not used in the treat-
ment of acute viral hepatitis B either. In its turn, inter-
feron therapy was not used for the icteric form of heavy
severity and the anicteric form of moderate severity of
acute hepatitis B. Enzymatic and hormonal medicines
were not prescribed for the treatment of acute hepatitis
B anicteric forms of moderate severity either.

As it follows from Tab. 5, etiotropic therapy was not
used in the icteric form of heavy severity and in the an-
icteric form of mild severity of acute hepatitis C. In the
treatment of the anicteric form of moderate severity,
only interferons were used in etiotropic therapy. In the
treatment of the anicteric form of mild severity, enzyme
medicines, hormonal, rehydration and detoxification
medicines were not used. Hormonal medicines were
not prescribed for the treatment of the acute hepatitis C
anicteric forms of moderate severity either.

Thus, the data presented in Tab. 3-5, illustrate the
specific treatment of acute viral hepatitises depending
on their type, form and severity [24-27].

Tab.6 contains a range of medicinal preparations
used in the treatment of acute viral hepatitis in Volgo-
grad Regional Clinical Infectious Diseases Hospital N 1.

The medicinal preparations referring to pathoge-
netic and etiotropic therapy, have been examined in
detail because they directly affect the outcome of the
disease. In Tab.6, the groups of medicinal preparations
are indicated in accordance with the anatomical-ther-
apeutic-chemical classification [28]. All the presented
medicinal preparations belong to the Vital and Essential
Drugs List (dated 2016—-2018).
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Table 1 — Dynamics of the morbidity of acute viral hepatitises A, B, C during 2016-2018

Year Type of hepatitis Total Icteric form Anicteric form
Moderate severity Heavy severity Moderate severity Mild severity
2016 Acute hepatitis A 49 (59.8) 48 (27.4%) 1(0.7%) - -
2017 Acute hepatitis A 23 (28%) 23 (13.1%) - - -
2018 Acute hepatitis A 10 (12.2%) 10 (5.7%) = - -
82(46.9%)
2016 Acute hepatitis B 19 (39.5%) 15 (8.6%) 3 (1.7%) 1(0.5%) —
2017 Acute hepatitis B 15 (31.3%) 14 (8%) - 1(0.5%) -
2018 Acute hepatitis B 14 (29.2) 12 (6.9%) - 2 (1.2%) -
48(27.4%)
2016 Acute hepatitis C 9 (20%) 5(2.8%) 1(0.6%) 2 (1.1%) 1(0.6%)
2017 Acute hepatitis C 17 (37.8%) 12 (6.8%) 1(0.6%) 3(1.7%) 1(0.6%)
2018 Acute hepatitis C 19 (42.2%) 9 (5.1%) 5(2.8%) 5(2.8%) -
5(25.7%)
Table 2 — Treatment duration of acute viral hepatitises in hospital environment
of Clinical Infectious Diseases Hospital N1 (average statistics)
Type of hepatitis / form Icteric form Anicteric form
and severity Moderate severity | Heavy severity Moderate severity | Mild severity
Acute hepatitis A 17+7 days 1410 days - -
| Acute hepatitis B 17+7 days | 25+5 days | 1616 days | -
Acute hepatitis C 1545 days 1940 days 9+4 days 814 days

Table 3 — The use of medicinal preparations groups in the treatment of acute viral hepatitis A

Symptomatic medicines
Vitamin medicines
Hepatoprotecti.ve medicines
Enzyme medicines
Hormonal medicines

Interferons

. 5 Icteric form
Group of medicines / form and severity " .
Moderate severity Heavy severity
+ +
+ +
+ +
+ +
Rehydration and detoxification preparations for parenteral use + +
— +

Interferon inductors

Table 4 — The use of medicinal preparations groups in the treatment of acute viral hepatitis B

Group of medicinal preparations / form and severity

Symptomatic medicines
Vitamin medicines

Hepatoprotective medicines

Enzyme medicines

Hormonal medicines

Rehydration and detoxification preparations for parenteral use

Interferons

Interferon Inductors

Icteric form

Anicteric form

Moderate severity Heavy severity

+ +
+ +
+ +
+ +
+ +
+ _
+ +

de

e

Moderate severity

Table 5 — The use of medicinal preparations groups in the treatment of acute viral hepatitis C

Group of medicines/form and severity

Symptomatic medicines
Vitamin medicines
Hepatoprotective medicines
Enzyme medicines
Hormonal medicines

Rehydration and detoxification preparations for parenteral use

Interferons

Interferon Inductors

Icteric form Anicteric form
Moderate . Moderate Mild
severity Heavy severity severity severity
+ + + +
+ + + +
+ - + -
+ + — -
+ + + -
+ - + -
+ _ - _
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Table 6 — The range of medicinal preparations and the frequency
of their prescriptions during the study period of 2016-2018

Medicinal Trade name, prescribed dosage, Number of prescriptions *
preparations group dosage form, route of administration 2016 2017 2018
Hepatoprotective Heptor® 400 mg (pills, p.o.) 1(1.2%) = =
medicines Heptral® 400 mg (lyophilisate, i.v) 2 (3.1%) 7 (8.5%) 4 (3.9%)
Phosphogliv® 65 + 35 mg (capsules, p.o.) 42 (60%) 55 (66.3%) 75 (70%)
Phosphogliv® 2.5 g (lyophilisate, i.v) 15 (21.4%) 3 (3.6%) 7 (6.7%)
Ursodez’ 250 mg (capsules, p.o.) 3 (4,3%) 15 (18%) 20 (19.4%)
Ursodez” 500 mg (capsule, p.o.) 7 (10%) 3 (3.6%) —
Total 70 (100%) 83 (100%) 106 (100%)
Enzyme medicines Pancreatin 25 units (pills, p.o.) — — 9 (16%)
Pancreatin 0.5 (pills, p.o.) = = 1(2%)
Pancreatin 30 units (pills, p.o.) 1 (100%) 1(100%) 46 (82%)
Total 1(100%) 1 (100%) 56 (100%)
Hormonal medicines Dexamethasone 8 mg (injection solution, i.v) 1(14.3%) 1(4.4%) 1(4.5%)
Prednisolone 5 mg (pills, p.o.) - 1(4.1%) 1(4.6%)
Prednisolone 10 mg (pills, oral) - 1(4.1%) -
Prednisolone 15 mg (pills, p.o.) - 1(4.1%) -
Prednisolone 30 mg (injection solution, i.v) — 2 (8.3%) 1(4.6%)
Prednisolone 60 mg (injection solution, i.v) 6 (25%) 3 (13.6%)
Prednisolone 90 mg (injection solution, i.v) 4(57,4%) 9 (37.5%) 11 (50%)
Prednisolone 120 mg (injection solution, i.v) — 3 (12.5%) 5(22.7%)
Total 7 (100 %) 24 (100%) 22 (100%)
Rehydration Acesol 400 ml (infusion solution, i.v) 6 (7.7%) 23(16.5%) 46(27.5%)
and detoxification prepa-  Acesol 450 ml (infusion solution, i.v) - 2 (1.4%) -
rations Acesol 800 ml (infusion solution, i.v) 1(1.3%) 1(0.7%) 2 (1.2%)
for parenteral use Glucose 5% — 400 ml (infusion solution, i.v) 32 (41%) 44(31.7%) 60 (36%)
Glucose 10% — 400 ml (infusion solution, i.v) 6 (7.7%) 19(13.7%) 8 (4.8%)
Ringer’s solution 400 ml (infusion solution, i.v) 9(11.5%) 11 (8%) 4 (2.4%)
Ringer’s solution 500 ml (infusion solution, i.v) 5 (6.4%) 7 (5%) 3 (1.8%)
Reamberin® 200 ml (infusion solution, i.v) - 11 (8%) —
Reamberin® 250 ml (infusion solution, i.v) 1(1.3%) - -
Reamberin® 400 ml (infusion solution, i.v) 2 (2.6%) - -
Remaxol® 200 ml (infusion solution, i.v) - - 1(0.6%)
Remaxol” 400 ml (infusion solution, i.v) - - 4 (2.4%)
Remaxol® 500 ml (infusion solution, i.v) - - 3 (1.8%)
Potassium chloride 4% —10 ml (injection solution, i.v) 7 (9.0%) 7 (5%) 3(1.8%)
Sodium chloride 0.9% -400 ml (infusion solution, i.v) 9(11.5%) 14 (10%) 33 (19.7%)
Total 78 (100%) 139 (100%) 167 (100%)
Interferons Altevir® 3 min UNITS (injection solution, IM) 1(12.5%) 1(16.6%) 16 (100%)
Alpharona’ 1.5 million units (lyophilisate, IM) — 1(16.7%) —
Alfarona® 3 million units (lyophilisate, IM) 6 (75%) 4 (66.7%) =
Layfferon” 3 min UNITS (injection solution, lyophilisate, IM) 1(12.5%) - -
Total 8(100%) 6 (100%) 16 (100%)
Interferon Inductors Cycloferon® 12.5% -2ml (injection solution, IM) 8 (100%) 2 (100%) 22 (100%)
Total 8 (100%) 2 (100%) 22 (100%)

Note: 1 prescription = 1 person

Table 7 — Dynamics of prices for rehydration and detoxification medicinal preparations used
in the treatment of acute viral hepatitises during the period of 2016-2018
(according to the data of the state register of medicinal preparations)

Limit price, rubles without VAT (per Price
Group of . .. .
medicinal Trade name, prescribed dosage, medicine form, 1 unit) change, %
K route of administration, package 2018
preparations 2016 2017 2018
to 2016
Rehydration and Acesol 400 ml (infusion solution, i.v), medicine bottle 27.95 27.95 27.95 0
detoxification Glucose 5% — 400 ml (infusion solution, i.v), medicine bottle 44.06 28.72 29.88 32.2
preparations for Glucose 10% — 400 ml (infusion solution, i.v), medicine bottle 39.27 28.08 30.96 22.0
parenteral use  Ringer’s solution 400 ml (infusion solution, i.v), medicine bottle 45.93 35.78 24.89 46.0
Ringer’s solution 500 ml (infusion solution, i.v), medicine bottle 35.93 28.74 26.62 26.0
Reamberin ® 200 ml (infusion solution, i.v) 128.31 132.99 138.00 +7,5
Reamberin ® 250 ml (infusionsolution, i.v) 113.83 113.83 113.83 0
Reamberin ® 400 ml (infusion solution, i.v) 157.05 162.65 168.85 +7.5
Remaxol ® 400 ml (infusion solution, i.v) = = 315.00 =
Potassium chloride 4% — 10 ml (injection solution, i.v) ampula 2.53 4.43 4.60 +81.8
Potassium chloride 0,9% — 400 ml (injection solution, i.v) 33.64 23.94 33.26 -1.2
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Table 8 — Dynamics of prices for medicines of the group of hepatoprotectors used in the treatment of acute viral
hepatitises in the period of 2016 — 2018 (according to the data of thestate register of medicinal preparations)

Trade name, dosage, medicine form,
route of administration

Group of medicinal
preparations

Heptor® 400 mg (pills, p.o.)

Heptral® 400 mg (lyophilisate, i.v.)
Phosphogliv®.v 65 + 35 mg (capsules, p.o.)
Phosphogliv® 2.5 g (lyophilisate, i.v)
Ursodez" 250 mg (capsules, p.o.)
Ursodez® 500 mg (capsule, p.o.)

Hepatoprotective
medicines

Limit price, rubles without VAT Price
(per 1 unit) change,%
2016 2017 2018 2018-2016
44.80 44.80 44.80 0
65.31 65.31 280.71 +329.8
8.00 8.81 9.15 +14.4
264.45 264.45 270.12 +2.1
9.03 9.03 12.05 +33.4
24.11 24.11 24.11 0

The range of medicinal preparations expanded in
2017-2018 in comparison with 2016. Among hepatopro-
tectors, the most widely used was Phosphogliv® 35+65
mg, among enzyme preparations it was pancreatin 30
UAs, among hormonal preparations — prednisolone 90
mg, among rehydration and detoxification preparations —
acesol 400 ml, among interferons — 3 min UAs of Altevir’
and among interferon inducers — Cycloferon® 12.5% — 2 ml.

It should be noted that the prescription of the same
medicine in different dosages is associated with the type,
form and severity of acute hepatitis. The following names
and dosages are registered in both — the list of medicinal
preparations presented in Tab. 6 and in the state regis-
ter of medicinal preparations: Phosphogliv’ 65+35 mg,
Phosphogliv’ 2.5 mg, Heptor® 400 mg, Heptral® 400 mg,
Ursodez® 250 mg and 500 mg; pancreatin 30 UAs and 25
UAs; dexamethasone 4 mg, prednisone 30 mg and 5 mg;
glucose 5%, 10% — 400 ml, potassium chloride 4% — 10
ml, sodium chloride 0.9% — 400 ml, Remaxol® 400 ml,
Ringer’s solution 400 ml and 500 ml, Reamberin® 20, 250,
400 ml, acesol 400 ml; Alpharona’ 3 min UAs, Liffeferon® 3
min UAs, Altevir® 3 million UAs; Cycloferon® 12.5% — 2 ml.

According to Tab. 6, during the period of 2016—-2018,
rehydration and detoxification medicinal preparations
were prescribed most often (47% of the entire range), as
well as the group of hepatoprotectors (31.7%). In 2018,
unlike the previous years, a group of enzyme medicinal
preparations began to be prescribed quite widely.

The final stage of the investigation was devoted to
the study of price dynamics for the most commonly pre-
scribed medicines of two pharmacotherapeutic groups:
medicines for rehydration and detoxification and hepa-
toprotectors. Since the presented medicines are includ-
ed in the list of Vital and Essential Medicines, their pric-
es and wholesale surcharges are fixed and controlled by
the state. Tables 7, 8 show the dynamics of prices for
rehydration and detoxification medicinal preparations,
as well as the group of hepatoprotectors in the period
of 2016-2018.

According to Tab. 6, in the period of 2016-2018, the
most often prescribed were rehydration and detoxifica-
tion medicines (47% of the entire range), as well as the
group of hepatoprotectors (31.7%). In 2018, unlike the
previous years, a group of enzyme medicines began to
be prescribed quite widely. Tab. 7, 8 show the dynamics
of prices for rehydration and detoxification medicines,
as well as the group of hepatoprotectors.

Since the presented medicines are included in the
list of Vital and Essential Medicines, their prices and
wholesale surcharges are fixed and controlled by the
state. From the data of Tab. 7 it follows, that in the study
period in the rehydration and detoxification group (11
items taken as 100%) the prices increased for 3 medi-
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cines (27%), Reamberin® 200 ml and 400 ml, potassium
chloride 4% — 10 ml; 2 medicines remained in the same
price category: acesol 400 ml and Reamberin® 250 ml
(18%); the prices decreased for 5 medicines: glucose 5%
— 400 ml, glucose 10% —400ml, Ringer’s solution 400ml,
Ringer’s solution 500ml, sodium chloride 0.9% — 400 ml
(45%). Remaxol® 400 ml (1%) belongs to new medicines
of 2018, therefore its price dynamics is not possible to
trace. A significant decrease in the price of 4medicines
(—22-46%), a significant increase in the price of 1 med-
icine (+81.8%) and a slight increase (+7.5%) for 2 medi-
cines were revealed in comparison with 2016.

Consequently, a larger percentage consists of the me-
dicinal preparations the costs of which have decreased
(by 45%). This fact may be associated with an increase in
the affordability of medical care, and, accordingly, an in-
crease in medical prescriptions for 2016—-2018.

The data of Tab. 8 shows that in the group of 6 hepa-
toprotectors, the price of 2 medicines did not change
(Heptor® 400 mg and Ursodez” 500 mg), the price of other
medicines went up from 2.1 to 329.8%. However, this fact
did not affect the frequency of prescriptions of this group
of medicines, which may be due to an increase in the allo-
cation for the purchase of these items for use in hospital
environment. Attention should be also paid to the fact tha-
taccording to Tab. 6 and 8, the prices for Heptor® 400 mg
and Ursodez® 500 mg remained the same in 2016-2018,
but their prescription was not registered in 2017 and 2018,
which may be due to the lack of their procurement.

CONCLUSION

The studies have shown the following. In the peri-
od of 2016-2018, there has been a steady tendency of
decreasing in the morbidity of acute hepatitises A and
B, but in its turn, there has been an increase in the inci-
dence of acute hepatitis C (it was nicknamed “a gentle
killer” because of the hidden course of the disease). The
main groups of medicines used in hospital environment
for the treatment of acute hepatitises A, B and C de-
pending on the form and severity of the disease, have
been identified. 3. A study of the range of medicines, the
frequency of medical prescriptions and dosages showed
that rehydration and detoxification medicines for paren-
teral use, and hepatoprotectors are the most commonly
prescribed. 4. The dynamics of the prices for the groups
of medicines has been studied. It has demonstrated a
decrease in prices for rehydration and detoxification
medicines (45% of all the numbers of the items) and an
increase in prices for medicines of the hepatoprotectors
group (66.7% of all the numbers of the items).

The results gained indicate a tendency towards the
improvement of medicine provision of patients with
acute viral hepatitises, and give an opportunity to con-
sider the ways of their further optimization.
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