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The aim. The article highlights the current state of the problem of mumps in the world and the Russian Federation.
Materials and methods. The materials of the study were electronic resources WHO infection control, Cohrane, Elsevier,
ScienceDirect, CDC infection diseases database, PubMed, eLibrary, CyberLeninka. The research methods were the analysis
and generalization of scientific literature. The assessment is presented by the immunological structure of the population in
different age groups to mumps (n = 593) in the study area (2018) according to the data of the Center for Hygiene and Epide-
miology in the Perm Territory.

Results. The spread of mumps is found to be widespread and uneven in different regions of the world in the form of sporadic
cases and large epidemic outbreaks, despite the world practice of vaccine prevention of mumps. Analysis of the immunolog-
ical structure to mumps in different age groups revealed a fairly high number of seronegative individuals (the largest number
was found among adults aged 20-39 years) in the study area (2018). A decrease in the tension of post-vaccination immunity
is the main cause for the emergence of an outbreak among the adult population, in addition to vaccination failures among
vaccinated children. The immune defenses created by the vaccine strain do not have the same intensity and duration as with
natural infection, and some genotypes of “wild” variants of the mumps virus can break through the immune barrier and
cause disease. Antigenic differences between vaccine and circulating strains, low inoculation dose can weaken immunity and
reduce the effectiveness of mass vaccine prevention.

Conclusion. Ways of solving the problem were proposed to forestall an unfavorable epidemic situation with mumps.
Keywords: mumps; morbidity; diagnostics; vaccine prevention; circulating genotypes

Abbreviations: WHO — World Health Organization; RT-PCR — reverse transcription polymerase chain reaction; TDC — tissue
cytopathogenic dose

ANMMOEMUYECKUU NAPOTHUT:
AOCTUXEHUA, NPOBJNEMbI U NYTU PELLEHUA

B.B. Cemepukos?, H.B. lOmuHoBsa?, H.0. MocTtaHorosa’, J1.B. CoppoHoBsa'
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Lienb. AHanM3 COBPEMEHHOTO COCTOAHMA NPob6aeMbl ANUAEMUYECKOTO NapoTuTa B Mupe 1 Poccuiickolt Pegepauuu.
Martepuanbl U meToabl. B KauecTBe mMaTepuanoB MCCAeA0BaHMA MCMOb30BaHbl 3/1eKTpoHHble pecypcbl WHO infection
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control, Cohrane, Elsevier, ScienceDirect, CDC infection diseases database, PubMed, eLIBRARY, CyberLeninka. MeTozab! uc-
cnepoBaHUA — aHaAu3 U 0606LweHMe HayyHOM AnTepaTypbl. [JaHa OLEHKAa UMMYHOIOTMYECKOM CTPYKTYPbl HaceneHus B pas-
JINYHBIX BO3PACTHbIX rpynnax K anuaemmyeckomy napotuty (n=593) Ha nsyyaemoii Teppmutopun (2018 r.) no gaHHbim OBY3
«LleHTp rurveHsbl n annaemuonorum B lNepmckom kpae».

Pe3ynbratbl. HeCMOTPA Ha MMPOBYHO NMPAKTUKY BAKLLMHOMNPODUNAKTUKM INUAEMUYECKOro MapoTMTa YyCTaHOBAEHO NOBCEMECT-
HOe 1 HepaBHOMEepHOE PacnpPoCTpPaHeHUe NAPOTUTHOM MHDEKLMK B PA3IUYHBIX PEerMOHaX MUPa, KaK B BUAE CNOPaaUYecKnx
C/ly4aeB, TaK M KPYMNHbIX 3NUAEMUYECKUX BCMbleK. OLEHKAa MMMYHOIOTMYECKON CTPYKTYPbI B Pa3/IMUHbIX BO3PACTHbIX rpyn-
nax K anuaemMmmnyeckomy napoTuTy Ha u3ydaemon Tepputopum (2018) BbiABMAA AOCTATOYHO BbICOKOE YMCA0 CEPOHEraTUBHbIX
vy, (Hanbonbluee YUCO YCTAHOBAEHO cpeam B3poc/bix B Bo3pacte 20—39 neTt). MomMMMO BaKUMHANbHBIX Heyaay cpegmn npu-
BUTbIX feTel, rMaBHON MPUYMHON BO3HMKHOBEHMUSA BCMbILLEYHOM 3ab60NeBaeMoCTM cpeamn B3pOC/NOro HaceneHus ABASEeTCA
CHUXXEHWE HanpAXEHHOCTM NOCTBAKLMHANBHOIO UMMYyHUTETA. IMMYHHaA 3alumTa, Co34aBaeMasn BaKLMHHbBIM LUITAMMOM, He
MMeeT TaKOW HaNPAXKEHHOCTU U TaKOW A/IUTENIbHOCTU, KaK NMpU ecTecTBEHHON MHGEKLMKN, U HEKOTOPbIE FEHOTUMbI K AUKUXY
BAPMAHTOB BUPYCa 3NUAEMUYECKOro NapoTUTa MOTYT NPOPbIBAaTb MMMYHHbIM Hapbep, Bbi3biBas 3aboneBaHue. AHTUTEHHble
pPasMuMA Mexay BaKLUMHHbIMU U LIUPKYIMPYOWMMMY LITAMMaMM, HU3Kaa NPUBMBOYHAA 4,033 MOTYT CNOCOBCTBOBATL OCNa-
61EHMI0 UMMYHUTETA U CHUXKEHMUIO 3DEKTUBHOCTN MACCOBOM BaKLMHONPODUNAKTUKN.

3akntoueHue. MpeanoxKeHbl NyTU pelleHuns AN ynpexaeHna HebnarononyyHom snMaemMmmyeckon CUTyaLMmn no anugemmye-
CKOMY MapoTUTy.

KntoueBble cnoBa. nuaemMmyeckunii NapoTuT, 3a601eBaemMoCTb, AMArHOCTUKA, BAKLMHONPODUNAKTMKA, LUPKYAUpPYLOLLME re-
HOTUMbI

CnUcoK coKpauieHuii: BO3 — BcemumpHan opraHmsaums 3gpaBooxpaHenus; OT-MNLP — obpaTHO-TpaHCKpUNTasHas noanme-

pasHas uenHas peakuwms; TAL, — TKaHeBan LuTonaToreHHas 403a; 3N — anuAeMUYECKMiA NapoTyT.

INTRODUCTION

Mumps continues to attract the attention of scien-
tists and practitioners around the world for its epidemi-
ological, social and economic significance in the second
decade of the 21 century. Mumps is widespread, but
unevenly in different regions of the world: in Europe,
the Eastern Mediterranean, Southeast Asia, Africa,
America and the Western Pacific [1, 2]. Large outbreaks
took place in the USA (2006, 2014, 2017 years) with
6585, 1521, 5629 victims, Australia (2015-2016) — 893,
Belgium (2012-2013) — 4061, Israel (2014-2015) — 262,
Jerusalem (2009-2011) — 3130, Poland (2013) — 2436,
Czech Republic (2005-2006) — 5998, Austria (2006) —
214, Norway (2015-2016) — 232, Scotland (2014-2015)
— 341, Canada (2016) with 1242 cases and others
[3-11].

The glandular organs are affected in mumps (mumps,
submandibulitis, sublinguitis, pancreatitis, orchitis, pros-
tatitis, oophoritis — in 5% of cases in girls, mastitis — in
31% of cases in girls over 14 years old, thyroiditis, da-
cryoadenitis), and severe conditions may develop — se-
rous meningitis and meningoencephalitis, myelitis and
encephalomyelitis, damage to the cranial nerves due
to prolonged circulation of the pathogen in the blood.
Mumps can lead to residual consequences of damage to
the central nervous system, can form infertility in men
(in 50% of cases over 25) and secondary diabetes melli-
tus, not uncommon [12].

The World Health Organization (WHO) classifies
mumps as an infection that can be eradicated by specific
vaccinations. It was possible to achieve the WHO goal of
reducing the incidence by 2010 or earlier to a level of 1
or less per 100,000 population in Russia (2009 — the reg-
istered incidence rate was 0.65 per 100,000 population).
However, at present, the incidence is recorded in many
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countries of the world in the form of sporadic cases and
in the form of large epidemic outbreaks.

THE AIM. The article highlights the current state
of the problem of mumps in the world and the Russian
Federation.

MATERIALS AND METHODS

Research materials are electronic resources WHO
infection control, Cohrane, Elsevier, ScienceDirect, CDC
infection diseases database, PubMed, eLIBRARY, Cyber-
Leninka. Research methods are analysis and generaliza-
tion of scientific literature. The immunological structure
of the population was analyzed in different age groups to
mumps (n = 593) in the study area (2018) according to
the data of the Center for Hygiene and Epidemiology in
the Perm Territory, the study was carried out by a sero-
logical method using the Vector Best test system «Vector
Parotitis-IgM», «Vector Parotitis-1gG».

RESULTS AND DISCUSSION

Etiology of mumps

The viral nature of mumps was first established in
1934 by researchers E. Goodpascher and K. Johnson.
The mumps virus belongs to the family Paramyxovir-
idae, genus Rubulavirus (Fig. 1). The mumps virus has
biological properties: a spherical virion with a diameter
of 100-300 nm; the genome is represented by a sin-
gle-stranded, unsegmented infectious RNA comprising
seven genes organized by 3’-NP-P-M-F-SH-HN-L-5". The
surface proteins hemagglutinin, neurominidase (HN),
and fusion protein (F) are responsible for the adhesion
and aggregation of the viral envelope with the cell mem-
brane and have an important role in infection, and it is to
them that virus neutralizing antibodies are formed [2].
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Currently, 12 genotypes of the virus (A, B, C, D, E,
F, G, H, |, K, L) circulate in the world, they are isolated
on the basis of differences in the nucleotide sequence
of the SH and HN transmembrane protein genes. The
heterogeneity of the nucleotide sequence of wild
virus genes ranges from 6 to 20% [2, 14, 15]. Exoge-
nous (imported) strains of the mumps virus can appear
along with the endogenous circulation of a particular
genotype of the virus in a particular area. Thus, the
prevalence of circulating mumps virus of genotype G
in Australia in 2007-2008 was established with a wide
endogenous circulation of the virus of genotype J in re-
cent years (2015) [3].

The mumps virus genotype G has been circulating in
the world for the last ten years, it is the most widespread
and is most often detected during epidemiological inves-
tigations of large epidemic outbreaks (20 or more cases
of infection) in the USA, Great Britain, the Netherlands,
Australia, southern China, Canada, Norway. India, Scot-
land, Israel, Japan, Korea and France [3, 15-24]. The
genotype of the mumps virus F circulates in the central
part of China, the genotype of the virus K circulates in
Vietnam [25-27].

Epidemiology of mumps

In Russia, as in the rest of the world, there has
been a decrease in the incidence of EP (from 483.0 to
1.38 per 100 thousand population in 2018) since the
introduction of mass routine immunization of children
against mumps (since 1981) within the framework of
the National Calendar preventive vaccinations (Fig. 2)
[28, 29].

The analysis of the incidence of mumps identified
the territory of risk in the Russian Federation — the
North Caucasian District according to the federal sta-
tistical observation in the period 2016-2018 (Table 1)
[30].

Comparative assessment of the age structure of pa-
tients with mumps revealed a shift in morbidity in ado-
lescents and adults. At present, the proportion of school-
children and adults aged 17-19 and 20-25 is more than
60% [3, 16, 21]. In the study area (Perm Territory), out of
36 cases in 2018, 34 cases (94,5%) accounted for adults
of working age from 18 to 49 years old [31].

Diagnosis of mumps

Etiological laboratory diagnostics in mumps is not
provided for in the standard for the provision of spe-
cialized medical care for children. In the existing clinical
guidelines for the provision of medical care to children,
the use of the enzyme immunoassay method is recom-
mended as a confirmatory laboratory test; in the case of
verification of atypical forms of infection, the molecular
biological method should be used [32-34].

Specific IgM antibodies to mumps are detected
1-4 days after the onset of the first clinical symptoms,
their concentration rapidly increases and becomes
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maximum by 40-50 days of illness. It is believed that
their diagnostic value increases from the fifth day of
the disease. Specific IgM antibodies to mumps may be
absent altogether or circulate for a short time in vacci-
nated individuals [35, 36]. The presence of specific IgG
antibodies to mumps in the blood serum of patients
does not allow establishing the age of the disease. A
dynamic increase in the titer of specific IgG antibodies
to mumps virus by 4 or more times after 2-3 weeks
from the onset of the disease is considered diagnosti-
cally significant [24, 29].

During an outbreak of mumps in the study area
from November 2017 to February 2018, with 12 cases
of mumps aged 21 to 27 years in 100% of individuals,
mumps was confirmed by a serological method using
the Vector Best test system “Vector Parotitis-lgM”,
“Vector Parotitis-IgG”. Of the 12 patients specific IgM
antibodies to the mumps virus were detected in 4
people (33,3%), a dynamic four-fold increase in spe-
cific IgG antibodies was in 8 people (66.7%). The per-
formed screening serological dynamic examination of
contact persons with the source of the infectious agent
revealed initially 26 (84%) seropositive persons and 2
(6%) with dubious results (the coefficient of positive-
ness antibodies-IgG was 0.8-1.0). Subsequently, there
was an increase in the number of cases with dubious
results to 3 (10%).

The use of molecular genetic methods (PCR) among
patients previously vaccinated against mumps in the
study of non-invasive biological material — the contents
of a buccal smear and nasopharyngeal secretions is the
most informative for the verification of mumps [2, 24,
37]. The mumps virus is detected within 9 days of the on-
set of clinical symptoms [2, 38, 39]. However, among the
vaccinated, the isolation of the virus occurs short-term
and is observed up to 2—3 days [24, 36]. The informative
value of the molecular genetic and serological diagnostic
methods used in everyday clinical and epidemiological
practice directly depends on the timing of the disease.
The greatest diagnostic value in confirming the diagnosis
in the first days of the disease has the method of reverse
transcriptase PCR (RT-PCR) with real-time detection, this
method reveals the genetic material of the mumps virus
in the contents of nasopharyngeal secretions and buc-
cal smears from patients [24, 29, 37]. The PCR method
in clinical practice, as a confirmatory test, provides an
etiological decoding of patients with mumps, and timely
prescribes adequate and systemic therapy for the sick.
This method determines the circulating genotypes of
the virus in a separate territory — endogenous strains,
this allows differentiating the endogenous circulating
strains of mumps from imported (exogenous) ones, iso-
lating “wild” mumps viruses and comparing them with a
“vaccine” strain, confirming or excluding the emerging
post-vaccination complications, revealing changes in the
mumps virus of adaptive and phylogenetic nature [14,
15, 40].
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Figure 1 — The structure of the mumps virus according to N. Litusov, 2018 [13]
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Figure 2 — Dynamics of the incidence of mumps in the Russian Federation
(in terms of per 100 thousand population)

Table 1 — Territories of the Russian Federation with a high incidence of mumps in 2018

Territory Absolute number Indicator per 100 thousand population
Russian Federation 2027 1.38
Republic of Dagestan 1390 45.53
Chechen Republic 165 11.57

Table 2 — Characteristics of vaccine strains

Vaccine type Vaccine name Characteristics of the vaccine strain of mumps
Monovaccine (mumps) Cultured live dry vaccine Vaccine strain Leningrad-3 (one inoculation dose contains more than
20000 TCD50)
Divaccine Cultured live dry divaccine  Vaccine strain Leningrad-3 (one inoculation dose contains more than
(measles-mumps) 20000TCD50)
Trivaccine (mea- MMR-II Jeryl-Lynn vaccine strain (one vaccination dose contains at least
sles-mumps-rubella) 20000 TCD50)
Priorix Vaccine strain RIT 43/85 (one vaccination dose contains at least 1037
TCDS50)
Measles-mumps-rubella Vaccine strain Leningrad-Zagreb (one vaccination dose contains at
least 5000 TCD50)
Quadrivaccine (measles- Priorix-Tetra Vaccine strain RIT 43/85 (one vaccination dose contains at least 4,4
mumps-rubella-varicella) lg TCD50)
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The RT-PCR method is used quite widely; in the world
clinical and epidemiological practice, along with enzyme
immunoassay, it is used to establish, in the course of an
epidemiological investigation, the causes and conditions
of the spread of large epidemic outbreaks. The RT-PCR
method was used for typing biological material in epi-
demic outbreaks in Germany (2008-2011), USA (2016),
Canada (2007-2017), Australia (2007-2015), France
(2013), Norway (2016), Israel (2017) [3, 16, 24, 37, 41,
42]. The molecular genetic method RT-PCR by isolating
nucleic acids was used along with serological methods in
the diagnosis of mumps in the course of a detailed ep-
idemiological investigation of an epidemic outbreak of
mumps with 176 cases in the Udmurt Republic (2008).
An identical causative agent of the mumps virus with
common biological properties has been established
among the diseased along with common clinical mani-
festations [29].

The procedure for identifying, treating, isolating pa-
tients, official registration and statistical observation of
mumps cases are determined in the Russian Federation
in accordance with the current sanitary and epidemio-
logical rules. About 300-600 thousand people suffered
from mumps per year before the introduction of mass
routine vaccine prophylaxis in 1970-1980, for compar-
ison, in 2018, 2027 cases of mumps were registered in
the Russian Federation [30].

Mumps prevention

Vaccine prophylaxis of mumps has been carried
out in the Russian Federation since 1981; it has re-
duced the incidence and mortality rate, and has re-
duced the severity rate and the number of compli-
cations. Vaccine prophylaxis saved more than 2,500
lives, prevented about 2.5 million cases of serous
meningitis, tens of thousands of cases of orchitis,
oophoritis, pancreatitis, and subsequently diabetes
mellitus, mastitis and premature abortions. To date,
over 200 million people have been vaccinated. Cov-
erage of preventive vaccinations should be at least
95% among decreed persons in order to achieve suf-
ficient population immunity to mumps. In the Rus-
sian Federation, coverage with timely vaccination has
exceeded 97,5% annually since 2002. However, the
immune layer in mumps did not reach the normative
level when assessing the immunological structure of
the population in different age groups. For example,
the proportion of seronegative individuals for mumps
in different age groups ranged from 4,0% at the age
of 40-49 to 21,4% at the age of 20-29 and 16,7% at
the age of 30-39 among the total population of Mos-
cow. and the Moscow region in 2007-2011 [29, 43].
At the same time, in 2017-2018, the increase in the
incidence of mumps was noted to 3.03 per 100 thou-
sand population in 2017 and 1,38 per 100 thousand
population in 2018 [29, 44].
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The vaccine strains used in the world practice of vac-
cine prevention of mumps: Jeryl Lynn and its derivative
Rit 43/85 (USA), Leningrad-3 (Russia), Urabe, Hoshino,
Torit, Miyahara (Japan), Leningrad-Zagreb (Croatia), Ru-
bine (Switzerland), Sofia-6 (Bulgaria) [45].

In the Russian Federation, specific prophylaxis is
carried out with a live mumps vaccine within the frame-
work of the National Calendar of Preventive Vaccina-
tions and the Calendar for Epidemic Indications (vac-
cination is carried out within 7 days from the moment
the first case is detected in the epidemic focus). Mumps
mono vaccine, mumps-measles divaccine, tri-vaccine
(measles-mumps-rubella) and quadrivalent vaccine
(measles-mumps-rubella-varicella) are licensed and reg-
istered in the prescribed manner for the implementation
of vaccine prevention of mumps in the Russian Federa-
tion (Table 2) [44].

The Leningrad-3 strain is a part of mono- and divac-
cines and is cultivated in the primary culture of Japa-
nese quail fibroblasts [44]. Jeryl-Lynn vaccine strain and
RIT43/85 (derived from Jeryl-Lynn) are included in the
MMR-II, Priorix (trivaccine) and Priorix-Tetra vaccines;
it is cultured separately in a chicken embryo cell culture
[46-48]. The Leningrad-Zagreb vaccine strain is a part of
the trivaccine (measles-mumps-rubella), it is cultivated in
fibroblasts of chicken embryos [11, 29, 44]. Currently, the
domestic combined trivaccine (measles-mumps-rubella)
“Vaktrivir” is registered in the Russian Federation [50].

Assessment of the immunological structure of the
population revealed a fairly high number of seronegative
individuals to mumps in different age groups (n = 593) in
the study area (2018). Among children aged 3-4 years,
their share was 9,5%, at the age of 16-17 years — 6%,
at the age of 20-29 years — 13,3%, 30-39 years — 19,4%
and 40-49 year olds — 8,4%. The largest number of sero-
negative individuals is found among adults aged 20-39
years. At the same time, the decreed age group for re-
vaccination among adults is not defined in the National
Calendar of Preventive Vaccinations.

In the second half of the 20th century, in many coun-
tries of the world, mass vaccine prophylaxis of mumps
was introduced into national immunization programs
and the incidence of the disease decreased significantly.
However, the unfavorable epidemic situation in mumps
continues to grow in some countries of the world, out-
break incidences are recorded in them in collectives
with ideal vaccination coverage (up to 98%). Accord-
ing to M. Maillet (2013), P.A. Maple (2015), V.S. Fields
(2019) among patients with mumps, previously received
two doses of the vaccine to 62-92% of individuals [2, 16,
24]. The main reasons and conditions for the emergence
of epidemic outbreaks are the lack of normative cover-
age of vaccination and revaccination in the past among
the decreed groups, vaccination failures among vacci-
nated, decreased post-vaccination immunity, untime-
ly and ineffective primary anti-epidemic (preventive)
measures in the emerging epidemic foci of infection [2,
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19, 51]. G.E. Nelson (2013), C.V. Cardemil (2017), A.M.
May (2017), M. Marin (2018) found that the incidence
stopped after the use of the third dose of vaccine among
contact persons in outbreaks against the background of
high coverage with two doses of vaccine earlier in main-
stream schools and universities as a preventive measure
[43, 51-53].

The lack of production control of the produced
vaccines for the prevention of mumps — the full compli-
ance of the applied vaccine strain with circulating “wild”
strains leads to insufficient protection of the population
from circulating “wild” strains [21, 25, 54]. The immune
defense created by the vaccine strain does not have the
same intensity and duration as in natural infection, and
some genotypes of “wild” variants of the mumps virus
can break through the immune barrier and cause dis-
ease [11, 37]. Antigenic differences between vaccine and
circulating strains, low inoculation dose can weaken im-
munity and reduce the effectiveness of the implemented
mass vaccine prevention [44, 47, 50]. In connection with
the possibility of adaptive and phylogenetic variability of
the circulating “wild” strain of mumps, it is necessary to
introduce regulated production control of the conformi-

ty of the vaccine strains used with the circulating “wild”
strains of the virus [21, 25, 37].

CONCLUSION

The ongoing epidemic trouble with mumps in cer-
tain territories of the Russian Federation, the shift in
the incidence in the age structure of patients towards
adolescence and adults dictates the need to develop
and introduce into medical practice a standard clinical
definition of a mumps case in order to correctly verify
the diagnosis with subsequent laboratory confirmation
of the clinical diagnosis, taking into account the existing
epidemiological data.

The main reason for the emergence of an outbreak
is a decrease in the tension of post-vaccination immuni-
ty among the adult population, in addition to vaccina-
tion failures among vaccinated children.

Anticipating an unfavorable epidemic situation in
mumps requires the introduction of regulated produc-
tion control over the use of vaccine strains and the de-
termination of the correspondence between the vaccine
and circulating strains of the mumps virus with a justifi-
cation for an adequate vaccination dose.
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The aim of the experiment was to determine the effectiveness of the combined use of trimetazidine and a purified micron-
ized flavonoid fraction, as well as their combinations with methyldopa, in comparison with monotherapy with the same drugs
in the correction of morphofunctional disorders arising in the conditions of experimental preeclampsia.

An integrated/multimethodology approach is the most effective way of treatment for preeclampsia. Therefore, an urgent
task of modern pharmacology is to study the effectiveness of new drugs when used in combinations, as well as the drugs
included in the standards for treatment.

Materials and methods. The study was carried out at the Research Institute of Pharmacology of Living Systems of Belgorod
State National Research University. The experiment was performed on 200 female Wistar rats, weighing 250-300 g, in which
an ADMA-like model of preeclampsia had been reproduced. To assess the degree of correction of emerging morphological
and functional disorders, the following parameters were involved: blood pressure, a coefficient of endothelial dysfunction,
microcirculation in the placenta, proteinuria, fluid contents in the greater omentum, morphometric indicators of placental
tissues and fetal height and weight parameters.

Results. The combined use of trimetazidine (Preductal® MB) 6 mg/kg and a purified micronized flavonoid fraction (Detra-
lex®) 260 mg/kg, as well as their combination with methyldopa (Dopegit®) 86 mg/kg, leads to a more pronounced de-
crease in the blood pressure, compared with a decrease in the coefficient of endothelial dysfunction by 2.22, 2.19 and 1.94
times, respectively, in relation to “untreated” animals. There was an increase in microcirculation indices in the placenta
by 2.35, 2.21 and 2.03 times, respectively. In addition, there was an improvement in morphological parameters in the
placenta and fetuses.

Conclusion. The results of the study showed a greater effectiveness of the combined use of the studied drugs in experimental
preeclampsia compared to their monotherapy. This indicates the prospects for the use of trimetazidine and purified micro-
nized flavonoid fraction in the complex therapy for preeclampsia and the need for further research in this direction.
Keywords: trimetazidine; purified micronized flavonoid fraction; preeclampsia; endothelial dysfunction; rats

Abbreviations: L-NAME — L-Nitro-Arginine Methyl Ester; VEGF — vascular endothelial growth factor; CED — coefficient of
endothelial dysfunction; SBP — systolic blood pressure; DBP — diastolic blood pressure.

For citation: O.E. Antsiferova, M.P. Teleshchenko, Yu.M. Tsuverkalova, M.V. Pokrovsky, V.V. Gureev, M.A. Zatolokina, A.V. Gureeva. Correction of
morphofunctional disorders in experimental preeclampsy by combined use of trimetazidine and purified micronized flavonoid fraction as well as
their combinations with methylampsy. Pharmacy & Pharmacology. 2020;8(5):304-315. DOI: 10.19163/2307-9266-2020-8-5-304-315
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Lienb. MNposectn nccnepoBaHne 3pHEKTUBHOCTU COYETAHHOIO MPUMEHEHUA TPUMETA3MAMHA U OUYULLEHHON MUKPOHU3U-
poBaHHOW $hNaBOHOMAHOM dpaKUMEN, a TaKKe UX KOMBUHAUMUIA C METUNAOMNON B CPAaBHEHUM C MOHOTEPANWEN 3TUMU Ke
npenapaTamu Npu Koppekunun MoppodyHKLMOHANbHbBIX HAPYLIEHWIM, BOSHUKAIOLWMX B YCIOBUWN IKCMEPUMEHTAIbHON npe-
3KNamncum.

KomnneKcHbI noaxoa, asnsetca Hanbonee apdeKTMBHbBIM CNOCObOM Tepanuum npeakaamncun. NMoatomy akTyanbHOM 3a4a-
Yeii coBpemeHHoW hbapmMaKonorMm octaetcs uccaegosaHve 3GOEKTUBHOCTU HOBbIX IEKAPCTBEHHbIX MPenapaTos Npy KOM6U-
HUPOBAHHOM MCMONb30BaHUN, B TOM YNCAE, U C NpenapaTamu, BXOAALWMMMU B CTaHAAPTbI IeHEHUA.

Marepuanbl U metoabl. MiccneposaHue nposoaunocb B HUU dapmakonorum kusbix cuctem GrA0Y BO HUY benlV. dkcne-
pUMeHT npoBoanan Ha 200 camkax Kpbic AMHUK Wistar, maccor 250—-300 r, y KoTopbix Bocnponssoguan ADMA-nogo6Hyto
MoZeNlb MPEe3aKNaMncumn. A oueHKN CTENEHN KOPPEKLMM BO3HMKAOLLMX MOPDOPYHKLMOHANbHBIX HAPYLUEHWUI UCNONBb30-
Ba/IN CaeAytoLIMe NapamMeTpbl: apTepuanibHOe AaBneHMe, KOIODULMEHT SHAOTENNANBbHOM ANCHYHKLMU, MUKPOLIMPKYNALUIO
B M1aLLeHTe, NPOTEUHYPUIO, COAEPKAHME KUAKOCTU B 6ONBLIOM CaslbHUKE, MOPPOMETPUUECKME MOKA3aTeNN NIALEHTAPHbIX
TKaHeW U POCTOBECOBbIX NOKa3aTenel NaoaoB.

Pe3ynbratbl. KoMbUHUPOBaHHOE NpUMeHeHue TpumetasmaunHa (Mpeayktan® MB) 6 MI/Kr ¥ OUMLLEHHOW MUKPOHWU3UPOBAH-
HoW ¢naBoHomaHoM dpakumm (detpanekc®) 260 Mr/Kr, a TakxKe UX codeTaHoe npumeHeHue ¢ metungonoi (Jonernt®) 86
MF/KT, NPUBOAUT K 60/1e€ BbIPAXKEHHOMY CHUMEHMIO apTeprasibHOro AaB/IeHUs, N0 CPABHEHMUIO CO CHUMKEHUEM KoadduLm-
€HTa 3HAOoTeNnaNnbHOM auchyHKLUMK B 2,22, 2,19 1 1,94 pa3a COOTBETCTBEHHO MO OTHOLUEHUIO K KHESIEYEHHbIM» }KUBOTHbIM.
Mponcxoanno nosbiWEHWE MOKa3aTenein MUKPOLMPKYAALMM B naaueHTe B 2,35, 2,21 n 2,03 pasa cooTBeTCTBEHHO. Kpome
3TOro, HabKAANOCh yNyYyLleHUE MOPHONOrMYECKMX NOKa3aTeel B NaLLEHTE U N1040B.

3akntoueHue. Pe3ynbTaThl MPOBEAEHHOIO UCCAeA0BaHMUSA NOKasanu 60bllyo 3GpGEKTUBHOCTb KOMMIEKCHOTO MPUMEHEHUA
nccneayembix NPenapaTos NPy SKCNEPUMEHTAIbHON NPEIKAAMNCUN MO CPABHEHMIO C UX MOHOTepanuei. 3To cBuaeTeNb-
CTBYET O NEPCNEKTUBHOCTU NPUMEHEHUA TPUMETA3UAMHA U OYULLEHHOW MUKPOHU3UPOBAHHOM GlaBOHOUAHOW dpaKLnnm B
KOMMJIEKCHOW Tepanuu NpPeskiaMncum n HeobXxoAMMOCTM NPOBEAEHUA AA/IbHENLLINX UCCIeL0BAHNI B STOM HamnpaBieHUM.
KntoueBble cnoBa: TpUMETasnANH; OYULLEHHAA MUKPOHU3MPOBaHHaA GnaBoHoUAHaA GpaKkLmaA; Npeaknamncua; gucdyHkK-
LA SHA0TENUA; KPbIChI

Cnuncok cokpaliueHuit: L-NAME — N-HUTpo-L-apruHuH-meTunoBbIv adpup; PPC — dakTop pocTa cocyamnctoro sHaotTenuns; K3/,
— KO3OULMEHT sHAoTeNnanbHON ancdyHKummM; CALL — cucTonnyeckoe aptepuanbHoe aasnenue; JAL — ouactonnyeckoe ap-
TepuanbHoe AaBaeHune.

INTRODUCTION

For many decades, preeclampsia has remained an
important medical and social problem in the countries
all over the world. It occupies a leading place among
the causes for maternal morbidity rate and mortality
and, according to various authors, is from 9% to 25%
[1, 2]. In Russia, this pathology stably occupies the 3—4t
places [3]. The incidence ranges from 2% to 10% of all

Tom 8, Beinyck 5, 2020

pregnancies and has no tendency to decrease [1, 4, 5].
In addition, preeclampsia leads to the development of
pathological conditions not only in women, but also in
the fetus, contributing to the disability of mothers and
children [4, 6].

The problem of preventing and treating preeclamp-
sia, as well as assessing the severity of its course and
perinatal risks, is to a great extent due to the lack of con-
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sensus among the medical community about its etiology
and pathogenesis, although an extraordinary number
of studies around the world are devoted to the investi-
gation of this pregnancy complication [7, 8]. Herewith,
preeclampsia is increasingly considered from the point
of view of endothelial dysfunction [9-11], and “an oxi-
dative stress” as a result of depletion of the antioxidant
system under the conditions of placental ischemia, is
one of its development mechanisms [12, 13]. The endo-
thelial dysfunction developing against this background,
leads to impaired microcirculation and tissue hypoxia
and, as a result, to the development of multisystemic
lesions that constitute the clinical manifestations of pre-
eclampsia [14-16]. Therefore, the search for new drugs
for the prevention and treatment of preeclampsia, is an
urgent task of modern pharmacology.

In experimental studies on the model of L-NAME-in-
duced preeclampsia in rats, the protective properties of
resveratrol [17, 18], recombinant erythropoietin [19],
and tadalafil [20, 21], which have endothelioprotective
properties, have been demonstrated. Another promis-
ing area of prevention and correction of morphofunc-
tional disorders that occur in preeclampsia, is the use
of drugs with anti-ischemic and antioxidant properties.
As a result of the previous studies, pronounced protec-
tive effects of trimetazidine and a purified micronized
flavonoid fraction in the correction of morphofunction-
al disorders in experimental preeclampsia have been
revealed, however, it should be notified that the target
level has not been achieved [22-24].

Preeclampsia is a multifactorial disease. It is obvious
that the increase in the effectiveness of therapy can be
achieved by the complex use of drugs. Therefore, the
urgent task of modern pharmacology is not only the
search for new drugs for the treatment and prevention
of preeclampsia, but also the study of their effectiveness
in combined uses, as well as the drugs included in the
standards for treatment.

THE AIM of the experiment was to determine the
effectiveness of the combined use of trimetazidine and
a purified micronized flavonoid fraction, as well as their
combinations with methyldopa, in comparison with
monotherapy with the same drugs in the correction of
morphofunctional disorders arising under the condi-
tions of experimental preeclampsia.

MATERIALS AND METHODS

Compliance with ethical principles

The study has been carried out at the Center for Pre-
clinical and Clinical Research of the Belgorod State Na-
tional Research University. The experiment was accom-
plished in accordance with legislative acts and guidelines
regulating the conduct of experimental research in the
Russian Federation: Order of the Ministry of Health of
Russia dated 01.04.2016 No0.199n “On the approval of
the Rules of good laboratory practice” and “Guidelines
for conducting preclinical studies of new drugs” ed. by
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A.N. Mironov. The ethical principles of handling labora-
tory animals were in accordance with Directive 2010/63/
EU of the European Parliament and of the Council of 22
September 2010 on the protection of animals used for
scientific purposes. The study was approved of at the
meeting of the Bioethical Commission of the Research
Institute of Pharmacology of Living Systems of the Bel-
gorod State National Research University, Protocol
No0.D2019/13. Keeping the animals was regulated by
the norms of the Decree of the Chief State Sanitary Doc-
tor of the Russian Federation dated 08.29.2014 No.51,
GOST 33044-2014. The animals were kept in plastic cag-
es, equipped with steel lattice lids, with a feeding recess,
with a free access to food and water, on a balanced diet
appropriate for the animal species. The ambient tem-
perature was maintained at the level of 20-25°C with
a relative humidity of 60-65%. The wood sawdust that
had undergone preliminary UV sterilization, was used as
a litter.

Modeling ADMA-like preeclampsia

The experiment was carried out on 200 white Wistar
female rats weighing 250-300 g. An ADMA-like agent,
a non-selective NO synthase blocker N-nitro-L-arginine
methyl ether (L-NAME), was injected intraperitoneally at
the dose of 25 mg/kg/per day for seven days (from the
14t to the 20" days of pregnancy) [25, 26]. To assess the
effectiveness of the studied drug combinations, the ani-
mals had been divided into several groups (n=10).

1. Intact (Int.) (animals with oral administration of
NaCl in equivalent doses from the 14* to the 20" days
of pregnancy).

2. Modeling of ADMA-like preeclampsia (L-NAME)
(N-nitro-L-arginine-methyl ester, Sigma-Aldrich), 25 mg/

kg/per day.

3. L-NAME + methyldopa (Dopegit®, ZAO
“Pharmaceutical Plant EGIS”, Hungary), 86 (2x43)
mg/kg/per day.

4. L-NAME + trimetazidine (Preductal® MB, ZAO
“Servier”, Russia), 6 mg/kg/per day.

5. L-NAME + purified micronized flavonoid fraction
(Detralex®, ZAO “Servier”, Russia), 260 mg/kg/per day.

6. L-NAME + trimetazidine 6 mg/kg/per day + pu-
rified micronized flavonoid fraction 260 mg/kg/per day.

7. L-NAME + trimetazidine 6 mg / kg + methyldopa
86 (2x43) mg/kg.

8. L-NAME + purified micronized flavonoid fraction
260 mg/kg/per day + methyldopa 86 (2x43) mg/kg/per
day.

Assessment of the degree of endothelial

dysfunction development in pathology modeling

The development of endothelial dysfunction in ex-
perimental animals, as well as the degree of its correc-
tion by the studied drugs and their combinations, were
assessed by the calculated coefficient of endothelial dys-
function (CED) [27, 28].
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The endothelial dysfunction coefficient is the ratio
of the triangle area above the blood pressure recovery
curve in response to 30 pg/kg nitroprusside (S,) to the
triangle area above the blood pressure recovery curve
in response to 40 ug/kg acetylcholine (S,_,). The legs
in the both triangles were indicators of the blood pres-
sure recovery time (reaction duration) and the changes
in the blood pressure in response to the intravenous
administration of acetylcholine and nitroprusside, re-
spectively.

Placental microcirculation assessment

To obtain the data on the state of microcirculation
in the placenta, the equipment manufactured by Bi-
opacsystems was used: polygraph MP100 with an LD-
F100C Laser Doppler Flowmetry (LDF) module and an
invasive TSD144 needle probe. On the 21 day of preg-
nancy, under anesthesia, the level of microcirculation
was measured in the projection of the placental disc
at a distance of 1 mm at 4 points. The registration and
processing of LDF results were carried out using the Ac-
gKnowledge version 3.8.1. The microcirculation values
were stated in perfusion units (PU) [29].

Proteinuria research

Urine collection was carried out for 12 hours using
special metabolic cells. The determination of the protein
amount in daily urine, was carried out by the pyrogall
method. It is based on the determination of the optical
density of a solution of a colored complex, formed by
the interaction of protein molecules with the molecules
of the complex of the pyrogallol red dye and sodium
molybdate. The color intensity of the solution is propor-
tional to the protein content. The measurements were
carried out using a PE-5400 V spectrophotometer at the
wavelength of 600 nm [30].

Study of the greater omentum canbHuK edema

On the 21° day of pregnancy, the greater omentum
was removed under anesthesia, and weighed. Within 24
hours it was dried at 37°C, then weighed again. From the
difference in the mass of the greater omentum before
and after drying, the amount of the evaporated water
was obtained in each specific piece. The water content
was stated in %, relative to the total weight of the gland
while the first weighing [31].

Morphological methods for assessing changes

in placenta when modeling experimental gestosis

A histological study of the placenta was carried
out in all the series of the experiment for a morpho-
logical confirmation of the development of modeled
pathological processes and giving a comprehensive
assessment of the drugs’ effectiveness. The material
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was fixed in 10% formalin with subsequent embedding
in paraffin. Histological sections of the placenta were
made in a strictly vertical direction through the middle
of the placental disc with the capture of all layers of the
placenta and the wall of the uterine horn. The study of
microslides, photorecording and morphometry, were
carried out on a Leica DM4000B microscope with a vid-
eo recording and an image processing system. All mor-
phological studies were stained with hematoxylin and
eosin [25].

Fetus study

The fetuses were removed from the uterine cavity,
weighed, and the fetus size (craniocaudal size) was mea-
sured, followed by the calculation of the statural-weight
coefficient [32].

Statistical processing of research results

Descriptive statistics was applied to all the data:
the data were checked for a normal distribution. The
distribution type was determined by the Shapiro-Wilk
test. In case of a normal distribution, the mean (M) and
a standard error of the mean (m) were calculated. The
intergroup differences were analyzed by parametric
(Student’s t-test) or nonparametric (Mann-Whitney
U-test) methods, depending on the type of the distri-
bution. The calculations were performed using statis-
tical programs Microsoft Excel 7.0. The groups were
compared in pairs.

RESULTS

Effect of the combined trimetazidine

and detralex use, as well as their combined

use with methyldopa, for the correction

of morphofunctional disorders in ADMA-like

preeclampsia

The combined use of preductal and detralex, as
well as their combined use with dopegit for the cor-
rection of morphofunctional disorders in ADMA-like
preeclampsia, led to a more pronounced decrease in
blood pressure. Thus, when the combined administra-
tion of preductal and detralex took place, the systol-
ic and diastolic kinds of blood pressure decreased to
145.743.93 mm Hg and 100.1+3.59 mm Hg, respective-
ly. When detralex was used individually, it decreased
to 169.3+5.40 mm Hg and 125.7+4.91 mm Hg. When
preductal was used individually, it decreased to and
152.541.99 mm Hg and 112.3+3.90 mm Hg. Herewith,
the decrease of diastolic pressure was statistically sig-
nificant in comparison with the reference groups (Ta-
ble 1). The combined use of preductal and dopegit led
to a statistically significant decrease in systolic blood
pressure compared with monotherapy, and when de-
tralex and dopegit were combined, both systolic and
diastolic kinds of blood pressure decreased statistical-
ly significantly (p<0.05) compared with monotherapy
(Table 1).
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Figure 1 — The effect of the Preductal’ MB and Detralex’ combination, as well as their combination with
Dopegit’, on proteinuria and fluid content in the tissue of the greater omentum in ADMA-like preeclampsia

Note: # — at p <0.05 in comparison with intact pregnant rats; * — at p <0.05 in comparison with the group of pregnant animals treated with
L-NAME; y — at p <0.05 in comparison with both monotherapy options.
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Figure 2 — The effect of the Preductal’ MB and Detralex’ combination, as well as their combination with
Dopegit’, on the fetal and maternal size parts of the placenta, in ADMA-like preeclampsia
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Note: # — at p <0.05 in comparison with intact pregnant rats; * — at p <0.05 in comparison with the group of pregnant animals treated with
L-NAME; y — at p <0.05 in comparison with both monotherapy options

Table 1 — The effect of the Preductal® MB and Detralx’ combination, as well as their combination with Dopegit®,
on the functional parameters of the cardiovascular system in ADMA-like preeclampsia.

Indicator/Index SBP, DBP, CED, Microcirculation,

Group mm Hg mm Hg relative units. PU

Int 123.4+3.54" 83.845.47" 1.21+0.13" 472.6+22.44°
L-NAME 193.646.28" 150.8+4.80% 2.89+0.25% 215.619.29"
L-NAME+ Dopegyt® 86 mg/kg 155.5+3.14™ 114.4+7.13™ 2.49+0.28* 297.8+13.41"
L-NAME+ Preductal® MR 6 mg/kg 152.5+1.99™ 112.3+3.90™* 1.57£0.15° 402.3+15.81"
L-NAME+Detralex” 260 mg/kg 169.3+5.4™ 125.7+4.91%* 1.79+0.117* 394.0 +9.87°*
L-NAME+ Preductal® MR + Detralex” 145.7+3.93™ 100.1+3.6™Y 1.30£0.05" 505.9+17.83%
L-NAME+ Preductal® MR + Dopegyt® 138.6%3.16™ 97.615.84" 1.32+0.08" 477.4+27.617
L-NAME+ Detralex’+ Dopegyt® 145.5+2.75™ 97.842.2™% 1.49+0.05" 437.0£19.87"

Note: # — at p <0.05 in comparison with intact pregnant rats; * — at p <0.05 in comparison with the group of pregnant animals treated with

L-NAME; y — at p <0.05 in comparison with both monotherapy options

Table 2 — The effect of the combined use of Preductal’ MB and Detralex’, as well as their combined use with
Dopegit®, on the density of the cell pool in the fetal and maternal parts of the placenta; the diameter of the
chorionic villi and the growth-weight index of the fetuses in the correction of ADMA-like preeclampsia (Mtm)

Indicator/Index Density of decid- Cell density in fetal Diameter Growth-weight

ual cells, part of placenta, of villi, index,
Group 0,008 mm? 0,008 mm? x103mkm mm/g
Int. 118.3+2.14" 235.8+2.75" 32.40+0.41 14.78+0.22"
L-NAME 23.1+0.33% 80.7+2.57% 17.19+0.26* 15.79+0.23%
L-NAME+ Dopegyt” 86 mg/kg 55.6+0.45"* 98.9+1.73" 18.78+0.17"* 15.62+0.15%
L-NAME+ Preductal” MR 6 mg/kg 102.7+0.77"* 150.5+1.71" 29.93+0.17°* 15.36+0.22"
L-NAME+Detralex” 260 mg/kg 104.8+0.87"* 151.3+1.69"* 29.90+0.16™ 15.31+0.58
L-NAME+ Preductal” MR + Detralex® 132.741.92"" 179.3+1.60"" 34.89+0.16™ 14.42+0.63"
L-NAME+ Preductal® MR + Dopegyt® 141.3+2.21"% 177.6£1.59™ 31.79+0.14% 14.86+0.30°
L-NAME+ Detralex’+ Dopegyt® 138.8+2.29™ 181.0+1.69"* 26.85+0.15" 14.53+0.69"

Note: # — p <0.05 in comparison with the group of intact animals; * — p <0.05 in comparison with the L-NAME group; y — p <0.05 in comparison

with the groups in monotherapy.
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When the combinations of preductal + detralex,
preductal + dopegit and detralex + dopegit were used,
the coefficient of endothelial dysfunction (CED) de-
creased to 1.30+0.05, 1.32+0.08 and 1.49+0.05, respec-
tively, and the microcirculation improvement was up to
505,9+17.83 PU, 477.4+27.61 PU and 437.0+19.87 PU,
respectively. It should be notified that CED reached a
statistically indistinguishable value from the group of
intact animals when the combinations of preductal +
detralex and preductal + dopegit were used. Herewith,
when the combination of detralex + dopegit was used,
microcirculation improved to the level of intact animals.

In the described groups, a decrease in protein-
uria resulted in 1.08+0.09 g/L, 0.92+0.09 g/L, and
0.92+0.09 g/L, respectively (Fig. 1A), and the fluid con-
tent in the greater omentum decreased to 46.33+1.08%,
45.98+2.26% and 47.89+1.50%, respectively (Fig. 1B).
It should be notified that in comparison with the group
with monotherapy, a statistically significant (p <0.05) de-
crease in proteinuria, was observed when using preduc-
tal + dopegit. The fluid content in the greater omentum
in all the groups with a combined use of drugs, was at
the level of intact animals.

A histological examination of the placenta revealed
the following: a combined administration of the studied
drugs to the animals with experimental preeclampsia,
led to a pronounced positive dynamics of the morpho-
logical picture, which was approximate to the group of
intact animals. There was a statistically significant (p
<0.05) increase in the density of the cellular component
of the placental tissues of the maternal and fetal parts of
the placenta, and the diameter of the chorionic villi, in
comparison with the groups of the animals in which the
studied drugs had been used in the monotherapy mode
(Table 2). Only the diameter of the villi reached the level
of the intact animals when the combination of Preduc-
tal” MB + Dopegit” had been used. In addition, there was
a statistically significant (p <0.05) increase in the fetal
part of the placenta and a decrease in the maternal part
of the placenta (Fig. 2). The exception was the group
using Preductal” MB + Detralex’, in which there was no
statistically significant change in the maternal part of
the placenta compared to the groups with monotherapy
with the same drugs. It should be notified that the level
of the intact animals had not been reached.

The study of the height-weight ratio in fetuses in the
groups with the combined administration of the inves-
tigated drugs, showed an improvement in this indicator
up to the level of the intact animals (Table 2).

Thus, the combined use of Preductal® MB and De-
tralex’, as well as their combined use with Dopegit’,
led to a significantly positive effect in the correction of
ADMA-like preeclampsia compared with the use of the
same drugs in monotherapy. This was reflected in a
more pronounced decrease in blood pressure. The mi-
crocirculation level reached the target values. There was
a pronounced positive effect on the size of the fetal and
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maternal parts of the placenta, the concentration of the
cell pool in the maternal and fetal parts of the placen-
ta increased, the diameter of the chorionic villi was re-
stored. There was also a significant improvement in the
morphometric parameters of the fetus.

DISCUSSION

The most pronounced positive effects in the correc-
tion of morphofunctional disorders arising under the
conditions of experimental preeclampsia when using
combinations of the studied drugs in comparison with
the use of the same drugs in monotherapy, can be ex-
plained by the possibility of influencing various points of
pathogenesis. This is ensured by the fact that each drug
has its own, different from the others, mechanism for
the implementation of effects.

The positive effects of trimetazidine, are explained
by its capacity to improve the energy metabolism of tis-
sues under ischemic conditions. During the oxygen star-
vation, under the influence of trimetazidine, the cells ac-
tivate the oxidation of pyruvate for the synthesis of ATP.
This leads to a decrease in oxygen deficiency by 10-12%
compared to the oxidation of fatty acids, which makes
it possible for the cells to use oxygen more efficiently
under the conditions of the oxygen deficiency [33, 34].

In addition, trimetazidine prevents the accumula-
tion of insufficiently oxidized fatty acid products in the
mitochondria of cells, and increases the stability of cell
membranes due to the inclusion of fatty acids in phos-
pholipids [35, 36]. This leads to a decrease in the severity
of the oxidative stress and, as a result of a decrease in the
synthesis of reactive oxygen species by mitochondria, its
negative effect [37, 38]. In addition, the endotheliopro-
tective properties of trimetazidine due to an increase in
the amount of eNOS and the synthesis of nitric oxide as
one of the most important factors of vasorelaxation, also
explain the effectiveness of its use [39, 40]. The capacity
of trimetazidine to reduce the formation of pro-inflam-
matory cytokines [41, 42], can promote both a decrease
in the systemic content of markers of the oxidative stress,
and a decrease in the eNOS activity. In addition, the en-
dothelioprotective properties of trimetazidine may lie in
its capacity to protect the endothelium from the direct
damaging action of free radicals [43] and to reduce the in-
activation of nitric oxide by inactivating lipid peroxidation
processes [44, 45]. The result of the realization of direct
and indirect effects of trimetazidine on the endothelium,
is an improvement in endothelium-dependent vascular
relaxation not only in this experiment, but also in patients
with chronic heart failure (CHF) [46, 47].

The effective use of Detralex is explained by the pres-
ence of its several protective properties. One of them
is a pronounced anti-inflammatory and antioxidant ef-
fect [48- 51]. The anti-inflammatory effect is associated
with the capacity of diosmin to reduce the production
of pro-inflammatory cytokines: IL-6, IL-1B, TNF-a, etc.
[52-54]. In addition, diosmin is can reduce the induced
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production of NO by inhibiting eNOS [48, 53]. The anti-
oxidant activity includes the capacity of the studied drug
to increase the activity of glutathione peroxidase, super-
oxide dismutase, catalase [53, 55, 56], and to prevent
lipid peroxidation with an increase in the activity of the
antioxidant system [56, 57]. A decrease in the formation
of proinflammatory cytokines and markers of the oxida-
tive stress, leads not only to a decrease in the injury of
the placental tissues, but also to the improvement in the
endothelial function.

This can be confirmed by the results of the studies
by other authors. Endothelioprotective effects are man-
ifested both in the treatment for varicose veins [58, 59]
and in the correction of arterial pathology [60—62]. Spe-
cial attention should be paid to the data on the protec-
tive effects of diosmin in ischemia-reperfusion injuries,
since this is comparable with the pathogenetic features
of preeclampsia [63, 64], especially at the capillary lev-
el [65]. The molecular mechanisms by which endothe-
lioprotective effects are realized, include: suppression
of the synthesis of proinflammatory humoral factors, a
decrease in the production of cell adhesion molecules,
a modulating effect on the permeability of the vascular
wall, a favorable effect on the ratio of prooxidant and
antioxidant factors [66].

In the protective effects of flavonoids, an important
role is played by their capacity to improve the drainage
function of tissues [60, 67—69]. Since edema increases
in ischemia or inflammatory phenomena, this disrupts

tissue trophism, and an improvement in the drainage
function causes the opposite effect.

Methyldopa is a prodrug by its nature, and belongs
to the group of centrally acting antihypertensive drugs.
Passing through the blood-brain barrier (BBB), meth-
yldopa turns into alpha-methylnorepinephrine, which
depletes the resources of norepinephrine, displacing it
from the granules (which brings this drug closer to sym-
patholytics), excites the central a2-adrenergic receptors
of the vasomotor center, causes a decrease in its rhe-
nium, and inhibits the formation of angiotensin [70]. A
decreased peripheral vascular tone is an important addi-
tion to the mechanisms of the studied drugs’ action. In
addition, there is evidence of the endothelioprotective
properties of this drug. In an in vitro study, it was es-
tablished that the incubation of endothelial cell culture
with methyldopa, promoted the leveling of the inhibito-
ry TNF-a effect on the endothelial NO-synthase, and also
led to an increase in the content of the vascular growth
factor VEGF [71]. Herewith, in the absence of TNF-q, this
drug had no effect on the eNOS expression [72].

CONCLUSION

The combined use of drugs in the treatment of a lot
of diseases, is the most urgent direction. The results of
this study witness the fact that the use of trimetazidine
and a purified micronized flavonoid fraction in the com-
plex therapy of preeclampsia, is a promising direction
necessary to continue the research in.
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Severe and critical forms of COVID-19 are beset by the development of “a cytokine storm”, which is characterized by an
increased secretion of proinflammatory cytokines. Therefore, one of the leading strategies for treating patients with severe
forms of COVID-19 is the reduction of concentration of proinflammatory cytokines and leveling out their effect on the pa-
tient. Among the drugs aimed at reducing the concentration of proinflammatory cytokines, IL-6 inhibitors, IL-1 inhibitors, JAK
inhibitors and systemic glucocorticosteroids have been found useful in COVID-19. All of these drugs are currently prescribed
off-label.

The aim of the work is a comparative analysis of the data from the literature sources in the PubMed system, devoted to the
clinical efficacy and safety of IL-6, IL-1, JAK inhibitors and systemic glucocorticosteroids in the treatment for severe forms of
COVID-19.

Materials and methods. In the treatment for severe forms of COVID-19, materials for the comparative analysis were the
data from the literature sources in the PubMed system, on the studies devoted to the use of the systemic glucocorticosteroid
dexamethasone, IL-6 inhibitor tocilizumab, IL-1 inhibitor anakinra, and JAK inhibitor ruxolitinib. The analysis was performed
by statistical evaluation of the drugs effect within the 28-day survival rate among the patients with severe COVID-19. Attrib-
utive statistics was used as a statistical tool. The safety of the drug use was assessed by analyzing potential drug interactions.
The information about potential drug interactions, was obtained from a specialized website — Drugs.com. Knowmore. Besure
(https://www.drugs.com/interaction/list/).

Results. As a result of the analysis, it has been established that tocilizumab has the highest efficacy rates. In this respect, it is
followed by dexamethasone. The attributive efficacy rates and 95% confidence interval values for the both drugs were statis-
tically significant. The indices of relative and population attributive kinds of efficacy, were also higher for tocilizumab, but a
95% confidence interval of these indices, get into the range of statistically insignificant values, requiring additional evidence
of their efficacy. According to the data obtained, tocilizumab efficacy is higher than that of the other drugs compared: NNT
(dexamethasone) — 32; NNT (tocilizumab) — 4, NNT (ruxolitinib) — 7; NNT (anakinra) — 35.

Conclusion. The choice of a drug should be based on the patient’s condition, comorbidities, and medications used in therapy
to minimize the risk of undesirable drug interactions. Against the background of the lowest efficacy among the compared
drugs, a high efficacy for the patients with concomitant hepatobiliary disorders and DIC syndrome, has been established for
the inhibitor IL-1 anakinra, which makes it the drug of choice among the patients with these diseases and under these con-
ditions in the development of “a cytokine storm”.

Keywords: severe forms of COVID-19; systemic glucocorticosteroid; IL-6 inhibitor; IL-1 inhibitor; JAK-inhibitor; “cytokine
storm”; attributive statistics; drug interactions
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Taxkenble n Kputnyeckmne dopmbl COVID-19 conpoBOXKAIOTCA PA3BUTUEM KLLUTOKMHOBOTO LUTOPMA», KOTOPbIW XapaKTepu3y-
€TCs NOBbILLIEHHOWN CEeKpeLmen NpoBOCNaNNTENbHbIX LUMTOKMHOB. M0O3TOMY OA4HOM M3 BeAyLUUX CTPATErnn 1eYeHns nauneH-
TOB C TAXenbiMn dopmammu COVID-19 aBnaeTcs CHUXKEHME KOHLEHTPALLMM NPOBOCNAANTE/IbHbBIX LLUTOKMHOB U HUBENUPOBA-
HUE UX AENCTBMA Ha OpraHn3m naumeHTa. Cpeamn NeKapcTBEHHbIX NPenapaTos, HaNPaBAEHHbIX HA CHUMKEHME KOHLLEHTPaL MK
NPOBOCMNAaNNTE/IbHbIX LUTOKUHOB, HaLWAK NnpumeHeHne npu COVID-19 nHrnbutopsl U-6, UN-1, uHrubutopsl JAK 1 cuctem-
Hbl€e [IIOKOKOPTUKOCTEPOMAbI. BCe 3TM leKapcTBEHHbIE NpenapaTbl B HacToAlee BpemMa HasHavatoTes off-label.

Lienb — cpaBHUTENbHbIM aHaIN3 MO AAaHHbIM INTEPATYPHbIX UCTOYHUKOB, NpeacTaBAeHHbIx B PubMed, KnuHuyeckon adpdek-
TUBHOCTU M 6€30MacHOCTM UCMNONb30BaHUA MHTMBUTOPOB U/1-6, UN-1, JAK 1 CUCTEMHBbIX FTIOKOKOPTUKOCTEPOUAO0B B TEpanmm
TAxenbix ¢opm COVID-19.

Martepuanbl 1 metoabl. Matepvanamu Ans NPOBEAEHUA CPABHUTE/IbHOFO aHA/M3a MOC/AYXKUAN AaHHbIE INTEPATYPHbIX
WUCTOYHMKOB B cucteme PubMed, nocBaLeHHbIe nccies0BaHUAM UCMOIb30BAHMUA CUCTEMHOTO IIFOKOKOPTUKOCTEPOUAA AEK-
cameTasoHa, uHrnbutopa WU-6 Toumnmsymaba, uHrnbutopa U/-1 aHakMHpbl U MHrMbUTOpa JAK — pykconnHuTnb B Tepa-
nun Taxenbix dopm COVID-19. AHann3 NPOBOANIM MYTEM CTAaTUCTUYECKON OLLEHKWU BAMAHWUA NEKAPCTBEHHbIX MPenapaToB
Ha NokKasaTeslb BbI}KMBAaEMOCTU B TeYeHue 28 AHel cpeam NauneHToB ¢ Taxenbim TedeHnem COVID-19. B kauecTse cTatucTu-
YeCcKOoro MHCTPYMeHTa 6blnn UCMONb30BaHbl METOAMKN aTPUOYTUBHOM CTAaTUCTUMKKU. OLeHKY 6€30MacHOCTU UCMOAb30BaHMA
JIeKapCTBEHHbIX MPENapaToB NPOBOAMAM MYyTEM aHaIM3a NOTEHLMA/bHbIX IEKAPCTBEHHbIX B3anmoaeinctamii. MHdbopmaumio
0 MOTEeHUMaNbHbIX B3aMMOLENCTBUAX NEKAPCTBEHHbIX MPENAapaToB NOAyYann Ha CneLmannm3npoBaHHoOM caite — Drugs.com.
Knowmore. Besure (https://www.drugs.com/interaction/list/).

Pe3ynbrathbl. B xo4e npoBefeHHOro aHaiM3a yCTaHOB/IEHO, YTO Hanboblne nokasaTenu adpGeKTMBHOCTU UMEET TOLUAN3Y-
Mab, pnanee cnepyet AekcameTasoH. MokasaTtesib aTpubyTBHOM 3GHEKTUBHOCTM M 3HAYeHUA 95% A0BEPUTENbHBIN MHTEPBAN
AnA 060MX NEeKAPCTBEHHbIX NMPenapaToB OKa3asicA CTaTUCTUYECKM 3HAYMMbIM. MOKa3aTeNn OTHOCUTEIbHOM U NONYAALMOH-
HOW aTpUByTUBHOW 3PGEKTUBHOCTEN TaKKe BbIle ANA ToLMAM3ymaba, ofHaKo, 95% [0BEpPUTE/bHBIM MHTEPBA STUX NOKa-
3aTesie NONafAoT B 06/1aCTb CTAaTUCTUYECKM HE3HAUYMMBbIX 3HAYEHWUH, YTO TpebyeT AONONHUTENbHbIX NOATBEPKAEHUNA UX
addekTmBHoCTU. COrNacHO NONYYEHHbIM AaHHbIM, 3GdEKTUBHOCTL MCMNONb30BaHUA TOUUIM3yMaba Bbiwe 3pdeKTUBHOCTU
OPYrUX CpaBHMBaEMbIX IeKapCTBEHHbIX npenapatoB. NNT (aekcameTtasoH) — 32; NNT (tounnmnsymab) — 4, NNT (pykconmTtu-
HWB) — 7; NNT (aHakuHpa) — 35.

3akntoueHue. Bbibop nekapcTBEHHOrO npenapaTta AO/IKEH OCYLLECTBAATLCA UCXOAA U3 COCTOAHWMA MaLMeHTa, COnyTCTBYHO-
Wwmx 3a601€BaHMI U UCMO/Ib3YEMBIX B TEPAMMM IEKAPCTBEHHbIX MPENAPATOB C Le b0 MMHUMM3ALLMK PUCKA HEXKeNaTeIbHbIX
MEKNEKAPCTBEHHbIX B3aumogencTsunn. [na nHrnbutopa WUJ/1-1 aHakMHpbI Ha GOHE camoi HU3KON 3PPEKTUBHOCTU cpeam
CpaBHMBAEMbIX JIEKAPCTBEHHbIX NPENapaToB yCTaHOB/EHA BbICOKasA 3G PpEKTUBHOCTb A/1A MNALUEHTOB C COMYTCTBYIOLMMMU re-
naTobuaMapHbIMKM paccTpoicTBamu 1 BC-cMHAPOMOM, YTO AenaeT ee npenapaTomM Bbibopa cpeay NaLUeHToB C AaHHbIMU
COCTOAHUAMM U 3a60N1€BaHUAMM NPU PA3BUTUN KLLUTOKMHOBOTO LUTOPMAY.

Kntouesble cnosa: Taxenbie dopmbl COVID-19; cMCTeMHbIN IHOKOKOPTUKOCTEPOA,; MHTMBUTOP WU/1-6; MHrM6UTOpP WU/1-1; UHTK-
6uTopa JAK; «LLUTOKMHOBBIN LUTOPM»; aTPUOYTUBHAA CTAaTUCTMKA; MEKIEKAPCTBEHHbIE B3aMMOAENCTBUSA

INTRODUCTION of rapid development of severe and critical conditions,

COVID-2019 is currently a global social problem that
is particularly challenging for health systems [1].

Regarding a part of medicinal preparations (MPs),
clinical studies are being conducted to obtain data on the
effectiveness of their use in the treatment for COVID-19
[2]. A special feature of COVID-2019 is the possibility
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which are characterized by high mortality rates, more
specifically, from 49% [3] to 60.5% [4].

Severe and critical forms of COVID-19 are beset by
the development of “a cytokine storm”, which is char-
acterized by an increased secretion of proinflammatory
cytokines. Therefore, one of the leading strategies for
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treating patients with severe forms of covid-19 is the re-
duction of concentration of proinflammatory cytokines
and leveling out their effect on the patient. [5].

Among the drugs aimed at reducing the concentra-
tion of proinflammatory cytokines, IL-6 inhibitors, IL-1
inhibitors, JAK inhibitors and systemic glucocorticoste-
roids have been found useful in COVID-19. All of these
drugs are currently prescribed off-label. More research
on the efficacy and safety of these drugs in COVID-19
therapy, is currently being conducted.

THE AIM of the work is a comparative analysis of
the clinical efficacy and safety of IL-6, IL-1, JAK inhibitors
and systemic glucocorticosteroids in the treatment for
severe forms of COVID-19, according to the literature
presented in PubMed.

MATERIALS AND METHODS

The materials for the comparative analysis were
the data from the literature sources published in the
PubMed system and devoted to 4 studies of the use of
the systemic glucocorticosteroid dexamethasone [6], the
IL-6 inhibitor tocilizumab [7], the IL-1 inhibitor anakinra
[8] and the JAK inhibitor ruxolitinib [9] in the treatment
of severe forms of COVID-19, including the analysis of
the therapy data of 7406 patients. The selected sources
contain comparable study endpoints (a drug effect on
the 28-day survival).

The analysis was carried out by statistical evaluation
of the drugs effect within the 28-day survival rate among
the patients with severe COVID-19. The methods of attri-
bute-based statistics were used as a statistical tool. The
basis of the analysis with the use of attribute-based sta-
tistics is a contingency table (Table 1).

After compiling a contingency table, the following
hypothesis has been formed: the use of the studied MPs
makes it possible, to a greater extent, to achieve an in-
crease in the survival rate within 28 days among the pa-
tients with a severe COVID-19 course compared to the
controls.

The first stage is to determine the absolute efficacy
(AE), which comes to calculating the frequency of the
onset of positive clinical effects in the groups of patients
who received and who did not receive MPs. Formula 1
was used to find the frequency of positive clinical out-
comes in the exposed group (the patients receiving MPs)
for each of the analyzed drugs.

AFe =2
A (1)

Similarly, according to Formula 2, the frequency of
occurrence of positive clinical effects in the unexposed

group (the patients who did not receive MPs), was cal-
culated.

PEn =— (2)
B
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As a result, the point estimates of the onset of
positive clinical outcomes from the prescription of
therapy regimens were obtained, including and not
including the analyzed MPs (exposed and unexposed
groups of patients). These frequencies were calcu-
lated on the basis of not the entire population, but
only on its representative part, which approximately
reflects the properties of the population. These point
estimates were subjected to a statistical error. There-
fore, the standard error of the obtained AEs was fur-
ther calculated.

Since the obtained frequencies can change while
calculating on another sampling, it was determined
how significant these changes would be, and what min-
imum intervals of values would cover the actual exact
values of the sought frequencies. In other words, what
is the minimum interval that contains the real value of
the sought frequency with a probability of 95% was
to be determined. In statistics, this kind of interval is
statistically 95% and is called “a confidence interval”
(95% Cl).

At the next stage, the attribute-based efficacy
(AbE) was calculated. It characterizes the part of the
efficacy (its share) that is associated with the studied
MP and is explained by it. AbE was calculated according
to Formula 3.

AbE =AEe —PEn =——-— (3)
c B
Based on the calculation of the relative efficacy (RE)
according to Formula 4, the bonding force between the
effect of MPs on the treatment and the outcome was
shown, i. e., how many times the clinical efficacy of the
therapy increases when the analyzed MPs are used.

a
Ate /
RE =—— /A (4)
PEn V
B
Population attribute-based efficacy (PAbE) is the ab-
solute difference in indicators in the whole population
and in the unexposed group. PAbE is similar to AbE but
unlike the latter. It characterizes the population compo-
nent of efficacy (Formula 5).

PAbE =5 =& (5)
Q B

The safety assessment of the MPs products was
carried out by analyzing potential drug- interactions.
The information about potential drug interactions was
obtained on a specialized website — Drugs.com. Know-
more. Besure (https://www.drugs.com/

RESULTS
Statistically significant indicators are AbE, RE, and
PADE (Table 2).
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Figure 1 — Corridors of fluctuations in RE values with 95% Cl of the MPP effect on the survival rates
within 28 days

33% +
28% +
23% +
18% +
13% +

8% + il

" 1

-2% -Dexamethasone Tocilizumab Ruxditinib Anaiinra

T% +

Figure 2 — Corridors of fluctuations in PAbE values with 95% Cl of the effect of the studied drugs
on the survival rate in the treatment of severe forms of COVID-19
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Figure 3 — Corridors of fluctuations in RE values with 95% Cl of the effect of anakinra on survival rates
within 28 days in different groups of patients
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Figure 5 — Potential drug interactions of the drugs aimed at eliminating “the cytokine storm”

in the treatment for severe COVID-19 conditions
Note: according to the specialized site — Drugs.com.Knowmore. Besure (URL: https: //www.drugs.com/interaction/list/)

Table 1 - Contingency table

Studied Hypothetical effect of the studied drug Total

mp Yes No
(a) (b) (A)

Yes Group in a hypothetical state with the  Group out of hypothetical state with Sum a+b

effect of the studied MP the effect of the studied MP

(c) (d) (B)

No Group in a hypothetical state without ~ Group out of hypothetical state with- Sum c+d

the effect of the studied MP out the effect of the studied MP
(€) (D) (Q)
el Sum a+c Sum b+d Sum A+B or C+D

Table 2 — The results of evaluating the clinical efficacy of various drugs in terms of survival
within 28 days in the treatment for severe forms of COVID-19

Statistical value MPs
Dexamethasone Tocilizumab Ruxolitinib Anakinra
Attribute-based efficacy 3.1% 22.5% 14.3% 2.8%
Relative efficacy 1.04 1.66 1.17 1.04
Population attribute efficacy 1% 16.5% 7% 1.9%
NNT 32 4 7 35

Table 3 — The results of the clinical efficacy estimation of (anakinra’s IL-1 inhibitor) in terms of the survival rate
within 28 days in the treatment for severe forms of COVID-19 in patients with hepatobiliary dysfunction and
disseminated intravascular coagulation

IL-2 inhibitor (anakinra)

statistical value General structure P'atnents with ht.-:pato!)lllary Pat:lents without .hepat.oblllary
. disorders and disseminated disorders and disseminated
of patients . . . .
intravascular coagulation intravascular coagulation

Attribute-based efficacy 2.8% 30.1% 0.8%
Relative efficacy 1.04 1.85 1.01
Population attribute efficacy 1.9% 18.2% 0.5%
NNT 35 3 125
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Table 4 — Drug interactions aimed at eliminating “the cytokine storm” in the treatment
for severe COVID-19 conditions

Level (significance) of

L . Potential risk of clinical interaction
clinical interaction

Drug interactions

Tocilizumab - _

CYP450 3A4 inducers can reduce the concentration of
Dexamethasone Ruxolitinib Undesirable ruxolitinib in the blood plasma; ruxolitinib is metabolized
by isoenzyme.

Anakinra - -
Dexamethasone - -
Ruxolitinib - -
There is a risk of increased immunosuppression and
an increased risk of developing an infectious process.
i b Treatment with IL-6 inhibitors has been associated with
Tocilizuma serious, potentially life-threatening and fatal infections,
Anakinra including tuberculosis, invasive fungal infections such
as candidiasis, aspergillosis and pneumocystosis,
and other opportunistic infections. Cases occurred
mainly in the patients administdated with concomitant
immunosuppressive drugs or corticosteroids.
CYP450 3A4 inducers can reduce the concentration of
Dexamethasone Undesirable ruxolitinib in the blood plasma; ruxolitinib is metabolized
by isoenzyme.
Tocilizumab - -
Ruxolitinib The wuse of interleukin-1 blockers with other
immunosuppressive or myelosuppressive agents can
. . increase the risk of infection. Interleukin-1 blockade
Anakinra Undesirable . . . .
can cause neutropenia and severe infections by itself,
and the risk may be increased with another kind of
immunosuppressive therapy.
Dexamethasone - -
. There is a risk of increased immunosuppression and an
Tocilizumab . . . . .
increased risk of developing an infectious process.
. The wuse of interleukin-1 blockers with other
Anakinra

immunosuppressive or myelosuppressive agents can
increase the risk of infection. Interleukin-1 blockade can
cause neutropenia and severe infections by itself, and the
risk may be increased with another immunosuppressive
therapy.

Ruxolitinib Undesirable

Note: according to the specialized site — Drugs.com.Knowmore. Besure (URL:https://www.drugs.com/interaction/list/)

Table 5 - Potential drug interactions to be avoided in the treatment for severe COVID-19 conditions
(drugs, the concomitant administration of which should be avoided: dangerous
life-threatening clinically significant interaction)

Dexamethasone Tocilizumab Ruxolitinib Anakinra
Fluroquinolone Anakinra - Clarithromycin Tocilizumab
Amiodarone- - Fluconazole -

- - Itraconazole -
- - Ketoconazole -
- - Voriconazole -
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For dexamethasone, AbE was 3.1% (95% Cl 0.9%
— 5.3%); for tocilizumab it was 22.5% (95% Cl 4.6% —
40.4%); for ruxolitinibruxolitinib AbE was 14.3% (95% ClI
—1.7% — 30.2%); for anakinra it was 2.8% (95% Cl -4.2%
—9.8%). This indicator is statistically significant for dexa-
methasone and tocilizumab.

As for the relative efficacy (RE), for dexamethasone
it was 1.04 (95% Cl 0.040 to 2.042); for tocilizumab —
1.66 (95% Cl 0.400 to 2.917); for ruxolitinibruxolitinib —
1.17 (95% Cl 0.139 to 2.194); for anakinra, RE was 1.04
(95% Cl 0.038 to 2.046) (Fig. 1).

However, the lower limits of 95% of the confidence
interval (Cl) fall in the area of the negative values <1,
which does not make it possible to consider this indica-
tor statistically significant.

For the compared MPs, the lower limit of 95% of
PAbE Cl also falls into the area of the negative values,
which does not make it possible to assert the statistical
significance of the obtained indicator and requires addi-
tional confirmations (Fig. 2).

Comparing the 95% Cl values for RE and PADE, it is
possible to speak of a greater advantage of the IL-6 in-
hibitor relative to the other analyzed MPs.

The Number Needed to Treat (NNT), the average in-
dicator of the number of the patients who need to be
treated with this drug, was also calculated to prevent
one additional episode compared to the control group).
For dexamethasone, the NNT is 32; for tocilizumab it is
4; for ruxolitinib — 7; for anakinra — 35. According to the
data obtained, the effecacy of tocilizumab is higher than
that of the other compared MPs. According to the re-
sults of the calculations, it is anakinra that has the lowest
effecacy. However, the study carried out by Shakoory et
al. [8], showed its high efficacy in terms of the survival
rate within a 28-day period among the patients with dis-
seminated intravascular coagulation (DIC) and hepatobi-
liary dysfunction (Table 3).

The results obtained, make it possible to speak
about the choice of anakinra in the patients with severe
forms of COVID-19, associated with disseminated intra-
vascular coagulation, as well as with liver diseases.

RE of anakinra among the patients with concomitant
is more than 1.5 times higher compared with the general
structure of patients (Fig. 3).

The PADbE indicator is more than 9 times higher
(Fig. 4).

According to the electronic resource Drugs.com,
the data of the previous studies were the following: for
dexamethasone, 640 potential interactions were identi-
fied, 105 of which were clinically dangerous, 485 were
undesirable; for tocilizumab, 258 potential interactions
were identified, 40 of which were clinically dangerous,
211 were undesirable; for ruxolitinib, 356 potential in-
teractions were identified, 84 of which were clinical-
ly dangerous, 226 were undesirable; for anakinra, 329
potential interactions were identified, 33 of which were
clinically dangerous, 289 were undesirable (Fig. 5).
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In the course of the study, drug interactions aimed
at eliminating “the cytokine storm” in the treatment for
severe COVID-19 conditions which could potentially oc-
cur in a hospital, were also analyzed (Table 4).

Potential drug interactions that should be avoided
and that can often occur when treating the patients for
severe COVID-19, have also been identified (Table 5).

For example, fluoroquinolone therapy could take
place in the treatment for pneumonia in the patients
with COVID-19. In this case, against the background of
the fluoroquinols use, the prescription of dexametha-
sone is dangerous.

A certain danger is represented by the use of gluco-
corticosteroid dexamethasone in the infectious process.
It contributes to the development of secondary infec-
tions, superinfections. However, the data presented in
a systematic review on the use of corticosteroids in the
treatment for sepsis, show no statistically significant
difference in the incidence of superinfection with long-
term low-dose courses of glucocorticosteroids (16.75%
versus 16.11%) [10].

DISCUSSION

On 2 September, 2020, WHO published guidelines
for the use of corticosteroids in patients with COVID-19.
WHO recommends systemic corticosteroids for the
treatment of patients with severe and critical (gravy)
COVID-19. Herewith, it is not recommended to use cor-
ticosteroids in the treatment of patients with mild forms
of COVID-19, as this is not beneficial and may aggravate
a patient’s condition [11].

Corticosteroid therapy should be used with an ex-
treme caution in the patients with diabetes mellitus.
The fact that among patients with a severe course of
COVID-19 there are people with diabetes mellitus,
should be taken into consideration. Then, when plan-
ning purchases as well as the budget, it is necessary
to take into account the availability of tocilizumab to
stabilize the condition of patients with a developed “cy-
tokine storm”. In such cases, the use dexamethasone is
dangerous.

When tocilizumab was used, superinfection de-
veloped twice as often compared with controls in the
patients with COVID-19 who were on artificial lung ven-
tilation (ALV) (54% versus 26%) [7]. Herewith, no sta-
tistically significant change in mortality within 28 days
was found in the group of patients with superinfection
and without it.

A particular risk from COVID-19 is the transition of
patients to grave and critical conditions. The hospital-
ized patients with a diagnosis of severe COVID-19, have
increased levels of cytokines. This increase may be as-
sociated with a cytokine release syndrome (“cytokine
storm”), which is triggered by a number of factors (sep-
sis, cancer, organ transplantation), and in particular, viral
infection [12]. The pathogenesis is based on a violation
of the mechanisms of cellular cytotoxicity, an excessive

Volume VIlI, Issue 5, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-5-316-324

activation of cytotoxic lymphocytes and macrophages
with a massive release of pro-inflammatory cytokines
(a tumor necrosis factor (TNF-a), interleukin 1 (IL-1), in-
terleukin 2 (IL-2), interleukin 6 (IL-6), interleukin 8 (IL-8),
interleukin 10 (IL-10), a granulocyte colony-stimulating
factor, monocytic chemoattractive protein 1), and in-
flammatory markers (C-reactive protein, serum ferritin),
infiltration of internal organs and tissues activated by
T-lymphocytes and macrophages — all these factors lead
to a high-intensity inflammatory response [13, 14].

There is evidence of the successful use of an IL-1
receptor antagonist in the development of “a cytokine
storm” [15]. The analysis of the data from phase Ill ran-
domized study of the use of an IL-1 receptor antagonist
(anakinra), indicates a significant improvement in the
survival and the absence of serious adverse reactions in
the patients with the development of sepsis [8]. There-
fore, the use of an IL-1 receptor antagonist in severe
forms of COVID-19, may be a promising direction in ther-
apy and requires additional research.

A special place in the development of “the cytokine
storm” in patients with COVID-19, belongs to IL-6, there-
fore, the effect on IL-6 and/or the mechanisms associat-
ed with its production, are the point of application in the
treatment for severe patients. Interleukin 6 (IL-6) block-
ers are used to treat the “cytokine storm” in COVID-19
[16]. Thus, tocilizumab, which is a recombinant human-

ized monoclonal antibody that antagonizes the IL-6 re-
ceptor and is used, as recommended, in the treatment
for rheumatoid arthritis, may play a key role in the treat-
ment for critically ill patients with COVID-19 [17]. When
using tocilizumab, an improvement in the main indica-
tors during COVID-19 and a decrease in mortality in se-
vere and critical conditions, has been shown [18].

CONCLUSION

In the course of the analysis, it was found out that
the IL-6 inhibitor tocilizumab has the highest efficacy
indicators, followed by the systemic glucocorticosteroid
dexamethasone. The AbE and 95% Cl values for the both
drugs were statistically significant. The RE and PADbE val-
ues, are also higher for tocilizumab, however, 95% of the
Cls of these indicators, fall into the area of statistically
insignificant values, which requires additional confirma-
tion of their efficacy. The choice of MPs should be based
on a patient’s condition, comorbidities and the drugs
used in therapy, in order to minimize the risk of undesir-
able drug interactions.

Against the background of the lowest efficacy
among the compared MPs, for the IL-1 inhibitor anakin-
ra, its high efficacy was established for the patients with
concomitant hepatobiliary disorders and disseminated
intravascular coagulation, which should be taken into
account when treating such patients.
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Maternal preeclampsia can bring about metabolic disorders in the offspring at different stages of ontogeny. Up to date, no
ways of preventive pharmacological correction of lipid and carbohydrate metabolism disorders developing in different peri-
ods of ontogeny in the children born to mothers with this pregnancy complication, have been developed.

The aim of the experiment was to study the effect of the gamma-aminobutyric acid derivative succicard (22 mg/kg) and its
reference drug pantogam (50 mg) administered per os in the course of treatment in puberty (from 40 to 70 days after birth),
on the parameters of lipid and carbohydrate metabolism in the offspring of the rats with experimental preeclampsia, in dif-
ferent periods of ontogeny.

Materials and methods. To assess the activity of lipid and carbohydrate metabolism in the offspring, an oral glucose toler-
ance test was performed at 40 days, 3, 6, 12 and 18 months of age. The level of glycosylated hemoglobin was measured at
the age of 6, 12, and 18 months, and the concentrations of total cholesterol, high-density lipoprotein cholesterol and tri-
glycerides were tested at 40 days, 3, 6, 12, and 18 months of age.

Results. The offspring of the rats with experimental preeclampsia, were found out to have lipid and carbohydrate metabolism
disturbances during early (40 days and 3 months of age) and late (6, 12, and 18 months of age) ontogeny. In comparison
with the offspring of healthy females, these disturbances were manifested by significantly higher levels of glucose revealed
during the oral glucose tolerance test, by high glycosylated hemoglobin in males, and with elevated concentration of total
cholesterol and triglycerides and a low level of high-density lipoprotein cholesterol in the negative control rats. Both the
gamma-aminobutyric acid derivative succicard and its reference drug pantogam, reduced the negative effect of experimental
preeclampsia on lipid and carbohydrate metabolism in the offspring in late ontogeny (6, 12 and 18 months of age). The effec-
tiveness of succicard was either higher or comparable with pantogam.

Conclusion. Thus, the negative impact manifestations of experimental preeclampsia on lipid and carbohydrate metabolism,
are revealed in the offspring in early (40 days and 3 months) and late (6, 12 and 18 months of age) ontogeny. The gamma-am-
inobutyric acid derivative succicard reduces the negative effect of experimental preeclampsia. Based on this finding, the
drug implies the possibility of the development of a safe and highly effective medicine for preventive correction of lipid and
carbohydrate metabolism disorders in the children born to mothers with preeclampsia.

Keywords: experimental preeclampsia; offspring; GABA derivatives; lipid and carbohydrate metabolism

Abbreviations. AP — arterial pressure; ATP — adenosine triphosphate; GABA — gamma-aminobutyric acid; IUGR — intrauterine
growth restriction; TC — total cholesterol; OGTT — oral glucose tolerance test; PE — preeclampsia; TG — triglycerides; HDL-C —
high-density lipoprotein cholesterol; EP — experimental preeclampsia.

For citation: E.A. Muzyko, V.N. Perfilova, A.A. Nesterova, K.V. Suvorin, I.N. Tyurenkov. Effect of the gaba derivative succicard on the lipid and
carbohydrate metabolism in the offspring of rats with experimental preeclampsia in early and late ontogeny. Pharmacy & Pharmacology.
2020;8(5):325-335. DOI: 10.19163/2307-9266-2020-8-5-325-335
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Mpeaknamncua y maTepu MOXKET CNYKUTb NPUYMHON Pa3BUTUA MeTaboMUYEeCKMX PacCTPOMCTB Y MOTOMCTBA Ha PasHbIX 3Tanax
OHTOreHe3a. Ha cerogHAWHNIN feHb He pa3paboTaHbl CNocobbl NPeBeHTUBHON GapMaKOI0rM4ecKon KOPPEKLMN HapyLLEeHN
YINeBOAHOr0 U IMNUAHOTO 06MEHOB, BO3HWUKAIOLWMX B Pa3Hble Nepuoabl XU3HU AETel, POXKAEHHbIX OT MaTepel ¢ AaHHbIM
OC/NIOXKHEeHNem 6epemeHHOCTH.

Lienb. M3yyeHre BAUAHUA KypcoBOro NepopasibHOro BeefieHus B nybeptatHom nepuoge (c 40 no 70 AeHb XKW3HM) NPou3BoO-
[HOTO ramma-amMmMHOMACAAHON KUCNOTbI CyKuMKapaa (22 mr/Kr) v npenapata cpaBHeHWs naHTorama (50 mr) Ha nokasatenu
YIN€BOAHOIO U IMNUAHOTO 06MEHOB MOTOMCTBA KPbIC C IKCNEPUMEHTAIbHOW MPE3KAAMMCUEN B pa3Hble NepUoabl OHTOreHesa.
Martepuanbl U metogbl. [1na onpeseneHna CoOCTOAHUA YINeBOAHOIO U AMNUAHOrO o6MeHOB y NOTOMCTBA NpoBoguau [e-
pOpasibHbIV TNOKO30TONEPAHTHBIN TecT B Bo3pacTe 40 aHen, 3, 6, 12 n 18 mecaues, U3MepAan ypoBeHb IMUMKUMPOBAHHOIO
remornobuHa B Bo3pacte 6, 12 n 18 mecaues 1 onpeaenany KoHLEHTPaLmm obLLero xonectepuHa, XxonectepmHa aMnonpore-
MHOB BbICOKOW MIOTHOCTU U TPUIULEpPUA0B B Bo3pacTte 40 aHel, 3, 6, 12 n 18 mecaues.

Pe3ynbratbl. Bb1/10 BbISBIEHO, YTO Y MOTOMCTBA KPbIC C SKCMEPUMEHTAIbHON Mpeskaamncnenn Ha paHHux (40 gHelt n 3 me-
cAua) M no3gHux (6, 12 n 18 mecaAues) cTagmax oHToreHesa HabAOAAOTCA HapyLEeHUA YreBOAHOMO U ANMUAHOIO obme-
HOB. 3TO NPOABAAETCA B 3HAYUTENIbHO 60/1ee BbICOKMX MO CPABHEHWUIO C MOTOMCTBOM 30POBbIX CAMOK MPUPOCTax yYPOBHA
T/II0KO3bI NpY NpoBeaeHUM NepopanbHOro IMHOKO30TONIEPAHTHOO TECTa, BbICOKOM YPOBHE [IMKUPOBAHHOMO remornobuHa y
CaMLLOB, @ TaK*Ke MOBbILEHHON KOHLLEHTPaLMK 06LEero XonecTepmHa, TPUMMLEPULOB U HU3KOM YPOBHE XONeCTePUHA IMNO-
NPOTENHOB BbICOKOM NJIOTHOCTM Y KPbIC FPYNMbl HEFATUBHOFO KOHTPOAA.

MponssoagHOEe raMma-aMUHOMACAHON KMCIOTbl CYKUMKApA, U npenapaT CpaBHEHUA NaHTOramM OrpaHWMYMBatOT HEFaTUBHOE
B/MAHUE IKCNEPUMEHTANIbHOW NPE3KNAMNCUM Ha NUNNAHBIN U YINeBOAHbIA 06MeHbl MOTOMCTBA HA MO34HWUX CTAAMAX OH-
ToreHesa (6, 12 n 18 mecaues). Mo 3pdEKTUBHOCTU AENCTBUA CYKLMKAPA NPeBbIWan uau 6bia CONocTaBMm C NpenapaTtom
CpaBHEHWA NAHTOramMoOM.

3aKkntoyeHue. Takum 06pa3om, HEraTUBHOE B/IMAHME IKCMEPUMEHTA/IbHON NPE3KNaMMNCUM Ha MoKasaTenu AUNUAHOIO W
yrneBogHOro o6MeHOB NOTOMCTBA NPOABAAETCA, KaK Ha paHHMX aTanax (40 aHel u 3 mecaua), Tak U B 6onee oTAaNeHHble
nepuoabl (6, 12 n 18 mecsues) oHToreHesa. Mpon3BoAHOE raMMa-aMMHOMACIAHON KUCIOTbl CYKLMKapa, YyMeHbLaeT oT-
puuaTenbHoe AecTBUe IKCNEPUMEHTAIbHON MPE3IKNAMMICUU, YTO NO3BOAAET NPEANONOKNUTL BO3MOXKHOCTb Pa3paboTkM Ha
ero ocHoBe 6e30MacHoro 1 BbICOKOIGGHEKTUBHOIO Npenaparta 414 NPEBEHTUBHON KOPPEKL MU HAPYLLUEHWUW YINEBOAHOTO U
NIUNUAHOTO OBMEHOB Y AeTel, POAUBLUMXCA OT MaTepei ¢ NpesKnammcuen.

KntoueBble cn0Ba: sKCnepuMeHTaIbHan NPeaKkaamncusa; NOTOMCTBO; NpoussoaHble TAMK; aMnuaHbii 06MeH; yrneBoaHbIN
obmeH

CnucoK coKpaueHuii: ALl — apTepuanbHoe aasnenue; ATO — ageHosuHTpubocdat; FAMK — ramma-ammHOMaciAHas KMCao-
Ta; 3BYP — 3a4eprkKa BHYTpUYTpobHOro pa3sutus; OX — obwmin xonectepuH; MNITT — nepopasbHbIi [HOKO30TOEPaHTHbIN
TecT; M3 — npeaknamncusa; Tl — Tpurmuepuabl; XC /MBI — xonectepmH AMNONPOTEMHOB BbICOKOW NIOTHOCTH; I — aKcnepwm-
MEeHTaNbHaA NPesKaMNCUA.

INTRODUCTION

Preeclampsia is (PE) is a severe pregnancy complication
causing adverse sequelae for both mother and child at differ-
ent stages of postnatal ontogeny. In children, early complica-
tions of PE include premature birth and intrauterine growth
retardations (IUGR), whereas it’s long-term effects are man-
ifested by a higher risk of developing cardiovascular, neuro-
logical, endocrine and metabolic disorders [1].

326

The damaging action of this pregnancy complication
is associated with impaired cytotrophoblast invasion and
deficient spiral arterial conversion, endothelial dysfunc-
tion, changes in the correlation between pro- and anti-
coagulant factors, an enhanced production of vasocon-
strictors, which finally lead to circulatory disturbances in
the “mother-placenta-fetus” system and hypoxy [2, 3].
The latter may cause changes in the organs and tissues
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in the critical periods of the fetus development, which
result in their dysfunction in late ontogeny [4].

A prenatal exposure to preeclampsia increases the
risk of metabolic disorders in children at different stag-
es of their individual development [5, 6]. It has been
demonstrated that the children with a past history of
cerebral ischemia, have a higher level of blood glucose
[7], those with IUGR show elevated concentrations of to-
tal cholesterol (TC), triglycerides (TGs) and low-density
lipoprotein cholesterol with a simultaneous decrease in
high-density lipoprotein cholesterol (HDL) as compared
to healthy children [8]. Furthermore, prematurely-born
infants and those with IUGR born to mothers with pre-
eclampsia, tend to show insulin resistance and obesity,
respectively [9], which may contribute to the develop-
ment of hypertension and type Il diabetes mellitus at a
more mature age.

To date, no ways of preventive pharmacological
correction of lipid and carbohydrate metabolism disor-
ders occurring at different stages of postnatal develop-
ment in the children born to mothers with preeclamp-
sia, have been discovered. Gamma-aminobutyric acid
(GABA) derivatives are of special interest, as earlier
studies have demonstrated their endothelium-pro-
tective, antihypoxic, antioxidant, vasodilating and an-
tithrombotic action [10, 11]. Moreover, they promote
the activation of both tissue respiration and oxidative
phosphorylation, and enhance glucose utilization by
cells [12], which implies their potential use for correct-
ing lipid and carbohydrate metabolism in the offspring
exposed to PE.

THE AIM of the present research was to study the
effect of the course administration of the GABA deriv-
ative succicard and its reference drug pantogam in the
puberty period (from the 40 to the 70'" days of life) on
the parameters of lipid and carbohydrate metabolism in
the offspring of the rats with experimental preeclampsia
(EP) at different stages of ontogeny.

MATERIALS AND METHODS

Experimental animals

The study was conducted on the offspring of white
outbred rats — females weighing 230-250 g — with a phys-
iological pregnancy and PE: males and females at the
age of 40 days, 3, 6, 12 and 18 months (n=121). The an-
imals were delivered from “Rappolovo breeding ground
for laboratory animals” (Leningrad region). The females
and their offspring were kept and cared for in the Volgo-
grad State Medical University vivarium settings accord-
ing to the recommendations of the national standard of
the Russian Federation GOST R-33044-2014 Principles
of Good Laboratory Practice. The study was conducted
in compliance with the requirements of the Decree of
MH RF No. 199n dated 01.04.2016 “On the Approval of
the Guidelines for Laboratory Practice and the Directives
of the European Parliament dated 2010/63/EU and the

Tom 8, Beinyck 5, 2020

European Union Council dated 22.09. 2010 on the pro-
tection of animals used for scientific purposes”. The ex-
perimental study protocol was approved by the Region-
al Independent Review Board (SU “Volgograd Medical
Research Centre”): No.2044-2017 dated 25 December,
2017.

Modeling experimental preeclampsia

To be mated, the rats were placed in separate cages
for 12 hours at the ratio of 2 females and 1 male. The
pregnancy was detected when vaginal smears showed
the presence of sperm. After that, each pregnant female
was putin a separate cage. To model PE, the rats received
a 1.8% sodium chloride solution instead of drinking wa-
ter from the 1% to 21 day of pregnancy [13]. Increased
arterial pressure (AP) and elevated urine protein on the
20™" day of pregnancy as compared to the 1° day, were
the signs indicating the development of PE. AP was mea-
sured in the females on the 1% and 20t days of gestation
using a non-invasive blood pressure monitoring system
CODA'TM Non-Invasive Blood Pressure System (Kent Sci-
entific Corporation, USA). For a 24-hour urine collection,
the female rats were placed in a metabolic cage (Nal-
gene, Italy). To assess total urine protein, a CliniTest-BM
PGK panel (ECO-SERVIS, Russia) was used.

On the 1% day of pregnancy, AP readings in rats
with physiological pregnancy and simulated EP were
121.9546.62 and 119.54+8.31 mmHg, respectively. On
the 20" day they were 109.74+5.16 and 133.61+9.64
mmHg, with an increase of 17.9% (p<0.05).

The level of 24-hour urine protein showed no sig-
nificant differences in both groups at the beginning of
pregnancy. However, on the 20" day of gestation, it
was 4.91+0.40 mg per 24 hours in the females with PE,
whereas in the healthy females it amounted to 2.38+0.26
mg per 24 hours.

The obtained findings were considered as the evi-
dence that the females receiving saline solution, devel-
oped EP.

Study design

On the 39%" day after birth, the offspring were moved
away from the females. The experiment was conducted
in two stages. The first stage involved the division into
groups: 1, 2 — positive control — offspring (males n=10,
and females n=10) born to the females without PE; 3,
4 — negative control — offspring (males n=11 and females
n=10) born to the females with EP.

At the second stage, the groups were arranged in
such a way that each group was made up of 10 animals:
1, 2 — positive control — offspring (males and females)
born to the females without EP and receiving distilled
water; 3,4 — negative control — offspring (males and fe-
males) born to the females with PE and receiving dis-
tilled water; 5, 6, 7, 8 — offspring (males and females)
born to the females with EP and receiving the GABA
derivative succicard (composition of 4-phenylpiracetam
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and succinic acid in the ratio of 2:1) (Fig. 1) at the dose of
22 mg/kg and the reference drug pantogam (hopantenic
acid, PIK-PHARMA PRO Ltd, Russia; syrup 100 mg/ml), at
the dose of 50 mg, respectively. The offspring received a
half of the effective dose of succicard for adult animals,
which had been detected while studying neuro- and
cardioprotective, antihypoxic and antioxidant activities
[15]. Pantogam was chosen as a reference drug since it
is used in clinical practice to treat children with posthy-
poxic disorders caused by various conditions including
preeclampsia. Hopantenic acid was applied in effective
doses on the basis of literature findings [16]. Succicard
and the reference drug, were administered per os at the
same time once every 24 hours, from the 40" to 70%"
days of postnatal ontogeny. The positive and negative
control animals received a similar regimen of distilled
water.

Identifiable parameters of lipid

and carbohydrate metabolism

The oral glucose tolerance test (OGTT) was per-
formed at the age of 40 days, 3, 6, 12, and 18 months.
The level of glycosylated hemoglobin was measured at
the age of 6, 12, and 18 months, and the concentrations
of TC, HDL and TG were tested at the age of 40 days, 3,
6, 12, and 18 months.

When OGTT was performed, the blood was collect-
ed from the caudal vein after a 12-hour food depriva-
tion. Glucose solution was intraorally administered to
the rats at the rate of 4g of the substance per 1 kg of the
animal weight, then, its concentration in the blood was
measured 30, 60, 90, and 120 min after loading to assess
an endogenous insulin activity [17]. Oxochrom Glucosa
S panel for enzymatic detection of glucose by GOD-POD
method (Erba Lachema, Czech Republic), was used. The
optical density of the specimens was measured using a
PE-5400V spectrophotometer (Ekros, Russia) (the wave-
length 498 nm).

Glycosylated hemoglobin indicates the total level of
glucose interacting with hemoglobin within the period of
3-4 months. Its amount in the blood collected from the
sublingual vein, was quantified using a Glycohemoglobin
reagent panel (High Technology, Inc., USA). A hemolyzed
sample was mixed up with weak cation exchange resin.
After a 5-minute incubation, filters were used to sepa-
rate the supernatant containing glycosylated hemoglo-
bin from the resin. To determine the content of glyco-
sylated hemoglobin, the optical density of glycosylated
hemoglobin fraction and that of total hemoglobin, were
evaluated. The amount of glycosylated hemoglobin in
the sample, was calculated as a ratio of these two op-
tical density types. The measurements were made with
a PE-5400V spectrophotometer (Ekros, Russia) with a
wavelength of 415 nm.

The content of TC, HDL and TG in blood serum was
determined using the following reagent panels — Total
Cholesterol (Olvex Diagnosticum, Russia), High-density
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lipoprotein cholesterol (Olvex Diagnosticum, Russia) and
Triglycerides (Olvex Diagnosticum, Russia). The blood
was collected from the sublingual vein. The optical den-
sity was assessed by a PE-5400V spectrophotometer
(Ekros, Russia).

Methods of statistical

analysis of data

The study findings were statistically processed with
STATISTICA v.12.5 software (StatSoft Inc., USA), which
involved the Mann-Whitney U test, the Student’s t-test
to compare paired samples, the Newman-Keuls test
for multiple comparisons with a prior assessment of
the distribution normality based on the Shapiro-Wilk
test. The differences were statistically significant when
p<0.05.

RESULTS

OGTT findings revealed that the offspring born to
the females with PE, showed a higher increase in the
glucose level as compared to the positive control rates,
which may be suggestive of carbohydrate metabolism
disturbances.

In 40-day-old males born to the females with EP
compared with the males born to the healthy females,
the increase in the glucose level with reference to the
original values (before loading) 60 min after its admin-
istration, was 3 times higher (p<0.05), after 90 min it
was 4 times higher (p<0.05) and after 120 min this
indicator was negative in the positive control group.
However, 40-day-old females demonstrated the op-
posite tendency (Fig. 2A). In 3-month-old negative
control males, significant differences were observed
30 minutes after the glucose administration — the in-
crease was 1.4 times as high (p<0.05) as in the animals
born to the rats with physiological pregnancy, whereas
90 and 120 min after the introduction, in the females,
the increase was 1.8 and 2.9 times higher (p<0.05), re-
spectively (Fig. 2B). In 6- month-old males born to the
rats with a complicated pregnancy, the gain in the glu-
cose level was significantly higher — 1.6, 2.1, 1.8, and
2 times higher (p<0.05) 30, 60, 90 and 120 min after
the administration, respectively, as compared to the
offspring of healthy females; in the female offspring it
was 1.8, 2.8, 2.7 and 2 times higher (p<0.05) (Fig. 2C).
At the age of 12 months, the negative control males
showed an increase, which was significantly higher 30
and 60 min after the introduction (1.9 and 1.6 times
(p<0.05)), the females demonstrated a high increase
throughout the test (1.6 times (p<0.05) 30 min after,
1.4 times (p<0.05) in 60, 90, and 120 min (fig. 2D). The
same trend retained in 18-month-old offspring. 60, 90
and 120 minutes after the glucose introduction, the
negative control males showed a higher increase (1.2,
1.3 and 1.5 times (p<0.05)) as compared to the posi-
tive control group, in the females it was 1.4, 1.2 and
1.2 times higher (p<0.05) (Fig. 2E).
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Figure 1 — Structural formula of succicard

Table 1 - Effect of GABA derivatives on the level of glycosylated hemoglobin in the offspring of the females with

EP at the age of 6, 12 and 18 months (Mtm)

Level of glycosylated

[J]

o .

% Animal groups Rat gender hemoglobin
Offspring of the females with physiological pregnancy receiving distilled Males 8.43+0.65
water — positive control Females 8.87+0.31

Males 12.56+0.84$
® Offspring of the females with EP receiving distilled water — negative control

= Females 9.01+0.61

9]

€ Males 7.450.74#

© Offspring of the females with EP receiving succicard 22 mg/kg

Females 8.94+0.74
Males 10.69+0.73

Offspring of the rats with EP receiving pantogam 50 mg
Females 10.71+0.78
Offspring of the females with physiological pregnancy receiving distilled Males 8.2740.58
water — positive control Females 7.56+0.81

" Males 10.44+0.61*

< Offspring of the females with EP receiving distilled water — negative control

*g Females 7.49+0.83

E Males 11.34£0.90

— Offspring of the females with EP receiving succicard 22 mg/kg

Females 6.53+0.33
Males 10.39+1.29
Offspring of the rats with EP receiving pantogam 50 mg
Females 7.63+0.83
Offspring of the females with physiological pregnancy receiving distilled Males 9.6+1.00
water — positive control Females 10.55+0.94

- Males 12.26+0.87*

< Offspring of the females with EP receiving distilled water — negative control

‘g Females 10.27+0.75

£ Males 9.85£0.76

- Offspring of the females with EP receiving succicard 22 mg/kg

Females 9.24+0.93
Males 10.97+1.06

Offspring of the rats with EP receiving pantogam 50 mg
Females 10.52+1.33

Note: $ — based on the Mann-Whitney test as compared to the positive control group; * — based on the Student’s t-test as compared to the
positive control group; # — based on the Newman-Keuls test as compared to the negative control group (p<0.05)
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Figure 2 — Effect of GABA derivatives on the increase in glucose level in the offspring of the females with
EP at the age of 40 days (A), 3 months (B), 6 months (C), 12 months (D), and 18 months (E) (Mim)
on the basis of OGTT findings

Note: $ — based on the Mann-Whitney test as compared to the positive control group; * —

based on the Student’s t-test as compared to the posi-

tive control group; # — based on the Newman-Keuls test as compared to the negative control group (p<0.05)
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Figure 3 — Effect of the GABA derivatives on the lipid metabolism indices in the offspring of the females with
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In 3-month-old males and females receiving succi-
card and its reference drug, the increase was lower than
in the negative control group, however, no significant
differences were revealed (Fig. 2B). 6-month-old males
receiving succicard, demonstrated a glucose increase
which was 1.9, 2.5 and 1.9 times lower (p<0.05) 30, 60
and 120 minutes after the administration; in the rats re-
ceiving hopantenic acid, it was 2.2, 3.2 lower (p<0.05)
after 60 and 120 minutes. In the females to which succi-
card had been administered, the increase was 1.7 times
lower (p<0.05) 30 minutes after the introduction, in
those receiving hopantenic acid it was 1.6 and 2.1 times
(p<0.05) lower after 60 and 90 min (Fig. 2C). At the age
of 12 months, significant differences were revealed only
in the females to which GABA derivatives and the refer-
ence drug had been administered. Those receiving suc-
cicard, showed an increase which was 1.6 times (p<0.05)
lower 60 min after the glucose introduction and 2 times
lower after 90 and 120 min; in the rats receiving hopan-
tenic acid it was 1.7, 1.8 and 1.9 times lower (p<0.05) af-
ter 60, 90 and 120 min (Fig. 2D). 18-month-old females,
to which succicard had been administered, demonstrat-
ed significantly lower values of the increase 60 and 90
min after the glucose introduction (1.6 and 1.4 times
(p<0.05)). No significant differences were revealed in the
females receiving hopantenic acid as well as in the males
receiving succicard and the reference drug as compared
to the negative control group (Fig. 2E).

When estimating the level of glycosylated hemoglo-
bin it was found out that in the males born to the rats
with EP, this indicator was 1.5 times higher (p<0.05) at
the age of 6 months, and 1.3 times higher (p<0.05) at the
ages of 12 and 18 months as compared to the positive
control group. Among the males, to which the studied
GABA derivative and its reference drug had been admin-
istered, significant differences from the animals born to
the females with the studied pregnancy complication
were revealed only in the rats receiving succicard: at
the age of 6 months their level of glycosylated hemoglo-
bin was 1.7 times lower (p<0.05), and at the age of 18
months — 1.2 times lower (p<0.05). No significant differ-
ences between the females from the positive and nega-
tive control groups as well as those receiving succicard
and hopantenic acid, were found out (Table 1).

No significant changes in the lipid metabolism indi-
ces were registered in the negative control animals aged
40 days as compared to the offspring born to the rats
with physiological pregnancy (Fig. 3A).

The concentration of TC in blood in 3-month-old
males and females born to the rats with EP did not
change, their level of HDL was 2 and 1.3 times as low
(p<0.05) as in the positive control group. The changes
in TG concentration were observed only in the males of
the negative control group — it was 1.4 higher (p<0.05)
compared to the offspring of the healthy females (Fig.
3B). This tendency was retained at the age of 6 months:
the males born to the rats with complicated pregnancy,
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showed a 1.6 times lower level of HDL (p<0.05), their
TG level was 1.3 times higher (p<0.05); in the females
the HDL, the concentration was 1.9 times lower (p<0.05)
(Fig. 3C). 12-month-old males and females of the nega-
tive control group tended to demonstrate a lower level
of HDL (1.2 times, p<0.05) and an increased concentra-
tion of TG in blood serum (1.3 and 1.6 times, p<0.05);
the females also showed a higher level of EC (1.3 times,
p<0.05) compared to the positive control group (Fig.
3D). The level of HDL in the males and females born to
the rats with EP aged 18 months, was 2.2 and 1.4 times
as low (p<0.05) as in the offspring of the healthy ani-
mals, respectively. At the same age, the TC and TG levels
were 1.3 times higher (p<0.05) (Fig. 3E).

No significant differences were revealed in 3-month-
old males and females receiving succicard and the ref-
erence drug compared to the negative control group
(Fig. 3B). However, by the age of 6 months, the females
which had been receiving succicard and hopantenic acid,
showed a lower level of EC (1.2 and 1.3 times, p<0.05),
respectively, in contrast to the offspring of the rats with
EP. The concentration of HDL in the females, to which
succicard had been administered, was 1.5 times high-
er (p<0.05). The offspring receiving hopantenic acid,
showed lower levels of TG (1.9 and 1.8 times, p<0.05 in
the males and females, respectively) compared to the
negative control group (Fig. 3C). In 12-month-old males,
to which succicard had been administered, a 1.3 times
lower concentration of TC (p<0.05) was observed. The
females, which had been receiving succicard and hop-
antenic acid, demonstrated a lower level of TG that was
1.3 times as low as in the offspring born to the rats with
the complicated pregnancy (Fig. 3B). At the age of 18
months, statistically significant differences from the neg-
ative control group were registered only in the offspring
receiving succicard: in the males, the HDL concentration
was 1.8 times as high (p<0.05) and in the females the TG
level was 1.6 times as low (p<0.05) (Fig. 3E).

DISCUSSION

To date, a number of studies have demonstrated that
the impact of PE during the intrauterine period is asso-
ciated with a higher risk of endocrine and metabolic dis-
turbances both at early stages of postnatal development
and in the late periods of life [5, 6, 18, 19]. According
to the Weibull parametric survival model, hypertensive
disorders of pregnancy including chronic hypertension,
gestation hypertension and PE, significantly increase the
risks of developing endocrine and metabolic disturbanc-
es in children up to the age of 18 and may be manifested
as obesity, hyperlipidemia, and diabetes mellitus [9, 18].
In neonates, who suffered perinatal hypoxia, the level
of EC and TG in blood serum, exceeds the age-specific
normal values [20]. The study of lipid and carbohydrate
metabolism in 3- and 6-month-old offspring born to the
mice with EP, demonstrated an elevated concentration
of blood glucose and its higher increase compared to the
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control group of the animals registered by OGTT, with
a simultaneous trend towards an insulin level decrease
[21]. The male rats, which were on a high-fat diet and
were subjected to perinatal hypoxia, showed a consider-
ably elevated level of fasting glucose and impaired glu-
cose tolerance [22].

The carried out experiments have revealed lipid and
carbohydrate metabolism disturbances observed in the
offspring of rats with EP both at early (40 days and 3
months) and late (6, 12, 18 months) stages of ontoge-
ny. Compared to the offspring of healthy females, they
were manifested by significantly higher increases in glu-
cose levels, revealed during the oral glucose tolerance
test; by the elevated glycosylated hemoglobin values in
males, a high concentration of TC and TG, and low HDL
in the negative control rats.

Hypoxic damage typical of this type of pregnancy
complication, is likely to account for this effect of PE. The
exposure to hypoxia during the critical periods of the fe-
tal development, has an adverse impact on organs and
tissues, and induces their functional impairments in the
postnatal ontogeny [4].

B. Akhaphong et al. [2] demonstrated that the in-
creased R-cell death, a decrease in their area in the
pancreas and changes in the mTOR protein level (mam-
malian target of rapamycin) regulating the growth and
survival of cells, are observed in the offspring of rats
born to the females with experimental gestation hyper-
tension.

Another mechanism of PE adverse effect on chil-
dren’s metabolism is hypomethylation of imprinted
genes. There is some evidence that children born to the
mothers with PE, show alkylation-induced aberrations
of differentially methylated gene regions IGF2, DLKI and
MEST, which influence postnatal ontogeny. This process
contributes to the development of obesity, diabetes, hy-
pertension and other metabolic disorders in adulthood
[24-26].

Impaired lipid and carbohydrate metabolism in the
offspring caused by PE suffered by mothers, has a nega-
tive effect on their healths, decreases the quality of their
lives, and reduces their lifespans. Therefore, a search for
agents for correcting such PE complications, is of crucial
importance.

The study carried out by the authors, has demon-
strated that the cycle administration of the GABA de-
rivative succicard and its reference drug in the puberty
period, yielded a lesser increase in the glucose level
registered by OGTT in the 6-month-old offspring. The
administration of these agents at the age of 12 months,
caused a significant decrease in this indicator only in
the females, whereas at the age of 18 months the in-
crease was significantly lower in the females, which
had been receiving succicard, than in the negative con-
trol group. The assessment of glycosylated hemoglobin
level has revealed that it was significantly lower only
in 6- and 8-month-old males, to which succicard had
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been administered, as compared to the negative con-
trol group.

When the lipid profile was estimated in the males,
which had been receiving the GABA derivative and
the reference drug, a decrease in the TG level was
observed at the age of 6 months in the rats receiv-
ing hopantenic acid; a reduced concentration of TC
was registered at the age of 12 months and increased
HDL was reported in 18-month-olds receiving succi-
card. 6-month-old females, which had been adminis-
tered with succiard and the reference drug, showed a
lower level of TC and TG, but higher HDL, whereas in
12-month-olds the concentration of TG in the blood
serum was decreased. At the age of 18 months, sig-
nificant differences from the negative control group
were revealed only in the females receiving succicard:
their TG level was lower.

These facts suggest that the GABA derivative succi-
card and hopantenic acid, promote improvement in lip-
id and carbohydrate metabolism indices at late stages
of ontogeny (6, 12, 18 months) in the offspring of rats
with EP. The efficacy of succicard either exceeded or was
comparable with that of its reference drug.

The pharmacological properties of the succicard
compounds (a composition of 4-phenylpiracetam and
succinic acid), are likely to account for the obtained
findings. S and R enantiomers of phenylpiracetam are
selective inhibitors of dopamine reuptake and show
affinity for the dopamine transporter, DAT [27]. More-
over, it is well-known that catecholamines and thera-
peutic agents, which stimulate the release or block the
uptake of endogenous catecholamines, suppress appe-
tite. In the experimental study, the oral administration
of S-phenylpiracetam in the mice kept on a “western
diet”, and Zucker line obese rats for 8 and 12 weeks, re-
sulted, respectively, in a considerable weight and body
fat mass losses. Furthermore, they showed a significant
decrease in the glucose level when OGTT was conduct-
ed [28].

Another assumptive mechanism of the favourable
effect of succicard on the indices of lipid and carbohy-
drate metabolism in the offspring, can be associated
with the fact that phenylpiracetam and succinic acid,
which it is composed of, are capable of eliminating the
hypoenergetic condition of pancreatic cells. The former
has a pronounced antihypoxic action, stimulates oxida-
tion-reduction processes, enhances glucose utilization
by cells. Succinic acid is a Krebs cycle metabolite and can
promote an increased production of NADH+H+, FADH+,
which results in ATP production in mitochondria. The
earlier studies have demonstrated that introduction of
succicard after a chronic alcohol intoxication, leads to a
decrease in the amount of primary and secondary prod-
ucts of lipid peroxidation, an increased activity of super-
oxide dismutase and glutathione peroxidase in cardiac
and cerebral mitochondrial cells, and inhibits mitochon-
drial dysfunction [14].

333



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

CONCLUSION
Consequently, EP has a negative impact on the in-

dices of lipid and carbohydrate metabolism in the off-
spring both at early (40 days and 3 months) and later
(6,12, 18 months) stages of individual development. The
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The aim of the review article was to highlight the methodologies for assessing the financial costs of adverse drug reactions
exemplified by the Russian Federation and Brazil.

Materials and methods: for a comparative analysis, materials from open sources were used. The study of the experience of
methods used for assessing the burden of adverse drug reactions, was carried out using the system for calculating payments
for medical care by clinical-statistical and clinical-profile groups, the methodology for assessing the severity of adverse events
of the US National Cancer Institute, drug-associated problems, and “the decision tree” model.

Results. When comparing the costs of ADR management in the Russian Federation and Brazil, the following results have been
obtained: in the Russian Federation, the “cost” of reaction can be estimated only for a limited number of nosological groups
that are regulated by the classification of diseases by clinical and statistical groups; in Brazil, when predicting the costs of
adverse reactions management, the combination of “the decision tree” method and the Delphi method is used. In the Rus-
sian Federation, the cost of the 3™ and above severity adverse event (according to CTCAE v. 4.03), varies from 26,849.22 up
t0 26,196.37 RUB in the North-West region (St. Petersburg). In Brazil, the cost of ADR ranges from 13 USD (the best scenario
for the patient) to 574 USD (the worst scenario for the patient), which is about 975 and 43,000 RUB, respectively. The intro-
duction of methods that make it possible to predict the development and potential outcomes of adverse drug reactions, as
well as taking into account the experiences of foreign colleagues in their modeling, will reduce economic costs in the Russian
Federation at the federal level.

Conclusion: for the economic value analysis and further forecasting, an improvement of existing methodologies is required.
The models used in the Russian Federation (“the decision tree”, classification of diseases by clinical groups, Markov model)
do not take into account the time factor, therefore, when planning the analysis of potential costs for adverse reactions, it is
necessary to reinforce the methods with such tools as QALY, YLL, and YLD.

Keywords: adverse drug reactions; pharmacovigilance; pharmacoeconomics; modeling; disease burden

Abbreviations: ADRs — Adverse drug reactions; AlS — Automatic information system; CICU — Critical and intensive care unit;
ALV — artificial lung ventilation; ARCADe — Adverse Reactions in Crimea, Autonomic Database; AWF — average weight factor;
CPG — Clinical profile group; CSG — Clinical statistic group; DALY — Disability Adjusted Life Year; DRM — Drug-Related Morbid-
ities; DRP — Drug Related Problems; GBD — Global Burden of Disease; GTA — General Tariff Agreement; HLE — Healthy Life
Expectancy; ICU — intensive care unit; MedDRA — Medical Dictionary for Drug Regulatory Affairs; MMR — Maternal Mortality
Ratio; MS — Medical substance; NMP — New Medical Problem; NPS — National Pharmacovigilance System; PCNE — Pharma-
ceutical Care Network Europe; PE — Pharmacoeconomics; PSG — The program of state guarantees of free provision of medical
care to citizens; QALY — Quality-adjusted life year; SADR — Serious Adverse Drug Reaction; SAR — Serious Adverse Reaction;
SGBP — Program of state guarantees for free provision of medical care to citizens; SOFA — Sequential Organ Failure Assess-
ment; SUS — Sistema Unico de Sau; SUSAR — Suspected Unexpected Serious Adverse Reaction; TF — Treatment Failure; UADR
— Unexpected Adverse Drug Reaction; UAE — Unexpected adverse events; USD — United States dollar; WACIF — Weighted
average cost intensity factor; YLL — Years of Life Lost; YLD — Years Lived with Disability.
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Llenb paboTbl: pacCMOTPETb METOAONOTUN OLLEHOK GUHAHCOBBIX 3aTPAT Ha COMPOBOXKAEHME HEXKEeNaTe/IbHbIX JIeKapCTBEH-
HbIX peakuuii Ha npumepe Poccuiickon eaepaunm n bpasmauu.

Martepuanbl U meToabl: 419 CPaBHUTE/IbHOTO aHa/In3a UCMO/1b30BAIMCb MATepUasbl, HAXOAALLMECA B UCTOYHUKAX C OTKPbI-
TbIM AOCTYNom. M3yyeHune onbiTa NPUMEHEHUA METOAMK MO OUEHKe BpemMeHn HeKenaTesbHbIX EKAPCTBEHHbIX pPeaKkumi
NPOBOAMCA C UCNONb30BAHMEM CUCTEMbI PAcYETa ONIaTbl MEAULMHCKOM MOMOLLM MO KAMHUKO-CTAaTUCTUHECKUM U KAWUHU-
KO-MPOdUNbHBIM Fpynnam, METOAUKN OLEHKU TAXKECTU OCNOXKHEHUN HaumoHanbHOro MHCTUTYTa paka CLUA, nekapcrBo-ac-
COLMMPOBAHHbBIX NPO6EM U MOLENN «AEPEeBa PeLleHUn».

Pe3ynbTtathbl: NpU CpaBHEHWUM 3aTPAT Ha BeAeHWe HeenaTebHbIX peakuuin B PO n Bpasuaum 6biim nonyyeHsl cnepyoume
pe3ynbTathbl: B PP OLEHUTb KCTOMMOCTbY PeaKLMii MOXKHO TO/IbKO /19 OFPAHUYEHHOrO YMCAa HO30/10TMYECKUX TPy, KOTO-
pble pernameHTMpPoBaHbl KnaccnuduKaumen 3aboneBaHnn No KNMHUKO-CTaTUCTUYECKMM rpynmnam; B bpasuaumu npu nporHo-
3MPOBaHWUK 3aTPaT Ha BeAeHWe HexenaTebHbIX PeaKLMii UCNONb3YeTCA coYeTaHMe MeToa «AepeBa pelleHnin» 1 meToaa
Oenbdun. B PO cToMMOCTb CONPOBOXAEHUA peaKkuuii TpeTbel cteneHn Taxectn no CTCAE v. 4.03 1 Bbllle COCTaBASET OT
26849,22 py6. oo 26196,37 py6. ana Cesepo-3anagHoro pernoHa (r. CaHkTt-MNetepbypr). B Bpasnavm cTOMMOCTb COMPOBO-
XOEHWA peakumin coctasnseT oT 13 ponnapos CLUA (3aTpaTbl, NpU pasBUTUKM Ny4yllero ANa naumeHTa cueHapusa) ao 574
ponnapos CLUA (3aTpaTbl, Npy pa3BUTUM XyALIEro ANs NaLuMeHTa CLeHapus), YTo cocTaBaseT okono 975 n 43000 pybnei, co-
OTBETCTBEHHO. BHegpeHWe MeToAMK, NO3BONAIOLLMX NPOrHO3MPOBATb PA3BUTUE U NOTEHLMA/IbHbIE UCXOAbI HEXKENaTeIbHbIX
peakuni, a TakKe Y4ET onbiTa 3apyberkHbIX Koaner mpu nx MoAennmpoBaHnn, NO3BOINT CHU3UTb SKOHOMUYECKUE 3aTpaTbl B
P® Ha depepanbHOM ypoBHeE.

3aKno4eHue: A9 aHaIM3a SKOHOMUYECKOW CTOMMOCTU M Aa/ibHEeNLWero NPorHo3npoBaHuA TpebyeTca CoBepLIEeHCTBOBaHME
CYLLEeCTBYOLLMX MmeTogonorunii. NMprumersembie B PO mogenu («4epeBo pelleHunin», KnaccudpuKkaumm 3abonesaHuin no rpyn-
nam, mogenb MapKoBa) He yYnUTbIBAOT BPEMEHHOM GaKTOp, COOTBETCTBEHHO, NPY NIAHUPOBAHMM aHANM3a NOTEHUMANbHbIX
3aTpat Ha HJ/IP TpebyeTca AONOAHEHWE METOA0B TAKMMU MHCTPYMEHTaMM Kak QALY, YLL, YLD

KnioueBble cnoBa: HexenateNnbHble NEKAPCTBEHHbIE peakunu; papmakoHaa30p; GapMaKOIKOHOMMUKA; MOAENPOBAHWE;
6pemsa 6o1e3HN

Cnucok cokpaweHuin: AUC — ABTomaTn3MpoBaHHaa MHGopmaumoHHas cuctema; 'MC — leHepanbHoe TapudHoe cornalle-
Hue; KNI — KnavHuko-npodunbHas rpynna; KCI — KAnMHKMKO-cTatucTUYeckum rpynna; JIM — JlekapcTBeHHbIM npenapart; J1C
— JlekapctBeHHoe cpeactBo; H/IP — HexkenatenbHaa nekapctBeHHasa peakuua; HHP — HenpeasuaeHHble HexenaTtenbHble
(nekapcTBeHHble) peakunn; OPUT — OTaeneHve peaHMMaummn n MHTeHcMBHOM Tepanuu; MIT — Mporpamma rocyAapCcTBeHHbIX
rapaHTuii 6ecniaTHOro OKasaHusa rparkaaHam meamumHckon nomouwm; CK3 — CpeaHeB3BELLIEHHbIN BeCOBOM KO3QOULMEHT
3aTpatoemkocTy; CHHP — CepbesHble HenpeaBUAeHHbIE HEXeNaTeNbHble (1eKapcTBeHHbIE) peakummn; PIK — dapmakosko-
HomuKa; DALY — Disability Adjusted Life Year/skBuBaneHT notepu 1 roga 3aoposoit %usHu; DRM — Drug-Related Morbidi-
ties/3ab60neBaHMA CBA3AHHbIE C MPUEMOM JIeKapCcTBEHHbIX cpeacTs; DRP — Drug Related Problems/npo6iembl cBa3aHHbIe C
NPMEMOM NeKapcTBeHHbIX cpeacTs; GBD — Global Burden of Disease/rnob6anbHoe 6pems 3abonesaHus; HLE — Healthy Life
Expectancy/oxuaaeman npoaoKUTeIbHOCTb 340p0BoM Xu3Hu; MedDRA — Medical Dictionary for Drug Regulatory Affairs/
MeAVUMHCKUIA CNoBapb O/ perynatopHoi aeatenbHoctv; MMR — Maternal Mortality Ratio/KoadduumeHT maTepuHcKom
cmepTtHocT; NMP — New Medical Problem/HoBaa meauumHckas npobaema; NPS — National Pharmacovigilance System/
HauMoHanbHasA cuctema papmarkoHagzopa; PCNE — Pharmaceutical Care Network Europe/EBponeiickas ceTb dapmauesTy-
yeckoi oneku; SAR — Serious Adverse Reaction/cepbesHble HexenaTenbHble (1eKapcTBeHHble) peakumm; SOFA — Sequential
Organ Failure Assessment/WwKana oLeHKN OpraHHOM HeZOCTaTOYHOCTU Y MALMEHTOB, HAXOAALMXCA HAa MHTEHCUMBHOW Tepa-
nuu; SUS — Sistema Unico de Sau/cuctema 3apasooxpaHeHus bpasuamm; SUSAR — Serious Unexpected Serious Adverse Reac-
tion/cepbésHble HempeaBUAEHHbIE HeKenaTesbHble (1eKapcTBeHHble) peakunm; TF — Treatment Failure/Heynaua neyexus;
QALY — Quality-adjusted life year/kauectso »ku3Hu c nonpasKoit Ha roa; UADR — Unexpected Adverse Drug Reaction/Henpea-
BUAEHHbIE HeXenaTenbHble (nekapcTBeHHble) peakuun; USD — United States dollar/gonnap CLUA; YLL — Years of Life Lost/
roTepsiHHbIe roAbl u3Hu; YLD — Years Lived with Disability/roapl »13Hu cBA3aHHbIE C UHBAUAHOCTbIO.
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INTRODUCTION

The costs of drug provision come to the fore when
planning the budget of the healthcare system [1]. It is
necessary to take into account not only the benefits of
prescribed medicinal products but also the potential
risks and predictability of adverse drug reactions (ADRs)
development. A comprehensive assessment of the risk/
benefit ratio during the prescribing of medicinal prod-
ucts (MPs) should include an analysis of clinical efficacy,
a safety profile, and potential economic consequences
[2]. Methodological approaches to assessing pharma-
coeconomic parameters are varying and include the
analysis of the databases on known ADRs, and the sub-
sequent draw of conclusions and formulation of recom-
mendations to minimize ADRs costs; high-quality clinical
trial data; the results of clinical and economic research
as well as a pharmacoeconomic analysis [3].

Adverse drug reactions are harmful and unexpect-
ed reactions in response to the use or withdrawal of a
medicinal product prescribed in therapeutic doses to a
person for prevention, diagnosis, therapy, or changing
physiological functions [4]. The aim of continuous ADRs
monitoring is not only to identify previously unknown
medical effects and potential drug interactions, but also
to control the increase in the frequency of occurrence
of known ADRs and/or their severity, to identify risk fac-
tors and possible mechanisms that cause them, and to
spread information required to improve the prescription
of drugs [5].

For a comprehensive assessment of an adverse
event, in both global and Russian kinds of practice, the
presence and/or the absence of seriousness criterion is
also taken into account as well as the expectedness of
the event. Therefore, reactions can be classified as un-
expected adverse reactions (UADRs), Serious Adverse
Drug Reactions (SADR), and Suspected Unexpected
Serious Adverse Reactions (SUSAR) (Official website of
Roszdravnadzor, 2020). The collection of ADRs data in
different countries is carried out in a similar manner —
notification forms that contain the data that make pos-
sible the identification of the patient, a suspected drug,
the ADR description, and information about these sourc-
es [6].

According to the information from Roszdravnadzor,
about 30% of the notification forms it receives, do not
contain the minimum required data for a complete anal-
ysis [8].

The deviations in the ADR manifestations, are pos-
sible due to various characteristics of the population
(demographic, genetic, etc.). In addition, they can be
explained by the conditions of drug manufacturing and
transportation. It does not make it possible to fully ex-
trapolate the available foreign data to the Russian prac-
tice, and requires the study of ADRs on the territory of
the Russian Federation.

The pharmacovigilance system, which was intro-
duced into routine medical practice at the post-autho-
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rization stage of MPs use around the world, makes it
possible to accumulate and evaluate the data on ADRs
[9]. Working with these resources, is aimed at collect-
ing and analyzing information on adverse events not
specified in the instructions for medical use, UADR,
SADR and SUSAR, and drug interactions. The collected
information is evaluated by experts of regulatory au-
thorities, often with the involvement of other expert
organizations. ADRs databases maintained by WHO and
national regulatory authorities, accumulate information
on the events related to the safety of MPs, for example,
Vigibase, Eudravigilance, FAERS, etc. An Automatic In-
formation System (AIS) for the input of ADR information
called “FARMAKONADZOR”, has been introduced by the
Russian Federation [10]. The ARCADe regional database
(Adverse Reactions in Crimea, Autonomic Database) has
been used since 2009 on the territory of the Republic of
Crimea and cumulates the data of spontaneous reports
in the region [11]. Brazil has a National Pharmacovig-
ilance System (NPS) of their own, and it operates as a
part of the Brazilian National Health Surveillance Agency
(ANVISA) [12].

Regardless of the particular type of a local pharma-
covigilance system and pharmacovigilance assessment
methods, the obtained data make it possible to draw
a preliminary conclusion regarding the safety profile
and the effectiveness of drugs. However, spontaneous
reporting does not take into account the time factor in
the ADRs development, and does not make it possible to
assess the pharmacoeconomic costs of a separate ADR,
including indirect costs, and additionally, it cannot pre-
dict further ADRs development.

THE AIM of this review article is to highlight the
methodologies for assessing the financial costs of ad-
verse drug reactions exemplified by the Russian Feder-
ation and Brazil.

MATERIALS AND METHODS

The costs of ADRs must be taken into consideration
in an integrated manner, i.e., with keeping account of
a range of other problems associated with ADRs. A
number of pharmacoeconomic (PE) methodological ap-
proaches can be used. In this case, the main stages of
the analysis, can be divided into two large blocks (or di-
rections): pharmacoeconomic and pharmacoarithmetic
ones. In the first block, after assessing the economic and
clinical components and their synthesis, the sustainabili-
ty of the results should be assessed, a sensitivity analysis
should be carried out, and after these stages, the conclu-
sions are to be drawn and recommendations oriented
towards decision-making in the healthcare sector are
to be made. In the second block, the economic compo-
nent (costs of pharmacotherapy) is assessed, and after
assessing the sustainability of the results and the sen-
sitivity analysis, the conclusions are drawn. Unlike the
first approach, the conclusions are not prioritized in de-
cision-making for the entire system of public healthcare.
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Estimating the costs of ADRs obviously requires a
more systematic approach, with an assessment of pos-
sible outcomes and a detailed patient routing. The route
of a patient in PE models can be outlined using either
the decision tree model or the Markov model (or a com-
bination of these two methods). All the three approach-
es have certain advantages and limitations. Thus, the
“decision tree” model considers the state of the system
(in this case, the patient’s condition) at the input and
output, and its final state, i.e., the exit from the model
is determined by the sum of initially specified events de-
veloping sequentially and having a certain degree of oc-
currence probability. In the final assessment, a number
of factors, e.g. temporal, are excluded. Unlike models of
the “decision tree” type, which consider the state of the
system at the input and output, Markov models (Fig. 1)
take into account the probability of the system transition
from one state to another during the so-called Markov
cycle, i.e. in a given time interval [13, 14].

Fig. 1 shows the graph of the Markov model, pos-
sible in our case. Several states of the patient are pre-
sented: “Health”, “ADR”, “Death” and the “Disease” is
known, as well as the probabilities of transition from
one state to another (Px) during a given time interval.
This Markov cycle can be extended by adding additional
states. The duration and frequency of cycles depend on
a specific clinical situation. Additional factors taken into
account in the process of the model building, make pos-
sible evaluating predictions more accurately [14].

The models described above were originally devel-

{ e

oped to predict the outcomes of infectious diseases.
Subsequently, these methodologies were successfully
applied in PE modeling of various therapeutic and sur-
gical outcomes, as well as in the assessment of the ef-
fectiveness of health technologies. Such modeling algo-
rithms, which include findings from existing databases
indicating the frequency and quality of outcomes, can
be extrapolated to the prediction and course of ADRs.

When assessing the ADR cost, it seems reasonable
to use the European DRP PCNE (Drug Related Prob-
lems of Pharmaceutical Care Network Europe) system,
which makes it possible to systematize the events re-
lated to pharmacological safety issues in validated re-
ports. The versions of the PCNE system, are regularly
updated through periodic revisions by a working group
of experts. The PCNE approach is based on the coding
of problems into several categories: problems, causes,
interventions, and outcomes, which in turn are divided
into subcategories [11, 15, 16]. It is necessary to take
into consideration the fact that modeling, aimed specif-
ically at assessing economic costs during the evaluation
of the “global burden of disease” (GBD), also requires
keeping account of such indicators as the cost/utility ra-
tio, the analysis of the impact on the budget as well as
discounting with a planning time horizon of more than
one year. When using the time factor, the following in-
dicators can be used: mortality, maternal mortality ratio
(MMR), years lived with disability (YLD), years lost for life
(YLL), healthy life expectancy (HLE), disability-adjusted
life year (DALY), etc. [17].

P2 m P4
Healthy * —
Disease
Ps
P3 P
Ps
Ps
Death ADR
P1o

C

Figure 1 — An example of a possible Markov cycle, where P_are the probabilities of transition from
one condition to another

Tom 8, Beinyck 5, 2020

339



Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

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

Table 1 — Cost of adverse drug reactions for 2019, calculated on the basis of the CSG

The cost of drug B therapy,
ADR > Stage 3 (roubles)

The cost of drug A therapy,

Adverse events ADR > Stage 3 (roubles)

GTA of Saint-Petersburg 26 849,22 26 196,37
Basic tariff of SGBP 36 790,16 35593,73
Federal CSG 70613,19 76 218,45

Note: GTA — General Tariff Agreement; SGBP — Program of state guarantees for free provision of medical care to citizens; CSG — clinical and
statistical group; ADR — Adverse Drug Reaction

Table 2 — Results of an expert assessment of ADRs costs in various scenarios according to the data de Feritas [19]

Worst scenario

Costs (USD)

Visiting a doctor and
13 primary prescription of 28

drugs

Visiting a doctor and
primary prescription
of drugs + additional

Best scenario
Costs (USD)

Base analysis
Costs (USD)
Visiting a doctor and
primary prescription 28
of drugs

Outcome

Primary prescription of
drugs

Without additional
treatment

Visiting a doctor
and primary pre-
scription of drugs + 42

Primary prescription of

Additional therapy drugs + additional thera- 27

57

prescribed additional therapy oy prescribed medlc.a! consultation
. + additional therapy
prescribed .
prescribed
V|5|t|ng a doctor Special medical con-
and primary pre- sultation and primar
. scription of drugs Visiting a doctor and . i v
Consultation L . . prescription of drugs +
L + additional med- 71 primary prescription of 28 . . 86
of specialist needed X . additional special con-
ical consultation + drugs . .
" sultation + additional
additional therapy thera rescribed
prescribed Py P
V|S|nng a doctor Visiting a doctor and Visiting a doctor and
and primary pre- rimary prescription of rimary prescription
Urgent care required scription of drugs + 86 P yp P 43 P yp P 173
. . drugs + 1 days of ICU of drugs + 5 days of
2 days of in-hospital . >
treatment in-hospital treatment
treatment
T V|sﬂ1ng a doctor Visiting a doctor and Visiting a doctor and
eIl E ol I (7 TR 2175 rimary prescription of rimary prescription
or prolongation scription of drugs + 374 P yp p. 186 P yp P 574
. . . drugs + 3 days of in-hos- of drugs + 9 days of
of hospitalization 6 days of in-hospital . . >
pital treatment in-hospital treatment
treatment
V|§|t'|ng @ doctqr a_nd Visiting a doctor and Visiting a doctor and
Long-term follow-up in primary prescription primary prescription of primary prescription of
. s of drugs + 30 days 2715 1418 4191
a medical facility . . drugs + 10 days of ICU drugs + 30 days of ICU
of in-hospital treat-
ment treatment treatment

Visiting a doctor and
primary prescription of 480
drugs

Visiting a doctor and
primary prescription of 101
drugs

Visiting a doctor and
primary prescription 374
of drugs

Death

Note: USD — USA dollars; ICU — intensive care unit

As seen from the description of the approaches decrease in the quality of life, should be also taken into

for collecting information about ADRs, these method-
ologies do not imply an assessment of the time factor,
and therefore, forecasting the ADRs “burden” in the
Russian Federation has a number of limitations. Expen-
ditures on diagnostics, treatment, and prolongation of
hospitalization, all in relation to a specific nosology,
should be taken into account in the assessment of the
economic costs of ADRs. In addition, the indirect costs
associated with missing working days, disability, and a
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consideration.

RESULTS AND DISCUSSION

At the federal level, the Russian Federation main-
tains a unified safety database. The information is re-
corded on the basis of Federal Law No. 61-FZ dated 12
April 2010 (as amended on 03.04.2020) “On Circulation
of Medicinal Products” and Article 64 “Pharmacovig-
ilance”. Since April 2019, coding of ADRs in the Auto-
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matic information system of Roszdravnadzor is carrying
out using the MedDRA (Medical Dictionary for Drug
Regulatory Affairs) classifier with obligatory indicating
of the system-organ class of the reaction that has aris-
en. In addition, the contact person who provided the
information, the international non-proprietary name
that caused the ADR, its dosage, start and end dates,
the causal relationship type for the drug-event pair, the
concomitant therapy, de-challenge and re-challenge re-
sults for the suspected drug (if applicable), are indicated.
According to WHO recommendations, the minimum in-
formation to be reported also includes the severity and
seriousness of ADR.

Since 2013, the Russian Federation has introduced
a system for calculating the reimbursement of medical
care from the state foundation of compulsory medical
insurance based on diseases classification according to
the so-called “Clinical and statistical groups” (CSG). They
represent the groups of diseases belonging to the same
profile of medical care, and similar in the methods used
for diagnosing and treating patients, as well as in aver-
age resource intensity (cost, cost structure and set of
resources used).

A concept of “clinical profile group” (CPG) which
is a group of CSGs and/or individual diseases, united
by one profile of medical care”, can also be used for
such calculations [19]. The group of CPGs includes con-
ditions that require hospitalization. Tariffs to assess the
complications of pharmacotherapy, were developed
for CPG.

The formation of such groups is carried out on the
basis of the parameters that determine the relative
capacity of treatment costs: diagnosis, type of health
technology or intervention used, patient’s age, gender,
concomitant pathology or complications of the disease,
duration and treatment regimen, duration of staying on
artificial lung ventilation (ALV) if necessary. The results
of assessing the patient’s condition according to clinical
scales (for example, the scale for assessing the organ fail-
ure in the patients in the intensive care department (Se-
qguential Organ Failure Assessment (SOFA), rehabilitation
routing scale, etc.), are also taken into consideration.
The average weight factor (AWF) which is calculated ac-
cording to the given formula and the number of cases
in the previous year, are used to calculate the amount
of expected similar cases in the next year. The quantity
of financial support for a medical organization by each
CSG or CPG, is calculated as the sum of the costs of all
hospitalizations in a hospital.

According to the data for 2019, Table 1 represents
the data on the costs of severity grade 3 ADRs (CTCAE v.
4.03 classification) in medical institutions in St. Peters-
burg.

It should be notified that in the Russian Federation
a unified methodology for assessing the costs of ADRs,
has not been developed yet. As a rule, the results of the
observational studies and/or database data are analyzed
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by an expert group, which then interprets the results
based on their assessment.

Thus, a standardized approach to assessing pharma-
coeconomic costs in connection with the ADRs devel-
opment in the Russian Federation, has not been devel-
oped, either. The existing methodologies are applicable
only to a limited number of nosological forms, and only
to those events that require hospital observation. There-
fore, it is impossible to take into account the time factor
and indirect health care costs provoked by ADRs. In ad-
dition, extrapolation of results even during hypothetical
planning can be difficult due to the fact that different
systems for coding clinical manifestations and diseases,
are used in pharmacovigilance and pharmacoeconomics
(MedDRA and ICD 10).

In the healthcare system of some countries in Latin
America, for example, in Brazil (the approach to burden
assess in this country is well represented in the litera-
ture). A different approach using the DRPs concept (a
system that evaluates all medical adverse events caused
by ineffective pharmacotherapy and/or non-adher-
ence to recommended treatments) is applied. For ex-
ample, to assess DRPs, the Brazilian healthcare system
SUS (Sistema Unico de Sau) uses a methodology origi-
nally developed by Jonson and Butman. It is based on
a “decision tree” model representing potential clinical
outcomes and direct economic costs. Herewith, direct
economic costs also take into account the development
of “new diseases” associated with the use of drug ther-
apy (Drug-Related Morbidities; DRM). Costs can be di-
rect, i.e. costs for the ADRs correction, and indirect ones
such as lost working days or a period of reduced work
ability [19, 20]. The model of ADRs assessment is based
on 8 basic characteristics: untreated clinical conditions,
inappropriate drug choices, subtherapeutic doses, drug
refusals, overdoses, ADRs, drug interactions, and a drug
use without appropriate indications. Further modeling
involves analyzing the probabilities and costs, associated
with the following therapeutic outcomes: 1) no need in
additional treatment; 2) additional treatment; 3) visiting
a doctor (visiting a medical specialist); 4) emergency de-
partment visit with a hospital stay less than 24 hours; 5)
hospitalization or hospitalization with a stay in hospital
for more than 24 hours; 6) long-term treatment or pre-
liminary hospitalization with a minimum stay of 30 days
in hospital or hospitalization to the intensive care unit;
7) death.

Further on, when analyzing an event, the “decision
tree” can be represented by several branches. In the first
branch of the “optimal outcome,” DRMs are divided into
three axes of mutually exclusive, sequential negative
events: 1) Treatment Failure (TF); 2) New Medical Prob-
lem (NMP); 3) a combination of new medical problems
and treatment failure (NMP/TF). A New Medical Prob-
lem (NMP) represents effects that are superior to those
expected after pharmacotherapy (or undesirable effects
of pharmacotherapy), including ADRs, dependence, and
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overdose. Treatment failure (TF) includes inadequate
therapeutic effects arising from inappropriate treatment
or dose selection, drug and food interactions, inappro-
priate drug prescription, medication errors, unnecessary
drug use, and inadequate adherence to the drug regi-
men as well. The second part of the “decision tree” esti-
mates the supposed proportion of DRMs, and the third
one consists of clinical negative results from previous
DRMs (NMPs, TFs, and NMPs/TFs) [19, 20].

The branches of the tree are mutually exclusive.
Therefore, the score should represent the worst sce-
nario for the patient. For example, a patient who is
hospitalized due to DRMs has probably already been
consulted for treatment adjustments during previous
consultations by a healthcare professional. However,
this patient should be allocated to those who had been
“hospitalized” and should not be taken into account in
other branches (“additional treatment” or “visiting—a
specialist”).

The method has been refined through the involve-
ment of clinical experts using a double-stage Delphi ap-
proach. At the first stage, the model can be presented to
clinical experts, each of whom assesses the likelihood of
the results development described above, in accordance
with their own practical and clinical kinds of experience.
At the second stage, clinical experts review the predic-
tions of all other participants. If the prognosis of a par-
ticular medical expert differs, it explains such a position
in order to reach a consensus [21].

An example is the cost estimate of the ADRs, was
carried out in one of the hospitals in accordance with
the methodology described above by de Freitas et al.
[20].

48 medical specialists were recruited as experts. 44
of them were clinical pharmacologists. The results of as-
sessing the ADR costs in the various scenarios, calculat-
ed by the authors, are presented in Table 2.

It should be notified that this study is represen-
tative of 36% of the Brazilian population [21]. By the
group of clinical experts, it was determined that more
than half (59%) of patients had DRMs when using at
least one drug after a visit to a medical organization/
certified physician. The research also shows that the
result of an outpatient visit is a prescription for at least
one drug. This estimate is consistent with other Brazil-
ian and global data, which indicate that from 50% to
86% of consultations lead to drug prescriptions [22].
Based on the “decision tree” model and the expert re-
view, the average prediction costs of the various ADRs
were as follows: NMP, TF, and NMP/TF ratios were 216,
240, and 282 USD, respectively. The results show that
among the patients, who received outpatient care and
at least one drug, were as follows: 19.5%, 26.8%, and
13% had NMP, TF, and NMP/TF, respectively. These data
are comparable to other studies that used the same
method (NMP: 10.3%, 28.7%; TF: 16.0%, 23.4%; and
NMP/TF: 6.5%, 14. 0%). The cost of medical care for a
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patient with ADRs was 155 USD. Brazil’s average annual
costs for ADRs services, range from 9.1 billion USD to
27.2 billion USD (the best and worst-case scenarios, re-
spectively). Of these costs, 3 billion USD will be spent
on hospitalization, 10.8 billion USD — on prolongation
of hospitalization, which will be the main outcome of
ADR. Additional consultations by specialists, as well as
the stay of patients in the ICU, will cost 2 billion USD
and 900 million USD, respectively [19-21].

The reasons for the aforementioned problems can
be explained by failures in treatment monitoring, diffi-
culties with therapeutic adherence, and issues related to
the choice or prescription of MPs. According to the ex-
perts’ estimates, from 53% to 60% of new medical prob-
lems (NMPs) and treatment failures (TFs), could have
been avoided, in case patients received pharmaceutical
care service out of hospital.

The current literature data confirm that ADRs are an
urgent problem of modern pharmacoeconomics. Unfor-
tunately, the current pharmacovigilance systems cannot
solve a number of problems, such as a low activity of
researchers in relation to the ADRs detection, recording,
and transmission of information about ADRs, low aware-
ness of the population about the potential risk of ADRs,
a low quality of the sent spontaneous reports, etc.

One of the priority-oriented areas of the Russian
healthcare system over the past few years has been
monitoring the effectiveness, safety, and quality of
drugs used at various stages of the clinical and diagnos-
tic process. The experience of the Brazilian drug safety
system demonstrates that the introduction of a phar-
macologist/clinical pharmacologist consultation prior to
prescribing drugs in a specific clinical situation, is cost-ef-
fective. Inappropriate prescriptions and lack of patients’
follow-up, are the most common causes of ADRs. New
diseases and deterioration of existing conditions requir-
ing hospitalization associated with MPs could often be
avoided.

Most of ADRs are explained by communication im-
pairments (between patients, caregivers, and healthcare
providers), poor adherence to treatment, and lack of
knowledge about MPs, their dosages, dosing regimens,
and potential drug interactions. The leading task for
medical professionals is comprehensive counseling of
patients in relation to the prescribed drugs. Sufficient
knowledge of health professionals in the field of drug
safety will allow them to reduce the frequency of SU-
SARs, as well as to prevent negative drug-related con-
ditions.

Comprehensive analysis of the information related
to drug safety issues, can be an effective economic tool
for optimizing costs in the healthcare system. When as-
sessing economic costs, various modeling methodolo-
gies or their combinations can be used. However, when
predicting, it is important to take into account not only
direct and indirect costs but also the ADRs outcomes,
which, in turn, can seriously affect a further quality of
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life. The methods of the economic assessment of ADRs,
are almost not used in Russian practice, with the excep-
tion of the cases of the CSG/CPG classification of the dis-
eases, used for the calculation of the reimbursement for
medical care from the state foundation of compulsory
medical insurance. In general, the number of studies on
this issue is limited, and requires active development.

CONCLUSION

The models used in the Russian Federation for the
analysis of economic value and further prediction of
costs, in contrast to the Brazilian approach, do not take
into account the time factor. Respectively, during the
planning of the analysis of ADRs potential costs, it is nec-

essary to strengthen the methods with such PE tools as
QALY, YLL, YLD, etc.

The introduction of methods for assessing the ADRs
economic burden into the Russian routine medical prac-
tice, will reduce the direct and indirect costs associated
with complications of pharmacotherapy. As shown by
the review of Brazilian practice, the analysis of the eco-
nomic feasibility of prescribing a particular drug should
be also subjected to a critical analysis, and the final de-
cision should be made by the teams involving a clinical
pharmacologist. This approach will make it possible not
only to predict the costs of medical interventions, but
also to take into account the potential costs of modifying
pharmacotherapy due to the development of ADRs.
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Migraine and its comorbid conditions are pathogenetically associated with many factors, including hemorheological dis-
orders. A class of drugs with a 5-HT2A antagonistic mechanism of action, is promising for the prevention and treatment of
migraine attacks and concomitant pathologies.

The aim of the research is to study and compare a hemorheological activity of anti-migraine drugs, antagonists of 5-HT2A
receptors of cyproheptadine, and a new drug that completed preclinical studies of the 1-(2-diethylaminoethyl)-2-(4-me-
thoxyphenyl)-imidazo[1,2-a]lbenzimidazole derivative of the RU- 31 compound.

Materials and methods. The study of the hemorheological activity of the RU-31 compound and cyproheptadine, was carried
out using an experimental model of rabbit blood hyperthermia in vitro. Pentoxifylline was used as a reference drug. In the
course of the work, the parameters of blood viscosity, aggregation and deformability of erythrocytes were recorded.
Results. It has been established that in the concentration of 1 uM, the RU-31 compounds reduce blood viscosity by 17% at
high shear rates, which is comparable with pentoxifylline in the concentration of 100 uM on the activity level. In the concen-
tration of 1 uM, cyproheptadine also causes a general tendency to reduce blood viscosity at high shear rates, being inferior
in activity to the RU-31 compound and pentoxifylline.

In the concentration of 1 uM, the RU-31 compound has a pronounced effect on the aggregation ability of erythrocytes in
autologous plasma, reducing the aggregation rate by 70%, while the level of activity is not inferior to the drug compared to
pentoxifylline in the concentration of 100 pM, and surpasses the drug cyproheptadine. For the RU-31 compound and cypro-
heptadine, no significant effect on the deformability of erythrocytes has been shown.

Conclusion. The capacity of cyproheptadine and the RU-31 compound to influence the rheological properties of blood by
reducing blood viscosity and aggregation of erythrocytes has been revealed.

Keywords: migraine; 5-HT2A-antagonists; hemorheology; microcirculation; deformability; aggregation
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MurpeHb 1 ee KOMopbUAHbIE COCTOAHMA NAaTOreHEeTUYECKM AaCCOLLMMPOBAHbI CO MHOTMMW GpaKTopaMu, B TOM YUCIE U C TeMO-
pPeoNorMyeckMmMm HapyLeHUAMM. NepcrnekTUBHbBIM B OTHOLLIEHUM NPOPUNAKTUKM U IEYEHUA MUTPEHO3HbIX aTak U CONYTCTBY-
IOLLLMX NATONOMUIM ABAAETCA KNacc npenaparos ¢ 5-HT,,-aHTaroHNCTUYECKMM MexaH3MOM AeNCTBUA.

Llenb. V3ydeHne 1 cpaBHeHWe reMopeosiorMieckoin akTMBHOCTM NPOTUBOMUIPEHO3HbBIX CPEACTB aHTaroHUCTos 5-HT, -pe-
LLenTopoB LMnporentagmMHa U HOBOrO CPeACTBa, 3aBEPLUMBLLETO AOKJAMHUYECKME UCCIeA0BaHUA MPOU3BOAHOrO 1-(2-amaTu-
NaMUHO3TUN)-2-(4-MmeToKeudeHun)-nmmnaasoll,2-a]6eHsummngasona coeguHeHuns PY-31.

Matepuanbl U meTogbl. V3yyeHne remopeosiorMieckon akTMBHOCTU coeanHenna PY-31 u uunporentafmMHa NpoBOAUAN C
MUCMNO/Ib30BaHWEM SKCMEePUMEHTAZIbHOM MOLENN TMNepTEPMUN KPOBU KPOJIMKOB in Vitro. B KauecTBe npenapaTa cpaBHeHUA
MCMNO/Ib30Ba/ICA NEHTOKCUOUANMH. B xoze paboTbl perMcTpupoBanncb napameTpbl BA3KOCTU KPOBU, arperaumnn n gedopmu-
pPyeMOCTM 3pUTPOLMTOB.

Pe3ynbtatbl. YCTaHOBAEHO, YTO coeanHeHune PY-31 B KOHUeHTpaummn 1 MKM cHMMKaeT BA3KOCTb KPoBM Ha 17% npu BbICOKUX
CKOPOCTAX CABWUIA, YTO MO YPOBHIO aKTUBHOCTU COMOCTaBUMO C NEHTOKCUPUAINHOM B KOHLeHTpauumn 100 MKM. Linnporen-
TafMH B KOHUEHTpaumm 1 mKM TaKKe Bbl3blBaeT 0DOLLYI0 TEHAEHLMIO CHUKEHUA BA3KOCTU KPOBU MPU BbICOKMUX CKOPOCTAX
CABUra, ycTynas no akTUMBHOCTU coeguHeHunto PY-31 u neHTokcuduanuHy. CoegmHeHune PY-31 B KoHUeHTpaumm 1 MKM oKa-
3bIBaET BblpaXKeHHOe AelCTBUE HA arperaLMoHHY0 CnoCcobHOCTb IPUTPOLLUTOB B ayTO/IOFMYHOM N1a3Me, CHUXKaA NoKasaTtesb
arperauum Ha 70%, Npy 3TOM, NO YPOBHIO aKTUBHOCTM, HE YCTymnas npenapaty CPaBHEHUSA NEHTOKCUPUANHY B KOHLEHTPa-
unm 100 MKM 1 npeBocxogA npenapaTt umnporentagui. na coeanHeHma PY-31 n umnporentagnHa He NOKa3aHOo 3HAa4YMMOro
BAUAHUA Ha AedopMUPYEMOCTb SPUTPOLLUTOB.

3aKkntoueHue. BbiaBaeHa cnocobHOCTb LMnporenTaguHa u coeanHeHns PY-31 oKasbiBaTb BAUAHME HA PEO/IOTMYECKME CBOM-

CTBA KPOBM MYTEM CHUNKEHMUSA BAZKOCTM KPOBW U arperawuum sputpoLmToB.
Kniouesble cnosa: MurpeHb; 5-HT,,-aHTaroHUCTbI; reMOPEeosIoria; MMKPOLMPKYNALMA; AedOpMMPYEeMOCTb; arperauyms

INTRODUCTION

Migraine is a common disease that is associated
with an impaired blood supply to the brain. Migraine
often accompanies the development of disabling com-
plications. For this disease, the presence of concomitant
disorders, such as arterial hypertension, ischemic heart
disease, myocardial infarction, stroke, is possible [1, 2].
The associative links between these pathological condi-
tions are confirmed by the data obtained in a number of
epidemiological, clinical, as well as experimental studies
of their pathological physiology. Risk factors (smoking,
the female sex, hormonal contraceptives, a high fre-
quency of migraine attacks and symptoms of aura) sig-
nificantly increase the risk of these comorbid conditions,
including ischemic stroke [3]. It is known that the risk
of ischemic stroke increases significantly the presence of
migraine pathology in patients, especially accompanied
by aura. Neurovascular changes that occur during mi-
graine attacks, are often accompanied by the increased
blood viscosity, which mediates an even greater deteri-
oration of the blood flow in the system of small vessels,
and aggravates pathological processes [4, 5].

Several hypotheses explain the increased risk of
ischemic stroke in the people with migraine. First, during
the development of a migraine attack, there are neuro-
vascular changes that can mediate the onset of a stroke.
Second, these links are based on common pathophysi-
ological aspects. Thus, the stroke can be the caused by
pronounced hemorheological changes associated with
hypercoagulation and increased blood viscosity (with
low hematocrit and increased aggregation of erythro-
cytes), predisposing to the development of thrombosis
in the cerebral arteries and the occurrence of “rheolog-
ical stroke” [6, 7].

It is known that blood is a non-Newtonian fluid (its
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viscosity depends on the shear rate) and exhibits shear
thinning (decreaseing in viscosity is accompanied by in-
creaseing in the rate or shear stress), which determines
the features of its effect on various parts of the vascular
bed. It is customary to distinguish rheological parame-
ters (viscosity of the whole blood, deformability and
aggregation of erythrocytes) that determine the blood
flow in the large vessels with a diameter of more than
200 um, and in the microvasculature (less than 200 um)
[8].

It-has been registered that in small arteries, arteri-
oles and venues, a 75% decrease in blood viscosity is de-
termined by the processes of erythrocyte aggregation,
and a 25% decrease — by cell deformability. At the same
time, in exchange capillaries, the deformability of eryth-
rocytes is an important microrheological parameter that
ensures the efficient passage through the vessels, the
diameter of which is smaller than the size of the cells,
which is ensured by the membrane deformability.

Blood realizes its functions in the body through its
fluidity property; its violation is manifested in an in-
crease in blood viscosity, which is formed as a result of
unidirectional shears in rheological parameters, includ-
ing an increase in plasma viscosity, an increase in eryth-
rocyte aggregation and a decrease in the deformability
of their membranes. A “high blood viscosity syndrome”
develops; it triggers a number of adverse hemodynamic
consequences, such as slowing down a blood flow, in-
creasing a total peripheral vascular resistance, increas-
ing blood pressure and blood deposition in the venous
bed. These processes lead to a violation of microcircu-
lation and decreasing in the oxygen delivery to tissues
and organs — and ischemia is developing. The develop-
ment of a “high blood viscosity syndrome” and a serious
impairment of rheological properties associated with it,
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are observed in many diseases, including the develop-
ment of ischemic stroke in transient migraine disorders.
Based on this, the problem of the migraine treatment,
as well as the prevention of its comorbid conditions, re-
mains relevant [9].

A subclass of anti-migraine drugs with a 5-HT,-block-
ing mechanism of action is promising for the prevention
of concomitant disorders in migraine attacks [10, 11]. In
earlier preclinical studies (Project No.14.N08.11.0159),
a new derivative of 2-methoxyphenyl-imidazobenzim-
idazole — 5-HT,, antagonist — RU-31 was identified; it
demonstrates anti-migraine properties and is positioned
not only for migraine headaches treatment, but also for
the attacks prevention [12, 13]. Activation of type 2 se-
rotonin receptors causes constriction of cranial vessels,
increases capillary permeability and alters platelet ag-
gregation. It is believed that blockers of this receptor
subtype, are capable of affecting cerebral microcircula-
tion [14], and are also capable of inhibiting platelet and
erythrocyte aggregation, thereby exerting a positive ef-
fect on the rheological properties of blood, improving
microcirculation [15-17].

Thus, it is important to study 5-HT,, antagonists as
biologically active compounds capable of not only pro-
viding an anti-migraine effect, but also influencing the
rheological characteristics of blood.

THE AIM of the research is to study and compare a
hemorheological activity of anti-migraine drugs, antago-
nists of 5-HT2A receptors of cyproheptadine, and RU-31.

MATERIALS AND METHODS

Experimental animals

The experiments were performed on the blood
samples taken from sexually mature male Chinchilla
rabbits, in the amount of 6 animals (Breeding nursery
of laboratory animals “Krolinfo” Ltd, Moscow region),
weighing 4.0-4.4 kg. Before the start of the study, all the
rabbits were adapted for 14 days, kept single in cages
in the vivarium of the Department of Pharmacology and
Bioinformatics, Volgograd State Medical University, the
Ministry of Health of Russia. The clinical condition of the
animals was monitored daily by visual inspection. The
animals with abnormalities found out during the exam-
ination, were not included in the experimental studies.

The animals were kept in standard conditions in ac-
cordance with the Decree of 29 August, 2014 No.51 “On
the approval of SP 2.2.1.3218-14” Sanitary and epide-
miological requirements for the design, equipment and
maintenance of experimental biological clinics (vivaria)”,
as well as in accordance with the directive of the Euro-
pean Parliament and the Council of the European Union
2010/63/EC dated 22 September, 2010 “On the protec-
tion of animals used for scientific purposes”.

The animals were kept in controlled environmental
conditions with the air temperature in the range of 20—
22°C and the relative humidity of 30—-70%. In the rooms
for the animals, a twelve-hour lighting cycle was main-
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tained, with a combined type of lighting — natural and
fluorescent — during the daylight hours. The rabbits were
kept in standard laboratory cages for large rodents with
sawdust bedding and an access to drinking bowls and
feeders ad libitum.

The study was complied with the ethical standards
of the responsible committee of human experimenta-
tion (institutional and national) and the Declaration of
Helsinki. The Regional Research Ethics Committee of the
Volgograd Region (registration number IRB 00005839
IORG 0004900 (OHRP)) approved of the conduct of this
experimental study — protocol No. 2032-2017 dated 26
June, 2017.

Investigated substances

The chemical substance RU-31 (1-(2-diethylamino-
ethyl)-2-(4-methoxyphenyl)imidazo[1,2-a]lbenzimidaz-
ole) [18], was synthesized at the Scientific Research Insti-
tute of Physical and Organic Chemistry of the Southern
Federal University (Rostov-on-Don).

RU-31 was investigated in the concentration of 1
UM (an equimolar concentration to cyproheptadine
with a serotonin-blocking effect [19, 20]). Testing was
performed on each blood sample from every rabbit. The
compounds were directly incubated in vitro.

Reference drugs

5-HT, antagonist — cyproheptadine hydrochloride
(Merck, USA) and a microcirculation corrector — pentoxi-
fylline (Merck, USA) were used as reference drugs.

For pentoxifylline, an effect on the rheological prop-
erties of blood have been justified in different in vitro
studies. Pentoxifylline decreases blood viscosity, chang-
es the microrheology of erythrocytes by decreasing their
aggregation, and improves the deformability of their
membranes. These characteristics make pentoxifylline
possible to be used as the drug to confirm the validity of
the selected test system [21].

Cyproheptadine hydrochloride was investigated in 1
UM. The reference drug pentoxifylline was used in the
concentration of 100 uM (the concentration that affects
the rheological properties of blood [22]).

For in vitro studies, weighed portions of the studied
compound or reference drugs were dissolved in distilled
water immediately before the experiment. The prepared
solutions were instilled into the cuvette by laboratory
dispensers for the in vitro incubation, and then the stud-
ies were carried out according to the design.

Study design

At the first stage, blood samples were collected from
the marginal ear veins of the rabbits by the method of
free-falling-mass. The blood was stabilized using an
aqueous citrate solution (3.8%, pH 6.0) in the ratio of
9:1. To mix the blood with citrate, after filling, the closed
tube was immediately gently inverted to the required
volume. In this case, the formation of foam should be
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prevented from.

At the second stage, the hemorheological activity
of RU-31 and the reference drugs were studied, using
an experimental model of rabbit blood hyperthermia in
vitro [23].

For this, the following groups from the obtained
samples of blood were formed: an intact control group
(6 samples, and each was based on a blood sample of
one rabbit); a control group (6 samples: warmed blood
samples at 42°C, 1 hour,); there were also three exper-
imental groups: pentoxifylline, RU-31 and cyprohepta-
dine in the studied concentrations were introduced into
the blood (6 samples in each group).

The experimental groups, as well as the control
group, were subjected to hyperthermia (t=42°C, expo-
sure — 1 hour), and the parameters of their blood viscos-
ity, aggregation and deformability of erythrocytes were
recorded for each sample.

To study the apparent viscosity, the required vol-
ume (2 ml) of blood samples were taken. Then the blood
was centrifuged at 3000 rpm for 20 minutes to obtain
platelet-poor plasma and erythrocyte mass, which were
mixed to obtain blood with a standardized hematocrit of
45%. The hematocrit value was determined as the ratio
of the length of the erythrocyte column to the plasma
column during centrifugation of capillaries with blood
samples (Elmi, Latvia) at 8000 rpm for 3 minutes.

The determination of the apparent viscosity of
blood was carried out on a rotary blood analyzer (AKR-2,
Russia) at shear rates from 300 s to 10 s* (rotations per
second). Based on the obtained data, the erythrocyte
aggregation index (EAI, c.u.) was calculated as the ratio
of blood viscosity at a shear rate of 10 s? (the change
mainly depends on erythrocyte aggregation) to blood
viscosity at 100 s? (the change of viscosity mainly de-
pends on the deformability of erythrocytes) [24].

The degree of erythrocytes aggregation was deter-
mined using the method of optical microscopy (micro-
scope “Biolam Lomo” (Russia). For this, erythrocytes
were separated from plasma by centrifugation at 3000
rom for 20 minutes. Erythrocytes were washed three
times in saline and then suspended in autologous plas-
ma. After video recording (digital camera for DCM500
microscope), the number of aggregated and non-aggre-
gated erythrocytes was estimated, and the aggregation
index (Al, c.u.) was calculated as the ratio of the num-
ber of aggregates to the number of non-aggregated cells
[25].

Method for determining the deformability

of erythrocytes

The deformability of erythrocytes was assessed by
a viscometric method and by visualization in a flow-
through microchamber.

The deformability of erythrocytes by a viscometric
method, was assessed at a standardized hematocrit of
45%. The viscosity of erythrocyte suspension was mea-
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sured on a rotary viscometer at shear rates of 300, 30,
35t

The elongation of erythrocytes was visualized in the
flow-through microchamber which was filled with a sus-
pension of erythrocytes in an isotonic sodium chloride
solution containing 0.1% albumin. The pressure applyed
to the microchamber, thereby created a certain value of
the shear stress (t) in it, which was calculated according
to the formula:

6nQ
= ——
Wh2

where n is the viscosity of the suspension (approxi-
mately 1.0 mPa s at 20°C), Q is the volumetric velocity in
the microchamber, W is the width of the flow channel of
the microchamber, h is the height of the channel equal
to the thickness of the gasket.

The image of erythrocytes stretched by a flow of
liquid, attached by a single point with the help of hu-
man albumin to the bottom of the microchamber, was
transmitted from the microscope via a USB port to a
computer using a digital eye-piece. After recording the
image, it was analyzed in the Adobe Photoshop pro-
gram (a trial version), where the length and width of
the elongated erythrocytes were determined, and the
elongation index (El, c.u.) calculated as an indicator of
deformation:

L-W
L+ W

where L is the length of the deformed cell, W is its

width [26].

El =

Statistical analysis methods

Statistical data processing was carried out using
GraphPad Prism v.8.0 software and Microsoft Office Ex-
cel 16. The data are presented as Mtm, where M is the
mean values for the group, m is the standard error of
the mean. The analysis of the intergroup differences was
carried out using nonparametric Mann-Whitney U-test.
The differences were determined at the 0.05 signifi-
cance level.

RESULTS OF THE STUDY

Effect on the viscosity blood characteristics

Heating the control sample of the blood for an hour,
led to a significant increase in the blood viscosity (Fig. 1).

Thus, a statistically significant increase in the vis-
cosity of the heated blood samples was revealed in the
entire range of the studied shear rates: at the shear rate
of 300 s, the blood viscosity increased by 10%; at 200
s'—by 12%, at 100 s* — by 20%, at 50 s — by 19%, at 20
s'—by 22%, at 10 s — by 27%.

When pentoxifylline in the concentration of 100
UM, RU-31 and cyproheptadine in the concentration of
1 uM were added to the blood samples and exposed to
heat, the general tendency to decrease the blood viscos-
ity was found out (Table 1).

Thus. when pentoxifylline in the concentration of
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100 uM was added to the treated blood samples. the
general tendency for decreaseing in blood viscosity at
high and low shear rates. was observed. At high shear
rates from 300 s to 100 s. the decrease in blood vis-
cosity in comparison with the control samples was 17%
(p<0.05). In a lower range of shear rates. the decrease
in blood viscosity was also observed. however. no sig-
nificant differences in relation to control measurements
were found when modeling pathology.

Effected by the action of RU-31 in the concentration
of 1 uM. the blood viscosity indices were significantly
lower in relation to the control sample at shear rates
from 300 s to 100 s*. In average. the decrease was 17%
(p<0.05).

In the concentration of 1 uM. cyproheptadine also
caused a general tendency for blood viscosity decrease
at high shear rates.

Thus. it was revealed that pentoxifylline. the com-
pound of RU-31 and cyproheptadine-demonstrate the
ability to reduce the viscosity characteristics of blood
over the entire range of shear rates. with the most sig-
nificant differences in the range of shear rates from 300
s1to 100 s. At the same time. in terms of the provided
effect. RU-31 is not inferior to pentoxifylline and slightly
exceeds the effect of cyproheptadine.

Effect on the parameters

of erythrocyte aggregation

Modeling of hyperviscosity led to statistically signifi-
cant increase in the indices of erythrocyte aggregation in
autologous plasma by 54% compared to the intact sam-
ples (Fig. 2).

Pentoxifylline. RU-31 and cyproheptadinationse in
the studied concentrations and exposed to heat. added
to the blood samples. provide a general tendency to re-
duce the aggregation of erythrocytes.

Thus. pentoxifylline in the concentration of 100 uM.
added to the blood samples subjected to hyperviscosity
modeling. statistically significantly decreased in erythro-
cyte aggregation by 73%.

For the RU-31 compound in the concentration of 1
UM. a statistically significant decrease in this indicator by
70% was registered.

When cyproheptadine was added to the blood sam-
ples in the concentration of 1 uM. a significant decrease
in erythrocyte aggregation by 65% was observed.

Thus. in the concentration of 1 uM. RU-31 has a
pronounced effect on the aggregation ability of eryth-
rocytes in autologous plasma. The level of RU-31 activ-
ity is not inferior to pentoxifylline in the concentration
of 100 uM and surpasses the reference drug cyprohep-
tadine.

Effect on erythrocyte deformability

The assessment of the studied compounds effect
on the deformability of erythrocytes. was carried out by
measuring the viscosity of washed erythrocytes suspen-
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sion as well as by measuring the degree of erythrocytes
deformation in a flow-through microchamber.

When the syndrome of increased viscosity was
modeled. a significant increase in the viscosity of a
washed erythrocytes suspension was revealed in the en-
tire range of shear rates. So. at the rate of 300 s this
indicator increased by 10%. at the rate of 30 s*— by 11%.
at the rate of 3 s* — by 14% (p <0.05) (Table 2).

The addition of pentoxifylline in the concentration
of 100 uM to the heated rabbits’ blood samples. re-
vealed a significant decrease in viscosity at shear rates
of 300 s*and 3 s by 10% and 14%. respectively. The RU-
31 compound in the concentration of 1 uM mediated a
statistically insignificant decrease in the viscosity param-
eters of the heated blood samples. For cyproheptadine
in the concentration of 1 uM. a statistically significant
decrease in viscosity was observed at shear rates of 300
stand 3 st

When determining the elongation index of erythro-
cytes in a flow-through microchamber. it was found out
that with the experimental syndrome of the increased
blood viscosity. the elongation index of erythrocytes sig-
nificantly decreased by 32%. The erythrocyte elongation
index for pentoxifylline was 0.26+0.010. i.e. 37% high-
er than for the control group (modeling of hyperther-
mia). The compound RU-31 and cyproheptadine did not
change the properties of erythrocytes membranes; no
statistically significant change for elongation index was
found out.

Thus. for RU-31. no statistically significant effects on
the viscosity characteristics of the erythrocyte suspen-
sion and the structural and functional properties of their
membranes was found out.

DISCUSSION

It is known that the rheological status of blood is de-
termining by many factors. including the viscosity of the
whole blood. deformability and aggregation of erythro-
cytes. The thermal action on the blood samples. led to a
distinct change in these rheological parameters. As Fig. 1
shows. heating led to a statistically significant increase in
the viscosity of the blood samples over the entire range
of the studied shear rates. which is presumably associ-
ated with a decrease in the deformability of erythrocyte
membranes and an increase in their aggregation in the
vascular bed [27]. It was found out that the tempera-
ture effect on the blood samples contributed to the in-
crease in the aggregation ability of rabbits’ erythrocytes
by more than twice. as well as to the decrease in the
deformability of their membranes by almost 1.5 times.
which indicates the decrease in the viscoelastic proper-
ties of the erythrocyte membrane.

The revealed changes in the rheological parame-
ters of the blood during modeling the syndrome of in-
creased viscosity. reflect the pathology that develops
in the large-diameter vessels and the microvasculature
bed [28].
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Figure 1 — Simulation of “high viscosity syndrome” (temperature — 42°C, incubation period — 1 hour)

Notes: s*—reciprocal seconds. The data are presented as M + m (mean * standard error), n = 6. * — the data are reliable in relation to intact blood,
with a nonparametric distribution, Mann-Whitney test (p <0.05)
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Figure 2 — Effect of pentoxifylline. compound RU-31 and cyproheptadine on aggregation
of rabbit erythrocytes after heat exposure

Notes: the aggregation indicator is the ratio of the number of aggregates to the number of erythrocytes. Data are presented as M + m (mean *
standard error). n = 6. * — the data are reliable in relation to intact blood. with a nonparametric distribution. Mann-Whitney test (p <0.05). ® —
differences are significant relative to control measurements (hyperviscosity modeling). with nonparametric distribution. Mann-Whitney U-test
(p <0.05)

Table 1 - Effect of pentoxifylline, RU-31 and cyproheptadine, on the blood viscosity of the rabbits exposed to
heat, in order to simulate a “high viscosity syndrome” (temperature — 42°C, incubation period — 1 hour) in vitro

mPa*s
Group
300 st 200 s? 100 s 505 20st 10s?
Control 4.840.11 5.0+£0.12 6.1+0.26 7.5%0.32 9.9+0.46 13.1+0.58
Pentoxifylline 4.0+0.21* 4.1+0.21%* 5.1+0.30* 6.5+0.51 8.6+0.47 11.2+0.87
RU-31 4.1+0.23* 4.2+0.23* 4.9+0.35* 6.310.52 8.610.75 11.3+1.43
Cyproheptadine 4.2+0.13%* 4.3+0.15%* 5.240.17% 6.810.32 9.210.41 11.6+0.70

Notes: s*—reciprocal seconds. The data are presented as M + m (mean * standard error). n = 6. * —the data are reliable in relation to intact blood.
with a nonparametric distribution. Mann-Whitney test (p <0.05)
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Table 2 — Influence of RU-31 and reference preparations on the viscosity
of washed erythrocytes suspension of rabbits

Group mPa*s
300 s? 30s? 3st
Intact control 2.7£0.06 4.1+0.05 7.210.26
Control 3.0+0.02* 4.640.15* 8.4+0.18*
Pentoxifylline 2.7+0.10° 4.2+0.24 7.240.24°
RU-31 2.9+0.11 4.4+0.29 7.9+0.36
Cyproheptadine 2.8+0.05° 4.5+0.13 7.840.11°

Notes: s-* — reciprocal seconds. The data are presented as M = m (mean + standard error). n = 6. * — the data are reliable in relation to intact
blood. with a nonparametric distribution. Mann-Whitney U-test (p <0.05). e — differences are significant relative to control measurements (in
hyperviscosity modeling). with nonparametric distribution. Mann-Whitney U-test (p <0.05)

The experiment revealed that in the concentration
of 100 uM. pentoxifylline reduced the blood viscosity
in the entire range of the studied shear rates. The most
pronounced changes were observed at high shear rates.
which is characterized by changes in the components of
microrheology.

This was confirmed by the significant decrease in
the erythrocyte elongation index. as well as a signifi-
cant decrease in the rate of their aggregation. The data
obtained for the reference drug pentoxifylline. made
it possible to confirm the performance of the selected
test systems for studying the hemorheological activity of
5-HT -antagonists.

During the further work. the data on the effect of
RU-31 in the concentration of 1 uM on the whole blood
viscosity as well as the erythrocytes aggregation and
deformation were obtained. Thus. RU-31 promoted
the decrease in blood viscosity over the entire range of
the studied shear rates. The most pronounced changes
were observed at high shear rates. In addition. the pro-
nounced decrease in the aggregation ability of erythro-
cytes was notified. The revealed changes in rheological
parameters (viscosity of whole blood and erythrocyte
aggregation) at high shear rates as well as the decrease
in blood viscosity at low shear rates. indicate the ability
of RU-31 to improve rheological properties in large-cali-
ber vessels and microvasculature.

In terms of the activity level. RU-31 exceeded the
reference drug cyproheptadine and was not significantly
inferior to pentoxifylline.

As for the reference drug cyproheptadine in the
concentration of 1 uM. it was also characterized by the
ability to improve blood viscosity. The most significant
changes were recorded at high shear rates. In addition.
cyproheptadine slightly improved the aggregation char-
acteristics of erythrocytes.

The ability of type 2A serotonin receptor antagonists
to reduce blood viscosity is probably associated with a

Tom 8, Beinyck 5, 2020

possible effect on the plasma component. This was con-
firmed by the fact that cyproheptadine and RU-31 did
not have a pronounced effect on the viscosity of the
washed erythrocyte suspension and their deformabili-
ty. but significantly reduced the aggregation of washed
erythrocytes in autologous plasma.

The revealed hemorheological activity of RU-31.
comparable to the reference drug pentoxifylline. sug-
gests that this compound is promising for the correction
of rheological disorders that provoke a deterioration in
cerebral blood flow. which can mediate a decrease in
the risk of ischemic stroke in the persons with migraine
pathology and stop the aggravation of the pathological
processes.

CONCLUSION

Taking into account the data on the participation
of 5-HT, receptors in the migraine pathogenesis as well
as their involvement in the formation of comorbid con-
ditions. it was reasonable to study the effect of type 2
blockers of serotonin receptors. on the viscosity charac-
teristics of blood. aggregation of erythrocytes. as well as
their membranes deformability.

The comparative study showed that 5-HT, ,,-antag-
onists cyproheptadine and RU-31. are able of influencing
the rheological properties of the animals’ blood with the
syndrome of increased blood viscosity in vitro.

It was also revealed that the RU-31 compound re-
duces blood viscosity with the experimental syndrome
of increased blood viscosity in vitro. and it is practically
not inferior to the reference drug pentoxifylline and sur-
passing the 5-HT, blocker cyproheptadine.

Thus. the data obtained in this research. indicate the
presence of the ability of 5-HT, ,, antagonists cyprohep-
tadine and RU-31. to influence the rheological proper-
ties of blood by reducing viscosity and erythrocytes ag-
gregation. which can expand the range of application of
the drugs of this group.
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Cure of allergy symptoms reported by a patient with the help of non-prescription antiallergic drugs, is one of the important
aspects of a responsible self-medication.

The aim of the study is to assess the peculiarities of consumers’ behavior as pharmacy visitors, when choosing non-prescrip-
tion antiallergic drugs, and to identify potential problems of pharmaceutical counseling for allergy symptoms regarding the
responsible self-medication.

Materials and methods. Sociological survey in the form of a questionnaire; graphoanalytical and comparative analyses.
Results. The profile of an over-the-counter antiallergic drugs buyer in the pharmacies of Kazan was assessed in the following
way: it is a woman aged 18-44 of a middle level of income, having a family of 3—4 people, ready to spend from 101 to 500
rubles on the purchase of antiallergic drugs, buying anti-allergic drugs not for the first time. The main reasons to seek for
treatment were skin rash, redness and itching, which had also been observed in the past. The allergic nature of the disease
had already been confirmed by the doctor. For the average consumer of over-the-counter antiallergic drugs, the most import-
ant criteria for choosing a medicine were: efficiency, safety, the doctor’s recommendations and price. The medicines were
purchased for the visitors themselves or their children. The customers were satisfied with the choice of non-prescription
antiallergic medicines available in the pharmacy. The visitors generally trusted the pharmacists’ advice and recognized them
as health professionals, but considered that the main goal was not only to provide a pharmaceutical care, but also to profit
from the sale of the drugs. The following flaws of pharmaceutical counseling when dispensing non-prescription antiallergic
drugs, were identified: an improper diagnosis by a pharmaceutical specialist, the lack of recommendations to consult a doc-
tor, incomplete provision of information on the use, storage, and the possibility of interaction with other drugs and food.
Conclusion. Misdiagnosis and incomplete provision of information by pharmaceutical specialists on antiallergic the drugs
that are approved for the over-the-counter dispensing, require the implementation of a pharmaceutical consultation algo-
rithm for the visitors contacting a pharmacy with allergy symptoms.

Keywords: consumer; pharmacy; antiallergic drugs; over-the-counter drugs; pharmaceutical counseling
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PacnosHaBaHue v ycTpaHeHWe NaLMeHTOM CMMNTOMOB a/l/IePrnK, C MOMOLLLbIO MPOTMBOA/IIEPTUYECKUX JIEKAPCTBEHHbIX Mpe-
napaTtos (/1M), pa3pelueHHbIX K OTMYyCcKy 6e3 peLenTa Bpaya, ABAAETCA O4HUM U3 aKTya/ibHbIX HanpaBJeHN OTBETCTBEHHOIO
camosieyeHus.

Lienb. M3yyeHne ocobeHHOCTel NOTPebUTENbCKOrO NOBEAEHNA NOCeTUTENEN anTeKM Npu BbiIbope NpoTUBOANIEPTUYECKMX
JIeKapCTBEHHbIX NpenapaToB 6e3peLenTypHOro oTrnycka M BblABAeHUE npobaem dpapmaLeBTUHECKOro KOHCY/bTUPOBAHUSA
npu CMMNTOMax aN/Ieprmmn B pamKax OTBETCTBEHHOFO CaMOIeYEHUA.

Martepuanbl u metogbl. CoLmMonornyeckmnii onpoc B Gopme aHKeTUPOBaHUA, rPadoaHANUTUYECKUI, CPABHUTE/IbHBIN aHaNn3.
Pe3ynbratbl. COOPMUPOBAH CPESHECTAaTUCTUYECKMI NOPTPET NOKyNaTena NpoTUBOANNEPTMYECKUX NEKAPCTBEHHBIX Npenapa-
TOB, pa3peLLeHHbIX K OTMyCcKy 6e3 peuenTa Bpaya, B anTeKkax r. KasaHu: }eHuwmHa B Bo3pacTte 18—44 roga, UMeeT cemblo 13 3—4
YeNloBEK, CpesHero ypoBHA GMHAHCOBOrO AOCTaTKa, MPW 3TOM rOTOBA MOTPATUTL HA MOKYMKY NPOTUBOANNEPTUYECKUX SIeKap-
CTBEHHbIX NpenapaTos oT 101 fo 500 pyb6neii; NoKynaeT NnpoT1BOAIepPrMyeckmne IeKapcTBeHHbIe NpenapaTtbl He B NepBbli pas.
OCHOBHbIM NMPUYMHAMM 0BpaLLEHUA ABNAIOTCA: CbiMb HA KOXKE, MOKPacHeHWe 1 3ya, KoTopble Habaoganvce paHee. Annepru-
Yyeckasa npupoaa 3abonesaHna bbi1a ycTaHOBNEHA BpaYoM. 1A cpefHeCcTaTUCTUYECKOro NoTpebuTens NpoTMBoannepruyeckmx
/IEKapCTBEHHbIX NPenapaToB, pa3peLleHHbIX K OTMYCKy 6e3 peLenTta Bpaya, BasKHbIM Kputeprem npu BbiIbope nekapcTsa ABAA-
toTcA 3hPEKTUBHOCTb, 6€30NacHOCTb, PEKOMEHALIMM BPaYa 1 LeHa. MOoKynKM coBepLiatoTca gaa cebsa unm pebeHKa. AnTeyHbim
ACCOPTUMEHTOM MPOTUBOANNEPIUYECKMX JIEKAPCTBEHHbIX NMpenapaToB 6e3peLenTypHOro OTnycka NoKynaTesu yaoBieTsope-
Hbl. CoBeTam anTe4YHOro paboTHWMKA NMOCETUTENN anTeK B OCHOBHOM LOBEPSAIOT U CYUTAOT UX PaBOTHUKAMM 34paBOOXPAHEHUS,
O[HAKO, UX [TAaBHOM LIe/Iblo CHUTAOT HE TO/IbKO OKasaHWe GpapmaL,eBTUYECKOM MOMOLLM, HO U MoyYeHue Npubblan oT NPoaaKu
NleKapcTB. BbiABneHbl HeAOCTaTKM GAapMaALLEBTUUYECKOTO KOHCYIBTUPOBAHWUA NPKU OTNYCKE NPOTUBOANNEPTUYECKUX NEKAPCTBEH-
HbIX NpenapaToB 6e3peLenTypHoro otnycka (/M BEPO): HenpaBomepHoe BbiCTaBieHWe auarHo3a GpapmaLeBTMYeckum paboT-
HUKOM M OTCYTCTBME PEKOMEHAALMI O HEOBXOAMMOCTU KOHCY/NbTAL MKW Bpaya; HemosHoe npeaoctaBieHve MHGopmauum no
BOMPOCAM NPUMEHEHUA, XPAaHEHUSA, BO3SMOXKHOCTU B3aUMOLEWNCTBUSA C APYTMMMU IEKAPCTBAMM U MULLEN.

3aKknoueHue. HenpaBomepHoe BbICTaBAEHUE AMArHO3a U HenosiHoe npeaocTaBneHne MHGopmaLmm dpapmaLeBTUHECKUM
PaboTHUKOM O MPOTMBOANEPTUYECKUX JIEKAPCTBEHHbIX NpenapaTtax, pas3peLleHHbIX K oTnycKy 6e3 peLenTa Bpaya, TpebytoT
pa3paboTku anroputma GapmaL,eBTUHECKOTO KOHCY/IbTUPOBAHUA NPM 06paLLeHUn B anTeKy C CUMINTOMAMM anaepruu.
KnioueBble cnoBa: notpebutenb; anTeka; NpoOTUBOANNEPTMYECKME IEKAPCTBEHHbIE NpenapaTbl; 6e3peLenTypHbIi OTMyCK;

bapmaLeBTUYECKOE KOHCYIbTUPOBaHWE

INTRODUCTION

Research on medicines consumption is essential for
the development of an integral component of the ratio-
nal drug use system [1]. The issues of self-medication are
of particular importance for both domestic and foreign
health care systems. The current trend of the domestic
pharmaceutical market is an over-the-counter (OTC)
drugs sales increase [2], so the role and responsibility of
the pharmaceutical personnel of pharmacies as health
professionals will be growing [3-5].

According to the professional standard approved
by the journal of «Pharmacist»?, in the Russian Fed-
eration the activity of a pharmacist is a significant
part of preventive work with the population («out-
reach and awareness-raising work to promote a
healthy lifestyle»), i. e. ensuring the rational use of
both prescription and non-prescription drugs within
the framework of responsible self-medication («qual-
ified pharmaceutical assistance to the population and
patients of medical organizations», «informing the
population and medical specialists about medicines
and other goods in the pharmacy range»). Herewith,
the Professional Standard stipulates the need for
«keeping to moral and ethical standards of profes-
sional activities». It determines the social responsi-
bility of the pharmacist in maintaining and strength-

* Order of the Ministry of Labor and Social Protection of the Russian
Federation, March 9, 2016 No. 91n. On the approval of the professional
standard “Pharmacist”, URL: http://www.consultant.ru/document/
cons_doc_LAW_196697/

Tom 8, Beinyck 5, 2020

ening the health of the population, the development
of a healthy lifestyle, and is especially important for
the reasonable, effective and safe use of OTC drugs
abreast of the growth of their active advertising and
other methods of promotion [6, 7].

Allergic diseases remain a relevant world health
problem [8, 9], while the cure of various allergy symp-
toms, recognized by the patient, with the help of
non-prescription antiallergic drugs is one of the topical
areas of responsible self-medication [10, 11].

Foreign standardized protocols of a senior phar-
macist (dispenser) on advising OTC drugs for symp-
tomatic treatment of allergies, are not fully appli-
cable to the realities of domestic pharmaceutical
practice due to differences in the range of drugs and
in the order of their dispensing from pharmacies
[12, 13].

Regarding the marketing research, the study of
medicines consumers would help to determine the be-
havior model, form a rational assortment of OTC drugs
in a pharmacy, as well as to identify the problems asso-
ciated with consumers’ dissatisfaction with the service,
the affordability of the necessary drugs and the quality
of pharmaceutical care [14, 15]. A wide range of anti-
allergic OTC drugs is presented on the Russian pharma-
ceutical market [16]. Portraying the profile of an OTC
antiallergic drugs consumer and detecting the problems
in pharmaceutical counseling for allergy symptomes, is
an important step to fulfil the concept of responsible
self-medication and pharmaceutical care improvement.
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THE AIM of the study is to assess the peculiarities of
consumers’ behavior as pharmacy visitors, when choos-
ing non-prescription antiallergic drugs, and to identify
potential problems of pharmaceutical counseling for
allergy symptoms regarding the responsible self-medi-
cation.

MATERIALS AND METHODS

To achieve this aim, a questionnaire for pharma-
cy visitors who had contacted pharmaceutical work-
ers regarding the purchase and / or use of OTC an-
tiallergic drugs, was developed by the authors. The
qguestionnaire included 18 questions, clustered into 5
blocks: socio-demographic characteristics of a phar-
macy visitor — a consumer of OTC anti-allergic drugs;
self-reported health status regarding the visitors’ al-
lergy symptoms; purchase characteristics; behavior-
al characteristics; assessment of the pharmaceutical
care quality.

The survey was carried out at the pharmacies of
the «MegaPharm Kazan» trading network (Kazan) from
February to December 2018; a total of 100 respondents
were interviewed. The data processing was performed
using the Microsoft Excel software.

RESULTS AND DISCUSSION

The study of socio-demographic characteristics
has shown that among the visitors who contacted a
pharmaceutical worker for the purchase and/or use
of OTC antiallergic drugs for allergy symptoms, were
women (67% of the total number of respondents).
Most of the respondents were from 18 to 44 years
old (43%).

The largest group (32%) of OTC antiallergic drugs
consumers had a family of 4 or more people, 31% — of 3,
20% — of 2, 17% of the consumers said they were single.

Important socio-demographic parameters are in-
come and monthly expenses for the purchase of OTC
anti-allergic drugs. These data make it possible to assess
the respondent’s standard of living, which has a signifi-
cant impact on the choice and consumption of the stud-
ied group of drugs.

Out of 100 respondents, 43% characterized them-
selves as middle-income people, 37% — as low-income
ones, 13% — as rather well-to-do, 7% reported their in-
comes as “upper-middle”. Only 22% of the consumers
were ready to purchase OTC anti-allergic drugs for a
price higher than 500 rubles; 43% were ready to spend
from 101 to 500 rubles, and 35% were ready to spend
up to 100 rubles.

Based on the frequency of purchases of OTC an-
ti-allergic drugs, the respondents were distributed as
follows: permanent customers — 22%, rare customers
— 49%, the customers who made their purchase for the
first time — 29%.

Further, the predominant allergy symptoms, which
had most often been the reason for the independent
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choice and purchase of OTC antiallergic drugs, were
identified (Fig. 1).

Most of the respondents — the consumers of OTC
antiallergic drugs (45%) — went to a pharmacy with
a predominant symptom of «skin rash». Redness and
itching of the skin and mucous membranes were the
reason for the purchase of OTC antiallergic drugs in
27% of patients. Symptoms of allergic rhinitis, sneez-
ing and coughing, lacrimation, were the reasons to
seek for a pharmacist’s advice in 8%, 10% and 5% of
patients, respectively. 5% of respondents applied to a
pharmacy for OTC antiallergic drugs due to the symp-
toms of shortness of breath and difficulty in breathing
(Fig. 1).

The above listed symptoms were first noticed by
35% of the respondents, and 65% of the visitors had
observed them before. Half of the respondents (51%)
were diagnosed with an allergic disease earlier by a doc-
tor; 15% of respondents consulted a senior pharmacist
in a pharmacy and suggested an allergic nature of the
symptoms that bother them; the same number of re-
spondents (15%) concluded themselves that they had an
allergy. 19% of the respondents decided that they had
manifestations of allergy, based on the Internet resourc-
es (Fig. 2).

The most important criteria for the respondents
when choosing the OTC antiallergic drugs were efficien-
cy (90%), safety (89%) and doctors’ recommendations
(87%). The price of a medicine turned out to be slightly
less important for the respondents (70%). The dosage
form was important for 50% of the respondents and 60%
also noted the importance of OTC drug usage frequency.
Such characteristics of OTC medicines as the manufac-
turer and originality (a reference or generic drug) turned
out to be important for 35% and 25% of the respon-
dents, respectively (Fig. 3).

The surveyed pharmacy visitors usually bought an-
tiallergic OTC drugs for themselves (45%) and for their
children (30%). However, 9% of the respondents pur-
chased antiallergic OTC drugs “for emergency” in their
home first-aid kit, and 16% — for other adult family mem-
bers.

The vast majority of respondents rated the assort-
ment of OTC antiallergic medicines in the pharmacy
organizations of «MegaPharm» LLC as wide — 78%, but
22% of the visitors found it insufficient.

When making a choice of OTC anti-allergic drugs,
the largest number of the respondents focused on the
doctors’ recommendations (66%), the smallest (1%) —on
their friends advice. 15% of the respondents chose OTC
antiallergic drugs at their own discretion, 10% based on
a pharmaceutical specialist’s advice; 8% acted under the
influence of advertising (Fig. 4).

It was found out that 90% of the people who looked
for OTC anti-allergic drugs, trusted pharmacy specialists’
advice, and 10% of the respondents reported their dis-
trust of them.
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What are your allergy symptoms?

= Redness and itching = Skin rash
= Allergic rhinitis = Lacrimation
= Sneezing, coughing = Shortness of breath, difficulty breathing

Figure 1 — The symptoms that were the reason for going to the pharmacy
for non-prescription antiallergic drugs

Why have you decided that you are allergic?

= | visited a doctor = Found in the internet

= Consulted at the pharmacy = | recognised allergy myself

Figure 2 — Sources of information about the allergic nature of symptoms — the reasons for going to the pharmacy

Doctor's recommendation
Frequency of daily intake
Original or generic medicine

Manufacturer (foreign or domestic)

Security

|
[
[
I
Dosage form [
.
Efficiency |
e
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Number of respondents, %

Figure 3 — Criteria for choosing over-the-counter antiallergic drugs by buyers
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Source of information influencing the choice of anti-allergic non-prescription

drugs
1% .
= Doctor's recommendations = Independent decision = Advertising
= Acquaintance advice = Pharmacy advice

Figure 4 — Sources of information affecting the choice of non-prescription antiallergic drugs

Offered nothing

Offered lots of unnecessary drugs
Offered only expensive OTC drugs
Offered a choice of antiallergic OTC drugs
Recommended to see a doctor

Made a diagnosis

Asked in detail about the symptoms

T T T T T

0 10 20 30 40 50 60 70

Figure 5 — Actions by a pharmacist in case of a visitor with allergy symptoms

Counseling when dispensing an OTC antiallergic drug (%):

= Guidance on storing the drug athome
m Possibility of interaction of the selected drug with other drugs and food
= Guidance on medicine usage

Doses and frequency of the drug usage

Figure 6 — Counseling when dispensing non-prescription antiallergic drugs
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The next set of questions was focused on the qual-
ity of pharmaceutical consulting, i.e. the compliance of
pharmacy specialists with the requirements of Order of
the Ministry of Health of the Russian Federation dated
31 August, 2016, No. 647n «On approval of the rules for
good pharmacy practice of drugs for medical use»?. The
analysis of pharmaceutical specialists’ actions showed
that in case consumers with allergy symptoms were vis-
iting a pharmacy, specialists most often (in 60% of cases)
offered a choice of OTC anti-allergic drugs of different
price categories. 38% of the respondents believed that
they were offered only expensive drugs, and 24% — un-
necessary ones. According to 48% of the respondents,
a pharmaceutical specialist asked them in detail about
the symptoms — the reasons for going to the pharmacy
as a part of responsible self-medication, and 30% even
made a diagnosis. Only 25% of the surveyed indicated
that a pharmacist recommended seeing a doctor. 15%
of the consumers evaluated the pharmacists’ actions as
«offering nothing» (Fig. 5)

When answering a question of evaluating a phar-
maceutical specialist’s actions when dealing with a vis-
itor complaining of the allergy symptoms, 29% of the
respondents notified that when dispensing OTC anti-
allergic drugs, pharmacists drew their attention to the
method of usage of the purchased drug, the dose and
the frequency of administration; 25% focused on possi-
ble drug and food interactions; 17% concentrated their
attention on the peculiarities of OTC medicines storage
at home (Fig. 6).

It should be notified that the approval of the profes-
sional standard represented in «Pharmacist» and Order
of the Ministry of Health of the Russian Federation dat-
ed 31 August, 2016, No.647n «On the approval of the
Rules of Good Pharmacy Practice of Medicines for Med-
ical Usey, increased the quality of information and con-
sulting services: the study by O.A. Ryzhova, T.L. Moroz
(2016) revealed that 50% of pharmaceutical specialists
do not provide any information when dispensing medi-
cines [17]. However, current recommendations for phar-
maceutical consulting lack specificities [18,19].

The analysis of the consumers’ opinions regarding
the functions of pharmaceutical specialists, revealed
that 60% of buyers of antiallergic OTC drugs identified
pharmacy specialists with health professionals. Pharma-
cy specialists were recognized as trade workers by 22%
of the respondents, and 18% of the respondents found
it difficult to answer.

Answering the question about the goals of pharma-
cy specialists, only 57% of the respondents chose “the
provision of pharmaceutical care” as pharmacists’ main
priority; 27% marked “making a profit from the sales of
medicines”, and 16% of the respondents believed that a

2 Order of the Ministry of Health of the Russian Federation, August 31,
2016 No. 647n “On approval of the rules for good pharmacy practice
of drugs for medical use” URL: http://www.consultant.ru/document/
cons_doc_LAW_210618/
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pharmacy specialist is interested in both profit and pro-
viding pharmaceutical assistance”.

Thus, as representatives of the health care system,
pharmaceutical specialists are highly reputed by phar-
macy visitors. An increasingly larger role of pharmaceu-
tical specialists as health professionals, is notified by
the World Health Organization (WHO), the International
Pharmaceutical Federation (IPF), in publications of do-
mestic and foreign scientists [20-23]. At the same time,
in contrast to doctors, there are no standardized and
approved protocols of pharmaceutical counseling in the
framework of responsible self-medication for pharma-
ceutical specialists in Russia.

Performing medical functions — asking a pharmacy
visitor about allergy symptoms and even making a di-
agnosis (Fig. 5), pharmacists rely on their professional
experience without any-standardized guidance on phar-
maceutical counseling for symptoms — the most com-
mon reasons for going to a pharmacy for responsible
self-medication.

There is international experience in the use of the
pharmacists’ (dispensers’) protocols when selling in-
dustrially manufactured OTC drugs, in particular for
the symptomatic treatment of allergies [24]. The proto-
cols are designed to provide informational support for
dispensing-medicinal products when patients or their
representatives visit a pharmacy organization without
a doctor’s prescription. Protocols contain a list of stan-
dardized questions. The key points for the visitors con-
tacting a pharmacy with allergy symptoms are:

1. Who has got a problem (a patient, family mem-
bers, acquaintances — children or adults);

2. When the symptoms appeared and how long
they have lasted;

3. What measures had been taken before contact-
ing the pharmacy;

4. What medications have already been taken to
relieve the conditions.

For the timely provision of medical care, it is vital
to include a list of symptoms and life threatening con-
ditions for allergies in the protocols. They are: general
weakness, drop of blood pressure, suffocation, signs of
laryngeal edema (a hoarse voice, a «barking» cough),
swelling of the upper half of the face, bloody nasal dis-
charge, neurological symptoms (anxiety, fear, increased
physical activity), nausea, vomiting, abdominal pain. In
such cases, a patient needs to seek for urgent medical
attention. The protocols should also indicate the need to
consult a doctor if allergy manifestations persist or recur
sporadically when taking OTC drugs during the day, or
new allergy symptoms appear during the treatment. The
algorithms provide a list of questions regarding the pres-
ence of allergy symptoms: whether a diagnosis had been
made by a doctor, whether there are the symptoms as-
sociated with possible contacts with allergens (pet hair,
a plant blooming period, contact with chemicals, insect
bites, etc.).
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The protocols provide a list of OTC drugs for symp-
tomatic treatment of allergies, recommendations re-
garding the dosage regimen of drugs, the conditions
of use, the treatment period, storage rules, warnings
about possible side effects, interactions, contraindi-
cations, as well as advice to eliminate contact with
possible allergens, keep to hygienic measures and
diet. Similar protocols for pharmaceutical consult-
ing should be developed in each country, taking into
account the legal regulation of the dispensing drugs
procedure, the range of OTC drugs, the local specifics
of allergic diseases, hygienic traditions and standards
[13, 25, 12].

The survey of the pharmacies’ visitors, helped to
detect certain flaws in pharmaceutical counseling for al-
lergy. It was found out that pharmaceutical specialists
offered lots of unnecessary as well only expensive drugs,
tried to diagnosticate, did not provide information about
the need to consult a physician or the frequency and pe-
culiarities of OTC drugs use. Despite the requirements
of Order of the Ministry of Health of the Russian Feder-
ation No. 647n “On approval of the rules of good phar-
macy practice for drugs for medical use”, only 25% of
pharmaceutical specialists drew the visitors’ attention
to possible drug and food interactions, and 17% paid at-
tention to the peculiarities of OTC medicines storage at
home.

The development of pharmaceutical consulting pro-
tocols for dispensing of non-prescription drugs, will help
to improve the quality of service in pharmacy organiza-
tions as a component of the health care system in the
Russian Federation.

CONCLUSION

The profile of an over-the-counter antiallergic drugs
buyer in the pharmacies of Kazan was assessed in the
following way: it is a woman aged 18—44 of a middle lev-
el income, having a family of 3—4 people, ready to spend
from 101 to 500 rubles on the purchase of antiallergic
drugs, buying anti-allergic drugs not for the first time.
The main reasons to seek for treatment were skin rash,
redness and itching, which had also been observed in
the past. The allergic nature of the disease had already
been confirmed by the doctor. For the average con-
sumer of over-the-counter antiallergic drugs, the most
important criteria for choosing a medicine were as fol-
lows: efficiency, safety, the doctor’s recommendations
and price. The medicines were purchased for the visi-
tors themselves or their children. The buyers were satis-
fied with the range of antiallergic OTC drugs. Pharmacy
specialists’ advice were generally trusted. The visitors
recognized pharmacists as health professionals but the
respondents believed that a pharmacy specialist is inter-
ested in both profit from the sale of drugs and providing
pharmaceutical assistance. The following isadvantages
of pharmaceutical counseling when dispensing antialler-
gic OTC medicines were detected: improper diagnoses
by a pharmaceutical specialist and lack of recommenda-
tions to consult a doctor, incomplete provision of infor-
mation on the use, storage, and the possibility of inter-
action with other drugs and food.

The need for domestic standardized algorithm of
pharmaceutical counseling for the visitors contacting a
pharmacy with allergy symptoms in the framework of
responsible self-medication, has been demonstrated.
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The aim of the research was to study the current industrial practice of drug quality risk management in Russian pharmaceu-
tical enterprises, including the assessment of the main problems during the implementation of the risk management system
and its compliance with the accepted international approaches.

Materials and methods. In the period from 6 April to 10 May 2020, an online survey of the leading employees in the field of
quality assurance of Russian manufacturers was conducted. In the survey, the questionnaire was based on the results of the
authors’ analysis of the national regulatory legal acts of the Russian Federation, the European Union countries, international
guidelines of the EAEU, ICH and WHO in this area. 111 people took part in the survey, the return of questionnaires was 11.5%.
Results. The data obtained indicate the prevalence of a superficial approach to quality risk management in the Russian
pharmaceutical industry, the presence of objective and subjective reasons that hinder the effective implementation of these
methods, the fragmentation of the systems used and, in most cases, their ineffective use. The respondents believe that the
most significant reasons for the difficulties in implementing this methodology, are the lack of recommendations from the
Ministry of Industry and Trade of Russia on creating an effective quality risk management system and a shortage of the spe-
cialists who are ready to work in the area of this industry. The survey revealed rather large gaps in the deployment of a risk
management system at the enterprise and separation from the established international practice.

Conclusions. The data obtained indicate the extreme urgency of developing recommendations for a quality risk management
system, which should be based upon and supported by Russian regulatory legal acts and international experience in this area.
The authors propose highlights for these recommendations.

Keywords: quality risks; drugs; Russian pharmaceutical industry

Abbreviations: EU — European Union; EAEU — Eurasian Economic Union; ICH — The International Council for Harmonization of
Technical Requirements for Pharmaceuticals for Human Use; SOP — Standard Operating Procedures; GMP — Good Manufac-
turing Practice; FMEA — Failure Mode and Effects Analysis; HACCP — Hazard Analysis and Critical Control Points; FMECA — Fail-
ure Mode, Effects and Criticality Analysis; PHA — Preliminary Hazard Analysis; FTA — Fault tree analysis; MHRA — Medicines and
Healthcare products Regulatory Agency; PDA — Parenteral Drug Association; ISPE — International Society of Pharmaceutical
Engineering; ASTM — American Society for Testing and Methodology
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Lienb pabotbl: M3yyeHWe TeKyLLel OTpaceBol NPaKTUKM NO YNPABAEHUIO PUCKAMU ANA KAYecTBaA IEKAPCTBEHHbIX CPEACTB
Ha GapMaLeBTUYECKUX MPeanpUATUAX Poccuun, BKIOYAA OCHOBHbIE NPo6iemMbl NPU BHEAPEHMM CUCTEMbI YNIPABIEHUA PUCKa-
MW 1 COOTBETCTBME OBOLLENPUHATHIM MEXKAYHAPOAHBIM NMOAXOAAM.

Martepuanbl u metogpbl. B nepuog c 6 anpensa no 10 mas 2020 roga 6bin NpoBeAeH OHNANH-ONPOC BeAYLMX COTPYAHUKOB
B 06nacTm obecneyeHns KayecTBa POCCUMIUCKUX Npou3BoamuTeneli. AHKeTa, MCNOb30BaHHAA NpW onpoce, pa3paboTaHa no
pe3ynbTaTam aHaM3a HaLMOHabHbIX HOPMATUBHbIX NPaBOBbIX akTOB Poccuiickon Peaepaumn, ctpaH EBponeickoro Coto3a,
MeXayHapoaHbix pykosoacts EASC, ICH n BO3 B gaHHoOM o6i1acTu. B onpoce npuHanm yyactie 111 yenoBeK, BO3BPAT aHKET
coctasun 11,5%.

Pe3ynbratbl. MonyyeHHble AaHHblE CBUAETENbCTBYIOT O MPEBa/IMPOBAHUM B POCCUMCKON hapMaLLeBTUUYECKOW OTpac/au no-
BEPXHOCTHOrO NOAX0AA K YNPaBNEHUIO PUCKAMU AN KAYeCcTBa, HAaIMUYUU OBBEKTUBHDBIX U CYOBEKTUBHBIX MPUYMH, MeLLato-
Wmx 3bdEeKTUBHOMY BHEAPEHWUIO 3TUX METOAOB, PParMeHTapHOCTU UCMO/Ib3YEMbIX CUCTEM U, B BONBLIMHCTBE CAYyYaeB, UX
HeabdeKTMBHOMY Mcnob3oBaHMIO. Hanbonee 3HaYMMbIMU NPUUMHAMM CNOKHOCTEN MPU BHEAPEHUWN 3TO METOL0N0rUK
PecnoHAeHTbl CYMTAOT OTCYTCTBME peKoMeHaaumi MuHnpomTtopra Poccum no co3paHuto 3GpdeKTUBHOM cucTembl ynpas-
NIeHUA pUCKaMK ANA KayecTBa U aeduumMT B OTPACAN CNEeLManmncToB, rOTOBbIX K NPOBeAeHUIO paboT B 3ToM obiactn. Onpoc
BbIABM/ AOCTAaTOMHO 60nbluMe Npobenibl POCCUMUCKUX NPeanpUATUI B Pa3BePTbIBAHUM CUCTEMbI YNPaBAEHUA PUCKaMM Ha
npeanpuATUN U Pa3pbIB C YCTOABLLUENCA MEXKAYHAPOAHOM NPAKTUKON.

3akntoueHue. MosyyeHHble JaHHble CBUAETENbCTBYIOT O KpaliHeW aKTyasibHOCTM pa3paboTKM peKomeHAaumin no cucteme
YyNpaBAEHUA PUCKAMM ANA KAYECTBA, ONUPAIOLLMXCA HA NONOKEHWUA POCCUMCKMUX HOPMATUBHBIX NPABOBbIX AKTOB U MeXAYHa-
POZHbIN ONbIT B 3TOM 061acTU. ABTOPaMM NPeAJ/IoXKEHbI TE3UCHI A/1A 3TUX PEKOMEHAALMIA.

KntoueBble cnoBa: pUCKM A1 KaYeCTBa; IeKapCTBEHHbIE CPEACTBA; POCCMIMCKan dbapmaLeBTUYECKas OTpacb

Cnucok cokpaweHui: EC — EBponeiickuii coto3; EA3C — EBpa3uniickuii sKoHoMUYecknin cotos; ICH (The International Council
for Harmonization of Technical Requirements for Pharmaceuticals for Human Use) — MexayHapoAHblli COBET N0 rapMOHM-
3aLMM TEXHUYECKUX TPEOOBAHMI K perncTpaLMm NeKapCTBeHHbIX NpenapaTos ANsS MeAuLMHCKoro npumeHeHus; COMM — cTaH-
[apTHble onepauunoHHble npoueaypbl; GMP (Good Manufacturing Practice) — Hagnexalan Npou3BOACTBEHHAA NPAKTUKA;
FMEA (Failure Mode and Effects Analysis) — aHanu3 BugoB u nocneactsmii otkasos; HACCP (Hazard Analysis and Critical
Control Points) — aHanM3 pUCKOB M KPUTMYECKMX KOHTPONbHbIX ToueK; FMECA (Failure Mode, Effects and Criticality Analysis)
— aHaNu3 BMAOB, NOCNEACTBUIA U KPUTUYHOCTM OTKa30B; PHA (Preliminary Hazard Analysis) — meToz npeagsapuTenbHOro aHa-
nn3a onacHoctei; FTA (Fault tree analysis) — AHanu3 aepesa otkasos; MHRA (Medicines and Healthcare products Regulatory
Agency) — AreHTcTBO BesiMkobpuTaHMM MO KOHTPOA 060pOTa NeKapcTB U MeaAnUMHCKuX ToBapos; PDA (Parenteral Drug
Association) — Accoumauma napeHTepanbHbix npenapatos; ISPE (International Society of Pharmaceutical Engineering) —
MexayHapogHoe obwecTBo dpapmaLeBTUYECKOro UHXUHUPKUHIA; ASTM (American Society for Testing and Methodology)

— AMepUKaHcKoe O6|J.I|ECTBO no UCNbITaHUIO MaTepnanos

INTRODUCTION

The quality risk management system is a part of
enterprises’ quality management system in different
industry sectors. Such industries include, for example,
food industry, production of medical devices, car manu-
facturing, aircraft engineering and others?. Risks can be
present at all stages of the product life cycle. The risk-
based approach contributes to ensuring the quality of
products, achieving control of technological processes,
and a proper allocation of resources [1, 2]. Herewith, it
is only in the pharmaceutical industry that a quality risk
management, is a mandatory element of the pharma-

* 1. GOST R 51705.1-2001. Quality systems. HACCP principles for food
products quality management. General requirements. 2. GOST R
54617.1-2011. Risk management in nanoindustry. General principles.
3. GOST R 54617.2-2011. Risk management in nanoindustry. ldentifi-
cation of hazards. 4. GOST R 54762-2011. Prerequisite programmes
on food safety. Part 1. Food manufacturing. 5. GOST R 58045-2017.
Aircraft equipment. Risk management for quality assurance through
life cycle stages. Risk assessment methods and acceptability criteria. 6.
GOST R 58050-2017. Aircraft equipment. Risk management for quality
assurance through life cycle stages. Areas of uncertainty classification.
7. GOST R 58139-2018. Quality management systems. Requirements
for automotive organizations. 8. GOST R ISO 17666-2006. Risk man-
agement. Space systems. 9. GOST R ISO 17776-2012. Petroleum and
natural gas industries. Offshore production installations. Techniques
and methods for hazard identification and risk assessment. Basic prin-
ciples.
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ceutical quality system at any enterprise, specified by
good manufacturing practices (GMP), and included in li-
censing requirements?. Requirements for the proper use
of drug quality risk management, are specified by reg-
ulatory authorities in many countries, as well as inter-
national organizations [3—-5]. The fundamental principles
of a quality risk management at Russian pharmaceutical
enterprises, are reported in the Rules of Good Manu-
facturing Practice, approved by Order of the Ministry of
Industry and Trade of the Russian Federation dated June
14, 2013, No.916. A systematic approach to the quali-
ty risk management, aimed at improving the efficiency
of the application of the Good Manufacturing Practice
Rules, is reported in Order of the Ministry of Industry
and Trade of the Russian Federation dated 12
December, 2013 N0.1997 “On the approval of Rec-
ommendations for the organization of production and
quality control of medicines”. GMP rules of the Eur-
asian Economic Union, approved by the Resolution of
the Council of the Eurasian Economic Commission dat-
ed 3 November, 2016 No.77, in relation to the quality
risk management, do not differ from the Russian ones:
Part 3 (chapter “Quality risk management”) provides

2 clause 5 of the Rules of Good Manufacturing Practice (approved by
Order of the Ministry of Industry and Trade No. 916 of June 14, 2013).
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similar recommendations on the organization of risk
management activities; part 3 is non-regulatory?. Most
countries, including the EU, EAEU countries and the
Russian Federation, apply the risk management pro-
cedure given in the ICH Q9 guideline and presented
in the international standard 1SO 31000 (GOST R ISO
31000).

However, the application of the risk management
system causes difficulties for manufacturers [6-10]. For
example, in the FDA (Food and Drug Administration)
warning letters database, the issues regarding the risk
management system, are posted quite often* [11]. In
the official statistics of Good Manufacturing Practice
(GMP) inspection deficiencies published by United
Kingdom’s Medicines and Healthcare products Regu-
latory Agency (MHRA UK), in 2018 solely 5, there are
74 non-conformities in the quality risk management,
54 (almost 73%) of which were assessed as critical
or significant. The similar data on the results of GMP
inspections in the Russian Federation are not public-
ly available. Implementing a quality risk management
system into an enterprise’s quality management sys-
tem can be challenging. Enterprises have a wide range
of products, different medicines are produced in differ-
ent conditions: from non-sterile to aseptic, production
processes have different stages and methods of con-
trol. Each enterprise needs to make its own individu-
al choice of risk assessment methods, methods of risk
communication, working out its documentation, etc.,
taking into account the peculiarities of its production
and quality system [12—-16]. The carried out search and
analysis of the literature showed that the national and
international regulatory documents contain only guide-
lines to quality risk management, while there are no
explanatory methodological materials containing spe-
cific examples of possible approaches to the quality risk
management, including specific industries.

The importance of applying the quality risk man-
agement in pharmaceutical production, is due to several
reasons: first, the risk management makes it possible to
ensure the acceptable product quality, and therefore, to
reduce risks to patients’ healths. Second, it allows the
company’s management to focus on the issues associ-
ated with the highest risks for patients, therefore, it af-
fords a more efficient allocation of resources. Third, it
helps with making the most well-argued decisions re-
garding the development, quality control, production of
medicines, etc. Fourth, the application of the risk man-
agement is the fulfillment of the requirements of regula-
tory authorities [1, 8, 9, 17, 18].

3 Rules of Good Manufacturing Practice of the Eurasian Economic
Union approved by the Resolution of the Council of the Eurasian Eco-
nomic Commission No. 77 dated 3 November 2016

4 https://www.fda.gov/inspections-compliance-enforcement-and cri-
minal-investigations/compliance-actions-and-activities/warning-let-
ters

5 https://www.gov.uk/government/statistics/good-manufacturingprac-
tice-inspection-deficiencies
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There are no publications on the state of this issue
at domestic pharmaceutical enterprises. All of the above
indicates the relevance of studying the current indus-
try practice of drug quality risk management at Russian
pharmaceutical enterprises, including main problems
during the implementation of a risk management sys-
tem and compliance with currently accepted interna-
tional approaches.

THE AIM of the research was to study the current
industrial practice of drug quality risk management at
Russian pharmaceutical enterprises, including the as-
sessment of the main problems during the implementa-
tion of the risk management system and its compliance
with the accepted international approaches.

MATERIALS AND METHODS

To obtain information about the existing approaches
to drug quality risk management, a questionnaire meth-
od was chosen. The questionnaire was developed on
the basis of the analysis of the requirements and recom-
mendations for the quality risk management specified
in national and international regulatory documents and
guidelines®.

RESULTS AND DISCUSSION

The following essential requirements for the quality
risk management system, accepted in the international
pharmaceutical industry, have been selected by the au-
thors and used in their questionnaire [10, 19-22].

6 1. Good Manufacturing Practice Rules (approved by Order of the
Ministry of Industry and Trade No. 916 of June 14, 2013). 2. Rules
of Good Manufacturing Practice of the Eurasian Economic Union ap-
proved by the Resolution of the Council of the Eurasian Economic
Commission No. 77 dated 3 November 2016. 3. Order of the Min-
istry of Industry and Trade of the Russian Federation of December
12, 2013 N 1997 On the approval of the Recommendations on the
organization of production and quality control of medicines. Recom-
mendations for the preparation of Site Master File, quality risk man-
agement, pharmaceutical quality system, batch certification (part
111). 4. Decision of the Board of the Eurasian Economic Commission
No.1 “On Approval of the Guidelines for establishing acceptable lim-
its for health effects in order to identify risks in the production of
medicines on common production (technological) lines” dated Jan-
uary 14, 2020. 5. Department of Health and Human Services, U.S.
Food and Drug Administration, Guidance for Industry, Q9 Quality Risk
Management, 2006. 6. International Conference on Harmonization
of Technical Requirements for Registration of Pharmaceuticals for
Human Use, ICH Q8 (R1), Pharmaceutical Development, 2008. 7. In-
ternational Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use, ICH Q9, Quality
Risk Management, 2005. 8. International Conference on Harmoniza-
tion of Technical Requirements for Registration of Pharmaceuticals
for Human Use, ICH Q10, Pharmaceutical Quality System, 2008. 9. In-
ternational Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use, ICH Q11, Devel-
opment and manufacture of drug substances (chemical entities and
biotechnological/biological entities), 2012. 10. MHRA Good Manu-
facturing Practice (GMP) — Quality Risk Management: Frequently
asked questions, Available at http://www.mhra.gov.uk. 11. World
Health Organization WHO Guideline on Quality Risk Management,
Working document QAS/10.376/Rev.1 Draft for discussion, August
2011, pp. 9-10, Available at http://www.who.int.
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Essential requirements for the quality

risk management system accepted

in the international pharmaceutical industry

1. An enterprise should have a high-level document
(SOP, an enterprise standard, policy) that regulates its
quality risk management system and approaches used
to manage risks.

2. The areas of application of the risk management
system within the pharmaceutical quality system, should
be determined.

3. The following papers should be documented:

— commitment of the management to the principles
of the system;

—responsibilities and functions of the key personnel
in this system;

— scope of application, planning and scheduling;

— monitoring of work and evaluation of its efficiency
and progress;

— the approval procedure of work/jobs and the in-
formation distribution;

— personnel training programs that include informa-
tion about a risk management system;

— training requirements for teaching the personnel
actually performing the work related to the quality risk
management;

—the risk assessment tools and methods used at the
enterprise;

— the inclusion of the risk management in the phar-
maceutical quality system;

— application of the change management procedure
during risk management activities;

— cross-references to the risk management system
in the main control procedures of the enterprise.

4. Risk analysis and assessment:

— should be carried out by experienced specialists,
including the involvement of third-party consultants,
with due regard to modern scientific knowledge;

—should be documented;

— should be subjected to the agreement/approval;

— should be based on the systematic risk identifica-
tion;

— should be carried out using both qualitative and
guantitative methods and tools,

— the results of the assessment should be regularly
revised;

— the decisions based on the results of the risk as-
sessment should not contradict GMP rules and regula-
tory requirements;

— the level of formality and documentation should
be appropriate to the degree of the risk to the patient.

5. There should be a risk register containing a re-
freshable list of the main identified risks, a list of risk
assessments carried out or a link to this list, a brief de-
scription of the measures to mitigate the main identified
risks, and a justification for reassessing risks.

6. The effectiveness of the risk management system
should be regularly evaluated. The procedure for assessing
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the effectiveness of the risk management system and the
effectiveness of the risk management plans, should include:

— frequency of assessment;

— responsibility of performers;

—a formal list of the documentation to be inspected
during the assessment;

— the ways of information distribution on the results
of the assessment;

— the procedure for developing recommendations
for improvement;

— the procedure for implementing the subsequent
actions and their verification.

The questionnaire contains 25 questions, some of
which correlate to each other. The clarity of the ques-
tions was tested by 42 people from the pharmaceutical
industry.

The survey was conducted online by Sechenov Uni-
versity in cooperation with the National Chamber of
Pharmacy from 6 April to 10 May, 2020. The letter with a
link to the electronic questionnaire, was sent to e-mails
of the qualified persons who had been trained and certi-
fied at Sechenov University (981 people, 48 constituent
entities of the Russian Federation, more than 300 enter-
prises).

111 specialists of the pharmaceutical industry took
part in the survey, the return of the questionnaires was
11.3%. About a third of the respondents (35%) were un-
der 40 years old, 15 percent were over 55. More than
half of the respondents work at medium and large phar-
maceutical enterprises (45% and 13%, respectively), the
rest — at small enterprises and in micro organizations.
This distribution generally reflects the structure of the
Russian pharmaceutical industry (Fig. 1).

Most of the respondents (63%) work at the enter-
prises producing drugs of the chemical origin and have
more than 10 years of professional experience at a phar-
maceutical enterprise (67%) (Fig. 2).

The majority of respondents (87.4%) work at the
enterprises with a cyclical turnaround; the collected in-
formation also includes the respondents from market
authorization holders that use contract manufacturing
sites (4.5%).

As Fig. 3 shows, all major dosage forms produced in
Russia, were covered with this questionnaire, including
those requiring and not requiring isolation. Based on the
above data, the authors arrived at the conclusion that
the sample obtained was sufficiently representative.

In the first part of the survey, general approaches
and problems of domestic pharmaceutical enterprises in
implementing the systems of drug quality risk manage-
ment were studied.

In the Russian pharmaceutical industry, the quali-
ty risk management is applied at various stages of the
product life cycle: most of the enterprises apply risk
management at the stage of the industrial production
(95%), and only 28% of enterprises apply a risk-based
approach when scaling the process (Fig. 4).
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Figure 1 — Distribution of respondents by the size of their enterprise
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Figure 4 — Stages of product life cycle at which quality risk management is applied, in Russian pharmaceutical
industry
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Figure 5 — Areas where quality risk management is most commonly used
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Figure 6 — The most commonly used risk assessment tools and methods
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Figure 7 — The main difficulties faced by enterprises during the implementation
of a quality risk management system
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Figure 8 — Sufficiency of the number of employees with the necessary knowledge and experience in risk
assessments
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Figure 9 —Criticism of quality risk management system identified during external inspections
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Figure 10 - Positive effects of the quality risk management implementation at the enterprise
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Figure 11 — Available high-level documents regulating the quality risk management system
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Figure 12 — Approaches to formalization of the quality risk management system
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Figure 16 — Measures that can help improve the effectiveness of quality risk management
in Russian pharmaceutical industry

Fig. 5 shows the areas where the quality risk man-
agement is most commonly used. In general, the figure
shows that they coincide with the pharmaceutical en-
terprises’ areas of activities, proposed in Order of the
Ministry of Industry and Trade of the Russian Federation
No0.1997 “On approval of recommendations for the or-
ganization of production and quality control of drugs”,
where the quality risk management is applicable. Note-
worthy is the small percentage of the enterprises using
this methodology for organizing calibration and mainte-
nance work (20%), during product processing and repro-
cessing (23%), and during storage and delivery (29%).

In most of the cases, domestic enterprises use quan-
titative methods to assess and analyze risks (FMEA, HAC-
CP, FMECA, PHA, FTA, etc.). The most frequently used
methods of the 7 ones, specified in the ICH Q9 guideline
and in Order of the Ministry of Industry and Trade of the
Russian Federation No0.1997 “On approval of recommen-
dations for the organization of production and quality
control of drugs”, are the following: FMEA (66%), HACCP
(45%), HAZOP (20%), FMECA (15%) (Fig. 6).

The implementation of the quality risk management
methodology is difficult in practice for various reasons
(Fig. 7).

According to the respondents, the main difficulties
are: staff shortage (50%), lack of guidelines and manuals
with algorithms for decision-making and building a risk
management system (48%), lack of clear guidelines from
the Ministry of Industry and Trade (41%), lack of guide-
lines on the use of the basic risk analysis tools (34%).
When summed up, the lack of additional guidelines from
the Ministry of Industry and Trade of Russia, is the pre-
vailing reason for the complexity of the implementation
of the quality risk management system. An extended
analysis of the responses regarding staff shortages, re-
vealed approximately the equal percentage of responses
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among the employees of small and micro enterprises:
the problem of staff shortages was notified by 59% of re-
spondents working at the enterprises with 20 to 50 em-
ployees, 53% — from 50 to 100 employees, 50% — from
100 to 500 employees, 43% — above 500 employees.

The problem of a shortage of personnel with the
necessary knowledge and skills in the field of quality
risk management, was also revealed when analyzing the
answers about the sufficiency of such employees at the
enterprise: 59% of the respondents indicated this short-
age (Fig. 8).

Herewith, 88% of respondents stated that external
consultants are not involved in dealing with risks at their
enterprise.

Some interesting data were obtained when analyz-
ing the issues of the drug quality risk management sys-
tem discovered by external auditors (Fig. 9). Just over
half of the enterprises received comments on their risk
management systems. At the same time, auditors’ re-
ports on various aspects of the risk management con-
tained approximately the same number of issues, except
risk mitigation and preventive measures of identified
quality risks.

In general, the respondents positively assessed the
impact of the risk management system on the compa-
ny’s activities (Fig.10). More than half of the respon-
dents notified that the risk management provides the
necessary level of confidence in the processes (66%),
the ability to determine the most likely cause of devi-
ations (61%), determining the required amount of vali-
dation work (58%), obtaining the information necessary
for decision-making (57%). Attention should be paid
to a rather low percentage of the enterprises, which
conducted an economic assessment of the application
of the risk management system — 24%, and used a risk
methodology for a pharmaceutical development — 25%
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(see also Fig. 4, where 27% of respondents apply this
methodology in pharmaceutical development). A fairly
large number of respondents (57%) who do not consider
these works mandatory for compliance with the estab-
lished regulatory requirements is noteworthy, although
this requirement came into force almost 7 years ago. In
the authors’opinions, the number of enterprises (57%)
which use a risk-based approach for decision making, is
also too few.

A coincidence of the data obtained from different
questions, indicates the validity of the data.

The results obtained, made it possible for the au-
thors to conclude that a superficial approach to the qual-
ity risk management prevails in the Russian pharmaceu-
tical industry, and this is due to a number of objective
and subjective reasons. Among the most significant ones
are the lack of recommendations from the Ministry of
Industry and Trade of the Russian Federation on creat-
ing an effective quality risk management system and
the shortage of specialists who are ready to work in this
area.

In the second part of the survey, the authors exam-
ined the way the Russian enterprises implement various
elements of the risk management system and their com-
pliance with essential requirements for the quality risk
management system in the international pharmaceuti-
cal industry (see above).

91% of the respondents confirmed the existence of
the document regulating the quality risk management
system at the enterprise, and 33% notified the existence
of a policy in the field of the risk management system
(Fig. 11). Almost half of the respondents (48%) report-
ed that the risk management system is included in the
quality guidelines.

The approaches used in the Russian pharmaceutical
industry to formalize the risk management system, are
shown in Fig. 12. As can be seen from the above data,
all international criteria are met with, but the degree of
their implementation varies from 78% to 34% of cases.
It should be notified that external auditors do not attract
manufacturers’ attention to the absence of such import-
ant aspects as the adherence of the management to the
principles of the system, the responsibility and functions
of the key personnel in this system, the procedure for
coordinating work and distribution of information about
them, applying the change management procedure to
the risks management, cross-linking to the risks system
in the main control procedures of the enterprise (see
Fig. 9). A significant number of enterprises do not pay
due attention to personnel training in the field of the risk
management system (54%), to the establishment of re-
quirements for personnel training (61%), and to the im-
portance of ensuring information flows in the risk man-
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agement system (55%). With close reference to the data
shown in Fig. 10, the lack of formalized confirmation, in
other words, commitment, adherence to the principles
of the risk management system, indicates a low aware-
ness and interest of the top management in more than
half of pharmaceutical enterprises in Russia in the risk
management system and its business opportunities.

Approximately the same data were obtained for the
work/jobs that constitute the quality risk management
(Fig. 13): compliance with international criteria ranges
from 85% to 26%. 15% of the respondents notified that
they do not document the results of the risk analysis and
assessment. The further research showed that such an
informal approach is more often observed at small en-
terprises (with 20 to 50 employees). The data obtained,
also indicate a lack of the systematic quality risks man-
agement in more than half of the surveyed pharmaceu-
tical companies. A low percentage of the enterprises
that use a scientific approach to work with risks (only
26%), should be also notified.

A very big gap was identified in the maintenance of
the quality risk register (Fig.14). First, only about 40%
of the respondents answered that their company has a
quality risk register (Fig. 13 and Fig. 14). Second, the con-
tent of the risk register of a Russian manufacturer also
differs from the international practice. Thus, only 39%
of the enterprises include a list of the conducted risk as-
sessments or links to this list in the register; only 33% of
the enterprises have a refreshable list of the identified
key risks. It should be notified that there is a very low
percentage of the enterprises that include justifications
in the register for risks reassessment and for establishing
the frequency of reassessment (14% and 6%, respective-
ly), as well as the data on the residual risks (11%).

The procedure for assessing the effectiveness of the
risk management system and the effectiveness of the
risk management plans in the Russian pharmaceutical
industry, also differs from the international approaches
(Fig. 15). Despite the fact that the absence of this pro-
cedure was confirmed by only 2% of respondents, 61%
of the respondents confirmed that it contains a descrip-
tion of responsibilities, 52% confirmed the established
frequency of the assessments, 41% — the procedure for
implementing subsequent actions and their verification,
37% — the ways of sharing information about the results
of the evaluation, 34% — a formal list of documentation,
29% — the procedure for developing recommendations
for its improvement.

The size of the enterprise (by the number of em-
ployees) or its products did not influence the distribu-
tion of the respondents’ answers.

It should be notified that many disadvantages of the
implementation of the quality risk management system
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at Russian enterprises are typical and are also encoun-
tered by foreign manufacturers, including ineffective ap-
plication of the risk management methods, the absence
of periodic reassessment of identified risks, and the lack
of credibility of the decisions taken [1, 9, 10, 17, 18, 23].
Therefore, foreign experience could be useful for devel-
oping measures to improve the current situation.

The opinions of the surveyed pharmaceutical in-
dustry employees on the measures that can help their
companies implement the effective quality risk manage-
ment, are shown in Fig. 16. The most popular response
was to consult with the inspection authorities (67%),
but this type of measure is not used in any country with
a developed pharmaceutical industry. In terms of the
number of pharmaceutical companies in the country,
Russia is comparable to the United Kingdom, France and
Germany [24, 25].

Based on the authors’ experience and observations,
foreign inspection bodies (as well as Russian ones) do
not give direct individual consultations. It is a common
practice to organize seminars: independent seminars on
behalf of the regulatory body, and as parts of congresses
and conferences [8, 18, 26]. Such events also take place
in our country. The practice of creating massive open on-
line courses (MOOC) by regulators or with their partici-
pation, is not yet:

No regulatory legal acts by foreign regulators with
a detailed description of the quality risk management
system, have been found by the authors. The quality
risk management guidelines have only been issued by
the MHRA (UK) and are not legally binding. There are
recommendations from professional communities: PDA
(Parenteral Drug Association) and ISPE (International
Society of Pharmaceutical Engineering). A risk-based ap-
proach to an equipment validation is described in ASTM
(American Society for Testing and Methodology) stan-
dard manual E2500-13".

A possible contribution to improving the situation
by universities and research institutes, was rated by the
respondents as extremely low. Abroad, on the contrary,
universities, often with the assistance of regulators and
with grants from regulators, summarize various data, de-
velop and distribute various scientifically based recom-
mendations for the pharmaceutical industry.

CONCLUSION

In the course of the study, the authors analyzed the
requirements for the risk management in the pharma-
ceutical industry, and identified the essential elements
of an effective drug quality risk management system.

7 ASTM E2500-13. Standard Guide for Specification, Design, and Veri-
fication of Pharmaceutical and Biopharmaceutical Manufacturing Sys-
tems and Equipment.
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The survey provided valid information about the in-
dustry practice of implementing the risk management
system at Russian enterprises, the difficulties faced by
pharmaceutical companies during this process, and the
opinions of specialists on the measures to support the
application of risk system. The results of the analysis of
the current industry practice of the quality risk manage-
ment at Russian pharmaceutical enterprises, revealed
the prevalence of a superficial approach to the quality
risk management, the presence of objective and subjec-
tive reasons that hinder the effective implementation of
the quality risk management systems, the fragmenta-
tion of the quality risk management systems used and,
in most cases, their ineffective use. The main problems
of implementing a quality risk management system are:
an oversimplified description of the regulator’s require-
ments for a quality risk management system and the
lack of explanatory methodological materials containing
specific examples of possible methodological approach-
es to the quality risk management, including the ones
for specific productions. It should be emphasized that
the situation is systemic in nature, and is the same in all
the studied segments.

Considering the above, the development of recom-
mendations for a quality risk management system is of a
great current interest.

Based on the general requirements for the quality
risk management system in the pharmaceutical industry,
the authors formulated 17 steps to implement the qual-
ity risk management system in pharmaceutical compa-
nies. Their development takes into account the results of
the industry practice analysis on drug quality risk man-
agement in the Russian Federation. Particular attention
was paid to the description of the elements of the risk
management system that are practically absent at many
Russian enterprises. Closer attention was paid to the is-
sues of the risk management system (the requirements
for them had not been determined by the regulatory le-
gal acts of the Russian Federation).

Recommendations for quality risk management

at pharmaceutical enterprises

1. Develop a high-level document (a standard op-
erating procedure, an enterprise standard, policy) that
regulates the quality risk management system at the en-
terprise, and the approaches used to manage risks. In
the document, specify the following:

— the areas of application of the risk management
system;

— the persons responsible for decision-making;

— the responsibilities and functions of the key per-
sonnel in the risk management system;

—the responsibilities of both managers and employ-
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ees involved in the risk analysis and assessment;

—the applied methods and tools for the risk analysis;

— recommendations on the risk classification and
documentation of the processes;

—the information on the training of employees, par-
ticipating in the risk analysis and assessment.

2. Include the risk management system in the the
quality guidelines.

3. Create a risk register, including the following:

— a list of conducted risk assessments or a link to
this list;

—a list of key identified risks;

— a brief description of the measures to mitigate the
identified risks;

— justifications for reassessment of risks and for a
specified frequency of reassessment;

— the data on residual risks.

4. Regularly review the results of the quality risk
management process, taking into account new knowl-
edge and experience, since earlier decisions may have
been based on unreliable data; an earlier identified risk
may have been underestimated or exaggerated, and
earlier developed mitigation measures may have been
underresourced. The frequency of revision should be
determined taking into account the priority of risk.

5. Update the risk register in a timely manner, con-
sidering the results of risk assessments and revision of
the results of the quality risk management process.

6. Include references to the risk system in the main
control procedures of the enterprise.

7. Develop risk communication mechanisms. Estab-
lish a documented procedure for the information distri-
bution on the works performed for the quality risk man-
agement.

8. Consider the possibility of applying the quality risk
management system in the areas of work where such
methods and tools are not currently used, for example,
in the change control, supplier qualifications, qualifica-
tion and validation, processing and reprocessing of prod-
ucts, in-house monitoring, calibration and maintenance,
developing a quality audit program, evaluating storage
and shipping conditions.

For a self-assessment on the coverage of the areas
of work, use Order of the Ministry of Industry and Trade
of the Russian Federation dated 12 December, 2013 No.
1997 “On the approval of the Recommendations for the
organization of production and quality control of medi-
cines.”

9. Consider the possibility of applying the risk man-
agement system at the stages of pharmaceutical devel-
opment, pilot production and process scaling.

10. Create an enterprise working group to conduct
a risk analysis and assessment. This group should be as
multidisciplinary as possible and have narrowly focused
specialists, so that the risk assessment could be carried
out from different points of view, and a constructive ex-
change of information about the identified risks would
be ensured. Assign the responsibility for the organiza-
tion of risk analyses and the assessment to individual ex-
perts who are well versed in the risk assessment meth-
odology, methods and tools for risk analyses.

11. Include information about the risk management
system in the company’s personnel training programs.
Document training requirements for the personnel di-
rectly involved in the quality risk management. Develop
procedures for training personnel in methods and tools
for the risk analysis and assessment.

12. Document the possibility of attracting external
consultants for analysis and risk assessment when there
is an insufficient number of employees with the neces-
sary knowledge and experience to carry out these works.

13. Develop standard operating procedures contain-
ing a description of procedures for control, agreement
and approval of the results of the risk assessment and
reassessment, as well as the forms of protocols for the
risk analyses and assessment.

14. Document all the analyses and risk assessments
performed.

15. Based on the results of the conducted risk as-
sessments, develop work plans to reduce significant
risks.

16. Develop a procedure for evaluating the effec-
tiveness of the risk management system and the risk
management plans, specifying the following:

— frequency of evaluation;

— responsibility of performers;

—a formal list of documentation to be verified during
assessment;

— the ways of information distribution of the assess-
ment results;

— procedure for developing recommendations for
the improvement;

— procedure for subsequent actions and their veri-
fication.

17. Document the application of the change man-
agement procedure to the risk management.
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