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The pandemic of the novel coronavirus infection 2019 (COVID-19) has changed many aspects of our lives and initiated nu-
merous studies aimed at finding the factors that determine different courses of this infectious disease. The studies aimed at
finding predictors of the severe course of this novel coronavirus infection, as well as the factors that determine the efficacy
and safety of this disease pharmacotherapy, are acquiring special social significance.

The aim of this work is to find and summarize information on genetic predictors of severe COVID-19, as well as pharmacoge-
netic aspects that determine the variability of the therapeutic response to the drugs recommended for COVID-19 treatment.
Materials and methods. The article provides a review of scientific results on the research of gene polymorphism that deter-
mine a body’s response to the introduction of SARS-CoV-2 infection and the effects of pharmacotherapy for this disease, ob-
tained from open and available sources within the period of 2019 — March 2021. The search was conducted in the following
electronic databases: PubMed, Cochrane Library, ClinicalTrials.gov; Elibrary, Scopus. The main search inquiries were: “predic-
tors + severe course + COVID-19”, “genetic variations + COVID-19”, “pharmacogenetics + COVID-19”, “gene polymorphism +
SARS-CoV-2”, “pharmacotherapy + gene polymorphism + COVID-19” in both Russian and English.

Results and conclusion. The exploratory research detailing the mechanisms of infecting with SARS-CoV-2, the variability of
the disease severity and the individual characteristics of therapeutic responses to the drugs used, are being actively carried
out by scientists all over the world. However, most of their scientific projects are diverse, and the possible predictors of a
severe course of COVID-19 found in them, have not been confirmed or investigated in subsequent studies. A generalization of
the individual studies results of the genetic predictors concerning COVID-19 severity and effectiveness of its pharmacother-
apy, can become the basis for further search and increase the reliability of the data obtained in order to develop a strategy
for preventing the spread of COVID-19 infection, to identify potential targets of the treatment, and develop the protocols for
optimizing this disease pharmacotherapy.

Keywords: COVID-19; pharmacotherapy; gene polymorphism; pharmacogenetics; SARS-CoV-2; predictors

Abbreviations: COVID-19 — coronavirus disease-2019; SARS-CoV-2 — severe acute respiratory syndrome—associated coro-
navirus disease, COVID-19 etiology; WHO — World Health Organization; GWAS — Genome-Wide Association Studies /
NoJIHOTeHOMHbIM NMoucK accoumaunii; ACE — angiotension-converting enzyme; AGTR1/2 Angiotensin Il receptor Type 1 and
Type 2; OR — odd ratio; TMPRSS2 — Transmembrane protease, serine 2; T NF-kB — Transcriptional nuclear factor-kB; DPP4 —
Dipeptidyl-peptidase 4; MERS-CoV — coronavirus, Middle East respiratory syndrome etiology; TLR — Toll-like receptor; RNA
—ribonucleic acid; IRF — Interferon Regulatory Factor; INF —interferon; IL — Interleukin; HLA — Human Leukocyte Antigens; HIV
—human immunodeficiency virus; TNF — Tumor necrosis factor; TGF — Transforming growth factor; CYP — Cytochrome P450;
GCSs — glucocorticosteroids; ARDS — acute respiratory distress syndrome; ATP — adenosine triphosphate; Cl — confidence
interval; RR — relative risk; Ig —immunoglobulin
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Hay4HO-npakTu4eckuin xypHan

OAPMALIA U
OAPMAKOSIOMS

Ob30P
DOI: 10.19163/2307-9266-2021-9-3-174-184

MaHaemna HOBOM KOPOHaBMPYCHOM MHPeKLmn COVID-19 n3meHnna MHOFME acneKTbl Hallen XU3HU U MHULMMPOBana MHO-
roYnCAeHHble UccneaoBaHUA, HanpaB/ieHHble HAa NOUCK GAKTOPOB, ONpeaensAtoLLMX Pa3NNYHOe TeYeHMe 3TOro MHOEKLNOH-
Horo 3abonesaHusA. Ocobyto coLManbHY 3HAUMMOCTb NPUOBPETAIOT UCCIEA0BaHMSA, HaNPaB/IeHHbIe Ha MOUCK NPeANKTOPOB
TAYKEOro TEYEHUA HOBOM KOPOHABUPYCHOM MHDEKLMK, a TaKKe GaKTOpoB, onpeaensowmx 3pGeKTMBHOCTb U 6e30MacHOCTb
bapmakoTepanumm sToro 3aboneBaHuA.

Llensb. Llenbto HacToAwein paboTbl ABAAETCA MOUCK M 0606LLeHMe MHPOPMALMK O FEHETUYECKUX NPEeANKTOPaX TAXKeNoro Te-
YyeHua COVID-19, a Takke GapMaKoreHeTUYECKMX acneKkTax, onpeaenaowmx BapnabenbHOCTb TepaneBTUYECKOro OTBETa Ha
pPEeKOMeHA0BaHHbIEe IeKapCTBEHHble NpenapaTtbl ana nevyeHma COVID-19.

Marepuanbl U metoabl. B cTaTbe npescTtaBneH 0630p pe3ynbTaToOB Hay4YHbIX UCCNEA0BAHUIM NO U3YYEHUIO NOAUMOPOU3-
Ma reHoB, onpeaenALWwmx OTBET opraHM3ma Ha BHegpeHue SARS-CoV-2 nHbekumm 1 adpdekToB bapmakoTepanumn AaHHOTO
3a60/1€BaHMsA, MONYYEHHbIX U3 OTKPbITbIX U AOCTYMHbIX UCTOYHMKOB 3a nepuog 2019- mapt 2021 rr. Mouck npoBoancs B
3N1EKTPOHHbIX 6a3ax AaHHbIX: PubMed, Cochrane Library, ClinicalTrials.gov; Elibrary, Scopus. OcHOBHble NOMCKOBbIE 3aMNpo-
Cbl: «MpeauKTopbl + Taxenoe tedeHne + COVID-19», «reHeTuyeckune Bapuaummn+COVID-19», «dapmakoreHeTnKa+COVID-19»,
«nonnmopdmam reHos + SARS-CoV-2», «papmakoTepanua+nonnmopdusm reHos + COVID-19». MoncKkoBble 3anpockl BbINO-
HAINCb Ha PYCCKOM W aHIZIMACKOM A3bIKaX.

Pe3ynbTaTtbl M 3aKkntoueHue. [1oMCKOoBble Hay4YHble UCCAeA0BaHUA, AeTanusnpytolme mexaHnu3mol 3apaxeHunsa SARS-CoV-2,
BapuabenbHOCTb TAXKECTU TeyeHUA 3aboneBaHnA U UHAMBUAYaIbHbIE OCOOEHHOCTU TepaneBTUYECKOro OTBETa Ha Mpume-
HAeMble npenapaTbl, aKTUBHO MPOBOAATCA YYEHbIMU Pa3HbIX CTPAaH MUpa. OAHaKO 60BLWMHCTBO MX HAaYYHbIX MPOEKTOB AB-
NAOTCA pPa3sHOHaMNPaBAEHHbIMU, @ HANAEHHbIE B HUX BO3MOXHbIE NPeAnKTOpbI TAxKenoro teyeHna COVID-19 He noaTBep»K-
OEHbl MW He U3yYeHbl B NOCNeAyOLIUX nccnefoBaHuaAx. [leHeTuYeckn obycnoBneHHaa reTeporeHHOCTb MMMYHHOTO OTBETa
opraHuama Ha SARS-CoV-2 nHoekuuto TpebyeT AanbHENLLENO U3YYEHWS, YTO BO MHOFOM CBA3aHO C OTCYTCTBUEM OAHO3HAY-
HOrO MHEHWA O BeAyLLeEM MeXaHU3Me, ONpeaenAoLWeM TAKECTb 3Toro 3aboneBaHua. O6o6LLeHMEe pPe3yNbTaTOB OTAE/NbHbIX
NUCCNef0BaHUM reHEeTUYECKUX NMPEAUKTOPOB TAXKECTU TedeHus n apdekTMBHOCTM dapmakoTepanumn COVID-19 moreT cTaTb
OCHOBOW A1 JaNbHeNLWero Noucka 1 NOoBbIWEHUA JOCTOBEPHOCTU MOMYYEHHBIX AAHHBIX C Le/iblo pa3paboTKu cTpaTermm
npesynpexaeHna pacnpoctpaHeHna nHdekumm COVID-19, onpeaeneHna NoTeHLMaNAbHbIX MULLIEHEN TapreTHOM Tepanuu, a
TaKXe pa3paboTKM NPOTOKONOB ONTMMM3aL MK GapmaKoTepanmmn 3Toro 3abonesaHusa.

Kntouesblie cnosa: COVID-19; papmakotepanus; nonnmopdumsm reHos; bapmakoreHeTuKa; SARS-CoV-2; npeanKTopbl
Cnucok cokpateHuin: COVID-19 — kopoHasupycHas nHoekuma 2019 roga; SARS-CoV-2 — KopoHasupyc, aTnonorna COVID-19;
BO3 — BcemupHan opraHusaums 3gpaBooxpaHeHmns; GWAS — Genome-Wide Association Studies / NOAHOreHOMHbIV MOUCK
accoumaumin; AN® — aHrmoTeH3nH-NpespaLaowmin pepmeHT; AGTR1/2 Angiotensin Il receptor type 1 and type 2 / PeuenTop
aHrnoteHsuHa Il Tuna 1 n 2; Ol — oTHoweHMe waHcos; TMPRSS2 — Transmembrane Serine Protease 2 / TpaHCcmembpaH-
Has cepuHoBas npoTeasa Tvna 2; NF-kB — Nuclear factor-kB / TpaHCKpUNUMOHHbIN AaepHbii dakTop kB; DPP4 — Dipeptidyl-
peptidase 4 / aunentuamnnnentuaasa 4; MERS-CoV — KOPOHOBMPYC, 3TUONOTUA BIMKHEBOCTOUHOIO PECNMPATOPHOIO CUHAPO-
ma; TLR — Toll-nogo6Hble peuentopbl; PHK — puboHykienHosas kuciota; IRF — Interferon Regulatory Factor / perynstopHbiit
dakTop nHTepdepoHa; MH® — nHtepdepoH; IL — Interleukin / uutepneikunH; HLA — Human Leukocyte Antigens / rnaBHbiit
KOMM/IEKC rMCTOCOBMECTMMOCTU; BUY — Bupyc ummyHoaedumumta yenoseka; TNF — Tumor necrosis factor / ¢aktop Hekposa
onyxonu; TGF — Transforming growth factor / TpaHcdopmmpytowwmii paktop pocra; CYP — cytochrome P450 / depmeHTb! Ln-
Toxpoma; KC — rntokokopTKocTepouabl; OPAC — oCTpblii pecnMpaTopHbI aAnucTpecc-cuHApom; AT — ageHo3mHTpudocdar;
[N — noseputenbHbln MHTepBan; OR — OTHOCUTENbHBIN PUCK; |g — UMMYHOTN0BYANHBI

INTRODUCTION

The pandemic of the novel coronavirus infection
COVID-19 has changed many aspects of our lives and
initiated numerous studies aimed at finding the factors
that determine different courses of this infectious dis-
ease. It is known that more than 40% of people convey
SARS-CoV-2 asymptomatically; in addition, a part of the
population has a natural resistance to it and does not
manifest the disease even with a high viral load [1]. The
other pole of the individual reactivity is patients with a
severe course of infection who are hospitalized in the
intensive care unit with symptoms of acute respiratory
distress syndrome and a multiple organ failure. In this
group, the mortality rate is over 40% [2]. According
to WHO dated March 31, 2021, 2,769,696 confirmed
deaths from COVID-19 for 126,372,442 cases were reg-
istered in the world®. A lot of modern studies are aimed

YWHO report on the current situation with COVID-19 in the world (as of
31 March 2021) Available from: https:// www.who.int/publications/m/
item/weekly-epidemiological-update-on-covid-19---31-march-2021
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at finding predictors of the severe course of this novel
coronavirus infection. Some of them are devoted to clin-
ical factors: for example, a male gender, an old age and
comorbid backgrounds are more often associated with
a severer course of the disease [3, 4]. Other studies are
looking for individual genetic variations that determine
differences in the immune response to the SARS-CoV-2
infection and can explain the clinical course of COVID-19,
as well as differences in morbidity and mortality from
the SARS-CoV-2 infection in different countries [5, 6].

The correlation between the COVID-19 severity and
certain allelic genes variants responsible for the im-
mune response, is very important since it can be used to
identify a population with a predisposition to a severer
course of infection and to determine a vaccine preven-
tion strategy. This data can be used to develop targeted
therapeutic approaches, as well as to select specialists
to work with COVID-19 patients in case of a high proba-
bility of mild and asymptomatic courses.
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THE AIM of this work is to find and summarize in-
formation on genetic predictors of severe COVID-19, as
well as pharmacogenetic aspects that determine the
variability of the therapeutic response to the drugs rec-
ommended for COVID-19 treatment.

MATERIALS AND METHODS

The article provides a review of scientific results on
the research of gene polymorphism that determine a
body’s response to the introduction of SARS-CoV-2 in-
fection and the effects of pharmacotherapy for this dis-
ease, obtained from open and available sources within
the period of 2019 — March 2021. The search was con-
ducted in the following electronic databases: PubMed,
Cochrane Library, ClinicalTrials.gov; Elibrary, Scopus.
The main search inquiries were: “predictors + severe
course + COVID-19”, “genetic variations + COVID-19”,
“pharmacogenetics + COVID-19”, “gene polymorphism +
SARS-CoV-2”, “pharmacotherapy + gene polymorphism
+ COVID-19” in both Russian and English.

RESULTS AND DISCUSSION

Genetic characteristics of human body response

to establishment of SARS-CoV-2 infection

The genome-wide association search (GWAS) study
where 8,582,968 single nucleotide polymorphisms were
analyzed in 1,980 patients with severe COVID-19 in Ita-
ly and Spain has been widely publicized [5]. The control
group included 2,205 healthy volunteers. According to
the results of the study, no definite correlations were
found between severe COVID-19 and the development
of a respiratory failure and a single gene polymorphism.
However, the determinants of a severe course associated
with several genes have been identified. They are locat-
ed in the fragment of chromosome 3 —locus 3p21.31, in-
cluding the genes SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6
and XCR1. Among these genes, the following ones are
distinguished as the most significant in the pathogene-
sis of the COVID-19 development: LZTFL1 (expressed in
the lungs, it determines the production of the protein
that regulates a ciliary function); SLC6A20 (the gene en-
coding the synthesis of the corresponding transporter
protein involved in the transmembrane transport of so-
dium and chlorine ions, it also presumably affects the
interaction between SARS-CoV-2 with ACE2 receptors);
CCR9 (the gene encoding the synthesis of the membrane
protein of the same name, is a part of G-protein-medi-
ated receptors, and it is also a receptor for chemokines
that control the migration of effector cells to the inflam-
mation focus); CXCR6 (expressed in the lymphoid tissue
and on activated T-lymphocytes, regulating their activi-
ty; including the effect on the immune response during
inhalation of viral pathogens). The presence of the GA
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allele in the single nucleotide sequence rs11385942 was
associated with a decrease in the CXCR6 expression and
an increase in the SLC6A20 expression. According to the
results of the meta-analysis, the occurrence frequency
of the risk allele was approximately 1.5 times higher in
the group of the hospitalized with a respiratory failure
receiving a respiratory support compared with the group
receiving only an oxygen inhalation (OR 1.77, 95% confi-
dence interval 1, 48-2.11; P=3.30x107*). Another result
of this study was the establishment of the correlation be-
tween the severe course of the disease and the 9934.2
locus, which, in this cohort of patients, determines a
blood group according to the ABO system. A meta-anal-
ysis showed that the group of patients with an A blood
type was 1.5 times more likely to have a severe course
compared with the other blood types (OR 1.45; 95% Cl,
1.20-1.75; P=1.48x10*), and a protective effect was also
found in the carriers of the 0 blood type (OR 0.65; 95%
Cl, 0.53-0.79; P = 1.06x107°). More reliable data could
be obtained if the control group included people with
an asymptomatic form and a mild course of SARS-CoV-2
infection, and not healthy people who were not infected
with this virus.

Angiotensin-converting enzyme

and transmembrane serine protease

Another direction in the search for genetically de-
termined predictors of severe COVID-19 is to study the
interaction of SARS-CoV-2 with host cell proteins during
the virus introduction into the human body, which may
explain the differences in viral loads. The penetration
of SARS-CoV-2 into the cell is realized with the help of
surface S-proteins, which interact with type 2 angioten-
sin-converting enzyme (ACE 2) in the place with a prote-
ase activity. The virus infects epithelial cells of the respi-
ratory and gastrointestinal tracts and a number of other
organs. There is a high expression of ACE 2 by type Il
alveolar pneumocytes, which determines the tropism of
SARS-CoV-2 to the lung tissue. To activate the viral S-pro-
tein, the TMPRSS2 enzyme is required. It facilitates the
penetration of the virus into the host cell [7]. TMPRSS2
can be considered a potential therapeutic target in the
COVID-19 treatment.

TMPRSS?2 inhibitors currently used in Japan and ap-
proved for the treatment of several forms of prostate
cancer and pancreatitis are potential candidates for
the treatment of SARS-CoV infection [8]. The TMPRSS2
gene is localized on chromosome 21q22.3; its expres-
sion level is subject to genetic polymorphism, which
can determine susceptibility, a viral load, and risks of
severe lung damage in the SARS-CoV-2 infection [9]. Sin-
gle nucleotide polymorphisms TMPRSS2 rs383510 and
rs464397 showed the highest expression in the lungs of
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patients with homozygous TT genotype, rs2070788 — GG
genotype and rs469390 with AA genotype. According-
ly, rs383510, rs464397 heterozygous CT genotype and
rs469390 with AG genotype showed an intermediate
level of TMPRSS2 expression, and homozygous CC gen-
otype (rs383510, rs464397), GG (rs469390) and AG and
AA genotypes (rs2070788) had the lowest expression.
The prevalence of the TMPRSS2 genetic polymorphism
differs in the population. For example, the population of
East Asia has a lower frequency of genotypes with a high
expression compared to the American and European
communities [10].

After a high affinity connection of the virus with ACE
2, the fusion with the host cell occurs, the penetration
into it and the multiplication of the virus. The synthesis
of ACE 2 is associated with a polymorphism in the gene
encoding this protein. A point mutation in the ACE 2 gene
(Leu584Ala) increases the penetrating ability of SAR-
SCoV-2. It is interesting to report that several amino acid
sequences fundamentally alter the interaction between
the viral S1 protein and the ACE 2 receptor, changing the
viral load. A total of 13 polymorphisms (rs1434130600,
RS1395878099, RS142984500, RS756231991,
RS1244687367, RS73635825, RS778500138,
RS867318181, RS763395248, rs4646116, rs778030746,
rs1199100713 and rs781255386) determine the rapid
and effective interaction of ACE 2/S1, which contributes
to the development of the infection. In contrast, the oth-
er 18 SNPs (rs143936283, rs961360700, rs1569243690,

RS751572714, RS1348114695, RS1263424292,
RS766996587, RS760159085, RS$1016409802,
RS146676783, RS1352194082, rs755691167,

rs1325542104, rs759579097, rs762890235, rs1192tn-
gh_9; 192618, rs370610075 and rs1256007252) impede
the interaction between ACE 2 and S1, thereby reducing
the level of infecting [11]. At the same time, a high ac-
tivity of ACE 2 has a protective effect on the pulmonary
function. The SARS-CoV-2 infection likely decreases the
regulatory function of ACE 2. A decrease in the activity of
ACE 2 triggered by the virus, and an increase in the lev-
el of angiotensin Il because of it, leads to the synthesis
of proinflammatory cytokines and chemokines through
the interaction with the AGTR1 and AGTR2 receptors
with a subsequent activation of NF-kB. This contributes
to damaging the alveolocytes and endothelial cells, the
development of interstitial edema and infiltration of the
lung tissue [11].

Another gene that can potentially influence the
COVID-19 severity, is AGTR2 which encodes Angioten-
sin Il receptor Type2 (AGTR2). Thus, it can be assumed
that it is binding of SARSCoV-2 with AGTR2 directly and
/ or indirectly through the ACE 2 receptor, that leads to
the imbalance of the renin-angiotensin system, the ex-
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cessive accumulation of angiotensin Il and, as a conse-
guence, to severer forms of the disease [12].

Dipeptidyl peptidase 4

Dipeptidyl peptidase 4 is an intramembrane gly-
coprotein and serine exopeptidase. This enzyme is in-
volved in the degradation of a wide range of substrates,
including chemokines, neuropeptides, and incretins
(e.g., glucagon-like peptide-1). DPP4 is a surface antigen
also known as CD26. DPP. It is expressed in many organs
and tissues, including the lungs, intestines, placenta,
kidneys, and immune cells. Previously, it was found that
DPP4 plays a role in the priming of glycoprotein S at the
moment of MERS-CoV penetration into host cells [13];
its role in the penetration of SARS-CoV-2 is currently be-
ing considered [14]. A single nucleotide polymorphism
of the DPP4 gene (rs13015258 — C allele) was found,
which is associated with a very high expression and in-
creased mortality among COVID-19 patients with type 2
diabetes mellitus [9].

Toll-like receptors

One of the most important functions of innate im-
munity is the recognition of microbial components by
cells. It determines the launch of the first line of human
body defense against the pathogens invasion. TLRs play
a key role in the recognition and activation of the im-
mune response. In humans, 10 subtypes of these recep-
tors have been identified, each of which is responsible
for the identification of various structural components
of microbes. The SARS-CoV-2 virus enters the cells, binds
to the endosomal TLRs of types 3 and 7, and cytoplas-
mic RNA receptors. These structures play an essential
role in the recognition of viral RNA and the initiation of
interferon genesis as one of the main components of
innate immunity and antiviral defense. The cascade of
reactions occurs due to the activation of the NF-kB and
IRF pathways. In the literature, there are limited data on
a low expression of the X-chromosome gene encoding
TLR7 synthesis, and, accordingly, a reduced activity of in-
terferons (types | and Il) which was accompanied by the
development of severe COVID-19 in young men [15]. In
addition to finding a genetic link that could open up all
sorts of new opportunities for exploring potential treat-
ments, this study can also explain the observed trend
towards higher death rate from COVID-19 in men thanin
women. A number of genes and regulatory elements as-
sociated with the innate and adaptive immune response
have been found in the X chromosome [16].

Interferon status
The synthesis of endogenous interferon is a uni-
versal evolutionarily fixed defense mechanism against
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viral infection. Delayed stimulation of the expression of
genes responsible for interferon genesis and antiviral
response is associated with the severity of clinical man-
ifestations of infectious diseases. In deceased patients
with MERS-CoV infection, the level of the endogenous
interferon synthesis was significantly lower than in sur-
vivors [17]. The activation of this pathway is associated
with the induction of the expression of several hundred
genes that affect the suppression of viral replication.
Gene variations that determine the low functional ac-
tivity of the type 1 interferon response are characterized
by the development of immunodeficiency states and the
life-threatening course of viral infections.

A number of works have demonstrated the rela-
tionship of severe COVID-19 with a low activity of this
pathway. Having analyzed the genome of 659 patients
with severe SARS-CoV-2 infection, Zang [18] identified
13 candidate genes responsible for the implementation
of the type 1 interferon response. In 23 patients out of
659 (3.5%), mutations realized by reduced activation
of the interferon pathway and characterized by a more
severe course of the disease, had been found. These
patients had a high viral load. Previously, it was shown
that the single nucleotide polymorphism rs12252C/ Cin
the IFITM3 gene (encodes the interferon-induced trans-
membrane protein 3) is a risk factor for severe influenza
[19]; this polymorphism, rs12252C / C, was also found in
a patient with severe COVID-19 [20].

Another possible cause for severe SARS-CoV-2 infec-
tion can be the production of neutralizing autoantibod-
ies [21]. Autoantibodies aimed at blocking regulatory
proteins, in particular INF-a and INF-w, were found in
101 out of 987 patients (10.2%; 94% of which are mostly
men over 65 years old) with life-threatening conditions
in the current pandemic. The production of neutraliz-
ing autoantibodies correlated with low plasma concen-
trations of INF-a. In addition, autoantibodies to type
1 INF proteins were not detected in 663 patients with
asymptomatic or mild COVID-19, and in the population
of healthy individuals not infected with SARS-CoV-2, au-
toantibodies were detected in 0.33% of cases (4 / 1227
people). The production of autoantibodies to type 2
INF, IL-6 and IL-17 has been detected in healthy people,
patients with autoimmune diseases and opportunistic
infections, but their role in determining the severity of
diseases is not yet fully understood [22]. The literature
provides rare cases of hereditary conditions with an
autoimmune mechanism or immunodeficiency, which
were accompanied by overproduction or deficiency of
type 1 interferon response proteins, respectively. How-
ever, some cases have been notified that in convention-
ally healthy people with a low expression of the genes
that determine this response, a clinically asymptomatic
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carrier state of these genomic variations is possible until
the moment of contact with certain viruses. This may ex-
plain the cause for the severe SARS-CoV-2 in the patients
without a history of immunodeficiency in anamnesis
[15]. The determination of autoantibodies to type 1-in-
terferon response proteins can be useful in determining
a therapeutic strategy for patient management. In the
presence of autoantibodies, recombinant INF-B prepa-
rations will not be effective, and these patients should
not be considered as plasma donors. If this is a variant
with a low expression of genes responsible for type 1-in-
terferon response, then, on the contrary, therapy with
recombinant interferon preparations is advisable.

HLA system

The genes of the HLA (Human Leukocyte Antigen)
major histocompatibility complex system encode mole-
cules of the same name on the cell surface. These pro-
tein structures carry out the presentation of various
antigens, including causative agents of viral infections,
and determine the severity of many diseases. This is the
most polymorphic human genetic system (more than
9000 alleles), and it is located on the short arm of chro-
mosome 6 [23]. Considering the role of the HLA system
in the formation of the immune response, polymor-
phism of the genes of the main histocompatibility com-
plex can determine the predisposition and variants of
the course for infectious diseases. Thus, it is known that
a severer course of HIN1 influenza is associated with the
genotypes HLA-A*11, HLA-B*35 and HLA-DRB1*10; and
with HIV-1, carriers of HLA-A* 02: 05 have a reduced risk
of seroconversion [24]. There is a theory that the HLA
gene polymorphism was formed during epidemics of in-
fectious diseases, with the selection of alleles with a dif-
ferent peptide-binding ability. Moreover, heterozygotes
with different HLA molecules are more adapted to the
formation of an immune response as compared to ho-
mozygotes [25]. In 2003, during the SARS-CoV epidemic,
a correlation was shown between the HLA gene poly-
morphism and a severer course of infection in carriers of
HLA-B * 46:01. Based on these data, an in silico analysis
of the 145 HLA genotypes affinity for the protein struc-
tures of SARS-CoV-2 was performed [26]. It has been
shown that the HLA-B*46:01 genotype has the lowest
binding capacity for SARS-CoV-2 proteins, which may be
a predictor of a severer course of this disease. A similar
response was predicted for genotypes HLA-A*25:01 and
HLA-C*01:02. In contrast, the genotypes HLA-B*15:03,
HLA-A*02:02 and HLA-C*12:03 showed a high activity
in the presentation of SARS-CoV-2 antigens, which sug-
gests good protective immunity.

In another study, Tomita Y. et al. performed an
in silico analysis based on the prevalence of HLA gene
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polymorphisms and associations of the most frequent
alleles in the countries with high mortality rates from
COVID-19 [27]. The authors found possible the associa-
tions between the HLA-A*02:01 genotype, which deter-
mines a relatively low binding capacity for SARS-CoV-2
antigens, compared to individuals with the HLA-A*11:01
or HLA-A*24:01 genotype developing a more efficient
T-cell mediated antiviral response to infection. The most
common HLA genotypes in humans around the world
have been studied and it has been shown that the vari-
ants HLA-A*02:01, HLA-C*07:01, HLA-DPB1*04:01, HLA-
DQPB1*03:01 are found in more than half of the world’s
population. Then 19 countries were selected and divided
into two groups: the first — where these allelic variants
are most often found, the second — with a low frequen-
cy of these genotypes. Then, a correlation analysis was
carried out between the frequency of these genotypes
prevalence and the total number of confirmed cases and
deaths from COVID-19 per 1 million population. A carrier
state of HLA-C, HLA-DPB1, HLA-DQPB1 genotypes did not
show fundamental differences between the countries
in terms of the analyzed indicators. At the same time,
in the countries where the HLA-A*02:01 genotype was
more common, there was a statistically significant higher
incidence of COVID-19 (1842 cases / 1 million population
dated April 24, 2020, and 5795/1 million population dat-
ed August 15, 2020) compared with the countries where
the genotypes HLA-A*24:02 and HLA-A*11:01 prevailed
(97 cases / 1 million population in April 2020, and 419
cases / 1 million population in August 2020), as well as
the mortality — 98 vs. 2.5 cases in April 2020 and 488
vs. 6.1 cases in August 2020, respectively. To determine
the risk group, the authors of the two presented studies
propose to conduct HLA typing and COVID-19 testing,
as well as to vaccinate primarily high-risk individuals in
accordance with genetic research data simultaneously.

Cytokine status

Cytokines are low-molecular-weight proteins that
are signaling molecules and through specific receptors
carry out cooperation between different cells and sys-
tems under normal conditions, as well as in the event
of pathological processes. Cytokines are key mediators
of the inflammatory response and are important for
protecting humans from a wide range of viruses, par-
ticipating in the regulation of both the innate immune
system and inflammatory processes. Individual cytokine
levels are highly variable, and genetic factors contribute
significantly to the personal profile. Numerous studies
have shown that the polymorphisms in genes encoding
cytokines can affect their transcriptional activity, and,
accordingly, the level of production [28]. In some cas-
es, when exposed to infectious pathogens, autoimmune
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mechanisms and neoplastic syndrome, hypercytokin-
emia, i.e. uncontrolled release of inflammatory media-
tors, which is accompanied by an immune dysfunction,
a systemic inflammatory process with damage to its
own tissues and the development of a multiple organ
failure, is possible [29]. Among the possible stimuli for
the initiation of a cytokine storm, the role of corona-
viruses, and in particular SARS-CoV-2, has been estab-
lished. In the COVID-19 patients and a cytokine storm
signs, changes in the production of many cytokines have
been established: IL-1, IL-2, IL-4, IL-6, IL-8, IL-10, IFN-y,
TNF-a and TGF-a B1. Among them, the most typical
overproduction is of IL-6, IL-1B, IL-10 and TNFa. The role
of genes polymorphism encoding a cytokine production
had been proven for many infectious diseases, including
malaria, influenza, meningococcal infection and sepsis
in previous studies [30,31]. Considering that, variants
of proinflammatory cytokine genes were also studied in
SARS-CoV- 2 infections. However, none of the previously
identified polymorphisms of proinflammatory cytokine
genes associated with more severe diseases, have been
replicated in COVID-19 studies. Thus, in a published
case-control study in SARS-CoV patients, no relationship
was found out between the course of the disease and
the TNF-a gene polymorphism [32], and no correlation
was found out between the COVID-19 severity and the
genetic variants of this gene in 900 SARS-CoV-2 patients
in a modern study. [33].

IL-6 is one of the pro-inflammatory cytokines, the
level of which increases dramatically in COVID-19 pa-
tients [34]. In addition, its level is considered a severity
predictor of this disease. Higher levels of circulating IL-6
are observed in patients with respiratory dysfunction,
suggesting that SARS-CoV-2 triggers a cytokine-mediat-
ed mechanism of the lung injury; these patients were
significantly more likely to have indications for respira-
tory support [35]. Genetic variations that determine the
IL-6 production, are considered potential determinants
of the host cell’s response to the SARS-CoV-2 invasion
[36]. The previous studies have shown that mutations in
the IL-6 gene (rs1800797 and rs1800795) are associated
with the progression of cardiovascular pathology [37];
and combined polymorphisms of the IL-6 (rs1800797),
IL-10 (rs1800872) and C-reactive protein genes (rs1205)
correlated with the severity and prognosis in the pa-
tients with community-acquired pneumonia [38]. How-
ever, among the data available for the analysis of the
role of genetic predisposition to the synthesis of IL-6 in
COVID-19, only one study showed that the carrier status
of the IL-6 -174C allele is associated with a higher level of
the IL-6 production and severer forms of pneumonia in
general. This result does not reflect a direct relationship
between the disease severity and the gene polymor-
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phism, but confirms that IL-6 plays a key role in the pro-
gression of the novel coronavirus pneumonia [39]. Thus,
more detailed information on the relationship between
the polymorphism of cytokine genes that are important
in SARS-CoV-2 infection, and the COVID-19 severity, re-
quires further scientific research.

Pharmacogenetic markers of efficacy and safety

of COVID-19 therapy

Genetic variations in COVID-19 patients can affect
not only the nature of the infection course and the se-
verity of clinical manifestations, but also determine the
individual response to the pharmacological drugs used.
This review provides data on the drugs recommend-
ed for the COVID-19 treatment and possible changes
in the efficacy and safety of the therapy associated
with patient gene polymorphisms. Although there are
currently no data from pharmacogenetic studies in
COVID-19patients, there are plausible mechanisms by
which important genetic determinants can be antici-
pated.

Hydroxychloroquine

Hydroxychloroquine is an antimalarial 4-amino-
quinoline derivative. Due to its anti-inflammatory and
immunosuppressive action and in addition to the treat-
ment and prevention of malaria, it is included in the
clinical guidelines for pharmacotherapy of rheumatoid
arthritis and systemic lupus erythematosus. Hydroxy-
chloroquine is one of the first etiotropic drugs included
in COVID-19 treatment protocols. The mechanism of
the hydroxychloroquine antiviral action in COVID-19 is
not yet clear. Presumably, the drug prevents the pene-
tration of the virus into the cell, disrupting the process-
es of endocytosis. In addition, hydroxychloroquine can
directly affect the interaction between SARS-CoV-2 and
ACE 2 by reducing the glycosylation of ACE 2 [40]. The
immunosuppressive effect is manifested by a decrease
in the production of pro-inflammatory cytokines, which
may also have a beneficial effect on the hyperimmune
response in COVID-19. The efficacy and safety of hy-
droxychloroquine is related to the pharmacokinetics
of the drug. The drug is metabolized in the liver by
the CYP P450 system with the participation of the en-
zymes CYP2D6, CYP2C8, CYP1A1l and CYP3AA4. The ge-
netic polymorphisms of enzymes affect the metabolic
rate and, accordingly, the pharmacological response.
In the previous studies, alleles CYP2C8*2, CYP2C8%*3,
CYP2C8*4 reduced the activity and capacity of the en-
zymes in vitro compared to the wild-type CYP2C8*1A
allele, which led to a delayed formation of active me-
tabolites of the drug and a decrease in the therapeutic
response [42]. CYP2D6 polymorphism (rs1135840 an-
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drs1065852) induces the metabolism of hydroxychlo-
roquine in a patient with systemic lupus erythemato-
sus [41]. Single nucleotide polymorphisms of the gene
encoding the synthesis of glucose-6-phosphate dehy-
drogenase (rs5030868, rs1050828, and rs1050829) are
associated with a decrease in the enzyme activity and
an increased risk of hemolysis [43].

Remdesivir

Remdesivir is an antiviral drug that is an adenosine
nucleotide prodrug metabolized in the cells of the body
to form an active metabolite of nucleoside triphos-
phate. Remdesivir triphosphate acts as an analogue of
ATP and competes with the natural ATP substrate for
incorporation into the forming RNA chains using the
RNA-dependent RNA polymerase of the SARS-CoV-2 vi-
rus, which leads to a delayed chain termination during
the viral RNA replication [44]. Remdesivir undergoes
serial metabolism mediated by intracellular esterases
and phosphoamidase, which leads to the formation of
the main metabolite of remdesivir. Pharmacogenetic
studies of remdesivir have not been published to date,
but in vitro studies show that it is a substrate for the
enzymes CYP2C8, CYP2D6, and CYP3A4, as well as a
substrate for the transporters OATP1B1 and P-glyco-
protein [45]. Thus, the known polymorphisms of these
genes can theoretically influence the pharmacokinetics
of remdesivir [46].

Favipiravir

Favipiravir was developed and approved in Japan,
2014, for the treatment and prevention of influenza and
is currently being investigated for its effectiveness in
COVID-19. There are no published studies on the phar-
macogenetics of favipiravir. Possible ways of changing
its efficacy may be associated with the competitive me-
tabolism of the aldehyde oxidase pathway, which is the
main pathway for its deactivation [47].

Interferon B-1b

The use of interferon preparations, in particular
IFN-B1b, has manifested its efficacy in the treatment of
SARS and / or MERS coronavirus infection, and is cur-
rently being studied in COVID-19 [48]. The changes in
the efficacy and increased risk of the side effects of IF-
NB-1b drugs associated with pharmacogenetic factors,
have not been established. However, in the cohort of
Swedish patients with multiple sclerosis who had re-
ceived INF-B1b, the risk of developing biologically sig-
nificant neutralizing antibodies was higher in the pa-
tients with the HLA-DRB1*04 allele (OR: 3.53, 95% Cl:
1.64-7.61) and lower with HLA-DRB1 * 15 (OR: 0.33,
95% Cl: 0.16-0.71) [49].
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Tocilizumab through the activity of metabolic enzymes and trans-

Tocilizumab, an inhibitor of IL-6 receptors, is active-
ly used as rheumatoid arthritis biological therapy. Con-
sidering the proven role of IL-6 overproduction in the
pathogenesis of severe COVID-19, the use of drugs that
block the effects of IL-6, is justified. Genetic biomarkers
of the tocilizumab efficacy in rheumatoid arthritis, in-
cluding variations FCGR3A, IL6R, CD69, GALNT1845-47,
have been previously reported. 87 patients with rheu-
matoid arthritis treated with tocilizumab and FCGR3Ar-
s396991TT genotype, showed a better response in 12
months (vs. GT; OR: 5.1; 95% Cl: 1.2-21.3; p = 0.03). This
variant can affect the affinity of the Fc-fragment of the
IgG receptor for tocilizumab and alter its systemic clear-
ance [50].

Now, there is limited evidence that pharmacog-
enomic biomarkers can help with determining the re-
sponse to tocilizumab therapy in COVID-19, and the
translation of these data into the course of COVID-19 is
incorrect. There are no studies on the pharmacogenet-
ics of tocilizumab in the patients with cytokine overpro-
duction syndrome that could be close to the COVID-19
pathophysiology, either. Herewith, the identification of
the response markers to tocilizumab in SARS-CoV-2 can
make it possible to carry out individual targeted therapy
and not to use immunosuppressants to treat a viral dis-
ease in a number of patients with predictors of a therapy
failure. Another important aspect of the need for these
studies is the economic factor.

Janus kinase inhibitors

Tofacitinib and baricitinib are other biologically
active drugs that block the hypercytokine response
and are approved for the use in COVID-19. Currently,
no data on the pharmacogenetics of these drugs have
been published. However, their pharmacokinetic pa-
rameters include several potentially important candi-
date genes. The both drugs are substrates for CYP3A4.
Tofacitinib is also partially metabolized by CYP2C19.
The both genes of metabolic enzymes are susceptible
to genetic polymorphisms, which can alter the drugs
activity [51].

Systemic glucocorticosteroids

Glucorticosteroids (GCS) are powerful nonspecific
anti-inflammatory and immunosuppressive drugs. In
the treatment of patients infected with COVID-19, they
are used in the treatment of acute respiratory distress
syndrome (ARDS). Pharmacogenetic predictors of the
systemic corticosteroids effectiveness in ARDS have
not been identified. However, possible variants of the
pharmacological response may be associated with the
receptor activity, as well as pharmacokinetic pathways

Tom 9, Buinyck 3, 2021

porter proteins [52]. GCS metabolism is carried out
in the liver with the participation of isoenzymes CY-
P3A4 and CYP3A7, as well as in the lung tissue under
the influence of CYP3A5 and CYP3A7 [53]. CYP3A4*22
polymorphism of the gene encoding CYP3A4 can
change the activity of the isoenzyme and, according-
ly, affect the therapy effectiveness. Thus, in previous
studies, it was shown that in heterozygotes with the
CYP3A4*22T(C/T) genotype, the effectiveness of gluco-
corticosteroid therapy was higher compared to the C/C
genotype [54].

Another pharmacokinetic factor that can alter the
efficacy and safety of glucocorticosteroid therapy is
the expression of P-glycoprotein. Its level of activity
is associated with genetic polymorphism of the mul-
tidrug resistance gene MDR1 (ABCB1), which can af-
fect the therapeutic response [55]. The expression
of glucocorticoid receptors is encoded by the NR3C1
gene. A number of scientific studies are devoted to
the study of the polymorphism of this gene; about 40
gene variants are known that encode the synthesis of
these receptors [56]. The individual variability may
determine the efficacy and safety of glucocorticoste-
roid therapy [57]. In addition, the affinity of glucocor-
ticoid receptors can be altered by proinflammatory
cytokines, IL-1 and TNF-a [58], which can possibly be
an effectiveness factor in the of COVID-19 therapy
with these drugs.

CONCLUSION

Thanks to joint efforts and concerted actions in
the struggle against the novel coronavirus infection,
a global access to vaccines, modern diagnostics and
effective medicines is ensured for all people who
need them. However, the struggle against COVID-19
is going on. Scientific studies detailing the mecha-
nisms of infection with SARS-CoV-2, the variability of
the severity of the course of the disease and the in-
dividual characteristics of the therapeutic response
to the drugs used, do not lose their relevance and
have great social significance. The genetically de-
termined heterogeneity of the immune response to
SARS-CoV-2 requires further study, since there is no
clear opinion about the leading mechanism that de-
termines the severity of the disease. The results of
studies on the search for genetic predictors of the
disease severity and the effectiveness of COVID-19
pharmacotherapy, can form the basis for further
search, as well as be used to develop strategies for
preventing the infection, analyze potential targets of
targeted therapy and develop protocols for optimiz-
ing this disease pharmacotherapy.
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Rhodiola rosea L. rhizomes and roots are pharmacopoeial raw materials, which are used in official medicine for obtaining
medicines with adaptogenic activity. One of the most common problems in the production of medicines from Rhodiola
rosea L. rhizomes and roots is the use of poor quality medicinal plant materials, which leads to the absence of biologically
significant compounds in the preparations. One of the possible reasons is the shortcomings in the existing approaches to the
standardization of Rhodiola rosea L. raw materials and preparations.

The aim of the study is the improvement of approaches to the standardization of medicinal preparations from Rhodiola rosea
L. rhizomes and roots.

Materials and methods. Experimental and industrial samples of liquid extract from Rhodiola rosea L. roots, as well as refer-
ence samples of rosavin and salidroside, were used as materials of the research. The HPLC analysis was carried out using a
Milichrom-6 chromatograph (NPAO Nauchpribor) under the following conditions of reversed-phase chromatography in an
isocratic mode: a steel column KAKH-6-80-4 (2 mm x 80 mm; Separon-C18 7 um), a mobile phase — acetonitrile: 1% solution
of acetic acid in water in the ratio of 14:86, the elution rate was 100 pL/min, the eluent volume was 2000 pL. The constituents
were detected at the wavelength of 252 nm (rosavin) and 278 nm (salidroside).

Results. An assay of rosavin and salidroside in the liquid extract of Rhodiola rosea L. was developed using the HPLC method.
It was determined that the content of rosavin in the samples of the liquid extracts obtained from Rhodiola rosea L. rhizomes
and roots of the pharmacopoeial quality, varied from 0.21%+0.03% to 0.32%+0.04%, salidroside — from 1.13% +0.05% to
2.71%+0.12%, respectively. The results of statistical processing indicate that the relative error of the average result for the
determination of rosavin and salidroside in the preparations of Rhodiola rosea L. with a confidence level of 95% does not
exceed +6.0%.

Conclusion. Thus, methodological approaches to the analysis of medicinal preparations from Rhodiola rosea L. rhizomes and
roots have been substantiated. These methodological approaches consist of the quantitative determination of the dominant
and diagnostically significant biologically active compounds — rosavin and salidroside.

Keywords: Rhodiola rosea L.; rhizomes and roots; liquid extract; rosavin; salidroside; high performance liquid chromatography

Abbreviations: HPLC — high performance liquid chromatography; TLC — thin-layer chromatography; UV — ultraviolet; PM —
pharmacopoeial monograph; GPM — general pharmacopoeial monograph; NMR — nuclear magnetic resonance
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Pogvona po3osas (Rhodiola rosea L.), dapmakoneiiHbIM CbipbeM KOTOPOW ABNAIOTCA KOPHEBULLA U KOPHU, MPUMEHAETCA B
obunumanbHOW MeauumHe ANsA NONYYEeHUA NEKAPCTBEHHbIX NpenapaToB C afanTOreHHOW aKTUMBHOCTbO. OAHOM U3 pacnpo-
CTPaHEHHbIX Npobaem npu NPOM3BOACTBE JIEKAPCTBEHHbIX NPENApPaTOB U3 KOPHEBULL, U KOPHEW POANOALI PO30BOM ABNAET-
€A UICNO/b30BaHME HeA0BPOKAaYECTBEHHOTO JIEKAPCTBEHHOIO PACTUTENbHOTO CbiPbSA, YTO MPUBOAUT K OTCYTCTBUIO 3HAUYUMBbIX
6MONOrMYECKM aKTUBHbIX COEAMHEHMUI B NpenapaTax. O4HOM U3 BO3MOMKHbIX NMPUYMH ABNSKOTCA HEAOCTATKU B CYLLECTBYHO-
LLMX NOAXOAaX K CTaHAAPTU3aLMK CbiPpbs U NPenapaTos POAMO/bl PO30BOWA.

Lienb. CoBepLUEHCTBOBAHWE CYLLECTBYIOLMX NOAXOAOB K CTaHAAPTU3ALMM N1EKAPCTBEHHbIX NPEnapaToB KOPHEBULL U KOPHEN
pPOAMONbI PO30BOW.

Matepuanbl U meToapl. B KauectBe 06EKTOB UCCNEA0BAHNA UCMONb30BAIM SKCMEPUMEHTA/IbHbBIE M MPOMbILLIEHHbIE 06-
pasLbl IKCTPAKTA KUAKOTO KOPHEBULL, M KOPHEN POAMO/bI PO30BOM, @ TaKMKe CTaHAAPTHbIe 06pa3Lbl pO3aBMHA U CANNLPO3M-
na. B3XKX-aHanus ocywecTBasAn ¢ UCnosib3oBaHMeM xpomaTorpada « Munmxpom-6» (HMAO «Hayunprubop») B cneayrouimx
ycnoBuax: metog, — obpalyeHHo-$pa3oBas xpomatorpaduma B M30KPATUYECKOM peXMMeE (CTanbHaA KonoHKa «KAX-6-80-4»,
pasmep 2 mm x 80 mm; CenapoH-C18 7 MKMm); noaBuKHan $¢asza — aueToHUTpuA : 1% pactBop YKCYCHOWM KUCNOTbI B BOZE B CO-
oTHOLWeHMM 14:86; cKOpOCTb antonpoBaHna — 100 MKI/MUH; 06bem antoeHTa — 2000 MKA. [eTeKL Mo BELWECTB OCYLLECTBASNN
npv AAnHe BoHbI 252 HM (po3aBuH) M 278 HMm (canmaposua).

Pe3ynbtatbl. C Mcnonb3oBaHMeM meTofa BIHKX paspaboTtaHa meTogmKa KONMYECTBEHHOTO OnpeaeneHna po3aBuHa U caau-
ApO31Aa B XKUAKOM 3KCTPAKTe poanosbl po30Boi. OnpeseneHo, YTo cogepKaHne po3aBuHa B 06pasLiax *KUAKMUX IKCTPaK-
TOB, MOJIYYEHHbIX U3 KOPHEBULL U KOPHEWN POAMOJbI PO30BOM hapmaKoneirHoro Kayectsa, Bapbupyet ot 0,21%+0,03% ao
0,32%+0,04%; cannpgpo3umga — ot 1,13%+0,05% fo 2,71%+0,12% cooTBETCTBEHHO. Pe3ynbTaTbl CTaTUCTUYECKOW 06paboTKK
CBMAETENbCTBYHOT O TOM, YTO OTHOCUTENbHAA OWKNOKA cpeaHero pesynbraTta onpeseneHuns po3aBnHa U canvaposnaa B npe-
napaTax pogmosibl PO30BOI C AOBEPUTENBHOW BEPOATHOCTbIO 95% He npesbiwaeT +6,0%.

3aKkntoueHue. Takum obpasom, B pabote 060CHOBbLIBAIOTCA METOAO/I0TMYECKUe NOAXOAbI K aHaNM3y IeKapCTBEHHbIX npe-
napaToB KOPHEBULL, U KOPHEN poamosbl po3oBol (Rhodiola rosea L.), 3akntoyatowmeca B KONMYECTBEHHOM ONpeaeneHun
OOMUHUPYHOLLMX M AMArHOCTUYECKM 3HAUYMMBbIX BMONOTMYECKM aKTUBHbIX COEAMHEHWUI — PO3aBMHA U CaNnMapo3naa.
KntoueBble cnoBa: poanona pososas; Rhodiola rosea L.; KOPHEBULLA W KOPHW; KUAKUIN IKCTPAKT; PO3aBUH; Canuaposna;
BbICOKO3dEKTUBHAA KUAKOCTHAA XpOmaTorpadumsa

CnUcoK cokpaweHuit: BOXKX — BbICOKOIPPEKTUBHAA KUAKOCTHAA XpomaTorpadusa; TCX — TOHKOCNOMHAA xpomaTorpadus;
Y& — ynbrpadumonetosas obnactb; PC — dpapmakoneliHas ctatba; OPC — obwas papmakoneriHas ctatba; AMP — agepHbii

MArHUTHbIM Pe30HaHC

INTRODUCTION

Rhodiola rosea L. rhizomes and roots are pharmaco-
poeial raw materials used in official medicine to obtain
pharmaceuticals with adaptogenic activity [1-6]. The
species of the Rhodiola L. genus have been used for a
long time as adaptogens in Russia and northern Europe
countries. Recently, a number of new pharmacological
properties have also been detected in Rhodiola rosea L.
preparations, i.e. antioxidant, anxiolytic, nootropic, anti-
depressant, and immunomodulatory activities [7-13]. It
was reported that Rhodiola rosea L. preparations increase
physical endurance, reduce fatigue and have a therapeu-
tic effect in disorders of the gastrointestinal tract, cardio-
vascular system and central nervous system. Some stud-
ies have shown that Rhodiola rosea L. preparations inhibit
the growth of malignant neoplasms. At the same time,
the range of medicinal products on the basis of Rhodio-
la rosea L. rhizomes and roots, approved for use in the
Russian Federation, is represented by only liquid extracts
from different manufacturers®. Rhodiola rosea L. liquid
extracts have been approved for use since 1975; they are
recommended as an adaptogenic and tonic agent that is
not inferior in its activity to ginseng [14].

Phytochemical studies have shown that the biolog-
ical activity of Rhodiola rosea L. materials and prepa-
rations is due to six classes of compounds: phenylpro-
panoids, flavonoids, phenolic alcohols, phenolic acids,

! The State Register of Medicines. Available from: http://grls.
rosminzdrav.ru/grls.aspx.

186

monoterpenes and sterols. The main biologically active
compounds that determine the pharmacological activi-
ty of Rhodiola rosea L. raw materials and preparations
are phenylpropanoids (rosavin, rosin, rosarin) and phe-
nolic alcohols (tyrosol, salidroside) [15-20]. Phenyl-
propanoids are known for antioxidant, neurostimulat-
ing, adaptogenic activities. The adaptogenic activity of
Rhodiola rosea L. raw materials and preparations, is also
associated with the presence of phenolic alcohols.

In the State Pharmacopoeia of the Russian Federa-
tion of the XIV edition (PM.2.5.0036.15 “Rhodiola rosea
L. rhizomes and roots” and PM.3.4.0008.18 “Rhodiola
rosea L. rhizomes and roots extract liquid”), standard-
ization of Rhodiola rosea L. raw materials and prepara-
tions provides for the quantitative determination of the
salidroside content and the total amount of cinnamic
alcohol glycosides calculated on rosavin®? [21]. The anal-
ysis has been carried out by high performance liquid
chromatography (HPLC) with an UV detection (at 219 nm
— determination of salidroside, at 250 nm — determina-
tion of the total amount of cinnamic alcohol glycosides
calculated on rosavin). The procedure has been carried
out using a column 250x4.0 mm, endcapped octade-
cylsilyl (C18) silica gel for chromatography, 5 um), for a
mobile phase — acetonitrile: phosphate buffer (pH 7.0),
the elution in a gradient mode with an increase of aceto-
nitrile concentration from 11% to 60%, the elution rate

2 PM.2.5.0036.15 “Rhodiola rosea rhizomes and roots”
3 PM.3.4.0008.18 “Rhodiola rosea rhizomes and roots extract liquid”
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— 1.0 ml/min, the volume of the injected sample — 10 pl,
the run time — 35 min.

At the same time, the expediency of the determina-
tion of the amount of cinnamic alcohol glycosides calcu-
lated on rosavin, causes doubt. Rosavin is the most labile
compound, which, in comparison with other cinnamic
alcohol glycosides, is more sensitive to the conditions for
harvesting and storing raw materials due to the possibil-
ity of enzymatic destruction under the influence of the
enzyme vicianosidase [1, 2]. Vicianosidase promotes the
cleavage of vicianose, a carbohydrate fragment of the
rosavin molecule, and exhibits a maximum activity in the
temperature range of 40-60°C, which had been previ-
ously recommended for Rhodiola rosea L. raw materials
drying. Storage of undried rhizomes, extraction of fresh
raw materials with ethanol at room temperature also
contribute to the destructive effect of enzymes on the
composition of biologically active components. The de-
struction of rosavin leads to the formation of biologically
inactive cinnamic alcohol, and accordingly, the pharma-
cological activity of Rhodiola rosea L. raw materials and
preparations decreases [1, 2].

In this regard, in order to standardize the plant raw
materials, a more conceptually correct approach, in the
authors’ opinion, is to quantify not the total cinnamic
alcohol glycosides, but the most labile component — ro-
savin. The level of its content reliably reflects the cor-
rect storage and drying conditions for Rhodiola rosea L.
rhizomes and roots [1, 2].

These assumptions are confirmed by the results of
the selective quality control of Rhodiola rosea L. raw
materials and preparations (extracts, granular powders)
[22-26]. Booker A. et al. have analyzed 40 commercial
Rhodiola rosea L. products from various suppliers on
the European Union market and have found that ap-
proximately one fifth of these products did not contain
rosavin, one of the main components of Rhodiola rosea
L. Moreover, some products did not contain salidroside,
the component typical of Rhodiola sp. In about 80% of
the remaining commercial products, the rosavin content
was lower than declared, and it was assumed that they
had been obtained from other species of the Rhodiola
genus [23].

Therefore, rosavin is precisely the marker that makes
it possible to reliably assess the quality of Rhodiola rosea
L. raw materials and preparations, and the problem of a
proper quality control of Rhodiola rosea L. raw materials
and preparations is of a worldwide meaning.

It should be also notified that the quantitative de-
termination methods included in the monographs, pro-
vide for the HPLC analysis in the gradient elution mode
[21]. It is known that when using the gradient mode, the
correction of conditions is more critical, it can lead to in-
correct identification of peaks, their overlap or shifts, at
which the analytes can leave before or after the specified
time of the chromatogram registration. In the authors’
opinion, the selection of conditions for the analysis in

Tom 9, Buinyck 3, 2021

the isocratic mode will increase the reproducibility of
the technique® [21]. In addition, the 219 nm wavelength
used in the pharmacopoeial method for the detection of
salidroside is less specific with respect to the accompa-
nying components in comparison with the other absorp-
tion maximum of this compound — 278 nm [2].

THE AIM of the study was to improve the existing
approaches to the standardization of medicinal products
of Rhodiola rosea L. raw materials and preparations, ad-
opted in the State Pharmacopoeia of the Russian Feder-
ation of the XIV edition.

MATERIALS AND METHODS

Research materials

Experimental and industrial samples of the liquid
extract of Rhodiola rosea L. rhizomes and roots were
used as research materials. The experimental samples
were obtained by the method of modified macera-
tion from the medicinal plant materials, harvested in
2016-2018 (Altai region). A reference sample of ro-
savin that meets the requirements of PM 42-0071-01,
was obtained by the authors of the article from Rhodi-
ola rosea L. rhizomes and roots using silica gel column
chromatography and subsequent recrystallization from
95% ethyl alcohol.

A reference sample of salidroside was obtained by
the authors from Rhodiola rosea L. rhizomes and roots
using silica gel column chromatography, rechromatogra-
phy on polyamide and subsequent recrystallization from
a mixture of chloroform and 95% ethyl alcohol. It was
identified by means of TLC, UV-, NMR-spectroscopy and
had a melting point of 162—164°C, the purity not less than
98.0% and corresponded to the requirements of the PM
draft.

Acetonitrile (ZAO “Component-reagent”, “For high
performance liquid chromatography”); the water ob-
tained while using a system for obtaining deionized
water by a multistage purification system (adsorption,
reverse osmosis, membrane filtration) and checked for
purity under the conditions of chromatographic anal-
ysis, were used in the work. The rest of the reagents
were of analytical reagent grade or of chemically pure
grade.

Preparation of a salidroside standard sample solu-
tion. About 0.025 g (accurately weighed) of the state
standard sample of salidroside (the content of the main
substance 298%) is placed in a volumetric flask with a ca-
pacity of 50 ml, dissolved in a small amount of 95% eth-
anol, brought to the mark with ethanol 95%, and mixed.

Preparation of rosavin standard solution. About
0.025 g (accurately weighed) of the state standard sam-
ple of rosavin (content of the main substance >98%) is
placed in a volumetric flask with a capacity of 50 ml, dis-
solved in a small amount of 95% ethanol when heated in
a boiling water bath, brought to the mark with ethanol
95%, mixed.

4GPM.1.2.1.2.0001.15 Chromatography.
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Conditions for chromatographic separation

HPLC analysis was carried out using a Milichrom-6
chromatograph (NPAO Nauchpribor) under the follow-
ing conditions of reverse-phase chromatography in an
isocratic mode: steel column KAH-6-80-4 (2 mmx80 mm;
Separon-C18, 7 um), a mobile phase — acetonitrile: a 1%
solution of acetic acid in water in the ratio of 14:86, the
elution rate was 100 pL/min, the eluent volume was 2000
uL. The compounds were detected at the wavelength of
252 nm (rosavin) and 278 nm (salidroside). The volumes
of the injected samples were: 3 pl (the reference solutions
of rosavin and salidroside) and 5 pl (the experimental
samples of Rhodiola rosea L. liquid extracts).

System suitability assessment

The suitability of the chromatographic system was
evaluated in accordance with the General Pharmaco-
poeia Monograph 1.2.1.2.0001.15 “Chromatography”.
The indicators of the chromatographic system suitabili-
ty (column efficiency, resolution between peaks, asym-
metry factor) were calculated based on the results of a
5-fold analysis of 5 ul of the Rhodiola rosea L. rhizomes
and roots liquid extract solution.

The results of evaluating the suitability of the system
confirm the suitability of the chromatographic system
for the quantitative determination of salidroside and
rosavin in Rhodiola rosea L. raw materials and prepara-
tions (Table 1).

Methods for the simultaneous quantitative

determination of rosavin and salidroside

in Rhodiola rosea L. rhizomes

and roots liquid extracts

1 ml of Rhodiola rosea L. rhizomes and roots liquid
extract is placed in a 25 ml volumetric flask, diluted to
the mark with purified water. Before the analysis, an
aliquot of the sample is additionally filtered through a
Milipore membrane filter (0.45 um) (the test solution).

5 pl of the test solution is injected into a Milichrom-6
liquid chromatograph with an UV detector. Chromatog-
raphy is carried out under the conditions of reverse
phase chromatography in an isocratic mode: steel col-
umn “KAH-6-80-4” (2 mm x 80 mm; Separon-C18, 7 um),
a mobile phase — acetonitrile: a 1% solution of acetic
acid in water in the ratio of 14:86, the elution rate was
100 pl/min, the eluent volume was 2000 pl.

The compounds were detected at the wavelengths
of 252 nm (rosavin) and 278 nm (salidroside).

In parallel, 3 pl of solutions of reference salidroside
and rosavin samples are injected into the chromato-
graph and chromatographed as described above. The
height of the salidroside peak on the chromatogram is
determined at the wavelength of 278 nm and the area
of the rosavin peak on the chromatogram at the wave-
length of 252 nm. The average values based on the re-
sults of three parallel determinations, are calculated.

The salidroside content (X in percent) is calculated
by the formula:
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_ Hxm,xV,xV x100
Hyx Vo x V<V,

X,%

where: H. is the height of the salidroside peak on the
test solution chromatogram, absorbance units; H_ is the
height of the salidroside peak in the reference solution
chromatogram, absorbance units; m_ is the exact weight
of salidroside reference sample, g; V, is the volume of
the prepared salidroside reference solution, ml; V, is the
volume of the injected sample of the reference solution,
ul; V, is the volume of the injected test solution, pl; Vis
the volume of a volumetric flask in which an aliquot of
Rhodiola rosea L. rhizomes and roots liquid extracts was
diluted, ml; V_ is the volume of an aliquot of Rhodiola
rosea L. rhizomes and roots liquid extracts, ml.

The content of rosavin (X in percent) is calculated by
the formula:
_ S, xm, xV,xV x100

X,%
SstX VstXVZXVaI

where: S, is the area of the rosavin peak on the test
solution chromatogram; S_ is the area of the rosavin
peak in the reference solution chromatogram; m_ is the
exact weight of rosavin reference sample, g; V,_ is the
volume of the prepared rosavin reference solution, ml;
V, is the volume of the injected sample of the reference
solution, pl; V, is the volume of the injected test solu-
tion, pl; Vis the volume of a volumetric flask in which an
aliquot of Rhodiola rosea L. rhizomes and roots liquid ex-
tracts was diluted, ml; V_is the volume of an aliquot of
Rhodiola rosea L. rhizomes and roots liquid extracts, ml.

Validation of methods

The validation assessment of the developed meth-
odology was carried out according to the following in-
dicators: specificity, linearity, accuracy (recovery), pre-
cision. The specificity of the methods was determined
by the correspondence of retention times of the salidro-
side and rosavin peaks on the HPLC chromatograms of
the reference solutions and the peaks corresponding
to these standards on the HPLC chromatogram of the
test solution, as well as by the resolution between the
closest peaks and the asymmetry factor of the peaks of
salidroside and rosavin.

The determination of linearity was carried out at five
concentration levels of reference sample solutions (with
concentrations ranging from 0.1467 to 1.4667 mg/ml
for salidroside and from 0.1200 to 0.9600 mg/ml for ro-
savin). Based on the data obtained, a graph was built in
the coordinates “concentration, mg/ml — peak height”
or “concentration, mg/ml — peak area” and there were
calculated the linear regression equation (Y = ax + b), the
value of the coefficient of the determination (r?), a stan-
dard deviation using Microsoft Excel 2013 software.

The accuracy of the method was tested by introduc-
ing an exact amount of reference samples of rosavin and
salidroside in the range of 80% to 120% of the initial con-
tent, into the aliquot of Rhodiola rosea L. preparation.

Volume IX, Issue 3, 2021



Hay4HO-NpaKTUIecKi XypHan OPUTUHA/JIbHAA CTATbA

(DAPMAL“/IH n DOI: 10.19163/2307-9266-2021-9-3-185-194
OAPMAKOJIOIMA
Table 1 — Determination of the chromatographic system suitability
Chromatographic system parameter Value Limit
Column efficiency (salidroside) 5.100 .
— - At least 5000 theoretical plates
Column efficiency (rosavin) 5.201
Resolution between closest peaks (salidroside) 1.6
- - Not less than 1.5
Resolution between closest peaks (rosavin) 2.3
Asymmetry factor (salidroside) 1.47
- Not more than 1.5
Asymmetry factor (rosavin) 1.21

Table 2 — Metrological characteristics of the method for the quantitative determination of salidroside
and rosavin in Rhodiola rosea L. liquid extracts

Analyte f X% S P% t (Pf) AX £%
salidroside 10 2.02 0.160114 95 2.23 +0.11 +5.33
Rosavin 10 0.22 0.014460 95 2.23 +0.04 +4.43

Note: f — degrees of freedom; X - average; S — standard deviation; P — confidential probability; t — Student’s t-test; AX - half-width of the
confidence interval of the mean result; £ — mean relative error.

Table 3 — Results of determining the accuracy of the analytical procedure (salidroside)

Initial content Salidroside content, mg/ml Error
of;zlli:r;)srfle, Added salidroside
of water-alcohol mg/ml Estimated Found Absolute, mg/ml Relative, %
extract
20.18 16.00 36.18 37.00 0.82 2.27
20.18 20.00 40.18 39.50 —-0.68 -1.69
20.18 25.00 45.18 45.00 -0.18 —-0.40

Table 4 — Results of determining the accuracy of the analytical procedure (rosavin)

Initial content Rosavin content, mg/ml Error
zfgr?;iv::’l Added rosavin
of water-alcohol mg/ml Estimated Found Absolute, mg/ml Relative,%
extract
2.19 1.75 3.94 4.00 0.06 1.52
2.19 2.20 4.39 4.25 -0.14 -3.19
2.19 2.60 4.79 4.61 -0.18 -3.76

Table 5 — The content of rosavin and salidroside in experimental and industrial samples of liquid extracts
from Rhodiola rosea L. rhizomes and roots

No. Sample Salidroside content,% Rosavin content,%

1. ExperimenFaI sample No. 1 (obtained from raw materials 2 13% +0.05% 0.21% +0.03%
harvested in 2016)

2. Experimen.tal sample No. 2 (obtained from raw materials 2.71% +0.12% 0.32% +0.04%
harvested in 2018)

3.  Industrial sample No. 1 1.62% + 0.05% Not found

4.  Industrial sample No. 2 2.75% + 0.08% Not found

5. Industrial sample No. 3 2.55% + 0.07% Not found

6. Industrial sample No. 4 1.20% + 0.04% Not found

7.  Industrial sample No. 5 1.12% + 0.06% Not found

8.  Industrial sample No. 6 0.96% + 0.04% Not found
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Figure 1 — HPLC chromatogram of salidroside reference sample solution, 0.88 mg/ml
Note: detection at the wavelength of 278 nm

1 salidroside

o 2 mm

Figure 2 — HPLC chromatogram of the experimental sample of liquid extract from Rhodiola rosea L.

rhizomes and roots
Note: detection at the wavelength of 278 nm
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Figure 3 — HPLC chromatogram of rosavin reference sample solution, 0.60 mg/ml
Note: detection at the wavelength of 252 nm
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Figure 4 — HPLC chromatogram of the experimental sample of liquid extract from Rhodiola rosea L.

rhizomes and roots
Note: a —rosarin; b — rosavin; ¢ — rosin; detection at the wavelength of 252 nm
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Figure 5 — Representative HPLC chromatogram of industrial samples of liquid extract from Rhodiola rosea L.

rhizomes and roots
Note: detection at the wavelength of 252 nm
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Figure 6 — Graph of the dependence of the peak height on the concentration of salidroside in the sample
and the linear regression equation
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Figure 7 — Graph of the dependence of the peak area on the concentration of rosavin in the sample
and the linear regression equation

RESULTS AND DISCUSSION

At the preliminary stage, under the conditions of chro-
matographic separation described above, the content of
rosavin and salidroside in Rhodiola rosea L. rhizomes and
roots used to obtain experimental samples of the liquid
extract, was analyzed. It was determined that the content

Tom 9, Buinyck 3, 2021

of rosavin in Rhodiola rosea L. rhizomes and roots varied
from 1.17%+0.04% to 1.41% * 0.06% and salidroside —from
1.63%+0.05% to 2.88%10.12%, respectively. In the sample
harvested in 2020, rosavin was not detected, although oth-
er glycosides of cinnamic alcohol were present, which in-
dicates improper storage conditions of the raw materials.
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Under the proposed conditions of HPLC analysis, the
retention times of salidroside peaks on the chromato-
grams of the salidroside reference solution, the aque-
ous-alcoholic extracts from Rhodiola rosea L. raw materi-
als and the solutions obtained as a result of dilution of the
experimental samples of Rhodiola rosea L. liquid extracts,
were (2.780 + 0.077), (2.979 + 0.070) and (2.790+0.087)
min, respectively (Fig. 1 and 2). For rosavin, the corre-
sponding values were (12.424+0.080), (12.824+0.070)
and (12.429+0.070) min (Fig. 3 and 4). Rosavin was not
detected in any of the 6 analyzed industrial samples.

The dependence of the height and area of the chro-
matographic peak on the salidroside concentration was
described by a linear regression model in the concentra-
tion range from 0.1467 to 1.4667 mg/ml (Fig. 6). How-
ever, the correlation coefficient for the dependence of
the peak height on the salidroside concentration was
0.9996, for the dependence of the peak area from the
concentration it was 0.9888. In this regard, the calcula-
tion of the salidroside content in the test samples was
carried out using the peak height.

For the dependence of the height and area of the
peak on the concentration of rosavin in the concentra-
tion range from 0.1200 to 0.9600 mg/ml, the correlation
coefficients were 0.9973 and 0.9999 (Fig. 7). Therefore,
the determination of the content of rosavin was carried
out using the peak area.

The indicated concentration ranges of salidroside
and rosavin can be considered as the range of the ana-
lytical procedures.

The metrological characteristics of the proposed
HPLC procedure indicate that the error in determining
the average result of the salidroside content in the lig-
uid extract of Rhodiola rosea L. rhizomes and roots with
a confidence level of 95% is +5.33%, rosavin — +4.43%
(Table 2). The accuracy of the method was determined
by adding solutions of salidroside and rosavin with the
known concentration (80%, 100%, and 120%) to the al-
iquot of the experimental drug. At the same time, the
average percentage of the recovery was 100.06% and
98.19%, respectively (Tables 3 and 4). The errors in the
determination of salidroside and rosavin in the samples
with additives of the reference samples were within the
error of a single determination, which indicates the ab-
sence of a systematic error.

The study of the technique repeatability indicates
the convergence of the obtained concentrations of
salidroside and rosavin: the relative error of the average
result of determining the content of salidroside in Rhodi-
ola rosea L. rhizomes and roots with a confidence level
of 95% is £5.61% and +4.70%, respectively. The one of a
single determination is £17,7% and +14.7%, respectively.
When evaluating the intra-laboratory precision, satisfac-
tory results were also shown, since the relative error in
the determination of rosavin and salidroside on the first
and second days of the analysis was in the range from
0.90 to 1.09.
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It was determined that the content of rosavin in ex-
perimental samples of the liquid extracts obtained from
Rhodiola rosea L. rhizomes and roots of the pharmaco-
poeial quality varies from 0.21%+0.03% to 0.32%+0.04%
and the one of salidroside — from 2.13%%0.05% to
2.71%+0.12%, respectively (Table 5). In the analyzed
industrial samples of two Russian manufacturers,
the salidroside content varied from 0.96%+0.04% to
2.75%+0.08%. Rosavin was not found in any of the sam-
ples tested.

Therefore, the absence of rosavin in the prepara-
tions of Rhodiola rosea L., according to our data and oth-
er published results [22-26], is a common problem. Pos-
sible reasons are the use of other species of the Rhodiola
L. genus for the preparation of drugs or improper condi-
tions for harvesting, drying and storage of the medicinal
plant raw materials, as well as their processing.

It is known that salidroside is present in almost all
types of Rhodiola sp., it is not subject to enzymatic or
thermal degradation, and its content in rhizomes and
roots does not depend on its habitat [27]. Rosavin, unlike
salidroside and other phenylpropanoids, is found only in
Rhodiola rosea L. rhizomes, and it is the most labile of its
components, since it is subject to the selective enzymat-
ic degradation. Drying the rhizomes of this plant at the
temperature of 50-60°C leads to the greatest selective
enzymatic degradation of rosavin to aglycone — cinnam-
ic alcohol. The temperature range of 70-80°C is recom-
mended as the optimal drying conditions for Rhodiola
rosea L. rhizomes [1].

The variability of the rosavin content depending on
its habitat, was revealed. The maximum content of ro-
savin and salidroside was notified in Rhodiola rosea L.
rhizomes of the Altai origin [27]. For the rhizomes of the
Mongolian population of Rhodiola rosea L., the pecu-
liarity of its chemical composition is a high content of
flavonoids (approximately 200 times more than in other
samples of the raw materials), especially in herbacetin
derivatives [28].

It was also determined that rosavin appears in the
rhizomes of the plant only in the second year of life and
reaches its maximum value in the fourth year of life.
Salidroside begins to accumulate in plants in the first
year of life, reaching its maximum, just as in the case
of rosavin, in the fourth year of life [2]. Taking into ac-
count the fact that the phytomass of Rhodiola rosea L.
rhizomes actively grows in the 5" and 6% years of plant
life against the background of maintaining a high con-
tent of rosavin, recommendations for harvesting the raw
materials for 5-6-year-old plants are justified [2].

Therefore, the presence of rosavin is a reliable indi-
cator of a good quality of Rhodiola rosea L. raw materials
and preparations.

Taking into account the obtained data, it is possi-
ble to recommend a lower limit of the rosavin content
in Rhodiola rosea L. liquid extracts — 0.1%, salidroside
—-0.8%.
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CONCLUSION rosea L. preparations have been considered. The qual-

Thus, the article proposes HPLC procedures for the
simultaneous assays of the two most significant biolog-
ically active compounds of Rhodiola rosea L. rhizomes
and roots in medicines obtained on their basis under the
conditions of an isocratic elution mode. The error in de-
termining the average result of the rosavin and salidro-
side content in the raw material of Rhodiola rosea L. did
not exceed 6.0%.

Methodological approaches to the development of
procedures for the pharmacopoeial analysis of Rhodiola

ity of medicinal preparations from Rhodiola rosea L.
rhizomes and roots is directly related to the quality of
medicinal plant raw materials. Herewith, the most labile
biologically active component, which is the most suscep-
tible to the enzymatic degradation when the conditions
for drying, storage of raw materials and their processing
are violated, is rosavin. In this regard, it is this phenyl-
propanoid that is the marker of the quality of Rhodiola
rosea L. raw materials and preparations which should be
first of all paid attention to.

FUNDING
The study was carried out within the framework of the project “Development of national approaches
to the standardization of herbal medicinal products, medicinal plant raw materials and phytobiotechnological
products” with financial state support in the form of a Scholarship of the President of the Russian Federation
for young scientists and postgraduates carrying out promising research and development in priority areas
of modernization of the Russian economy”.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTION
V.A. Kurkin — planning of the study, participation in the development of the concept and design of the study, final
approval of the manuscript for publication, processing the results obtained, verification of critical intellectual
content; T.K. Ryazanova — data collecting, experiment conducting, analyzing and interpreting the data obtained,
preparing a manuscript draft, literature analyzing, manuscript writing.

REFERENCES

1. Kurkin VA, Zapesochnaya GG, Kiryanov AA et al. On the
quality of raw materials of Rhodiola rosea [O kachestve
syr'ya rodioly rozovoj]. Chemical and pharmaceutical
journal=Khimiko-Farmacevticheskii zhurnal. 1989; 23(11):
1364-7. Russian

2. Kiryanov AA, Bondarenko LT, Kurkin VA, Zapesochnaya
G.G. Dynamics of accumulation of rosavidin and salidro-
side in rhizomes of Rhodiola rosea [Dinamika nakopleniya
rozavidina i salidrozida v kornevishchah rodioly rozovoj].
Chemical and pharmaceutical journal=Khimiko-Farmacev-
ticheskii zhurnal. 1989; 23(4): 449-52. Russian

3. Marchev AS, Dinkova-Kostova AT, Gyorgy Z, Mirmazloum
I. Rhodiola rosea L.: from golden root to green cell facto-
ries. Phytochem Rev. 2016;15(4): 515-36. DOI: 10.1007/
S$11101-016-9453-5.

4.  Ma GP, Zheng Q, Xu MB, Zhou XL, Lu L, Li ZX, Zheng GQ.
Rhodiola rosea L. Improves Learning and Memory Func-
tion: Preclinical Evidence and Possible Mechanisms.
Front Pharmacol. 2018 Dec 4;9:1415. DOI: 10.3389/
fphar.2018.01415.

5. Jawaid T, Tewari N, Verma L. Adaptogenic agents: a Re-
view. Int Jour of Biomed Res. 2011;2(5):285-304. DOI:
10.7439/ijbr.v2i5.104.

6. Tao H, Wu X, Cao J, Peng Y, Wang A, Pei J, Xiao J, Wang S,
Wang Y. Rhodiola species: A comprehensive review of tra-
ditional use, phytochemistry, pharmacology, toxicity, and
clinical study. Med Res Rev. 2019 Sep;39(5):1779-1850.
DOI: 10.1002/med.21564.

7. Li Y, Pham V, Bui M, Song L, Wu C, Walia A, Uchio E,
Smith-Liu F, Zi X. Rhodiola rosea L.: an herb with an-
ti-stress, anti-aging, and immunostimulating properties

Tom 9, Buinyck 3, 2021

for cancer chemoprevention. Curr Pharmacol Rep. 2017
Dec;3(6):384395. DOI: 10.1007/s40495-017-0106-1.

8.  Pu WL, Zhang MY, Bai RY, Sun LK, Li WH, Yu YL, Zhang Y,
Song L, Wang ZX, Peng YF, Shi H, Zhou K, Li TX. Anti-in-
flammatory effects of Rhodiola rosea L.: A review. Biomed
Pharmacother. 2020 Jan;121:109552. DOI: 10.1016/j.bio-
pha.2019.109552.

9. Recio MC, Giner RM, Mafiez S. Immunmodulatory and
Antiproliferative Properties of Rhodiola Species. Planta
Med. 2016 Jul;82(11-12):952—-60. DOI: 10.1055/5-0042-
107254.

10. Nabavi SF, Braidy N, Orhan IE, Badiee A, Daglia M, Nabavi
SM. Rhodiola rosea L. and Alzheimer’s Disease: From Farm
to Pharmacy. Phytother Res. 2016 Apr;30(4):532-9. DOI:
10.1002/ptr.5569.

11. Khanna K, Mishra KP, Ganju L, Singh SB. Golden root:
A wholesome treat of immunity. Biomed Pharma-
cother. 2017 Mar;87:496-502. DOI: 10.1016/j.bio-
pha.2016.12.132.

12. Kurkin VA, Dubishchev AV, Ezhkov VN, Titova IN, Avdeeva
EV. Antidepressant activity of some phytopharmaceuticals
and phenylpropanoids. Pharmaceutical Chemistry Journal.
2006;42(10):614-9. DOI: 10.1007/s11094-006-0205-5.

13. Khanum F, Bawa AS, Singh B. Rhodiola rosea: A Versatile
Adaptogen // Compr Rev Food Sci Food Saf. 2005; 4(3):55-
62.DOI: 10.1111/j.1541-4337.2005.tb00073..x.

14. Kurkin VA, Petrukhina IK, Akushskaya AS. Issledovanie
nomenklatury adaptogennyh lekarstvennyh preparatoy,
predstavlennyh na farmacevticheskom rynke Rossijskoj
Federacii [Research of the nomenclature of adaptogen-
ic drugs presented on the pharmaceutical market of the
Russian Federation]. Fundamental’'nye issledovaniya=Fun-
damental research. 2014; 8—4: 898—902. Russsian

193



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

15.

16.

17.

18.

19.

20.

21.

22.

Li Q, Wang J, Li Y, Xu X. Neuroprotective effects of salidro-
side administration in a mouse model of Alzheimer’s
disease. Mol Med Rep. 2018 May;17(5):7287-92. DOI:
10.3892/mmr.2018.8757.

Perfumi M, Mattioli L. Adaptogenic and central nervous
system effects of single doses of 3% rosavin and 1%
salidroside Rhodiola rosea L. extract in mice. Phytother
Res. 2007 Jan;21(1):37-43. DOI: 10.1002/ptr.2013.
Tolonen A, Pakonen M, Hohtola A, Jalonen J. Phenylpro-
panoid glycosides from Rhodiola rosea. Chem Pharm Bull
(Tokyo). 2003 Apr;51(4):467-70. DOI: 10.1248/cpb.51.467.
Kurkin VA. Phenylpropanoids from Medicinal Plants: Dis-
tribution, Classification, Structural Analysis, and Biological
Activity. Chemistry of Natural Compounds. 2003; 39(2):
123-53. DOI: 10.1023/A:1024876810579.

Kurkin VA, Dubishchev AV, Titova IN, Avdeeva EV,
Braslavsky VB, Kurkina AV, Ezhkov VN. Phenylpropanoids
of medicinal plants are perspective sources of neurotrop-
ic phytopreparations. XXIII International Conference on
Polyphenols, Canada. 2006:53-4

Kurkin VA. Phenylpropanoids as the biologically active
compounds of the medicinal plants and phytopharmaceu-
ticals. Advances in Biological Chemistry. 2013;3(1).26-8.
DOI: 10.4236/abc.2013.31004.

State Pharmacopoeia of the Russian Federation. XIV ed.,
4 volumes. Ministry of Health of the Russian Federation,
2018. Available from: http://www.femb.ru/femb/phar-
macopea.php

Wang Z, Hu H, Chen F, Zou L, Yang M, Wang A, Foulsham
JE, Lan K. Metabolic profiling assisted quality assessment
of Rhodiola rosea extracts by high-performance liquid
chromatography. Planta Med. 2012 May;78(7):740-6.
DOI: 10.1055/s-0031-1298373.

AUTHORS

Vladimir A. Kurkin — Doctor of Sciences (Pharmacy),

Professor, Head of the Department of Pharmacognosy
with Botany and the basics of Phytotherapy, Samara
State Medical University. ORCID ID: 0000-0002-7513-
9352. E-mail: v.a.kurkin@samsmu.ru

194

23.

24,

25.

26.

27.

28.

Booker A, Jalil B, Frommenwiler D, Reich E, Zhai L, Kulic Z,
Heinrich M. The authenticity and quality of Rhodiola rosea
products. Phytomedicine. 2016 Jun 15;23(7):754—62. DOI:
10.1016/j.phymed.2015.10.006.

Khokhlova K, Zdoryk O. Authentication of Rhodiola rosea,
Rhodiola quadrifida and Rhodiola rosea liquid extract
from the Ukrainian market using HPTLC chromatograph-
ic profiles. Nat Prod Res. 2020 Oct;34(19):2842—-46. DOI:
10.1080/14786419.2019.1591398.

Kucinskaite A, Pobtocka-Olech L, Krauze-Baranowska M,
Sznitowska M, Savickas A, Briedis V. Evaluation of biolog-
ically active compounds in roots and rhizomes of Rhodi-
ola rosea L. cultivated in Lithuania. Medicina (Kaunas).
2007;43(6):487-94.

Ganzera M, Yayla Y, Khan IA. Analysis of the marker com-
pounds of Rhodiola rosea L. (golden root) by reversed
phase high performance liquid chromatography. Chem
Pharm Bull (Tokyo). 2001 Apr;49(4):465—7. DOI: 10.1248/
cpb.49.465.

Kurkin VA, Zapesochnaya GG, Gorbunov YuN, Nukhi-
movsky EL, Shreter Al. Himicheskoe issledovanie nekoto-
ryh vidov roda Rhodiola L. i Sedum L. i voprosy ih hemo-
sistematiki [Chemical study of some species of the genus
Rhodiola L. and Sedum L. and questions of their chemo-
systematics] // Rastitel’nye resursy=Plant resources. 1986;
22(3): 310-9. Russian

Kurkin V.A., Zapesochnaya G.G., Nuhimovskij E.L., Klimahin
G.l. Himicheskij sostav kornevishch mongol’skoj populyacii
Rhodiola rosea L., introducirovannoj v Podmoskov’e [The
chemical composition of the rhizomes of the Mongolian
population of Rhodiola rosea L. introduced in the Moscow
region]. Chemical and pharmaceutical journal=Khimiko-Far-
macevticheskii zhurnal. 1988; 22(3): 324—-6. Russian

Tatyana K. Ryazanova — Candidate of Sciences

(Pharmacy), Associate Professor of the Department of
Management and Economics in Pharmacy, Samara State
Medical University. ORCID ID: 0000-0002-4581-8610.
E-mail: t.k.ryazanova@samsmu.ru

Volume IX, Issue 3, 2021



Hay4HO-NpaKTU4eCKNit XypHan OPUTUHAJIbBHAA CTATbA

OAPMALINA N ' PRI
OAPMAKOJOIMS DOI: 10.19163/2307-9266-2021-9-3-195-204

@)or |

EFFECT OF SOLID DISPERSIONS
ON THE SOLUBILITY OF METRONIDAZOLE

I.I. Krasnyuk (Jr.)}, S.R. Naryshkin?, I.I. Krasnyuk?, A.V. Belyatskaya?, O.l. Stepanova?,
I.S. Bobrov?, V.G. Yankova?, J.V. Rau'?, A.N. Vorobiev?

1Sechenov First Moscow State Medical University

Bldg. 2, 8, Trubetskaya St., Moscow, Russia, 119991

Z|stituto di Struttura della Materia, Consiglio Nazionale delle Ricerche (ISM-CNR)
Via del Fosso del Cavaliere, 100-00133 Rome, Italy.

3Peoples’ Friendship University of Russia

6, Miklukho-Maclay St., Moscow, Russia, 117198

E-mail: krasnyuk.79@mail.ru

Received 5 March 2021 Accepted 15 June 2021

The aim of the work is to study the effect of solid dispersions using polyethylene glycols of various molecular weights on the
solubility of metronidazole in water. Metronidazole is an antimicrobial and antiprotozoal drug. Its low solubility in water limits
the use of metronidazole, causing technological difficulties and reducing its bioavailability. The solubility and release of the
active substance from dosage forms can be increased using the solid dispersion methods. Solid dispersions are bi- or multi-
component systems consisting of an active substance and a carrier (a highly dispersed solid phase of the active substance or
molecular-dispersed solid solutions) with a partial formation of complexes of variable compositions with the carrier material.
Materials and methods. The substance of metronidazole used in the experiment, was manufactured by Hubei Hongyuan
Pharmaceutical Technology Co., Ltd. (China). To obtain solid dispersions, polyethylene glycols of various molar masses — 1500,
2000 and 3000 g/mol — were used. The solid dispersions were prepared by “the solvent removal method”: metronidazole and
the polymer were dissolved in a minimum volume of 96% ethyl alcohol (puriss. p.a./analytical grade) at 65+2°C, and then the
solvent was evaporated under vacuum to the constant weight. A vacuum pump and a water bath were used at the tempera-
ture of 40+2°C. The dissolution of the samples was studied using a magnetic stirrer with heating, and a thermostatting device.
The concentration of metronidazole was determined on a spectrophotometer using quartz cuvettes at the wavelength of
318+2 nm. To filter the solutions, syringe nozzles were used, the pores were 0.45 um, the filter was nylon. Microcrystallosco-
py was performed using a microscope with a digital camera. The optical properties of the solutions were investigated using a
quartz cuvette and a mirror camera (the image exposure — 20 sec).

Results. Obtaining solid dispersions increases the completeness and rate of the metronidazole dissolution. The solubility
of metronidazole from solid dispersions increases by 14-17% in comparison with the original substance. The complex of
physical-chemical methods of the analysis, including UV spectrophotometry, microcrystalloscopy and the study of the optical
properties of the obtained solutions, makes it possible to suggest the following. The increase in the solubility of metronida-
zole from solid dispersions is explained by the loss of crystallinity and the formation of a solid solution of the active substance
and the solubilizing effect of the polymer with the formation of colloidal solutions of metronidazole at subsequent dissolu-
tion of the solid dispersion in water.

Conclusion. The preparation of solid dispersions with polyethylene glycols improves the dissolution of metronidazole in wa-
ter. The results obtained are planned to be used in the development of rapidly dissolving solid dosage forms of metronidazole
with an accelerated release and an increased bioavailability.

Keywords: solid dispersion; solubility; metronidazole; polyethylene glycol

Abbreviations: SD — solid dispersion; PEG — polyethylene glycol; R&D — research & development
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Llenb. B paboTte 1M3yyeHo BAUAHUE TBEPABIX AUCTIEPCUI C MPUMEHEHUEM NONNSTUNEHTZIMKONEN PA3INYHBIX MONEKYNAPHbIX
Macc Ha pPacTBOPUMOCTb METPOHMAA30/1a B Boge. MeTpoHMAa301 — NPOTUBOMUKPOOHOE U MPOTUBOMNPOTO30MHOE NeKap-
CTBEHHOE cpeacTBo. Maniad pacTBOPMMOCTb B BOZE OrpaHUYMBAET NMPUMEHEHME METPOHUAA30/1a, 0bYC/1aBIMBaAsA TEXHOMO-
rMYeCKUe TPYAHOCTU U CHUNKAA BMOAOCTYNHOCTb. [OBbICUTL PACTBOPMMOCTb U BbICBOOOXKAEHWE AEWUCTBYHOLLENO BELLEeCTBa U3
NIEKAPCTBEHHBIX GOPM MOXKHO C MOMOLLbIO MeToAa TBEPABIX AMUCNepCUid. Teepable AUCNEePCUN — 3TO BU- UM MHOTOKOMMO-
HEHTHbIE CUCTEMBI, COCTOSALLME U3 AENCTBYIOLLENO BELLLECTBA U HOCUTENSA (BbICOKOAMCNEPTMPOBaHHAA TBEpPAan dasa AencTBy-
IOLLEro BELLECTBA UM MOJIEKYIAPHO-AUCNEPCHbIE TBEPAbIE PACTBOPbI) C YaCTUUHBIM 06Pa3oBaHNMEM KOMM/IEKCOB NEpeMeH-
HOro cOoCTaBa C MaTepuanioM HOCUTENA.

Marepuanbl U metoapl. B pabote Mcnonb3oBanu cybCcTaHLMIO METPOHMAA30/1a NPOM3BOACTBA. A NonyvyeHus TBEPAbIX
ANCMEPCUI NPUMEHANN MONNITUNEHTZIMKOIM Pa3/IMYHbIX MOAAPHbLIX Macc: 1500, 2000 1 3000 r/monb. Teepable avcnepcum
rOTOBW/IM METOAOM KYAANEHWUA PACTBOPUTENA»: METPOHMUAA30N U NOJMMEP PaCcTBOPAIN B MMHUMANbHOM 06bEME cnupTa
3TMN0BOro 96% (4.4.a.) npy 65+2°C, 3aTem pacTBOpPUTE/b BbINMAPUBAAN MOA BaKYYyMOM [0 MOCTOAHHOM macchl. Mcnonb3o-
Ba/IN BaKyyMHbIN Hacoc 1 BoasaHyto baHto, Temnepatypa 40+2°C. PactBopeHue 06pasLoB U3yyanu, UCNONb3yA MarHUTHYHO
MeLLaKy C NOAOrPEBOM M YCTPOMCTBOM TePMOCTaTMPOBaHUA. KOHLEHTpaLMIO METPOHMAA30/1a ONpeaenaniv Ha CnekTpodo-
TOMETPE, NCNOJIb3YA KBAPLIEBbIE KIOBETbI, NPY A/IMHE BOAHbI 318+2 HM. Jna ¢punbTpoBaHMA PacTBOPOB UCMOAb30BANV LIMPU-
ueBble Hacagku, nopbl — 0,45 MKm, GUALTP — HEMNOH. MUKPOKPUCTANNOCKONUIO MPOBOAUIN Ha MUKPOCKoNe ¢ LndpoBoi
Kamepol. ONTUYecKue CBOWMCTBA PacTBOPOB UCCAEA0BAM, UCMOb3YA KBAPLEBYHO KIOBETY U 3€PKa/ibHYO Kamepy (3Kcnosu-
umA cHUMKa 20 cek.).

Pe3ynbrartbl. [lonyyeHne TBEpAbIX AUCMEPCUIA YBENNYMBAET NOIHOTY U CKOPOCTb PAacTBOPEHUA MeTpoHuAa3ona. Pacteopu-
MOCTb METPOHMAA301a U3 TBEPAbIX AUcnepcuii nosbiwaeTca Ha 14-17% B cpaBHEHWM C UCXOAHOM cybcTaHumen. Komnaekc
U3NKO-XMMUYECKMX METOA0B aHaIM3a, BKAOYAOWNIA: YP-cneKTpohoTOMETPUIO, MUKPOKPUCTANIOCKOMMUIO U U3yHeHWe on-
TUYEeCKMe CBOMCTBA MOAYYEHHbIX PACTBOPOB, NO3BO/AET YTBEPKAATb, YTO MOBbILIEHWE PAaCTBOPMMOCTU METPOHMAA30/1a U3
TBEPAbIX ANUCNEPCU 0BBACHAETCA NOTEPei KPUCTANINYHOCTU U 0bpa3oBaHNeM TBEPAOro pacTBopa AEWCTBYOLWEro Belle-
CTBa W contobUnn3npyowmm AeicTBuem nonumepa ¢ 06pasoBaHMEM KONIOUAHBIX PaCTBOPOB METPOHMAA30/1a NpU Nocse-
AytoLem pacTBOpPeHUN TBEPAOW AMCnepcum B Boae.

3akntoueHue. MNonyyeHne TBEPAbIX ANCNEPCUIA C NONNITUNEHIZIMKOAAMM YAyYLLAeT PacTBOPEHME METPOHMAA30/1a B BOAE.
MonyyeHHble pe3ynbTaTbl MAAHWPYETCA MCNONb30BaTb MPWU pa3paboTKe OGbICTPOPACTBOPUMbIX TBEPAbIX NEKAPCTBEHHBIX
bopmM METPOHMAA30/1a C YCKOPEHHbBIM BbICBODOOXAEHNEM U MOBbLILLEHHOM BUOAOCTYNHOCTLIO.

Kntouesbie cnosa: TBEépaan AMCnepcua; pacTBOPUMOCTb; METPOHWAA30/1; NONANSTUNEHTIINKONb

CnuncokK cokpaleHmii: T — 1eépaas avucnepcus; MN3T — nonnstuneHrnvkonb; HUP — HayyHo-uccnesoBaTenbcKan pabora

INTRODUCTION

This work continues the promising scientific area of
“solid dispersions in medicine and pharmacy”.

At the moment, the study of solid dispersions (SDs)
is being carried out at I.M. Sechenov First Moscow State
Medical University on the basis of the departments of
the Institute of Pharmacy n. a. A.P. Nelyubin: “pharma-
ceutical technology” and “analytical, physical and colloi-
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dal chemistry”. The work is carried out within the frame-
work of research & development (R&D): “Increasing the
bioavailability of drugs using solid dispersions.” The ex-
pected social-and-economic effect of R&D is the produc-
tion of innovative drugs with an increased bioavailability
at minimal economic costs, as well as an active import
substitution.

Within the framework of this scientific area, solid

Volume IX, Issue 3, 2021



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2021-9-3-195-204

dispersions of more than 30 poorly soluble medici-
nal substances from different pharmacological groups
were obtained and studied over the past 20 years on
the basis of the First Moscow State Medical University
n. a. [.M. Sechenov. These medicinal substances are: al-
bendazole, amoxicillin trihydrate, ampicillin trihydrate,
anestezin, acetomepregenol, acyclovir, benzonal, di-
clofenac (the acid form), indomethacinic acid, quvere-
thacin, methyluracil, naftifine hydrochloride, nifide-
pine, nozepam, parmidin, prothionamide, riboflavin,
rifampicin, rutin, synthomycin, streptocid, sulfadime-
thoxin, phenazepam, furazolidone, furacilin, erythro-
mycin, etc. [1-10].

Metronidazole is an antimicrobial and antiprotozoal
drug that has been successfully used in therapy for over
60 years for the treatment of infectious diseases caused
by anaerobic bacteria, as well as for the treatment of
protozoal infections (amoebiasis, giardiasis, trichomo-
niasis) [11]. As a typical representative of the group of
imidazole derivatives (1,3-diazole), metronidazole is
of particular interest for this study. As an antibacterial
agent, metronidazole is active against gram-negative an-
aerobes Bacteroides spp.: B. fragilis, B. ovatus, B. dista-
sonis, B. vulgatus B. thetaiotaomicron); Fusobacterium
spp. and a number of gram-positive anaerobes (Eubacte-
rium spp.; Peptococcus niger; Clostridium spp.; Peptost-
reptococcus spp. The minimum inhibitory concentration
for these strains is 6.250-0.125 pg/ml.

A separate area of metronidazole application is the
eradication of Helicobacter pylori in duodenal ulcer and/
or stomach ulcer. Metronidazole is used in triple thera-
py: bismuth-based drugs; the drugs that block H2 recep-
tors; the drugs that inhibit the proton pump. In cases a
patient has an intolerance to clarithromycin or amoxicil-
lin, Helicobacter pylori therapy is carried out using met-
ronidazole as a substitute for these antibiotics (0.5 g 2—3
times a day for 7 days) [11, 12].

In dentistry, metronidazole is used for various lo-
calized infections caused by anaerobes in periodon-
tal diseases and maxillofacial inflammations. A gel,
which includes a combination of chlorhexidine and
metronidazole, is used in dentistry. Its indications
are: infectious and inflammatory diseases of the oral
mucosa and parodontium — acute and chronic — gin-
givitis, periodontitis, necrotising ulcerative Vincent’s
gingivitis, postextraction alveolitis, aphthous stoma-
titis. Metronidazole is used in dentistry for systemic
pharmacotherapy.

In dermatology, metronidazole is used to treat ro-
sacea [11-13]. The widespread use of metronidazole in
gastroenterology, dentistry, dermatology, gynecology,
etc. was the cause of the emergence of various dosage
forms. Therefore, on the Russian pharmaceutical mar-
ket, metronidazole is presented in the form of tablets,
solutions, creams; is included in gels and suppositories
along with other active ingredients. The substance of
metronidazole (Fig. 1) is a crystalline powder of light
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yellow or white; it is slightly soluble in water, acetone
and ethanol (1 : 100), which can limit its use in some
cases, causes difficulties of a technological nature in the
creation of new drugs, and reduces their bioavailability.

It is possible to increase the solubility and acceler-
ate the release of substances from the dosage form by
“the method of solid dispersions” (SDs) [1-10; 14-17].
SDs are either multicomponent systems that include an
active substance and a carrier (a solid phase of a drug
dispersed in a polymer), or solid solutions of a drug in
a carrier. In some cases, the formation of complexes of
various natures of the active substance with the car-
rier material can be observed [1, 2, 13]. Various poly-
meric substances are used in the role of the SD carrier
[17-19].

THE AIM of the work is to study the effect of solid
dispersions using polyethylene glycols of various mole-
cular weights on the solubility of metronidazole in water.

MATERIALS AND METHODS

The substance of metronidazole used in the exper-
iment, was manufactured by Hubei Hongyuan Pharma-
ceutical Technology Co., Ltd. (China). It corresponds to
the Product specification file (State Pharmacopoeia, Rus-
sia, XIVth ed., Pharmacopeial monograph.2.1.0136.18).
To obtain SDs, PEGs of various molar masses — 1500,
2000, and 3000 g/mol — were used as carriers (Merck,
Germany).

Technology for preparing solid

dispersions with PEG

The literature analysis and the accumulated actual
experience make it possible to assert that, in case of PEG,
the optimal technology for obtaining SDs is “solvent re-
moval” [3, 5-7, 10, 20, 21-23]. The calculated amounts of
metronidazole and polymer were dissolved in a minimum
volume of 96% ethyl alcohol (analytical grade) by heating
to 65+2°C, then the solvent was evaporated under vacu-
um to the constant weight. A UED-Lab 115 vacuum pump
(China) and a UT-4301E water bath (Ulab, China) were
used at the temperature 40+2°C [1, 2, 16, 18, 22].

Study of metronidazole dissolution

Carried out according to the technique described in
the works of Krasnyuk I.I. et al. [1] and Beliatskaya A.V.
et al. [2]. The main problem was the impossibility of us-
ing the methods according to General Pharmacopoeia
Monograph 1.4.2.0014.15 “Dissolution for solid dosage
forms”. This is associated with the preparation of satu-
rated solutions of metronidazole under study. The SDs
obtained in the work are very sticky, thick white masses
or powders of soft consistency, prone to sticking togeth-
er. The conditions described in GPM 1.4.2.0014.15 for
studying the dissolution of these objects, are not always
acceptable. In this regard, a modified technique was
used during the work. Preliminary studies [6—8] prove
that the dissolution test on the “rotating basket” device
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presents results similar to those obtained by the modi-
fied methods.

Thus, the dissolution of the samples was studied
using a heated magnetic stirrer equipped with an RCT
BASIC thermostatting device (IKA, Germany). The sam-
ples for dissolution were selected in such a way that a
saturated solution of metronidazole would be achieved.
The temperature of the dissolution medium was 37+1°C.
The samples were immersed in 150 ml of purified water;
they were continuously stirred (200 rpm).

To study the dynamics of the metronidazole disso-
lution, the samples (5 ml) were thieved at the intervals
of 5, 10, 15, 20, 30, 40, 50, 60 min. The medium was re-
plenished up to 150 ml with purified water. The samples
were filtered.

Measurement of metronidazole concentration

In the experiment, a UNICO2800 spectrophotome-
ter (Unitedproducts & instruments, USA) and quartz cu-
vettes (the absorbing layer of 10 mm) were used. If nec-
essary, the samples were diluted with purified water, the
optical density of the resulting solution was measured at
the wavelength of 318+2 nm (the maximum absorption
of metronidazole). The results are presented in Table 1,
Fig. 2, 3.

Filtration

The filtration was carried out using syringe nozzles
with Minisart® filters (Sartorius, Germany) with a pore
diameter of 0.45 um, the filter was nylon.

Microcrystalloscopy

A Levenhuk D50LNG microscope (PRC for Levenhuk,
Inc., USA) with a digital camera was used. The study was
carried out according to the methodology [1, 2, 6, 7, 9].
In case of the metronidazole substance, the powder was
placed on a glass slide, mixed with a drop of vaseline oil,
covered with a cover glass, and microscoped. In case of
SD, a drop of the solution of metronidazole and PEG (in
the proportions corresponding to SD) in 96% ethyl alco-
hol was applied to a glass slide, the solvent was com-
pletely removed and microscoped.

Separately, PEGs were studied in a similar way. A
drop of the PEG solution was applied to a glass slide, the
solvent was completely removed, and the PEG was solid-
ified and microscoped.

The recrystallized substance of metronidazole was
additionally investigated after the removal of alcohol.
A drop of the metronidazole solution in 96% ethyl al-
cohol was placed on a glass slide, microscoped after a
complete removal of the solvent. The micrographs of
the studied samples with the microscopic condition are
shown in Fig. 4.

Study of the optical properties of solutions

A quartz cuvette (the layer of 50.0 mm) was used.
The cuvette was filled with a filtered solution of the
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studied sample. An opaque partition with a hole (1 mm
in the diameter) was placed between the cell wall and
the light source. A thin beam of white light was direct-
ed through the hole onto the cuvette. In the darkened
room, the digital images of the Faraday-Tyndall phe-
nomenon were filmed. A Canon 5D Markll SLR camera
(the image exposure of 20 sec) was used. The results
are shown in Fig. 5.

Statistical processing

Statistical processing of the values of metronida-
zole concentrations in solutions was carried out in ac-
cordance with General Pharmacopoeia Monograph
1.1.0013.15 (SP RFXIV): n =5, p = 95%.

RESULTS AND DISCUSSION

Polyethylene glycols (PEGs) are promising carriers
of solid dispersions [10]. PEGs are tasteless and odor-
free, readily soluble in water and alcohol, chemically
stable, biologically harmless, resistant to high tempera-
tures during sterilization. PEGs are insensitive to fluctu-
ations in pH and the presence of electrolytes; they are
resistant to the action of microorganisms due to the
presence of primary hydroxyl groups in the molecule
[3, 21]. The PEG consistency depends on the molecular
weight. Up to 400 g/mol, PEGs are viscous colorless lig-
uids; with a mass of more than 400 to 1000 g/mol; they
are substances with the consistency of soft wax; PEGs
with a mass of 1500 g/mol and more are solid. In view
of the fact that the obtained data are later planned to
be used in the development of solid, rapidly dissolving
dosage forms of metronidazole, PEGs of a solid con-
sistency with weights of 1500, 2000, and 3000 g/mol
were chosen as the actual objects of research. The se-
lected polymers are often used as auxiliary substances
in the production of tablets and granules [5].

The use of preparations based on SD and PEG is
promising due to the bioadhesive qualities of PEGs (as
high molecular weight compounds). Upon contact with
mucous membranes or skin, PEG macromolecules are
adsorbed and, as a rule, increase the permeability of
cell membranes, promoting active transmucosal trans-
fer of the active substance. The analysis of patent and
scientific literature did not reveal information on the
use of PEGs in the technology of solid dosage forms as
carrier polymers for the preparation of SDs with met-
ronidazole in order to increase its solubility in water.

Based on the analysis of the scientific literature
and preliminary actual research, the range of optimal
metronidazole:PEGs were determined: from 1:1 to no
more than 1:5 (by weight) [1-9]. Taking into account
the physicochemical properties of PEG (as an excipi-
ent) and its effect on the technological characteristics
of solid dosage forms (for example, on their strength),
this range of ratios is optimal for the future inclusion of
metronidazole SD with PEG in the composition of solid
dosage forms.
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Table 1 — Changes in the concentration of metronidazole solutions and solid dispersions over time

Average value of metronidazole concentration (mg/ml) in the sample

Sample solution from the dissolution beginning; n=5
Ne Sample composition weight — -
g) Sampling time (min.)
5 10 15 20 30 40 50 60
Metronidazole — substance 3.0 7.767 7.944 8.221 8.400 8.734 8.846 8950 9.003

SD metronidazole: PEG-1500 (1:1) 2.0:2.0 8.342 10.473 12.885 11.773 10.661 9.789 9.444  9.402
SD metronidazole: PEG-1500 (1:3) 2.0:6.0 8.156 9.267 9.590 10.083 10.343 10.602 10.423 10.244
SD metronidazole: PEG-1500 (1:5) 2.0:10.0 2971 4.180 5408 6.383 7.875 9.112 10.303 10.534
SD metronidazole: PEG-2000 (1: 1) 2.0:2.0 8165 9.272 10.114 9.415 9.721 10.026 10.214 10.402
SD metronidazole: PEG-2000 (1: 5)  2.0:10.0 5.969 6.980 7.711 8.667 9.144 9.499 9.683 9.686
SD metronidazole: PEG-3000 (1:1) 2.0:2.0 4.757 6.984 8.156 8.601 8.717 8973 9.457 9.639
SD metronidazole: PEG-3000 (1:5) 4.0:20.0 4.460 7.698 9.127 8.950 9.190 9.370 9.549 9.751

O.N [ »\C:H3
o

Figure 1 - Structural formula of metronidazole CH,N,O,, 2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethanol,
(171.15 g/mol)
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Figure 2 — Changes in concentrations of metronidazole and SD solutions with PEG-1500 and PEG-2000 over time

Note: 1 — metronidazole (substance); 2 — SD metronidazole : PEG-1500 (1: 1); 3 — SD metronidazole:PEG-1500 (1: 3);
4 — SD metronidazole:PEG-1500 (1: 5); 5 — SD metronidazole:PEG-2000 (1: 1).
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Figure 3 — Changes in concentrations of metronidazole and SD solutions with PEG-2000 and PEG-3000 over time
Note: 1 — metronidazole (substance); 6 — SD metronidazole: PEG-2000 (1:5); 7 — SD metronidazole: PEG-3000 (1:1); SD metronidazole: PEG-3000 (1:5)

Figure 4 — Microcrystalloscopic analysis (magnification x 64)

Note: 1 — metronidazole (substance); 2 — SD metronidazole: PEG-1500 (1:1); 3 — SD metronidazole: PEG-1500 (1:3);
4 —recrystallized metronidazole substance; 5 — PEG-1500 after solvent removal

Figure 5 — Optical properties of SD metronidazole solutions
Note: PEG-1500 (1:1): 1 — appearance of the solution in daylight; 2 — the same solution, observation of Faraday-Tyndall cone
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To study the dissolution of weighed portions of the
studied samples, the SD was taken in excess with respect
to the solvent (purified water). The relative error for the
average concentration values is =4.79%. The change in
the solubility was calculated as the ratio of the concen-
tration of a saturated solution of the studied sample to
the concentration of a saturated solution of the metro-
nidazole substance 60 min after the beginning of the
dissolution process. By the end of the experiment, the
solutions of all studied samples were cloudy and satu-
rated. The original substance of metronidazole dissolves
rather slowly (Fig. 2). After 5 minutes from the beginning
of the experiment, the concentration of metronidazole
reaches 7.767 mg/ml and then slightly increases, reach-
ing an almost constant value of =9 mg/ml by 30 minutes.

Based on the data obtained (Table 1; Fig. 2, 3), it can
be seen that in some cases metronidazole dissolves bet-
ter from SD, and its solubility depends on the selected
polymer and on the mass ratio of metronidazole:PEG in
SD.

When using PEG-1500, the greatest increase in the
solubility of metronidazole is observed in the case of SD
metronidazole: PEG-1500, obtained in the mass ratios
of 1:3 and 1:5 — by 14-17%. The concentration of met-
ronidazole in the solutions of these SDs by the end of
the experiment reaches 10.244 mg/ml and 10.534 mg/
ml, respectively. When using PEG-2000, the greatest
effect on the dissolution of metronidazole is observed
in the case of SD metronidazole: PEG-2000, obtained in
the mass ratio of 1: 1. The concentration of metronida-
zole in the solution of this SD by the time of 60 minutes
reaches 10.402 mg/ml, which is 16% higher than that
of the substance solution at the same time. An increase
in the content of PEG-2000 in SD does not provide any
pronounced increase in the solubility of metronidazole.

Thus, for SD metronidazole PEG-2000 (1:5), the sol-
ubility of metronidazole is 9.686 mg/ml, exceeding the
substance solubility by 7.6% (Fig. 3). The use of PEG-3000
to obtain SD both in the ratios of 1:1 and 1:5, similarly
slightly increases the solubility of metronidazole — up to
9.639 and 9.751 mg/ml, respectively (by 7.1 and 8.3%).
The use of SD does not increase the dissolution rate of
metronidazole in all cases. In this case, the dissolution
rate of metronidazole can both increase and decrease in
the first 20-30 minutes.

For solutions of some SDs, the phenomenon of su-
persaturation is observed. Upon dissolution of SD met-
ronidazole: PEG-1500 (1:1) and SD metronidazole: PEG-
2000 (1:1), the concentration of metronidazole sharply
increases to the maximum value during the first 15 min-
utes. Then, probably as a result of recrystallization, the
concentration decreases, with the output of the values
“on the plateau” (50-60 minutes). Thus, the greatest
increase in the rate of metronidazole dissolution is ob-
served from SD with PEG-1500 (1:1). At the moment of
15 minutes from the beginning of dissolution, the con-
centration of metronidazole in the solution of this SD

Tom 9, Buinyck 3, 2021

reaches its highest value — 12.885 mg/ml, which is 57%
higher than the value of the concentration in the solu-
tion of the substance at the similar point of time. How-
ever, further on, by the 40" min, the concentration level
of metronidazole in the SD solution decreases to the val-
ue of =9.8 g/ml. In the authors’ opinion, the above-de-
scribed fluctuations in the metronidazole concentration
of the SD solutions are associated with a number of mu-
tually opposite processes. On the one hand, these are
the processes of the metronidazole release and the PEG
matrix upon dissolution of SD, and its transition into an
aqueous medium in a molecular colloidal form. In this
case, PEG plays the functions of a solubilizer (with a low
content in SD) and/or colloidal protection, stabilizing the
previously achieved high level of the metronidazole con-
centration. On the other hand, the processes of metro-
nidazole recrystallization, coagulation of its colloidal par-
ticles occur, and the salting-out effect of PEG may affect
it. This is especially noticeable in the case of SD with a
high polymer content. The balance of these processes
and their result in achieving a certain level of metronida-
zole concentration in the solution of its SD is difficult to
describe and is a topic for the SD research.

Based on the results of the microscopy (Fig. 4), the
initial substance of metronidazole is particles of the sub-
stance with a clearly pronounced crystalline structure.
The fragments of crystals are colorless, transparent, ob-
long, layered, and in most cases, they are of the same
type. Regular parallel faces in the form of a rectangular
parallelepiped are traced. Presumably, the powder of
the substance had not previously undergone intensive
micronization. Recrystallized metronidazole differs from
the initial substance and has the form of pronounced
needle-like, transparent crystals. The edges are even,
sometimes collected in stellate clusters. Polymer carrier
(PEG) is a colorless, transparent mass located on the sur-
face of a slide with a film without an internal structure.
The surface is folded. With a high degree of probability,
it can be argued that this is a non-crystalline, amorphous
structure. SD with PEG are heterogeneous systems con-
sisting of at least 3-4 phases. Some structures have a par-
tially needle-like architecture- probably, a recrystallized
substance. Very small (presumably amorphous), difficult
to identify objects were notified. They represent either a
stopped initial stage of recrystallization of the substance
in a viscous polymer, or (possibly) its polymorphic modi-
fication, or a product of complexation with PEG. Consid-
ering the fact that the content of metronidazole in SD is
from 30 to 50% by weight, the transparent background
is most likely to be a solid solution of metronidazole in
PEG.

Thus, SD metronidazole: PEG is a complex microcrys-
talline pattern that combines the features of the initial
substance of metronidazole (crystalline and amorphous
in nature), PEG, their solid solution, and, possibly, com-
plexation products. When studying SD, thermo-methods
are very common. With regard to SD, they are based
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on the fact that melting or the thermal destruction of
the active substance molecule incorporated into the
polymer matrix, occurs during or after the thermal de-
struction of the carrier polymer. The main criterion for
the formation of the complex is the disappearance of
the thermal effects typical of the active substance, as
an individual phase. In this case, when examining SD of
metronidazole, the use of, for example, differential scan-
ning calorimetry may be of an auxiliary nature. However,
the information obtained by microscopy, in the authors’
opinion, is quite sufficient to make an assumption about
the effect of the crystallinity of metronidazole in SD on
the increase in the solubility of the active substance
from the PEG polymer matrix.

In a number of works devoted to the preparation
and study of SDs, the method of IR spectroscopy is often
used. Based on the analysis of the characteristic bands
shift of the active substance in SD, it suggests the for-
mation of hydrogen bonds in the complex between the
carrier and drug molecules. The preceding investigation
of the authors’ suggest that this research method is not
always possible to use when studying such multicompo-
nent systems as SD [1-10]. First of all, this is due to the
pronounced shielding effect of polymers (in this case,
PEG), due to which it is often impossible to obtain a
true picture of the SD components interaction. The IR
spectrum of SD with PEG is almost completely identical
to the IR spectrum of the studied polymer and contains
almost no characteristic bands of the active substance
itself. However, in the absolute majority of cases, even
if the interaction with PEG was observed, it was not of a
covalent nature; it was a weak interaction at the level of
the occurrence of hydrogen bonds. The absence of any
interaction between the components of the studied SD
is indirectly confirmed by UV spectroscopy of the stud-
ied samples.

The UV spectrum of metronidazole in SD with PEG
is completely identical to the UV spectrum of the initial
substance of metronidazole. Microcrystalloscopy makes
it possible to conclude that one of the reasons for the
increase in the solubility of metronidazole from SD with
PEG, is the loss of its crystalline structure even before
the SD dissolution in water. At the stage of the SD prepa-
ration, when the common solvent is removed under

vacuum, metronidazole is partially dissolved in the SD
matrix in the medium of the PEG carrier, to form a solid
solution. Then, when dissolved in water, SD, as the poly-
mer dissolves, releases the active ingredient in a molec-
ular colloidal form. In this case, PEG, possibly, addition-
ally has a solubilizing effect, stabilizing the concentration
of metronidazole. In addition, according to a number of
reference materials [17, 19, 20, 23-25], the formation of
their colloidal solutions is an important factor contribut-
ing to an increase in the dissolution of active substances
from SD.

In this regard, the optical properties of the solutions
obtained in the work, were studied. For the filtered solu-
tions of all the SDs studied in the work with PEG, the
Faraday-Tyndall cone is observed — scattering of light of
a bluish tint due to the colloidal-dispersed state of the
dissolved metronidazole (Fig. 5).

Herewith, the solutions of the auxiliary substances
(PEGs) and the saturated solutions of the metronida-
zole substance or its mixtures with the studied poly-
mers, similarly prepared for the study, did not demon-
strate the Faraday-Tyndall effect. The results obtained,
underline the fundamental importance of obtaining SD
by the method of “the solvent removal” described in
this work, for increasing the solubility of metronidazole
in water.

CONCLUSION

The analysis of the data obtained indicates that
the improvement in the dissolution of metronidazole
from SD, carried out by the method of “the solvent
removal” with the use of 96% ethyl alcohol as a com-
mon solvent, is associated with a decrease in the crys-
tallinity of metronidazole upon receipt of its SD and
solubilization, as well as with the formation of metro-
nidazole colloidal solutions stabilized with PEG when
SDs are dissolved.

The optimal PEG for the SD production is PEG with
a molecular weight of no more than 1500 g/mol, and
the best ratio of SD components (metronidazole: PEG)
is 1:1 by weight. The results obtained will be used in
the development of the technology of “effervescent”
tablets and granules of metronidazole containing its SD
with PEG.
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Antiretroviral therapy is currently the main component of treatment for HIV patients. The development of new, more effec-
tive and safer drugs is an urgent task.

The aim of the research is to study the toxic properties of the finished dosage form (FDF) VMU-2012-05, a non-nucleoside
reverse transcriptase inhibitor (1-[2-(2-benzoylphenoxy)ethyl]-6-methyluracil) for the HIV-1 infection treatment in single and
repeated enteral administrations.

Materials and methods. The study of toxic properties in single administrations was carried out on outbred mice; the drug
was administered at the limiting dose of 2000 mg/kg (by reference to the active substance). For 90 days, in repeated daily
administrations, the toxic properties were studied in rats of both sexes at the doses of 0 mg/kg (placebo), 9 mg/kg (1 HTD),
45 mg/kg (5 HTD), 90 mg/kg (10 HTD). The toxic properties were also studied in rabbits of both sexes within a 28-day ad-
ministration at the doses of 0 mg/kg, 4 mg/kg (1 HTD), 20 mg/kg (5 HTD), 40 mg/kg (10 HTD); the recovery period 30 days.
Clinical observations and examinations, body weight registrations, physiological and clinical laboratory studies were carried
out during the experiment. At the end of the administration period (50% of animals) and at the end of the recovery period,
a pathological examination was performed.

Results. The LD, of the drug is more than 2000 mg/kg. In the repeated administrations, the no observed adverse effect level
(NOAEL) has been established. For rats, it is 9 mg/kg (1 HTD), for rabbits — 4 mg/kg (1 HTD). According to the results of the
experiments carried out on rabbits and rats, the main target organ of the drug toxic effect is the liver. According to the data
obtained in the study on rats, a toxic effect on the organs of the male reproductive system has been manifested (hypoplasia
of the spermatogenic epithelium). Under the conditions of the experiment, the test drug had no effect on the gastrointestinal
tract.

Conclusion. The results have manifested a favorable safety profile of the drug, not inferior to the ones of a similar pharma-
cological group used in clinical practice; it can be considered a promising drug candidate for the HIV-1 infection treatment.
Keywords: preclinical studies; HIV-1; VMU-2012-05; 1-[2-(2-benzoylphenoxy) ethyl]-6-methyluracil; toxicity; single adminis-
tration; repeated administration

Abbreviations: ALT — Alanine transaminase; JSC — joint-stock company / ZAO; HAART — Highly Active Anti-Retroviral Therapy;
AST — aspartate aminotransferase; APTT — activated partial thromboplastin time; BEC — Bioethics committee; HTD — highest
therapeutic dose; HIV — human immunodeficiency virus; FDF — finished dosage form; AUSS — All-Union state standard; DNA
— Deoxiribonucleic Acid; GIT — gastrointestinal tract; LD, — half-lethal dose / 50% lethal dose; NRTI — Nucleoside Reverse
Transcriptase Inhibitor; NNRTI — Non Nucleoside Reverse Transcriptase Inhibitor; SPA — Scientific Production Association;
RT — reverse transcriptase; PT — prothrombin time; RNA — ribonucleic acid; AIDS — acquired immune deficiency syndrome;
HR — heart-rate; AP — alkaline phosphatase; EDTA — ethylenediaminetetraacetic acid; ECG — electrocardiography; GLP — Good
Laboratory Practice; NOAEL —no-observed-adverse-effect level
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AHTUPETPOBMPYCHAA Tepanua B HacTosLLee Bpems ABAAETCA OCHOBHbIM KOMMOHEHTOM NedeHuns 60nbHbIXx BUY-nHdeKLmen.
Pa3spaboTka HOBbIx 6onee apPeKTUBHBIX M Bosiee 6e3onacHbIX NpenapaTos, ABAAETCA aKTyabHOW 3a4a4el.

Lienb. M3yyeHne TOKCMYECKMX CBOMCTB rOTOBOW NeKapcTBeHHoM ¢popmbl ([/19) VMU-2012-05- HEHYK/1€03UMAHOTO UHTMBUTO-
pa 0bpaTHOM TpaHcKpunTasbl (1-[2-(2-6eH3omnndeHoKen)aTnnl-6-meTunypaumn) ana nededma BUY-1 nHpekumm npu ogHo-
KPaTHOM M MHOTOKPATHOM 3HTEPasIbHOM BBEAEHUU.

Matepuanbl u metogabl. VI3yuyeHne TOKCUYECKUX CBOMCTB NPU OLHOKPATHOM BBEAEHUN MPOBOAMIM HA 6ecnopoaHbIX MbILLAX,
npenapaT BBOAWAWN B IMMUTUpYtowwel gose 2000 mr/Kr (Mo akTMBHOMY BeLLecTBY). TOKCUYECKME CBOMCTBA NPU MHOFOKpaT-
HOM exKeLHeBHOM, B TeyeHune 90 AHeN, BBEAEHUMN U3ydaM Ha Kpbicax o6oero nona B go3ax 0 mr/Kr (nnaue6o), 9 mr/kr (1
BTA), 45 mr/kr (5 BTZ), 90 mr/kr (10 BTA) n Kposimkax oboero nona npu 28-4HeBHOM BBeAeHUM B go3ax 0 mr/kr, 4 mr/kr (1
BTA), 20 mr/kr (5 BT/), 40 mr/kr (10 BTA), nepros oTcpodeHHoro HabaogeHus — 30 aHeit. B xoae aKcnepMmeHTa NpoBoauamn
KANHWYECKMe HabntoaeHUa U 0CMOTPbI, PErMCTPaLMI0 Macchl Tea, NPOBOAUAN GU3NONOTUYECKME U KIMHUKO-NabopaTop-
Hble uccnenoBaHusA. Mo OKOHYaHWUM Nepuoaa BeeaeHUA (50% KMBOTHBIX) M MO OKOHYaHWM Neproaa OTCPOYEHHOro Habto-
AeHuns NpoBoauav natomopdosiormyeckoe nuccnesoBaHue.

Pesynbtartbl. J1[1, npenapara— 60s1ee 2000 mr/Kr. Mpy MHOTOKPaTHOM BBEAEHWWN YCTaHOB/IEH YPOBEHb A,03, HE Bbi3bIBaIOLLMX
HexkenatenbHbix 3pdektoB (NOAEL), KoTopbl Ana Kpbic coctasma 9 mr/kr (1 BTA), ans kpoaukos — 4 mr/kr (1 BTA). Mo pe-
3y/ibTaTaM 3KCMEPUMEHTOB, NPOBEAEHHbIX HAa KPOIMKAX U KPbICaX, OCHOBHOM OpraH-MULLEHb TOKCUYECKOTO AENCTBUA Npena-
paTa — neyeHb. 10 AaHHbIM, MONYYEHHbIM B UCCNEA0BAHUM Ha KPbICaX, MOKAa3aHO TOKCUYECKOE BNNAHME Ha OPraHbl MyXCKOM
penpoayKTUBHOWM CUCTEMBI (TMNONIA3uA CMepMaToreHHoro anuTenus). NMpenapaT B YC10BUAX NPOBEAEHHOTO SKCMePUMEHTA
He OKa3an BAMAHUA Ha opraHbl KKT.

3aKntoueHue. Pe3ynbTaTbl MOKa3ann, YTo npenapat obnagaet 6aaronpuATHBIM Npoduaem 6e30nacHOCTH, He YCTYNaoLWUm
NoKasaTenaM NPUMEHAEMbIX B KIMHUYECKON NPaKTUKe NpenapaToB aHANOMMUYHOM GpapMaKOIOrMYecKon rpynmbl, U MOXKET
paccMaTpuMBaTbCA Kak MepCrnekTUBHbIN NEKAPCTBEHHbIV KaHANAAT Ana nevenns BUY-1 nnpekumn.

KntoueBble cnoBa: AOKAMHUYECKME UccnesoBaHua; BUY-1; VMU-2012-05; 1-[2-(2-6eH3oundeHoKcH)aTnn]-6-metuaypaumn;
TOKCUYHOCTb; OQHOKPATHOE BBeAEeHNe; MHOrOKpaTHOe BBeAeHMEe

Cnucok cokpaieHuit: AJIT — anaHnHammnHoTpaHchepasa; AO — akumoHepHoe obuiectBo; BAAPT — BbICOKO aKTMBHAs aH-
TMpeTpoBMpycHasa Tepanus; ACT — acnapTatamuHoTpaHcdepasa; AYTB — akTMBMPOBAHHOE YacTUYHOE TPOMBONAACTUHOBOE
Bpems; BIK — 6uoaTmyeckan komuccusa; BT/, — Bbicluasa TepaneBTuyeckas fo3a; BUY — Bupyc ummyHoaeduumnta YenoBeka;
[71d — rotoBas nekapcTeeHHas dopma; TOCT — rocyaapcTBeHHbIn ctaHaapT; AHK — aesokcnpmnboHyknenHosasa Kucnota; KT
— YKeJyA0YHO-KMLWeYHbIA TpakT; J1, — nonynetanbHas nosa; HUOT — Hykneo3unaHble MHIMBUTOpbl 06paTHOM TpaHCKpUNTa-
3bl; HHUOT — HeHyKkneo3naHble MHIMbUTopbl 06paTHOM TpaHcKpunTasbl; HMO — Hay4YHO-NPOU3BOACTBEHHOE 06beANHEHWE;
OT — obpaTtHas TpaHckpunTasa; MNB — npotpombuHoBoe Bpemsa; PHK — puboHyKknenHosas kucnota; CMU/A — cuHapom npmob-
peTeHHOoro MMmyHHoro geduumTa; YCC — yacTtoTa cepAeyHbix cokpaweHuit; L — wenoyHan ¢pocdartasa; IATA — sTUNEHAM-
aMMHTETpPayKcycHan Kuciota; DKI — anekTpokapanorpadus; GLP — Good Laboratory Practice / Hagnealas nabopatopHas
npaktuka; NOAEL — no-observed-adverse-effect level / ypoBeHb 403, He Bbi3blBalOLWMX HEXeNaTeNbHbIX 3G dEKToB

INTRODUCTION

Since the early 1980s, great strides have been made
in treating HIV-infected patients. Long-term efforts of
scientists have led to the creation of drugs with different
mechanisms of action with antiretroviral activity. They
can be divided into several groups [1]:

1. Nucleoside reverse transcriptase inhibitors (NRTIs)

206

of HIV, competing with natural deoxynucleotides for in-
clusion in the growing chain of viral DNA with a subse-
quent disruption of the reverse transcription process, i.e.,
synthesis of viral DNA on the viral RNA matrix (abacauvir,
emtricitabine, lamivudine; tenofovir, zidov) [2].

2. Non-nucleoside reverse transcriptase inhibitors
(NNRTIs) that block HIV reverse transcriptase (RT) by di-
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rect binding to the enzyme (efavirenz, etravirine, nevirap-
ine, rilpivirine) [3].

3. Fusion inhibitors that bind to the HIV glycoprotein
gp41l and disrupt the binding, fusion and penetration of
virions into the cells (enfuvirtide) [4].

4. Protease inhibitors that block proteolytic cleavage
of precursor proteins that are required for the production
of viral particles (atazanavir, darunavir, fosamprenauvir, ri-
tonavir, saquinavir, tipranavir) [5].

5. An antagonist of CCR5-receptors, blocking the CCR
receptor on the T-cell and preventing the attachment of
the virus (Maravirok) [6]

6. Post-attachment inhibitors, which are monoclonal
antibodies that bind CD4, preventing the virus from enter-
ing the cell (ibalizumab) [8].

7. Integrase inhibitors, blocking the action of the en-
zyme and preventing the insertion of the viral genome
into the host cell DNA (dolutegravir, raltegravir, elvitegra-
vir, bictegravir) [7].

8. Pharmacokinetic enhancers that inhibit the hu-
man CYP3A enzyme and increase the plasma concentra-
tion of other antiretroviral drugs (cobicistat) [9].

Currently, the main method of treating the HIV in-
fection is highly active antiretroviral therapy (HAART),
which implies the simultaneous use of several substanc-
es aimed at different stages of the HIV life cycle [10].
The use of a combination of different agents provides
a synergistic antiviral effect, thereby increasing the effi-
ciency of suppressing viral replication. Correctly selected
HAART significantly increases the duration and quality of
patients’ life [11]. In 1981-1982, when the first cases of
the HIV infection were recorded, the average life expec-
tancy of a person with established AIDS, was 1-2 years
[12, 13]. Today, for a HIV-infected person in their 20s and
older who receives HAART, the projected life expectancy
is about 53 years [14]. According to the recent reports
from the Joint United Nations Program On HIV / AIDS
(UNAIDS), 19.5 million people are now receiving life-sav-
ing HAART (accounting for 53% of all the people living
with HIV in the world), and AIDS deaths have halved
since 2005 year?.

Over the past four decades, the introduction of
these treatments has faced a number of problems asso-
ciated with drug toxicity, inconsistent adherence to com-
plex treatment regimens, drug resistance, low patient
adherence to the prescribed treatment, and inadequate
access to drugs in certain population groups [15, 16].
However, the main limitations of the existing compounds
use are the formation of mutant, resistant strains of the
virus in the course of therapy, which makes a constant

L UNAIDS. Press release. 2017. Available from: http://www.unaids.org/
en/resources/presscentre/pressreleaseandstatementarchive/2017/
july/20170720_PR_Global_AIDS_Update_2017
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change of drugs necessary, and the side effects, in some
cases leading to premature discontinuation of treatment
[17-19]. Thus, the search for new compounds with an
antiretroviral activity against both the wild strain and re-
sistant virus isolates, is an extremely important area of
modern virology and medicinal chemistry.

With the emergence of new NNRTIs classes of pyrim-
idine nature, containing structurally complex binuclear ar-
omatic substituents, there may be prospects for the cre-
ation of new original drugs for the treatment of the HIV-1
infection. Some representatives of pyrimidine derivatives
with fragments of diphenyl ether, diphenylmethane, or
benzophenone in the side chain, have demonstrated ac-
tivity against wild and mutant HIV-1 strains in the nano-
molar range [20]. It has been shown that pyrimidine de-
rivatives of benzophenone exhibit the anti-HIV-1 activity
in vitro, superior to that of nevirapine and not inferior to
that of efavirenz [21]. In terms of the level of the antiviral
action in vitro, the representatives of this class of com-
pounds are on average 5-10 times higher than the most
active analogous compounds in the absence of cytotoxic
properties in new substances in the entire range of the
studied concentrations (0.001-100 uM) [22].

Previous studies have shown that a representative
of this class of compounds, 1-[2-(2-benzoylphenoxy)eth-
yl]-6-methyluracil, is highly active against HIV-1 in in vitro
studies: it is 2.5 times higher than nevirapine and not in-
ferior to efavirenz. The study of the acute toxicity of the
substance in rats and mice showed that the LD, of the
compound is more than 2000 mg/kg in the oral adminis-
tration. In conjunction with the previously obtained data
on the effectiveness of the substance against HIV-1, it in-
dicates the promising use of this compound in HIV ther-
apy. A finished dosage form containing 1-[2-(2-benzoyl-
phenoxy)ethyl]-6-methyluracil as an active substance,
was developed for the oral administration.

One of the main stages in the drug candidate devel-
opment after the establishment and proof of its pharma-
cological efficacy and mechanism of action is the assess-
ment of its safety. In this regard, the study of the toxic
properties of the finished dosage form of the drug based
on the pyrimidine derivative of benzophenone in single
and multiple administrations was carried out. In accor-
dance with modern requirements for preclinical safety?
studies, the experiments were carried out on several
types of laboratory animals with the route of adminis-
tration similar to that planned for clinical practice.

THE AIM of the research is to study the tox-
ic properties of the VMU-2012-05 finished dosage

2 National standard of the Russian Federation GOST R 56701-2015
dated 01.07.2016 “Medicines for medical use. Guidelines for planning
preclinical safety studies for the purpose of subsequent clinical trials
and drug registration”. Available from: https://docs.cntd.ru/docu-
ment/1200126923.
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form (FDF), a non-nucleoside reverse transcriptase
inhibitor (1-[2-(2-benzoylphenoxy)ethyl]-6-methylu-
racil) for the HIV-1 infection treatment in single and
repeated enteral administrations to mice, rats and
rabbits.

MATERIALS AND METHODS

Animals

The experiments on the study of the toxic prop-
erties of the FDF VMU-2012-05 in single adminis-
trations were carried out on sexually mature male
and female outbred mice aged 9-11 weeks (from the
nursery of «<RMC «HOME OF PHARMACY» JSC). The
study of the toxic properties in multiple administra-
tions was carried out on sexually mature males and
females of outbred rats aged 10-12 weeks (from the
nursery of «<RMC «HOME OF PHARMACY» JSC) and
on sexually mature males and females of rabbits of
the “White Giant” breed aged 2.5-3.5 months (from
the peasant farm “Nera”). Before the beginning of
every experiment, a meeting of the Bioethics Com-
mittee (BEC) of «KRMC «HOME OF PHARMACY» JSC)
was held. The experiments were unanimously ap-
proved by the members of the Committee (protocols
of BEC No. 5.3 / 18 dated January 17, 2018 and BEC
No. 6.3 / 18 dated January 17, 2018).

To exclude the influence of the researcher’s pref-
erences on the formation of the experimental groups,
the selection of animals by the method of modified
block randomization was carried out. The animals were
kept in standard conditions in accordance with Directive
2010/63 / EU of the European Parliament and of the
Council of the European Union dated September 22,
2010, on the protection of animals used for scientific
purposes and in accordance with the sanitary and ep-
idemiological rules of the structural unit 2.2.1.3218-14
“Sanitary epidemiological requirements for the design,
equipment and maintenance of experimental biological
clinics (vivariums)” (Resolution of the Chief State Sani-
tary Doctor of the Russian Federation dated August 29,
2014 No. 51). The animals were kept under controlled
environmental conditions. The light regime was 12 hours
of light and 12 hours of darkness.

The animals received food for keeping laboratory
animals, prepared in accordance with GOST R50258-92
“Complete feed for laboratory animals. Technical condi-
tions”. The food and water were given ad libitum.

Study design

Planning and implementation of all the work was
carried out in strict accordance with the requirements
of the Ministry of Health of the Russian Federation and
international standards in the field of preclinical studies
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of the safety of new pharmacological agents — the GLP
(Good Laboratory Practice) system3*,

In all of the studies described below, the following
FDF formulation was used:

Active substance: 1-[2-(2-benzoylphenoxy)ethyl]-
6-methyluracil — 50 mg

Excipients: povidone — 200 mg; lactose monohydrate
— 59 mg; microcrystalline cellulose — 29 mg; crospovi-
done — 40 mg; sodium carboxymethyl starch — 16 mg;
colloidal anhydrous silicon dioxide — 4 mg; magnesium
stearate — 2 mg.

The control animals received placebo (excipients
only).

Single dose toxicity study in mice

The results of the earlier studies on the acute tox-
icity of a drug pharmaceutical substance based on a py-
rimidine derivative of benzophenone showed that the
LD, of the substance when administered intragastrically
to rats and mice is more than 2000 mg/kg. When ad-
ministered at the dose of 2000 mg/kg, the death of rats
and mice was not recorded, no pronounced signs of in-
toxication were notified either. Taking into account the
available data on the low toxicity of the substance, in ac-
cordance with the recommendations>®, as well as in ac-
cordance with the principles of “3Rs”, the acute toxicity
of FDF of the test objects (tablets for oral administration,
50 mg) was studied when administered at the limiting
dose of 2000 mg/kg in mice. The mice (5 males and 5 fe-
males) received a suspension (in a 1% starch solution) of
the FDF preparation intragastrically at the dose of 2000
mg/kg (by reference to the active substance) through a
ball tip needle. 5 males and 5 females received a pla-
cebo suspension of the test object (the control group).
The total volume of the administration was 1.6 ml per
animal weighing 20 g. Since the total volume exceeded
the allowable for a single intragastrical administration to
mice’, the suspensions were injected fractionally (0.4 ml
per animal weighing 20 g), with the intervals between
the injections of at least 30 min.

3 Interstate Standard of the Russian Federation GOST 33044-2014
"Principles of Good Laboratory Practice". Available from: https://docs.
cntd.ru/document/1200115791. Russian

# Interstate standard GOST 32296-2013 “Test methods for the effects
of chemical products on the human body. Basic Requirements for Tests
to Assess Acute Toxicity in Intragastric Intake by a Fixed Dose Method.
Available from: https://docs.cntd.ru/document/1200111000. Russian
° Decision of the EEC Council of November 3, 2016 N 81 "On Approval
of the Rules of Good Laboratory Practice of the Eurasian Economic
Union in the Sphere of Circulation of Medicines". Available from:
https://www.alta.ru/tamdoc/16sr0081/. Russian

6 Guideline for testing of chemicals. Acute Oral Toxicity — Fixed Dose
Procedure No 420. OECD (2001). Available from: https://www.oecd-il-
ibrary.org/environment/test-no-420-acute-oral-toxicity-fixed-dose-
procedure_9789264070943-en

7 Guidelines for preclinical studies of drugs.”NTsEMSP”. Edited by A.N.
Mironov. Volume. 1.2012.942 p. Russian
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The total observation period over the animals was
14 days. During the experiment, in order to register
the signs of intoxication, the clinical observation was
carried out within 4 hours after the drugs administra-
tion, then daily and weekly, a detailed clinical exam-
ination / weighing the mice was carried out imme-
diately before the administration, one day after the
administration, on the 7" and 15 days of the exper-
iment.

To register a possible delayed effect of the drug on
the locomotor and orientation-exploratory activity of
the animals on the 14" day of the experiment, “Open
Field” test was carried out. Euthanasia was performed
on the 15" day using a CO, chamber. A subsequent
pathological examination included necropsy, macro-
scopic examination, and weighing of internal organs. A
study of the state of the chest and abdominal cavity
and a macroscopic examination of the internal organs
were carried out. Weighing of the heart, thymus, liver,
spleen, kidneys, brain, testes was carried out.

Repeated dose toxicity studies

in rats and rabbits

According to the draft instructions for the medical
use of VMU-2012-05, developed on the basis of the
study of its pharmacological activity, the mechanism of
the action and the experience of the clinical use of the
drugs of a similar pharmacological group and a similar
mechanism of action, the clinical highest therapeutic
dose (HTD) of the drug is assumed to be 100 mg per
day. For a person with a body weight of 60 kg it is 1.7
mg/kg. Taking into account the coefficients of interspe-
cies conversion of doses?, the HTD for a rat will be 9
mg/kg, for a rabbit — 4 mg/kg. In this study, the test
object was administered to the rats intragastrically at
three doses: 9 mg/kg (1 HTD); 45 mg/kg (5 HTD); 90
mg/kg (10 HTD). Immediately before the injections, a
suspension of the drug was prepared in a 1% starch
solution with an active substance concentration of 0.94
mg/ml, 4.69 mg/ml, 9.38 mg/ml, respectively. The vol-
ume of a single injection was 2.4 ml per rat weighing
250 g. To the rabbits, the drug was administered orally
at the doses of 4 mg/kg (1 HTD), 20 mg/kg (5 HTD), 40
mg/kg (10 HTD). Immediately before the injections, a
suspension of FDF was prepared in a 1% starch solution
with an active substance concentration of 2.79 mg/ml,
13.95 mg/ml, 27.91 mg/ml, respectively. The suspen-
sion was injected in the volume of 1.45 ml per 1 kg of
the body weight. The control animals received place-

8 Guidelines for preclinical studies of drugs.”NTSEMSP”.
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bo in the volume corresponding to the volume of the
administrated suspensions of the test object. Each of
the 4 groups consisted of 16 male and 16 female rats
and 8 male and 8 female rabbits. The period of admin-
istration to rats was 90 days, to rabbits — 28 days. On
the 91t day of the experiment (rats) or on the 29t day
(rabbits), 50% of the animals of each group (the main
groups) were euthanized, the remaining animals were
euthanized after 30 days of the delayed observation
(recovery groups).

During the experiment, a clinical observation was
carried out daily for 1 hour after the administration of
the drug and during the recovery period. A detailed
clinical examination was carried out weekly, the body
weight of the animals was recorded. In rats, to assess
the possible effect of the drug on locomotor and ori-
entation-exploratory activity on the 30" and 90™ days
of the experiment (for the animals of the main groups)
and on the 120™ day (for the animals of the recovery
groups), “Open Field” test was performed. On the 30™
and 90™ days (for the animals of the main groups) and
on the 120" day (for animals of the recovery groups),
a clinical blood test was carried out, and the indicators
of the hemostasis system were assessed: prothrombin
time (PT) and activated partial thromboplastin time
(APTT). The blood was taken from the rabbits twice: on
the 28™ day (from all animals) and on the 56" day (re-
covery groups). The blood was collected from the tail
vein (rats) or the marginal ear vein (rabbits). The blood
for a clinical analysis was collected in tubes with EDTA.
Using the hematological analyzer “ABACUS JuniorVet”
(Austria), an RBC count, an Hb level, hematocrit a WBC
count, a platelet count, leukogram were determined
in whole blood. For the determination of the hemo-
static profile, the blood was taken into tubes with so-
dium citrate, and then centrifuged for 15 min to ob-
tain plasma. The plasma was transferred to secondary
tubes. The hemostatic profile was determined using an
APG4-02-P coagulometer. Prothrombin time (PT) was
determined using a set of reagents “Tekhplastin-test”,
Tekhnologiya-standard, Russia. APTT was determined
using a set of reagents “APTV-El-test”, Tekhnologi-
ya-standard, Russia. The biochemical parameters of
blood in rats were determined on the 30" and 90* days
(for the animals of the main groups) and on the 120t
day (for the animals of the recovery groups). Blood was
taken from the rabbits twice: on the 28 day (from all
the animals) and on the 56 day (from the animals of
the recovery groups). For the study, the blood which
had been collected in test tubes without an anticoagu-
lant, was used. To obtain plasma, the blood was centri-
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fuged for 15 min at 3000 rpm. The resulting plasma was
transferred to secondary tubes. The samples were an-
alyzed with the help of an A-25 analyzer (Spain) using
reagents from BioSystems (Spain) and in accordance
with the manufacturer’s instructions. The parameters
evaluated were: aminotransferases (ALT and AST), cre-
atinine, urea, albumine, alkaline phosphatase (AP), to-
tal protein, triglycerides, cholesterol, aloumins / glob-
ulins ratio (calculated values), total bilirubin, globulin
(calculated values), glucose.

The ECG registration in rats was carried out on the
29" and 89 days in the animals of the main groups, and
on the 119 day in the animals of the recovery group;
in rabbits — on the 26™ day (50% of the animals) and on
the 54 day (in the animals of the recovery groups). To
register the ECG, the animal was preliminarily anesthe-
tized with a mixture of Zoletila® + Xyly® at the doses of
25 mg/kg + 5 mg/kg, intramuscularly (rats) and 5 mg/
kg + 2 mg/kg, intravenously (rabbits), then fixed on the
operating table. The ECG registration was performed
using a computer electrocardiograph for veterinary
medicine “Poly-spectrum-8V”. The ECG was record-
ed in lead Il. The following indicators were assessed:
heart rate (HR), RR interval (ms), P (ms), PQ (ms), QRS
(ms), QT (ms). The study of the physical-chemical com-
position of urine was carried out using diagnostic test
strips “LabStripurinalysis REF ANA-9910” and the ana-
lyzer “DocURader 2” in rats on the 28t and 88" days (in
main groups) and on the 118" day (in recovery groups).
In rabbits, it took place on the 27" day (in 50% of the
animals, main groups) and on the 55 day (recovery
groups). Urine was collected using metabolic cells,
where the animal had been placed for 4 hours. Before
being placed in a metabolic cage, the rats received
drinking water intragastrically in the volume of 10 ml/
kg. The rabbits were placed in metabolic cages without
preliminary water loading. The determined parame-
ters were: glucose, pH, bilirubin; urobilinogen, protein,
urine specific gravity (USG), leukocytes, erythrocytes,
ketones, nitrites.

Euthanasia of rats was carried out on the 91t day
(the animals of the main groups) and on the 121 day
(recovery groups) using a CO, camera. The rabbits were
euthanized on the 29" day (50% of the animals) and on
the 57t day. Euthanasia of the rabbits was carried out
by means of an anesthetic overdose (Zoletil’; 25 mg/kg;
intravenous). After euthanasia, the animals were care-
fully examined for external pathological signs. The or-
gans extracted by necropsy were weighed (heart, thy-
mus, liver, spleen, lungs with trachea, kidneys, adrenal
glands, brain, testes / ovaries). The relative weight of
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the organs was calculated (the ratio of the organ mass
to the body mass, expressed as a percentage).

A histological examination of the following organs
was carried out: aorta, heart, trachea, lungs with bron-
chi, thymus, stomach, small intestine, large intestine,
pancreas, liver, spleen, kidneys, urinary bladder, testes
(males), ovaries (females), mandibular lymph nodes,
thyroid gland, brain.

To assess the local irritating effect of the drugs
during the necropsy procedure, deviations in the ap-
pearance of the organs of the gastrointestinal tract (GIT)
were visually assessed, as well as their histological eval-
uation was carried out.

Data analysis

Descriptive statistics was applied to all data: the
data were checked against the normal distribution us-
ing the Shapiro-Wilk test. Between group differences
were analyzed by parametric or nonparametric meth-
ods, depending on the type of distribution. A one-way
analysis of variance (ANOVA) was used to assess the
normally distributed with the signs of normal distribu-
tion, followed by post-hoc Tukey’s test. In case of not
normally distributed data, the Kruskal-Wallis test was
used with a further application of the nonparamet-
ric method of mean ranks for multiple comparisons
in case of a significant influence of the factor under
study. The differences were determined at the 0.05
significance level. The statistical analysis was per-
formed using Statistica 10.0 Software. (StatSoft, USA).

RESULTS

Single dose toxicity study in mice

The death of the animals was not registered when
they had been administrated with the drug at the dose
of 2000 mg/kg.

At the beginning of the experiment, the body weight
of female mice was 19-21 g, of males —21-23 g. Within
14 days after the administration, there was a positive dy-
namics of the body weight in both the control group and
in the groups of males and females administrated with
VMU-2012-05. Diarrhea was observed in all animals af-
ter the administration of the last dose, of both the test
object and the placebo. After 5 hours, the condition of
the animals returned to normal, and then, within 14
days of the observation, no deviations from the norm
were recorded.

The dose of 2000 mg/kg can be considered max-
imum tolerable, since the death of the animals and /
or pronounced signs of intoxication were not observed
when this dose was administered.
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Repeated dose toxicity studies.

Influence on general habitus,

results of functional tests

Throughout the experiment, three death cases of
male rats were recorded. One case took place in the
group administrated with the test drug at the dose
of 45 mg/kg (on the 51% day of the experiment), and
two — at the dose of 90 mg/kg (on the 36%™ and 48™
days). 3-4 days before death, these animals looked
depressed, their hair was rumpled; the day before
the death, shortness of breath and a decrease in the
muscle tone were added to the observed changes. The
dead animals showed edema and hemorrhagic impreg-
nation of the lung tissue, edema and moderate pleth-
ora of cerebral vessels. On the basis of these factors,
it was recognized that an acute heart failure was the
immediate cause for the animals’ death. During both
the administration period and the recovery period, the
general condition and behavioral reactions of the re-
maining animals administrated with the drug, did not
differ from those of the control group. The absence of
the drug effect on the animals’ general habitus was also
confirmed by “Open Field” test: there were no changes
in the individual behavior of the animals administrated
with the drug, compared with the control group. In rab-
bits, there were no deviations from the norm according
to the results of clinical examinations and observations
during the entire experiment, either.

At the beginning of the experiment, the body weight
of the rats was 190-200 g (males) and 178-185 g (fe-
males), the body weight of rabbits was 2800-3200 g
(males) and 2300-2600 g (females). A slight slowdown
in the positive dynamics of the body weight by the end
of the administration period was observed only in high
dose male group.

By the 91 day, the body weight of this group ani-
mals was statistically significantly reduced in comparison
with the control group, while the decrease was not more
than 10% of the control (Table 1). In female rats, as well
as in rabbits, during the entire period of the experiment,
the effect of the drug on the body weight dynamics was
not revealed (Tables 2 and 3).

When assessing the individual behavior of rats in
the open field test, the effect of the tested drug on the
evaluated parameters was not found either on the 30™,
90™" (Tables 4 and 5), or on the 120™" day of the exper-
iment.

In the course of the experiment, the functional state
of the cardiovascular system was assessed according to
the ECG data. Neither rats nor rabbits treated with the
drug, showed any changes in the ECG parameters com-
pared with the control group (Tables 6, 7 and 8).
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Results of clinical

and laboratory studies

The results of the analysis of the urine physico-
chemical properties showed that in the group of fe-
male rabbits administrated with the test drug at the
maximum investigated dose, there was a decrease in
urine pH (up to 5.5) compared to the intralaboratory
norms (pH from 7 to 9)°. After a recovery period, a de-
crease in urine pH (up to 6.3) compared with the phys-
iological norm was observed in the groups of female
rabbits administrated with the test drug in medium
and maximum doses. In the remaining groups of rab-
bits and rats, no deviations from the norm were found,
either after the course of administration or after the
recovery period.

According to the results of the clinical blood test on
the 30" and 90*" days (Table 9) of the experiment in the
groups of female rats administrated with the drug at
the doses of 45 mg/kg and 90 mg/kg, there was a sig-
nificant increase in the number of platelets. On the 90t
day, there was an increase in the number of leukocytes
in these groups compared with the control group (Table
9). In the group administrated with the maximum dose,
there was a shift in the leukocyte formula towards a
decrease in the percentage of granulocytes and an in-
crease in lymphocytes (compared to the control). At
the same time, all the revealed changes in leukocytes
and leukocyte formula did not go beyond the estab-
lished intralaboratory standards for female outbred
rats (leukocytes 5.5-18.0x10°/I, the percentage of lym-
phocytes is 59-87%, the percentage of granulocytes is
13.5-37.6%, the platelet count is 348-950x109/I). In
female rabbits of the groups administrated with medi-
um and maximum doses, there had been an increase in
the percentage of lymphocytes in relation to the con-
trol group by the end of the drug administration and
a tendency to a decrease in the percentage of granu-
locytes (Table 10). The changes did not go beyond the
intra-laboratory norms for rabbits (the percentage of
lymphocytes was 30-70%, of granulocytes — 20-58%).
No other differences from the control group or devi-
ations from the physiological norm have been found
out either in rats or in rabbits over the entire period of
the drug administration. No delayed effects have been
found out either.

According to the analysis results of the hemostasis
system parameters, no clinically significant effects of the
drug on PT and APTT in rabbits and rats have been estab-
lished (Tables 11-14).

° Directory. Physiological, biochemical and biometric indicators of the
norm of experimental animals / Under. ed. Makarova V.G. and Makaro-
va M.N. SPb, 2013:116 p. Russian
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Table 1 - VMU-2012-05 effect on body weight of male rats within 90-day drug administration,
M £ SEM, g
Study day Control VMU-2012-05
9 mg/kg 45 mg/kg 90 mg/kg
1 193.3+3.05 193.3+3.35 193,343,23 193.2+3.91
n=16 n=16 n=16 n=16
7t 222.3+3.38* 223.61+3.77* 220.3+4.56* 211.8+4.95
n=16 n=16 n=16 n=16
14t 256.1+4.15* 251.6+3.59* 248.3+4.08* 243.1+4.49*
n=16 n=16 n=16 n=16
215t 286.0£4.91* 275.943.62* 271.943.77%* 267.8+4.33*
n=16 n=16 n=16 n=16
28t 320.615.65* 303.0+4.44* 306.745.05* 305.7+4.71*
n=16 n=16 n=16 n=16
35t 302.1+4.59* 286.745.73* 284.2+5.45* 281.6+4.27*
n=16 n=16 n=16 n=16
a7nd 337.1+6.99* 316.1+6.58* 309.3+5.63* 310.945.48*
n=16 n=16 n=16 n=15
4gth 373.24£9.09* 348.2+7.04* 343.346.95* 344.146.10*
n=16 n=16 n=16 n=14
56t 372.7+8.61* 345.7+7.07* 339.246.81* 344.616.25*
n=16 n=16 n=15 n=14
637 380.3+9.03* 351.2+6.90* 346.317.63* 355.4+6.88*
n=16 n=16 n=15 n=14
70t 392.6+9.78* 361.147.13* 355.9+8.52* 359.04£6.97*
n=16 n=16 n=15 n=14
77t 401.949.85* 369.6+7.06* 366.5+8.50* 374.34£7.15*
n=16 n=16 n=15 n=14
gath 407.8+10.22* 374.616.77* 369.9+8.26* 379.3+6.61*
n=16 n=16 n=15 n=14
91+ 425.6+11.44% 389.6+7.28* 383.7+£9.77*# 385.5+6.89*#
n=16 n=16 n=15 n=14

Notes: * — p <0.05, the differences are statistically significant compared with the baseline in the corresponding group, Tukey’s test; # — p <0.05, the
differences are statistically significant compared to the control group, Tukey’s test

Table 2 - VMU-2012-05 effect on body weight of female rats within 90-day drug administration,
M*SEM,n=16, g

Study day Control VMU-2012-05
9 mg/kg 45 mg/kg 90 mg/kg

1t 180.4+1.93 180.7+1.78 180.2+2.16 180.8+2.25
7 188.8+3.09 191.1+1.91 192.3+2.83 194.6%2.45
14t 199.7+3.64* 202.3+2.64* 200.4+2.99* 203.0+2.96*
21 207.143.76* 213.743.51* 212.143.24%* 221.045.06*
28t 231.4+4.30* 236.3+2.84* 234.6+3.65* 225.3+6.76*
35t 219.6+4.12%* 224.2+2.98* 225.2+3.73% 222.5+4.22%
Al 225.9+4.64%* 232.943.46% 230.3+3.49* 233.6+4.94*
49t 241.34£5.53* 245.4+4.07* 248.1+4.68* 245.9+4.78*
56t 235.9+5.00* 245.8+5.00* 247.4+4.27* 239.645.25*
63" 233.145.04* 242.6+5.21* 243.3+4.29%* 236.6+4.88*
70t 238.745.17* 243.9+4.75* 248.5+4.14* 242.314.82*
77t 242.6+5.56* 250.1+5.02* 255.9+4.92* 246.7+4.85*
84t 241.3+5.89* 253.1+5.86* 254.5+4.90* 244.6+4.94*
91+ 257.1+6.26* 265.8+5.92* 269.6+5.39* 257.2+4.50*

Note: * — p <0.05, the differences are statistically significant compared to baseline in the corresponding group, Tukey’s test
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and female rabbits within 28-day drug administration, M+ SEM, n=8, g

Table 3 - VMU-2012-05 effect on body weight of male

VMU-2012-05
Study day Sex Control
4 mg/kg 20 mg/kg 40 mg/kg
15 Males 3120.6+50.54 2886.3+128.79 2843.8+93.84 2895.0+112.83
Females 2443.1+50.87 2591.3+89.16 2516.9+56.50 2540.6+47.70
b Males 3248.8+59.83* 2982.5+136.27 2990.6+85.48* 2966.91112.12
Females 2495.6+51.05 2678.1+94.76 2568.8451.27 2620.0+49.78
14 Males 3268.8+52.46* 3073.1+129.90* 3088.1+105.08* 3078.8+110.82*
Females 2524.4+48.93 2737.5490.28* 2591.3461.17 2677.5+49.31*
918 Males 3324.4+51.98* 3122.5+132.78* 3144.4+104.69* 3148.8+107.20*
Females 2657.5+35.98* 2767.5+90.48* 2626.3+57.65* 2708.1+48.91*
2t Males 3383.1+61.68* 3311.3+141.92* 3281.3+121.92* 3277.5+£102.93*
Females 2891.9443.31* 2917.5491.68* 2830.0454.18* 2817.5+54.62*

Note: * — p <0.05, the differences are statistically significant compared to the baseline in the corresponding group, Tukey’s test

Table 4 — Locomotor activity of rats in the open field test on the 30 and 90* days
of VMU-2012-05 repeated intragastric administrations, M + SEM, n = 16

Groups Dose, Number of quadrants visited Number of wall-huggings

mg/kg 30t day 90t day 30t day 90" day

Control 0 27.5+1.54 27.6+2.87 12.8+0.78 9.9+1.16

9 28.1+1.53 29.8+3.19 14.0+0.97 1.4+1.23

VMU-2012-05 45 26.8+1.16 28.6+2.24 13.1+1.05 1.9+1.50

90 24.1+1.49 27.542.48° 11.8+0.91 11.0+1.14%
Note: * — number of the animals in group n = 15
Table 5 — Activity of rats in the open field test on the 30" and 90* days
of repeated VMU-2012-05 intragastric administrations, Me (Q1; Q3)
> Dose, Number of Number of Number of Number of Number of
o Groups mg/kg n center s.quare rearings groomings urinations defecations
entries

Control 0 16 0.5 (0.0;2.0) 0.0 (0.0;1.0) 0.5 (0.0;1.5) 0.0 (0.0;1.0) 0.5 (0.0;1.0)
5 9 16  0.5(0.0;2.0) 0.0 (0.0;1.0) 0.0 (0.0;1.5) 0.0 (0.0;1.0) 1.0 (0.0;1.0)
it VMU-2012-05 45 16 1.0 (0.0;1.5) 0.0 (0.0;1.0) 0.0 (0.0;1.5) 0.0 (0.0;1.0) 0.0 (0.0;2.0)
90 16 0.5 (0.0;1.5) 0.0 (0.0;0.0) 1.0 (0.0;2.5) 0.0 (0.0;0.5) 1.0 (0.0;2.0)
Control 0 16 0.5 (0.0;1.0) 1.0 (1.0;4.5) 1.5 (0.5;3.5) 0.5 (0.0;3.0) 0.0 (0.0;1.0)
= 9 16  1.0(0.0;2.5) 1.0 (0.0;3.5) 1.0 (0.0;2.5) 2.0(0.0;3.5) 0.0 (0.0;0.0)
& VMU-2012-05 45 16 0.5 (0.0;1.0) 1.0 (0.5;3.0) 0.0 (0.0;2.5) 1.0 (0.0;6.5) 0.0 (0.0;0.0)
90 15 0.0 (0.0;1.0) 1.0 (0.0;3.0) 1.0 (0.0;1.0) 2.0 (0.0;2.0) 0.0 (0.0;0.0)

Table 6 — VMU-2012-05 effect on the rat ECG parameteres on the 29'" day of the experiment,

M+SEM, n=8
Indicators
Dose,
Groups Sex .
mg/kg HR, beat/min RR, ms P, ms PQ, ms QRS, ms QT, ms
Control 0 Males 254.9+9.2 237,1+8,7 45,8+2,7 57,0+2,4 63,0+2,5 136,816,6
Females  234.4+14.1 263.8+18.6 42.3+0.9 57.3t3.5 65.1+2.9 131.048.2
9 Males 280.3+6.2 214.9+4.8 41.9+0.4 53.9+2.2 69.5+2.4 142.949.9
Females  264.8+13.4 219.6+10.7 37.6x1.9 49.0t1.4 75.1+2.9 149.0£8.5
Males 280.3+15.9 215.1+11.3 39.9+0.8 50.4+2.6 63.4+2.2 146.0£11.0
VMU-2012-05 45
Females 235.5+5.1 255.5+5.5 42.3+0.7 53.4+1.9 67.1+4.1 125.843.1
90 Males 242.4+11.1 242.3+15.2 45.0t4.4 57.8+4.5 63.8+1.5 128.1+4.9
Females 248.5+8.4 243.618.3 42.4+1.5 50.6+1.5 64.0+1.4 152.6£8.9
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Table 7 — VMU-2012-05 effect on the rat ECG parameteres on the 89' day of the experiment, M+SEM

Dose Indicators
Groups ! Sex -
mg/kg HR, beat/min RR, ms P, ms PQ, ms QRS, ms QT, ms
Control 0 Males 8 278.315.1 215.3+3.4 41.8+0.8 53.1+2.1 62.1%6.5 139.949.9
ontro
Females 8 304.8+7.9 198.1+4.9 47.3£2.6 56.0+2.4  65.4%2.9 154.4+9.3
9 Males 8 294.845.8 204.31£3.8 42.0+1.0 52.1+2.5 64.5%£3.0 139.416.7
Females 8 306.5%5.7 196.3+3.6 43.9+1.9 51.5+2.6 73.5%4.6 146.0t7.6
Males 8 297.8+5.9 202.1+4.3 39.0+2.0 52.3+1.2 58.4+3.3 134.4+10.2
VMU-2012-05 45
Females 8 298.8+10.6 202.56.3 40.8+0.9 50.1+0.7 67.4%4.1 155.54£9.9
%0 Males 7 284.6+14.2 215.0+£13.3 48.6%4.2 57.3+2.9 63.0+4.1 136.4+7.4
Females 8 296.11+6.7 203.4+4.5 49.045.2 59.945.1 71.8+4.4 133.8t+7.7
Table 8 - VMU-2012-05 effect on the rabbit ECG parameteres
on the 26" day of the experiment, MtSEM, n=4
Dose, Indicators
Groups Sex -
mg/kg HR, beat/min RR, ms P, ms PQ, ms QRS, ms QT, ms
Control 0 Males 274.8421.3 222.3+16.2 45.5+4.8 71.316.2 142.5t4.1 170.8+11.1
ontro
Females 187.5£10.5 322.5+18.7 59.016.4 77.0£2.5 158.8+£2.0 156.818.1
4 Males 300.0+9.3 200.8+5.9 55.8+7.7 70.3t7.5 139.0£7.7 163.3£11.0
Females 208.8+6.1 288.5+8.7 51.5+2.5 82.0+4.7 146.0+12.2 192.3+14.4
Males 251.3+24.9 246.3+25.2 46.5%£10.1 70.816.2 168.8420.4 229.5+27.6
VMU-2012-05 20
Females 200.3+9.7 302.3x14.9 49.5£1.0 73.0+2.6 159.0£5.2 190.5£10.5
40 Males 267.3t7.0 225.0+6.2 52.0+3.7 66.3+4.3 166.81£3.3 190.0+£8.8
Females 182.316.9 330.0+12.1  49.3+2.3 79.0£2.9 156.5+£3.7 206.3£23.5
Table 9 - Effect of tested drug on haemotology of the female rats on the 30t day
of the experiment, M+SEM, n = 8
. - VMU-2012-05
Investigated indicators Control
9 mg/kg 45 mg/kg 90 mg/kg
WBC, Leukocytes, 10%/I 8.610.48 9.6+0.40 13.1+1.30%* 12.3+1.18%*
LYM, Lymphocytes, % 70.9+2.54 74.2+1.41 73.1+1.84 79.3£2.28*
MON, Monocytes, % 5.0£0.49 4.840.28 6.9+0.44 6.3+0.83
GRA, Granulocytes, % 24.1+2.18 20.941.18 20.1+1.98 14.4+1.68*
RBC, Erythrocyte, 10%?/I 7.610.21 7.4+0.08 7.610.12 7.0+0.41
HGB, Hemoglobin, g/I 153.5+£1.95 148.1+1.36 149.1+2.81 137.9+8.18
HCT, Hematocrit, % 42.0£0.60 40.4+0.35 41.3+0.55 38.5+1.79
PLT, Platelets, 10%/I 748.0+30.84 865.3+47.25 969.9+40.58* 989.5+57.61%*

Note: * — p <0.05, statistically significant differences from the control group (one-way ANOVA, Tukey’s test)

Table 10 — Effect of tested drug on haemotology of the female rabbits
on the 28" day of the experiment, M*SEM, n = 8

. o VMU-2012-05
Investigated indicators Control

4 mg/kg 20 mg/kg 40 mg/kg

WBC, Leukocytes, 10%/I 7.2+0.29 7.6£0.60 6.5+0.51 7.910.46
LYM, Lymphocytes, % 61.1+1.54 61.1+2.19 67.6+1.72 67.9+2.54*

MON, Monocytes, % 3.1+0.25 3.2+0.17 2.6+0.18 3.1+0.15
GRA, Granulocytes, % 35.9+1.61 35.7+2.19 29.5+1.48 29.242.50

RBC, Erythrocyte, 10%%/I 6.1+0.15 6.2+0.25 5.9+0.21 6.0£0.11
HGB Hemoglobin, g/I 130.9+2.33 133.4+5.98 126.9+3.42 127.6+2.38

HCT Hematocrit, % 43.51£0.64 43.2+1.41 43.0+£1.04 43.3+0.82
PLT Platelets, 10%/I 302.5+£17.76 320.3£30.74 289.0+22.75 304.4+32.31

Note: * — p <0.05, statistically significant differences from the control group (one-way ANOVA, Tukey’s test)
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Table 11 — Results of prothrombin time (PT) determination in rats, s, M * SEM

Groups Dose, 30t day of experiment 90" day of experiment 120" day of experiment
mg/kg Males Females Males Females Males Females
21.6+0.37 22.7+0.16 18.4+0.25 20.0£0.35 17.3+0.27 17.6+0.27
Control 0
n=8 n=8 n=8 n=8 n=8 n=8
21.8+0.19 22.610.31 17.7+0.41 18.8+0.45 18.0+£0.50 16.91£0.68
9
n=8 n=8 n=8 n=8 n=8 n=8
VMU-2012-05 45 21.4+0.50 22.3+0.51 17.4+0.73 19.0+0.28 18.3+0.86 16.0+0.40
n=8 n=8 n=8 n=8 n=7 n=8
22.51+0.19 20.0+£0.96* 17.3+0.54 19.8+0.41 20.1+0.72* 16.1+0.43
90
n=8 n=8 n=7 n=8 n=7 n=8

Note: * — statistically significant differences from the control group, Tukey’s test, p <0.05

Table 12 — Results of prothrombin time (PT) determination in rabbits, s, M + SEM

Dose 28" day of experiment 56" day of experiment
Groups mg/klg Males Females Males Females
n=8 n=8 n=4 n=4
Control 0 8.3+0.17 8.7+0.37 8.6+0.25 8.5+0.08
4 8.1+0.20 7.910.26 8.0+0.18 8.0+0.16
VMU-2012-05 20 7.4+0.17* 7.5+£0.14 8.3+0.20 8.1+0.19
40 7.5+0.13* 7.2+0.42* 7.9+0.05 7.7£0.12*

Note: * — statistically significant differences from the control group, Tukey’s test, p <0.05

Table 13 — Results of determination of activated partial thromboplastin time (APTT)
inrats, s, M £ SEM

G Dose, 30t day of experiment 90" day of experiment 120t day of experiment
roups

P mg/kg Males Females Males Females Males Females
Control 0 16.2+0.67 n=8 17.6£0.89 n=8 12.840.42 n=8 13.3+0.94n=8 12.240.33n=8 14.2+1.06 n=8

9 13.840.66 n=8 15.5#1.65n=8 12.7#0.47 n=8 16.2+0.51* n=8 13.7#1.05n=8 12.3+0.50 n=8
VMU-2012-05 45 13.8+0.43 n=8 18.8+0.85n=8 12.840.65n=8 14.5+0.72n=8 13.5+0.76 n=8 12.2+0.30 n=8
90 16.940.75n=8 17.740.62 n=8 15.4+0.92* n=7 16.2+0.33* n=8 13.0+0.62 n=7 12.1+0.57 n=8

Note: * — statistically significant differences from the control group, Tukey’s test, p <0.05

Table 14 — Results of determination of activated partial thromboplastin time (APTT) in rabbits, s, M + SEM

28" day of experiment 56 day of experiment
Dose,
Groups Males Females Males Females
mg/kg
n=8 n=8 n=4 n=4

Groups 0 15.2+0.35 15.6+0.44 18.5+£0.69 18.4+0.47

4 15.1+0.72 16.8+0.61 16.9+1.16 17.4+0.51

VMU-2012-05 20 16.1+0.72 17.2+1.04 17.74£1.36 15.7+0.63*

40 17.1+0.87 17.0+0.78 16.8+1.08 15.7+0.59*

Note: * — statistically significant differences from the control group, Tukey’s test, p <0.05.

Table 15 - VMU-2012-05 effect on biochemical parameters of rat blood, M*SEM, n = 8 #

ALT, u/I AST, u/I AP, u/l
Dose, "
Sex Day of experiment
mg/kg
30 91 121 30 91 121 30 91 121
Males 0 42+3.4 66+3.3 57+2.5 94+7.9 103+8.0 128+8.7 124+14.8 152+11.3 11349,4
Females 0 36+5.1 57+5.0 53+2.9 86+2.2 115+4.0 13915.6 96+7.1 134+12.0 100+4,6
Males 9 42+4.2 67+2.7 61+4.1 83,9+8.07 107+6.8 135+6.5 111+14.8 153+12.6 12049,1
Females 9 32+2.0 56+3.8 55+7.5 95+3.6 112+5.5 135+7.3 92+12.3 125+19.3 92+49,9

Males 45 4316.5 62+5.3 60+5.7 98+10.4  108+6.7  13447.5 106+7.2 159+12.9 139+11,0
Females 45 31+2.5 6215.0 50+4.6 91+4.8 98+4.8  131+10.8 117+13.1 1444124  91+7,7

Males 90 40+4.3 52+2.7 57+2.9 76%3.3 107+7.5  134#9.9  116#8.7 103+12.7* 12247,0
Females 90 39454 65+4.0 52+3.3 118+14.0* 112+4.6  148+49 103+13.5 155+14.6 87#4,5

Note: * — p <0.05, statistically significant differences from the control group, (one-way analysis of variance, Tukey’s test); # — n=7 (males,
90 mg/kg group, 91*and 121 days; males, 45 mg/kg group, 121 day)
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Table 16 — VMU-2012-05 effect on biochemical parameters of rabbit blood, M+SEM

ALT, u/I AST, u/l AP, u/l
Dose, Day of experiment
Sex
mg/kg 28 56 28 56 28 56
n=8 n=4 n=8 n=4 n=8 n=4

Females 0 50+6.1 54+8.9 34+4.4 34+14.0 126+5.0 130+4.0

Females 4 47+4.5 54+10.2 38+9.5 46+10.1 131+5.7 109+6.9

Females 20 49+4.9 561+3.7 34+4.5 35+7.9 142+4.7 116+8.5

Females 40 49+4.6 52+2.9 32+7.1 67+26.7 152+5.1* 130+9.9

Note: * — p <0.05, statistically significant differences from the control group, (one-way analysis of variance, Tukey’s test)

Table 17 - VMU-2012-05 effect on the ralative organ weight in male rats, 91 day of the experiment,
% of body weight, M+SEM

Control VMU-2012-05
Investigated indicators 9 mg/kg 45 mg/kg 90 mg/kg
n=8 n=8 n=8 =7

Kidneis 0.76+0.029 0.82+0.020 0.73+0.031 0.65+0.010*

Note: * — p <0.05, statistically significant differences from the control group (one-way analysis of variance, Tukey’s test)

Figure 1 — Section of the testis of a male rat of the Figure 2 — Liver cross section of a male rat from
group receiving the drug at a dose of 45 mg/kg, 91 the group administrated with the drug at the dose
day of the experiment of 90 mg/kg, 91 day of the experiment
Note: hypoplasia of spermatogenic epithelium. Coloring — Note: Small-drop adipose degeneration of hepatocytes. Coloring —
hematoxylin-eosin, magnificationx100 hematoxylin-eosin, magnificationx200

Figure 3 — Liver cross section of a female rat of the group administrated with the drug at the dose of 90 mg/kg,
recovery period, 121 day of the experiment
Note: presumably apoptotic changes in hepatocytes (arrows). Coloring — hematoxylin-eosin, magnificationx200
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The results of the biochemical blood test showed
that against the background of the test drug administra-
tion to female rats at the maximum dose, on the 30th day
of the experiment, the level of the AST activity increased
(by 40% compared with the control group; the tenden-
cy that did not reach its statistical significance) (Table
15). A similar tendency (not statistically significant) was
observed in male rabbits on the 28th day of the exper-
iment: the AST activity level exceeded the indicators of
the control group by 60% (Table 16). On the 28™ day of
the experiment, an increased level of alkaline phospha-
tase activity was notified in female rabbits administrated
with the drug in medium and maximum doses, in com-
parison with the intralaboratory norms (15-140 u/I) and
/ or with the control group. Within the recovery period,
the tested drug had no effect on the biochemical param-
eters of the laboratory animals’ blood.

The results of the pathomorphological

examination

Edema and hemorrhagic impregnation of the lung
tissue, edema and moderate plethora of the cerebral
vessels, as well as plethora of internal organs were
recorded in necropsy of 3 male rats that had died be-
fore the planned euthanasia. An acute heart failure
was the immediate cause of death in this group of an-
imals.

In the process of histological examination, immedi-
ately after the end of the administration period at the
maximum studied dose of 90 mg/kg, alveolar histiocyto-
sis and encapsulated foci with foreign bodies in the lung
tissue were revealed in two rats. A similar pathological
change was found in one case after a recovery period
in the medium dose group. The detected changes were
probably due to the ingress of drug microparticles into
the lung tissue, and, accordingly, were not directly relat-
ed to its toxic effect.

On the 91° day of the experiment, hypoplasia of the
spermatogenic epithelium was found out in two male
rats from the groups administrated with VMU-2012-05
at the doses of 45 mg/kg and 90 mg/kg. In the same
groups, the similar changes were found out in two males
after a delayed observation period (Fig. 1).

In the group of rats administrated with the maxi-
mum dose, immediately after the end of the administra-
tion period, one case of small-drop hepatic steatosis was
found out (Fig. 2). At the end of the recovery period, one
female of the group administrated with VMU-2012-05
at the dose of 90 mg/kg showed presumably apoptotic
changes in hepatocytes (Fig. 3). Small-drop hepatic ste-
atosis was found out in three animals of this group.

Tom 9, Buinyck 3, 2021

In male rats, on the 91t day, immediately after the
end of the administration period, a statistically signifi-
cant decrease in the relative weight of the liver, kidneys
and testes was revealed in the group administrated
with the test drug at the dose of 90 mg/kg, compared
with the control group (Table 17). After a recovery pe-
riod, no differences from the control group were ob-
served.

In female rats and in rabbits of both sexes, the effect
of the test preparation on the relative organ weight, was
not recorded.

While assessing the local irritant effect according
to the results of histological examination on the 91st
day of the experiment, one case of catarrhal gastritis
was revealed in the group of male rats administrated
with the test drug at the dose of 90 mg/kg. No patho-
logical changes in the gastrointestinal tract were re-
vealed in rabbits. At the end of the recovery period,
no signs of local irritation were found in either rats or
rabbits.

DISCUSSION

The study results of the toxic VMU-2012-05 proper-
ties in its single and repeated enteral administrations in
mice, rats and rabbits, showed the following.

After the intragastric administration, the acute tox-
icity (LD,,) was > 2000 mg/kg. It should be notified that
according to preclinical studies, the drugs of a similar
pharmacological group (NNRTI) used in clinical practice,
have also moderate toxicity in single enteral adminis-
trations. As for efavirenz, the minimum lethal dose for
female rats ranged from 250 to 500 mg/kg, for males it
was 1000 mg/kg'°. In the experiments with nevirapine,
the animal mortality (mice, rats, dogs, monkeys) was not
reported in single enteral administrations in the dose
range from 50 to 450 mg/kg'*.

In repeated administrations, the toxic properties of
VMU-2012-05 were studied on two animal species — rats
and rabbits. During the experiment on rats, three rat
males died: two from the group of the maximum dose
(10 HTD), one from the intermediate dose (5 HTD). The
percentage of deaths was 4.7% of the total number of
the animals administrated with the drug at these doses.
Necropsy showed that acute heart failure had been the
cause for the animals’ death.

° product monograph. AURO-EFAVIRENZ. Efavirenzio Tablets, 600 mg.
Auro Pharma Inc. August 11, 2017. Available from: https://pdf.hres.ca/
dpd_pm/00040742.PDF

1 Product monograph. VIRAMUNE® (nevirapine). Immediate-Release
Tablets 200 mg. Extended-Release Tablets 400 mg. Control Number:
167894.2013. Boehringer Ingelheim (Canada) Ltd. Available from:
https://www.boehringer-ingelheim.ca/sites/ca/files/documents/vira-
munexrpmen.pdf
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Within the periods of VMU-2012-05 administra-
tion and recovery period, the state of all other animals
was characterized as satisfactory. In rabbits, no cases of
death were recorded during the experiment. Therefore,
it is not possible to unequivocally assert that the cause
for the animals’ death is directly related to the drug ef-
fect.

The results of clinical and laboratory studies re-
vealed a slight decrease in urine pH in the female rab-
bits of the maximum dose group (40 mg/kg). In the
rats of the maximum dose group, a decrease (no more
than 15% of the control group indicators) was notified
in the relative weight of the kidneys. No other changes
that could indicate a violation of the urinary system
functioning of rabbits and rats, were found out. These
observations are not considered essential for predict-
ing the clinical safety profile of the drug. During pre-
clinical studies, for a number of drugs NNRTI a nega-
tive effect on the kidneys was revealed. In studies of
rilpivirine, kidney toxicity has been found out in mice
and dogs'?. Nephrotoxicity was one of the main tox-
ic effects of efavirenz in rats, with necrosis of the re-
nal cortex, dilatation and degeneration of the tubules
leading to the development of renal failure. At high
doses (more than 500 mg/kg), the animals’ death was
caused by acute necrosis of the renal tubules. Mean-
while, no toxic effect of efavirenz on the kidneys was
revealed in monkeys, despite the achievement of a
systemic exposure exceeding that in rats. Later, it was
shown that nephrotoxicity detected in rats is a conse-
qguence of the formation of glutathione conjugate efa-
virenz in this animal species, which made it possible
to consider this effect as species-specific®. According
to the results of the toxic properties study, the kid-
neys are not the target of nevirapine toxic action.
According to the results of the study carried out on
two types of laboratory animals, it is also justified for
VMU-2012-05.

Evaluation of the results of a clinical blood test
showed a moderate effect on the leukogram and plate-
let count of the rats. It should be notified that, accord-
ing to the results of preclinical studies, the hematopoi-
etic system is the target of the toxic effect of nevirapine

2 product monograph including patient medication information
Predurant® Rilpivirine as rilpivirine hydrochloride Tablets, 25 mg Oral.
Janssen Inc. Submission Control No: 223865. 2019. Available from:
https://pdf.hres.ca/dpd_pm/00050300.PDF

13 Productmonograph. AURO-EFAVIRENZ. Efavirenz Tablets, 600 mg.

1 Product monograph. VIRAMUNE® (nevirapine).
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is used in clinical practice®. In preclinical studies of
rilpivirine, a toxic effect on the hematopoietic system
in mice, rats and dogs has also been established . In
clinical practice, among the side effects of nevirapine
(according to the post-registration studies), there is
a drug reaction with eosinophilia and systemic symp-
toms such as rash, fever, arthralgia, myalgia, etc.'’. As
a result of intaking etravirine, the following side effects
can be observed: thrombocytopenia, anemia, and a
decrease in the number of neutrophils 8. In preclinical
VMU-2012-05 studies, moderate changes based on the
results of a clinical blood test were revealed, but tak-
ing into account the experience of clinical use of drugs
with a similar spectrum of action, when planning fur-
ther preclinical and clinical studies, it is necessary to
take into account the potential impact on hematologi-
cal parameters.

VMU-2012-05 had an effect on the functional activ-
ity of the liver (an increase in AST activity, a decrease in
the relative weight of the liver in male rats of the max-
imum dose group, the presence of small-drop hepatic
steatosis in 13% of rats in the maximum dose group, in
one female (3.3% of the total number of animals) re-
vealed presumably apoptotic changes in hepatocytes.

The experience of clinical use has shown that all
NRTIs can provoke an increase in the level of trans-
aminases, which may not be accompanied by clinical
manifestations of hepatitis [23]. For example, against
the background of efavirenz, an increase in AST and ALT
activities more than 5 times higher than the upper limit
of the norm was observed in 3% of 1008 patients tak-
ing efavirenz at the dose of 600 mg per day (5-8% with
long-term antiretroviral therapy with efavirenz). A simi-
lar increase was observed in the control group (5% with
long-term antiretroviral therapy without efavirenz)®.
In preclinical studies of efavirenz, an increase in the in-
cidence of fibrosis of the liver bile ducts in rats in mul-
tiple administrations at the doses of 500 mg/kg (about
10 HTD) and higher was found out, which was often
associated with hyperplasia of the bile ducts. Changes

5 Product monograph. VIRAMUNE® (nevirapine).

% Product monograph including patient medication information
Predurant® Rilpivirine as Rilpivirine hydrochloride.

7 Nevirapine. Instructions for medical use. LP-005197-191118. Avail-
able from: https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGu-
id=1167f0bc-0600-499f-8b2f-9ab9366bdf5f&t. Russian

8 Intellens. Instructions for medical use. LP-006200-120520. Available
from: https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=2a
18740e-fedc-4b6e-9680-a6a696993281&t. Russian

¥ Efavirenz. Instructions for medical use LP-005142-251018. Avail-
able from: https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGu-
id=71eecdb2-b233-4f11-8cf2-27¢5245b9479&t. Russian
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in the bile ducts were also found out in monkeys (at
the doses of 150 mg/kg), while no biochemical signs
of cholestasis were observed. Preclinical studies in rats
and dogs have shown that the liver is a target organ for
the toxic effects of nevirapine?. According to the ex-
perience of clinical use from the NNRTI group, it is for
this drug that hepatotoxicity is most characteristic. The
toxic effect on the liver can develop throughout the
course of therapy and is usually most pronounced in
the patients infected with hepatitis viruses in addition
to HIV [23]. Considering the moderate effect of VMU-
2012-05 on the functional activity of the liver, revealed
in preclinical studies, the appearance of side effects
in relation to the liver function cannot be excluded in
case of a prolonged clinical administration of the drug.
Herewith, the available experimental data do not make
it possible to predict a greater severity of such effects
relative to the effects of NNRTI already used in clinical
practice.

When studying the toxic properties of VMU-2012-
05, the presence of hypoplasia of the spermatogenic
epithelium was found out in 12-14% of males from
the groups administrated with the drug at medium
and maximum doses. In male rats, on the 91 day,
immediately after the end of the administration pe-
riod, a decrease in the relative weight of the testes in
the group with the maximum dose was manifested. In
rabbits, no effect on the organs of the male reproduc-
tive system was found out, but it should be borne in
mind that the duration of VMU-2012-05 administra-
tion to the rabbits was 28 days, while the rats were
administrated with the drug for 90 days. Although the
detected pathological change can occur spontaneous-
ly in rats [24], the absence of pathological changes
in the control group and in the groups administrat-
ed with the drug at the lowest dose suggests that
the revealed deviation may be due to the influence
of VMU-2012-05. It is possible that this change is a
species-specific reaction of rats to the drug. Further
research is needed to confirm (or refute) this assump-
tion. Since antiretroviral therapy is prescribed in the
clinic for a long time or even permanently, the next
step to study its toxic properties is to conduct studies
of a longer duration (6 months in rodents, 9 months
in non-rodents)?’.

20 product monograph. AURO-EFAVIRENZ.

2 National standard of the Russian Federation GOST R 56701-2015 dat-
ed 01.07.2016 “Medicines for medical use. Guidelines for the planning
of preclinical safety studies for the subsequent conduct of clinical trials
and drug registration”.
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An obligatory requirement for assessing the toxic
properties of a drug is an assessment of its local toler-
ance. In case of the enteral administration, the effect
of the drug on the organs and tissues of the gastroin-
testinal tract that are in direct contact with the drug,
is considered. When assessing the local irritant effect
according to the results of histological examination on
the 91% day of the experiment, one case of catarrhal
gastritis was found out in the group of the male rats ad-
ministrated with the test drug at the dose of 90 mg/kg.
With respect to the low frequency of occurrence (3.3%
of the total number of animals) of this pathological
change in the conditions of the experiment, as well as
the fact that such changes in the tissues of the stomach
can be considered a background pathology associated
with the route of administration [25], it can be conclud-
ed that that the drug in the studied dose range did not
have any local irritant effect. No pathological changes
in the gastrointestinal tract have been revealed in rab-
bits. The data obtained suggest that the drug is rela-
tively safe for the gastrointestinal tract when taken up
to 3 months.

CONCLUSION

A preclinical study of the toxic properties of the fin-
ished dosage form based on a pyrimidine derivative of
benzophenone for the treatment of the HIV-1 infection
in single and repeated administrations, was carried out.
The LD, of FDF in the intragastric administration is more
than 2000 mg/kg. In the course of the study of the toxic
properties in repeated administrations, the level of the
doses that do not cause undesirable effects (NOAEL)
has been established. For rats it is 9 mg/kg (1 HTD), for
rabbits — 4 mg/kg (1 HTD). The drug influenced the liver
functional activity. A study on rats showed a toxic effect
on the organs of the male reproductive system (hypopla-
sia of the spermatogenic epithelium). The assessment of
the local irritant effect has not reveal any negative effect
on the gastrointestinal tract. In general, VMU-2012-05
has shown a favorable safety profile, not inferior to the
drugs of a similar pharmacological group used in the
clinic, and can be considered a promising drug candidate
for the treatment of the HIV-1 infection. Since antiretro-
viral therapy is prescribed in clinical practice for a long
time or permanently, the next step for a more detailed
and complete study of toxic properties is to conduct pre-
clinical studies of toxic properties with a longer period of
the drug administration (6 months in rodents, 9 months
in non-rodents).
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A high prevalence of thrombotic disorders, insufficient effectiveness or safety of antithrombotic therapy is an urgent prob-
lem of modern healthcare. The main means of preventing thrombosis is acetylsalicylic acid. Despite its long history, aspirin
attracts researchers in the fields of medicinal chemistry, biology, and medicine. The development of new antiplatelet agents,
including chemical modification of the acetylsalicylic acid molecule, remains relevant. Modification of the acetylsalicylic
acid molecule using amino acids and obtaining their salt forms makes it possible to maintain antiplatelet or antithrombotic
properties, as well as to impart additional pharmacodynamic effects. In modern science, a lot of attention is paid to the
sulfur-containing amino acid taurine. An analysis of modern scientific literature revealed the protective effect of taurine in
diabetes mellitus and cardiovascular diseases, liver dysfunction, gastrointestinal tract, and kidney diseases.

The aim of the article is to study synthesis of new compounds, determination of their physical characteristics and assessment
of their antiplatelet and antithrombotic activities in vitro and in vivo.

Materials and methods. To confirm the structure of the synthesized new derivatives of hydroxybenzoic acids with a taurine
fragment by the acelation method, thin layer chromatography and NMR spectra were used. In vitro studies were carried out
on the model of ADP-induced platelet aggregation according to the Born G. methods modified by V.A. Gabbasov. In vivo,
the studies were carried out on the model of arterial thrombosis induced by the application of iron chloride in the following
groups of animals: intact, with experimental diabetes mellitus and three-year-olds; the rate of bleeding from the tail vein was
also evaluated.

Results. New compounds — derivatives of ortho-, meta- and para-hydroxybenzoic acids with a taurine residue — were synthe-
sized. A procedure for the preparation of N-hydroxybenzoyl taurine compounds and their salt forms have been described;
their spectral characteristics and melting points have been determined. The synthesized compounds are superior to ace-
tylsalicylic acid in solubility and are not inferior to it in antiplatelet and antithrombotic activities. The results of the in vitro
antiplatelet activity assessment in a wide concentration range from 10*M to 10%M, are presented. It has been revealed
that the dipotassium salt of N-(2-hydroxybenzoyl)taurine exhibits a less antiplatelet activity than the dipotassium salt of
N-(3-hydroxybenzoyl)taurine. The most pronounced antiplatelet activity is exhibited by the compound N-(4-hydroxybenzoyl)
taurine. In in vivo experiments on the model of arterial thrombosis in 3-year-olds or animals with experimental diabetes
mellitus, carotid artery thrombosis occurred faster than in young or intact animals. A single preliminary oral administration
of the test compounds prolonged the time of the thrombus formation, which makes it possible to conclude that they have an
antithrombotic effect. In this study, the dipotassium salt of N-(3-hydroxybenzoyl)taurine exhibits a more pronounced activity
than that of acetylsalicylic acid.

Conclusion. Against the background of the modeled pathologies, the studied drugs showed the expected antithrombotic
activity, in terms of the severity not inferior to that found in acetylsalicylic acid.

Keywords: antiplatelet agents; antiplatelet activity; antithrombotic activity; acetylsalicylic acid; platelet aggregation; taurine
Abbreviations: ESC — European Society of Cardiology; DMSO-d, — dimethyl sulfoxide-d6; GAPDH — glyceraldehyde-3-phos-
phate dehydrogenase (glyceraldehyde-3-phosphate dehydrogenase); HUVECs — Human Umbilical Vein Endothelial Cells (hu-
man endothelial cells); ADP — adenosine diphosphoric acid; ASA — acetylsalicylic acid; ROS — reactive oxygen species; NSAIDs
— non-steroidal anti-inflammatory drugs; DM — diabetes mellitus; CVD — cardiovascular disease; COX — cyclooxygenase; Gl
tract — gastrointestinal tract
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activities of new derivatives of hydroxybenzoic acids with tauric fragment. Pharmacy & Pharmacology. 2021;9(3):222-234. DOI: 10.19163/2307-
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BblCOKan pacnpocTpaHeHHOCTb TPOMBOTUYECKMX HApYLUEHWUW, HeaocTaTouyHaa 3GGEKTUBHOCTb MAM 6e30MacHOCTb aHTK-
TPOMBOTUYECKOW Tepanuu ABASETCA aKTyasbHOW Npobnemolt coBpemMeHHOro 34paBooxpaHeHua. OCHOBHbIM CPeacTBOM
NpodUNaKTUKM TPOMBO3a ABNAETCA aLEeTUACANNLMAOBAA KUCAOT. HECMOTPA Ha MHOTONETHEI0 UCTOPUIO acNMUPUH NpuUBae-
KaeT uccnenosateneit B 061actu MeanLMHCKOW XMMUK, BUONOTUN U MeaULMHBI. PazpaboTka HOBbIX aHTUArperaHTos, B TOM
4Yncie U XMMUYEeCcKon moanduKaLmMein MoeKy/bl aueTUACAIULNIOBON KUCAOTbl OCTAaeTCa akTyasbHoOW. Moandukauma mo-
NIeKy/bl aLLleTUACANNLMA0BAA KMCOT C UCNO/b30BaHMEM aMUHOKUCIOT U NONYYEHUEM UX CONEBBIX GOPM, NMO3BOJIAET COXPa-
HATb aHTUArPeraHTHbIE UAN AHTUTPOMBOTUYECKME CBOMCTBA, a TaK¥Ke COOBLLUTb AONONHUTENbHbIE hapMaKoAMHAMUYECKME
3ddeKTbl. B coBpeMeHHON HayKe yaensercs HeMaso BHUMaHUA CepoCcoAep Kallel aMMHOKMCAOTEe TaypuH. MNpu aHanuse
COBPEMEHHOW Hay4HOW ITepaTypbl 06HaAPYKEHO NPOTEKTUBHOE AENCTBME TaypuUHa NpM caxapHoM aAnabeTe u cepaeyHo-co-
CyANUCTbIX 3a60N1eBaHUAX, AUCHYHKLMM NEYEHU, KENYA0UYHO-KULLIEYHOTO TPaKTa, 3a601eBaHMUAX NOYEK.

Llenb. CHTE3 HOBbIX COEANHEHUI, OonpeaeneHne nux GU3NYECKUX XapaKTEPUCTUK U OLLEHKA aHTUArperaHTHOM U aHTUTPOM-
H60TUYECKON aKTUBHOCTW in Vitro v in vivo.

Matepuanbl U meTtoabl. [11A NOATBEPXKAEHUA CTPYKTYPbl, CUHTE3MPOBAHHbIX HOBbIX MPOU3BOAHbLIX MMAPOKCUBEH30MHbIX
KWUCNOT C TaypMHOBbIM GpParMeHTOM METOAOM aLeIMpOBaHUA, UCNO/b30Ba N TOHKOC/IONHIO XpomaTorpaduio, AMP cnek-
Tpbl. MccnepgoBaHus in vitro npoBoanaun Ha mogenu AAP-uHAyLMpPOBaHHOW arperaLMm TpPOMb6OUUTOB No meToauKke Born G. B
moaudurKkaumm fabbacosa B.A. MiccnenoBaHua in vivo NpoBOAWAM Ha MOAENWN apTepuanbHOro Tpomb0o3a, MHAYLMPOBAHHOMO
annanKaumnen X10pMAOM Kenesa Ha Ceaytowmx rpynmnax }KUBOTHbIX: MHTAKTHbIE, C SKCMePUMEHTA/IbHbIM CaxapHbiM guabe-
TOM U TPEX roA0Basble, TaK Ke bblna NPoBeAeHa OLeHEeHa CKOPOCTb KPOBOTEYEHWA 13 XBOCTOBOW BEHbI.

Pe3ynbratbl. BblIM CUHTE3UPOBAHbI HOBblE COEAMHEHUA, NpeacTaBasowme coboit NPOn3BoAHbIE OPTO-, METa- U Napa-ru-
OPOKCMBEH30MHbIX KUC/IOT C OCTaTKOM TaypuHa. OnucaHa MeToamKa nosyyeHna coegmHeHnii N-rugpokcmbeHsonn TaypuHa
1 UX conesblx Gopm, onpeaesieHbl CNEKTPaibHble XapaKTEPUCTUKN U TeMmrepaTypa naasneHua. CUHTE3UpOBaHHbIe coeau-
HEHMA NO PACTBOPMMOCTM NPEBOCXOAAT aLETUICANLNIOBYIO KUCOTY, HE YCTYNAtoT el B aHTUArperaHTHoM U aHTUTpom6bo-
TUYECKON aKTUBHOCTU. [peacTaBneHbl pe3yabTaTbl OLEHKU aHTUArPeraHTHOM aKTUMBHOCTM in Vitro B LUMPOKOM AMana3oHe
KoHUeHTpauuit ot 10“M go 10°M. BbisiBneHo, 4To AnKanuesas conb N-(2-ruapoKkcmbeH3ons)TaypmHa NposBasSET MEHbLLYHO
AHTUArperaHTHyH aKTMBHOCTb, YeM AMKanmesas conb N-(3-rugpokcmbeHsonn)taypuHa. Hanbonee BblparkeHHyO aHTMarpe-
FaHTHYIO aKTMBHOCTb MPOABAAET coeguHeHne N-(4-rmapokcmbeHsonn)taypuH. B akcnepumeHTax in vivo Ha mogenu apre-
puanbHOro Tpom603a y 3-1eTHUX UMW KMUBOTHBIX C IKCMEPUMEHTA/IbHBIM CaxapHbiM AMabeTom, TPOMB03 COHHOM apTepun
npoucxoaun bbicTpee, Yem y MONOAbIX AU UHTAKTHbIX. OL4HOKpaTHOE NpeaBapuTebHOEe NepopasibHoe BBeAEHUE uccie-
OYEeMbIX COeAMHEHUI NPOAOHIMPOBANo BpemMa obpa3oBaHMsa Tpomba, YTO NO3BOAAET CAENATb 3aK/IOYEeHWe O Hauuuu y
HUX aHTUTpoMbBOTMYecKoro aencteus. Aukanvesas conb N-(3-ruapokcnbeHsonn)taypmHa B NpoBegEHHOM MCCAea0BaHUK
nponAsnfeT 6onee BbIPAXKEHHYIO YEM Y aLETUACANULUAOBON KUCIOTbI aKTUBHOCTb.

3aknoueHue. Ha ¢doHe mogennpyembix NaToNornin, uccaeayemble npenapatbl NPOABUAN OXUAAEMYIO aHTUTPOMBOTUYE-
CKYI0 aKTMBHOCTb, MO BbIPA)*KEHHOCTU He YCTYNatoLLYyH BbIABAEHHOMW Y aLEeTUACaNLNIOBOMN KUCIOTbI.

KntoueBble cnoBa: aHTMArperaHTbl; aHTMarperaHTHas akTMBHOCTb; aHTUTPOMBOTUYECKAsA aKTUBHOCTb; aLLeTUICANINLMIOBARA
KMC/I0Ta; arperaumsa TOOMOOLUTOB; TaypuH

Cnucok coKkpaweHumit: ESC — eBponeickas accoumauma Kapanonoruu; DMSO-d6 — pumeTtuncynbporkeuna-dé6; GAPDH — rau-
uepanbaerng-3-pocodataernaporeHasa; HUVECs — sHAoTeNnanbHble KNeTku Yenoseka; AAP — ageHo3mHan audbochopHas
Kkucnota; ACK — auetuncannumnosasn kKnucnota; AOK — aktusHble popmbl Knucnopoaa; HIMBIM — HecTeponaHblie NpoTMBOBOCMA-
nuTenbHble npenapatbl; CO — caxapHbii anabeT; DCL — aKcnepuMeHTabHbI caxapHblit anabet; CC3 — cepaevyHo-cocyam-
cTble 3abonesaHuna; LOT — uuknooKkeureHasa; KT — KenyaouHO-KULWEYHbI TPaKT

INTRODUCTION [5]. For 70 years, the main aim of the European Society
Cardiovascular diseases occupy a leading positionin  of Cardiology (ESC) has been to improve the standards
mortality statistics in most developed countries [1-4]and  of diagnosis and treatment of cardiovascular diseases
are the main cause of death in most European countries ~ (CVDs), including the optimization of antiplatelet and
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antithrombotic therapy [6]. First of all, this is a decrease
in the number of thromboses, arising from the imbal-
ance in the hemostasis system, being the main cause
of strokes, myocardial infarction and limb amputations
[7, 8].

Cardiovascular diseases are the cause of mortality
for more than 50% of people in middle-income countries
and <30% of people in high-income countries [9]. The
observed difference arose due to the effective imple-
mentation of preventive measures and high-tech medi-
cal care, optimization of the use and improvement of the
drugs quality, which in conjunction led to a decrease in
mortality from CVDs [10].

The key factor determining the prognosis of most
diseases of the cardiovascular system is the problem
of the low efficiency of preventing arterial thrombosis.
Timely implementation of preventive measures increas-
es the life expectancy, improves its quality, and reduces
the cost of treatment and rehabilitation of patients.

Antiplatelet agents, suppressing the functional ac-
tivity of platelets, prevent intravascular hemocoagu-
lation; their use has been proven to reduce the risk of
thromboembolism in many socially significant diseases
[11].

Attempts to improve the pharmacodynamic or phar-
macokinetic properties of the known drugs are a com-
mon approach to the development of new ones.

Innovative pharmaceuticals should inhibit the func-
tional activity of platelets more effectively and safely
than the known antiplatelet agents and, at the same
time, exert pleiotropic effects. Acetylsalicylic acid, block-
ers of ADP — P2Y12 receptors (ticlopidine, clopidogrel,
prasugrel, ticangrelor, cangrelor), antagonists of glyco-
proteins llb/Illa have high efficacy and safety rates [12],
but at the same time, the problem of thrombotic compli-
cations has not been fully resolved.

Acetylsalicylic acid continues to be the most often
prescribed antiplatelet agent. A number of common dis-
eases such as diabetes mellitus, metabolic syndrome,
obesity are considered as independent factors of a high
risk of cardiovascular complications. In the latest recom-
mendations [13] on the primary prevention of athero-
sclerotic complications of diabetes mellitus (DM), low
doses of acetylsalicylic acid are indicated as a means of
basic therapy. This indicates the undeniable recognition
of this drug merits, its therapeutic margin and avail-
ability. Chemical modification of molecules with a pro-
nounced pharmacological activity continues to be one
of the methods of drug development. Derivatization of
the ASA molecule and the addition of amino acid taurine
to its structure, in conjunction with the production of
salt forms, makes it possible to enhance the antiplatelet
effect or reduce the severity of side effects, provide an
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additional pharmacological action, increase the efficien-
cy of synthesis and/or facilitate its production [14-16].
Throughout the history of the acetylsalicylic acid use,
and especially intensively in the last two decades, chem-
ists have been trying to modify its molecule in order
to impart new, mainly pharmacodynamic effects to it,
such as vasodilating, or the ability to generate reactive
oxygen species (ROS) in tumor cells, exhibit antibacteri-
al and antiproliferative and/or antitumor activities. So,
anhydride conjugates of aspirin with fatty acids pass
through cell membranes more easily, and cause a more
pronounced dose-dependent platelet aggregation. Aspi-
rin-lipid conjugates act by inhibiting the cyclooxygenase
(COX)-thromboxane synthase (TXAS) pathway. All conju-
gates are hydrolyzed up to the parent aspirin and fat-
ty acid molecules in a controlled manner. Aspirin-fatty
acid anhydrides have a greater bioavailability (the free
carboxyl group in aspirin remains an ionized species at
physiological pH and is poorly absorbed through cell
membranes) and an antiplatelet activity (one of the rea-
sons for creating a hybrid “codrug” is that the prodrug
aspirin-fatty acid- anhydride is hydrolyzed with the re-
lease of not one, but two active molecules, which inde-
pendently inhibit COX), and are less ulcerogenic [17].

Acetylsalicylic acid and analogs of short chain fatty
acids such as butyryl salicylic acid, exhibit a pronounced
antimicrobial activity against Salmonella Typhimurium.
[18].

The number of works revealing the antitumor ac-
tivity of non-steroidal anti-inflammatory drugs (NSAIDs)
and, in particular, ASA, continues to increase [19, 20].
Thus, aspirin derivatives based on cinnamaldehyde, are
being studied as a potential agents for the treatment of
colorectal cancer [21-23].

The inclusion of a metal ion in the acetylsalicylic acid
molecule can impart additional pharmacodynamic prop-
erties to it. That makes it possible to retain the ability
to inhibit COX. However, the ability to generate ROS by
the metal part of the conjugate appears, can help over-
come the resistance of tumor cells or microorganisms.
The development of ASA organometallic derivatives is
one of the areas of bioorganic chemistry and has be-
come a powerful alternative to traditional approaches
in the development of bioactive compounds [24]. For
example, new derivatives of aspirin, which include nitric
oxide (NO-aspirins) in their molecule, are safer in rela-
tion to the mucous membrane of the gastrointestinal
(GI) tract, and have pronounced cytotoxic effects in re-
lation to lung cancer [25]. IPA/NO-aspirins are prodrugs
that are safer and have more pronounced pharmaco-
dynamic effects, probably due to the improved cellular
uptake and delivery. The aspirin compounds containing
nitric oxide, were non-toxic to normal endothelial cells
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(HUVECs; do not affect viability up to 100 uM), but were
toxic to some cancer cell lines, indicating cancer-specific
sensitivity that holds promise for chemotherapy or che-
moprophylaxis. The selective cytotoxicity of prodrugs
based on NO-aspirin, may be associated with their effect
on the activity of the glycolytic protein GAPDH (the thiol
group of GAPDH is suppressed by HNO donors, which
are formed during the hydrolysis of IPA/NO-aspirin in
the body), the activity of which determines the rate of
glycolysis in tumor cells. The use of aspirin compounds
containing nitric oxide (IPA/NO-aspirin) increased the
function of murine cardiomyocytes in vivo. This confirms
that HNO donors are positive inotropic/lusitropic agents
and increase transients in the Ca® channels of cardio-
myocytes. Thus, prolonged forms of drugs containing
aspirin and HNO or NO can have a wide therapeutic use
as anti-inflammatory, antitumor, and cardioprotective
agents [26].

Taurine is an organic osmolyte involved in the reg-
ulation of cell metabolism and provides a substrate for
the formation of bile salts. It plays an important role in
modulating the concentration of intracellular free calci-
um, and although it is one of the amino acids not in-
cluded in proteins, taurine is one of the most abundant
amino acids in the brain, retina, muscle tissue and or-
gans [27]. A taurine derivative stimulates the formation
of less toxic amyloid-B fibrils, which leads to the preven-
tion of cognitive deficits in an acute experimental model
of Alzheimer’s disease in mice [28]. Taurine improves
insulin secretion and decreases insulin resistance. Tau-
rine treatment reduced the severity of oxidative stress in
the brain, diabetic hepatotoxicity, the severity of vascu-
lar diseases and heart traumas in diabetes [29, 30]. The
literature describes the effect of taurine supplementa-
tion on insulin resistance; the balance of iron, zinc and
copper; parameters of oxidative stress in control animals
and rats with a high-fat diet [31].

Thus, the synthesis and preclinical study of new de-
rivatives of hydroxybenzoic acids is a promising and ur-
gent problem for modern pharmacology.

THE AIM of the article is to synthesize new com-
pounds, determine their physical characteristics and
evaluate antiplatelet and antithrombotic activities in
vitro and in vivo.

MATERIALS AND METHODS

Synthesis and determination

of physical characteristics

The general procedure for the synthesis of dipotas-
sium salts of N-(hydroxybenzoyl)taurines had been de-
scribed in detail by the authors before [32, 33]. A solu-
tion of 2-aminoethanesulfonic acid(taurine) in 25.00 ml
of water was placed in a reactor equipped with a stirrer,
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and 6 N. sodium hydroxide solution. Hydroxybenzoic
acid chloride was added dropwise to the solution for 1.5
h under cooling. Then the reaction mixture was stirred
for another 1.5 h (under cooling), controlling the pH of
the medium (pH>7). The resulting mixture was poured
into ice and acidified with hydrochloric acid to pH =5,
the precipitated crystals were recrystallized from isopro-
panol, filtered and dried. The characteristics of the com-
pounds are presented in Table 1. Then, 100 mmol of po-
tassium ethylate, 100.00 ml of benzene and 50 mmol of
N-(hydroxybenzoyl) taurine were loaded into a 3-necked
reactor equipped with a stirrer, a reflux condenser and
a thermometer, and stirred at the temperature of 100°C
for 30 minutes. After cooling, the product was separated
by filtration, washed with a small amount of an alcoholic
alkali solution and dried.

Melting points were determined by the capillary
method on a Stuart SMP-30 device (Great Britain) at the
heating rate of 10°C/min. The purity and individuality of
the compounds were confirmed by thin-layer chroma-
tography on Silufol UV-254 plates, the mobile phase was
in an n-butanol:ethanol:water ratio of 5:2:1, the devel-
opment was in iodine vapor and UV light.

'H-NMR spectra of derivatives in DMSO-d, were
recorded on a Bruker DRX500 spectrometer (Bruker,
Germany) with the internal standard of hexamethyld-
isiloxane 500 MHz. The spectra were interpreted using
a licensed software product from Advanced Chemistry
Development Inc. by the trade name of ACD/HNMR Pre-
dictor Prov. 3.

The studied N-derivatives of taurine were synthe-
sized by the acylation reaction of taurine with an equim-
olar amount of 2-, 3-, or 4-hydroxybenzoic acid chloride.
Then hydroxybenzoyltaurines were converted into a wa-
ter-soluble form by obtaining dipotassium salts (Fig. 1).

In vitro studies

The study of the effect of substances on the func-
tional activity of platelets in vitro was carried out ac-
cording to the Born G. methods modified by V.A. Gab-
basov (1989) [34] on a two-channel laser analyzer of
platelet aggregation “Biola” 220LA (Russia). The studies
were carried out on platelet-rich rat plasma according
to the method described by V.A. Lyusov, Yu.B. Belousov
(1971) [35]. The blood was obtained from anesthetized
(chloral hydrate, 400 mg/kg, i.p., Organic, Russia) ani-
mals from the abdominal aorta [36], stabilized with a
3.8% sodium citrate solution (Reakhim, Russia) in the
ratio of 9:1, then centrifuged for 10 min at 1000 rpm
on a CM-6m centrifuge (ELMI, Latvia). The device was
calibrated using distilled water, according to the in-
structions, the light transmission of distilled water was
taken as 100%.
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To obtain a control sample, 300 uL of platelet-rich
plasma was added to the glass cuvette of the aggregom-
eter; after the recording of the aggregatogram had been
turned on, at the 10th second of the registration pro-
cess, ADP (Sigma Aldrich, USA) was added to the cu-
vette, at the final concentration of 5 uM [37].

To study the antiplatelet activity of the compounds
under study, 30 pl of the solution of the test sample at a
certain concentration was added to the cuvette with 270
ul of platelet-rich plasma. The sample was incubated in
thermostated cells of the aggregometer (at 37°C for 3
minutes), after which the sample was transferred to a
recording cell and the aggregatogram was recorded for
5 minutes.

Hydroxybenzoic acids derivatives and acetylsalicylic
acid (the reference drug) were studied in the concentra-
tion range of 10%-10%M.

In vivo studies

The compounds were administered intragastrically
once via a gastric tube. 60 minutes after the administra-
tion, the animals were anesthetized (chloral hydrate at
the dose of 400 mg/kg, intraperitoneally), the left com-
mon carotid artery was isolated, and the model of in-
travascular thrombosis was simulated [38]. Parafilm was
placed under the carotid artery. The blood flow velocity
in the carotid artery had been recorded by ultrasound
Doppler until it stopped completely as a result of throm-
bosis, initiated by applying a cotton swab moistened
with a 50% solution of iron (lll) chloride on the vessel.

To determine the bleeding time, the animal was cut
off 5 mm from the tip of the tail, which was then placed
in a flask with saline (t = 37°C) and the time until the end
of the bleeding was recorded [37, 39].

Study design

Pharmacological studies of compounds in in vitro
and in vivo models were performed according to the
study design (Fig. 2).

Statistical processing of results

Statistical analysis of the data obtained was per-
formed using the Microsoft Excel statistical software
package and the Prism 6.0 software (Graph Pad Software
Inc., USA). The data were presented as the arithmetic
mean and its mean error. The comparison of the mean
data of the independent samples with a normal distri-
bution of the variant in the data set (sample), was cal-
culated using the Student’s t-test. When the variant dis-
tribution in the sample was different from the normal,
the Mann-Whitney U-test (when comparing two groups)
and the Kruskal-Wallis test (when comparing more than
two groups) were used. A significant level of differences
was considered a probability of at least 95% (p <0.05).

Compliance with ethical standards
The experiments were carried out in accordance
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with the methodological guidelines and regulatory doc-
uments GOST ISO/IEC 17025-2009, GOST R ISO 5725-
2002 and the rules of laboratory practice for preclinical
studies in the Russian Federation in accordance with the
Principles of Good Laboratory Practice (GOST R 33044-
2014, 2015) and “On the approval of the rules of good
laboratory practice” (Ministry of Health of the Russian
Federation, Order No. 199n dated April 1, 2016), in com-
pliance with Directive 2010/63 / EU of the European Par-
liament and the Council of the European Union dated
September 22, 2010 on the protection of animals used
in scientific purposes.

On compliance with ethical standards, an expert
opinion from the Local Ethics Committee of Volgograd
State Medical University of the Ministry of Health of the
Russian Federation (registration number IRB 00005839
IORG 0004900 (OHRP)) was received.

The euthanasia of the animals was carried out in
compliance with the requirements set out in the “In-
ternational Recommendations for Biomedical Research
Using Animals” (1997). For 24 hours before the start of
the experiments, all the animals were in complete food
deprivation with a free access to water.

RESULTS AND DISCUSSION

The addition of compound C-60 (dipotassium salt
of N-(3-hydroxybenzoyl)taurine) to the blood plasma of
the laboratory animals at the concentrations of 107 and
108 M significantly reduces the degree of platelet aggre-
gation by 38% and 37% in comparison with the control
group of the animals, and by 19% and 26% compared
with the reference drug. The introduction of compound
C-61 (dipotassium salt of N-(4-hydroxybenzoyl)taurine)
into the platelet-rich blood plasma of the laboratory
animals in all the studied concentrations, reduces the
degree of platelet aggregation. At the concentrations
of 10* and 10° M, the degree of aggregation decreased
by 46% and 44% in comparison with the control group.
When the test compound was added to the platelet-rich
plasma at the concentrations of 10 and 107 M, the de-
gree of aggregation decreased by about 10 times. At the
concentration of 10®M, no statistically significant de-
crease in aggregation was observed.

A more pronounced antiplatelet effect of the stud-
ied compounds in comparison with ASA may be associat-
ed with the formation of a covalent bond of taurine with
thiol and thioether groups of atoms or disulfide bridges
in molecular targets. That had been justified for chlor-
aminic and chlorimine derivatives of taurine [40]. The
compound under the laboratory code of C-59-N-(2-hy-
droxybenzoyl)taurine showed its antiplatelet activity at
the level of the reference drug.

The addition of compounds C-60 and C-61 at the
concentrations of 10°-107 M to the blood plasma of
healthy laboratory animals to the maximum and more
pronounced than the reference preparation ASA, limited
the development of platelet aggregation. The addition
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of ASA had an antiplatelet effect only at the concentra-
tions of 10° and 10® M, which is confirmed by the results
of numerous studies of this drug.

Compounds C-59, C-60, and C-61 are, like ASA, de-
rivatives of hydroxybenzoic acids; therefore, there is a
reason to believe that the main mechanism of the an-
tiplatelet action is realized due to the irreversible in-
activation of cyclooxygenase-1 after acetylation of the
serine residue in the area of the active site. As a result,
the synthesis of thromboxane A, is blocked, and thus the
secondary activation of platelets is prevented [40].

The compounds under study are the salt form of hy-
droxybenzoic acids derivatives and contain potassium,
which does not only improve their solubility in water,
but also exhibits its own antiplatelet properties. These
data are consistent with the literature data [41].

When analyzing the data obtained (Fig. 3) in the
conducted experiments, it can be concluded that the
most pronounced antiplatelet effect in in vitro studies is
revealed by compound C-61, significantly superior to the
similar effect of acetylsalicylic acid.

One of the important factors determining the out-
comes of the cardiovascular system diseases, is the
problem of arterial thrombosis [42], which is inextricably
linked with the state of the hemostasis system. Throm-
bosis is often the cause of sudden death, myocardial
infarction, vascular complications of diabetes mellitus,
and limbs amputation. Therefore, the search and study
of the atrombogenic effect of potential antithrombotic
agents is relevant. Preclinical studies of the antithrom-
botic effect of new potential molecules should be eval-
uated not only in healthy and young animals, but also
in those simulated in the state as close as possible to
the clinical conditions of the antiplatelet administration.
In the work by JP Garner, the following was concluded:
if scientists want animal models to correspond to the
pathophysiology of human diseases and be equally sus-
ceptible to the effect of the tested drugs, then the exper-
iments should be performed on animals as if they were
carried out on humans [43]. In the present work, the
studies of the antithrombotic effect of new derivatives
of hydroxybenzoic acids were carried out on young and
healthy animals, elderly and healthy, elderly and with di-
abetes mellitus, which corresponds to a frequent clinical
situation in which therapy with such drugs is carried out.
The study of the antithrombotic activity of new deriva-
tives of hydroxybenzoic acids was carried out on a mod-
el of arterial thrombosis induced by the application of
a 50% solution of iron (lll) chloride to the carotid artery
of healthy animals, three-year-old (elderly) rats, and the
animals with experimental pathology (diabetes mellitus,
study of the bleeding time from the tail vein). The study
of the antithrombotic activity of new derivatives of hy-
droxybenzoic acids in a model of arterial thrombosis in-
duced by the application of a 50% solution of iron (lll)
chloride in healthy animals, was carried out.

In the control group of the animals, administrated
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with a solvent (saline), the average time of the complete
occlusion of the carotid artery was 14.8+0.77 minutes.

The reference drug, acetylsalicylic acid at the dose of
36 mg/kg, increased the occlusion time by 69% (p<0.05).

In comparison with the control group, the compounds
under study with a taurine residue under the laboratory
code of C-59 at the equimolar concentration with the ref-
erence drug, prolonged the time of thrombus formation by
61%. In this experimental model of thrombosis, compound
C-60 demonstrated an antithrombogenic activity and ex-
ceeded the reference drug by 3% in the time of complete
occlusion and in relation to the control group, by 73%
(p<0.05). The investigated compound C-61 increased the
time of vascular occlusion twice compared with the control
group (p<0.05), the data with the reference drug ASA did
not differ. The results are presented (Fig. 4).

Study of antithrombotic effect of hydroxybenzoic
acids new derivatives in model of arterial
thrombosis induced by application of 50% ferric
chloride solution in 3-year-old (elderly) animals

In 3-year-old (elderly) animals, the antithrombotic
effect of the compounds under study was assessed in
a single intragastric administration of the substances
shown in Fig. 5, to the rats.

The average time of complete occlusion of the ca-
rotid artery in the animals of the control group was
16.50+0.89 minutes. The reference drug, acetylsalicyl-
ic acid, in an effective therapeutic dose increased the
occlusion time to 20.14+0.55 minutes, which was 22%
longer than the control group of animals. The data are
statistically significant.

The compound C-60 at the dose of 18 mg/kg pro-
longed the time of thrombus formation to 20.67+1.20
minutes (p<0.05), which was 25% slower than in the group
that had received saline, and 3% slower than in the group
of the animals that had been administrated with the refer-
ence drug. When the compound C-61 was administered at
the dose of 23 mg/kg, the time of complete occlusion was
18.17+1.56 minutes, which was 10% slower compared to
the control group, and 10% slower than the group adminis-
tered with the reference drug.

Thus, in the model of arterial thrombosis of the ca-
rotid artery of 3-year-old (elderly) rats, compound C-60
demonstrated the antithrombotic effect; complete oc-
clusion of the carotid artery proceeded slower than ef-
fected by acetylsalicylic acid.

Study of platelet effect of leading compounds

in model of arterial thrombosis in animals

with experimental diabetes mellitus

The antithrombogenic effect of the most active
compounds (C-60, C-61) was studied in the animals with
streptozotocin-nicotinamide-induced diabetes mellitus.

As a result of the experiment, it was revealed that
in the control group of animals, thrombus formation oc-
curred at the 10.3th+0.78 minutes (Fig. 6).
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Table 1 — Characteristics of obtained N-(hydroxybenzoyl)-substituted taurines N-(4-hydroxybenzoyl)taurine

Efficienc Melting
Compound X % Y point, Rf* 1H-NMR spectra (DMSO-d6), §, ppm
(]
°C

. o 6.88-7.78 (4H, m, C,H,), 8.03-8.05 (1H, m, NH), 10.70
N-(2-hydroxybenzoyl)taurine  2-OH 63.5 158-160 0.664 (1H, ¢, OH and SO,0H), 2.78-3.60 (4 H, m, C,H,)

) . 6.95-7.33 (4H, m, C_H,), 7.50-7.83 (1H, m, NH), 9.81
N-(3-hydroxybenzoyl)taurine  3-OH 63.8 199-201 0.636 (1H, ¢, OH and SO,OH), 2.67-3.02 (4 H, m, C,H,)
N-(d-hydroxybenzoylftaurine 4-OH 642  204-206 0,753 O70 77> (4, M, CH,), 7.96-8.23 (1H, m, NH), 10.19

(1H, c,

OH and SO,0H), 2.23-3.34 (4 H, m, C,H,)

cl

H,N(CH ,),SO ,H

HO — HO

0

[l
O\ NH\/\/S/\OH O\ NH\/\ISI\O—K
o) 0
C,H,0K
—— > KO

Figure 1 — Taurine acylation reaction

Determination of antiplatelet properties of new derivatives
of hydroxybenzoic acids with a taurine fragment

A 4

Determination of antiplatelet properties of new derivatives of hydroxybenzoic
acids with a taurine fragment

/\

In vivo

In vitro

|

Effect of studied compounds on ADP-induced platelet
aggregation.

Arterial blood was collected from the abdominal aorta,
stabilized with sodium nitrate (9: 1), ADP (5 um) was
added to platelet-rich plasma (the whole blood was
centrifuged 1000 rpm for 10 minutes), the rate of
aggregation and the size of aggregates were
determined on an automatic Biola agrometer

Intact

Determination of the compounds effect on the antithrombotic function of
the endothelium (the thrombosis was initiated by application of the carotid
artery with 50% Fe CI3 solution)

!

Determination of the compounds effect on bleeding time in animals with EDM.

Animals:

In vitro (N230):

Intact male rats, 200-220 g
In vivo (N2168):

¢ Intact male rats, 200-220 g

Male rats, 350-400 g, 3 years old

Intact male rats, 200-220 g, with experimental diabetes mellitus

Test substances:
C-59-N-(2-hydroxybenzoyl)taurine
C-60-N-(3-hydroxybenzoyl)taurine
C-61-N-(4- hydroxybenzoyl)taurine
ASA-2-hydroxybenzoic acid

Anaesthesia:
Chloral hydrate 400 mg/kg, intraperitoneally
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of ADP-induced platelet aggregation in vitro
Note: A — antiplatelet activity of compound C-59; B — antiplatelet activity of compound C-60; C — antiplatelet activity
of compound C-61; D — the combined scheme of the investigated compounds, reference preparation and control; * — p<0.05;
** — p<0.01 changes are statistically significant in relation to the control Student’s test with Bonferroni correction.
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compound; D — dynamics of thrombus formation of the C-60 compound; E — dynamics of thrombus formation of the C-61 compound;

* — p <0.05 changes are statistically significant in relation to the control Student’s test with Bonferroni correction
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Note: A — dynamics of thrombus formation of the C-60 compound; Al is the time of complete occlusion of vessels of test compounds, reference
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In an effective therapeutic dose, acetylsalicylic acid
prolonged the time of complete occlusion to 17.0+1.36
minutes, which exceeded the indicators of the control
group by 65%.

Compound C-60 at the dose of 18 mg/kg significantly
prolonged the time of thrombus formation to 26.3+0.94
min, which was 156% slower relative to the control values
and 55% slower relative to the group of the animals admin-
istered with the reference drug (p <0,01).

In the rats’ group, which were administered with
compound C-61 at the dose of 23 mg/kg per os, the time
of complete occlusion of the carotid artery was 19.9 +
1.18 minutes, which was 93% slower than in the control
group (p <0.01) and 17% slower than in the group of the
animals administered with the reference drug.

Thus, in the single oral administration to the animals
with experimental diabetes mellitus in the doses taken
at equimolar concentrations, the compounds under
study have a pronounced antithrombotic effect and are
superior to the reference drug, acetylsalicylic acid.

Investigation of leading compounds

and acetylsalicylic acid effect on bleeding

time from tail vein of animal with diabetes mellitus

In the control group of the animals, the bleeding
time was 177.1+17.45 seconds. The studied deriva-

tives in the doses taken in equimolar concentrations,
prolonged the bleeding time. The reference drug in-
creased the bleeding time by 81%; it was 320.0+£18.29
seconds.

In the group of the animals administered with the
compound under the laboratory code of C-60, the bleed-
ing time was prolonged up to 237.9+11.54 seconds,
which was 34% slower than in the control group, and
26% faster than in the group of the animals adminis-
tered with the reference drug.

Compound C-61 increased bleeding time up to
285.7+19.29 seconds; which was 61% slower than in the
animals administered with saline, and 11% faster than in
the group of the animals administered with acetylsalicyl-
ic acid. The results are shown in Fig. 7.

CONCLUSION

According to the results of the study (in vitro), it
was found out that the compound under the laboratory
code of C-60 exhibits a pronounced antiplatelet activi-
ty, in in vivo studies it prolongs a thrombus formation.
Compound C-60 has a more pronounced antiplatelet
and antithrombotic effect than the reference drug. The
safety of new derivatives of hydroxybenzoic amino acids,
in terms of the effect on the bleeding rate, is comparable
to the ASA indicator.
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A certain success in the treatment of bronchial asthma is associated with the introduction of monoclonal antibodies into the
treatment process. They made it possible to improve the control of the disease. A number of original genetically engineered
biological drugs, such as benralizumab, reslizumab, dupilumab, mepolizumab and omalizumab, are currently registered in
Russia. In 2020, this list was supplemented by the first Russian biosimilar drug omalizumab — Genolar® (JSC Generium,
Russia). High rates of the development of modern medicine are closely related to the use of biosimilars. The prescription of
biosimilars today often makes it possible to provide a larger number of patients with modern drugs at lower costs.

The aim of the study was a comprehensive pharmacoeconomic assessment of the application of the domestic biosimilar drug
omalizumab in the treatment of patients suffering from moderate and severe atopic bronchial asthma.

Materials and methods. At the first stage, an information search in the available databases (Cochrane Library, MedLine, Em-
base, eLIBRARY) was carried out. According to the results obtained, a meta-analysis (Agache I. et al.) was found out; within
its framework, the efficacy and safety of the use of several monoclonal antibodies was assessed. Dupilumab was chosen as
the reference drug. Pharmacoeconomic analyses were carried out using a “Cost-Minimization Analysis” (CMA) and a “Budget
Impact Analysis” (BIA). Taking into account various options of bronchial asthma, the developed algorithm for providing medi-
cal care to adult patients with atopic asthma made it possible to assess the costs, including direct medical and indirect costs.
Results. The cost analysis demonstrated the advantage of using the Russian biosimilar omalizumab in patients with atopic
asthma compared to dupilumab due to financial savings of up to 40%. The Budget Impact Analysis showed that the use of
the domestic biosimilar omalizumab, even taking into account the annual increase in the number of patients (8%), will save
up to 109,641,409.64 rubles (or 3%) compared to the current practice.

Conclusion. The use of the domestic biosimilar omalizumab in patients with moderate to severe atopic bronchial asthmais a
clinically effective and economically justified approach to organizing medical care for adult patients in Russia.

Keywords: bronchial asthma; biosimilar; omalizumab; dupilumab; costs; pharmacoeconomic analysis

Abbreviations: BA — bronchial asthma; BIA — Budget Impact Analysis; IGCSs — inhaled glucocorticosteroids; OGCSs — oral glu-
cocorticosteroids; GEBDs — genetically engineered biologic drugs; VEDs — vital and essential drugs; GETE — Global Evaluation
of Treatment Effectiveness; CMA — cost minimization analysis; A — Ambulance / EMS — Emergency medical services; RICU
— resuscitation and intensive care unit; ALV — artificial lung ventilation; CHI — compulsory health insurance; GDP — gross do-
mestic product; VAT — value added tax; PSGs — Programme on State Guarantees; DRG — diagnostic related groups; IIC — input
intensity coefficient; INN — international non-proprietary name; TN — tradename
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OnpeaenéHHbl ycnex B ne4eHnn BPOHXMaNbHOM acTMbl CBA3AH C BHEAPEHWEM B Ie4ebHbIM NPoLLecC MOHOK/IOHANbHbIX
QHTUTEN, KOTOPblE NO3BOANIM YNYYLIUTb KOHTPO/b 3aboeBaHuA. Ha Tepputopun Poccun B HacTosLLee Bpems 3aperncTpm-
POBaH LLeNbIN pAA OPUTMHANBbHbIX FEHHO-UHXEHEePHbIX BUO0rMYECKUX NPENapaToB, TaKMX Kak beHpannsymab, pecansymab,
aynunymab, menonmsymab n omannsymab. B 2020 rogy 3TOT CMMCOK NMOMNOIHUA NEPBbIA POCCUICKUIA BMoaHanor npenaparta
omanusymab — freHonap® (AO «lfeHepuym», Poccus). BbiCOKME TeMMbl Pa3BUTUSA COBPEMEHHOW MeaUUMHbBI TECHO CBA3aHbI C
npumeHeHvem 6noaHanoros. HasHaueHne 6MOAHANOrOB CErOAHA 3a4acTyto AaeT BO3MOXKHOCTb 0becneumnTb bonbluee Kou-
4ecTBO NALMEHTOB COBPEMEHHbIMM NpenapaTamm 3a cyeTt 6osee HU3KO CTOMMOCTH.

Lienb. MpoBeaeHne KOMNIEKCHOM GapMaKOIKOHOMNYECKON OLLEHKM NPUMEHEHUA OTe4YeCTBEHHOTO HMOaHaN0rMYHOro npe-
naparta omanusymaba npu nNevYeHumn NaLMeHToB, CTPALAOLWMX aTONNYECKON BPOHXMAIbHOM acTMOM CPEAHETANXKENOrO U TA-
YKENoro Te4YeHus.

Marepuanbl 1 metogbl. Ha nepeom stane 6bin NpoBeseH MHGOPMAaLMOHHBIN NOUCK B AOCTYNHbIX 6a3ax AaHHbIX (Cochrane
Library, MedLine, Embase, eLIBRARY), no pesynbTatam KoToporo b6bin obHapyxeH meTa-aHanu3 Agache |., ¢ coaBTopamu,
2020., B paMKax KOTOPOro NpoBOAMUAACH OLLeHKa 3PPEKTUBHOCTU M 6€30NaCHOCTU NPUMEHEHNA HECKOIbKUX MOHOK/I0HA b~
HbIX aHTUTeN. B KayecTBe npenapata cpaBHeHWA Bbla Bbi6paH Aynuaymab. PapMakoIKOHOMUYECKMIA aHaNM3 NPOBOAUACA
C MPUMEHEHMEM METOAA «MMHUMMU3ALLMM 3aTPaT» U aHaAU3a BAMAHUA Ha GroaKeT. PaspaboTaHHbIM aNropuTmM OKasaHus
MeAMULMUHCKOM NOMOLLM B3POC/bIM NALLMEHTaM C aTOMMYeCcKol BpOHXMaNbHOM aCTMOM, YUUTLIBAIOLWMI ee pa3NnyHble Bapu-
aHTbl, NO3BOJIN/I MPOBECTU OLEHKY 3aTPaT, BK/IIOYAIOLLYIO NPAMbIe MEANLUHCKME U HEMpPAMbIE 3aTpaThl.

Pesynbratbl. AHaW3 3aTPaT NPOAEMOHCTPMPOBA NPEUMYLLECTBO NPUMEHEHWSA POCCUICKOTO B1oaHanora omanunsymaba y naum-
€HTOB C aTONMYeCcKon BPOHXMANBHOIN aCTMOM MO CPABHEHMIO C AyNMAYMAaboMm B CBA3M C SKOHOMMUEN PUHAHCOBbIX cpeacTs Ao 40%.
AHanu3 BANAHUA Ha BIOAKET NOKa3as, YTo NPUMEHEHNE OTeYecTBEHHOro BroaHanora omanmsymaba faxe ¢ yH4eTOM eXKerogHoro
NPUPOCTa YMCNa NaLUEHTOB (8%) NO3BONUT caKOHOMUTBL A0 109 641 409,64 pyb. (Mam 3%) NO CPaBHEHMIO C TEKYLLEN NPAKTUKON.
3aKkntoueHue. NMpMmeHeHMe oTeYecTBEHHOro buoaHanora omannsymaba y NnauMeHToB C aTONMYecKo BpoHXManbHOM acT-
MOW CPeAHETANKENOrO U TAXKENOro TeHEHUA ABNAETCA KAMHUYECKU 3ODEKTUBHBIM M SKOHOMUYECKM BbIFOAHBIM NOAXOA0M K
OopraHu3aLunn MeauLMHCKON NOMOLLM B3POC/IbIM NaLMeHTaM Ha Tepputopumn Poccum.

KntoueBble cnoBa: 6poHxManbHaa actma; buoaHanor; omanusymab; aynuaymab; 3aTpaTbl; KAMHUKO-3KOHOMMWYECKMIA aHANU3
CnUCOK CoKpaLleHunii: bA — 6poHxmanbHasa actma; ABB — aHanus BansHuA Ha 6toakeT; lTKC — MHransiLMoHHbIE ITHIOKOKOPTU-
KocTeponabl; NTKC — nepopanbHble MoKoKopTUKocTepouabl, TMBMN — reHHO-UHXeHepHble bruonoruyeckme npenapatbl, KH-
BJ/IM — }KM3HEHHO HEOBXOAMMbIE U BayKHeNLIMe NeKapcTBeHHble npenapaTbl; GETE — rnobanbHas oueHKa apdekTMBHOCTU fe-
yeHwun (Global Evaluation of Treatment Effectiveness); CMA — aHann3 «MMHMMM3aLMK 3aTpaT» (cost-minimization analysis);
CMI — ckopas meguumMHCcKaa nomollb; OPUT — otaeneHua peaHMMaLmMm U UHTEHcMBHON Tepanun; UBJT — ncKyccTBeHHasn
BeHTUNAUMA nerknx; OMC — obsa3aTenbHoe MeguUMHCKoe cTpaxoBaHue; POOMC — depepanbHblit GoHA 0b6A3aTENbHOIO
MeANUMHCKOTo cTpaxoBaHuA; BB — BanoBbIvi BHYTpeHHUI npoaykT; HAC — Hanor Ha gob6asneHHyto ctoumocTs; NI — npo-
rpamma rocyaapcTBeHHbIx rapaHTuii; KCI — KAMHUKo-cTaTUCTMYecKue rpynnbl; K3 — KoadduumeHT 3atpatoemkoctm; MHH —
MeXKAyHapoaHoe HenaTeHTOBaHHOE HauMeHoBaHue; TH — ToproBoe HaMmeHoBaHMe
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INTRODUCTION

Bronchial asthma (BA) is a serious medical and social
problem that occurs in almost 262 million people [1].
Regardless of age, when treated insufficiently, patients
with this disease are subject to various restrictions of
daily life, a decrease in its quality, or even, in extreme
cases, death?. Recently, there has been a higher increase
in the prevalence of BA and the mortality rate from it in
developing countries [2]. As evidenced by official statis-
tics?® and the results of epidemiological studies, an in-
crease in the number of patients with this pathology is
also typical of the domestic population [3-5].

A high prevalence, a long-term chronic course of the
disease, the need for constant drug therapy — all these
factors determine a high social significance of BA [6, 7].
Asthma is a significant socioeconomic burden for low-
and middle-income countries [3]. The term “a socio-eco-
nomic burden” refers not only to high costs of treatment
(direct medical costs), but also to the costs associated
with both temporary and permanent kinds of disabili-
ty (direct non-medical costs), limitation of physical and
social activities, and, as a consequence, a decrease in
the quality of life of patients and their families (indirect
costs) [8]. As defined by the World Health Organization,
the global burden of disease is measured in terms of the
number of years of life lost as a result of disability. This
concept combines the years of life lost due to a state of
health that does not meet the criteria for full health, and
the years of life lost due to premature mortality [9].

According to the data published in 2019, among all dis-
eases, BA was placed high in terms of the socio-economic
burden: among the children aged 0 to 9 years (the 19th
place); among the adults aged 50 to 74 years (the 28th
place); in the group of 75 years and older (the 24th place).
In the overall picture of the global burden of all the diseas-
es, BA amounted to 0.85% of all life years lost as a result of
disability (Disability Adjusted Life years, DALY) [10]. In 2019,
the uncontrolled asthma caused the loss of 752 thousand
years of quality-adjusted life years (QALYs) in the United

* Global Initiative for Asthma. Global Strategy for Asthma Management
and Prevention, 2021. Available from: http://www.ginasthma.org/.

2 Aleksandrova G.A., Golubev N.A., Tyurina E.M., Oskov Yu.l., Shelepo-
va E.A., Polikarpov AV., Kadulina N.A., Belyaeva I.M., Gladkikh T E.E.,
Shcherbakova G.A., Semenova T.A. The incidence of the entire popula-
tion of Russia in 2019 with a diagnosis established for the first time in
life. Statistical materials. Part I. M .: Department of Monitoring, Analysis
and Strategic Development of Health Care of the Ministry of Health of
the Russian Federation, Federal State Budgetary Institution "Central Re-
search Institute for Organization and Informatization of Health Care" of
the Ministry of Health of the Russian Federation. 2020. Available from:
https://mednet.ru/napravleniya/mediczinskaya-statistika. Russian

3 Aleksandrova G.A., Golubev N.A., Tyurina E.M., Oskov Yu.l., Shelepo-
va E.A., Polikarpov AV., Kadulina N.A., Belyaeva I.M., Gladkikh T E.E.,
Shcherbakova G.A., Semenova T.A. The incidence of the entire popu-
lation of Russia in 2019. Statistical materials. Part Il. Moscow: Depart-
ment of Monitoring, Analysis and Strategic Development of Health
Care of the Ministry of Health of the Russian Federation, Federal State
Budgetary Institution “Central Research Institute for Organization and
Informatization of Health Care” of the Ministry of Health of the Russian
Federation. 2020. Available from: https://mednet.ru/napravieniya/
mediczinskaya-statistika. Russian
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States [11]. Medical expenses for the struggle against BA
in the United States in the period from 2008 to 2013 only
amounted to about 50.3 billion US dollars [12], in Greece
in 2019 the economic losses due to BA amounted to 727
million euros [13].

Asthma is a common cause of absenteeism from
school and work days. A retrospective analysis showed
that in the United States, school-age children with BA
are 1.54 times more likely to miss classes. That leads to a
more frequent absenteeism on the part of their parents
— they miss their work 1.16 times as often. This results in
an annual loss of about 7 million school days [14]. This
indicator also correlates with the severity of asthma. So
in the work by Song H.J. et al. in 2020 [15] it was reported
that for a year, 1 patient with mild, moderate and severe
BA accounts for 0.76, 2.31 and 7.19 lost school and work
days, respectively. In terms of indirect costs, it leads to
additional expenses per person in the amount of 106,
321 and 1000 US dollars per year. A severe course of
asthma deserves special attention, since in this case the
focus should be not only on significant economic costs,
but also on a significant decrease in the quality of life
and an increase in the risk of death [16, 17]. For exam-
ple, in Turkey, about 4.4 thousand US dollars is spent an-
nually per patient with severe asthma [18]. A retrospec-
tive analysis for the period of June—November, 2016 in
Spain showed that severe asthma results in an average
loss of 9.1 working days per patient per year, while the
average direct costs are about 7.5 thousand euros per
patient per year. Taking into account indirect costs, the
amount increases to 8.6 thousand euros per year [19].

According to American researchers, the socioeconom-
ic burden of uncontrolled asthma in adolescents and adults
over the next 20 years will be about US dollars 963.5 billion
and 15.46 million lost QALYs [11]. It should be notified that
all these are related to preventable losses, since they are
associated with insufficient control of the disease.

A disease control is the most important criterion
for the effectiveness of BA therapy; it implies a stable
state with minimum symptoms of BA or their absence.
That leads to a significant decrease in the likelihood of
exacerbation and, accordingly, hospitalization, which re-
duces the burden of disease for both patients and the
healthcare system. [20, 21].

Therefore, this problem is considered not only as a
medical one, but also as an important problem of the
organization and economics of the health care system
of the Russian Federation [21]. In the general structure
of the disease, about 5-10% [22] of patients can be at-
tributed to suffering from severe BA. Such patients do
not answer well the standard medical therapy or achieve
control over the disease only with the use of inhaled glu-
cocorticosteroids (IGCSs) in high doses and / or oral cor-
ticosteroids (OGCSs)®. As a rule, severe BA is associated
with an increase in the frequency of using resources of

“ Global Initiative for Asthma. Global Strategy for Asthma Management
and Prevention, 2021.
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the health care system due to more frequent exacerba-
tions and, accordingly, more frequent visits to medical
institutions at various levels [23].

Progress in the treatment of severe asthma was
achieved against the background of the introduction of
monoclonal antibodies into the treatment process. The
development of genetically engineered biological drugs
(GEBDs) has made it possible to achieve disease control
in the most difficult to treat group of patients [24].

A number of GEBDs, such as benralizumab, reslizumab,
dupilumab, mepolizumab, and omalizumab, are currently
registered in the Russian Federation [25]. The efficacy and
safety of these drugs have been proven in numerous clini-
cal studies; they are included in the list of vital and essential
drugs (VEDs)® and federal clinical guidelines®.

Given the significant pace of development, mod-
ern medicine is currently closely related to the use of
biosimilars. Prescribing biosimilars today often makes it
possible to provide more patients with vital and essential
drugs at lower costs. The market analysis demonstrates
the possibility to achieve significant budget savings after
the release of biosimilar drugs [26]. The development
and research of biosimilars in the Russian Federation
are carried out in accordance with international require-
ments in order to prove their comparability in terms of
quality, safety and efficacy to the original drug [27].

In 2020, a domestic biosimilar of the drug omali-
zumab, TN Genolar® (JSC Generium, Russia)’, was reg-
istered in Russia. Its efficacy, safety and immunogenicity
were demonstrated in a double-blind, parallel-group,
randomized, phase IIl study conducted from June 2018
to December 2019 (NCT04607629 Clinicaltrials.gov Da-
tabase). On the basis of 25 clinical centers, 191 patients
took part in the study. They were randomized into 2
groups in the 2:1 ratio: the 1st (n = 127) was treated with
TN Genolar® for 52 weeks + 3 days; and the 2" (n = 64)
was treated with TN Xolar® for 26 weeks * 3 days [28].

The main criterion for the effectiveness of therapy in
this study was the proportion of patients with a research
physician rating “excellent” or “good” on the scale of the
Global Evaluation of Treatment Effectiveness (GETE) after
26 weeks of therapy. In both studied populations (PP (per
protocol) and FAS (full analyzes set)), no statistically sig-
nificant differences were found out (p> 0.05); according
to the GETE scale, in the 1st group it was 57.4%, in the 2™
—45.2% (p = 0.132). The calculated one-sided 95% confi-
dence interval in order to test the statistical hypothesis

5 Order of the Government of the Russian Federation of October 12,
2019 No. 2406-r “On approval of the list of vital and essential drugs,
as well as lists of drugs for medical use and the minimum range of
drugs required for the provision of medical care” (as amended by
Government orders RF from 26.04.2020 N 1142-r, from 12.10.2020
N 2626-r, from 23.11.2020 N 3073-r). Russian

5 Clinical guidelines of the Ministry of Health of the Russian Federation.
Bronchial asthma. Russian Respiratory Society. 2019. Available from:
https://spulmo.ru/upload/kr_bronhastma_2019.pdf. Russian

7 Instructions for the use of the medicinal product for medical
use Genolar®. [Electronic resource]. Available from: http://grls.
rosminzdrav.ru. Russian
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of the research that the studied drug is “not worse” than
the reference drug in the PP-population was —0.5-25.0%
(p=0.116) and -1, 1-24.2% (p = 0.134) — in the FAS pop-
ulation. The safety analysis showed the comparability of
the analyzed drugs in terms of the incidence of adverse
events. Based on the results of the detection frequency
analysis of common antidrug antibodies to omalizumab,
the absence of the antibody production in response to
the administration of the studied drugs was shown.

Based on the results of the clinical study [28], it can
be concluded that the drugs TNs Genolar® (JSC Gener-
ium, Russia) and Xolar® (Novartis Pharma AG, Switzer-
land) are clinically comparable in patients with moder-
ate to severe atopic BA.

Thus, a high prevalence of asthma, as well as the
difficulties associated with achieving control over the
disease, a low adherence of patients to long-term mul-
ticomponent therapy necessitate the search for new
ways to solve the problem of drug provision. However,
a high cost of drugs demonstrates the importance of
proper allocation of financial resources when choosing
targeted BA therapy. The appearance of the first biosim-
ilar omalizumab on the domestic pharmaceutical market
will gradually increase the provision of patients with ef-
fective and modern drug therapy while saving financial
resources of the Russian Federation healthcare system.

THE AIM of the study was a comprehensive phar-
macoeconomic assessment of the application of the do-
mestic biosimilar drug omalizumab in the treatment of
patients suffering from moderate to severe atopic bron-
chial asthma (BA).

The research objectives were as follows:

1. conduct a search and analysis of scientific publi-
cations on the clinical efficacy and safety of omalizumab
in atopic asthma in adult patients;

2. determine the population of patients suffering
from atopic BA and requiring the prescription of immu-
nobiological drugs, based on the published data on the
incidence and prevalence of BA in the world and in Russia;

3. develop a scheme for providing care to adult pa-
tients with atopic asthma, taking into account the appli-
cation of the analyzed approaches to drug therapy;

4. analyze direct and indirect costs of therapy for
patients with atopic BA;

5. conduct a comparative clinical and economic
analysis of the use of the analyzed drugs in patients with
atopic BA;

6. analyze the impact of prescribing immunobio-
logical drugs to patients with atopic BA, on the budget
taking into account the current and simulated practice;

7. analyze the sensitivity of the results obtained to
changes in the initial parameters.

The research hypothesis is the following: the appli-
cation of the domestic biosimilar omalizumab in adult
patients with atopic asthma is a clinically effective and
economically justifiable strategy for organizing patient
care in the Russian healthcare system.
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MATERIALS AND METHODS

Study design

The pharmacoeconomic methods “Cost-Minimiza-
tion Analysis” (CMA) and a “Budget Impact Analysis”
(BIA) were used.

At the first stage of the study, an information
search in the available databases (Cochrane Library,
MedLine and Embase, Russian information and analyt-
ical system eLIBRARY) was carried out. That was the
search for the data on the efficacy and safety of the
application of various types of GEBDs as targeted ther-
apy in patients with atopic BA.

According to the results obtained, a systematic re-
view with a meta-analysis by Agache I. et al. 2020 [29]
was found out. Within its framework, the efficacy and
safety of the use of three genetically engineered bio-
logic drugs — benralizumab, dupilumab, omalizumab
— was assessed. Based on the hypothesis of the study,
within the framework of this investigation, a compre-
hensive pharmacoeconomic assessment of the use of
various GEBDs in this indication was carried out. The
drug dupilumab was chosen as the reference drug,
since in the published indirect comparative analysis
by Bateman E.D. et al., 2020 [30], there was no sta-
tistically significant difference between omalizumab
and dupilumab in terms of reducing the exacerbations
frequency.

The “cost-minimization analysis” (CMA) is a spe-
cial case of the “cost-efficacy analysis” in which two
or more technologies that have identical efficacy and
safety but different costs, are compared [31]. The
“cost minimization” is calculated according to the for-
mula:

CMD = Cost1 — Cost2,

where: CMD (cost-minimization difference) is a cost
difference indicator, Costl and Cost2 are direct and
indirect costs for the use of the 1t and 2" technolo-
gies.

To assess the level of costs, in the course of the
clinical and economic analysis, an algorithm for the
provision of medical care to adult patients with atopic
BA was developed. Since this form of asthma is charac-
terized by frequent exacerbations, the resources of the
health care system associated with their management,
were assessed in the study. Their average annual fre-
guency was calculated as the product of the frequen-
cy of exacerbations against the background of the ab-
sence of GEBDs therapy [32, 33] and the Incidence Rate
Ratio (IRR), obtained on the basis of the meta-analysis
by Agache I. et al., 2020 [29]. The tactics of manage-
ment of exacerbations (the conditions for the provision
of medical care) was determined on the basis of the
previously published data [34, 35]. According to this
algorithm, the provision of medical care to 1 adult pa-
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tient with atopic BA was taken into account. The time
horizon of the study was 1 year. The general research
scheme is shown in Fig. 1.

Description of model assumption

1. Within the framework of the study, only patients
with atopic asthma receiving one of the analyzed vari-
ants of GEBDs, were considered.

2. Outside of the exacerbation (a controlled course),
patients with atopic BA receive basic therapy and
GEBDs; to control the therapy course, they are observed
by a doctor in an outpatient clinic.

3. In case of an exacerbation, a patient with atopic
BA, in addition to the emergency medical care (EMC),
can receive medical care in inpatient conditions, if nec-
essary, with assistance in the conditions of the resusci-
tation intensive care unit (RICU) and artificial lung ven-
tilation (ALV).

To conduct a pharmacoeconomic analysis, the posi-
tion of “state” was chosen. In this regard, the analysis es-
timated direct medical costs paid from the budget funds
and / or the funds from the compulsory health insurance
(CHI) system and indirect costs.

Within the framework of the study, the costs of pro-
viding care to patients with atopic asthma included sev-
eral types.

Direct medical costs are targeted drugs (GEBDs);
basic drug therapy; monitoring therapy (outpatient su-
pervision); ambulance / EMC; treatment of exacerbation
in a day and round-the-clock hospital, assistance in RICU
conditions.

Indirect costs are in the form of loss of gross domes-
tic product (GDP) associated with premature mortality in
patients with atopic asthma.

At the first stage, direct medical costs of GEBDs
were determined, analyzed within the framework of
this study. The dosage regimen of drugs was determined
taking into account the official instructions for use®>1°,
the costs of drug therapy were determined per 1 patient
for one year. Based on the data of the Register of Pa-
tients with Severe Bronchial Asthma (as at December
31, 2020)*, the average monthly doses of the analyzed
drugs were determined: for omalizumab it was 383 mg,
for dupilumab — 567 mg.

8 Instructions for the use of the medicinal product for medical
use Genolar®. [Electronic resource]. Available from: http://grls.
rosminzdrav.ru. Russian

9 Instructions for the use of a medicinal product for medical use
Ksolar® [Electronic resource]. Available from: http://grls.rosminzdrav.
ru. Russian

 Instructions for the use of a medicinal product for medical
use Dupixent® [Electronic resource]. Available from: http://grls.
rosminzdrav.ru. Russian

1 IPO “Russian Respiratory Society”. Register of patients with severe
bronchial asthma (as of 31.12.20). [Electronic resource] (materials
provided by JSC “Generium”). Russian
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Figure 1 — General research scheme

Table 1 - Direct medical non-drug costs

Medical service Cost, rub. Reference source

Disease treatment in the provision of medical care

. . 1505.10 Programme on State Guarantees, 2021
on an outpatient basis

Basic rate for a day hospital 22261,5 Programme on State Guarantees, 2021

Methodological recommendations on methods
12 021.,21 of paying for medical care at the expense of the
compulsory health insurance fund, 2021

Diseases of the respiratory system (DRGs ds23.001;
lIC=0.9)

Table 2 — Results of the indicators analysis of the effectiveness of the considered GEBDs
per 1 patient suffering from atopic moderate to severe BA, within 1 year

Indicator Dupilumab Omalizumab

Hospitalization rate, number of cases 0.13 0.13

Death rate, number of cases 0.00003 0.00003
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Table 3 — Results of the costs analysis of drug therapy with GEBDs per patient with atopic BA per year

Per month
costs of Per year costs
INN TN Dosage form / dosage / packaging Dosage regimen thera of therapy,
PY: rub.
rub.
Solution for subcutaneous adminis- l;:'nasl :?;ga :10? Thgef_mzjgg
tration, 175 mg / ml, 1.14 ml (2) gl
mg every 2 weeks
Dupilumab Dupixent . o . o 80534.19 966 410.34
Solution for subcutaneous adminis- Initial dose — 600 mg (2 injec-
tration, 150 mg / ml, 2 ml —syringe tions of 300 mg), then — 300
with a needle protection system (2) mg every 2 weeks
Lyophilisate for preparation of a
Omalizumab Genolar  solution for subcutaneous adminis- From 75 to 600 me, once ev 46 586.37 559 036.47

tration, 150 mg (1) ery 2 or 4 weeks

Table 4 — Results of direct medical and indirect costs analysis for the management per patient

with atopic BA per year

Indicator Dupilumab Omalizumab
Direct medical costs, rub.
Costs for GEBDs therapy, rub. 966 410.34 559 036.47
Basic therapy costs, rub. 15 959.00 15 959.00
Costs for control over injections, rub. 18 061.20 18 061.20
Exacerbation costs without hospitalization, rub. 4 354,31 4324.56
Exacerbation costs with hospitalization (excluding RICU), rub. 3 468.85 3 445.15
Exacerbation costs with hospitalization (including RICU), rub. 572.93 569.02
Costs for EMS, rub. 1346.36 1337.16
Total, rub. 1010172.99 602 732.56
Indirect costs, rub.

Lost GDP resulting from premature deaths, rub. 59,50 59.10
Total, rub. 59,50 59.10
Total costs, rub. 1010 232,49 602 791.65

4324,56P
15959,00F

o _

18061,20P

59,108

569,02P

4354,31P

15959,00#

59,508

e _

18061,20#

0,00P 200000,00P 400000,00P 600000,00P 800000,00P

= Costs for GEBDs therapy, rub. = Basic therapy costs, rub.
= Costs for control over injections, rub.
= Exacerbation costs with hospitalization (excluding RICU), rub.

m Costs for EMS, rub.

572,93P

1000 000,00

m Exacerbation costs without hospitalization, rub.

m Lost GDP resulting from premature deaths, rub.

1200000,00 2

m Exacerbation costs with hospitalization (including RICU), rub.

Figure 2 — Results of assessing costs for providing medical care per patient with atopic BA per year
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Table 5 — Impact of different variants of GEBDs use in patients with atopic asthma
on the budget: results of analysis

Indicator Currgnt Share,% Simul.ated Share,% Simul.ated Share,%
practice practice 1 practice 2
Omalizumab
Medicinal product TN Xolair® TN Xolair®+TN Genolar®. TN Genolar®.
Number of patients, persons 5608 93% 6040 93% 6040 93%
Costs, rub. 3783 840 662,93 3858 091 061,99 3640 861 581,16
Medicinal product Dupilumab
Number of patients, persons 422 7% 455 7% 455 7%
Costs, rub. 426 318 110,36 459 655 782,50 459 655 782,50

The analyzed medicinal products are included in the
VED list. The cost of 1 package for them was calculat-
ed based on the price registered in the State Register
of maximum selling prices'?, taking into account the
weighted average size of the maximum wholesale mark-
up approved in various regions of the Russian Federation
(the population was also taken into account) and the
added tax Cost (VAT)™*!5 For pharmaceuticals in the
Russian Federation, VAT is 10% (preferential taxation);
the maximum wholesale markup is 11.39%.

Basic calculations were made on the basis of the fol-
lowing prices for medicines (excluding VAT and the max-
imum wholesale markup) for 1 package:

1. Omalizumab (Genolar®), lyophilisate for the
preparation of a solution for a subcutaneous administra-
tion, 150 mg — 14,890.61 rubles;

2. Dupilumab (Dupixent®), solution for a subcutane-
ous administration, 150 mg/ml, 2 ml (2) — 69,552 rubles;

3. Dupilumab (Dupixent®), solution for a subcutaneous
administration, 175 mg/ml, 1.14 ml (2) — 46,368 rubles.

Based on the determined cost of 1 package of the
drug, the cost of 1 mg of the active substance was cal-
culated to determine the costs of one-month therapy,
taking into account the average monthly doses, then the
costs of the annual course of therapy (12 months) was
calculated.

The costs of basic therapy for a patient with atopic
asthma were determined on the basis of the previously
published studies [36]; they amounted to 15,959 rubles
per patient per year.

12 State register of maximum selling prices of the Russian Federation.
[Electronic resource]. Available from: http://grls.rosminzdrav.ru/
PriceLims.aspx. Russian

3 Information on the maximum tax of wholesale mark-ups
and the maximum tax of retail mark-ups to prices for vital and
essential medicines established in the constituent entities of the
Russian Federation (data as of 19.02.2021). The site of the Federal
Antimonopoly Service of Russia. [Electronic resource] Available from:
https://fas.gov.ru/documents/687611. Russian

1 Federal State Statistics Service. Estimated resident population as of
January 1, 2021. Available from: https://www.gks.ru/folder/12781.
Russian

% Tax Code of the Russian Federation (part two) of
08/05/2000 No. 117-FZ. Article 164. Tax rates. P. 2.
Available  from:  http://www.consultant.ru/document/cons_doc_

LAW_28165/35cc6698564adc4507baa31c9cfdbb4f2516d068/.
Russian
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Taking into account the form of release for GEBDs,
the costs of monitoring therapy were also taken into
account, since according to the instructions for medical
use, this group of drugs should be administered under
the supervision of medical personnel, however, for the
drug dupilumab, the possibility of self-administration by
the patients is provided.

It was assumed that for all the drugs under consid-
eration, the frequency of visits for medical care in an
outpatient setting should be once per month. The costs
of monitoring therapy were calculated on the basis of
the standard of financial costs for 1 treatment for a dis-
ease on an outpatient basis in accordance with the Pro-
gramme on State Guarantees (PSGs) for the provision of
free medical care to citizens for 2021,

At the next stage, the costs associated with the
management of patients during the period of exacer-
bation of atopic asthma, were determined. In BA exac-
erbations, the study included the provision of several
types of medical care: in the event of an exacerbation,
the patient made an emergency call, after which he
could undergo treatment either in a day hospital or in a
round-the-clock hospital. When providing medical care
in a round-the-clock hospital, if necessary, the patient
received assistance in an RICU with artificial lung ven-
tilation.

The costs for emergency medical care and inpatient
treatment were determined on the basis of the stan-
dard of financial costs at the expense of the compul-
sory medical insurance funds according to the PSGs for
the provision of free medical care to citizens for 2021.
Herewith, the Methodological recommendations on
methods of paying for medical care at the expense of
the compulsory medical insurance funds?’ of the Federal

6 Decree of the Government of the Russian Federation of December
28, 2020 No. 2299 “On the program of state guarantees for free
provision of medical care to citizens for 2021 and for the planning
period of 2022 and 2023.” [Electronic resource] Available from: http://
government.ru/news/41272/. Russian

7 Methodical recommendations on methods of payment for medical
care at the expense of compulsory medical insurance funds. Minutes
of the meeting in absentia of the members of the working group dated
December 29, 2020 No. 06/11/8 [Electronic resource] Official website
of the Federal Compulsory Medical Insurance Fund. Available from:
http://www.ffoms.ru/. Russian
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Compulsory Medical Insurance Fund and Methodolog-
ical recommendations of the Federal State Budgetary
Institution “Centre of expertise and quality control of
medical care” were taken into account®®. It was assumed
that the number of emergency calls was equal to the
number of exacerbations of atopic asthma within 1 year.
All cases of inpatient treatment were compared with
the corresponding diagnostic related groups (DRGs), for
which the input intensity coefficients (IIC) had been de-
termined. All calculations for inpatient care (round-the-
clock and day hospitals) were carried out according to
the following formula:

AC=AS x IIC x CC,

where: ACis the average cost of a completed hospitaliza-
tion case included in the DRGs in medical organizations
(their structural units) providing medical care in inpa-
tient conditions at the expense of compulsory medical
insurance funds; AS is the average standard of financial
costs for 1 case of hospitalization in medical organiza-
tions (their structural subdivisions) providing medical
care in inpatient conditions at the expense of compul-
sory medical insurance; IIC is the input intensity coeffi-
cient of DRGs, to which the given case of hospitalization
is attributed; CC is the correction coefficient reflecting a
lower level of the base rate from the standard of finan-
cial costs established by the PSGs (for a day hospital it is
0.6, for a round-the-clock hospital — 0.65).

General characteristics of direct medical costs in-
cluded in the analysis (excluding drug therapy) are pre-
sented in Table 1.

Indirect costs were calculated per patient per year.
The lost state GDP due to the losses of premature mor-
tality was calculated based on the probability of deaths
in patients with exacerbations of atopic asthma who are
on ALV, multiplied by the amount of the lost GDP per
day, equal to 6208.23 rubles per day*?°.

8 Omelyanovskiy VV, Avksentyeva MV, Sura MV, et al. Guidelines for
the comparative clinical and economic assessment of a medicinal
product (new edition). Approved by order of the Federal State
Budgetary Institution “CEKKMP” of the Ministry of Health of Russia
dated December 29, 2018 No. 242-od. Moscow, 2018 46 p. Available
from: https://rosmedex.ru/wp-content/uploads/2019/06/MR-
KE%60I_novaya-redaktsiya_2018-g..pdf. Russian

% Omelyanovskiy VV, Avksentyeva MV, Sura MV, et al. Methodological
recommendations for calculating costs when conducting clinical
and economic studies of drugs. Approved by order of the Federal
State Budgetary Institution “CEKKMP” of the Ministry of Health of
Russia dated December 29, 2017 No. 185-od. Moscow, 2017, 24 p.
Available from: https://rosmedex.ru/wp-content/uploads/2018/02/
Metodicheskie-rekomendatsii-po-raschetu-zatrat-pri-provedenii-
kliniko-e%60konomicheskih-issledovaniy-lekarstvennyih-prepa-
ratov-2017.pdf. Russian

20.0n the approval of the Methodology for calculating economic losses
from mortality, morbidity and disability of the population [Electronic
resource] Order of the Ministry of Economic Development of Russia
No. 192, Ministry of Health and Social Development of Russia No.
323n, Ministry of Finance of Russia No. 45n, Rosstat No. 113 dated
10.04.2012 (registered with the Ministry of Justice of Russia 28.04.2012
No. 23983 ). Available on the reference legal system “ConsultantPlus”
Russian
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Based on the calculations carried out, the BIA was
further carried out, which is a part of a comprehensive
drugs assessment and is aimed at assessing the financial
consequences of the use of certain drugs or medical de-
vices?!,

Taking into account the fact that BA is a chronic dis-
ease that requires constant and long-term treatment,
the time horizon for BIA was also 1 year. The main
characteristics of the population in which the use of
the analyzed medical technology (domestic biosimilar
omalizumab) is expected, are as follows: patients aged
18 years and older suffering from moderate to severe
atopic bronchial asthma, who are to be prescribed im-
munobiological drugs.

According to the Department of Health Monitor-
ing, Analysis and Strategic Development of the Fed-
eral State Budgetary Institution “Central Research In-
stitute for Organization and Informatization of Health
Care” of the Russia Ministry of Health, the number of
BA diagnoses determined for the first time in patient
lives in 2019, amounted to 122,897 cases, or 83.7 cas-
es per 100 thousand people. In 2019, the total num-
ber of asthma registered cases was 1,592,596 people.
Among the general population of patients with asthma,
about 68% have atopic asthma [37]; about 5-10% have
a severe form (for modeling the population, it was as-
sumed to be 8%) [38, 39], thus the number of patients
with severe atopic asthma in the Russian Federation is
about 86,637. According to the “Register of patients
with severe bronchial asthma in the Russian Federa-
tion,” about 8% of patients with severe asthma receive
therapy with GEBDs [40, 41]. The proportion of the
patients receiving GEBDs omalizumab and dupilumab
(INNs) is about 87%, while the correlation between
these drugs is 93% and 7%%, respectively. Based on the
analyzed data, it can be established that the population
of patients with severe atopic asthma receiving therapy
with GEBDs omalizumab and dupilumab (INNs) can be
about 6,030 people.

At the final stage of the study, a sensitivity analysis
was carried out. Its aim was to reveal the sensitivity of
the study results to the changes in the initial parame-
ters.

RESULTS AND DISCUSSION

In the review, it was revealed that so far there had
been no direct comparative clinical studies for the ana-
lyzed drugs.

In the systematic review by Agache I. et al., 2020
[29], the efficacy and safety of treatment for severe al-

21 Omelyanovskiy VV, Avksentyeva MV, Sura MV, et al. Methodological
recommendations for assessing the impact on the budget in the
framework of the program of state guarantees of free provision of
medical care to citizens.

22 |PO "Russian Respiratory Society". Register of patients with severe
bronchial asthma (as of 31.12.20). [Electronic resource] (materials
provided by JSC "Generium"). Russian
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lergic asthma with the use of benralizumab, dupilumab,
and omalizumab have been considered. The review in-
cluded 28 studies (3 randomized controlled clinical tri-
als (RCCTs) on benralizumab, 1 RCCT on dupilumab, and
24 RCCTs on omalizumab) in the patients aged 12 to 75
years (excluding the patient population in the omalizum-
ab studies, the age of patients in these studies was also
6-11 years old), receiving therapy for 12-56 weeks.

The exacerbation rates for dupilumab were assessed
in 1 RCCT and for omalizumab in 6 RCCTs. It was shown
that all the analyzed GEBDs reduce the frequency of ex-
acerbations with a high reliability of evidence: for ben-
ralizumab, the incidence rate (IR) was 0.63 (95% Cl 0.50—
0.81), for dupilumab it was 0.58 (95% CI 0, 47-0.73), for
omalizumab — 0.56 (95% Cl 0.45-0.69). According to the
results of a systematic review, the use of benralizumab,
dupilumab and omalizumab leads to a statistically signif-
icant improvement in asthma control. At the same time,
the use of omalizumab and benralizumab is associated
with an improvement in the quality of patient life. It has
also been shown that the use of omalizumab leads to a
decrease in the required dose of IGCSs and OGCSs.

To carry out the “cost minimization” analysis, a selec-
tion of criteria for efficacy affecting the level of costs was
carried out. For this study, the rate of exacerbation was
chosen a criterion for efficacy affecting the overall level of
costs and the use of resources of the health care system.

According to the RCCTs data of Hanania N.A. et al.,
2011 [32], the frequency of exacerbations in patients with
atopic asthma who do not receive GEBDs, is 0.88 per year;
relative to this indicator, the number of exacerbations
was determined against the background of omalizumab
therapy, taking into account the data obtained in the me-
ta-analysis carried out by Agache I. et al., 2020 [29].

According to the RCCTs data by Corren J. et al., 2019
[33], the frequency of exacerbations in patients with
atopic asthma who do not receive GEBDs, is 0.736 in one
group and 0.975 in the other group per year. Relative to
these values, the average number of exacerbations was
determined against the background of dupilumab ther-
apy, taking into account the data obtained in the frame-
work of meta-analysis by Agache | [29].

The number of hospitalizations was determined on
the basis of the number of exacerbations, taking into
account the frequency of hospitalizations equal to 27%
[37], while about 4% of patients require hospitalization
in the RICU. About 5% of all patients with BA exacerba-
tion require tracheal intubation and ALV; in case of ALV,
the lethality of patients can reach 9.8% [34]. The details
are presented in Table 2.

The results of the costs analysis of drug therapy with
the use of GEBDs per patient with atopic BA per year are
presented in Table 3. The difference in the costs for drug
therapy with GEBDs is 407,373.87 rubles, or 42% in favor
of the domestic biosimilar omalizumab.

The lowest total costs are associated with the provi-
sion of medical care to patients with atopic BA when us-
ing the domestic biosimilar omalizumab (602, 791.65 ru-
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bles), the highest —when using dupilumab (1,010,232.49
rubles) (Table 4 and Fig. 2). At the same time, the differ-
ence in favor of the domestic biosimilar (TN Genolar®)
was 407,440.84 rubles, or 40% per year per patient. For
all analyzed GEBDs, the largest share in the structure of
direct medical costs is accounted for the drugs them-
selves, the share of costs reaches a maximum of 96%
(for dupilumab).

Thus, the costs analysis demonstrated the advan-
tage of using the domestic biosimilar omalizumab in pa-
tients with atopic asthma compared to dupilumab, since
its use is associated with the lowest costs per patient
with moderate to severe atopic asthma per year. The dif-
ference was 40%.

As a part of the BIA, the approximate size of the tar-
get population was calculated (6030 people). However,
the data obtained may not fully reflect the real picture
of the number of patients with atopic asthma who need
GEBDs therapy. There is still a cohort of patients who
have comorbid conditions (i.e., atopic dermatitis, rhi-
nosinusitis polyposa, or idiopathic urticarial) in which
GEBDs are also required. In this regard, it is difficult to
determine the exact size of the patient population.

To assess the level of costs within the framework of the
analysis of real and simulated practice, the costs of treat-
ing patients with atopic asthma have been calculated. The
results are presented in Table 5. Within the framework of
the BIA, it was assumed that 2 options would be consid-
ered for the simulated practice. Currently, the main share
of INN omalizumab is the original drug TN Xolar®. After
the appearance of the biosimilar by TN Genolar® on the
domestic pharmaceutical market, its application structure
will undergo changes. Based on this assumption, sever-
al options were considered — the use of INN omalizumab
preparations in a 1:1 ratio and the use of only the domestic
biosimilar by TN of Genolar®. At the same time, taking into
account the modeling horizon of 1 year, it was taken into
consideration that the annual increase in patients would be
about 8% according to official statistics, which would lead
to an increase in the population to 6495 patients.

BIA demonstrated that the costs for the current prac-
tice of providing medical care to patients requiring therapy
with the use of GEBDs by INNs omalizumab and dupilumab
amounted to 4,210,158,773.29 rubles. For the 1st option
(TN Xolar® + TN Genolar® 50/50) of the simulated practice,
the costs amounted to 4,317,746,844.48 rubles, for the 2nd
option (TN Genolar® 100%) — to 4,100,517,363.65 rubles.
Thus, the BIA demonstrated that the use of the domestic
biosimilar omalizumab, even taking into account the annu-
al increase in the number of patients (by 8%), will save up
to 109,641,409.64 rubles, or 3%, compared to the current
practice.

To assess the stability of the model, the values of the
efficacy criteria for omalizumab and dupilumab, the cost
of drugs omalizumab and dupilumab, as well as the size
of the target population, were changed in the directions
of decreasing and increasing. The sensitivity analysis was
carried out taking into account the fact that in real prac-
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tice, the indicators of the therapy efficacy may differ due
to the individual characteristics of the patient, the level of
adherence to therapy, etc. The cost of drugs may also dif-
fer in different regions of the Russian Federation, because
each region has its own level of wholesale markups. The
sensitivity analysis demonstrated the robustness of the
present model to changes in the initial parameters.

Thus, this study is the first experience in conducting
a comprehensive pharmacoeconomic assessment of the
use of the domestic biosimilar omalizumab in patients
with moderate to severe atopic BA. A review of the do-
mestic literature showed that several pharmacoeco-
nomic studies have already been carried out on the ap-
plication of the original drug omalizumab.

So in the work by Kolbin A.S. et al., 2016 [42], the
issues of the omalizumab use in children with severe
uncontrolled asthma were considered. However, in the
course of the work, there was only a comparison with
standard therapy; no comparison of several GEBDs was
carried out. It was shown that, within a 5-year horizon of
modeling, the use of omalizumab would lead to addition-
al costs in the amount of 39,821 rubles per hospitalization
averted [42]. The BIA demonstrated the comparability of
the total costs for 100 children with BA, 7 of which would
receive omalizumab, and for 105 children with BA with-
out any use of targeted therapy. Prior to this, in the work
by Kolbin AS et al., 2015 [43], similar aspects of the use of
omalizumab in relation to adult patients were considered.

In another work by Kulikov AYu. et al., 2018 [44], a
comparative assessment of the use of several targeted
drugs, omalizumab and reslizumab, was carried out. The
results of the work showed that in the treatment of se-
vere bronchial asthma with eosinophilic type of inflam-
mation, the use of reslizumab is more cost-effective, while
the study used a “cost-effectiveness” analysis. In the work
by Tolkushin A.G. et al., 2019 [45], the pharmacoecono-
mic analysis was carried out from the position that there
was no statistically significant difference in efficacy and
safety between the drugs omalizumab and mepolizum-
ab. The total direct medical costs for mepolizumab were
870 130 rubles, and for omalizumab — 1 852 063 rubles.
The obtained differences in the annual costs of therapy
with omalizumab in comparison with the results in the
present work, can be justified by different approaches
to modeling and taking into account the cost of the orig-
inal drug, in calculating. The comparison of the results
obtained with the annual costs of mepolizumab therapy

manifests financial savings in favor of the domestic bio-
similar omalizumab. A comparative pharmacoeconomic
analysis conducted by Zyryanov S.K. et al., 2019 [46] al-
ready included, in addition to omalizumab and mepo-
lizumab, reslizumab for the treatment of patients with
uncontrolled atopic moderate to severe BA. The analysis
demonstrated the cost-effectiveness of omalizumab com-
pared to other drugs included in the study.

In the course of a few interesting studies, a compar-
ative pharmacoeconomic evaluation of the application of
omalizumab and dupilumab was carried out [35, 47], in
the framework of which the economic advantage of using
dupilumab in patients with severe asthma was demon-
strated. So, in the publication by Salasyuk A.S. et al,
2019 [37], the results of their own indirect comparative
analysis of the omalizumab and dupilumab effectiveness
were presented, during which differences were shown in
relation to the incidence of exacerbations. The hypothe-
sis of this study was based on the indirect comparative
analysis by Bateman E.D. et al., 2020 [30]. The emergence
of newer information regarding a comparative efficacy, as
well as the entry into the domestic pharmaceutical mar-
ket of biosimilars, prompted a new study. In the course
of this work, the calculations of the authors’ own on the
frequency of exacerbations based on the data of reliable
randomized controlled clinical trials and a meta-analysis
by Agache I. et al., 2020 [29], have been presented.

Thus, at present, a large amount of data on various
economic aspects of the use of GEBDs in domestic con-
ditions has been accumulated. Within the framework
of all the studied publications, the issues of the original
drugs use have been considered. At the same time, the
use of various approaches to modeling and the choice
of information sources for calculations have led to some
heterogeneity of the data. In the course of the present
work, the issues of using the domestic biosimilar omal-
izumab have been considered. Using these GEBDs will
make it possible to reduce the average annual cost of
BA therapy.

CONCLUSION

Based on the results of the conducted pharma-
coeconomic analysis, it was found out that the use of
the domestic biosimilar omalizumab in patients with
moderate to severe atopic BA is a clinically effective and
economically justified approach to organizing medical
care for adult patients in the Russian Federation.
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