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PLGA - THE SMART POLYMER FOR DRUG DELIVERY
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Polymers have become an integral part of novel drug delivery system. One such successful biodegradable polymer is poly
lactic-co-glycolic acid (PLGA) which consists of polyesters of lactic acid and glycolic acid. It is one of the FDA-approved biode-
gradable polymers which is extensively used for therapeutic purposes in recent times.

The aim. To illuminate researchers on the chemistry, novel properties and applications of PLGA in pharmaceutical fields.
Materials and methods. Various internet sources like Science Direct, Scopus, Web of Science, PubMed and google scholar
were used as the data source. The key words search was carried out for the following words and combinations: PLGA, Novel
drug delivery, PLGA Nano particles, biomedical applications of PLGA.

Results. Pharmaceutical and biomedical industries are flooded with the use of synthetic and natural polymers. The me-
chanical and viscoelastic properties of the polymers make them suitable for the temporal and spatial delivery of therapeutic
agents for an extended period. Employment of copolymerization techniques lead to the modification of water solubility of
the polymers and make them suitable for various applications of drug delivery systems. Biodegradable polymers due to their
biocompatibility and biodegradable property have attracted their use in novel drug delivery systems. PLGA is one of them.
PLGA is versatile as it can be fabricated into any size, shape, and can be used to encapsulate small molecules, tissue engineer-
ing, and bone repair, etc.

Conclusion. The sensitivity and biodegradability of PLGA makes it a smart polymer for targeted and sustained delivery of
drugs and in various biomedical applications.

Keywords: PLGA; Smart Polymer; Biodegradable; Biocompatible Polymers

Abbreviation: PLGA — poly lactic-co-glycolic acid; PLA — Polylactic acid; PGA — Poly glycolic acid, PEG — Poly ethylene glycol;
SNA — spherical nucleic acid; NP — Nano particles; FDA — U. S. Food and Drugs Administration; EMA — European Medicines
Agency; CFTR — Cystic Fibrosis Transmembrane Conductance Regulator gene.

PLGA — NEPCNEKTUBHbIN NOJIMMEP
ansda NOCTABKU NEKAPCTBEHHbLIX CPEACTB

H. Cypbsa, C. bxaTtrayapba

dapmaueBTUHECKUI Konneax KptonaHuam
560035, MHaua, KapHaTaKa, baHranop, Odpd Capaskanyp Poya,
Kapmenapam lyHaxyp Poya Baptyp Xo6au, Yukka bennanayp, 12/1

E-mail: nagajyothisurya@gmail.com

MonyyeHo 27.07.2021 MpuHAaTa K neyatn 07.09.2021

MosMMepbl CTaiM HEOTbEM/IEMOM YaCTbiO HOBOM CUMCTEMbI LOCTaBKM SIEKAPCTBEHHbIX CpeacTB. O4HUM U3 ycneLlHbIX 6uo-
pasnaraembix NOAMMePOB aBAeTc PLGA, KOTOPbI COCTOUT U3 CIOMKHbIX NOAMIGUPOB MOIOYHOM U FIMKONEBOM KUCAOT. ITO
OAMH U3 0806peHHbIx «U. S. Food and Drugs Administration» (FDA, CLLIA) 6uopa3naraembix NOMMEPOB, KOTOPbIN B NOCNes-
Hee Bpems WMPOKO MUCMO/b3yeTcsA B TepaneBTUUYECKUX LieNsX.

Lienb. Mo3HaKOMUTb XMMUKOB-UCCNEA0BaTE/IEN C HOBbIMM CBOMCTBAMM U NpumeHeHnem PLGA B o6i1actn dapmauun.

For citation: N. Surya, S. Bhattacharyya. PLGA — the smart polymer for drug delivery. Pharmacy & Pharmacology. 2021;9(5):334-345. DOI:
10.19163/2307-9266-2021-9-5-334-345

© H. Cypes, C. Bxammavapes, 2021

Ana yutnposaHusa: H. Cypbs, C. bxatTauapba. PLGA — nepcneKTUBHbIN NoAnMep 418 [OCTaBKU 1eKapCTBEHHbIX CpeacTs. @apmayus u papma-
Konoaus. 2021;9(5):334-345. DOI: 10.19163/2307-9266-2021-9-5-334-345
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Hay4HO-npakTu4eckuin xypHan

OAPMALIA U
OAPMAKOSIOMS

OBb30PbI, TEKUNN
DOI: 10.19163/2307-9266-2021-9-5-334-345

Martepuanbl u meTogbl. B KauectBe MCTOYHUKOB MHGOPMALLMM MCNONb30BANUCh Pa3/iyHble 6a3bl aHHbIX, TaKMe Kak Science
Direct, Scopus, Web of Science, PubMed n Google Scholar. Monck npoBoamaca No cieayowmm Kato4eBbIM C1I0BaM U CI0BO-
coveTaHuam: PLGA, foCTaBKa HOBbIX IeKapcTB, HaHO4YaCTMLbl PLGA, buomeauumnHckoe npumeHeHme PLGA.

Pe3ynbratbl. PapmaLeBTUyecKas U 6BUOMeaULMHCKAsA NPOMBILNEHHOCTb NEPENOIHEHbI CUHTETUYECKMMM U HATypPasibHbIMU
nonnmepamu. MexaHMYecKkme 1 BA3KOINACTUYHbIE CBOWCTBA NONIMMEPOB AEeNAl0T UX NPUTOAHbIMU A7 BPEMEHHOW U Npo-
CTPAHCTBEHHOM [OCTABKM JIEKAPCTBEHHbIX NPenapaToB B TeYeHWe AAUTeNbHOro nepuoaa. NpMmeHeHe MeToL0B Conoanme-
pU3aumMm NPUBOANUT K MOAUPUKALMM BOLOPACTBOPUMOCTU NMOAUMEPOB U AENAET UX NPUTOLAHBIMU AR PA3UYHOTO UCNO/b-
30BaHMA CUCTEMAMM AOCTAaBKM NIeKapCTBEHHbIX BellecTs. baarogapsa cBolictBam 6MOCOBMECTUMOCTU M BMopasiaraemocTu
Nno/sIMepbl CTa/IM UCMO/Ib30BaTbCA B HOBbIX CUCTEMAX TAPreTHOM A0CTaBKM neKkapcTB. ConoMmep MOJIOHHON U INKONEBOM
Kkucnotbl PLGA — npeactaButens aTux cuctem. PLGA yHMBepCaneH, Tak Kak MOXET UCMO/b30BaTbCA A1 MHKANCyAaALUn ma-
JIbIX MOJIEKYN, B TKAHEBOM MHXEHEepUK, Npu BOCCTAHOBAEHUA KOCTEN W T. 4., BBUAY CNOCOBHOCTM BOCNPOM3BOAUTL Ntobok
pasmep 1 NpMHMMaTBL by dopmy.

3akntoyeHue. CeHCUTUBHOCTb M CMOCOBHOCTL K BMopasnokeHuto PLGA fenatoT STOT CONoAMMEp UHTENNIEKTYaIbHbIM NON-
MepoM AN5 AAPECHOM N HENPEPbIBHOM A0CTAaBKM NEKAPCTB, A TaK¥Ke B Pas3/IMYHbIX BUAaX BOMeULMHCKOTO MCNONb30BaHUA.
KntoueBble cnoBa: PLGA; nepcneKkTuBHbIM noaumep; bropasnaraemblii; GMOCOBMECTUMbIE MONUMEPDI

CnucoK coKkpaweHmit: PLGA — cononvmep MONOYHOW U INMKONEBOW KMCAOTbI; PLA — moanmep MON0OYHOM KMCNOTbl; PGA —
nonurankosiesas kucnota; M3l — nonnatuneHrmkonb; SNA — chepuyeckan HyknemHoBas Kucnota; NP — HaHovacTuupl; FDA
— YnpaB/ieHWe No CaHUTapHOMY HaZ30py 3a KAYeCTBOM MULLEBbLIX NPOAYKTOB U MeAMKAMEHTOB — areHTcTBO MUHUCTEpCTBa
3 paBOOXPaHEHNA N coLmanbHbix cny»6 CLUA; EMA — EBponeicKkoe areHTCTBO IeKapcTBeHHbIX cpeacTs; CFTR — TpaHcmem-

6paHHbIN perynaTop MyKoBMCLMA03a; /1B — 1IeKapCTBEHHOE BeLLecTBO.

INTRODUCTION

Poly lactic-co-glycolic acid or PLGA or PLG, is a copo-
lymer of polylactic acid (PLA) and polyglycolic acid (PGA)
approved by FDA and EMA [1-3]. PLGA is a linear copo-
lymer that has immense potential as a carrier for drug,
protein, nucleic acid, and peptide delivery and provides
a framework for tissue engineering [4]. Biocompatibility,
favourable degradation, and sustained release property
render it’s a popular polymer for drug delivery. The re-
lease of embedded drugs from PLGA through stimulation
makes it a smart polymer for drug delivery [5]. In recent
years it has shown its potential as monolithic injectable
implants for sustained delivery of drugs at desirable dos-
es without surgery[6]. The advantages of PLGA are its
tuneable physical properties i.e., molecular weight, and
the ratio of lactide to glycolide. The hydrolytic biodegra-
dation of PLGA also affects the drug release mechanism
based on drug delivery systems either by diffusion or
erosion [7].

Literature survey reports various micro and
nanoparticulate systems of PLGA showed excellent bio-
compatibility, sustained and targeted release with high
safety profiles, thereby improving the bioavailability and
stability of the encapsulated biopharmaceuticals against
enzymatic degradation [8]. They are capable to produce
local and systemic effects of therapeutic agents and bi-
ologics.

The polymer is successfully used to target anti-can-
cer drugs, helps in organ-specific targeting of drugs es-
pecially to the liver, lungs, or brains, and is found to be
very effective in delivering therapeutic gene delivery [9,
10].

Tom 9, Buinyck 5, 2021

THE AIM to get a detailed review of the smart and
wonder polymer PLGA based on its chemistry, synthesis,
properties, and applications in various novel delivery of
drugs, vaccine, genes with optimal efficacy.

MATERIALS AND METHODS

Various internet sources like Science Direct, Scopus,
Web of Science, Pub Med and Google Scholar were used
as the data source within the period of 2018-April 2021.
The key words search was carried out for the following
words and combinations: PLGA; Novel drug delivery;
PLGA Nano particles; Use of PLGA in peptides delivery;
biomedical applications of PLGA polymer etc.

RESULTS AND DISCUSSIONS

Chemistry and Synthesis of PLGA

Polylactic acid was first recognized as biodegrad-
able and biocompatible in the year 1966. The same
was proved for PGA in 1967 and got introduced in the
medical field in the form of surgical sutures. Novel and
systematic investigations in the research field merged
the components PLA and PGA to evolve a novel copo-
lymer PLGA for delivering the drug in a biocompatible
and biodegradable matrix with stimuli sensitive release
and controlled properties. Thus it was evolved and rec-
ognized as a smart polymer for drug delivery and drug
targeting [11-14].

PLGA is an aliphatic polymer[13], contains polylactic
acid that has asymmetric a-carbon usually described as
the D or L form and sometimes as R and S form [15].
PLGA generally contains D- and L- lactic acid forms in
equal ratio [16, 17]
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PLGA is chemically synthesized by the following
steps (17) as shown in figure 1.

If glycolic acid is used in a higher ratio than lactic
acid the copolymer formed is more hydrophobic due to
the increased hydrophobicity of lactic acid[18]. PLGA
can be prepared into various shapes and sizes and can
sheathe molecules of any size [17-19].

After polymerization, the purification of the poly-
mer is done by dissolution in chloroform followed by
precipitation in ethanol. The precipitated crystals are
dried under vacuum for 48 h at room temperature.
Commercially it is available in either acid or ester form.
Depending on the molecular weight different forms of
PLGA are available in different viscosity grades. Differ-
ent grades of PLGA in the commercial name of RE-
SOMER®RG are marketed by Boehringer Ingelheim
GmbH Lactel, different ester forms of PLGA are market-
ed in the brand of DL-PLG by Lactel Absorbable poly-
mers, and another grade of esterified or acidified form
is available in the name of Purasorb PDLG by Purac Bio-
materials [17].

Properties of PLGA

The physicochemical properties of PLGA mostly
depend on the monomer ratio of lactic acid and gly-
colic acid. Lactic acid has less hydrophilicity compared
to glycolic acid. Hence if the proportion of lactic acid
increases the degradation rate of PLGA reduces and the
reverse is the case, when the monomer units of glycol-
ic acid increases the degradation of PLGA hastens [20,
21]. But the increase in glycolide content leads to the
reduction of the tensile strength of the polymer [22].
Hence a 50:50 ratio of PLA and PGA can yield a poly-
mer having good biodegradability and the property of
sustaining the drug release with good tensile strength,
whereas high lactide content helps to sustain the re-
lease of drug with bio erosion. Depending on the pro-
portions of PLA and PGA the properties of the polymer
can be customized.

Polymers are always characterized by their crystal-
linity, molecular weight, and inherent viscosity.

The degree of crystallinity depends on the number
of monomeric units of PLA and PGA used in copoly-
merization and influences the mechanical properties,
swelling abilities, and biodegradation of PLGA. They are
generally amorphous and show a glass transition tem-
perature between 45-55°C and that confirms the rigid-
ity of the polymer. PLGA gets softened in a wet envi-
ronment and results in the reduction of glass transition
temperature and mechanical properties like tensile
strength, young’s modulus and % elongation to break
etc., of the polymer [23]. The inherent viscosity of the
polymer depends on the molecular weight of the poly-
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mer. With the increase in molecular weight, viscosity of
the polymer increases. PLGA is soluble in a wide range
of organic solvents like acetone, benzyl alcohol, chlo-
roform, dichloromethane, ethyl acetate, hexafluoro
isopropanol, and tetrahydrofuran. The physico-chem-
ical properties of different grades of polymer with its
application is illustrated in table 1.

Biodegradation of PLGA

PLGA undergoes two types of degradation —
hydrolytic and autocatalytic, in the biological system. A
random hydrolyzation occurs in the polymer backbone
within the ester linkages in presence of water, water-sol-
uble fragments of lactic acid and glycolic acid are formed
as shown in figure 2. These water-soluble fragments en-
ter the metabolic pathway of the body to yield energy,
carbon dioxide, and water.

The monomer ratio of lactic and glycolic acid plays
an important role in hydrolytic degradation. PLGA 50:50
thus undergoes degradation at a faster rate than PLGA
85:15 [24].

The autocatalytic degradation of PLGA happens in
an acidic environment as shown in figure 3.

Hence the mechanism of release of drug from the
matrix of PLGA follows different mechanism as described
in table 2.

The assessment of the various factors that are
responsible for the degradation of PLGA can help in
the synthesis of customized novel copolymers best
suited for the effective delivery of the drug. The fac-
tors that influence the breakdown of PLGA are listed
in table 3.

Current research on PLGA micro

and nano particles for drug delivery

Recently PLGA has gained extensive attention as ver-
satile carrier for hydrophilic or hydrophobic drugs, and
micro or macro molecules. The polymer is used in sev-
eral studies for protection of drug from degradation or
to control the release of the drug for the improvement
of therapy.

Zhang Z. et al., reported the efficacy of paclitaxel
loaded PLGA microsphere in the treatment of solid tu-
mours. Solvent evaporation technique was used to pre-
pare these microspheres. A sustained release of drug
was achieved and the in vivo study reported that the
sustained release of drug could cause apoptosis of tu-
mour cell, and reduction in the toxicity of the normal
cell [30].

Micronized triamcinolone was encapsulated in
PLGA/PLA carriers with an aim to increase the retention
time in the joints following intra-articular administra-
tion. These microspores were prepared by ultrasonica-
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tion and spray drying technique. In vivo rat models re-
vealed the retention of the drug was for 28 days [31].

Abuzar S.M. et al., fabricated oxaliplatin-loaded
PLGA microparticles loaded hydrogel in the treatment of
colorectal cancer in rats. Double emulsion method was
used to prepare the microparticles. The in vivo study re-
vealed the prolongation of drug action and hence the
bioavailability [32].

Jusu S.M. et al., studied on formulation and eval-
uation of blend of prodigiosin and paclitaxel loaded
PLGA microsphere for the treatment on breast cancer.
The microsphere blend was conjugated with Luteinizing
hormone releasing hormone. The microspheres were
prepared by solvent evaporation technique using PLGA
and PEG in 1:1 ratio. The study revealed the in mice the
blend was able to sustain the release of the drug for 62
days and they concluded that PLGA -PEG microsphere
had the potential for the treatment of triple negative
breast cancer [33].

Ryu W.M. and colleagues developed a rapidly dis-
solving ocular tablet consisting of nano particles of
dexamethasone in PLGA in alginate matrix. The reten-
tion of the nanoparticles on the preocular surface could
increase the ocular bioavailability of the drug [34].

Varga N. et al., developed a nanoparticles of a-to-
copherol in PLGA-PLA carriers. The nanoparticles were
stabilized using Pluronic F127. And could sustain the re-
lease of the drug [35].

Jo A. et al., fabricated and evaluated the PLGA en-
capsulated large CRISPR—Cas9 plasmid nanoparticles as
a revolutionary tool for gene delivery. The delivery of
plasmid was aimed to the bone marrow derived mac-
rophages in vitro. The particle size was engineered to
160nm. The experimentation showed positive results
to induce expression of bacterial Cas9 in murine bone
marrow [36].

ROLE OF PLGA IN NOVEL DRUG DELIVERY
Clinical Application of PLGA
Nano drug targeting
To achieve a successful drug delivery through poly-
meric nanoparticles, the physicochemical characteris-
tics of the polymer play an important role. The polymer
should have the following properties so that it can by-
pass rapid body clearance, and should have an affinity
for the target cells. The ideal properties of polymer for a
nano targeted delivery are:
e compatibility with the drug;
¢ high drug loading;
esuitable molecular weight for diffusion or to be ab-
sorbed by endocytosis;
e nonimmunogenic, biocompatible and biodegrad-
able.

Tom 9, Buinyck 5, 2021

To achieve these characteristics the polymer should
have the ability to allow physical modifications in its
structure during the polymerization process, it should
allow the formation of copolymers or block polymers to
make it suitable for the need of delivery of a particular
drug for targeting.

PLGA shows the versatility of modification by chang-
ing the lactide to glycolide ratio and can undergo copoly-
merization with PEG to tailor for specific performance. A
block polymer of PLGA with PEG (PLGA-PEG-PLGA) was
also studied to modify the release of Docetaxel for tar-
geting bone metastasis [37].

A copolymer of PLGA—Chitosan—PEG nanoparticles
were studied for delivery of paclitaxel in human retino-
blastoma, breast cancer and pancreatic cell line for ef-
fectively targeted delivery to the tumour [38].

Due to its versatility in modifications in polymeric
chain, PLGA is being widely studied in various fields of
nano-research like delivery of gene, peptides, proteins,
and nucleic acids [39, 40]

In gene-drug delivery systems biodegradable PLGA
nanospheres have been investigated as nonviral vectors
that improve the quality transfection effectiveness [41,
42].

In recent times polymeric spherical nucleic acid
(SNA) being a new class of polymeric conjugates has
gained its attention. It consists of PLGA nanoparticle
(NP) cores. The PLGA-SNA nucleic acid shell showed
an increased half-life (>2 h) in foetal bovine serum that
could release the nucleic acid in a tuneable manner from
the polymer conjugates [43, 44].

Vijet et al reviewed the condition of cystic fibrosis
which was due to mutation in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene. They
reported that AF508-CFTR, is a temperature-sensitive
common mutation that occurs by trafficking mutant
which in turn reduces the chloride transport and exag-
gerates immune response. For this condition, FDA has
approved PS-341 (bortezomib) drug that causes selec-
tive inhibition of chymotryptic threonine protease-activ-
ity. They have also reported that proteasome inhibitors
in PLGA nanoparticle could affect proteostasis and the
consecutive processes. Thus, nanoparticle-mediated PS-
341 lung-delivery was successful in treating the condi-
tion of cystic fibrosis where the drug was loaded with
biodegradable PLGA nanoparticle (PLGA-PEG™3*) and
could produce a controlled and sustained drug targeting
at the site [45].

Pillai R.R. et al. investigated the development of
nafcillin loaded poly DL-lactide-co-glycolide nanopar-
ticles for the targeting of osteoblasts in the treatment
of Staphylococcus aureus-mediated osteomyelitis.
Single emulsion-solvent evaporation technique was
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used to prepared nanoparticles of nafcillin. The in vitro
drug release along with cell viability study showed that
nanoparticles of nafcillin were effective in the treatment
of infected osteoblasts [46].

Kumar R. et. al. studied the enhanced solubility of
amphotericin B embedded in PLGA-PEG nanoparticles
and also observed the targeting effect of those nanopar-
ticles towards the macrophages of the infected tissues
in the treatment of visceral leishmaniasis. Thus, Ampho-
tericin B loaded PLGA-PEG block polymer nanoparticles
showed more effectiveness than conventional ampho-
tericin B for the inhibition of amastigotes in the splenic
tissue, elicited reduced toxicity, and better therapeutic
efficacy than the conventional one [47].

In nano-drug targeting with PLGA the challeng-
es faced are the inconsistencies in particle size that
can hinder the clinical success of the formulation the
type of organic solvents used to dissolve PLGA and
the type of mixing device that is used to disperse the
polymeric phase in anti-solvent also affects the physi-
cochemical properties of formulation embedded in
PLGA [49].

PLGA Microsphere for targeting

Microspheres are polymeric particles of sizes ranges
from 1 to 1000 um [50]. Use of PLGA in the formulation
of drug loaded polymeric microsphere rendered several
advantages in drug delivery and targeting.

Feng T. et al. experimented on the sustained release
effect of PLGA microsphere of Doxorubicin, and pacli-
taxel, investigated against B16F10 cells for the treatment
of metastatic lung cancer. It was observed that PLGA car-
rier showed better results in the treatment compared to
other carriers [51].

A successful brain targeting was observed by Ozekia
et al in animals by incorporating PLGA microspheres in a
thermo reversible gelation polymer matrix, for delivery
of chemotherapeutic drugs- camptothecin or vincristine.
After injection into the brain of the animals, a transfor-
mation from sol-gel occurred at body temperature and
the microsphere provided a sustained drug release at
the target site for glioma therapy with a survival rate of
more than 60 days [52].

The complexity of manufacturing PLA/PLGA micro-
spheres creates many challenges in the successful de-
livery of the drugs [53]. Some of the challenges include
degradation of PLA/PLGA that begins after adminis-
tration due to gastric pH, low drug loading, and poor
formulation stability [54]. The improvement of stabil-
ity can be brought by modifying the carrier system by
achieving desirable hydrophilicity in the surface of the
polymer. For optimizing the drug loading into PLGA the
most effective way is to manipulate the physicochem-
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ical properties of PLGA so that there is no penetration
of water into the polymer network and drug leaching
from the formulation can be avoided [55-57]. Studies
have showed that these physicochemical modifications
of the polymer can be achieved by using various tech-
niques like electrospinning, radiation, and employing
chemical treatment [58].

Protein and peptide vaccine drug delivery

Proteins and peptides are new therapeutics that are
used in the treatment of various human ailments in re-
cent times [59]. PLGA particles in humans are one of the
promising polymers that have been used in the delivery
of proteins and peptides [60].

Allahyari M. et al., identified one of the important
criteria to be taken into account during vaccine prepara-
tion is the encapsulation of antigen and its stability in the
particulate system of polymer. This article has focused
on vaccine delivery through PLGA particulate system.
Antigenic proteins/peptides can also be encapsulated
onto the surface of PLGA particles that show control re-
lease of antigenic protein/peptides from the polymeric
surface over a while [61].

Jiang et al., reported that polymer-based targeting
of oral vaccine with highly porous PLGA microparticles
was a successful approach for targeting of peptides [62].

PLGA particles faces some challenge related to pro-
tein and peptide delivery considering their stability in
acidic or harsh environments [63]. The instability occurs
during the process of encapsulation, as the removal of
organic solvents is associated with hydration that leads
to the partial aggregation of the proteins. The other
reason for instability is the hydrolysis of PLGA to PLA
and PGA and thus the creation of an acidic microenvi-
ronment where the proteins are denatured. By adding
stabilizers to the formulation, or by modifying the pro-
tein or the polymer proteins are protected from harsh
environments [64].

Inhalational therapies

The use of PLGA in inhalational therapies has been
extensively used nowadays due to its ability to overcome
intracellular and extracellular barriers of lungs which in
turn increase the drug deposition in lungs [65]. PLGA is
suggested for inhalation therapies for its sustain release
properties [51, 66], and is reported to be the most prom-
ising polymer in dry powder inhalation formulations
[51].

Feng et al. formulated biodegradable PLGA micro-
particles of doxorubicin into achieve a long-acting re-
lease of the drug in pulmonary inhalation treatment. It
produced highly porous and effective aerosolization of
the drug [51].
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Table 1 - Physicochemical properties and application of different grades of PLGA*

Viscosity Glass transition  Crystalline Melt

Polymer Type (dl/g) temperature (°C) Transition (°C) Solubility Application
RE;S';"OEZW ccf?gII\:/(z:};ilz;:'cSig?F:O 0.16-0.24 42-46 Amorphous A, B,C, D, E, F C‘:;::l':’d
R:é%'\s/':ﬁ@ c:?gI?;;gILi;Z;:zg??:S 0.32-0.44 46-50 Amorphous A, B, C,D,E,F C‘:;::l'ee‘j
R:é%':';ﬁ@ cg(:?cgahJZ;t;gezs 0.14-0.22 42-26 Amorphous A, B, C, D, E, F C‘;glt;:l':d
N mOLMe 13 on e AncoLr S
REfgggESR@ Poly(L-lactide) 0.8-1.2 60-65 180-185 A, D, E '\3:3:?:'

Note: A — Dichloromethane, B — Tetrahydrofuran, C — Ethyl acetate, D — Chloroform, E — Hexachloroisopropanol, F — Acetone

Table 2 — Mechanisms of biodegradation of PLGA

Mechanisms of biodegradation Consequences

Slow degradation of Crystalline drug and fast degradation
of the amorphous drug on release

Polymer surface erosion due to the uptake of water

Breakage of drug-polymer bonding Release of the drug by the diffusion process

Combination of diffusion and erosion process Release of the drug in a sustained manner

Table 3 - Factors affecting degradation of PLGA

Factors Properties for consideration Effect_ References
on degradation rate

Composition Increase in the amount of Glycolic acid, the critical parameter Increases [22]
Crystallinity The crystallinity of Lactic acid Increases [25]
Molecular weight Long polymeric chains Retards [26]
pH Strong acidic and basic media Increases [27]
Chemical properties -

e The hydrophilicity of the drug Increases [28]
shape and size The ratio of surface area to volume of the device Increases [29]

of the matrix

Table 4 — Marketed products

Drug product Active ingredient Dosage form / route of administration
Lupron Leuprolide acetate Microsphere / Intra muscular?
Sandostatin LAR Octreotide Microsphere / subcutaneous?
Zoladex Goserelin acetate Implant / Subcutaneous*
Atridox Doxycycline hyclate Insitu forming gel / Periodontal®
Eligard Leuprolide acetate Insitu forming gel / Subcutaneous [87]
Prialt Zinconotide Acetate Implant / Intrathecal®

! RESOMER® Biodegradable Polymers for Medical Device Applications Research (sigmaaldrich.com) — Available from: https://www.sigmaaldrich.
com/IN/en/technical-documents/technical-article/materials-science-and-engineering/drug-delivery/resomer. Accessed on 31 March 2021.

2 LUPRON DEPOT (leuprolide acetate for depot suspension), 2014. Available from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/
020517s036_019732s041Ibl.pdf. Accessed on 31 May 2021.

3 Sandostatin LAR (Octreotide Acetate Injection): Uses, Dosage, Side Effects, Interactions, Warning (rxlist.com). Available from: https://www.rxlist.
com/sandostatin-lar-drug.htm. Accessed on 31 May 2021.

4 Zoladex 3.6 (Goserelin Acetate Implant): Uses, Dosage, Side Effects, Interactions, Warning (rxlist.com). Available from: https://www.rxlist.com/
zoladex-36-drug.htm. Accessed on 31 May 2021.

5 Atridox (Doxycycline Hyclate): Uses, Dosage, Side Effects, Interactions, Warning (rxlist.com). Available from: https://www.rxlist.com/atridox-
drug.htm. Accessed on 31 May 2021.

5 PRIALT (ziconotide intrathecal infusion). Available from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021060s003Ibl.pdf.
Accessed on 31 May 2021.
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Ocular Delivery Systems

The more challenging part of the ocular drug deliv-
ery system is to overcome the anatomical and physiolog-
ical barriers of the eye [67]. In recent times many biode-
gradable polymers have been used in ophthalmic drug
delivery to overcome those challenges. PLGA, is being
studied to observe better tissue adherence, prolonged
duration of action of the entrapped drug, bioavailability
improvement, and toxicity reduction, in targeted deliv-
ery of the eye [68].

Chang et al., observed the effect of ocular surface
drug targeting of PLGA with Fluorescein labelled albu-
min and doxycycline. The drugs were encapsulated
in PLGA by formulation of w/o/w multiple emulsions.
Safety and inflammatory responses were evaluated for
the drug loaded PLGA microspheres by administering
subconjunctival injections to the rodents. The study re-
ported that the drug release from the microspheres was
achieved over controlled periods. Doxycycline loaded
PLGA microspheres were found to be efficacious in pre-
vention of corneal barrier disruption in mice [69].

Gupta H. et al. studied a new colloidal system of
sparfloxacin PLGA nanoparticles for ophthalmic delivery
to improve the residence time and ocular penetration
of the drug. The nanosuspension was lyophilized and
reconstitution of the formulation, before administration
made it more stable than conventional marketed formu-
lations [70].

Biomedical applications

3D Printing technology

3D printing is a constructive way of making a
three-dimensional object for medical purposes in dig-
ital format [71]. 3D printed medicines were first used
in dental implants by Charles Hull in 1984 [72, 73]. Re-
cently FDA has approved a 3D pharmaceutical product
in August 2015, Spritam® 3D printed tabled used for the
treatment of epileptic seizures®.

3D printing promises to produce complex biomed-
ical devices based on specific patient anatomical data
according to computer design. For use of polymers in 3D
printing two main characteristics have to be considered
that is biocompatibility and printability [63]. Considering
these characteristics PLGA is found to be the best-pre-
ferred polymer [74, 75]. PLGA is one of the polymers
that can be easily absorbed and eliminated from hu-
mans rendering any toxicity [76].

Shim J. H. et al., reported that Osteointegration and
bone regeneration are one of the fields of science that
mainly require the use of biodegradable polymers, now
this use has also led to gain its interest in 3D printing.

t Spritam. Available from: https://www.spritam.com/#/patient.

Accessed on 23 April 2021.
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This polymer was successfully studied for bone regen-
eration in rabbits that showed better efficacy of this 3D
model [77].

Gwak S.J. et al. experimented on 3D printed alginate
PLGA copolymer with control release of indomethacin,
itraconazole, and gentamicin on the embryonic kidney
and stromal stem cell lines of bone of humans and re-
ported a sustained effect of the drugs from the polymer
matrix [78].

Researches are reported on the use of methoxy
polyethylene glycol and PLGA copolymer in the forma-
tion of new bone [79] and regeneration of bone using
calcium phosphate cement and PLGA [80].

Miscellaneous applications of PLGA

In periodontitis, the inflammation and the infection
associated with the periodontal pockets need an ex-
tended release of drug at the inflamed site. Nafea E et
al., studied the effect of the mucoadhesive chitosan-PL-
GA-chitosan copolymer for the entrapment of alendro-
nate sodium with a promising effect in the treatment of
periodontitis [81].

Prevention of photodegradation of sunscreen agents
and improvement of the penetration of the hair vitalizer
tonics can be improved by the use of PLGA nanospheres
[82].

PLGA coated drug-eluting stents and PLGA based car-
diac implants are found to be an optimal way to control
heart diseases for both prolonged and local delivery of
drugs to cardiovascular tissues. A revolutionary imaging
capability of PLGA micro bubbles in the detection of myo-
cardial defects were studied in a recent study. They have
found that the PLGA micro bubbles could withstand the
destruction by ultrasound imaging with a significant en-
hancement in the sound for cardiac contractions [83, 84].

Because of its biodegradable nature, PLGA is consid-
ered as a key polymer for drug-eluting medical devices
and tissue engineering products. PLGA based nanosys-
tems are suitable for targeting of drugs to the brain, can-
cerous cell, or tumour cells [85]. Grafting of monoclonal
antibodies on the surface of PLGA matrix could able to
achieve active targeting of drugs for different types of
cancer cells and tumour endothelium cells.

Uptake of corticosteroids loaded PLGA nanoparti-
cles by the ulcerated tissues in the colon or small intes-
tine is found to be beneficial for the treatment of inflam-
matory bowel diseases. This enhanced uptake is due to
the presence of negative charge on the polymer which
gets attached by the positive charged protein in ulcer-
ative tissues [86].

Research is still ongoing to discover the wonder ef-
fects of this polymer. The presently marketed formula-
tions are listed in table 4.
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CONCLUSION

Use of PLGA or PLGA-based polymers in drug de-
livery has demonstrated countless probabilities for bio-
medical research. Its adaptable physicochemical prop-
erties biocompatibility and biodegradability makes it
a unique polymer for drug delivery, drug targeting and
making of novel devices. It has become a promising
polymer to effectively deliver anticancer drugs, proteins,
peptides, and vaccines. It has shown its potential in tis-

sue engineering and microfluidics-based applications
for medical devices. The tailor-made modification due
to copolymerization of PLGA with other polymers ren-
der its efficacy in various applications for controlled and
sustained delivery of drugs. Hence it can be concluded
that much progress is awaiting in the field of biomedi-
cal research involving tissue engineering, stem cell with
PLGA for the treatment and diagnosis of various critical
diseases.
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Heat shock protein Hsp70 is one of the main cytoprotection components under the action of various external stimuli. The
analysis of the literature data shows that nowadays, the researches’ overwhelming evidence has proven the role of Hsp70 as
a biological target for the drug development; however, the ideas about its use as a drug are often multidirectional.

The aim of the article is to analyze and generalize the literature data on the features of the physiological functions of heat
shock protein Hsp 70, and indicate the possibilities of its use for the pharmacological correction of various pathological con-
ditions.

Materials and methods. In the process of selecting material for writing this review article, such databases as Google Patents,
Science Research Portal, Google Scholar, ScienceDirect, CiteSeer, Publications, Researchindex, Ingenta, PubMed, KEGG, etc.
were used The following words and word combinations were selected as markers for identifying the literature: Hsp70, Hsp70
stroke, Hsp70 neuroprotection, Hsp70 cytoprotection, recombinant drugs.

Results. In this review, the pharmacology of one of the key members of this family, Hsp70, was focused on. The literary
analysis confirms that this molecule is an endogenous regulator of many physiological processes and demonstrates tissue
protective effects in modeling ischemic, neurodegenerative and inflammatory processes. The use of recombinant exogenous
Hsp70 mimics the endogenous function of the protein, indicating the absence of a number of typical limitations characteristic
of pharmacotherapy with high molecular weight compounds, such as immunogenicity, a rapid degradation by proteases, or
a low penetration of histohematogenous barriers.

Conclusion. Thus, Hsp70 may become a promising agent for clinical trials as a drug for the treatment of patients with neuro-
logical, immunological, and cardiovascular profiles.

Keywords: Hsp 70; cytoprotection; chaperone; neuroprotection; recombinant drugs

Abbreviations: MPs — medicinal products; ALS — amyotrophic lateral sclerosis; Hsp — heat schock protein; HSF1 — heat pro-
tein factor 1 / heat shock factor 1; HSEs — heat shock elements; TNF — tumor necrosis factor; PRRs — pattern recognition
receptor; SBDa — sphingolipid binding domain alfa; NBD — nucleotid binding domen; NEF — nucleotide exchange factor; DISC
— DISC-death-inducing signaling complex; BAG-1 — BAG family molecular chaperone regulator 1; CHIP — carboxyl terminus of
Hsc70-interacting protein; E3 — ubiquitin-protein isopeptide ligase; TRAIL — TNF-related apoptosis-inducing ligand; BID —
pro-apoptotic member of the Bcl-2 family; FANCC — Fanconianemia complementation group C; PKR — proteinkinasa R; MCA
— middle cerebral artery; 17-DMAG — 17-demetoxigeldanamycin; NF-kB — nuclear factor-kappa B; AIF — apoptosis inducing
factor; UPS — ubiquitin- proteasome system; JNK — Jun N-terminal kinases; Hip — hunting interacting protein; Hop — hunting
interacting protein; Hsp 70-1 — Heat shock 70 kDa protein 1; DR4 — death receptor 4; DR5 — death receptor 5; p53 — protein
p53; rhHsp70 — recombinant human heat schock protein 70; NMDA — N-methyl-D-aspartate receptor; IL-6 — Interleukin 6;
TNF-a — Tumor necrosis factor-alpha; IL-1B, — Interleukin 18; MCP-1 — monocyte chemotactic protein; TLRs — Toll-like re-
ceptors; DAMP — damage-associated molecular pattern; FasR — Fas-receptor; SMAC — the second mitochondrial activator of
caspase; MAPK mitogen-activated protein kinase; ICAD —inhibitor of caspase-activated DNase; IKK — kappa B inhibitor kinase;
Apaf 1 — apoptosis protease activating factor-1; CCP — cellular cytosolic protein; MMPs — matrix metalloproteinases; Mcl-1 —
myeloid Cell Leukemia differentiation protein 1; ASK1 — apoptosis signal-regulating kinase 1; BBB — blood-brain barrier; Casp
9 — caspase 9; FADD — Fas-associated death domain.
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Benok Tennosoro Wwoka Hsp70 ABAAETCA OA4HUM U3 OCHOBHbIX KOMMNOHEHTOB LIUTONPOTEKLMU NPU AEACTBUU PA3NINYHbIX BHELL-
HWUX pasapaxuTteneit. AHaau3 IMTepaTypHbIX AaHHbIX MOKa3blBAET, YTO HA CEFOAHALIHUI AeHb UccaeaoBaTenamm cbopmmpo-
BaHbl MHOTOYMC/IEHHbIE AOKa3aTenbcTBa ponn HSP70 B KauecTBe 6MONOTMUYECKON MULLEHWN ANA PAa3PabOTKM SIEKAaPCTBEHHbIX
CpeAcTB, OAHAKO, NPeACcTaBNEHMA O ero UCMOAb30BaHUN B Ka4YeCTBe IEKAapCTBEHHOTO CPeACTBA 3a4aCTy0 Pa3HOHaMNpPaB/IeHb!.
Lienb. 0606WnTb M NpoaHanM3nPOBaThb AaHHble MTEPaTYPbl 06 0cobeHHOCTAX GU3MoNornYeckux GyHKLMIM Geska Tennoso-
ro WokKa Hsp 70 1 0603HaYNTb BOSMOXKHOCTU €70 MPUMEHEHUA C Le/iblo GapMaKoIorMYecKon KOPPEKLMN Pa3INYHBIX MaTo-
JIOTUYECKMX COCTOAHMUM.

Martepuanbl U metoabl. B npouecce nogbopa matepuana Ana HanuMcaHUA 0630PHOM CTaTbM UCMONb30BaAMN Takue 6asbl
OaHHbIX, Kak: Google Patents, Science Research Portal, Google Scholar, ScienceDirect, CiteSeer, Publications, Researchindex,
Ingenta, PubMed, KEGG u gp. Mapametpamu ana otbopa antepatypbl 6biamn BbiIOpaHbl cneaytolime cnoBa U C1oBocoYeTa-
Hus: Hsp70, Hsp70 stroke, Hsp70 neuroprotection, Hsp70 cytoprotection, recombinant drugs.

Pe3ynbratbl. B faHHOM 0630pe mbl cdHOKycMpoBanncb Ha GapMaKoNOrMM OAHOIO U3 KAKoUeBbIX NpeacTaBuTeneil JaHHo-
ro cemeictea — Hsp70. J/IutepaTypHbIli aHasIU3 NOATBEPHKAAET, YTO AAHHAA MOJIEKY/IA ABNAETCA SHAOTEHHbIM PEryiaTopom
MHOTUX GU3NONOFMYECKUX NMPOLLECCOB U AEMOHCTPUPYET TKaHe3aWwmTHble 3GbEKTbl NPU MOAEMPOBAHUM ULLEMUYECKHUX,
HelpogereHepaTUBHBIX M BOCMAANTE/IbHbIX NPoLLeccoB. MprmeHeHne peKoOMOBMHAHTHOrO 3K30reHHoro Hsp70 UMUTUPYET SH-
AoreHHyo dyHKUMIo 6enKa, cBUAETeNbCTBYA 06 OTCYTCTBUM PAAA TUMUYHbIX OFPaHUYEHWUI, XapaKTePHbIX 418 dapmaKkoTepa-
MU BbICOKOMONEKYNAPHBIMU COEANHEHUAMM, TAKMX KaK UMMYHOTEHHOCTb, ObICTPOE paspyLUeHMe NpoTeasaMm UAN HU3KadA
cTeneHb NPOXOXKAEHUA Yepes rmcTtoremaTuyeckne bapbepsi.

3akntoueHue. Takum 06pasom, Hsp70 MOKET CTaTb MEPCNEKTUBHBIM areHTOM A/1A KIMHUYECKUX UCMbITaHMI B Ka4ecTBe npe-
napara A4na Je4eHna NauneHToB HEBPOIOrMYECKOTO, UMMYHO/IOTMYECKOTO U KapAMOoBacKyAspHoro npoduaei.

Kniouesble cnosa: Hsp 70; LMTONPOTEKLMSA; LIANEPOH; HEVPONPOTEKLMA; PEKOMBUHAHTHbIE NpenapaTbl

Cnucok cokpauieHuit: JIC — nekapcTBeHHble cpeacTsa; BAC — 60KoBOIM amMnOTpodUYECKMiA cKepos; Hsp — 6enkun Tennoso-
ro WwokKa; HSF1 — dakTop TpaHcKpunumm — paktopa Tensosoro woka 1; HSEs — anemeHTbl Tennosoro woka; TNF — dpaktop
HeKpo3a onyxonu; PRRs — peuentopbl pacno3HaBaHua 06pa3os; SBDa — comHronnnug ceasbiBatolwmii someH anbda; NBD
— HyKneoTuaceasbiBatowmnn someH; NEF — dakTop o6meHa Hykneotnaos; DISC — KoMNAeKe, MHAYLMPYOWNM cmepTb; BAG-
1 — Perynatop cemencTBa monekynsapHbix wanepoHos BAG 1; CHIP — Kap6oKcuabHbIM KoHew, Hsp70 — B3aMMOAenCcTBYOLWEro
6enka; E3 — yOUKBUTUH-NPOTEMH-M30NeNTUAHasA aurasa; TRAIL — TNF-cBA3aHHbIM AUraHa, MHAYLMpPYOWKMIK anontos; BID
— MPOoanonToTUYeCKui YneH cemeictea Bcl-2; FANCC — rpynna komnaemeHTaunu ¢aHkoHMaHemun; PKR — npoTenHKmnHasa
R; MCA — cpeaHaa mo3rosas aptepusa; 17-DMAG —17-gemeTokcurenbgaHammumi; NF-kB — agepHbiii dpaktop-kanna B; AIF —
daKTop BbI3blBatOLWMI anonTo3; UPS — y6uKBUTUH-NpoTeacomHan cuctema; JINK — N-KoHLeBas KuHasa Jun; Hip — xaHTUHr-B3a-
UMOAENCTBYIOLLMI 6enok; Hop — XaHTUHT opraHusytowmii 6enok; Hsp70-1t — 6enok Tennosoro woka 70 kfa 6enok 1; DR4
— peuenTtop cmepTu 4; DR5 — peuentop cmepTn 5; p53 — 6enok p53; rhHsp70 — peKoOMBUHAHTHbIM YenoBevyeckunin 6enok Te-
naosoro woka 70; NMDA — N-metun-D acnapTtart peuenTop; IL-6 — MHTepaeiikuH 6; FNO-o — daKkTop Hekpo3a onyxonu-anbda;
IL-1B —mHTepnelikuH 1B; MCP-1 — xemoTakcuyeckuin 6enok moHouutos; TLR — Tonn-nogo6bHblie peuentopsl; DAMP — mone-
KYNAPHanA CTPYKTypa, CBA3aHHaA ¢ nospexaeHnem; FaskR — Fas peuentop; SMAC — BTOPOIA MUTOXOHAPWANbHBIN aKTUBATOP
Kacnasbl; MAPK — akTBMpYemas MUTOreHOM NpoTenHKMHa3a; ICAD — MHrMbuTop Kacnaso-aktusupyemon JHKasbl; IKK — Ku-
Ha3a UHrnbuTopa kB; Apaf 1 — KneTouHbIN LUTO30bHbIN 6enoK; MMPs — maTpuKcHble meTannonpoTtenHasa; Mcl-1 — 6enok
amddepeHUMpPoBKN MUENoUAHOKNETOYHOro ieko3a 1; ASK-1 — KMHa3a, peryavpytowas curHan K anontosy; BBB — rema-
ToaHuedanmuecknii bapbep; Casp 9 — Kacnasza 9; FADD — 6e10K, B3aMMOAENCTBYIOLWNIA C JOMEHOM cMepTU Fas-pelenTtopa.
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INTRODUCTION

Protein homeostasis in mammals has been main-
tained by a multicomponent system of proteins that
regulate metabolic processes. That system depends on
environmental conditions. The hypothesis of the exis-
tence of a heat shock proteins family, the first mention
of which dates back to 1962, was put forward on the
basis of the discovery of mammalian tissues’ tolerance
phenomenon to high temperatures after a sharp heating
of the same tissue site to sublethal temperatures [1].

Currently, many studies aimed at studying the
spatial form, molecular interactions and physiological
functions of heat shock proteins, have been carried
out [2, 3]. The proteomics of a large family of chaper-
ones, the function of which is traditionally associated
with the folding and assembly of proteins, has been
described. Molecular chaperones play an important
role in proteostasis. In particular, Hsp70 means a lot in
protein coagulation, disaggregation, and degradation
[4]. Through substrate-binding domains, Hsp70 inter-
acts with a wide range of molecules, providing cytopro-
tective properties against cellular stresses of various
etiologies. The functions variety of heat shock proteins
prompts the need to study their behavior in various
pathological conditions. In eukaryotic cells, in phys-
iological and pathological terms, there are four main
pathways of protein degradation: the ubiquitin-prote-
asome system and three types of autophagy: macro-
autophagy, microautophagy, and chaperone-mediated
autophagy [5]. Hsp70 provides specificity in the choice
of substrate for all types of the above listed processes.
In the literature, different variants of this protein name
can be found: heat shock protein 70 kDa, Hsp70, chap-
erone Hsp70, and Hsp73.

The multitude of Hsp70 physiological functions de-
termine the researchers’ interest in studying the possi-
bilities of its use in various pathological conditions. Heat
shock proteins occupy one of the important positions in
all the variety of folding proteins in mammalian bodies.
At the same time, the use of these chaperones is hard
due to the high cost of their production using producers’
bacterial strains. Recombinant drugs are the substanc-
es obtained by artificial means based on genetic engi-
neering. At the moment, in the classification of recombi-
nant drugs, pharmacologists distinguish 2 main groups:
protein recombinant drugs and hormonal recombinant
drugs. With the help of recombinant DNA, more than
400 genes (mainly in the form of cDNA) of various hu-
man proteins that are or can become drugs have been
cloned. The analysis of the biotechnology market shows
that the annual volume of the world drug market based
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on human proteins is about $ 150 billion and is constant-
ly growing [6]. The advantage of biopharmaceuticals lies
in their high targeting action, which is associated with a
reduced risk of side effects in comparison with conven-
tional low molecular weight drugs [7]. Biotechnological
drugs have found application in the treatment of pa-
tients with pronounced adverse reactions to traditional
synthetic drugs [8]. Modern methods of creating trans-
genic animal producers of recombinant proteins open
up new prospects for their use aimed at the pharmaco-
logical correction of pathological conditions associated
with a violation of the structural organization of protein
molecules. This mini-review reflects the main mecha-
nisms of functioning and molecular interaction of Hsp70
with effector molecules known to science in various
pathological cascades. Taking into account the available
literature data, the prospects of using this substance as a
drug with neuroprotective and cytoprotective activities,
are discussed.

THE AIM of the article is to analyze and generalize
the literature data on the features of the physiological
functions of heat shock protein Hsp 70, and indicate the
possibilities of its use for the pharmacological correction
of various pathological conditions.

MATERIALS AND METHODS

In the process of selecting material for writing this
review article, the databases of Google Patents, Science
Research Portal, Google Scholar, ScienceDirect, CiteSeer,
Publications, Researchindex, Ingenta, PubMed, KEGG,
etc. were used The following words and phrases were
selected for the selection of literature: Hsp70, Hsp70
stroke, Hsp70 neuroprotection, Hsp70 cytoprotection,
recombinant drugs.

RESULTS AND DISCUSSION

Basic Hsp 70 Biology

The human Hsp70 family of proteins includes 13
molecules that differ from each other in the expression
level, a subcellular arrangement, and an amino acid
composition. They are encoded by a polygenic family
consisting of up to 17 genes and 30 pseudogenes [9]. The
functional genes encoding human Hsp70 proteins are
associated with several chromosomes. Major stress-in-
duced Hsp70s chaperones include Hsp70-1 (HspA1A)
and Hsp70-2 (HspA1B) proteins, referred to as Hsp70 or
Hsp70-1 as a whole, differ from each other in only two
amino acids. The expression of basal HSPA1A / B mRNA
varies in most tissues and exceeds the expression lev-
els of other Hsp70 isoforms in humans. Hsp70-1t (Heat
shock 70 kDa protein 1) is a constitutive, non-inducible
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chaperone that is 90% identical to Hsp70-1 [10].

Hsp70 is known to consist of two main domains:
the N-terminal nucleotide binding domain (NBD) (45
kDa) and the substrate binding domain (SBD) (25 kDa).
The first is a V-shaped structure consisting of two sub-
domains (lobes) surrounding the ATP binding site. The
second one also consists of two: a substrate binding do-
main beta (SBDB) and a substrate binding domain alpha
— (SBDa) [11].

Later data showed that chaperones perform a dual
function in proteostasis, contributing to the implemen-
tation of the main stages of protein degradation [12].
The interaction of a particular chaperone with other
chaperones or cochaperones determines the fate of the
former through one of the common pathways of protein
degradation, the ubiquitin-proteasome system (UPS),
or autophagy. In eukaryotes, Hsp70 interacts with two
cochaperones: J, the domain cochaperone, Hsp40, and
the nucleotide exchange factor NEF. Hsp40 is known to
stimulate ATP Hsp70 hydrolysis and can participate in
the presentation of Hsp70 substrates [13, 14]. NEF pro-
motes the exchange of nucleotides by Hsp70, inducing
the release of ADP (Fig. 1) [15].

It has been proven that normally, Hsp70 plays sever-
al roles in signaling cascades involved in the cell growth
and differentiation. The molecular mechanism of Hsp70
induction regulation depends on the activity of a unique
heat shock transcription factor 1 (HSF1), which binds to
the 5’-promoter regions of all Hsp genes and triggers the
transcription. Under homeostatic conditions, Hsp70 is
intracellular and associated with HSF1 [16]. High tem-
perature, ischemia, and other causes for the accumu-
lation of unfolded proteins lead to Hsp70 dissociation
from HSF, leaving it free for target proteins to bind. In
the stressed cell, dissociated HSF is transported to the
nucleus, where it is phosphorylated, possibly by protein
kinase C, to form activated trimers. The resulting trimers
bind to the highly conservative regulatory sequences
of the heat shock gene known as heat shock elements
(HSEs). HSEs bind to the promoter region of the induc-
ible gene Hsp70, which leads to an increase in the Hsp70
generation [17]. Through binding to HSF1, Hsp90 can
also affect Hsp70: when Hsp90 dissociates with HSF1,
the latter is released to bind HSEs and leads to an even
greater Hsp70 induction [18].

The newly generated Hsp70 in combination with
ATP, Hsp40 and Hsp90 binds to denatured proteins and
acts as a molecular chaperone, promoting the repair,
clotting and transport of damaged peptides within the
cell. Subsequently, a complex is formed, which includes
the Hip (hunting-interacting protein) and Hop (hunt-
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ing-organizing protein) associated with the N and C
terminal domains, respectively, due to which clotting
and then refolding of denatured structures occurs [19].
If no clotting occurs, BAG-1 binds to the N-terminus of
Hsp70, and CHIP E3 ubiquitin ligase binds to the C-ter-
minus of Hsp70. This complex then interacts with the
denatured protein and recruits it into proteasome [20].
Thus, Hsp70 is involved in the damaged proteins refold-
ing.

Interaction of Hsp70 with some

of the pro- and anti-apoptotic proteins

A stress-induced expression of Hsp70 allows cells
to cope with a large number of unfolded and / or dena-
tured proteins resulting from the external stress. Tradi-
tionally, such typical pathological processes include in-
flammation, hypoxia, apoptosis, and tumor growth [21].

Apoptosis, as the body’s response to pathological
changes, is involved in the pathogenetic links of many
diseases, such as strokes, neonatal hypoxia, degenera-
tive retinal diseases, graft rejection, Alzheimer’s disease
and other neurodegenerative diseases [21, 22].

Caspase-independent and caspase-dependent
apoptosis pathways are distinguished. The caspase-de-
pendent pathway of apoptosis is divided into internal
and external. Complex signaling pathways occur in the
cell from the initiation to the start of a signaling mol-
ecules cascade, including many proteins. It is obvious
that the impact on any element of this cascade can be
a therapeutic target for a pharmacological correction
of apoptosis processes. For example, nerve growth fac-
tors inhibit apoptosis and appear to meet therapeutic
needs in diseases with extensive autolysis. An increase
in Bcl-2 expression can inhibit pathological neuronal
apoptosis in response to neurotoxic factors. In ad-
dition, it has been proven that low molecular weight
caspase inhibitors, for example, Z-VAD-FMK, are effec-
tive in the treatment of amyotrophic lateral sclerosis in
animals [23].

Apoptosis is required to maintain cellular homeo-
stasis. The Hsp70 expression increases the cell survival
under stress. Hsp70 knockdown cells are sensitive to
autolysis [24], while the Hsp70 overexpression inhibits
apoptosis, acting either through the internal Akt / PKB
mitochondria-dependent or the external receptor-de-
pendent pathway [25].

External apoptosis is initiated by plasma mem-
brane-bound proteins of the TNF receptor family, which
lead to the activation of caspase-8/10 in the death-in-
ducing signaling complex (DISC) [26]. Hsp70 can also
inhibit the assembly of the DISC signaling complex, in-
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hibiting apoptosis induced by Fas, TRAIL, and TNF. After
TNF-induced DISC formation and activation of caspase
8, Hsp70 can inhibit BID activation [27]. When inter-
acting with an extracellular ligand, membrane recep-
tors transmit death signals to the intracellular space
through their cytoplasmic domains. The membrane re-
ceptors involved in apoptosis belong to the superfamily
of tumor necrosis factor (TNF) receptors, the activation
of which depends on two main ligands: TNF and Fas.
TNF and its receptors, namely TNFR-1 and TNFR-2, are
responsible for initiating the main apoptosis pathway,
i.e. the TNF pathway. The interaction between TNF
and its receptors has been shown to signal death by
recruiting two adaptive proteins: the TNF receptor-as-
sociated death domain (TRADD) and the Fas-associat-
ed death domain (FADD) protein. A cascade of these
processes affects programmed cell death through the
action of caspases. FNO ligands form homotrimers that
bind to FNO receptors on the membrane [28]. In TNF-
a-induced apoptosis, Hsp70 interacts with the FANCC
protein (Fanconianemia complementation group C,
PKR inhibitor) through its ATP domain and forms a tri-
ple complex with FANCC and PKR [29, 30]. It also re-
sists TRAIL-induced apoptosis and the formation of a
death-causing signaling complex with death receptors
DR4 and DR5 [31]. The Hsp70 function in Fas-induced
apoptosis is under-explored, but the adverse effects
depend on the cellular context [32].

The internal apoptotic pathway is initiated by the
release of various factors from the cell mitochondria. In
response to the brain damage and the resulting oxida-
tive stress, a transitional pore of permeability is formed
in mitochondria. That leads to the release of cytochrome
C into the cytosol, where a number of pro-apoptotic
molecules ultimately cause the activation of effector
caspases. Among these molecules, there are Bcl-2 fam-
ily proteins, some of which are pro-apoptotic. These
molecules are the main regulators of the mitochondrial
membrane. Bcl2 and Bax are targets for the suppressor
protein of p53 tumor. In response to DNA damage, Bcl2
transcription is repressed, and Bax is induced [33, 34].
Tumor cells often have mutated p53 that forms a stable
complex with Hsp70 / Hsc70. A stress-mediated expres-
sion of Hsp70 inhibits nuclear import of p53 [35]. How-
ever, the Hsp70 regulation of the NF-kB function is still
under-explored. Cytosolic Hsp70 can inhibit the expres-
sion of NF-kB, and membrane-bound Hsp70 can induce
this transcription factor [36]. In neuronal stem cells, the
Hsp70 induction by the recombination plasmid pEGFP-
C2-HSP70 significantly blocks caspase-3 and reduces
neuronal cytotoxicity, including a neuronal loss and a

350

synapse damage in cocultured cells [37]. After an inflam-
matory stimulus, oligodendrocyte progenitor cells and
mature oligodendrocytes from mice deficient in Hsp70
come into apoptosis caused by the caspase-3 activation
[38]. Fig. 2 shows some of the apoptotic proteins that
Hsp70 interacts with.

Experience in pharmacological use

of recombinant Hsp70

Neuroprotective action

Studies confirming the neuroprotective role of en-
dogenous heat shock proteins [39] have stimulated the
development of pharmacological strategies based on
the use of recombinant human Hsp70 [40]. Thus, Xin-
hua Zhan et al. demonstrated that the administration
of Fv-Hsp70 2 and 3 hours after focal cerebral ischemia
resulted in a 68% decrease in the volume of the in-
farction zone and significantly improved sensorimotor
functions compared to the control group [41]. Similar
results were presented in the publication by a Russian
scientific group under the guidance of M.A. Shevtsov.
The authors demonstrated that both preliminary and
postischemic intravenous administration of rhHsp70
dose-dependently reduced the zone. Moreover, a long-
term treatment of ischemic rats with rhHsp70 in the
form of alginate granules with a sustained protein re-
lease further reduced the infarction volume and the
apoptosis zone [42].

Similarly, the intranasal rhHsp70 administration re-
sulted in a two-fold decrease in the local ischemia vol-
ume in the prefrontal cortex in the study of the mice
with a photothrombotic stroke. In addition, the intrana-
sal rhHsp70 administration reduced the level of apopto-
sis in the ischemic penumbra, stimulated axonogenesis,
and increased the number of synaptophysin-producing
neurons. In an isolated crayfish mechanoreceptor con-
sisting of a single sensory neuron surrounded by a glial
membrane, exogenous Hsp70 significantly reduced pho-
toinduced apoptosis and necrosis of glial cells [43].

Moreover, as a therapeutic agent for slowing down
neurodegenerative processes, rhHsp70 also demon-
strates a high potential. In the study by David J. Gifon-
dorwa et al., recombinant human Hsp70 delayed the on-
set of paralysis in a murine model of amyotrophic lateral
sclerosis caused by overexpression of the mutant SOD1
gene. When administered intraperitoneally three times
a week, starting from the 50th day of life, rhHsp70 led
to an increase in life expectancy, a delay in the onset of
symptoms, preservation of motor function, and an in-
crease in the number of innervated neuromuscular con-
nections compared with the control tissue [44].
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Figure 1 — Model of the Hsp70 oligomerization assembly line
Note: Cellular stress changes chaperone conformation, which facilitates Hsp 70 oligomerization. Co-chaperones and associated substrates bind
to Hsp 70 oligomer, forming active chaperone complex
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Figure 2 — Interaction of Hsp70 with apoptosis and inflammation regulating proteins

In the transgenic mouse model of Alzheimer’s dis-
ease and in the mice with bulbectomy, intranasally ad-
ministered rhHsp70 quickly penetrates the affected ar-
eas of the brain and mitigates multiple morphological
and cognitive anomalies, normalizing the density of
neurons in the hippocampus and cortex of the brain and
reducing the accumulation of amyloid-B and amyloid
plaques [45, 46].

In addition to the direct cytoprotective activity
against neurons, rhHsp70 demonstrates a GABA-ergic ef-
fect: a preliminary intracerebroventricular administration
of Hsp70 reduces the severity of the seizures caused by
NMDA- and pentylenetetrazole. Moreover, traced Hsp70
in neurons was co-localized with NMDA receptors, synap-
tophysin, and L-glutamic acid decarboxylase [47].
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Anti-inflammatory activity

A preventive Hsp70 administration reduced the
toxic effect of E. coli endotoxin on the rat organism
and significantly increased the survival rate of the an-
imals during the experiment [48, 49]. In addition, in
the models of sepsis caused by the administration of
lipoteichoic acid, it was shown that the prophylactic
administration of exogenous human Hsp70 signifi-
cantly attenuates numerous homeostatic and ehmo-
dynamic disorders and partially normalizes the coag-
ulation system disorders and many biochemical blood
parameters, including the concentrations of albumin
and bilirubin [50, 51].

It has been shown that both intracellular and ex-
tracellular Hsp70 modulates the activation of the key
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pro-inflammatory factor NF-kB [52]. Thus, overex-
pressed Hsp70 blocks the NF-kB activation and p50/p65
nuclear translocation by inhibiting IKK-mediated phos-
phorylation of IkB (NF-kB inhibitor). It is of interest to
note that the opposite effect occurs when Hsp70 is out-
side the cell. It is assumed that extracellular Hsp70 can
act as a damage-associated molecular pattern (DAMP)
through the innate immunity receptors TLR2 and TLR4
and thus trigger pro-inflammatory cascades. [53] An
increase in the expression / secretion of NF-kB-depen-
dent pro-inflammatory cytokines, including interleukin
IL-1B, interleukin IL-6 and FNO-q, in response to extra-
cellular Hsp70 in human lung cancer cells, dendritic cells
and monocytes, was also notified. [54] However, other
studies have shown that in the cultures of synoviocytes
obtained from the patients with rheumatoid arthritis,
extracellular Hsp70 inhibits the NF-kB signaling path-
way, decreasing the level of IL-6, IL-8, and MCP-1 [55]. In
addition, it has been shown that extracellular Hsp70 re-
duces the production of proinflammatory cytokines such
as FNO-a and IL-6 in monocytes exposed to TLR agonists
and contributes to the attenuation of the inflammatory
response [56].

Thus, the results of a number of studies indicate
that Hsp70 exhibits a predominantly anti-inflammato-
ry activity, but under certain conditions it can activate
pro-inflammatory cascades.

Modern methods for producing

recombinant forms of Hsp70

Currently, it is known about the creation of Hs-
p70A1 recombinant forms. In particular, two sources
are isolated: its isolation from the biomass of the E.
coli bacterial culture, expressing it in increased quan-
tities, and from transgenic mice-producers. To analyze
its activity, the following parameters are determined: a
substrate-binding activity, the analysis of the restoring
activity of proteins, the ability to displace endogenous
substance from the cells, the ability to reduce endotox-
in-induced ROS production, and the ability to stimulate
the natural killer cell activity towards the cancer cells
in vitro. It is known that a protein glycosylation during
the production can complicate the result of its admin-
istration to patients, especially when the body con-
tains cells expressing the native form, causing an au-
toimmune response. A modified version of the protein
was named rhHsp70.128, which differs fundamentally
from the wild-type protein (rhHsp70.135) at five puta-
tive N-glycosylation sites: QGDRTTPSY, YFNDAQROQA,
DLNKAINPD, KRNSAIPTK, and ILNVAATDK. A chaperone
activity of the recombinant Hsp70 was assessed using
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carboxymethylated lactalbumin as a substrate protein.
It was shown that the activity of the modified protein
corresponds to the activity of the reference wild-type
version and binds denatured lactalbumin with a simi-
lar efficiency. The next test consisted in measuring the
activity of luciferase after its denaturation and recov-
ery using the Hsp70 preparation in order to analyze
its coagulability. The data show that all three tested
samples were almost equally active. A series of exper-
iments was also carried out to confirm the ability of
the modified recombinant Hsp70 to displace its en-
dogenous analogue from cells. Modified rhHsp70.128
as well as the wild-type probe, entered the cells and
displaced endogenous Hsp70. An alternative way to
obtain a recombinant Hsp protein, similar to that cre-
ated in E. coli, was the creation of a female producers
line expressing it in the mammary glands with a con-
tent of 1-2 mg/ml of protein in milk, depending on the
animal. The study of its expression was carried out by
the method of immunoblotting. It has been shown that
the mutant protein can be efficiently isolated using ATP
columns, as opposed to the wild type, by reacting to
commercial antibodies. Based on the data obtained, it
is obvious that the secretory production of the protein
is technologically more advantageous in comparison
with the cytoplasmic production due to the simplicity
of its purification [57].

CONCLUSION

Chaperones are key regulators of cellular homeosta-
sis that perform pleiotropic functions involving a wide
range of signaling pathways. At the same time, heat shock
proteins, the most studied family of chaperones, have a
high pharmacotherapeutic potential for the treatment
of a number of diseases associated with inflammation,
apoptosis, and accumulation of misfolded proteins. This
review was focused on the pharmacology of one of the
key members of this family, Hsp70. The literature analysis
confirms that this molecule is an endogenous regulator
of many physiological processes and demonstrates tissue
protective effects in modeling ischemic, neurodegenera-
tive and inflammatory processes. The use of recombinant
exogenous Hsp70 mimics the endogenous function of the
protein, indicating the absence of a number of typical
limitations characteristic of pharmacotherapy with high
molecular weight compounds, such as immunogenicity,
rapid degradation by proteases, or a low degree of pas-
sage through histohematogenous barriers. Thus, Hsp70
may become a promising agent for clinical trials as a drug
for the treatment of patients with neurological, immuno-
logical, and cardiovascular profiles.
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Currently, the actual task of modern pharmacy is to study the chemical composition and pharmacological properties of plant
objects. Within the framework of this concept, it seems interesting to study Quercus robur L. buds. One of the promising
groups of biologically active compounds of Quercus robur L. buds are flavonoids. This group of substances has a wide range
of a pharmacological activity, which is significant in the creation of new medicines based on medicinal plant raw materials.
The aim of the article was to work out methods for quantitative determination of total flavonoids in Quercus robur |. buds.
Materials and methods. The research materials were aqueous-alcoholic extracts from Quercus robur L. buds with 70% ethyl
alcohol which were analyzed by differential UV spectrophotometry on spectrophotometer “SF 2000” (Russia).

Results. The methods for quantitative determination of total flavonoids in Quercus robur L. buds by differential UV spec-
trophotometry, has been developed using a standard sample of cynaroside at the analytical wavelength of 400 nm. The
optimum parameters for the extraction of total flavonoids from Quercus robur L. buds have been determined. They are:
the optimum extractant is 70% ethyl alcohol; the “raw material-extractant” ratio is 1:50; the extraction time is 120 min, the
degree of atomization is 2 mm.

The content of total flavonoids for Quercus robur L. buds has been determined; it varies from 0.27%+0.01 to 0.44%+0.02.
These results make possible to recommend the content of total flavonoids for this type of raw materials not less than 0.25%
as a lower limit.

Conclusion. The data obtained in the course of the experiment, makes it possible to conclude that a further study of Quercus
robur L. buds is promising, and it also contributes to the implementation of medicinal plant raw materials “Quercus robur L.
buds” in the State Pharmacopoeia (Russia).

Keywords: Quercus robur L.; buds; flavonoids; cynaroside; differential spectrophotometry; standardization

Abbreviations: BASs — biologically active substances; HPLC — High Performance Liquid Chromatography; SP (Russia), XIV*"
ed. — State Pharmacopoeia of the Russian Federation, XIV* edition; GM — general monograph; SS — standard sample; UV
spectroscopy —ultraviolet spectroscopy; PM —pharmacopoeial monograph; SD — Standard Deviation; RSD — Relative Standard
Deviation.
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B HacTosiLee Bpems aKTya/ibHOW 3aJa4velt coBpemMeHHOW dapmauun ABNAETCA U3yYeHUe XMMMUYECKoro coctaBa u dpapma-
KOJIOTMYECKMX CBOMCTB PACTUTE/IbHbIX 0O bEKTOB. B paMKax AaHHOTO HanpaBAeHUA NPeACTaBAAETCA MHTEPECHbIM U3yYeHune
noyek ayba uyepewyatoro Quercus robur L. OAHOM M3 NEPCNEKTUBHbIX FPYNn BMONOrMYECKM aKTUBHbIX COEAMHEHUI NOYEK
ny6a asnatotca pnasoHouAbl. [laHHaA rpynna BewecTs 061a4aeT LWWMPOKUM CMEeKTPOM hapMaKoI0rMyecko akTUBHOCTH, YTO
ABNAETCA 3HAYMMbIM MPU CO34aHUN HOBbIX JIEKAPCTBEHHbIX MPErnapaToB Ha OCHOBE JIEKAPCTBEHHOIO PACTUTE/IbHOTO CbipbA.
Lienb. Pa3apaboTka METOAMKMN KOIMYECTBEHHOTO onpeaeneHmsa cyMmmbl G1aBOHOMAOB B NoYKax Ayba yepelwyatoro Quercus
robur L.

Martepuanbl U metogbl. MaTepranom UccaefoBaHUA ABNANUCL BOLHO-CNUMPTOBbIE M3B/eYEHMA Novek ayba yepeluyaToro
Quercus robur L. Ha cnupTe 3TMnoBom 70%, KOTOpble aHANM3NPOBANU MeToAOM auddepeHLmanbHon YP-cnekTpopoTome-
Tpum Ha crnekTpodoTomeTpe «Ch 2000» (Poccus).

Pe3synbratbl. PaspaboTtaHa MeToAMKa KONMYECTBEHHOIO onpeaeneHnsa cyMmmbl GaBOHOMA0B B NoYKax Ayba yepeluyaToro
meTogoM anddepeHLmanbHon YP-cnekTpopoToMeTpUM C UCNONb30BaHWEM CTaHAAPTHOrO 06pasLa LMHApo3naa nNpu aHa-
IMTUYECKOM AnuHe BoAHblI 400 HM. YCTaHOB/IEHbI ONTUMA/IbHbIE MapaMeTpbl SKCTPArMpoBaHUA CyMmbl G1aBOHOUAOB U3
noyek ayba yepelyaToro: oNTUMasbHbIN 3KCTpareHT — 70% CNMPT 3TUNOBbINA; COOTHOLLIEHWE «CbIpbE-3KCcTpareHT» — 1:50;
Bpems 3KCTpakumm — 120 MUH, cTeNeHb U3MeNbYEHNA — 2 MM.

OnpeneneHo cogepsaHne cymmbl GaBoHOMAOB AnA novek ayba yYepeluyaToro, KoTopoe BapbupyeT oT 0,27%+0,01 no
0,44%%0,02. laHHble pe3ynbTaTbl NO3BONAIOT PEKOMEHA0BATL B KAYeCTBE HUXKHEro Npeaena cogepiaHue cymmbl Gp1aBoHO-
WA0B ANA AaHHOTO BMAA cbipbsA He meHee 0,25%.

3akntoueHue. MonyyeHHble B X04e 3KCNEePUMEHTA AaHHble NO3BONAIOT CAENATb BbIBOA O NEPCNEKTUBHOCTU AasibHENLero
U3y4yeHus noyek ayba yepeluyaToro, a TakKe CrnocobCcTBYIOT BHEAPEHMUIO IEKaPCTBEHHOIO PACTUTEIbHOTO CbipbA «yba ye-
pelyaToro novkm» B focyaapctBeHHyo Papmakoneto Poccuiickonn Pepepaumu.

Kntouesble cnosa: [lyb yepelwyaTtbiii; Quercus robur L.; no4yku; dnaBoHouAbl; UMHapo3ua; auddepeHumanbHan cnektpodo-
TOMETpUA; CTaHZAPTU3auMA

CnUCcoK coKpalueHuii: BAB — 61osiormyeckmn akTMBHble coeguHeHus; BOXKX — BbiICOKOIpPEKTUBHAS KUAKOCTHAA XpoMaTorpa-
dua; TP PO XIV usa,. — locysapcteeHHas Papmarones Poccuiickon Peapepaumm XIV nsganus; OPC — obuas dapmakoneiiHan
cTatbaA; CO — cTaHAapPTHbIN 0bpasel,; YP-cneKkTpockonua — ynbTpaduonetosas cnektpockonusa; PC — dapmakoneiHas cra-

TbA; SD — cTaHAapTHOE OTKAOHEeHMe; RSD — OTHOCUMTENbHOE CTaHAAPTHOE OTK/IOHEHMeE.

INTRODUCTION

The genus Quercus L. (Fagaceae) is represented by
more than 500 species, most of which are the most im-
portant producers of broad-leaved and mixed conifer-
ous-broad-leaved forests in the European part of Russia
and Western Europe'?. In Russia, 19 species grow wild,
and about 60 species have been introduced [1].

Quercus robur L. is a large tree with a wide-pyra-
midal tent-like crown, reaching more than 50 meters
in height®. The economic importance of Quercus robur
L. is quite great, so it is used in many areas: in the
furniture and leather industries, in forestry, etc. The
bark of Quercus robur L. is used in the world medical
practice, it is found in such pharmacopoeias as Rus-
sian, British, European and others [6, 7]. Its bark is
also used in the production of various complex medi-
cines, such as “Stomatophyt”, “Tonsilgon N”, “Dentos”
and others*>%7.

Quercus robur L. is rather widely used in folk med-
icine as a remedy for the prevention and treatment of

! State Pharmacopoeia of the Russian Federation. Ministry of Health
of the Russian Federation. XIV ed. Vol. 1-4. M., 2018. Available from:
http://http://femb. ru/femb/pharmacopea. php

2 Assessment report on Quercus robur L., Quercus petraea (Matt.)
Liebl., Quercus pubescens Willd., cortex EMA/HMPC/3206/2009.

3 Ibid.

“ State Pharmacopoeia of the Russian Federation. Ministry of Health of
the Russian Federation. XIV ed. Vol. 1-4. M., 2018.

° Assessment report on Quercus robur L., Quercus petraea (Matt.)
Liebl., Quercus pubescens Willd., cortex EMA/HMPC/3206/2009.

% European Pharmacopoeia — 8. “01/2008:1887 corrected 6.0”. 2013.
Available from: http://pharmeuropa.edgm.eu

7 British Pharmacopoeia 2009. British Pharmacopoeia Herbal Drugs
and Herbal Drug Preparations // Oak Bark. 2009;37:203.
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gastrointestinal, gynecological, as well as otorhinolaryn-
gological and dermatological diseases [1].

A complex of biologically active substances (BASs),
which include flavonoids, is present in plant objects,
particularly, in the oak bark. This group of substances is
one of the most common groups of all phenolic plants
compounds, in the chemical structure of which there is
a C.-C,-C, carbon skeleton [2—6]. These are the substanc-
es of a phenolic nature with valuable pharmacological
properties such as anti-inflammatory, diuretic, choler-
etic, antispasmodic, antiviral, antioxidant, antimicrobi-
al, etc., ones® [2—6]. The oak bark also contains tannins
(gallic acid, ellagic acid), triterpenes (fridelin, fridelinol,
3-friedelanol)® and a number of other valuable substanc-
es [6-12].

Besides studying Quercus robur L. bark, the buds of
this plant are of interest as a source of flavonoids. An
important concept in the study of Quercus robur L. buds
and their implementation into pharmaceutical and med-
ical practice, is to solve the problem of standardization
of raw materials, as well as the development of methods
for the quantitative analysis of BASs in the raw materials.
As a type of a medicinal plant raw material, buds are in-
cluded in SP (Russia), XIVth ed., as a general monograph
(GM). It should be noted that the attention of domestic
and foreign scientists used to be attracted to the study
of some plants’ buds [13—-16]. Currently, for the quan-
titative determination of flavonoids compounds, rath-

8 Assessment report on Quercus robur L., Quercus petraea (Matt.)
Liebl., Quercus pubescens Willd., cortex EMA/HMPC/3206/2009.

9 State Pharmacopoeia of the Russian Federation. Ministry of Health of
the Russian Federation. XIV ed. Vol. 1-4. M., 2018.
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er a wide list of analytical methods is used. The most
frequently used methods are high-performance liquid
chromatography (HPLC) and UV spectroscopy [14-17].
The UV spectroscopy method makes the quantitative
determination of total flavonoids of biologically active
substances in plant objects possible, whereas the HPLC
method, as a rule, is used to determine individual com-
ponents of the studied objects [14, 17].

Thus, the research was conducted on the study of
Aesculus hippocastanum L. buds, which resulted in the
development of a method for the quantitative deter-
mination of rhamnocitrin in Aesculus hippocastanum
L. buds by HPLC [14, 15]. The same scientists studied
the chemical composition of Aesculus hippocastanum
L. buds by differential spectrophotometry, which re-
sulted in the identification of the dominant substance
in the raw material [15]. The study of new antimicro-
bial agents of the plant origin for the suppression of
a microbial biofilm formation was also conducted to
identify and quantify phenolic compounds extracted
from Populus nigra and Populus alba L. buds. It was
also done to evaluate their antimicrobial and antibiotic
activity by HPLC [13]. Besides studying Populus nigra L.
and Populus alba L. buds, the research of Populus bal-
samifera L. buds was conducted to determine the op-
timal way of extraction by a barothermic method, with
ethanol and supercritical carbon dioxide, the isolation
and purification of flavonoid components of Populus
balsamifera L. buds [13].

The method of differential UV spectroscopy is widely
used for the qualitative and quantitative assessment of
BASs in plant raw materials [1, 15, 17-21]. The essence
of differential spectrophotometry is the complex forma-
tion of aluminum cation, carbonyl and hydroxyl groups
of flavonoid resulting in the stable complex formation,
due to which the so-called bathochromic shift occurs
[1, 19]. The differential spectrophotometry method was
used in the development of methods for the quantitative
determination of flavonoids in Leontodon autumnalis L.
raw materials after the formation of a stained complex
with an aluminum chloride solution [20]. This method
was also used in the process of the development of the
guantitative determination method of total flavonoids in
Juglans regia L. leaves using the rutin standard sample
at the analytical wavelength of 416 nm in order to solve
the issues of the new type standardization of medicinal
plant raw materials [22]. Differential spectrophotometry
was used in the development of methods for the quanti-
tative determination of total flavonoids in Tagetes patula
flowers using a patulitrin standard sample (7-O-B-D-glu-
copyranoside  3,5,7,3’,4’-pentahydroxy-6-methoxyfla-
vone) at the analytical wavelength of 428 nm [22]. As a
result of the analysis of the above mentioned studies, it
can be concluded that the method of differential spec-
trophotometry is in demand in modern pharmaceutical
practice in the standardization of medicinal plant raw
materials [22].
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The method of differential spectrophotometry in
the quantitative analysis of flavonoids has significant ad-
vantages, such as simplicity, availability, accuracy, small
amounts of time spent on the analysis. Proceeding from
the fact that the method of differential spectrophotom-
etry makes it possible to determine the content of fla-
vonoids, their total or the individual substance in the
analyzed raw materials; it is logical to use this method
in the development of regulatory documentation on the
raw materials — Quercus robur L. buds [19].

In the course of the literature review regarding
the study of Quercus robur L. buds, the data on the re-
search of morphological and anatomical signs of Quer-
cus robur L. buds, an important link in the standardiza-
tion of new medicinal plant raw materials, were found
[23]. A study of the alcoholic extracts based on Quercus
robur L. buds, which revealed an antimicrobial activity
against a number of pathogenic strains of microorgan-
isms Pseudomonas aeruginosa, Staphylococcus aureus,
Escherichia coli, Bacilluscereus, Candida albicans, had
been conducted [24]. A further direction in the study of
Quercus robur L. buds, is the development of methods
for the quantitative determination of the BASs in the
raw materials.

THE AIM of the article was to work out methods
for the quantitative determination of total flavonoids in
Quercus robur L. buds.

MATERIALS AND METHODS

The objects of the study were three samples of
Quercus robur L. buds, harvested in the winter-spring
period from late February to early April 2021. Sample
No. 1 was collected in the Samara region (Pohvistnevsky
district, Pervomaisk village); sample No. 2 — in the Bo-
tanical Garden of Samara University (Samara); sam-
ple No. 3 —in the Nature Forest Park “Dubki” (Samara,
Russia). The species specificity of the analyzed objects
was confirmed by the determinants of the central part
of Russia [1].

Morphologically, Quercus robur L. buds are obo-
vate, multilobed, dense, dark brown topping off in the
center at the end of the shoot with one or three apical
(terminal) buds [1, 23]. Both vegetative and generative
buds from three representatives of this species were se-
lected for the analysis. After harvesting, the buds were
crumbled in a thin layer and dried without heating in a
well-ventilated room without direct sunlight. The end of
drying was determined by the brittleness of the buds.
A differential spectrophotometry method was used to
develop the methodology, which was carried out in ac-
cordance with the Pharmacopoeial Monograph of the
State Pharmacopoeia (Russia), XIV*" ed. (SP (Russia),
XIVth ed.)®.

A solution of cynaroside in 70% alcohol was used
as a standard sample (Fig. 1). The cynaroside standard

10 State Pharmacopoeia of the Russian Federation. Ministry of Health
of the Russian Federation. XIV ed. Vol. 1-4. M., 2018.
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sample complies with the requirements of the Pharma-
copoeial Monographs (PMs) and was provided for the
research by the Research Equipment Sharing Center
Center of SamSMU Institute of Pharmacy.

During the analysis of aqueous-alcoholic extractions
of Quercus robur L. buds and standard samples of
cynaroside solutions, the device “SF 2000” (Russia) was
used. The aqueous-alcoholic extractions were prepared
using 96% alcohol (Trademark OO0 “Hippocrates”, Rus-
sia, Samara, series: 360917). The alcohol concentrations
of 40%, 50%, 60%, 70%, 80%, 90% and 96% were ob-
tained by diluting 96% alcohol according to Table No. 5
of Appendix to SP (Russia), XIVth ed.*'.

Method of quantitative determination

of total flavonoids in Quercus robur L. buds

Preparation of aqueous-alcoholic extractions

from Quercus robur L. buds

The analytical sample of the raw material is ground
to a particle size, passing through a sieve with a diame-
ter of 2 mm. About 1 g of the crushed raw material (a
precisely weighed amount) is placed in a conical heat-re-
sistant flask (Erlenmeyer flask) with a 100 ml slotted vol-
ume, and 50 ml of 70% alcohol added. The flask is closed
with a stopper and weighed on Sarto GOSM laboratory
balance (LV 210-A (Ru-LV-210-A), No. 23425181; 2008;
Russia) with an accuracy of +0.001. The flask is attached
to a reflux condenser and heated in a boiling water bath
(moderate boiling) for 120 min. Then the flask is cooled
for 30 minutes, closed with the same stopper, weighed
again and the missing extractant is added to the original
flask weight. The extraction is filtered over a paper filter
(a red band)*.

Preparation of test solution

5 ml of the obtained extraction is placed in a 25 ml
volumetric flask, 1 ml of a 3% alcohol solution of alu-
minum chloride is added, the volume of the solution is
brought to the mark with 96% alcohol (test solution A),
stirred and left for some time (40 minutes) to form a fla-
vonoid complex with aluminum. Then the optical densi-
ty of the test solution is measured on a spectrophotom-
eter at the wavelength of 400 nm. The solution obtained
is used as a reference solution: 5 ml of the extraction
(1:50) is placed in a measuring flask with a capacity of 25
ml and the volume of the solution is brought to the mark
with 96% alcohol.

Preparation of cyanaroside standard

sample solution

About 0.01 g (a precisely weighed amount) of cyan-
aroside is placed in a 50 ml volumetric flask, dissolved
in 30 ml of 70% alcohol and heated in a water bath. The
use of 70% alcohol provides the best dissolution of a
cynaroside standard sample. After cooling the contents

" bid.
2 |bid.
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of the flask to room temperature, its volume is brought
to the mark with 70% alcohol (solution A of cynaroside).
2 ml of a cynaroside A solution is placed into a 25 ml
volumetric flask, 1 ml of a 3% alcohol solution of alumin-
ium chloride is added, and the volume of the solution is
adjusted to the mark with 96% alcohol (cynaroside test
solution B). The optical density of the solution B on a
spectrophotometer is measured at 400 nm.

Preparation of reference solution

2 ml of the cynaroside A solution was placed in a 25
ml volumetric flask and the volume of the solution was
brought to the mark with 96% alcohol (the cynaroside B
reference solution). Since 96% alcohol was used to bring
a selected aliquot of aqueous-alcoholic extractions of
Quercus robur L. buds to the mark, the alcohol of this
concentration was also used to bring the cynaroside A
solution to the mark.

The content of total flavonoids equivalent to cynaro-
side and absolutely dry raw materials in percent (X), is
calculated by the formula:

x _ D *mq *50% 25+ 2100%100
D, *m#*5%25%25% (100-W)

where: D — the optical density of the test solution; D,
— the optical density of the cynaroside standard sam-
ple; m —the mass of raw materials, g; m_— the mass of
the cynaroside standard sample, g; W — the mass loss in
drying, %.

In the absence of a cynaroside standard sample, it
is advisable to use the theoretical value of the specific
absorption index, 334.

D #50%25%100
m#334%5%(100— W)~

where: D — the optical density of the test solution; m —
the mass of raw materials, g; 334 — specific absorbance
(E;*) of cynaroside standard sample at 400 nm; W — the
weight loss in-drying, %.

The value of the specific absorption index (E*) for
the cynaroside standard sample at 400 nm was calculat-
ed experimentally by the formula:

1% — D*VJ *VZ
o 100%q*m,’

where: D — the optical density of the test solution; m —
the mass of the cynaroside standard sample, g; V, — the
volume of flask 1, ml; V, — the volume of flask 2, ml; g —
the volume of the aliquot, ml;

Validation of analytical methods

Validation of the developed methods was carried
out according to the following indicators: specificity, lin-
earity, precision (a repeatability level), intralaboratory
precision, correctness in accordance with SP (Russia),
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XVt ed.®3. Microsoft Excel 2013 software was used for
the calculations.

RESULTS AND DISCUSSIONS

In the course of the experiment, a method for the
guantitative determination of total flavonoids in Quer-
cus robur L. buds has been developed. As a result, the
optimum conditions for the extraction have been de-
termined, and the choice of the optimal extractant has
been substantiated.

Since at present, the component composition of the
buds has not been studied, the total substances (flavo-
noids) in the studied extracts were determined.

The development of the methods was carried out
stage by stage. At the first stage, the absorption spectra
of aqueous-alcoholic extractions on the basis of Quer-
cus robur L. buds were studied. During the analysis of
the obtained extracts by differential spectrophotometry,
the absorption maxima of spectral curves characteristic
for the substances of the flavonoid nature, were deter-
mined (Fig. 2). A bathochromic shift of the electronic ab-
sorption spectrum of the aqueous-alcoholic extractions
of Quercus robur L. buds with an absorption maximum
similar to that of the standard sample of a cynaroside
solution (400 nm) was recorded (Fig. 3). Therefore,
when carrying out the quantitative determination of to-
tal flavonoids in the aqueous-alcoholic extractions based
on Quercus robur L. buds, cynaroside was chosen a stan-
dard sample (Fig. 4 and 5). The observed similar picture
of spectral absorption curves in the analysis of the stud-
ied samples of raw materials and the cynaroside stan-
dard sample solution, makes it possible to assert that in
aqueous-alcoholic extractions of Quercus robur L. buds
flavonoids are present, and the method of differential
spectrophotometry makes it possible to carry out their
guantitative definition.

At the second stage of the methods development,
it was found out that the complete extraction of flavo-
noids from Quercus robur L. buds is achieved with the ex-
traction of 70% alcohol. The next stage was an experiment
to determine the optimal ratio “raw material-extractant”
(1:50). Then the extraction time parameters were deter-
mined: it was found out that the maximum extraction of
flavonoids from raw materials occurs during 120 minutes.
The final step was to determine the degree of atomiza-
tion of raw materials (2 mm), contributing to the full ex-
traction of flavonoids by the extractant (Table 1).

On the basis of the obtained results, the conditions
for the quantitative determination methods have been
determined: the extraction of flavonoids from Quercus
robur L. buds crushed to 2 mm, in 70% ethanol, in the
ratio of “raw material-extractant” 1:50, within 120 min in
a boiling water bath. The quantitative determination of
total flavonoids equivalent to cynaroside, is carried out
by differential spectrophotometry at the analytical wave-

13 State Pharmacopoeia of the Russian Federation. Ministry of Health
of the Russian Federation. XIV ed. Vol. 1-4. M., 2018.

360

length of 400 nm, using a standard sample or value of
the specific absorption index of the cynaroside standard
sample (334).

The criterion for evaluating the analytical methods is
the validation assessment. The validation of the methods
was performed in accordance with SP (Russia), XIVthed.*,

The methods specificity was determined by the cor-
respondence of the absorption maxima of the Quercus
robur L. buds flavonoid complex and the solution of the
standard cynaroside sample with aluminum chloride and
the differential peak of the standard cynaroside sample.

The methods linearity was determined for a se-
ries of 10 cynaroside solutions (with the concentra-
tions ranging from 0.00225 to 0.0225 mg/ml: 0.00225;
0.00325; 0.00425; 0.00525; 0.00625; 0.00725; 0.00825;
0.00925; 0.0125; 0.0225) with aluminum chloride
at the wavelength of 400 nm. Based on the data ob-
tained, a dependence graph of the optical density val-
ues of cynaroside solutions with aluminum chloride on
the concentration of cynaroside was constructed, and
then a linear regression equation was calculated (Fig.
6; Table 2).

While studying the linear dependence of the kind
of y = bx + a, the correlation coefficient made 0,99957,
hence, the given methods can be used for the analysis of
total flavonoids in Quercus robur L. buds equivalent to
cynaroside in the specified range of concentrations (Fig.
6; Table 2).

The precision of the methods (a repeatability level)
was estimated by analyzing the studied sample of me-
dicinal plant raw materials in a 10-fold replication (Tab-
le 3).

To assess the in-laboratory precision, the analysis
of the test sample was performed by another analyst
on other days using the same equipment (Table 4). For
each sample, the studies were carried out in six replica-
tions. Table 4 shows that the calculated value of Fish-
er’s F-criterion 1.19 is less than the tabulated value of
5.05. Consequently, the variance of the analysis results
of both chemistries are statistically equivalent, and the
differences between the values obtained are random.
Thus, the developed methods meets the validation re-
quirements for the index of in-laboratory precision.

The correctness of the methods was determined
by the addition method. Cynaroside solutions with
the known concentration (80%, 100% and 120%) were
added to the aliquot of the test sample. The average
opening percentage was 100.30+2.12% (Tables 5 and
6). Three determinations were performed for each con-
centration. The error determined for the samples with
additives of the standard samples, was within the er-
ror of a single determination, indicating that there was
no systematic error. The value of the average opening
percentage of the experiment 100,30+2,12% was with-
in the normalized range of values and within 100+5%
(Tables 5 and 6).

* bid.
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Figure 1 — Cynaroside formula
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Figure 2 — Electronic spectra of solutions of aqueous-alcoholic extraction from Quercus robur L. buds
Note: 1 — extraction solution (direct spectrophotometry); 2 — extraction solution with addition of aluminum chloride; 3 — differential curve
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Figure 3 — Electronic spectra of aqueous-alcoholic solutions of cynaroside standard sample
Note: 1 —initial cynaroside solution (direct spectrophotometry); 2 — cynaroside solution with addition of aluminum chloride; 3 — differential
curve of cynaroside (batochrome shift of short- and long-wave bands)
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Figure 4 — Differential spectrum of aqueous-alcoholic Figure 5 — Differential spectrum of cynaroside
extraction from Quercus robur L. buds standard sample solution
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Figure 6 — Dependence of optical density values of cynaroside solutions with aluminum chloride
on cynaroside concentration (differential version)

Table 1 — Optimal extraction rates of total flavonoids
from Quercus robur L. buds at wavelength of 400 nm

“Raw materials: . Degree . . Total flavonoids content per
" Extraction o Optical density .

No Extractor extractant . . of atomization, cyanaroside and absolutely

. time, min value, D .
ratio mm dry raw materials, %

1 40% ethanol 1:30 60 min 2 0.3918 0.23+0.012
2 50% ethanol 1:30 60 min 2 0.4116 0.24+0.012
3 60% ethanol 1:30 60 min 2 0.4417 0.24+0.012
4 70% ethanol 1:30 60 min 2 0.4705 0.25+0.013
5 80% ethanol 1:30 60 min 2 0.4866 0.24+0.012
6 90% ethanol 1:30 60 min 2 0.4771 0.22+0.011
7 96% ethanol 1:30 60 min 2 0.4725 0.23+0.012
8 70% ethanol 1:30 30 min 2 0.4845 0.20+0.01
9 70% ethanol 1:30 45 min 2 0.5236 0.21+0.01
10 70% ethanol 1:30 60 min 2 0.4742 0.23+0.012
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“Raw materiﬁls: Extraction Deg.ree. Optical density Total ﬂavgnoids content per
No. Extractor extractant . . of atomization, cyanaroside and absolutely
ratio time, min mm value, D dry raw materials, %
11 70% ethanol 1:30 90 min 2 0.383 0.23+0.012
12 70% ethanol 1:30 120 min 2 0.3883 0.26+0.013
13 70% ethanol 1:30 150 min 2 0.388 0.25+0.013
14 70% ethanol 1:20 120 min 2 0.3169 0.14+0.01
15 70% ethanol 1:30 120 min 2 0,6121 0.16+0.01
16 70% ethanol 1:50 120 min 2 0.4399 0.27+0.012
17 70% ethanol 1:100 120 min 2 0.6121 0.26+0.013
18 70% ethanol 1:50 120 min 1 0.5843 0.23+0.012
19 70% ethanol 1:50 120 min 2 0.6649 0.27+0.013
20 70% ethanol 1:50 120 min 3 0.6063 0.23+0.011
Table 2 — Input data for assessing methods linearity
No. Concentration of cynaroside standard sample solution, The optical density value, o.d.u (average
mg/ml of three consecutive measurements)
1 0.00225 0.078411
2 0.00325 0.112547
3 0.00425 0.146935
4 0.00525 0.181541
5 0.00625 0.216048
6 0.00725 0.250947
7 0.00825 0.275401
8 0.00925 0.318974
9 0.0125 0.440864
10 0.0225 0.780564

Table 3 - Precision estimation results of quantitative determination methods of total flavonoids
in Quercus robur L. buds (repeatability level)

Metrological = ) o iv3 =0
characteristics f X, % S sD RSD P, % t (tab.) AX, % £,%
Values 9 0.24 0.00011738 0.011738 4.81% 95 2.262 +0.01 +3.44

Table 4 — Validation of laboratory precision of methods for determining total flavonoids in Quercus robur L. buds

Analyst 1 Analyst 2 Metrological characteristics

X, % X, % Analyst 1 Analyst 2

0.24 0.26 X=0.24 X =0.25

0.24 0.25 $%=0.000057 $%?=0.000080

0.23 0.26 SD =0.00753 SD =0.00894

0.25 0.24 RSD =3.16% RSD = 3.58%
= 0, = - 0,

0.23 0.24 _ E=3.63% _ £=411%

X+AX=0.24+0.01 X+AX=0.2510.01
0.24 0.25
Notes: t =2.44 <t (95%; 10); F =1.19 < F (95%; 5; 5), differences between the results obtained are random

calculated calculated

Table 5 — Preparation scheme of aqueous-alcoholic extractions from Quercus robur L. buds with solutions
addition of cynaroside standard sample

Initial cynaroside content,

. . . Total calculated cynaroside Concentration level relative
mg/ml aqueous-alcoholic Cyanaroside additive, mg/ml .
. content, mg/ml to nominal, %
extraction
2.30 1.84 4.14 80
2.30 2.30 4.60 100
2.30 2.76 5.06 120
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Table 6 — Assessment results of correctness of quantitative determination method
of total flavonoids in Quercus robur L. buds

Injected cyanaroside, Found, mg/ml

Openness, % Characteristics calculated
, /0

mg/ml for opening value, %

0.84 0.80 95.24

0.84 0.86 102.38

0.84 0.83 98.81

2.30 2.32 100.87 X = 100.30%
2.30 2.26 98.26 SD =2.76%
2.30 2.38 103.48 RSD = 2.75%
2.76 2.81 101.81

2.76 2.72 98.55

2.76 2.85 103.26

Table 7 — The content of total flavonoids in Quercus robur L. buds samples (in %) equivalent to cynaroside

No. . . Content of total flavonoids in absolutely dry raw materials
Characteristics of raw material sample . )
n/a (in %) calculated on cynaroside
1  Samara region, Pokhvistnevsky district, Pervomaysk 0.274£0.01
village (March 2021)
2 Botanical Garden of Samara University, Samara (March 0.44+0.02
2021)
3 Natural forest park "Dubki", Samara (March 2021) 0.35+0.02

The results obtained testify to the satisfactory preci-
sion of the proposed quantitative determination meth-
ods of total flavonoids in Quercus robur L. buds equiv-
alent to cynaroside at the levels of repeatability and
in-laboratory precision.

It was found out that the average content of flavonoids
in the studied sample of the raw materials was 0.24 + 0.01%
(the relative error of the determination was +3.60%).

Thus, based on the experimental results validation,
it can be concluded that this method is suitable for the
guantitative estimation of total flavonoids equivalent to
cynaroside.

Using this methods, three samples of Quercus robur
L. buds, harvested at the same time (May-June 2021),
were analyzed (Table 7). It was determined that the con-
tent of total flavonoids in the analyzed samples varies
from 0.27%%0.01 to 0.44%+0.02 depending on its hab-
itat (Table 7).

The presence of the flavonoid cynaroside in Quer-
cus robur L. buds makes it possible to position them as
a medicinal plant raw material. The medicines based on
Quercus robur L. buds can be prescribed in diseases of
chronic glomerulonephritis and pyelonephritis, compli-
cated by a renal failure with hyperazotemia [25]. The
indications for prescribing cynaroside may include hy-
pertension, vasorenal hypertension complicated by ne-
phrosclerosis and a chronic renal failure, as the flavonoid
cynaroside alone has the above listed pharmacological
effects [25]. The earlier studies on the research of the
antimicrobial activity makes it possible to recommend
Quercus robur L. buds as a raw material for the creation
of antimicrobial agents [24].
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The results obtained correlate with the data ob-
tained for the buds of other plant species. If we take into
account the fact that the determined total flavonoids in
the buds of different species are converted to different
substances, total flavonoids in Aesculus hippocastanum
L. buds are equivalent to rhamnocitrin and varies from
1.24% to 2.31%. The content of total flavonoids in Popu-
lus balsamifera L. buds is equivalent to dihydroquercetin
and rangers from 7.5% to 11.1%) [13-15].

Thus, the data obtained during the experiment sug-
gest the feasibility of using the method of differential
spectrophotometry for the quantitative determination
of total flavonoids in Quercus robur L. buds. These re-
sults make it possible to recommend not less than 0.25%
of total flavonoids for this type of raw material as a low-
er limit.

CONCLUSION

Thus, as a result of the study, the quantitative de-
termination methods of total flavonoids in Quercus
robur L. buds has been developed by differential spec-
trophotometry using a standard sample of cynaroside
at the analytical wavelength of 400 nm. The content of
total flavonoids has been determined for Quercus robur
L. buds, which ranges from 0.27%%0.01 to 0.44%%0.02.
The error of a single determination with a 95% confi-
dence level is £3.6%. The optimum values of the total
flavonoids’ extraction from Quercus robur L. buds, have
been established. For Quercus robur L. buds, the total
flavonoids content not less than 0.25%, can be recom-
mended as the lower limit.

A validation assessment of the developed methods
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by the indicators of specificity, linearity, precision (a re-
peatability level), in-laboratory precision, correctness in
accordance with SP (Russia), XIV* ed., has been carried
out. Based on the results of the validation assessment of
the experimental results, these methods can be suitable
for the quantitative assessment of total flavonoids calcu-
lated on cynaroside.

This study has laid the foundation for the study of
Quercus robur L. buds chemical composition, a quanti-
tative assessment of total flavonoids of BAS in them by

differential spectrophotometry. The results of the study
can be used in the creation of herbal medicines based
on Quercus robur L. buds and used in the treatment of
kidney and dermatological diseases due to the content
of total flavonoids in the raw material of biologically ac-
tive substances and the substance of cynaroside alone.
The results obtained contribute to the development
of the normative documentation for the promising spe-
cies of the raw materials “Quercus robur L. buds” for the
introduction to the State Pharmacopoeia (Russia).
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SYNTHESIS AND ANTIOXIDANT ACTIVITY
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The aim is based on the results of the in silico prediction, to obtain and characterize a number of (E)-3-(3-(4-oxo-4H-chromen-
3-yl)acryloyl)-2H-chromen-2-one derivatives, and also to study their antioxidant activity.

Materials and methods. The synthesis of the target compounds was carried out by condensation of substituted 3-formyl-
chromones and 3-acetylcoumarins under the acid catalysis conditions. *H NMR spectra were recorded on the instruments
of Bruker Avance-400 (400 MHz) and Bruker Avance-300 (300 MHz) in the solutions of CDCI, or DMSO-d,. Mass spectra (ESI)
were obtained on a Finnigan LCQ Advantage mass spectrometer (USA). The melting points of the compounds were deter-
mined on a PTP (M) instrument. Quantum-chemical calculations were carried out on the basis of a density functional theory
using the Gaussian 09 program using the B3LYP/6-311G (d, p) method, as well as using the Way2Drug (PASS Online) online
service. The antiradical activity of the compounds was studied by the DPPH test, and the chelating properties were assessed
by the o-phenanthroline method.

Results. 15 derivatives of (E)-3-(3-(4-oxo-4H-chromen-3-yl)acryloyl)-2H-chromen-2-one have been obtained and character-
ized. The calculations based on the density functional theory showed that the highest occupied molecular orbital exhibiting
electron-donating properties is localized on the propenone fragment, which confirms the likelihood of the manifestation
of antiradical properties. According to the prediction of the probable spectrum of the biological activity, the obtained com-
pounds are more likely to exhibit their direct antioxidant activity. According to the results of the in vitro study of the antiox-
idant activity, it was found out that compounds 1-15 are the most active in relation to the DPPH radical, which confirms the
obtained prognostic data.

Conclusion. Thus, based on the in silico prediction data, 15 derivatives of (E)-3-(3-(4-oxo-4H-chromen-3-yl)acryloyl)-2H-
chromen-2-one have been obtained and characterized, for which the method antioxidant activity has been studied in vitro.
It was found out that compounds 1-15 exhibit the antiradical activity to a large extent.

Keywords: 3-formylchromone; 3-acetylcoumarin; chalcones; DFT calculations; antioxidant activity

Abbreviations: DFT — density functional theory; THF — tetrahydrofuran; DMF — dimethylformamide; HOMO — highest oc-
cupied molecular orbital; LUMO — lowest unoccupied molecular orbital; LPO — lipid peroxidation; TBA-AP — active products
interacting with 2-thiobarbituric acid; ROS — reactive oxygen species.

For citation: S.S. Shatokhin, V.A. Tuskaev, S.Ch. Gagieva, D.l. Pozdnyakov, E.T. Oganesyan. Synthesis and antioxidant activity of (E)-3-(3-(4-oxo-
4H-chromen-3-yl)acryloyl)-2H-chromen-2-one derivatives. Pharmacy & Pharmacology. 2021;9(5):367-376. DOI: 10.19163/2307-9266-2021-9-
5-367-376
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HbIX (E)-3-(3-(4-0Kkco-4H-xpomeH-3-un)akpunoun)-2H-xpomeH-2-oHa. apmayus u papmakonoaus. 2021;9(5):367-376. DOI: 10.19163/2307-
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CUHTE3 U AHTUOKCUAAHTHAA AKTUBHOCTDb
NPOU3BOAHDIX (E)-3-(3-(4-OKCO-4H-XPOMEH-3-UN)

AKPUNOWUN)-2H-XPOMEH-2-OHA
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MpuHaTa K nevatn 12.09.2021

Llenb. Ha ocHoBe pe3ynbTaToB NPOrHo3a in silico nony4nTb U 0XapaKTepu3oBaTb PAL NPOU3BoAHbIX (E)-3-(3-(4-okco-4H-xpo-
MeH-3-Wn)akpunonn)-2H-xpoMeH-2-0Ha, a TaKKe U3yYNTb UX aHTUOKCUAAHTHYHO aKTUBHOCTb.

Martepuanbl n metoapbl. CYHTE3 LieNeBbIX COEANHEHUI OCYLLECTBAAAN KOHAEHCALMEN 3aMeLLeHHbIX 3-GOPMUIXPOMOHOB U
3-aueTUIKYMapUHOB B YCI0BUAX KMCNOTHOTO Katanmsa. AMPH cnekTpbl pernctpupoBanu Ha npubope Bruker Avance-400
(400 MTru) 1 Bruker Avance-300 (300 Mru) B pacTBopax B aelitepuposaHHom xnopodpopme (CDCL,) nm feiitepuposaHHoMm
anmetuncynbpokenge (DMSO-d, ). Macc-cnekTpbi (ESI) 6biam nonydeHbl Ha macc-cnektpometpe Finnigan LCQ Advantage
(CLLA). Temnepatypbl Nn1aBAeHUA COeAUHEHWUI onpeaensnn Ha npubope MTMN (M). KBaHTOBO-XMMMUYECKME pacyeTbl NPOBO-
AWM Ha OCHOBE Teopun GYHKUMOHANA NIOTHOCTU C MOMOLLbIO nporpammbl Gaussian 09 metogom B3LYP/6-311G (d,p), a
TaK)Ke C MOMOLLbIO OHNaWH-cepBuca Way2Drug PASS Online. AHTMpaauKanbHas akTMBHOCTb COEAUHEHUIM U3YYEHA METOAOM
DPPH-TecTa, a xenatupyolme CBOMCTBA OLEeHEHbI 0-PEHAHTPOIMHOBBIM METOAOM.

Pe3synbtatbl. lMony4yeHo M oxapaktepusoBaHo 15 npowusBogHbix (E)-3-(3-(4-okco-4H-xpomeH-3-un)akpuaounn)-2H-xpo-
MeH-2-0Ha. PacyeTbl Ha OCHOBe Teopuy GpYHKLIMOHANA MNAOTHOCTM MOKA3aan, YTO BbICLIAA 3aHATAA MONEKYNAPHAA opbuTans,
NPOAB/AOLLAA 3/1EKTPOHOLOHOPHbIE CBOMCTBA, IOKA/IM30BaHa Ha NPOMNEHOHOBOM pparmeHTe, YTO NMOATBEPNKAAET BEPOAT-
HOCTb MPOABNEHUA AaHTUPAAMKANbHbBIX CBOMCTB. 10 AaHHBIM NPOrHO3a BEPOATHOrO CNEKTpa BMON0rMYecKoin akTUBHOCTH,
nosyYyeHHble CoeANHEeHNA ¢ bonbluel BEPOATHOCTbIO MOTYT NPOABAATL MPAMYIO aHTUOKCUMAAHTHYIO aKTUBHOCTb. Mo pesynb-
TaTam NPOBeAEHHOrO in Vitro n3y4yeHua aHTMOKCUAAHTHOM aKTUBHOCTU YCTAaHOBIEHO, YTO coeanHeHua 1-15 nposBnaoT Hau-
60/1bLLIYI aKTUBHOCTb B OTHOLWEeHMe DPPH-paauKana, 4To NoATBEPXKAAET MNONYYEHHbIE MPOrHOCTUYECKME AaHHbIE.
3akntoyeHue. TakMm 06pa3om, Ha OCHOBAHWUM AaHHbIX in Silico NporHo3a Noay4eHo U OXapakTepusoBaHo 15 NPomn3BOAHbIX
(E)-3-(3-(4-0Kco-4H-xpomeH-3-un)akpunonn)-2H-xpoMeH-2-0Ha, 411 KOTOPbIX METOAOM in Vitro n3y4eHa aHTMOKCMAAHTHanA
AKTUBHOCTb. YCTAHOB/IEHO, YTO COEANHEHMA 1-15 B 3HAUUTENIbHOW CTENEHM NPOABAAIOT AHTUPAANKA/IbHYH aKTUBHOCTb.
Kntouesbie cnoBa: 3-GopMUIXPOMOH; 3-aLeTUIKYMapuH; XxankoHbl; DFT pacyeTbl; aHTMOKCUAAHTHAA aKTUBHOCTb

Cnucok cokpauweHuit: DFT — Teopua GyHKUMOHANA NAOTHOCTU; TID — TeTparnapodypaH; AMPA — aumetnndopmamua;
B3MO — Bbicwas 3aHATaA MonekynapHasa opbutanb; HCMO — Huswasa cBobogHaa monekynsapHaa opbutanb; MO/ — nepe-
KUCHOE oKucneHue amnugos; TEK-AM — akTUBHbIE NPOAYKTLI, B3auMoaencTeytoLme ¢ 2-Tuobpabutyposoli kuciotoi; AOK
— aKTMBHbIe GOpMbI KMCI0poaa.

INTRODUCTION

Currently, the relationship between the level of free
radicals in the body and the development of a number
of [1, 2], including malignant neoplasms [3], has been
unambiguously established. These pathologies may be
associated with the impaired DNA replication, as well
as the normal functioning of membrane receptors, ion
channels and membrane phospholipids [4].

Flavonoids are a wide class of natural polyphenolic
compounds with a wide spectrum of a biological ac-
tivity (including antioxidant) and a low toxicity [5-11].
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Due to the antioxidant properties, the main types of the
flavonoid activity are realized [12-15]. Flavonoids also
include chalcones — compounds with an open pyran
ring, in which two aromatic rings A and B which, in par-
ticular, exhibit the antimitotic activity, are linked by an
a,B-unsaturated propenone fragment [16]. One of the
possible mechanisms for the manifestation of the anti-
radical chalcones activity is the interaction of the vinyl-
ene group of the propenone fragment with reactive ox-
ygen species. This mechanism occurs due to the transfer
of electrons along the conjugation chain. From this point
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of view, a promising direction is the study of the effect of
replacing one or both of the aromatic rings of chalcones
with heterocyclic compounds.

In the article by Osipova et al. [17], chalcone analogs
in which one of the rings was replaced by a 2H-chromen-
2-one residue by the condensation of 3-acetylcoumarin
and substituted benzaldehydes in butanol in the pres-
ence of acetic acid and piperidine, were synthesized.
The obtained compounds showed a prolonged antioxi-
dant activity on the systems of peroxidation of oleic acid
and liver homogenate lipids.

THE AIM of the study is synthesis and an in vitro
study of the antioxidant properties of chalcones analogs,
in which one of the rings is replaced by a benz-y-pyrone
residue, and the second — by a benz-a-pyrone residue.

MATERIALS AND METHODS

Synthesis and determination of physical

and chemical characteristics

The synthesis of the target compounds was carried
out by condensation of substituted 3-formylchromones
and 3-acetylcumarins under acid catalysis conditions.
'H NMR spectra were recorded on a Bruker Avance-400
instrument (400 MHz) in the solutions of CDCI, or
DMSO-d,. Mass spectra at the atmospheric pressure with
ionization by sputtering in an electric field (ESI) were
obtained by full scanning of positive and negative ions
on a dynamic tandem mass spectrometer Finnigan LCQ
Advantage (USA). It was equipped with a mass analyzer
with an ion trap MS Surveyor, an autosampler Surveyor,
a generator nitrogen Schmidlin-Lab (Germany) and the
information collection and the analysis system X Calibur
(version 1.3, Finnigan) on a computer. The capillary tem-
perature was 150°C, the field voltage between the needle
and the counter electrode was 4.5 kV. The samples were
injected into the ion source dissolved in acetonitrile using
a syringe, through a 5 mL Reodyne injector at the carri-
er gas flow rate of 50 mL/min. The melting points of the
compounds were determined in glass capillaries sealed
from one end using a PTP (M) device.

General procedure for the preparation of (E)-3-(3-
(4-ox0-4H-chromen-3-yl)acryloyl)-2H-chromen-2-one
derivatives (1-15).

A mixture of 0.01 mol of the substituted 3-formyl-
chromone and 0.01 mol of the corresponding 3-acetyl-
coumarin in 10 ml of AcOH was refluxed for 30 min in the
presence of catalytic amounts of concentrated H,SO,.
The precipitate obtained after cooling to room tempera-
ture, was filtered off and recrystallized from a THF-DMF
mixture (7:3).

(E)-3-(3-(4-oxo0-4H-chromen-3-yl)acryloyl)-2H-
chromen-2-one (1)

Yield — 56%. MP 267-268°C. 'H NMR (400 MHz,
CDCl,) & 8.86 (s, 1H), 8.54 (s, 2H), 8.28 (d, J = 8.0 Hz,
1H), 7.85 (t, J = 8.0 Hz, 2H), 7.82-7.75 (m, 2H), 7.65 (d, J
=8.5Hz, 1H), 7.59 (t, ) = 7.6 Hz, 1H), 7.47 (t, ) = 6.9 Hz,
2H). ®CNMR (101 MHz, CDCl,) 6 190.38, 162.11, 161.83,
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161.68, 161.25, 160.82, 156.51, 155.04, 152.14, 138.76,
136.64, 136.27, 131.19, 127.54, 126.66, 126.42, 123.23,
119.41, 118.98, 117.23, 113.21, 110.38. Anal. Calcd (%)
for C, H,,0, (344.32): Calculated: C, 73.3; H, 3.5; O, 23.2.
Found: C, 73.21; H, 3.53; O, 23.26. ESI-MS (m/z) 344 [M
+H]*

(E)-6-methyl-8-nitro-3-(3-(4-oxo-4H-chromen-3-yl)
acryloyl)-2H-chromen-2-one (2)

Yield —55%. MP 254-256°C. *H NMR (400 MHz, DM-
$O-d,) 68.93 (s, 1H), 8.63 (s, 1H), 8.31 (d, ) = 15.8 Hz, 1H),
8.24-8.20 (m, 1H), 8.16 — 8.11 (m, 1H), 8.07 (s, 1H), 7.88
—7.82 (m, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.60 — 7.52 (m,
2H), 2.44 (s, 3H). °C NMR (101 MHz, DMSO-d,) § 187.40,
175.20, 161.70, 155.01, 145.84, 144.74, 137.30, 135.55,
134.67, 129.33, 126.53, 126.26, 125.51, 123.56, 120.17,
118.38, 19.87. Anal. Calcd. (%) for C,,H_,0, (403.34): Cal-
culated: C, 65.5; H, 3.2; N, 3.5; O, 27.8. Found: C, 65.63;
H, 3.42; N, 3.39; O, 27.56. ESI-MS (m/z) 403 [M + H]*

(E)-6-bromo-8-methyl-3-(3-(4-oxo-4H-chromen-3-
yl)acryloyl)-2H-chromen-2-one (3)

Yield — 54%. MP 264-266°C. 'H NMR (400 MHz,
DMSO-d,) & 8.93 (s, 1H), 8.56 (s, 1H), 8.32 (d, J = 16.0
Hz, 1H), 8.14 (d, J = 8.0 Hz, 1H), 8.02 (s, 1H), 7.84 (dd,
J=16.8,9.5 Hz, 2H), 7.71 (d, J = 7.8 Hz, 1H), 7.61-7.50
(m, 2H), 2.39 (s, 3H). *C NMR (101 MHz, DMSO-d,) &
188.18, 175.64, 162.03, 158.30, 155.46, 152.38, 146.41,
137.40, 135.10, 130.25, 128.44, 126.69, 126.54, 125.96,
124.01,120.28,119.03,118.88, 116.39, 15.13. Anal. Cal-
cd. (%) for C,,H ,BrO, (437.24): Calculated: C, 60.4; H, 3;
Br, 18.3; O, 18.3. Found: C, 60.29; H, 3.12; Br, 18.45, O,
18.14. ESI-MS (m/z) 437 [M + H]*

(E)-6-chloro-3-(3-(4-oxo0-4H-chromen-3-yl)acry-
loyl)-2H-chromen-2-one (4)

Yield — 59%. MP 231-233°C. 'H NMR (400 MHz,
DMSO-d,) & 8.95 (s, 1H), 8.60 (s, 1H), 8.35 (d, J = 15.8
Hz, 1H), 8.18-8.13 (m, 1H), 8.08 (d, J = 2.5 Hz, 1H), 7.89
—7.83 (m, 1H), 7.80 — 7.71 (m, 2H), 7.60-7.52 (m, 3H).
3C NMR (101 MHz, DMSO-dG) 6 187.64, 175.20, 161.63,
157.90, 155.01, 153.11, 145.71, 136.93, 134.65, 133.55,
129.22, 128.55, 126.68, 126.39, 126.25, 125.50, 123.57,
119.77,118.58,118.42,118.25. Anal. Calcd. (%) for C,H-
11CIO5 (378.76): Calculated: C, 66.6; H, 2.9; Cl, 9.4; O,
21.1. Found: C, 66.57; H, 3.07; Cl, 9.52, O, 20.84. ESI-MS
(m/z) 378 [M + H]*

(E)-3-(3-(6-methyl-4-oxo-4H-chromen-3-yl)acry-
loyl)-2H-chromen-2-one (5)

Yield — 52%. MP 235-237°C. 'H NMR (400 MHz,
CDCl,) 6 8.85 (s, 1H), 8.53 (t, J = 7.8 Hz, 2H), 8.19 (d, J =
2.1 Hz, 1H), 8.04-8.00 (m, 1H), 7.93 (d, J = 2.2 Hz, 1H),
7.79 (d, J = 15.5 Hz, 1H), 7.67 (dd, J = 8.7, 2.1 Hz, 1H),
7.55 (d, J = 8.7 Hz, 1H), 2.56 (s, 3H), 2.53 (s, 3H). Anal.
Caled. (%) for C,H, O, (358.34): Calculated: C, 73.7; H,
3.9; O, 22.3. Found: C, 73.67; H, 3.87; O, 22.46. ESI-MS
(m/z) 358 [M + H]*

(E)-6-methyl-3-(3-(6-methyl-4-oxo-4H-chromen-3-
yl)acryloyl)-8-nitro-2H-chromen-2-one (6)

Yield — 54%. MP 248-251°C. 'H NMR (400 MHz,
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CDCl,) 5 8.85 (s, 1H), 8.53 (t, J = 7.7 Hz, 2H), 8.19 (s, 1H),
8.02 (s, 1H), 7.93 (s, 1H), 7.79 (d, J = 15.5 Hz, 1H), 7.67 (d,
J=8.7 Hz, 1H), 7.55 (d, J = 8.6 Hz, 1H), 2.56 (s, 3H), 2.53
(s, 3H). Anal. Calcd. (%) for C,,H,.O, (417.37): Calculated:
C, 66.2; H, 3.6; N, 3.4; O, 26.8. Found: C, 66.15; H, 3.57;
N, 3.48; O, 26.8. ESI-MS (m/z) 417 [M + H]*

(E)-6-bromo-8-methyl-3-(3-(6-methyl-4-oxo-4H-
chromen-3-yl)acryloyl)-2H-chromen-2-one (7)

Yield — 57%. MP 256-258°C. 'H NMR (400 MHz,
CDCl,) & 8.68 (s, 1H), 8.60-8.43 (m, 2H), 8.04 (s, 1H),
7.81-7.59 (m, 4H), 7.51 (d, J = 8.3 Hz, 1H), 2.52 (s, 3H),
2.47 (s, 3H). *C NMR (101 MHz, CDCI3) 6162.27,161.84,
161.40, 160.96, 150.65, 139.80, 138.86, 137.98, 137.35,
130.36, 129.02, 125.23, 119.42, 118.42, 115.62, 112.79,
109.97, 20.55, 14.26. Anal. Calcd. (%) for C,H,BrO,
(451.27): Calculated: C, 61.2; H, 3.4; Br,17.7; O, 17.7.
Found: C, 61.15; H, 3.38; Br, 17.58; O, 17.89. ESI-MS
(m/z) 451 [M + H]*

(E)-6-chloro-3-(3-(6-methyl-4-oxo-4H-chromen-3-
yl)acryloyl)-2H-chromen-2-one (8)

Yield — 54%. MP 236-238°C. 'H NMR (400 MHz,
CDCl,) & 8.72 (s, 1H), 8.51 (d, J = 19.6 Hz, 2H), 8.04 (s,
1H), 7.82-7.63 (m, 4H), 7.52 (d, J = 8.5 Hz, 1H), 7.40 (d,
J=8.9 Hz, 1H), 2.52 (s, 3H). Anal. Calcd. (%) for C,H,.C-
IOS (392.79): Calculated: C, 67.3; H, 3.3; Cl, 9; O, 20.4.
Found: C, 67.23; H, 3.35; Cl, 8.89; O, 20.53. ESI-MS (m/z)
392 [M + H]*

(E)-3-(3-(6-methyl-8-nitro-4-oxo-4H-chromen-3-yl)
acryloyl)-2H-chromen-2-one (9)

Yield — 56%. MP 261-263°C. *H NMR (400 MHz,
CDCl,) & 8.83 (s, 1H), 8.55 (d, J = 14.7 Hz, 2H), 8.41 (s,
1H), 8.29 (s, 1H), 7.84 — 7.67 (m, 3H), 7.55-7.44 (m, 2H),
2.61 (s, 3H). 3C AMP (101 MHz, CDCIS) 6 189.55, 176.52,
161.56, 161.13, 160.70, 160.09, 155.07, 151.63, 138.58,
137.57, 136.55, 136.33, 132.42, 132.04, 127.97, 126.42,
124.98, 123.64, 120.27, 118.55, 117.21, 115.93, 113.10,
20.91. Anal. Calcd. (%) for CH, ,NO, (403.34): Calculat-
ed: C, 65.5; H, 3.2; N, 3.5; O, 27.8. Found: C, 65.44; H,
3.27; N, 3.24; O, 28.05. ESI-MS (m/z) 403 [M + H]*

(E)-6-methyl-3-(3-(6-methyl-8-nitro-4-oxo-4H-
chromen-3-yl)acryloyl)-8-nitro-2H-chromen-2-one (10)

Yield — 56%. MP 213-216°C. *H NMR (400 MHz,
CDCI3) & 8.83 (s, 1H), 8.57 (s, 1H), 8.52 (s, 1H), 8.39 (s,
1H), 8.32 (s, 1H), 8.22 (s, 1H), 7.91 (s, 1H), 7.75 (d, J =
15.5 Hz, 1H), 2.62 (s, 3H), 2.57 (s, 3H). Anal. Calcd. (%)
for C,,H,,N,O, (462.37): Calculated: C, 59.7; H, 3.1; N,
6.1; O, 31.1. Found: C, 59.63; H, 3.12; N, 6.18; O, 31.07.
ESI-MS (m/z) 462 [M + H]*

(E)-6-bromo-8-methyl-3-(3-(6-methyl-8-nitro-4-
oxo-4H-chromen-3-yl)acryloyl)-2H-chromen-2-one (11)

Yield — 49%. MP 275-276°C (decomp.). *H NMR (400
MHz, CDC,)  8.83 (s, 1H), 8.57 (s, 1H), 8.52 (s, 1H), 8.39
(s, 1H), 8.32 (s, 1H), 8.22 (s, 1H), 7.91 (s, 1H), 7.75 (d, J
= 15.5 Hz, 1H), 2.62 (s, 3H), 2.57 (s, 3H). Anal. Calcd. (%)
for C,H,,BrNO, (496.26): Calculated: C, 55.7; H, 2.8; Br,
16.1; N, 2.8; O, 22.6. Found: C, 55.68; H, 2.77; Br, 16.21;
N, 2.83; O, 22.51. ESI-MS (m/z) 496 [M + H]*
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(E)-6-chloro-3-(3-(6-methyl-8-nitro-4-oxo-4H-
chromen-3-yl)acryloyl)-2H-chromen-2-one (12)

Yield — 47%. MP 283-284°C (decomp.). *H NMR (400
MHz, CDCL,) 6 8.78 (s, 1H), 8.57 (s, 2H), 8.52 (s, 1H), 8.40
(s, 1H), 8.33 (s, 1H), 7.83 (s, 1H), 7.75 (d, J = 14.3 Hz, 2H),
7.44 (d, ) = 8.9 Hz, 1H), 2.62 (s, 3H). Anal. Calcd. (%) for
C,,H,,CINO, (437.79): Calculated: C, 60.4; H, 2.8; Cl, 8.1;
N, 3.2; 0, 25.6. Found: C, 60.42; H, 2.74; Cl, 8.15; N, 3.13;
0, 25.56. ESI-MS (m/z) 437 [M + H]*

(E)-3-(3-(6-methyl-8-nitro-2-oxo-2H-chromen-3-
yl)-3-oxoprop-1-en-1-yl)-4-oxo-4H- chromene-7-yl ace-
tate (13)

Yield — 51%. MP 284-286°C (decomp.). *H NMR (400
MHz, DMSO-d.) & 8.78 (s, 1H), 8.62 (s, 1H), 8.28 (d, J =
15.8 Hz, 1H), 8.23 (s, 1H), 8.08 (s, 1H), 7.98 (d, J = 8.8
Hz, 1H), 7.54 (d, J = 15.7 Hz, 1H), 6.97 (d, J = 8.7 Hz, 1H),
6.90 (s, 1H), 2.45 (s, 3H), 1.91 (s, 3H). Anal. Calcd. (%) for
C,,H,.NO, (461.38): Calculated: C, 62.5; H, 3.3; N, 3; O,
31.2. Found: C, 62.52; H, 2.93; N, 3.11; O, 31.44. ESI-MS
(m/z) 461 [M + H]*

(E)-3-(3-(6-bromo-8-methyl-2-oxo-2H-chromen-3-
yl)-3-oxoprop-1-en-1-yl)-4-oxo-4H- chromene-7-yl ace-
tate (14)

Yield — 52%. MP 243-246°C. 'H NMR (400 MHz,
DMSO-d,) § 8.79 (s, 1H), 8.55 (s, 1H), 8.28 (d, J = 15.8
Hz, 1H), 8.03 (s, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.82 (s,
1H), 7.52 (d, J = 15.7 Hz, 1H), 6.98 (d, J = 11.0 Hz, 1H),
6.90 (s, 1H), 2.39 (s, 3H). Anal. Calcd. (%) for C,,H, BrO,
(495.28): Calculated: C, 58.2; H, 3.1; Br, 16.1; O, 22.6.
Found: C, 58.13; H, 3.12; Br, 16.18; O, 22.57. ESI-MS
(m/z) 495 [M + H]*

(E)-3-(3-(6-chloro-2-oxo-2H-chromen-3-yl)-3-oxo-
prop-1-en-1-yl)-4-oxo-4H-chromene-7-yl acetate (15)

Yield —53%. MP 251-252°C. *H NMR (300 MHz, DM-
SO-d,) 6 8.80 (s, 1H), 8.58 (s, 1H), 8.30 (d, J = 15.7 Hz,
1H), 8.07 (d, J = 2.5 Hz, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.94
(s, 1H), 7.77 (dd, J = 8.9, 2.6 Hz, 1H), 7.55 (s, 1H), 7.51 (d,
J=6.6 Hz, 1H), 6.98 (dd, J = 8.8, 2.2 Hz, 1H), 6.91 (s, 1H),
2.88 (s, 3H). Anal. Calcd. (%) for C,,H,.CIO, (436.79): Cal-
culated: C, 63.2; H, 3; Cl, 8.1; O, 25.6. Found: C, 63.15; H,
3.06; Cl, 7.96; O, 25.83. ESI-MS (m/z) 436 [M + H]*

In vitro study of antioxidant activity

The DPPH free radical scavenging capacity was
measured according to [18]. To 0.05 ml of a 0.4 mM DPPH
(Sigma-Aldrich) methanol solution, 0.1 ml of a solution
of the test compound in DMSO with concentrations of
1000 pg/ml; 500 pg/ml; 250 pg/ml; 125 pg/ml and 62.5
ug/ml was added. The mixture was incubated at room
temperature for 30 min. Trolox (Sigma-Aldrich) in similar
concentrations was used as a reference substance. After
a 30-min incubation, a spectrophotometric detection at
the wavelength of 518 nm against pure methanol was
performed. A solution of DPPH in methanol was taken as
a positive control (A ). The percentage of the inhibition
of the DPPH radical formation was calculated using the
formula:
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% inh. =22 100,
AD
where: A — absorbance of the extract sample; A — ab-
sorbance of the positive control sample.

IC,, was calculated based on the concentration-in-
hibitory ability relationship by the probit analysis.

The study of the chelating properties of compounds
1-15 was carried out by the o-phenanthroline meth-
od [19]. The incubation medium consisted of 1 ml of a
0.05% methanol solution of o-phenanthroline, 2 ml of
iron (1) chloride (200 uM), and 2 ml of various concen-
trations of the test substances. The resulting mixture
was incubated for 10 min. at room temperature. The ab-
sorbance of the samples was measured at 510 nm. The
incubation medium without the addition of the studied
substances served as a positive control. The percentage
of inhibition was calculated by the formula:

% inh. :ix 100,
0
where: B, - absorbance of the sample; B,— absorbance
of the positive control sample.

When studying Fe?*-ascorbate-induced lipid peroxi-
dation, the incubation medium consisted of 100 mM Tris
HCI buffer, pH 7.4; 0.5 mM ascorbate, 12 uM iron (ll) sul-
fate and 100 pl of a rat brain homogenate. The reaction
was carried out in a water bath at 37°C for 45 min. To de-
termine the intensity of lipid peroxidation, 0.5 ml of the
suspension was taken at time zero and after 60 minutes
of incubation, then it was mixed in the cold with 1 ml
of a 30% trichloroacetic acid solution. The resulting mix-
ture was centrifuged at 3000 rpm for 15 minutes. 0.1 ml
of a5 M HCl solution and 1 ml of a 0.6% 2-thiobarbituric
acid solution were added to the supernatant and heated
in a water bath at 100°C for 15 minutes. The amount of
TBA-AP was calculated using the molar extinction coeffi-
cient of malonic dialdehyde —1,56x10°M* sm™[20].

RESULTS AND DISCUSSION

(E)-3-(3-(4-oxo0-4H-chromene-3-yl)acryloyl)-2H-
chromene-2-one derivatives are obtained by condensation
of 3-formylchromone with 3-acetylcoumarin in alcohol
using organic bases — N,N-dimethylaminopyridine [21] or
piperidine [22]. For this reaction, the catalytic properties
of Lewis acids had been studied under various conditions
[23, 24]. However, in the authors’ opinion, this synthetic
approach cannot be applied when 3-formylchromone is
introduced into the interaction due to the high reactivity
of the C (2) position: in the presence of even weak
nucleophiles, the pyrone ring opens with the formation of
substituted phenols.

(E)-3-(3-(4-ox0-4H-chromene-3-yl)acryloyl)-2H-
chromene-2-one derivatives 1-15 were synthesized by
refluxing of equimolar amounts of the corresponding
substituted 3-formylchromones and 3-acetylcoumarins
in glacial acetic acid in the presence of catalytic amounts
of concentrated sulfuric acid (Scheme 1).
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R'=R*=R*=R*=R°=H(1);R"=R*=R*=H,R*=NO,,
R°®=Me (2); R*=R?=R®*=H, R*=Me, R°=Br (3); R'=R?
=R3=R*=H,R°=Cl (4); R*=Me; R?=R*=R*=R>=H (5);
R'=R®=Me, R*=R*=H, R*=NO, (6); R = R* = Me, R* =
R®=H, R°=Br(7); R*=Me, R?=R®*=R*=H, R®*=Cl (8); R!
= Me; R*=NO,, R*=R*=R°=H (9); R" =R° = Me, R* = H,
R*=R*=NO,, (10); R* =R*=Me, R*=H, R*=NO,, R° = Br
(11); R*=Me, R =R*=H, R*=NO,, R°* = Cl (12); R* =R* =
H, R> = OAc, R*=NO,, R° = Me (13); R*=R*=H, R* = OAc,
R*=Me, R°=Br (14); R*=R®*=R*=H, R? = OAc, R®=Cl (15)

The information about some of the physicochemical
parameters of compounds 1-15 is presented in Table 1.

At present, quantum-chemical calculation meth-
ods are actively used to predict the reactivity of com-
pounds, one of the most promising of which is a den-
sity functional theory (DFT) calculation, which makes it
possible to analyze the distribution of frontier molec-
ular orbitals in a molecule. From the point of view of
the search for new antioxidant agents, the use of this
method is justified in view of the fact that the hydroxyl
radical exhibiting electrophilic properties [25] will in-
teract primarily with the highest occupied molecular
orbital.

The distribution of the frontier molecular orbit-
als of compounds 1-15 was estimated on the basis
of the structure analysis of the frontier orbitals. All
necessary calculations were performed using the
Gaussian 09 program based on the density function-
al theory (DFT) using the B3LYP / 6-311 G (d, p) basis
set [26].

The parameters of the electron density distribu-
tion (the areas of the molecule where the highest
occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are concen-
trated) for compound 1, are shown in Fig. 1. For the
calculations, water was chosen as a solvent, since all
biological processes occur in the aquatic environment
of the body.

As can be seen from Fig. 1, the highest occupied
molecular orbital is mainly concentrated on the benz-
y-pyrone fragment and the propenone fragment. Com-
pounds 2-15 have similar frontier orbital distribution
parameters.

In addition, in silico, calculated the probable spec-
trum of pharmacological activity using the PASS Online
online service [27]. From the obtained data set, we
selected only those types of activity that characterize
the antioxidant properties of molecules. The values ob-
tained are shown in Table 2.

As can be seen from the Table, derivatives 1-15 can,
to a greater extent, exhibit a direct antioxidant activity.
Compounds 13 and 14, containing acetoxy groups in the
structure, are most likely to manifest this type of activity
(Pa>0.5).

The study of the antiradical properties of
compounds 1-15, was carried out by the DPPH test. The
data obtained are presented in Table 3.
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Figure 1 — Distribution of frontier orbitals in compound 1
Note: A — HOMO; B — LUMO

Table 1 - Physicochemical characteristics
of (E)-3-(3-(4-oxo-4H-chromen-3-yl)acryloyl)-2H-chromen-2-one derivatives

Compound Yield, % MP (THF:DMF) MW* Molecular formula **

1 56 267-268 (lit. 270-272 [21]) 344 C,H,,0,

2 55 257-259 403 C,,H,0,
3 54 258-260 437 C,,H,,Bro,
4 59 231-233 378 C,,H,,ClO,
5 52 235-237 358 C,H,,0,

6 54 248-251 417 C,.H,0,
7 57 256-258 451 C,,H,.BrO,
8 54 236-238 392 C22H13CIO5
9 56 261-263 403 C,,H,NO,
10 56 213-216 462 C,,H,N,0,
11 49 275-276 (dif.) 496 C,,H,,BrNO,
12 47 283-284 (dif.) 437 C,,H,,CINO,
13 51 284-286 (dif.) 461 C,,H,.NO,
14 52 243-245 495 C,,H,.BroO,
15 53 247-249 436 C,,H,.ClO,

Note: * —according to the mass spectroscopy data (the obtained values correspond to the calculated ones); ** — the elemental analysis data are
in agreement with the calculated values
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Table 2 - Prediction of the derivatives 1-15 antioxidant activity
Type of activity
Compound
Indirect antioxidant  Direct antioxidant
1 0.372 0.426
2 0.259 0.271
3 0.326 0.397
4 0.278 0.286
5 0.330 0.418
6 0.265 0.280
7 0.327 0.398
8 0.274 0.293
9 0.259 0.271
10 0.259 0.268
11 0.255 0.245
12 0.215 0.202
13 0.395 0.574
14 0.377 0.567
15 0.310 0.455
Table 3 — Antiradical activity of compounds 1-15
Compound IC,,, mmol/ml Compound IC,,, mmol/ml Compound IC,,, mmol/ml
1.22+0.002 6 2.49+0.002 11 1.28+0.003
2 3.29+0.001 7 2.46+0.001 12 2.3+0.001
3 1.24+0.001 8 1.21+0.002 13 1.23+0.001
4 3.2+0.001 9 2.34+0.003 14 2.39+0.001
5 2.39+0.002 10 1.45+0.003 15 1.31+0.001
Trolox 0.15+0.002
Table 4 — Chelating properties of compounds 1-15
Compound IC,,, mmol/ml Compound IC,,, mmol/ml Compound IC,,, mmol/ml
1 2.9+0.161 6 3.03+0.183 11 3.05+0.069
2 2.11+0.224 7 3.15+0.089 12 3.36+0.128
3 2.47+0.235 8 3.55+0.26 13 3.64+0.185
4 2.86+0.13 9 2.73+0.168 14 3.16+0.13
5 3.58+0.202 10 3.26+0.098 15 4.98+0.097
EDTA 1.52+0.014
Table 5 - IC_ values (mmol/ml) characterizing the ability of the studied compounds
to affect Fe**-ascorbate-induced lipid peroxidation
Compound IC,,, mmol/ml Compound IC,,, mmol/ml Compound IC,,, mmol/ml
9,88+0,197 6 7.16+0.145 11 9.6+0.058
2 8.73+0.183 7 7.76+0.137 12 7.34+0.158
3 9.84+0.07 8 7.32+0.199 13 7.03+0.091
4 8.27+0.047 9 9.8+0.125 14 8.19+0.122
5 8.8+0.091 10 9.78+0.101 15 9.42+0.073
Trolox 2.3+0.003
Tom 9, Buinyck 5, 2021 373
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Based on the data in Table 3, it can be assumed that
compounds 1, 3, 11, 13 and 15 have the highest anti-
radical activity. Taking into account the peculiarity of the
DPPH test, it can also be assumed that the studied sub-
stances have hydrogen-acceptor properties.

The data on the chelating properties of compounds
1-15 are presented in Table 4.

The most pronounced chelating properties in rela-
tion to Fe?* are possessed by compounds 1-4. This prop-
erty is especially important in the processes of lipid per-
oxidation, induced by ions of divalent metals.

IC,, values (mmol/ml), characterizing the ability of
the test compounds to affect Fe?* -ascorbate-induced
lipid peroxidation, are presented in Table 5.

Taking into account the high pathological role of
Fe? — dependent oxidative processes in organs with
a high metabolic activity, for example, the brain, the
suppression of lipid peroxidation against the background
of the studied substances, mainly 12 and 13, can play a
significant role in the survival of neurons and glial cells in
case of brain damage of various etiologies.

An oxidative stress is an almost universal
pathophysiological process that plays a role in the
development and progression of a number of diseases,
from atherosclerotic lesions of the vascular intima to
a chronic obstructive pulmonary disease [28]. Modern
concepts of the oxidative stress are based on two main
postulates: damage to macromolecules is mediated
by reactive oxygen species (ROS) or occurs because of
the disruption of two-electron redox reactions of thiol
chains. Herewith, the prevailing mechanism for the
development of the oxidative stress is believed to be
the oxidative modification of the cell structures under
the influence of ROS in the presence of trace amounts
of divalent metal ions, mainly Fe* known as lipid
peroxidation (LPO). ROS are small molecules that have
an unpaired electron and easily diffuse through the
membrane lipid bilayer. ROS are very labile structures
that spontaneously and without a significant energy
expenditure, can undergo mutual transformations,
which in most cases determines their pathogenetic
significance in the development of diseases associated
with an oxidative stress [29]. It has been established
that ROS are more often of the intracellular origin and
are generated in the processes of cellular respiration
and metabolism. In the process of cellular respiration,
during the sequential transfer of single electrons in the
electron transport chain of mitochondria, intermediates
with an odd number of electrons can “drop out” from
the chain, forming ROS. At the same time, a large
number of enzymes (xanthine oxidase, nitric oxide
synthase, cytochrome, NADP-oxidase) produce ROS
as a by-product of metabolism. It should be taken into
consideration that ROS acquire cytotoxic properties only
when the critical physiological concentration is exceeded
or when antioxidant defense systems are dysfunctional
[30].
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A natural defense against ROS consists of ROS
scavengers and antioxidant enzymes. Endogenous
antioxidant defense enzymes are represented primarily
by three superoxide dismutase isoenzymes, differing
in the subcellular arrangement and catalyzing the
dismutation of superoxide to oxygen and hydrogen
peroxide. Catalase is also an important protective factor
against ROS and degrades hydrogen peroxide to water.
Thioredoxins, including several isoforms, make the
reduction of oxidized proteins possible due to the thiol-
disulfide exchange of cysteine. Glutathione peroxidases
reduce lipid hydroperoxides to alcohols and hydrogen
peroxide to water; Glutathione synthetase is responsible
for the synthesis of the main cellular antioxidant
glutathione and therefore plays an important role in the
ROS detoxification. ROS scavengers are predominantly
of the exogenous origin and are represented by active
biomolecules such as tocopherol, ascorbic acid,
carotenoids, uric acid, and polyphenols [31].

The main vector of the oxidative stress therapy is the
use of substances with a direct antioxidant activity, both
natural and synthetic. Thus, Gonzalez et al., 2015 showed
that propolis is an effective direct antioxidant [32]. Mai
W, et al., 2020 showed that berberine, an isoquinoline’s
alkaloid, significantly reduces the concentration of
intracellular hydrogen peroxide due to the presence
of radical-binding properties [33]. The most famous
synthetic scavenger of ROS is N-acetylcysteine [34]. Direct
antioxidant properties have also been established for
some derivatives of chromone [35]. However, despite the
presence of a fairly large number of compounds with the
established antioxidant properties, expanding of the list of
these substances, especially due to the targeted synthesis
of effective antioxidants, is an urgent task of modern
medicinal chemistry, as indicated by Yang CS, et al., 2018.
[36]. In this regard, a study on the synthesis and on the
antioxidant properties of (E)-3-(3-(4-oxo-4H-chromen-3-
yl)acryloyl)-2H-chromen-2-one derivatives, was carried
out. It showed that the analyzed compounds demonstrate
a high level of a antiradical activity, which was confirmed
by the data obtained during the DPPH test. It is also very
important that the studied compounds have chelating
properties with respect to Fe?, which can play a critical
role in the termination of iron-induced lipid peroxidation
and was confirmed in the course of this work. In addition,
the toxicity analysis of related compounds suggests a low
systemic toxicity of the analyzed compounds [37], which,
together with a high antioxidant activity, makes a further
study of these substances promising from the standpoint
of drug development for a long-term systemic correction
of the oxidative stress.

CONCLUSION

In this work, 15 derivatives of (E)-3-(3-(4-oxo-4H-
chromen-3-yl)acryloyl)-2H-chromen-2-one have been
synthesized and their structure has been confirmed by
nuclear magnetic resonance, an elemental analysis , a
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mass spectrometry. According to in silico prediction
data, the studied compounds are mainly characterized
by a direct antioxidant activity. At the same time, the
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TYPE 2 DIABETES MELLITUS’S DECOMPENSATED FORM:
ON THE PROBLEM OF EFFECTIVE PHARMACOTHERAPY
IN REAL CLINICAL PRACTICE
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The aim of this retrospective study was to analyze the pharmacotherapy regimens of the decompensated form of type 2
diabetes mellitus (DM2) and to evaluate its effectiveness, its compliance with clinical recommendations.

Materials and methods: A retrospective analysis of 54 medical cards of patients with decompensated DM2 was conducted.
The 1t group (n=24; 44%) included the patients who had a decrease in glycated hemoglobin (HbAlc) by 50% or more in 3
months after hypoglycemic therapy; and the 2" group (n=30; 56%) — the patients whose HbA1c level decreased by less than
50%.

Results. A HbA1c level was 10.4% in the 1%tgroup and 13.2% in the 2" group (p<0.001). However, the target levels of venous
blood plasma glucose and HbAlc were not achieved in any of the patient groups. The total number of the drugs prescribed to
the patients ranged from 4 (in 25% (n=6) and 10% (n=3) cases in the 1** and the 2" groups, respectively) to 8 (in 12.5% (n=3)
and 20% (n=6) cases in the 1** and the 2", groups, respectively). However, in a number of cases some violations of clinical
recommendations were recorded: the prescription to the obese patients of insulin drugs, the administration of sulfonylureas
derivatives to patients with a history of cardiovascular diseases of the atherosclerotic origin, but modern hypoglycemic drugs
with proven benefits in reducing cardiovascular risks were rarely prescribed.

Conclusion. The tactics of pharmacotherapy in the patients with a decompensated form of DM2 does not fully comply with
the approved clinical guidelines, which requires the effectiveness of treatment optimization of this medically and socially
significant pathology.

Keywords: glycated hemoglobin; hypoglycemic drugs; insulin; polypragmasia; type 2 diabetes mellitus

Abbreviations: HbA1 — glycated hemoglobin; DM — diabetes mellitus; DM1 — type 1 diabetes mellitus; DM2 — type 2 diabetes
mellitus; BMI — body mass index; iSGLT-2 — sodium glucose cotransporter inhibitor type 2; GLPra-1 — glucagon-like peptide-1
receptor agonist; iDPP-4 — dipeptidyl peptidase-4 inhibitor; BABs — beta-adrenoblocker; ACEi — angiotensin converting en-
zyme inhibitor; MRA — mineralocorticoid receptor antagonist; CCB — calcium channel blocker; HDL — high density lipoprotein;
LDL — low density lipoprotein; p-value — level of static significance; OR — odds ratio; Cl — confidence interval; Q1-Q3 — inter-
quartile range; M — median; SD — standard deviation; QoL — quality of life.
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Llenb. AHanu3 cxem dapmakoTepanumn AeKOMMNEHCUPOBAHHOM popMbl caxapHoro anabeta 2 Tuna (CA2) M oLeHKa MUX cOoOT-
BETCTBUA KIMHUYECKUM PEKOMEHAALIUAM.

Matepuanbl U meTtoabl. Bbin BbINoAHEH GapMaKONOrMYECKUIA PETPOCNEKTUBHDIM aHanu3 54 uctopuii 601e€3HM NaLuMeHToB
¢ AeKomneHcupoBaHHoW dopmori CA2. B 1 rpynny (n=24; 44%) BOWAWN MALMEHTbI, Y KOTOPbIX MO OKOHYAHUM 3-X MecALeB
TMNOIMKEMUYECKON Tepanmm Habao4an0Ch CHUKEHME YPOBHA IMUKMPOBaHHOo remornobuHa (HbA1) Ha 50% u 6onee, a Bo
2 rpynny (n=30; 56%) — y KoTopbIx ypoBeHb HbAlc cHU3UACA meHee, Yem Ha 50%.

Pesynbratbl. YposeHb HbAlc B 1-1 rpynne coctasun 10,4%, Bo 2-1 rpynne 13,2% (p<0,001). OgHaKo Leneson ypoBeEHb IHOKO3bI
nnasmbl BEHO3HOM Kposu U HbAlc He 6b11M JOCTUTHYTBI HU B OAHOM M3 rpynn nauyeHTos. ObLee KOMYECTBO Ha3HaYaeMbIX
JIEKAPCTBEHHbIX CPEACTB COCTaBAAN0 oT 4 (B 25% (n=6) n 10% (n=3) cnyyaes B 1 1 2 rpynnax, cOOTBETCTBEHHO) A0 8 (B 12,5%
(n=3) 1 20% (n=6) cnyyaes B 1 1 2 rpynnax, COOTBETCTBEHHO), TO €CTb NOAUMParmasua Habaoganacb B abCoNtOTHOM 6ONbLINH-
cTBe cnyyaes. B page cnyyaes 6binn 3adUKCMPOBaHbl HAPYLUEHWUSA KAMHUYECKUX PEKOMEHAALMIA: NaLMeHTam NpU Hannumm
OMKMPEHMUA HAa3HAYaIMCb NPEenapaTbl MHCYMHA; NPU HAIMYUKU B aHAMHE3E CePAEUYHO-COCYANCTbIX 3a601eBaHMIN aTepOCKIepo-
TUYECKOro reHe3a — NPou3BoAHbIE CyNbPOHNIMOYEBUHDBI, HO NPY 3TOM PEAKO HAa3HAYa/IMCb COBPEMEHHbIE CaxapOCHUKatoLme
JIEKAPCTBEHHbIE CPEACTBA (MHIMBUTOPbI HATPUI-TIFOKO3HOTO KOTPAHCMOPTEPA 2 TUNA, UHTMBWUTOPbI AMNENTUANANENTUAA3LI-4),
obnagatolLme LoKa3aHHbIMU NPEUMYLLECTBAMM B OTHOLLEHUMN CHUNKEHWUSA CEPAEYHO-COCYANUCTLIX PUCKOB.

3akntoueHune. TakTUKa 1IeYEHNA AaHHOM MEANKO-COLMAIbHO 3HAYMMOM NATO/IOrMU B peasibHOM KAMHUYECKOM NPaKTUKe He B
NOJIHOM Mepe COOTBETCTBYET aKTya/lbHbIM KNMHUYECKUM PEKOMEHAALMAM U TPEBYET AasbHEWLLEN ONTUMU3ALLUU KOHTPOAA
addeKTUBHOCTM.

KnioueBble cN0Ba: MIMKMPOBAHHbIM reMOMMOBOMH; MHCYIMH; MONUNPArmasus; caxapHblid AMabeT 2 TMna; caxapoCHWKatoLme
JleKapcTBeHHble cpeacTBa

CnuncoK cokpalueHuii: HbAl — mnknposaHHbIN remornobuH; CO,— caxapHbiii gnabet; CA1 — caxapHblii avabeT 1 Tuna; CA2 —ca-
XapHblii gnabeT 2 Tuna; JIC — nekapcteeHHoe cpeactso; UMT — nHaeke maccbl Tena; UHIIT-2 — UHIMBUTOP HaTPUI-IIFOKO3HOTO
KOTpaHcnopTépa 2 Tuna; apl -1 —aroHUCT peuenTopoB rmoKaroHonogobHoro nentuaa-1; nAnmn-4 — uHrmbuTop AMnNenTUan-
nenTtuaasbl-4; BAB — 6eTa-agpeHobnokaTop; MAT®P — MHIMBUTOP aHMMOTEH3MHNpPeBpaLLatowero depmeHTa; AMP — aHTaroHucT
MWHEPANOKOPTUKOUAHBIX peLenTopos; BKK — 610KkaTop KanbumeBblx KaHanos; JINBI — AMNONpoTENHbI BbICOKOW MIOTHOCTY;
JINHM — AvnonpoTenHbl HU3KOWM NIOTHOCTK; P — YPOBEHb CTaTUYeCKoM 3HaunmocTu; OLLl — oTHoweHwue waHcos; AN — nosepu-

TenbHbI MHTepBas; Q1—-Q3 — MHTEPKBAPTUIbHbIN pa3max; M — meauaHa; SD — cTaHAapPTHOE OTK/IOHEHME.

INTRODUCTION

Diabetes mellitus (DM) is one of the most import-
ant medical and social problems of public health in the
world, as it is a chronic, incurable disease, the therapeu-
tic aspects of which require the patient to significantly
change their lifestyle [1].

The total number of patients with DM in the Rus-
sian Federation (RF) as of January 2019 was 4 584 575
(3.12% of the population of the RF), including: type 1
diabetes mellitus (DM1) — 5.6% (256.2 thousand), type
2 diabetes mellitus (DM2) — 92.4% (4.24 million), oth-
er types of diabetes — 2% (89.9 thousand). Currently,
the average prevalence of DM1 is 174.4 per 100 thou-
sand population, DM2 — 2885.7 per 100 thousand, oth-
er types of DM — 61.2 per 100 thousand population®.
Since 2000, the number of patients with DM in the RF
has increased by 2.2 times: from 2.043 million to 4.58
million. As in many countries of the world, the RF con-
tinues to increase the prevalence of mainly DM2, with
an annual increase of more than 250-300 thousand pa-
tients. During 2018, 10 805 new cases of DM1 and 298
628 of DM2 were identified [2]. However, these figures
do not fully reflect the true scale of the non-commu-
nicable epidemic. The fact is that the register? records
only officially registered the cases of the disease. At the

! The Federal Register of Diabetes Mellitus of the Russian Federation.
Available from: http://sd.diaregistry.ru/content/epidemiologiya.html
2 |bid.
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same time, according to the national epidemiological
study NATION [3], which included more than 26 thou-
sand people in 63 subjects of the RF, the share of un-
diagnosed DM2 in the RF is 54% on average. Thus, the
actual prevalence of DM2 with active screening for the
level of glycated hemoglobin (HbA1lc) is almost twice
higher than officially registered, and can reach 8-9 mil-
lion people [2].

A high medical and social significance of DM is due,
among other things, to the high risk of associated mi-
cro- (nephropathy, retinopathy) and macroangiopathies
(an ischemic heart disease, cerebrovascular diseases,
and diseases of the arteries of the lower extremities).
For example, DM is one of the leading risk factors for
the development of acute cerebral circulatory disorders,
leading to the so-called “vascular catastrophes” 3-4
times more often than in patients without carbohydrate
metabolism disorders [4—6].

The level of glycated hemoglobin (HbAlc) is an
integral indicator of glycemia, which serves as an in-
dispensable diagnostic criterion in monitoring carbo-
hydrate metabolism, evaluating the effectiveness of
hypoglycemic therapy and predicting the course of di-
abetes, so its determination is currently mandatory [7,
8]. Thus, a 1% reduction in HbAlc in patients with DM2
reduces the risk of death by 21%, of an acute myocardi-
al infarction — by 14%, and microvascular complications
— by 37% [9, 10]. According to the World Health Orga-
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nization criteria, there are compensated diabetes (6.0—
6.5% HbAlc), subcompensated diabetes (6.6-7.0%
HbA1lc) and decompensated diabetes (>7.0% HbA1c)
[9].

Treatment of DM is one of the most expensive items
of the health budget in many countries of the world.
Thus, in 2017, the market volume of sugar-lowering
drugs in the RF amounted to approximately 11612.5
million rubles. In the United States in 2012, 245 billion
dollars were spent on the treatment of diabetes, in Italy
in 2014 — about 20.3 billion euros [6, 11]. With effective
therapy at an early stage of the disease, complications
of the disease, disability and mortality are reduced. At
the same time, there is an increase in costs at the initial
stage, and then their reduction due to the prevention of
hospitalizations associated with complications [12].

Patients with DM2, especially older age groups, of-
ten have concomitant chronic diseases, such as hyper-
tension, dyslipidemia, a coronary heart disease, depres-
sive disorders, a chronic kidney disease. They requires
a simultaneous administration of several, usually more
than 5-7 drugs; that exposes patients of this profile to a
high risk of polypragmasia [13, 14].

From the standpoint of fundamental and clinical
pharmacology, polypragmasia is the main cause of the
undesirable side effects development in elderly and se-
nile people [15, 16]. Polypragmasia bates the problems
of drug interactions, reduces patients’ adherence to an-
tidiabetic therapy, and often causes suboptimal glycemic
control. The presence of polypragmasia is also associat-
ed with a cascade of drug administrations, in which their
side effects are misinterpreted as new pathological con-
ditions, which can lead to the prescroption of new drugs.
Polypharmacy has other negative health consequences,
such as an increased risk of hospitalization, deterioration
of a clinical status, poor quality of life (QoL) at patients,
and significant economic consequences [13, 14].

THE AIM of this retrospective study was to analyze
the pharmacotherapy regimens of the decompensated
form of type 2 diabetes mellitus in settings of an endo-
crinological hospital, and to evaluate its effectiveness, as
well as its compliance with clinical recommendations.

MATERIALS AND METHODS

The retrospective study was based on the analysis
of medical cards of 54 patients with DM2 who were
routinely hospitalized in a patient endocrinological
facility in 2019. In the present study, only official doc-
uments (hospital history sheets) were studied, their
analysis did not include direct identification of the pa-
tient’s identity, therefore, the confidentiality of person-
al data was in no way violated. Thus, the planning and
conduct of the study fully complied with the provisions

Tom 9, Buinyck 5, 2021

on the ethical correctness of performing biomedical
works? [17, 18].

The criteria for including patients in the study are:
DM2 in the decompensation stage, the duration of the
disease more than 10 years, a long-term and regular
intake of hypoglycemic drugs. The criteria for excluding
patients from the study are: DM1 and other disorders
of carbohydrate metabolism, taking hypoglycemic drugs
for less than 3 months, an inorganic and/or functional
brain damage, a senile asthenia syndrome (according to
the Fried criteria), a positive family history, thyroid dis-
eases, liver diseases, abdominal cavity organs diseases,
the age of patients up to 45 years.

A life history, modifiable, non-modifiable risk fac-
tors, biochemical parameters, therapeutic regimens and
their modifications for the treatment of hyperglycemia
and concomitant pathology were subjected to the phar-
macological evaluation, including compliance with ex-
isting clinical recommendations, in order to choose the
most optimal from the position of the attending physi-
cian and the patient. HbAlc was selected as a criterion
for the therapy effectiveness.

Based on the assessment of the HbAlc level (the
target levels ranged from 6.5% to 8%, the baseline —
from 13% to 17.2%) in dynamics 3 months after hospi-
talization, two groups of patients were identified: the 1*
group (n=24) included the patients who had a decrease
in the HbA1c level by 50% or more, the 2" group (n=30)
—the patients whose HbAlc level decreased by less than
50%.

The patient groups were comparable in terms of
gender, age, and the baseline clinical status (p>0.05).
The general clinical characteristics of patients in the 1
and 2" groups are presented in Tables 1 and 2.

The accumulation, correction, systematization of
the initial information and visualization of the results
were carried out in Microsoft Office Excel 2019 spread-
sheets. The statistical analysis was performed using the
IBM SPSS Statistics v. 26 program (IBM Corporation).
The study materials were subjected to the statistical
analysis using parametric and nonparametric analyses:
Shapiro-Wilk test, Student t-test, Wilcoxon’s rank sum
test, F-test, Cramer’s V, Spearman’s rank correlation (the
coefficient of the correlation was interpreted in accor-
dance with the Cheddock scale), F-ratio test, Scheffe’s
test. The differences were considered statistically signif-
icant at p<0.05.

RESULTS AND DISCUSSION
First of all, the status of patients with the primary
disease — DM2 in the stage of decompensation — at the

3 The Federal Law “On the Fundamentals of Health Protection of
Citizens in the Russian Federation” dated 21.11.2011 N 323-FZ. Russian
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end of 3 months of hypoglycemic treatment was evalu-
ated. It was discovered that the target level of venous
blood plasma glucose and HbA1lc had not been achieved
in any of the patient groups. When comparing the aver-
age values of the HbA1lc level using the Student t-test in
the 1t and 2" groups, statistically significant differenc-
es were found (p<0.001): the level of HbAlc (%) in the
1% group was 10.4% and in the 2" group — 13.2%. By
comparison of glucose values in the groups, statistically
insignificant data were obtained (p=0.264): the level of
venous blood plasma glucose was 8.5 mmol/L in the 1
group and 9.2 mmol/L in the 2" group, respectively.
Subsequently, the details of the pharmacothera-
peutic schemes of hypoglycemic therapy were analyzed.

Table 3 shows the registered regimens and the frequen-
cy of their administration to the patients in 1%t and 2™
groups.

Thus, 18 hypoglycemic therapy’s regimens used
were found. In both groups, the hypoglycemic drugs
incompatible with each other were not prescribed. The
recommendations regarding the prescription of a bigua-
nide group representative — metformin, as the initiation
of therapy in patients with DM2 and its use as the basis
for further therapy in most patients which corresponds
to both Russian and international recommendations,
were followed [21, 22]. However, a detailed evaluation
of these regimens (Table 4) revealed violations of cur-
rent clinical guidelines in a number of cases [21].

Table 1 — General clinical characteristics (quantitative indicators) of patients in 1% and 2" groups

1%t group (n=24)

2" group (n=30)

Indicator Men (n=10) Women (n=14) Men (n=14) Women (n=16) p
Me Ql1-Q3 Me Ql-Q3 Me Ql1-Q3 Me Ql1-Q3
Age 610  60.5-62.5 62 58.0-66.0 620  61.0-680 680  67.0-685 0.15
Glucose level
inblood plasma  12.8  10.9-140 125  12.0-13.6 160  14.0-160 150  14.0-16.6 0.10
before
:2\';‘;";" HbALC 170  162-17.1 137  13.6-153 166  13.2-167 144  13.9-148 0.40
E\:ﬁf%bmc 7.0 6.8-7.3 7.0 6.8-7.5 7.0 7.0-7.5 7.0 6.8-7.5  0.80
" MSD 95% Cl M+SD 95% Cl M#SD 95% Cl M1SD 95% Cl p
32.0+2.4 304-30.7 34.3:0.8 31.9-36.7 38.7+4.4 353-42.1 34.9+0.7 33.9-39.9 0.61

Note: 1% group (n=24) — patients with a decrease in HbA1lc level by 50% or more; 2™ group (n=30) — patients with a decrease in HbAlc level by less
than 50%; HbAlc — glycated hemoglobin; BMI — body mass index; Me — median; Q1-Q3 — interquartile range; SD — standard deviation; p — level

of statistical significance (Shapiro-Wilk test).

Table 2 — General clinical characteristics (qualitative indicators) of patients in 1 and 2" groups

Patient groups

OR;
H st — nd — * * %k ’
Indicator 1%t group(n=24) 2" group (n=30) p Vv 95% CI
n % n % n % n %
Male Female Male Female 0.60;
Gender 0.417 0.125
9 37.5 15 62.5 15 50 15 50 0.20-1.8
Employed U loyed Employed U loyed
Social status mproye nemproye mproye NemPlovee 0692 0.178 -
0 0 24 100 2 6.7 28 93.3
. Present Absent Present Absent 2.4;
Obesity 0.097 0.309
20 83.3 4 16.7 15 50 15 50 1.6-3.4
. . Present Absent Present Absent
Arterial hypertension - - -
24 100 0 0 30 100 0 0
Coronary Present Absent Present Present 1.0;
heart disease 12 50 12 50 15 50 15 50 1.00 <0001 0.33-3.0
i P t Absent P t Absent :
HereFi|tarY . resen sen resen sen 0558 0.098 0.67;
predisposition to DM 18 75 6 25 21 70 9 30 0.21-2.2
School of patients Attended Did not attend Attended Did not attend 0.45;
. 0.637 0.158
with DM 18 75 6 25 26 86.7 4 13.3 0.07-2.7

Note: 1*t group (n=24) — patients with a decrease in HbA1lc level by 50% or more; 2" group (n=30) — patients with a decrease in HbAlc level by less
than 50%; n — absolute value; p-value — the level of static significance (statistically significant at p<0.05%; F-test); **V — Cramer’s V-test; OR — odds
ratio; 95% Cl — 95% confidence interval (important when going beyond the border 1)
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Table 3 — Hypoglycemic therapy’s regimens used in 1%t and 2" groups
Number of patients receiving/not receiving treatment
according to this regimen
1st =24 2nd =
Hypoglycemic therapy’s regimen group (n=24) group (n=30) p* V**
Using Not using Using Not using
n % n % n % n %
Insulin aspart — biphasic 0 0 24 100 3 10 27 90
2 Insulin detemir + Insulin lispro 3 125 21 87.5 0 0 30 100
Insulin-isophan [human
3 biosynthetic] + Insulin soluble 3 125 21 87.5 0 0 30 100
[human biosynthetic]
Insulin detemir + Metformin 0 0 24 100 2 6.7 28 93.3
Metformin + Glibenclamide 2 8.4 22 91.6 1 3.4 29 96.6
Metformin + Gliclazide 0 0 24 100 7 23.4 23 76.6

(Dapagliflozin + Metformin) +

Glibenclamide 3 125 21 875 0 0 30 100

(Dapagliflozin + Metformin) +

Gosogliptine + Glibenclamide 1 42 23 98 0 0 30 100

Insulin detemir + Insulin aspart +

Metformin 1 42 23 95.8 3 10 27 90

Insulin glargine + Insulin aspart +

10 Metformin

42 23 95.8 0 0 30 100

Insulin detemir + Metformin +
(Antibodies to the C-terminal
fragment of the B-subunit of the
insulin receptor + antibodies

to endothelial NO-synthase)
affinity purified

11 0 0 24 100 3 10 27 90

<0.001 0.884

Insulin glargine + Metformin +

12 Gosogliptine

3 125 21 87.5 1 3.4 29 96.6

Insulin-isophan [human
13 biosynthetic]+ Metformin + 0 0 24 100 2 6.7 28 93.3
Glibenclamide

Insulin-isophan [human
biosynthetic] + Metformin +
(Antibodies to the C-terminal
14  fragment of the B-subunit of the 3 125 21 87.5 0 0 30 100
insulin receptor + antibodies
to endothelial NO-synthase)
affinity purified

15 Metformin + Glibenclamide + 3 125 21 85 0 0 30 100
Alogliptin

Insulin glargine + (Dapagliflozin +

16 Metformin) + Metformin

1 42 23 95.8 3 10 27 90

17 In§uI|n dete.mlr + Metformin + 0 0 2 100 3 10 27 90
Glibenclamide

18  Metformin + Gosogliptine 0 0 24 100 2 6.7 28 93.3

Note: 1%t group (n=24) — patients with a decrease in HbA1lc level by 50% or more; 2" group (n=30) — patients with a decrease in HbAlc level by less
than 50%; n — absolute value; p-value — the level of static significance (statistically significant at p<0.05*; Fischer’s criterion); **V — Cramer’s V-test
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Table 4 — Groups of hypoglycemic drugs used in 1% and 2" groups
Number of patients with/no drugs as a component of therapy
Y | . 1%t group (n=24) 2" group (n=30) OR
ypoglycemic " ok ;
drugs’s groups Presence Absence Presence Absence p Vv 95% Cl
n % n % n % n %
Biguanides 14 58.4 10 66.7 26 86.7 4 13.3 0.028 0.321 0.215;
5 ' ' : ' ' : 0.06-0.82
., 2.2;
Insulin’s drugs 19 79.2 5 20.8 19 63.4 11 36.6 0.243 0.172 0.64-7.6
Sulfonylureas’s 0.78;
s 15 62.5 9 37.5 17 56.7 13 43.3 0.783  0.059 0.26-2 35
GLPra-1 3 12.5 21 87.5 1 3.3 29 96.7 0.312 0.174 4.14
) ) ) ) ) ) 0.4-42.66
iSGLT-2 0 0 24 100 3 10 27 90 0.245  0.217 0.59
’ ’ 0.41-0.69
. 2.8;
iDPP-4 4 16.7 20 83.3 2 6.7 28 93.3 0.389  0.158 0.47-16.8

Note: 1% group (n=24) — patients with a decrease in HbA1lc level by 50% or more; 2™ group (n=30) — patients with a decrease in HbAlc level by less
than 50%; n — absolute value; p-value — level of static significance (statistically significant at p<0.05%*; Fischer’s test); OR — odds ratio; 95% Cl —95%
confidence interval (important when going beyond border 1); **V — Cramer’s V-test; GLPra-1 — glucagon-like peptide receptor agonists 1; iSGLT-2
— sodium-glucose cotransporter inhibitor 2; iDPP-4 — inhibitors of dipeptidyl peptidase 4

Table 5 — Antihypertensive therapy’s regimens used in 1* and 2" groups

to this regimen

Number of patients receiving/not receiving treatment according

15t group (n=24)

2" group (n=30)

Antihypertensive therapy’s regimen * Vx*
VP Py & Using Not using Using Not using P
n % n % n % n %
1 Blsoprolol +.Indapam|de 0 0 24 100 9 30 2 70
+ Perindopril
) Bisoprolol + Indapamide 0 0 24 100 3 10 27 90
+ Losartan
3 Blsop.rolol +.Amlod|p|n 0 0 24 100 3 10 27 90
+ Perindopril
4 Bisoprolol + Indapamide 0 0 24 100 3 10 27 90
5  Perindopril + Indapamide 3 12.5 21 87.5 3 10 27 90
6  Indapamide + Losartan 0 0 24 100 3 10 27 90
7  Bisoprolol 0 0 24 100 3 10 27 90
5 amodipne s condesartan 0 024 10 3 127 9
S ‘: — <0.001  0.942
g  osoprolol+ivioxonidine 3 125 21 85 0 0 30 100
+ Nifedipin
10 Indapamide 3 12.5 21 87.5 0 0 30 100
17 Bisoprolol+ Moxonidine 3 125 21 875 0 0 30 100
+ Losartan + Spironolactone
1 Metoprolol +Indapamide 3 125 21 8.5 0 0 30 100
+ Candesartan
13  Amlodipine + Losartan 3 12.5 21 87.5 0 0 30 100
14 'ndapamide + Perindopril 3 125 21 8.5 0 0 30 100
+ Moxonidine + Bisoprolol
15 Indapamide + Lisinopril 3 125 21 85 0 0 30 100

+ Amlodipine + Bisoprolol

Note: 1 group (n=24) — patients with a decrease in HbAlc level by 50% or more; 2" group (n=30) — patients with a decrease in HbA1c level by
less than 50%; n — absolute value; p-value — level of static significance (statistically significant at p<0.05*; Fischer’s criterion); **V — Cramer’s V-test
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Table 6 — Groups of antihypertensive drugs used in 1% and 2" groups

Number of patients with drugs as a component of therapy

1%t group (n=24)

2" group (n=30)

Antihypertensive « % OR;
drugs groups Presence Absence Presence Absence p Y 95% Cl
n % n % n % n %
0.417;
BABs il5 62.5 9 37.5 24 80 6 20 0.223 0.194 0.12-1.4
. 0.60;
ACEi 15 62.5 9 37.5 15 50 15 50 0.417 0.125
0.2-1.8
. . 0.75;
Diuretics 18 75 6 35 24 80 6 20 0.748 0.06
0.2-2.7
Sartans 9 37.5 15 62.5 9 30 21 70 0.577 0.079 14;
. . : : 0.45-4.4
Statins 12 50 12 50 18 60 12 40 0.584 0.100 el
’ : 0.23-1.9
MRAs 9 37.5 15 62.5 0 0 30 100 <0.001 0.50 0.34;
’ ’ ’ ’ 0.22-0.51
2.4;
CCBs 9 37.5 15 62.5 6 20 24 80 0.223 0.194 0.71-8.1

Note: 1 group (n=24) — patients with a decrease in HbAlc level by 50% or more; 2" group (n=30) — patients with a decrease in HbAlc level by
less than 50%; n — absolute value; p-value — level of static significance (statistically significant at p<0.05*; Fisher’s test); OR — odds ratio; 95% ClI
—95% confidence interval (important when going beyond the limit of 1); **V — Cramer’s V-test; BABs — beta-adrenoblockers; ACEi — angiotensin
converting enzyme inhibitors; MRAs — mineralocorticoid receptor antagonists; CCBs — calcium channel blockers

In the 1% group, 62.5% (n=15) of patients with a
history of cardiovascular diseases of the atherosclerotic
origin were prescribed drugs from the group of sulfony-
lurea derivatives. At the same time, there is some evi-
dence that older representatives of sulfonylurea deriv-
atives — glibenclamide, gliclazide, tolbutamide — violate
the ischemic preconditioning, i.e., the process of adap-
tation of the myocardium to ischemia after a number of
repeated episodes of transient ischemia of moderate
severity. This may cause an increased risk of myocardi-
al infarction and a worse prognosis after a myocardial
infarction [19]. The administration of insulin’s drugs
to obese patients, which aggravates the course of this
disease because insulin increases the expression of the
Glut4 transporter and the activity of acetyl-CoA-carbox-
ylase in adipocytes, as well as fatty acid synthase and
lipoprotein lipase, which leads to rapid clearance from
the circulation and deposition of glucose and lipids [19],
also raises questions: out of 20 obese people, they were
prescribed to 17 patients (85%). The fact that in a num-
ber of clinical trials in European countries (Germany,
France, Spain) patients with an HbA1c level of more than
7% could not reach the target level of venous blood plas-
ma glucose and HbA1lc during a course of basal insulin
therapy, was considered [21]. In addition, none of the
1st group patients received a sodium-glucose cotrans-
porter inhibitor type 2 (iSGLT-2) and in a lower ratio com-
pared to other drugs from the groups of glucagon-like
peptide-1 receptor agonists (GLPra-1) (12.5% (n=3)) and
dipeptidyl peptidase-4 inhibitors (iDPP-4) (16.7% (n=4)).
That has proven benefits in patients with DM2 with as-
sociated cardiovascular diseases in terms of reducing

Tom 9, Buinyck 5, 2021

cardiovascular and renal risks [19, 22]. In the process of
a meta-analysis, it was found that, compared with the
control group, the incidence of adverse cardiovascular
events in the iSGLT-2 group (OR=0.86, 95% Cl 0.80-0.93,
p <0.0001), such as myocardial infarction (OR=0.86, 95%
Cl1 0.79-0.94, p=0.001), as well as mortality from this pa-
thology (OR=0.74, 95% Cl 0.67-0.81, p<0.0001) was sta-
tistically lower [23]. As far as iDPP-4 group is concerned,
in one of clinical stadies, the role of this group in the
prevention of cardiovascular diseases was not so pro-
nounced in comparison to iSGLT-2 [24].

In 2™ group, the number of patients receiving
iSGLT-2, GLPra-1, and iDPP-4 was also insignificant: 10%
(n=3), 3.3% (n=1), and 6.7% (n=2), respectively. The pre-
scribed therapeutic regimen for the patients with con-
comitant risk-associated pathology also raises questions:
56.7% (n=17) of the patients with atherosclerotic cardio-
vascular pathology were prescribed sulfonylurea deriv-
atives; 66.7% (n=10) of obese patients were prescribed
insulin preparations. Thus, according to the results of the
meta-analysis conducted in 2016 [25], it was found that
metformin monotherapy was accompanied by a lower
(=2 years) mortality from complications of cardiovascu-
lar diseases compared with sulfonylurea monotherapy.
The frequency of deaths from myocardial infarction was
lower in the group where metformin alone was used (2
of 1454 participants (0.1%); the median follow-up was 4
years) than in the glibutide group (3 of 1441 participants
(0.2%); the median follow-up was 3.3 years).

When assessing the contribution of a particular
drugs group of achieving the target HbAlc level using
the exact Fisher test and the Cramer’s V, a statistically
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significant level (p=0.028) with a relatively strong bind-
ing force was obtained for a representative of the bigua-
nide group — metformin. In order to determine the role
of this drug, a single-factor analysis (ANOVA) was per-
formed, during which a statistically significant effect of
metformin’s usage (p=0.018) on the outcome of treat-
ment in both groups was established. The contribution
to the dispersion of metformin as a component of ther-
apy was 10.3%.

When comparing the levels of venous blood plas-
ma glucose and HbAlc with the number of prescribed
hypoglycemic drugs, a statistically significant direct cor-
relation of weak crowding was established and no cor-
relation was found, respectively, on the Cheddock scale.
Thus, the expediency of appointing more than 2 repre-
sentatives of hypoglycemic drugs was absent.

The comorbidity of the patients presented in this
study, also required an assessment of polypragmasia,
which causes significant harm to human healths, leads
to economic losses, and negatively affects the reputa-
tion of the doctor. In addition, a large number of pre-
scribed drugs negatively affect the patient’s compliance.
The problem of polypragmasia is largely due to the lack
of awareness of doctors about the drugs taken by the
patient, which are prescribed by other specialists.

Arterial hypertension was considered as comorbid
pathology present in 100% of patients in the 1%t and 2"¢
groups. The particular pharmacotherapy regimens used
and the groups of antihypertensive agents prescribed to
patients, are shown in Tables 5 and 6, respectively.

When analyzing the pharmacotherapy of arterial
hypertension, the following data were obtained. The
patients from the 1% group received a selective beta-ad-
renoblocker (BAB) — bisoprolol in 62.5% (n=15) of cases.
According to the literature data [26, 27] the usage of high-
ly selective beta-blockers does not significantly change
the metabolism of lipids (total cholesterol, HDL, LDL,
triglycerides) in comparison with non-selective (BABs),
which violate carbohydrate tolerance, increase insulin
resistance, and have a hyperlipidemic effect. In 37.5%
(n=9) of cases, 4 drugs were prescribed as a treatment
for a high blood pressure and its complications. In 50%
of cases (n=15), the 2" group patients were prescribed
3 drugs for the treatment of a high blood pressure. In
30% (n=9) of cases, a two-component scheme was pre-
scribed (BABs were not included in these schemes).

When comparing the levels of venous blood plas-
ma glucose and HbAlc with the number of prescribed
antihypertensive drugs, a negative correlation of weak
crowding was established and no correlation was found,
respectively, on the Cheddock scale.

When comparing the levels of venous blood plas-
ma glucose and HbAlc with the number of prescribed
hypoglycemic and hypotensive drugs, there was no cor-
relation revealed and a negative correlation of weak
crowding was established, respectively, according to the
Cheddock scale.
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The total number of drugs prescribed to patients
of the 1% group (hypoglycemic drugs + antihypertensive
drugs + statins) was: 4 drugs in 25% (n=6) of cases; 5
drugs 12.5% (n=3); 6 drugs 12.5% (n=3); 7 drugs 37.5%
(n=9); 8 drugs 12.5% (n=3). The total number of the
drugs prescribed to patients of the 2" group (hypogly-
cemic drugs + antihypertensive drugs + statins) was: 4
drugs 10% (n=3); 5 drugs 30% (n=9); 6 drugs 20% (n=6);
7 drugs 20% (n=6); 8 drugs 20% (n=6). Thus, the phe-
nomenon of polypragmasia was observed in the abso-
lute majority of cases. At the same time, it should be
noted once again that the target level of venous blood
plasma glucose and HbAlc were are not achieved in any
of the patient groups, so the existing polypragmasia was
not justified from the point of view of the effectiveness
of the pharmacotherapy.

However, it should be noted that this study, due to
its retrospective nature, had some limitations, which
must be taken into account when interpreting the re-
sults obtained.

CONCLUSION

According to the results obtained in the course of
this retrospective analysis, we concluded that the tac-
tics of pharmacotherapy in the patients with a type
DM2 decompensated form, often does not fully com-
ply with the approved clinical recommendations. In
particular, patients are prescribed potentially non-rec-
ommended medications that significantly reduce the
Qol and increase the risk of developing undesirable
adverse reactions, and/or, conversely, the treatment
regimen does not use potentially recommended medi-
cations necessary to improve the prognosis, reduce the
risk of complications, and reduce the number of hospi-
talizations.

To solve the current situation, it can be necessary to
consider the following theses.

1. For the treatment of DM2, the prescribed phar-
macotherapy should be based on the current clinical
recommendations.

2. To improve the prognosis of the DM2 course, to
improve patient Qol, is possible only with a comprehen-
sive approach, including, first, the prescription of ade-
quate pathogenetic and personalized therapy, especially
in the case of comorbid risk-associated pathologies’s
presence.

3. Each case of polypragmasia should be justified in
the aspect of the “effectiveness-safety” ratio, and the
choice of specific drugs for a joint use is based on con-
sidering the issues of their interaction from the point of
view of fundamental pharmacology.

4. When following-up patients with DM2, it is ex-
tremely important to have a high professional level
and a close cooperation of specialists of various pro-
files: endocrinologists, cardiologists, neurologists,
nephrologists, ophthalmologists, and clinical pharma-
cologists.
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Clinical trials conducted in various countries indicate that the use of epoetin alfa in patients with nephrogenic anemia in
chronic kidney disease can increase the effectiveness of treatment, reduce the incidence of cardiovascular and infectious
complications, and reduce mortality in patients with chronic kidney disease.

The aim of the article was to conduct a comparative clinical and economic assessment of the treatment costs of nephrogenic
anemia in adult dialysis patients with recombinant human erythropoietins: epoetin alfa, darbepoetin and long-acting me-
thoxy polyethylene glycol — epoetin beta.

Materials and methods. The study took into account direct medical costs of nephrogenic anemia pharmacotherapy on the
basis of 1 year maintenance therapy according to the following scheme: epoetin alfa — 3 times per week, darbepoetin alfa
— once per week, methoxy polyethylene glycol — epoetin beta — once per 2 or 4 weeks. A “costs minimization” analysis was
performed for equivalent maintenance epoetins doses for intravenous and subcutaneous administrations. Epoetin alpha
equivalents were calculated for an average patient weighing 75 kg by converting a weekly dose of short-acting epoetin (7500
IU) into equivalent doses using dose conversion factors.

Results. In the hypothetical cohort of patients under study, epoetin alfa, darbepoetin alfa, and methoxy polyethylene gly-
col — epoetin beta not differ in effectiveness in achieving target Hb values and in safety. With the equal effectiveness of the
investigated drugs, in the studied patients, intravenous epoetin alfa can be less expensive drug therapy relative to the equiv-
alent doses obtained by the calculation: darbepoetin by 14-24% and methoxy polyethylene glycol — epoetin beta by 4-30%.
The change-over of patients to the subcutaneous administration makes it possible to decline a weekly dose of epoetin alfa
by 20-30% by reducing the frequency of taking the drug to twice a week, and to reduce the cost of drug therapy by a third.
Conclusion. Intravenous and subcutaneous administrations of epoetin alfa 2500 IU may be a more economical drug therapy
in comparison with the equivalent doses of darbepoetin and methoxy polyethylene glycol — epoetin beta.

Keywords: chronic kidney disease; anemia; erythropoiesis stimulating agent(s); epoetin alfa; economic assessment
Abbreviations: i.v. — intravenous; DA — darbepoetin; VEDs — vital and essential drugs; RRT — renal replacement therapy; CTs —
clinical trials; MP — medicinal preparation; DF — dosage form; INN — international non-proprietary name; VAT — value added
tax; s/c — subcutaneous; RCT — randomized controlled trial; r-HUEPO — recombinant human erythropoietin; ESA — erythropoi-
esis stimulating agent; CKD — chronic kidney disease; CKF — chronic kidney failure; EPO — epoetin.

For citation: I.S. Krysanov, V.Yu. Ermakova, L.B. Vaskova, M.V. Tiapkina.Cost-minimization analysis of using short and long-acting erythropoesis-
stimulating agents for correction of nephrogenic anemia against the background of substitution therapy. Pharmacy & Pharmacology.
2021;9(5):387-399. DOI: 10.19163/2307-9266-2021-9-5-387-399
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KnnHunyeckune nccnepnosaHna, NPoBeAEHHbIE B PA3/IMYHbIX CTPaHaxX, CBUAETENbCTBYIOT O TOM, YTO MPUMEHEHME 3MO3TUHA
anbda y NaumeHToB ¢ HepporeHHOM aHemMmneln NPU XPoOHUYECKo 601e3HN MoYeK MOXKET NOBbICUTb IPPEKTUBHOCTbL NeYEHUS,
CHU3UTb YNCNO CIYHAEB CEPAEUYHO-COCYANCTbIX U MHPEKLMOHHBIX OCIONKHEHWU, A TaKKe CMEPTHOCTb Y NMaLMEHTOB C XPOHMU-
YyecKo 6one3HbI0 NoYek.

Lienb. MpoBecTv CPAaBHUTENbHYIO KIMHUKO-IKOHOMMYECKYHO OLLEHKY 3aTpaT Ha Tepanuio HepporeHHoN aHeMuun y B3pOC/bIX
NaLVeHTOB, HAXOAALLMXCA Ha AMaNn3e, PeKOMOUHAHTHBIMW Ye/I0BEYECKUMU IPUTPONOITUHAMM: IMO3TUHOM anbda, fap6a-
NOSTUHOM U 3MO3TUHOM 6eTa (METOKCUNONUSTUNEHTIUKO/b) AUTENIBHOTO AENCTBUS.

Mertoapl. B nccnefoBaHUM Bblav yUTEHbI NPAMbIE MEAULMHCKME 3aTpaTbl Ha dapmaKkoTepanuio HedpPoreHHOW aHeMm1K 13 pac-
yeta 1 roga NoALEPHKMBAIOLLEN TEPANMM MO CXeME: 3MO3TUH anbda — 3 pasa B Heaento, f,apb3anoaTvH anbda — 1 pas B Hegento,
3M03TWH 6eTa (METOKCUMONNSTUNEHTIMKOANB) — 1 pa3 B 2 Heaenu unu 4 Hepenu. NpoBeaeH aHaNU3 K MUHUMM3ALLMA 3aTpaT» A
3KBUBANEHTHbIX MOAAEPMKMBAIOLLMX 403 IMOSTUHOB 419 BHYTPUBEHHOIO U NMOAKOXKHOIO NPUMEHEHUA. IKBUBA/IEHTHbIE 3M03-
TUHY anbda [03bl OblIM paccyUTaHbl 418 CPeSHECTaTUCTUUECKOTO NaLMeHTa C Maccoi Tena 75 Kr, nyTem nepecyeta HeeNbHOM
[0,03bl 3MO3TMHOB KOPOTKOro Aeicteuna (7500 ME) B 9KBMBANEHTHbIE Yepes KoahdULMeHTbl KOHBepTaLmu A03.

Pe3ynbratbl. Y nccieayemon runoTeTMyeckomn KoropTbl 60/1bHbIX 3N03TUH anbda, 4ap63n03TUH anbda M 3N03TUH beTa (me-
TOKCMNONNITUNEHININKO/b) HE OT/IYAtoTCA NO 3GDEKTUBHOCTU B OCTUNKEHNUM LieneBblx 3Ha4YeHnn Hb n 6e3onacHoctu. Mpu
paBHOM 3PPEKTUBHOCTM UCCAeAyeMbIX NPenapaTos, 3NO3TUH albda BHYTPUBEHHO MOXET ABNATLCA Y UccieayeMbix 601bHbIX
MeHee 3aTpaTHOW SIeKapcTBEHHOM Tepanuelt OTHOCUTENbHO SKBMBAMIEHTHbIX 103, NMOAYYEHHbIX PacyeTHbIM NyTem: Aapbano-
3TWMHA Ha 14—-24% 1 3n03TMHa 6eTa (MeTOKCMNONUITUNEHINNKONL) — Ha 4—30%. MepeBog, 60/bHbIX Ha NOAKOXHOE BBeAeHMe
NO3BO/IAET CHU3UTb HeAEeNbHYI0 403y 3N03TMHA anbda Ha 20-30% 3a cHeT CHUXKEHMA YACTOTbl MPUemMa npenapaTa 4o 2 pa3 B
HeZento, U COKPaTUTb CTOMMOCTb IEKAPCTBEHHOW Tepanum Ha TPeTb.

3aknoueHue. 3nosTnH anboda 2500 ME npu BHYTPMBEHHOM U NOAKOXKHOM BBEAEHUU MOXKET ABNATLCA BoNee SKOHOMUYHOW fe-
KapCTBEHHOW Tepanueli B CPaBHEHWM C SKBUBANEHTHbIMU L03aMM Aap63N03TMHA M 3N03THHA 6eTa (METOKCMMONMSTUNEHTIMKOD).
KntoueBble cnoBa: xpoHuyeckas 601e3Hb NoYeK; aHeMus; CpeacTBa, CTUMYAUPYIOLLME 3PUTPOMO33; 3NO03TUH aNbda; SIKOHO-
MUYecKas oLeHKa

CNUCOK COKPALLEHMIA: B/B — BHYTPUBEHHbIN; JA — 1ap63m03TuH; HBJIM — }KM3HEHHO HEOBX0AUMbIE U BarKHeWLLMe NeKap-
CTBEeHHble npenapatbl; 3MNT — 3amecTUTebHasA noveyHas Tepanusa; KU — KaMHuyeckme uccnenosanusa; JIM — NneKapCTBEHHbIN
npenapart; JI® — nekapcTBeHHana ¢opma; MHH — mexayHapoaHoe HenaTeHToOBaHHOe HaumeHoBaHue; HAC — Hanor Ha go-
6aBNEHHYI0 CTOMMOCTb; /K — NOAKOMKHbIN; PKU — paHA0OMU3MpOBaHHOE KOHTPO/IMpyeMoe mcciegosaHue; pudo — pekom-
BUHaAHTHbIN YenoBeyeckuit 3puTponoaTnH; CC3 — cpeacTBa CTUMYAATOPbI 3pUTPONo33a; XBMN — xpoHuyeckan 60/1e3Hb noyek;
XMH — xpoHuMyeckasa noyeyHana HeJZoCTaToYHOCTb; MO —3n03TUH

INTRODUCTION

Currently, there is an acute issue of the high prev-
alence of chronic kidney disease in the general pop-
ulation. It has been notified that on average, it can
reach 13.4%, and in terms of coverage, it is compa-
rable to arterial hypertension and diabetes mellitus.
Chronic kidney disease (CKD) is often associated with

388

nephrogenic anemia, which complicates the course of
CKD and tends to worsen due to the CKD progresses.
In modern clinical practice, anemia of the renal ori-
gin is a frequent complication and is observed with
a decrease in creatinine clearance to 40—-60 ml/min.
It is widespread in all types of renal replacement
therapy, but is especially pronounced in dialysis pa-
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tients (in the absence of treatment, the hemoglobin
level below 10 g/dl can be observed in 90% of dial-
ysis patients)?. Anemia is associated with a deteri-
oration in patients’ quality of life (Qol), an increase
in cardiovascular complications and the frequency of
CKD patients’ hospitalizations?. In the pathogenesis of
nephrogenic anemia, a key factor is a deficiency in the
production of endogenous erythropoietin in the kid-
neys. In clinical practice, for the treatment of nephro-
genic anemia, preparations of recombinant human
erythropoietin (r-HUEPQ) are widely used. Timely cor-
rection of anemia to the recommended targets can
improve the effectiveness of treatment in general and
reduce the incidence of cardiovascular and infectious
complications in CKD* patients.

According to the national Russian Recommenda-
tions, the diagnosis of nephrogenic anemia is detected
in CKD patients when the hemoglobin concentration
drops below the average level by 2 standard devia-
tions, taking into account the age and gender. Anemia
in patients on renal replacement therapy (RRT) is con-
sidered as a decrease in hemoglobin lower than 11.5
g/dL in women and 13.5 g/dL in men, as well as lower
than 12.0 g/dL in people over 70 years®. Currently, ac-
cording to the majority of recommendations, the aim
of treatment is to achieve a hemoglobin level of 10-12
g/dL both at the pre-dialysis stages of CKD, in dialysis
patients and after kidney transplantation. International
KDIGO 2012° guidelines and Russian Clinical Guidelines
for CKD’ prescribe starting treatment with r-HUEPO
only when the hemoglobin level drops to 9-10 g/dL,
while the upper limit for most patients is determined at
11.5 g/dL. Achieving higher Hb targets is not associated
with significantly greater clinical effectiveness in terms
of the risks of death or cardiovascular complications;
on the contrary, it may be associated with a greater
risk of adverse outcomes (increased blood pressure,
vascular access thrombosis). Thus, the use of the low-
est possible doses of erythropoiesis stimulating agents
(ESAs) for the treatment of nephrogenic anemia in CKD
patients makes it possible to avoid the risks of unfavor-
able vascular outcomes, as well as improve their qual-
ity of life (Qol) [1], eliminate anemic syndrome and
reduce the frequency of blood transfusions in patients
on hemodialysis®.

It is generally accepted that the incidence of side

* Clinical guidelines. Chronic kidney disease. 2019. 169 p. Russian

2 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed. Moscow, 2014. 34
p. Russian

3 Clinical practical recommendations KDIGO on anemia in chronic
kidney disease 2012. Nephrology and dialysis. 2013; 15(1): 14-53.
Russian

4 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 edition.

 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed.

& Clinical practical recommendations KDIGO on anemia in chronic
kidney disease, 2012.

7 Clinical guidelines. Chronic kidney disease. 2019.

8 Ibid.
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effects such as seizures, headaches, increased need for
heparin during hemodialysis, impaired dialyzer clear-
ance, and hyperkalemia does not increase significantly
with the use of ESA. One of the frequent and serious un-
desirable effects of r-HUEPO therapy is the occurrence or
progression of arterial hypertension — up to 30% of pa-
tients may need to increase the doses of antihyperten-
sive drugs. When treating patients with CKD complicat-
ed by diabetes mellitus, malignant neoplasms, strokes,
a non-ischemic heart disease or a peripheral vascular
disease, it is recommended to prescribe ESA with cau-
tion, the target hemoglobin range can be reduced to
10-11 g/dL.

In Russian databases, there is a number of pub-
lished works on the pharmacoeconomic analysis of the
use of short, intermediate and long-acting epoetins.
The authors were most interested in the treatment of
nephrogenic anemia in CKD patients undergoing sub-
stitution therapy in the system of domestic health care.
Publication by R.l. Yagudina et al., 2009 [2], is devoted
to assessing the effectiveness of EPO alpha (Eprex), EPO
beta (Recormon) and DA (Aranesp) in dialysis and pre-di-
alysis patients. In the publication by M.V. Avksentieva, a
comparative analysis of the costs of therapy with DA and
EPO alfa (the original drug Eprex) was carried out [3].
The work by Krysanov I.S. et al., 2016 [4] is devoted to
a comparative assessment of the use of EPO alfa (Eprex,
Eralfon), DA (Aranesp) and long-acting EPO (Mircera)
in dialysis patients in real clinical practice. These stud-
ies show high costs of managing such patients, but they
were carried out in the period of 2009-2016, and not
all studies reflect the investigated medicinal products,
which determines the relevance of this study.

THE AIM of this study is to conduct a comparative
cost-effectiveness analysis of short-, intermediate- and
long-acting r-HUEPOs prescribed for the correction of
nephrogenic anemia in adult patients with an end-stage
chronic kidney disease requiring dialysis therapy.

MATERIALS AND METHODS

The objects of the study were:

1. Short-acting r-HUEPO — epoetin alfa (EPO alfa).
Trade name: Eralfon®, release form: 2500 ug syringe, the
holder of the Marketing authorization (LSR-006663/08)
— CJSC PharmFirma Sotex, Russia;

2. Intermediate-acting rhEPO — darbepoetin alfa
(DA). Trade name: Aranesp®, release forms: 20 ug, 30 ug
syringe, the holder of the Marketing authorization (LSR-
001710/07) — Amgen, the Netherlands. Trade name:
Darbestim®, release forms: 20 pg, 30 ug, 40 ug syringe,
the holder of the Marketing authorization (LP-005411) —
CJSC “Biocad”, Russia;

3. Long-acting r-HUEPO — methoxy polyethylene gly-
col — epoetin beta. Trade name: Mircera®, release forms:
50 pg, 75 pug, 100 pg syringe, the holder of the Marketing
authorization (LSR-002182/08) — F. Hoffmann-La Roche
Ltd., Switzerland.

The primary source of the data were clinical guide-
lines KDIGO 2012, updated Russian National Guidelines
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for the diagnosis and treatment of anemia in chronic
kidney disease, Federal Clinical Guidelines for the di-
agnosis and treatment of anemia in chronic kidney
disease, National Guidelines for CKD, as well as a ret-
rospective, multicenter observational study (Choi P,
2013) [5].

The search and selection of literature data on the
effectiveness and safety of r-HUEPO for the nephrogenic
anemia treatment in adult dialysis patients was carried
out in the available medical databases: PubMed data-
base, Cochrane Library. The keywords were: epoetin [All
Fields] AND CKD [All Fields] AND (“renal dialysis” [MeSH
Terms] OR (“renal” [All Fields] AND “dialysis” [All Fields])
OR “renal dialysis” [All Fields ] OR “dialysis” [All Fields]
OR “dialysis” [MeSH Terms]). The search depth was 15
years —January 2006 — July 2020, the studies carried out
in 2005 and earlier, were excluded from the further anal-
ysis.

In the selection of works, the preference was given
to meta-analyzes, randomized controlled trials (RCTs),
systematic reviews, then to clinical trials (CTs) without
randomization. The following studies were excluded
from the analysis: animal studies; the studies devoted
to the research of the dosage form of the drug; Cl 1-2
phases; research conducted in pediatric and/or geriatric
practice; CTs in the cohort of pre-dialysis patients, CTs in
the cohort of patients with concomitant diseases: can-
cer, diabetes, HIV infection, etc.

In the PubMed database, 140 publications were
found, in the Cochrane Library database they were 4. For
the pharmacoeconomic analysis, taking into account the
inclusion and exclusion criteria, 12 publications were se-
lected (Fig. 1). Six studies (4 meta-analyzes, 1 systematic
review, 1 RCT) were used to assess the effectiveness and

144 publications
140 — Pubmed
4 — Cochrane library

— Duplicate publications (3)

141 publications

— Pre-dialysis patients (37)

— Poor research quality (5)

v
12 publications

4 — Meta-analysis
1 — Systematic review

safety of therapy: the data from the World Health Orga-
nization report® and 5 peer-reviewed publications [6-10]
the data from the pharmacoeconomic study [11] were
adapted to the conditions of the domestic health care
system and used in conducting a pharmacoeconomic
study at the national level, 5 CTs [5, 12—-15] served as
a source of data for calculating equivalent doses of the
studied drugs.

Russian and foreign Clinical guidelines recommend a
2-stage treatment of nephrogenic anemia. The first phase
is the correction of anemia, the aim of which is to achieve
a lower limit of the target hemoglobin level. In phase 1 of
treatment, the starting r-HUEPO? doses are usually used.
The second phase is maintenance therapy with the EPO
doses, which are 20-30% lower than the starting ones'®.
Taking into account that the selection of doses and the
duration of phase 1 are more dependent on the individual
characteristics of a patient, the cost-effectiveness analysis
was carried out for the maintenance phase of treatment
at the rate of 1 year of continuous therapy. To determine
the standard dosage regimens for EPO drugs at the stage
of maintenance therapy (Table 1), the instructions for
medications, international and National Clinical Guide-
lines®? for the treatment of dialysis patients with anemia
in the CKD*?, were analyzed.

° WHO EML 2016-2017 — Application for erythropoietin-stimulating
agents (erythropoietin type blood factors). WHO EML 2016-2017 —
Erythropoietin-stimulating agents December, 2016.

10 Clinical guidelines. Chronic kidney disease. 2019.

1 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed.

12 Clinical practical recommendations KDIGO on anemia in chronic
kidney disease, 2012.

13 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed.

— Publications not related to the research topic (55)
— RCTs overlapping data from systematic reviews and meta-analyzes (5)
— Other drugs (not related to reference drugs) (15)

— Patients with concomitant diseases (6)
— Pediatric and geriatric practices (6)

5 — CTs for equivalence and conversion assessment of ESA doses

1 — CTs according to the safety assessment ESA

1 — Pharmacoeconomic research data (foreign models)

Figure 1 — Results of data selection for cost-effectiveness analysis
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Treatment stage 1

Treatment stage 2 — Maintenance therapy

Starting Dosage Dosage for patient Weekly dosage
dosage m=75kg _ (3 times per week)
50 1U/kg 33 IU/kg 2500 U 7500 U
Figure 2 — Scheme of maintenance therapy with epoetin alfa
CKD patient m=75 kg
EPO alfa Darbepoetin alfa Epoetin beta [methoxypoly ethylene glycol]
Main analysys
i.v. i.v. i.v. i.v.
33.3 ug/kg = 0.45 pg/kg = . .
2500 IU per patient 33.75 ug per patient 60 ug per patient 120 g per patient
3 times Once Once Once
per week per week per 2 weeks per 4 weeks
2500 IU syringe 20 ug syringe X 2 >0 ug syringe

156 DF per year

104 DF per year

75 pg syringe
104 DF per year

+75 pg syringe
104 DF per year

Costs per year according to market prices scenario

172 992 1955 201 153 rub 2273 216 755 2449 180 456 2 039
rub. EUR ) EUR rub. EUR rub. EUR
| Costs per year according to state register prices scenario |
145 721 1647 165 904— 1875- 208 600 2 357 174 383 1971
rub. EUR 190 690 rub. | 2155 EUR rub. EUR rub. EUR
Changing-over Changing-over Changing-over Changing-over
tos.c. to s.c. tos.c.

tos.c.

Additional analysis

30% lower due
to administration

The dose is not changed

The dose is not changed

The dose is not changed

frequency
Twice Once per Once per Once per
per weeek week 2 weeks 4 weeks

2500 IU syringe

20 pg syringe X 2

75 pg syringe

50 pg syringe

+75 pg syringe
104 DF per year 104 DF per year 104 DF per year 104 DF per year
| Costs per year for scenario analysis according to market prices |
115 328 1303 2273 216 755 2449 180 456 2039
rub. EUR 201 153 rub. EUR rub. EUR rub. EUR
| Costs per year for scenario analysis according to government registry prices |
97 147 1098 165 904— 1875- 208 600 2375 174 383 1971
rub. EUR 190 690 rub. | 2 155 EUR rub. EUR rub. EUR
Figure 3 — Costs analysis for ESAs subcutaneous administration
Tom 9, Buinyck 5, 2021
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Table 1 — Algorithms of maintenance drug therapy for nephrogenic anemia in target cohort of patients

International Mode .
. L . Maintenance therapy scheme
non-propriety name of administration
V. 33.3 IU/kg — 3 times per week
EPO alpha e reducing administration frequency to once-twice per week (weekly doses —
o 30% lower than in i.v. administration)
DA i.v. 0.45 pg/kg — once per week
S4E: 0.90 pg/kg — once per 2 weeks
When changing-over from other r-HUEPOs if the previous weekly dose was:
) <8000 IU per week EPO alpha
Methoxy polye'thylene V. <40 pg/week DA
glycol — epoetin beta s.C.

60 pg — once per 2 weeks
120 pg — once per 4 weeks

Table 2 — Data of tender purchases of drugs — stimulants of erythropoiesis (01.01.2020-06.07.2020),
top prices of the state drugs register

Trade name INN Dose Qty. in pack Price per unit, rub. Price for 1 DF (syringe), rub.
Scenario 1 — Calculation at real pharmaceutical market prices
Eralfon EPO alpha 2500 IU 6 6 653.51 1108.92
20 ug 1 1934.16 1934.16
Aranesp DA
30 ug 1 3289.00 3289.00
EPO beta 50 ug 1 5544.48 5544.48
Mircera [methoxypoly 75 pug 1 8336.74 8336.74
ethylene glycol] 100 pg 1 10222.74 10222.74
Scenario 2 — Calculation at state register prices
Eralfon EPO alpha 2500ME 6 5095.14 849.19  (934.11 with VAT)
20 pg 1 1 666.87 1666.87 (1833.56 with VAT)
Aranesp DA -
30 pg 1 2502.22 2502.22 (2 752.44 with VAT)
20 g 1 1450.21 1450.21 (1 595.23 with VAT)
4 5800.83 1450.21 (1 595.23 with VAT)
Darbestim DA 30 g 1 2176.51 2176.51 (2 394.16 with VAT)
4 8706.02 2176.51 (2 394.16 with VAT)
40 ug Dosage (not included in VED list)
EPO beta 50 ug 1 4900.93 4900.93 (5391.02 with VAT)
Mircera [methoxypoly 75 ug 1 7293.72 7 293.72 (8 023.09 with VAT)
ethylene glycol] 100 pg 1 9293.47 9293.47 (10 222.82 with VAT)

Note: average price for a pack in pharmaceutical market — median for 1-2 qgtrs., 2020; * 1 pack price is indicated in brackets at state register price
including VAT

Table 3 — Equivalent doses of EPO

Initial Converting . Equivalent Equivalent DF
- Data source Source characteristics .
data coefficient dosage per week. (amp., syringe)
Clinical trials
Short-acting EPO - Darbepoetin alfa
Controlled, open-label, randomized 20 g *
<8000 IU . Sulowicz W et al, CT with parallel groups, phase 3, <40 2 DF :lrgweek
per week 2007 [15] assessment of EPO effectiveness and He 30 P or week
safety in CKD patients, n = 572 HEP
Prospective CT, evaluation of EPO "
75001V 200:1 Kuwahara M et al, effectiveness in CKD patients over 144 37.5 pg per week 20 ug
per week 2015 [13] 2 DF per week
weeks long, n =297
Data analysis of prospective cohort CT
7500 IU . Fuller DS et al, "DOPPS", phase 5 data for 9 countries*, 20 pg *
per week AV 2018 [17] 164 medical organizations, n = 3 281, 2B g e TRl 2 DF per week

CKD dialysis patients
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Initial Converting . Equivalent Equivalent DF
- Data source Source characteristics .
data coefficient dosage per week. (amp., syringe)
Retrospective analysis of real practice o
EEL Il 222:1 RO (€5 Erel, (Canada) in Manitoba Renal Program 33.8 ug per week 20 g
per week 2008 [14] . L 2 DF per week
framework, n = 295, peritoneal dialysis
Retrospective analysis of real practice
7eSr0w0e|oL3Jk 244:1 Rayr;ggg [Claft al, (Canada) in Manitoba Renal Program 30.7 pg per week Syassgurr)r?rt\/{\;enjk
P framework, n = 1086, hemodialysis P
Short-acting EPO = Methoxy polyethylene glycol — epoetin beta
Data analysis of prospective cohort CT 75 ug *
7500 IU 2551 Fuller DS et al, 2018 "DOPPS", phase 5 data for 9 countries >9 {,llggper 2::e4eks 2 DF per month
per week ’ [17] *, 164 medical organizations, n = 3 281, wigeEs 75+50 ug per
CKD dialysis patients month
Darbepoetin alfa > Methoxy polyethylene glycol — epoetin beta
Retrospective multicenter research, 28.6 ug per week %
study and determination of equivalence ~ 57.2 pg per 2 /518
24.1 ug ) Choi P et al, 2013 L ) ’ 2 DF per month
or week 1:1.17 (5] coefficient of weighted average EPO weeks 75450 g per
P doses in CKD dialysis patients, n = 302 114.4 pyg per 4
month
weeks
Prospective CT, evaluation of EPO 28.6 ug per week 75 s
30.7 ug e el effectiveness in CKD patients over 144  57.2 ug per 2 2 DF per month
1:0.93 weeks long, n = 297 weeks
per week 2015 [13] 75+50 pg per
114.4 pg per 4
month
weeks
Controlled, open-label, randomized CT 75 pg *
<40 _ Sulowicz W et al, with parallel groups, phase 3, evaluation 60 pg per 2 weeks 2 DF per month
He 2007 [15] of EPO effectiveness and safety in CKD 120 pg per month 75+50 ug per
patients, n =572 month
Methoxy polyethylene glycol — epoetin beta = Darbepoetin alfa
118 Data analysis of prospective cohort CT
ertllg 0.89: 1 Fuller DS et al, 2018 "DOPPS", phase 5 data for 9 countries*®, >26.3 ug per 30
P o [17] 164 medical organizations, CKD dialysis week He
weeks .
patients, n =3 281
Multicenter, observational CT, search
Z;a?fk 1.06:1 DIE J[;z;]al, 2 for equivalent EPO doses in real practice 25.6 pg per week 30 ug
P in CKD hemodialysis patients, n = 1027
International and Russian recommendations
Short-acting EPO - Darbepoetin alfa
7500 |U KDIGO Clinical Practice Guidelines for 37.5 pg per week 20 g *
per week 200:1 KDIGO 2012 Anemia in Chronic Kidney Disease 2012 2 DF per week
Russian Updated Russian national guidelines 37.5 ug per week
7500 IU . £ ia di ; d £ 20 g *
200:1 Recommendations for anemia diagnosis and treatment o
per week 20141 chronic kidney disease, revised in 2014 2 DF per week
. Official instructions on medicinal 37.5 ug per week .
75001V 200:1  'Mstructionson products approved by the Ministry of 20 ug
per week drugs Health (grls.rosminzdrav.ru) 2 DF per week
Federal Federal clinical guidelines for anemia 31.25 pg per 20 pg *2 DF per
75001V K 240:1 Recommendations diagnosis and treatment in chronic week week 30 pg per
perwee 20141 kidney failure, 2014 week (assumption)
Short-acting EPO = Methoxy polyethylene glycol — epoetin beta
Official ~instructions on medicinal 60 pg per 2 weeks 75 ug *2 DF per
<8000 IU - Instructions on products approved by the Ministry of 120 ug per month month
per week drugs Health (grls.rosminzdrav.ru) 75+50 pg per
month
Darbepoetin alfa > Methoxy polyethylene glycol — epoetin beta
<40 ug --- Instructions on Official instructions on medicinal 60 pg per 2 weeks 75 pg *

120 pg per month 2 DF per month
75+50 pg per
month

products approved by the Ministry of
Health (grls.rosminzdrav.ru)

drugs

Note: * countries included in the analysis: Belgium, France, Germany, Italy, Russia, Spain, Sweden, Turkey, United Kingdom

4 Clinical practical recommendations KDIGO on anemia in chronic kidney disease 2012.
15 Updated Russian national guidelines for the diagnosis and treatment of anemia in chronic kidney disease in the 2014 ed.
6 |bid.
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Table 4 — Number of annual i.v. doses of r-HUEPO for maintenance therapy — main analysis

Average dosage

Frequency of

INN per m = 75 kg administration Equivalent DF Qty of doses Qty of DFs
EPO alpha 2500 IU 3 times per week 2500 IU 156 156
DA 37.5pug once per week 20+20 pug 52 104
Methoxy polyethylene 60 ug once per 2 weeks 75 pg 26 26
glycol — epoetin beta 120 pg once per 4 weeks 75+50 pg 13 26

Table 5 — Analysis of EPO cost minimization in i.v. administration

Qty of DF Cost of 1 DF Costs Differences in chang-
Medicinal product INN Vo 0510 ’ per year, ing-over to EPO alpha
per year rub./euro
rub. (euro) rub. / euro %
Scenario 1 — Calculation at real pharmaceutical market prices
. 1108.92 172 992
Eralfon 2500 IU Epoetin alfa 156 /1253 € /1955€
. 1934.16 201 153 -28161
Aranesp 20 pg Darbepoetin alfa 104 /21.85€ /2273 € /-318€ 14
. 8336.74 216 755 - 43763
Mircera 75 ug , 26 /94.20 € /2449 € /-494 € 20
Epoetin beta 5 544.48
Mi [methoxypoly 13 /62.65€ 180 456 7 464
Ircera ethylene glycol] : —4
50 ug + 75 ug 13 8336.74 /2039 € /-84 €
/94.20 €
Scenario 1 — Calculation at the prices of the state register
. 934.11 145721
Eralfon 2500 IU Epoetin alfa 156 /1055 € /1647 € - ---
. 1833.56 190 690 —44 969
Aranesp 20 pg Darbepoetin alfa 104 /2072 € /2155 € /508 € -24
. . 1595.23 165 904 —-20183
Darbestim 20 ug Darbepoetin alfa 104 /18.03 € /1875 € /-228€ -12
. 8023.09 208 600 —-62 879
Mircera 75 pg 26 /90.66 € /2357 € /710 € 30
Methoxy
5391.02
X polyethylene
Mircera . 13 /60.92 € 174 383 —28662
glycol — epoetin beta -16
50 pug + 75 ug 13 8023.09 /1971€ /—324 €
/90.66 €

According to the recommendations of KDIGO 2012,
in a hemodialysis patient, the most effective frequency
of short-acting ESA — EPO alfa administration is 3 times
per week. Among prolonged-release drugs, DA is usually
started with a dose of 0.45 pg/kg body weight once per
week subcutaneously (s. c.) or intravenously (i. v.) for di-
alysis patients. In the maintenance phase of treatment,
DA continues to be administered once a week, or the
administration is changed-over to once per two weeks,
increasing the initial dose twice, the most optimal dos-
ing regimen for methoxy polyethylene glycol — epoetin
beta is the administration of the drug once per 4 weeks.
In patients not receiving dialysis treatment or receiving
treatment with peritoneal dialysis, the subcutaneous ad-
ministration is preferable, and in hemodialysis patients it
is intravenous. It is important to notify that for short-act-
ing ESA, the effectiveness of the subcutaneous admin-
istration in hemodialysis patients is higher than that of
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the intravenous administration, which makes it possible
to reduce the weekly dose of the injected drug by 30%,
while for long-term ESA, the effectiveness of subcutane-
ous and intravenous administrations is equivalent.

The study time horizon was 1 year of continuous
erythropoietins therapy. Since modern approaches to
the anemia treatment often involve the beginning of
anemia correction at the pre-dialysis stage of CKD treat-
ment, when calculating the costs for long-acting epoetin
beta, the study included dialysis patients and the ones
who had been treated with EPO preparations in the vol-
ume equivalent to the average maintenance dose of EPO
alfa or DA (<8000 IU per week and <40 ug per week, re-
spectively) 1, 3.

The costs were calculated according to two scenar-
ios: according to the data of tender purchases of the in-
vestigated drugs in 2020 (01.01.2020-06.07.2020), and
according to the maximum selling prices of the manu-
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facturer (including value added tax (VAT)), since all the
investigated dosage forms are included in the current list
of “Vital and Essential Drugs” (VED).

According to the instructions on the medicinal prod-
uct, pre-filled syringes are used for only one injection,
and therefore, when calculating the costs, it was taken
into account that if it was necessary to administer a part
of the dose to one patient, the remainder of the un-
claimed medicinal product in the syringe was disposed
of and not used. In this regard, for the tpharmacoeco-
nomic analysis, the price for 1 dosage form (DF) (syringe)
was calculated (Table 2). The average price per unit in
the pharmaceutical market was determined as the me-
dian among all prices of completed tenders at the time
of the study (the main analysis is Scenario 1) or as the
price of the state register + value added tax (VAT — 10%)
(the main analysis is Scenario 2).

For darbepoetin with the trade name Darbestim,
which is a reproduced drug, there were no sales data
for the analyzed period (01.01.2020-06.07.2020). From
02.09.2020 the drug was included in the VED list; there-
fore, it was calculated at the state register prices. When
converting the costs in euros, the average annual rate of
the euro in 2021 was used — 1 euro = 88.5 rubles.

RESULTS

The meta-analysis by Amato, 2017 [6] of 30 stud-
ies results covered the sample of 7843 CKD patients,
21 studies of which included hemodialysis or peritoneal
dialysis patients. The results showed the equal effective-
ness and safety of epoetin alfa, DA and methoxy poly-
ethylene glycol — epoetin beta. However, DA was statis-
tically significantly superior to EPO alfa in reducing the
number of transfusions. The meta-analysis by Saglim-
bene, 2017 [9] included 27 publications (n = 5410): 7 —
pre-dialysis patients, 19 — dialysis patients, 1 — a patient
requiring kidney transplantation. It was found out that
methoxy polyethylene glycol — epoetin beta in various
dosages significantly little differs in terms of safety and
effectiveness profiles in comparison with EPO alfa and
DA. The meta-analysis by Palmer, 2014 [7] included 21
publications (n = 8328). A comparative analysis of DA
and placebo was carried out in 1 publication; a compari-
son of DA and epoetin alfa—in 16; DA and methoxy poly-
ethylene glycol — epoetin beta were compared in 4 pub-
lications; DA in different dosage modes — in 3 works; the
analysis of various methods of DA administration (i.v. or
s.c.) —in 4 publications. It was revealed that DA reduced
the number of transfusions in CKD patients at stages
3-5, but it did not affect the mortality and patients’ QoL,
and its overall effectiveness was comparable to its an-
alogs (EPO alpha, methoxy polyethylene glycol — epo-
etin beta). Another meta-analysis by Palmer, 2014 [8],
which included 56 publications and 15596 patients, also
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found out no differences in the effectiveness and safety
of EPO alfa versus DA and methoxy polyethylene glycol
— epoetin beta. A systematic review by Wilhelm-Leen,
2014 [16] also showed that DA is equivalent to epoetin
alfa in terms of effectiveness and safety. A multicenter
randomized controlled open-label study carried out by
Locatelli, 2019 [10], investigated the safety of methoxy
polyethylene glycol — epoetin beta in comparison with
EPO alpha, EPO beta and DA in 2818 CKD patients (dial-
ysis and predialysis patients) with a history of anemia.
The researchers found out that in the target cohort of
patients, taking methoxy polyethylene glycol — epoetin
beta once a month is no worse than taking analog drugs
in terms of adverse cardiovascular complications or mor-
tality from all causes. Thus, based on the analyzed data
of meta-analyzes, a systematic review and RCTs, a con-
clusion was made about the comparable effectiveness in
achieving the target values of Hb and the safety of EPO
alpha relative to DA and methoxy polyethylene glycol —
epoetin beta.

At the next stage of the study, the dosage of EPO alfa
for the maintenance therapy stage according to the in-
structions on the drug was calculated. Thus, for mainte-
nance therapy, it is recommended to reduce the starting
dose of 50 IU / kg by 1.5 times (Fig. 2).

A number of studies [5, 12-15, 17] devoted to the
calculation of the coefficients for converting EPO doses
into equivalent ones, have been analyzed. The results
obtained (Table 3) made it possible to substantiate the
choice of equivalent doses of EPO preparations of var-
ious generations for an average patient with a body
weight of 75 kg.

It should be notified that when converting short-act-
ing EPO to DA, the dose conversion factors varied from
200: 1 to 244: 1. When converting short-acting EPO dos-
es to methoxy polyethylene glycol — epoetin beta, the
conversion factor was 255: 1, or it was indicated that a
weekly dose of epoetin alpha less than 8000 ug is equiv-
alent to 60 pg/once per 2 weeks or 120 ug/once per 4
weeks. When choosing equivalent doses, the empha-
sis was made on the coefficients recommended by in-
ternational and Russian clinical recommendations and
guidelines, as well as the conversion rates used in real
clinical practice [17]. One of the limitations of the model
is also the fact that in real clinical practice the mainte-
nance doses that CKD dialysis patients with anemia can
receive, vary significantly and are more dependent on
the individual characteristics of patients.

Thus, the equivalent ESA doses for the main clinical
and economic study were determined and scientifically
substantiated:

¢ Epoetin alfa — 2500 IU * 3 times per week (the in-
travenous administration, according to the instructions
and clinical guidelines);
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¢ Darbepoetin alfa — 20 + 20 pg (30.7-40 pg) * once
per week (the dosage of 30 ug/week is included in the
sensitivity analysis);

e Epoetin methoxy polyethylene glycol — epoetin
beta — 75 pg (57.2—60 pg) * once per 2 weeks or 75 +
50 pg (114.4-120 pg) * once per 4 weeks. At the same
time, in a number of studies it is notified that the dose of
long-acting EPO in dialysis patients can vary from 100-
200 pg per 4 weeks (100 pg (n = 585) [18], 119 pg (n =
63) [19], 100-200 pg (n = 60) [20], 115 pg (n = 184) [21],
153 pg (n = 3281) [17]). In the present study, the calcu-
lations were performed for patients receiving high doses
of long-acting EPO equivalent to the doses according to
clinical guidelines.

Table 4 shows the results of calculating the number
of intravenous ESA injections per year per 1 CKD patient
at the end-stage (with an average body weight of 75 kg).

Thus, on average, the frequency of injections of
short-acting epoetins is 156 per year, darbepoetin alfa
— 52 injections per year, methoxy polyethylene glycol —
epoetin beta — 13 injections or 26 injections per year for
once per 4 weeks and once per 2 weeks, respectively.

The results of the main cost-effectiveness analysis
of cost minimization for drugs used i. v., are presented
in Table 5.

It was revealed that when calculated at tender pric-
es in the public procurement system (according to the
data of 2020), the costs for treating anemia with epoetin
alfa 2500 IU will be 172,992 rubles (€ 1,955) per patient
per year. In comparison with DA, the use of epoetin alfa
will reduce costs by 28,161 rubles (318 €) per year per
patient (14%). Compared to methoxy polyethylene gly-
col — epoetin beta, epoetin alfa can save from 4 to 20%.

When calculated at the state register prices, the dif-
ferences in costs will be more significant — compared to
DA, the costs will be lower by a quarter (-24%), com-
pared to methoxy polyethylene glycol — epoetin beta,
and the differences in costs varied from —16% to —30%.

It should be notified that in dialysis patients,
short-acting EPO can also be used subcutaneously,
which makes it possible to reduce the administered dose
and, accordingly, the cost of drugs by 20-30%. Fig. 3 be-
low shows the results of the cost minimization analysis
of the study drugs in the comparative aspect when ad-
ministered s / c.

Since to achieve a similar effect, in s.c. EPO alfa ad-
ministration a patient needs the dose up to 30% lower
than in i.v. administration this makes it possible to use
a lower frequency of the drug administration (twice
per week). In its turn, it makes it possible to reduce the
cost of pharmacotherapy by a third — from 172,992 ru-
bles up to 115, 328 rubles (from 1,955 € to 1,303 €), or
from 145,721 rubles up to 97 147 rubles (from € 1,647
to € 1,098) for market prices and state register prices,
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respectively. Prolonged action ESAs can also be used
s/c, however, no adjustment of the administered dose
is made.

Thus, when changing-over from i.v. to s. c. adminis-
tration of the studied ESAs, the savings in choosing epo-
etin alfa for the correction of nephrogenic anemia can
reach 50% (36—47% and 44-53% for market prices and
state register prices, respectively).

DISCUSSION

According to the Russian clinical guidelines on the
treatment of CKD, meta-analyses [6-9], clinical [10] and
retrospective studies [17], it can be stated with a high
evidence level that no significant differences in the ef-
fectiveness of different ESAs for the correction of ane-
mia have been revealed. No significant differences have
been either shown between original and biosimilar epo-
etins [6, 22, 23]. At the same time, there are cases of an
increase in the partial erythrocytes aplasia in the use of
some locally produced epoetins (in Asia and Latin Amer-
ica). These kinds of drug production should be accom-
panied by strict protocols for the approval of biosimilar
drugs by the regulatory authorities of some countries,
including the RFY. The use of CKD makes it possible to
achieve the target hemoglobin values (100-120 mg/ml)
with maintenance therapy for 6 months or more in more
than 80% of patients [24].

This research made it possible to update the previous-
ly obtained data from a similar study by Krysanov, 2019
[25]. The previous study included a marketing analysis of
prices for 3 quarters of 2018 (01.01.2018-31.09.2018).
In this study, the prices for medicines were updated ac-
cording to the tenders carried out in 2020 (01.01.2020-
06.07.2020). In connection with the mandatory re-regis-
tration of the manufacturers’ maximum selling prices for
the drugs included in the VED list, an additional analysis of
the treatment costs was carried out and calculated on the
basis of the state register prices.

The updated results also indicate that epoetin alfa
(Eralfon®) has an economic advantage relative to darbe-
poetin alfa (Aranesp®) and methoxy polyethylene glycol
— epoetin beta (Mircera®) in both the intravenous and
subcutaneous administrations of the investigated drugs
when used in equivalent maintenance doses in adult pa-
tients who have previously received EPO therapy, with
equal effectiveness and safety. It should be notified that
the intravenous administration is preferable for dialysis
patients; however, changing-over to the subcutaneous
administration of the drug can also be considered for
such a cohort of patients. For short-acting ESAs, the ef-
fectiveness of the subcutaneous administration is high-
er than intravenous, which makes it possible to reduce

 Clinical guidelines. Chronic kidney disease. 2019.
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the frequency of the drugs administration in this group
(twice per week), reduce the dose and the cost of drug
therapy in relation to long-term ESAs by 30%. Herewith,
the effectiveness in the subcutaneous and intravenous
administrations appears to be equal at the investigated
dosage frequencies®®. It should be notified that in real
clinical practice, the subcutaneous method of adminis-
tration could hardly be suitable to all patients due to its
high painfulness or other clinical features.

The sensitivity analysis of the data obtained in this
study, to a change in the dosing regimen of darbepoetin
alfa showed that with a decrease in the weekly dose of
DA with 2 DF* 20 ug per week up to 30 pg (1 DF* 30
ug) ([8, 10]), the per year costs for therapy with epo-
etin alfa will be insignificantly higher than with darbe-
poetin. In comparison with INN Aranesp, the per year
cost of therapy with epoetin alfa is 1% higher (172 992
rubles and 171,028 rubles, or 1,955 € and 1,933 €), or
2% (145,721 rubles and 143,127 rubles, or 1,647 € and
1,617 €) when calculated at market prices and the pric-
es of the state register, respectively. In comparison with
INN Darbestim 30 ug once a week, the cost of therapy
with epoetin alfa per year is 17% higher (145,721 rubles
and 124,496 rubles, or 1,647 € and 1,407 €) when calcu-
lated at the prices of the state register, i.e., the results of
calculations with respect to reproduced DA are sensitive
to changes in the dosage regimen. Thus, for a cohort of
patients treated with DA in the weekly dose of 30 ug, the
differences in the costs of the annual treatment in com-
parison with the original DA (1-2%) can be considered
insignificant, and in comparison, with the reproduced
drug — as significant (17%).

The sensitivity analysis of the data obtained to
changing-over the dosage regimen of long-acting EPO
from the 120 pug scheme once per 4 weeks (13 DFs per
year) to 120 pg once a month (12 DFs per year) showed
that the differences in costs varied within +4% to —9%.
The costs depend on the method of price calculation —at
real market prices or at VED prices, respectively. It should
be notified that the calculations carried out, have limita-
tions and reflect the costs in a comparative aspect in the
patients administrated with high doses of Mircera (more
than 100 pg per month). According to the conversion
factors based on the international and Russian clinical
guidelines, high doses of Mircera (more than 100 ug per
month) are equivalent to the dosage regimen of epoetin
alfa 2500 IU per patient * 3 times per week (7500 IU per
week). A large-scale study conducted in 9 countries of
the world, including the Russian Federation, shows that
in real clinical practice, the average prescribed long-act-
ing EPOs are close to high doses [17].

It should be notified that in the study by Krysanov et

8 Clinical practical recommendations KDIGO on anemia in chronic
kidney disease, 2012.
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al., 2016 [4], the use of short, intermediate and long-act-
ing epoetins in hemodialysis patients with nephrogenic
anemia, were also studied. The patients were admin-
istrated with different dosages of drugs depending on
the target hemoglobin value. So, to achieve the index
of 9 + 1 g/dL, on average, the patients are administrat-
ed with epoetin alfa (biosimilar) 2,558 IU 3 times per
week (7,674 IU — a weekly dose), DA 25 ug per week and
long-acting EPO 161 pg per month. Under the assump-
tion of neglecting the differences in the calculated val-
ues of single doses up to 6%, the above-listed doses will
be equivalent: epoetin alfa syringe 2500 IU * 3 times per
week — neglecting an error of 2%, darbepoetin syringe
30 ug * once per week — provided that a 30 ug syringe
is used to achieve a single dose of 25 pg and methoxy
polyethylene glycol — epoetin beta 100 + 50 ug * once
per 4 weeks — neglecting an error of 6%. It should be no-
tified that in the present study, EPO alpha 2,500 IU was
comparable in price to DA 30 pg (the differences in costs
did not exceed 2%) and more economical in comparison
with methoxy polyethylene glycol — epoetin beta 75 +
50 pg. Thus, a conclusion can be made about compara-
ble costs versus DA and the economic advantage versus
long-acting EPO beta 100 + 50 pg, since the preparation
with a dosage of 100 pg has a higher cost per pack in
comparison with the release form of a lower dosage.

The obtained comparison results for the intrave-
nous administration in the pair of EPO alpha and EPO
beta long-acting® once per 2 weeks are insensitive to the
price increases for EPO alpha (Eralfon®) up to +20%. The
comparison results in the pair of EPO alfa and DA 20 pg
per week are insensitive to the price increase up to +
15%; EPO alpha remains an economically more profit-
able alternative. At the same time, in the pair of EPO
alpha and methoxy polyethylene glycol — epoetin beta
* once per 4 weeks, the results are sensitive up to 5%
and the price increases for EPO alpha. The comparison
results for the subcutaneous administration are insen-
sitive to price increases for EPO alpha (it will be more
economical even if prices rise by 50%).

The conclusions reached are relevant when calculat-
ing the cost per patient with an average body weight of
75 kg, and assuming that the number of dosage forms
per injection is rounded to integers, the calculations may
differ for other body weights.

CONCLUSION

Thus, with equal effectiveness and safety of the
studied drugs, EPO alfa 2,500 IU 3 times per week ad-
ministrated intravenously and subcutaneously, is a more
economical drug technology in relation to darbepoetin
40 pg once per week and methoxy polyethylene glycol
epoetin beta with the scheme both 60 pg twice per
month and 120 ug once per month.
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The aim. Focused on optimizing the assortment portfolio of pharmacy organizations and improving the process of drug sup-
ply to end-consumers, the aim of the study was to analyze the regional pharmaceutical market for antihistamines.
Materials and methods. In the study, the following methods were used: a content analysis of regulatory documents; a doc-
umentary observation method of the volume of antihistamines sales; a sociological survey method. The objects of the study
were accounting registers in 32 pharmacy organizations for 2020, as well as the sociological survey results of 174 respondents
— consumers of antihistamines.

Results. The classification analysis of 38 international non-proprietary trade names of antihistamines, represented by 187
names of drugs, revealed the prevalence of the first-generation drugs (63%). On the Russian pharmaceutical market, there
were also 55% of foreign production drugs. At the regional level, there are 66 types of drugs in circulation, 50% of which are
second-generation ones. The cost analysis showed rather a wide rage of the pricing proposal and the economic availability
of antihistamines for patients. The sociological survey revealed the fact that 46% of the consumers were ready to pay for the
necessary drugs in the price range “over 100 and up to 500 rubles” (over $ 1.38 and up to S 6.88) for one conventional pack-
age. A medical-demographic profile of the antihistamines consumer at the regional level has been made up, and guidelines
for pharmaceutical specialists on managing the assortment portfolio of pharmaceutical organizations have been developed.
Conclusion. As a result of the study, the following facts have been established: the seasonal peaks in the antihistamines con-
sumption; a gradual renewal of the pharmacies assortment portfolio due to the increased consumption of the second and
third generation antihistamines. The medical and demographic profile of the consumer should be taken into consideration
when planning a drug provision for the patients with allergic pathologies, and it is connected with the growth in pharmacies
profits due to the sale of drugs in the range from 100 to 500 rubles (from $ 1.38 to $ 6.88). The methodical recommendations
have been brought to the attention of the management of regional pharmacy organizations.

Keywords: antihistamines; pharmaceutical market; pharmacy organizations; assortment portfolio; end-consumers
Abbreviations: AHMPs — antihistamine medicinal preparations; MP — medicinal preparation; INN — international non-propri-
etary name; CMW — Caucasian Mineral Waters; VEM — vital and essential medicines.
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Lienb. AHanu3 permoHanbHOro GpapmMaLeBTUUYECKOr0 PbiHKA aHTUTMCTAMUHHbIX NPenapaToB, HAaNPaBAEHHbIW Ha ONTUMK3a-
LMI0 aCCOPTUMEHTHOTO NopThena anTeyHbIX OPraHu3aLMii U COBEPLUEHCTBOBAHME NPOLLECCA SIeKaPCTBEHHOIO obecnevyeHnn
KOHEYHbIX NoTpebuTenei.

Martepuanbl 1 metoabl. B vccnegoBaHUM MCNO/Ib30BAINCh: KOHTEHT-aHA/IM3 HOPMATUBHbBIX JOKYMEHTOB; METOZ, AOKYMEH-
TaNIbHOTO HaboAEHNA 33 06bEMaMM PeaNN3aLUN AHTUTMCTAMUHHBIX MPENAPaToB; METOA, COLLMONOrMYecKoro onpoca. O6b-
EeKTOM MCCNef0BaHUA CAYKUAN PErUCTPbl Byxrantepckoro yyeta B 32-x anTeyHblx opraHmsaumax 3a 2020 r., a TakKe pe3syib-
TaTbl COLMONOTMYECKOro onpoca 174 pecnoHAeHTOB — NOTPEBUTENEN AHTUTMCTAMUHHBIX JIEKAPCTBEHHbIX NPENapaTos.
Pe3ynbratbl. KnaccupuKkaumMoHHbli aHanus 38 mexXAyHapoLHbIX HEMATEHTOBAHHbIX HAMMEHOBAHWIN AHTUTUCTAMUHHbIX /e-
KapCTBEHHbIX CPeACTB, NpeAcTaBieHHbIX 187 HaMMeHOBaHMAMW MpPenapaTos, BbIABM/ NPeBa/MPOBaHME Ha POCCUMINCKOM
dbapMaLEeBTUYECKOM PbIHKE NpenapaToB NepBoro nokosieHus (63%), 3apybexHoro nponssoactsa (55%). Ha permoHanbHoOm
YpOBHE B 06palleHMM HaXoaUTCA 66 HAMMEHOBAHMUI 1IEKAaPCTBEHHbIX MPENapaToB, U3 KOTOPbIX 50% cocTaBAAIOT Npenapathbl
BTOPOro NOKONEHMA. AHa/IM3 CTOMMOCTU NOKa3a AOCTAaTOYHYIO LWMPOTY LLEeHOBOrO NPeA/I0XKEHUA U SKOHOMUYECKYHO AOCTYM-
HOCTb aHTUTMCTAaMUHHbIX MPEenapaToB AN naumeHToB. COLMONOrMYECKMIA ONPOC BbIABUA, YTO 46% noTpebutenei rotosbl
nnaTUTb 3a Heobxoaumble npenapaTbl B LLEHOBOM AMana3oHe «cebiwe 100 n go 500 py6nei» (cebiwe 1,385 u ao 6,88S)
3a OZHY YC/NIOBHYIO ynakoBky. ChopmMpoBaH MmeauKo-gemorpaduyeckuii NopTpeT NoTpebuTens aHTUrMCTaMUHHbBIX eKap-
CTBEHHbIX NMPENapaToB Ha PerMoHasIbHOM YPOBHE M pa3paboTaHbl METOAMYECKME peKoMeHAaLMK ansa GapMaLeBTUHECKMX
PaboTHMKOB MO YNPaBAEHUIO ACCOPTUMEHTHBIM MOPTHENEM anTEUHbIX OPraHMU3aLMiA.

3akntoueHue. B pesynbtate MccnefoBaHWsA YCTaHOB/IEHbI CE30HHbIE MUKW NOTPEBNEHUA aHTUIUCTaMUHHBIX NPenapaTos;
nocreneHHoe o6HOBNEHME aCCOPTUMEHTHOrO NopTdena anTeK 3a cHeT pocTa NoTpebaeHnA aHTUIMCTAMUHHBIX MPEenapaTos
BTOPOrO M TPETbEro NMOKONEHWUIM; POCT NPMUObLIAK anTeK UAET 3a CYET NpoAaK NpenapaTos B ananasoHe ot 100 u go 500 py-
6nei (ot 1,38S u o 6,88S); Mmeaunko-gemorpaduyecknin nopTpeT notTpebuTtens cieayet UCNOMb30BaTb NPU NAAHUPOBAHUN
NIeKapCTBEHHOrO obecneyeHuns NALMEHTOB C aNNePrMYECKUMM NATONOTUAMKU. MeToauyeckne pekoMmeHaaLuUn 0BeAEHb! A0
PYKOBOACTBA PErMOHasIbHbIX aNTEYHbIX OPraHMU3aLLMi.

KntoueBble cnoBa: aHTUIMCTaMUHHbIE 1EKAPCTBEHHbIE NpenapaThbl; GapMaLeBTUYECKUI PbIHOK; anTeyHble OpraHun3aL/mm; ac-
COPTUMEHTHbIN NOPTdENb; KOHEYHbIE NOTPEBUTENN

CnuncoK cokpalleHui: Al — aHTUTMCTaMUHHbIE IEKaPCTBEHHbIe Npenapartbl; /1M — eKapcTBeHHbIN npenapat; MHH — mex-
AyHapoAHoe HenaTeHTOBaHHOe HavmeHoBaHue; HBJIM — }13HeHHO HeobXxoAMMbIe U BayKHENLNE NEKAPCTBEHHbIE Npena-
patbl; KMB — KaBkasckne MuHepanbHblie Bogbl.

INTRODUCTION

Currently, pathologies of an allergic nature repre-
sent a serious medical and social problem due to the
constantly growing list of allergens, impending envi-
ronmental problems, global climatic changes, migration
flows of large masses of people, the emergence of new
features in the nature and course of allergic reactions,
and others [1]. According to the White Book on Allergy

Tom 9, Buinyck 5, 2021

of the World Allergy Organization (WAO)?, among the
entire population of the planet, up to 40% of people are
susceptible to at least one sensitizing agent, and 10 to
30% of them from suffer from allergic irritation of the
upper respiratory tract (including rhinitis), up to 10% —
from allergic reactions to drugs. Urticaria, in the form of
the eruption (rashes on the body), significantly reduces

¥ WAO White Book on Allergy 2013. Available from: https://www.
worldallergy.org/UserFiles/file/WhiteBook2-2013-v8.pdf

401



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

the quality of life, and occurs at least once during a life-
time in 20% of people [2-4].

According to “The All-Russian Public Opinion Re-
search”?, about 26% of Russians suffer from allergic
diseases, the etiology of which is a contact with natural
plant allergens (pollen or plant fluff). Almost all of them
use special drugs, and one in five is monitored by a doc-
tor. A great number of factors affecting the prevalence of
various types of allergic diseases in adults and children
are known to Russian medical science and practices. The
combination of these factors leads to a permanent in-
crease in morbidity, increased disability and mortality, as
well as significant economic costs for the treatment and
prevention of allergies [5].

The main group of pharmacotherapeutic agents used
for the prevention and treatment of allergic diseases is
AHMPs, the range of which is represented on the Russian
pharmaceutical market by a wide range of trade names.
In such a situation, medical specialists do not always cor-
rectly prescribe necessary AHMPs, thereby causing un-
reasonable polypragmasy, which contributes to the dete-
rioration of the patients’ healths [6]. Allergic pathologies
prevent patients from leading an active social mode of
life, as well as negatively affect their working capacity and
life in general, leading to constant ailments of a chronic
or seasonal nature [7, 8]. On the other hand, the current
situation on the pharmaceutical market also complicates
the work of pharmaceutical specialists in the formation of
an optimal pharmacy assortment, which should positively
affect the amount of income of a pharmacy organization.
The optimal range of drugs in pharmaceutical retail facili-
ties is one of the main components of the drug supply sys-
tem for the population and, which is important, it plays a
decisive role in ensuring the competitiveness of pharmacy
organizations under the market conditions [9-11]. At the
same time, this assortment is not frozen or constant; it
must be continuously changed and improved to maintain
the socially necessary level of drug consumption by the
population [12, 13]. Improving the mechanisms for orga-
nizing a drug provision should be considered as elements
of the pharmaceutical safety system in our country and
the safety of pharmaceutical services provided by phar-
macy organizations to the population [14, 15].

Focused on optimizing the assortment portfolio of
pharmacy organizations and improving the process of
drug supply to end-consumers, the aim of the study was
to analyze the regional pharmaceutical market for anti-
histamines.

Research objectives:

1. Explore the basic AHMPs assortment in the circu-
lation on the Russian pharmaceutical market.

2. Analyze the actual assortment to carry out re-
search on the AHMPs consumer market at the level of
regional pharmacy organizations.

3. Substantiate the medico-pharmaceutical profile
of the regional AHMPs consumer.

2TASS. Available from: https://tass.ru/obschestvo/6448616
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4. Formulate scientifically grounded proposals for
optimizing the assortment portfolio of pharmacy orga-
nizations according to the AHMPs nomenclature at the
regional level.

MATERIALS AND METHODS

Research objects

The object of the study was the data on the pres-
ence and movement of AHMPs in pharmaceutical retail
entities for 2020, as well as the results of a sociological
study of AHMPs consumers, carried out in pharmacy or-
ganizations.

The experimental part of the work was carried out
on the basis of 32 pharmacies serving about 140 thou-
sand people living in the cities of Pyatigorsk, Yessentuki
and Kislovodsk in the CMW region, located on the terri-
tory of the Stavropol Territory — a subject of the Russian
Federation.

Research methods

During the study, the following methods have been
used: the content analysis of the research papers on
the AHMPs pharmaceutical, as well as regulatory legal
documents governing the civil circulation of AHMPs in
the Russian Federation. Various electronic sources of
information were used as an empirical base, including
Russian scientific electronic libraries: eLIBRARY.RU; Cy-
berLeninka; National Electronic Library (NEB); State
Public Scientific and Technical Library (SPSL); Russian
State Library (RSL). Besides, archives of scientific works
of the Higher Attestation Commission of the Ministry
of Science and Higher Education of the Russian Feder-
ation; international scientometric databases SCOPUS,
Web of Science, Chemical abstract, Pubmed and others,
have also have been used. The search was carried out
by screening the texts by selected keywords (antihista-
mines, allergic diseases, pharmacy organizations, assort-
ment portfolio, end-consumers), followed by studying
the content of the selected works for compliance with
the research topic.

The content analysis of regulatory legal documents
was carried out using the “Consultant Plus” legal refer-
ence system, which provides the relevant texts of the
required documents. Regarding the studied AHMPs no-
menclature, the juridical documents regulating the cir-
culation of medicines in the Russian Federation, i.e. “The
vital and essential medicines” (VEM) and “The minimum
range of drugs necessary for the provision of medical
care” (further, minimum range of drugs), approved by
the Order of the Russian Federation Government dated
October 12, 2019 No. 2406-r for 2021, were analyzed>.
In addition, the State Register of Medicines, posted on

30n the approval of the list of vital and essential medicines for 2020, as
well as the lists of medicines for medical use and the minimum range
of medicines required for the provision of medical care: Order of the
Government of the Russian Federation of 12.10.2019, No. 2406-r (as
amended. and additional, entered into force on 01.01.2021). Available
from: http://www.consultant.ru/cons/cgi/online.cgi. Russian
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the official website of the Ministry of Health of the Rus-
sian Federation, was used to analyze the Russian phar-
maceutical market®.

The method of documentary observation was used
to study the volumes of AHMPs retail sales to end-con-
sumers. In value terms, the required data were selected
from the accounting registers of pharmaceutical organi-
zations, which had been used as an experimental data
base for the study.

The classification analysis of medicinal preparations
used in the pharmacotherapy of allergic pathologies was
used according to the standard technique; the attitude
of the studied drugs to different generations, the coun-
tries in which their industrial production and medicinal
preparations are localized, were identified as the main
classification signs of AHMPs.

A sociological survey of visitors to pharmacy organi-
zations was used to study the regional AHMPs consumer
market. For this, a special questionnaire had been devel-
oped (Table 1), which contained the questions related
to socio-demographic and medico-pharmaceutical data.

A sociological study was carried out during May-Sep-
tember 2020 on the basis of pharmacy organizations se-
lected as an experimental base. The selection of respon-
dents was conducted by a continuous sampling method,
when the specialists of the “first department” suggest-
ed that all end-users who purchased AHMPs should go
through a voluntary anonymous questionnaire, the re-
sults of which formed the basis of the experimental part
of the study. The survey involved 174 respondents.

RESULTS AND DISCUSSION

The carried out content analysis of the scientific
publications made it possible to establish that the fea-
tures of the AHMPs pharmaceutical market had been
studied in detached regions of Russia [16-18]. A fairly
large body of research on the characteristics of the drug
therapy for allergic diseases is regularly carried out in
the Russian Federation [19-21] and abroad [22-24]. Over
the past period, the range of AHMPs has been signifi-
cantly updated and expanded.

Herewith, new methodological approaches to the
formation of the assortment portfolio of pharmacy orga-
nizations were not developed. In addition, each region
of Russia has its own distinctive features in terms of the
diseases spread, the effective demand of the population
and the quality of pharmaceutical consulting. On the
regional pharmaceutical market of resort cities of the
CMW region of the Stavropol Territory, no full-fledged
studies devoted to improving the management of the
assortment policy at the level of pharmacy organiza-
tions, using the example of AHMPs, have been carried
out. That determines the scientific relevance and practi-
cal significance of the present work.

4 State Register of Medicines / Official website of the Ministry of Health
of Russia 2021. Available from: https://grls.rosminzdrav.ru/Default.
aspx. Russian
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The content analysis of the State Register of Med-
icines revealed 38 INNs of medicines registered in the
Russian Federation and used in the prevention and
treatment of allergic diseases. They are represented
by 187 trade names of medicinal preparations from
various manufacturing organizations, dosages and dos-
age forms. The list of antihistamines registered in the
Russian Federation is presented by three generations
(Table 2).

Among the 38 registered INNs, the share of antihis-
tamine drugs belonging to the first generation is 63%; to
the second — 32%; to the third — 5% of the total number
of the trade names.

In the course of the classification analysis on the ba-
sis of the localization of the organization-manufacturer
of medicines, it was established that foreign-made drugs
prevail among AHMPs (55%), the drugs produced at Rus-
sian pharmaceutical enterprises accounted for 45% of
the total number of INNs. The main volumes of AHMPs
supplies to the pharmaceutical market are accounted
for 47 Russian drug manufacturers. The number of im-
porters of AHMPs to the Russian Federation tends to
decrease; at the time of the study, the supply of AHMPs
to the Russian pharmaceutical market was carried out
by drug manufacturing organizations from 19 countries.
India has been holding the leading position for many
years, while its share is about 22% of the total import
AHMPs supplies. The leading Western European drug
manufacturers come next: Switzerland — 11%, Hungary
—10% and Germany — 5%. In addition to these countries,
the supply of AHMPs to Russia is carried out by Slovenia,
Bulgaria, Israel and other countries.

On the basis of the dosage form release, it was de-
termined that the most demanded AHMPs are in the
form of a variety of tableted dosage forms. Their share is
about 48% of the total number of dosage forms. As be-
fore, dosage forms in the form of solutions for injections
are still relevant for use in the clinic of emergency and
urgent medical care, their share is about 18%. Recently,
AHMPs have been gaining popularity in the form of such
liquid dosage forms as suspensions, solutions and syr-
ups for internal use (16%), and dosed aerosols (11%). In
addition, the popularity of antiallergic drugs produced in
the form of nasal and eye drops, sprays and ointments
does not decrease, their share is 7%.

Further on, according to the studied AHMPs nomen-
clature, the judicial documents regulating the circulation
of medicines in the Russian Federation were analyzed,
i.e.: VEM and minimum range of drugs, established for
2021 (Table 3).

As evidenced by the data in Table 3, VEM and min-
imum range of drugs include only 4 and 2 INNs, respec-
tively, of the entire range of the antihistamines, in vari-
ous dosage forms. They are represented by 22 medicinal
preparations, 2 of which are the third generation medici-
nal preparations, 18 are the second generation and 2 are
the first generation.
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Table 1 — Questionnaire of patient with allergic pathology

Question formulation Respondents’ answer options
1. Sociodemographic data
1.1. Specify your gender —male
—female
1.2. Specify your age (number of full years) — up to 20 years old inclusive

—from 21 to 30
—from 31 to 40
—from 41 to 50
—from 51 and older

1.3. Where do you live? —up in town
—in rural areas
1.4. What is your education? — secondary general
—vocational secondary
— higher
2. Medical-pharmaceutical data
2.1. How long have you been suffering from an allergic — less than 2 years
disease? —from 2 to 5 years
— more than 5 years
2.2. How often do you seek medical help for an allergic —“I never apply”
disease? —“l'apply only in urgent cases”
— “l always apply”
2.3. What clinical manifestations of allergies do you —rhinorrhea
encounter? — lacrimation
—skin rashes
— skin itching
— other
2.4.2.4. What sources of information about antihistamines do — medical and pharmaceutical specialists
you use? — relatives and acquaintances
—internet
—medical literature
—mass media
2.5. What influences your choice when buying the drug you — recommendations of medical and pharmaceutical specialists
need? — recommendations of friends

— personal experience
—the price of the drug
2.6. Which of the characteristics of the drug has a prevailing ~ — manufacturing organization
influence on you when choosing it? — efficiency
— mode of application
—no side effects
— the price of the medicinal preparation
2.7. What price for the required antihistamine are you willing — up to 100 rubles (up to $ 1.38)°
to pay for one conventional package? — over 100 to 500 rubles (over $ 1.38 to $ 6.88)
— over 500 rubles (over S 6.88)

Table 2 — Antihistamines on the Russian pharmaceutical market

Antihistamines accordingt o INNs

First generation Second generation Third generation
1. Alimemazine 1. Azelastine 1. Fexofenadine
2. Antazoline 2. Akrivastin 2. Cetirizine
3. Bromodiphenhydramine 3. Actemuson
4. Brompheniramine 4. BamunuH Bamipin
5. Hydroxyzine 5. Dimetindene
6. Dexchlorpheniramine 6. Desloratadine
7. Dimenhydrinate 7. Cromoglycic acid
8. Diphenhydramine 8. Mizolastine

° At the rate of the Central Bank of Russia as of 01.07.2021 — 72.72
rubles. for 1 US dollar.
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Antihistamines accordingt o INNs

First generation

Second generation

Third generation

9. Doxylamine 9. Oxatomide
10. Quifenadine 10. Terfenadine
11. Xylomethazolin hydrochloride 11. Ebastin

12. Mebhydrolin

12. Epinastine

13. Meclizine

14. Mepiramine

15. Oxomemazine

16. Pyrilamine

17. Promethazine

18. Sevifenadine

19. Trimeprazine

20. Pheniramine

21. Chloropyramine

22. Chloropheniramine

23. Cyclizine

24. Cyproheptadine

Table 3 — Antihistamines in VEM and minimum range of drugs

Group name according to ATC

ATC-code classification INN Dosage form
1. Vital and Essential Medicines
RO6AA alkylamine esters diphenhydramine solution for intravenous and intramus-
cular administration; pills
RO6AC substituted ethylenediamines chloropyramine solution for intravenous and intramus-
cular administration; pills
RO6AE piperazine derivatives cetirizine drops for oral administration; syrup;
film-coated tablets
RO6AX other antihistamines of systemic action loratadine syrup; oral suspension; pills
2. Minimum range of medicines necessary for provision of medical care
RO6AC substituted ethylenediamines chloropyramine solution for intravenous and intramus-
cular administration; pills
RO6AX other antihistamines of systemic action loratadine syrup; oral suspension; pills
Table 4 — Antihistamine sales volumes in 2020
Sales volume per month Sales quarter volume Share of total
Month share of total an(r:ual annual sales vol-
rub. S sales volume, % S ume, %
January 827 228,59 11 375,53 7,8
February 721 475,12 9921,28 6,8 2 357 875,38 32 424,03 22.33
March 809 171,67 11 127,22 7,7
April 910 097,56 12 515,09 8,6
May 1042 776,36 14 339,61 9,9 2994 956,98 41184,78 28.36
June 1042 083,06 14 330,08 9,9
July 874 039,77 12 019,25 8,3
August 1166 084,11 16 035,26 11,1 2949921,83 40 565,48 27.94
September 909 797,95 12 510,97 8,6
October 774 654,34 10 652,56 7,3
November 725 095,54 9971,06 6,8 2 256 337,87 31027,75 21.37
December 756 587,99 10 404,13 7,2
Total 10 559 092,06 145 202,04 100,0 10 559092,06 145 202,04 100.0
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M up to 100 rubles (upto $
1.38)

H over 100 and up to 500
rubles (over $ 1.38 and up to
$ 6.88)
over 500 rubles (over $ 6.88)

35%

Figure 1 — Distribution of respondents’ survey results about price preferences, %

Thus, it is possible to say that there is a necessary
and sufficient range of AHMPs in circulation on the Rus-
sian pharmaceutical market, which ensures the provi-
sion of a full-fledged pharmacotherapeutic assistance to
the patients suffering from allergic pathologies.

Further on, on the basis of 32 pharmacy organiza-
tions, the actual assortment of AHMPs was investigat-
ed. It includes 66 names of drugs in various dosages
and dosage forms that are in circulation on the regional
pharmaceutical market. It was established that pharma-
ceutical organizations have the AHMPs included in the
VEM, which ensures the state regulation of the maxi-
mum selling prices for these drugs. In addition, the in-
stitutional requirements for the availability of AHMPs in
the distribution network included in the minimum range
of drugs, are fully met. As a result of the analysis, it was
notified that the stocks of regional pharmaceutical retail
organizations fully ensure the economic and physical ac-
cessibility of drugs for the prevention and treatment of
allergic diseases to the general population.

The classification analysis of the regional pharma-
ceutical market of AHMPs in terms of their creation time,
state registration and being in civil circulation, determined
their belonging to three generations of anti-allergic drugs.

18 drugs of the 66 studied, belong to the first gen-
eration (27.5% of the total), 33 (50%) to the second and
15 (27.5%) to the third one. The overwhelming presence
of second-generation AHMPs in pharmaceutical retail
subjects indicates a clear reorientation of end-users to
relatively new drugs that have undeniable pharmaco-
therapeutic advantages of new ones in comparison with
the first-generation drugs.

Using the method of documentary observation of
the availability and movement of material and monetary
funds in the accounting registers, the sales volumes of
AHMPs in 32 surveyed pharmacy organizations for 2020
by months and quarters have been determined (Table 4).

The data of Table 4 clearly demonstrate the growth
in the sales of AHMPs depending on the seasons and
periods of “pollen” plants blossom-time characteristic
of the CMW region [25, 26]. In connection with the be-
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ginning of blossom- and pollination time of plants, the
“peak” of AHMPs sales was registered in the spring-sum-
mer period (from April to September).

When analyzing the cost range of the AHMPs pre-
sented on the regional pharmaceutical market, it was
found out that it was in the range of 30.92 rubles. (S
0.43)¢ for one package (mebhydrolin 50 mg per pill, No.
10 per package) up to 787.67 rubles. ($ 10.83) per pack-
age (desloratadine 5 mg per tablet, No. 30 per package).
The data obtained made it possible to distribute all AH-
MPs into three price subgroups: | — costing up to 100
rubles (up to $ 1.38); Il — over 100 and up to 500 rubles
(over S 1.38 and up to $ 6.88); Ill — over 500 rubles (over
S 6.88) for one conventional package.

The first price subgroup (1) included 23 trade names
of drugs, which accounted for 34.8% of the sold range of
drugs in this group. The drug mebhydrolin presented in
14 dosages and dosage forms, prevails here. The price of
mebhydrolin varies from 35.23 rubles (S 0.48) up to 71
rubles (S 0.98) per package, depending on the manufac-
turing organization and dosage. Patients’ adherence to
the purchase of mebhydrolin 100 mg in pills, No. 10 per
package, should be notified; more than 2900 packages
of mebhydrolin were sold during the study period.

In addition to Mebhydrolin, this subgroup includes
such frequently sold drugs as xylometazoline in the form
of a 0.1% nasal spray, 10 ml in a vial; cromoglycic acid in
the form of 2% eye drops, 10 ml in a vial. For a complete
satisfaction of patients’ preferences, it is necessary to
constantly have these drugs in the assortment of phar-
macy organizations. As a rule, the affordable price of
AHMPs for a patient is the propulsion source of a spon-
taneous and quick purchase, which has a positive effect
on the pharmacy organization’s revenue.

The second price subgroup (ll) included 37 names
of drugs (56.06% of the total number of trade names).
The most popular drugs were: chloropyramine tablets,
No. 20 per pack; dimetindene, 30 (50) g per tube; cro-

At the rate of the Central Bank of Russia as of 01.07.2021 — 72.72
rubles. for 1 US dollar.
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moglycic acid 2%, 15 ml, aerosol. In this price subgroup,
AHMPs are presented in a wide variety of dosage forms:
sprays, eye drops, tablets, gels, emulsion creams, which
creates preferable conditions for the consumer when
choosing the most convenient dosage form at an accept-
able cost.

The third price subgroup (lll) included 6 drugs
(9.09% of the total number of trade names). This group
includes the third generation AHMPs (fexofenadine and
cetirizine), an important difference of which is the ab-
sence of such a side effect as sedation.

The conducted cost analysis of the regional AHMPs
pharmaceutical market showed a sufficient range of the
price offer, which, against the background of the current
economic availability, fully meets the needs of the pa-
tients suffering from allergic pathologies.

The data obtained after generalizing and analyzing
the questionnaires of the respondents indicate that
women prevail among the users of AHMPs (62%). Most
of all, AHMPs are purchased by the consumers from the
third age category (from 31 to 40 years old) — 56%, fol-
lowed by the representatives of the second age category
(from 21 to 30 years old) — 25%, 15% is accounted for the
fourth age category (from 41 to 50 years old). Among
the surveyed respondents, the smallest number of con-
sumers entered the first (under 20 years old) and fifth
(over 51 years old) age categories, their shares amount-
ed to 1% and 3%, respectively.

Urban residents make up 58% of the number of re-
spondents. Among the respondents, persons with high-
er education accounted for 33%, vocational secondary
—41%, secondary general — 26%.

The results of the respondents’ survey concerning
medical-pharmaceutical issues showed that most often,
the allergic disease is chronic — it lasts more than 5 years
(69%), 22% of respondents suffer from allergies from 2
to 5 years, and only 9% of the respondents notify their
allergic manifestations for less than 2 years.

In terms of the frequency of applying for medical
care, the respondents’ answers were distributed as fol-
lows: “I never apply” — 84%; “I apply only in urgent cas-
es” — 10%; “I always apply” — 6%.

Among the respondents, the following clinical man-
ifestations of allergy prevailed: rhinorrhea — 28%; lac-
rimation — 31%; skin rashes — 16%; skin itching — 14%;
other — 11%.

The information sources about AHMPs, used by their
consumers, were distributed in the following sequence:
relatives and friends — 30%; medical and pharmaceutical
workers —27%; internet — 15%; mass media — 18%; med-
ical literature — 10%.

On buying the necessary medicinal preparation, the
influence on its choice is exerted by: recommendations
of medical and pharmaceutical specialists — 22%; rec-
ommendations of friends — 12%; personal experience —
35%; the price of the drug — 31%.

The results of the survey showed that for consum-
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ers, the most significant characteristics of AHMPs that
affect their choice are: the price — 37%, the efficiency
—34%, the absence of side effects — 22% and a manufac-
turing organization — 7%.

The willingness of consumers to pay for the appro-
priate AHMPs showed that they give a price preference
to the drugs in the price range “over 100 and up to 500
rubles” (over $ 1.38 and up to $ 6.88) for one conven-
tional package (Fig. 1).

The generalized data of the sociological survey
made it possible to form a medical and demograph-
ic profile of the AHMPs end-consumer at the regional
level. Therefore, the average AHMPs end-consumer is a
person predominantly of a female sex (62%), belonging
to the age group from 31 to 40 years old (56%), living up
in town (58%), and having a vocational secondary edu-
cation (41%). Such people suffer from an allergic disease
for more than 5 years (69%); practically do not apply
for medical help (84%), with the most common clinical
manifestation of allergy in the form of lacrimation (31%).
They usually take information about AHMPs from com-
munication with relatives and friends (30%), relying on
the choice AHMPs, mainly based on personal experience
(35%), take into account the price (37%) when choosing
a drug. In addition, they are ready to pay for the neces-
sary drug in the price range “over 100 and up to 500 ru-
bles” (over $ 1.38 and up to 6, S 88) for one conventional
package (46%).

CONCLUSION

Based on the research conducted, methodological
recommendations in the form of an information letter
for pharmaceutical workers involved in the formation of
an assortment portfolio of pharmacy organizations, have
been prepared. They can be presented in the form of
basic theses:

— pronounced seasonal peaks in the AHMPs con-
sumption associated with the periods of “pollen” plants
blossom-time in the CMW region, have been estab-
lished, and these require the creation of a current stock
of drugs to meet the increasing volumes of their con-
sumption;

— the analysis of the federal and regional market
supply for the nomenclature of the drugs aimed at the
prevention and treatment of allergic diseases, indicates
the dynamics of the first AHMPs generation displace-
ment from the assortment portfolio of pharmaceutical
organizations, and that makes it possible to focus pur-
chases on the second and third drugs generations with
their active promotion on the pharmaceutical market
using various marketing technologies (merchandising,
advertising on the Internet and in the media, etc.);

— a study of the AHMPs sales volumes revealed that
the bulk of the pharmacy organizations profits comes
from the drugs sale of the second price subgroup — “over
100 and up to 500 rubles” (over $ 1.38 and up to $ 6.88)
for one conventional package. The medicines of this par-
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ticular price subgroup are ready to be purchased by apo-  the average consumer makes possible predicting the

tential end-user. This situation can serve as an economic ~ AHMPs consumption at the regional level and planning

benchmark for pharmaceutical specialists who manage  the distribution of funds for their purchases in order to

the assortment portfolio of a pharmacy organization; maintain the socially necessary level of the drug con-
— the formed medical and demographic profile of  sumption at the regional level.
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ACTUAL PROBLEMS OF PROFESSIONAL AND PERSONAL
DEVELOPMENT QUALIFIED PERSONS RESPONSIBLE
FOR QUALITY OF MEDICINAL PRODUCTS FOR HUMAN USE
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The aim of the study is to investigate topical problems of the professional and personal development of qualified persons
responsible for quality of medicinal products for human use.

Materials and methods. In the period from April 6 to May 10, 2020, an online survey of leading employees in the field of
quality assurance of Russian manufacturers was conducted. 176 people took part in the survey; the return of questionnaires
was about 17.9%.

Results. From the standpoint of D. Super’s theory of professional development, the largest number of respondents was at
the maintenance stage, holding their achieved positions (53.2%). All respondents, regardless of age, were motivated for
professional development. Most often qualified persons had chemical engineering (27.3%) and pharmaceutical education
(22.2%). Most of them had a working experience in 1-2 divisions of the enterprise, and combined the functions of qualified
persons with managerial positions (74.5% and 71.9%, respectively). The majority of the qualified persons (86.4%) indicated
the sufficiency of the available knowledge and the lack of knowledge on certain issues. Knowledge and skills in the quality
risk management, specific GMP issues and statistical methods (59.0%, 49.2 and 44.2%, respectively); communication and in-
terpersonal skills and, in particular, stress management, emotion management and the art of negotiation (49.4%, 41.3% and
40.9%, respectively), were most popular. About 36% of respondents notified the need for the digital economy competencies,
while only 5.1% notified the presence of an electronic batch production record at the enterprise. Finally, only half of the
respondents (50.5%) had a formal training plan for qualified persons.

Conclusion. This pilot study revealed the need for the revision of the Exemplary Additional Professional Training Program
for Qualified Persons and the professional standard, the urgent need for the regulatory body to develop a scheme and
principles for the continuous professional development of qualified persons, and showed the direction of further research
in this area.

Keywords: qualified person; pharmaceutical company; professional development; medicines; additional vocational training

Abbreviations: GMP — Good Manufacturing Practice; RSC — Royal society of chemistry; CPD — Continuing professional deve-
lopment; CE — continuous education; EAPTP QPs — Exemplary Additonal Professional Training Program for Qualified Persons;
Ps — Pharmaceuticals; QCD — Quality Control Division; QAD — Quality Assurance Division; QP — qualified person; PQS — Phar-
maceutical Quality System.
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Lienb. M3yyeHune akTyaibHbIX Npobaem npodeccMoHabHO-TMYHOCTHOIO Pa3BUTUA YNOJHOMOYEHHbIX JINL, MO KAYecTBy Mpo-
13BOAMUTE/NIEN NIEKAPCTBEHHbIX CPeACTB AN MeAULIMHCKOro MPUMEHEHUA.

Martepuanbl u metogpbl. B nepuog c 6 anpensa no 10 mas 2020 roga 6bin NpoBeAeH OHMANH-ONPOC BeAYLLMX COTPYAHUKOB
B 06/1acT obecneyeHns KayecTBa POCCUICKUX MPoOU3BoaUTeNei. YyacTme B onpoce NpuHAno 176 yenosek, BO3BPAT aHKET
coctasun okono 17,9%.

Pe3ynbratbl. C No3uLmMii Teopumn o npodeccmoHanbHOM pa3suTum . Cotonepa Hanbosbluee KoNMYecTBO PecnoHAEHTOB Ha-
XOAMNOCb Ha 3Tane NoAAEePKaHNA, COXPAHEHUS AOCTUTHYTbIX NO3ULLMIA (53,2%). Bce pecnoHAeHTbl BHE 3aBUCMMOCTM OT BO3-
pacta MOTUBMPOBaHbI Ha NpodeccMoHanbHoe pa3BuTHe. Hanbosiee 4acTo YNONHOMOYEHHbIX ML, UMENU XMMUKO-TEXHO/IO-
rmyeckoe (27,3%) n papmareBTnieckoe obpasoBaHue (22,2%). BonbWMHCTBO MMeU onbIT paboTbl B 1-2 nogpasaeneHmax
npeanpuATUA, a Tak»Ke CoBMELLLaM QYHKLMM YNONHOMOYEHHbIX INL, C PYKOBOAALLMMM no3uumamm (74,5% n 71,9%, cooTseT-
CTBEHHO). BONbLIMHCTBO YNONHOMOYEHHbIX /KL, (86,4%) yKa3ann AOCTAaTOYHOCTb MMEIOLLMXCA 3HAHUIM M HEXBATKY 3HAHMI NO
oTaenbHbIM BonpocamM. Hanbonee BocTpeboBaHHbIMM OKa3a/IUCh 3HAHUA M YMEHUA NO YNPaBNEHUIO PUCKaMU A/1A Ka4ecTBa,
cneumouyeckme sonpocbl GMP u ctatuctnyeckne metoapl (59,0%, 49,2% v 44,2%, COOTBETCTBEHHO); KOMMYHUKATUBHbIE U
MEXK/IMYHOCTHbIE YMEHUA 1, B YaCTHOCTM, YNPaBAEHME CTPECCOM, YNPaBAeHMEe SMOLMAMU U UCKYCCTBO neperoBopos (49,4%,
41,3% 1 40,9%, cooTBeTCTBEHHO). OK0/10 36% PEecnoHAEHTOB OTMETUAN NOTPEBHOCTN B KOMMETEHUUAX LLMPPOBOI SKOHOMM-
KW, U NPU 3TOM TO/IbKO 5,1% OTMETUAN Hannume Ha NpeanpUATUN SIEKTPOHHOIO A0Cbe HA ceputo. M HaKoHeL,, BCero nuLlb y
NoN0BUHbI pecnoHAeHToB (50,5%) nmenca popmanbHbIi NaaH 06y4eHMA YNOAHOMOYEHHbIX /UL,

3aKkntoueHue. [laHHOe NUIOTHOE UCCef0BaHME BbIABUIO HEOOXOAMMOCTb NepecmoTpa NPUMEpPHOM AONOSHUTENBbHOM NPO-
deccroHanbHOM NPOrpaMmbl NOBbILEHWA KBaINDUKALMM YNOJTHOMOYEHHbIX /L, U NPOdEeCCMOHaNbHOro CTaHAAPTa, OCTPYO
HEeobXoAMMOCTb Pa3pPaboTKN PerynaTopHbIM OPraHOM CXeMbl Y MPUHLMMOB HEMPEPbIBHOMO NPOdEcCMOHaNIbHOIO Pa3BUTUA
YNONHOMOYEHHbIX /INLL, @ TaK¥Ke NOKa3a/0 HanpaB/ieHWe AalbHeNWnX nccaeoBaHui B 3To 0biacTu.

KntoueBble cnoBa: ynosIHOMOYEHHOE 1ML NO KayecTBy; papmaLieBTMUECKOe NpeanpuaTme; npodeccmoHanbHoe pa3BUTHE;
JleKapCTBEHHbIE CPeACTBa; JOMNONHUTENbHOE NpodeccMoHanbHoe 0byyeHmne

Cnucok coKkpaueHmii: GMP — Hagnerkawaa nponssoacTBeHHasa npakTuka; RSC — KoposieBckoe xnmmyeckoe obuecteo Benun-
KobpuTaHuu; CPD — HenpepbiBHOe npodeccnoHanbHoe passutue; CE — HenpepbiBHOe obpa3osanue; AN Y/1 — MNpumepHas
[O0MNONHUTENIbHAA NpodeccMoHaibHas NPOrpaMma NOBbILWEHUA KBaANMPUKALMKM YNOAHOMOYEHHbIX auu,; JIC — JlekapcTBeH-
Hble cpeactBa; OKK — OTaen KoHTpona KayectBa; OOK — OTaen obecneyeHuns Kayectsa; Y/1 — YNOAHOMOYEHHOE MLO MO

KauectBy; PCK — PapmaLieBTMUECKAA CMCTEMA KayecTBa.

INTRODUCTION

The personnel professional development, espe-
cially that of key employees, is considered the most
important element of the enterprise management and
one of the conditions for the success of their activities
[1-9]. Depending on the theoretical approaches to the
study of this process, different definitions are used.
From the point of view of psychologists, “professional
development is a change in the psyche in the process
of mastering and performing vocational, educational,
labor and professional activities” [1]. From the stand-
point of acmeology, this is “the process of actualizing
the potential of an individual and achieving the high-
est forms of professionalism” [7]. Many research-
ers emphasize the idea that the basis of professional
development is self-development as “the process of
transforming one’s own life into an object of practical
transformation in connection with the requirements of
a professional activity, leading to creative self-realiza-
tion in the profession” [10], self-directed learning and
self-esteem [11, 12].

From the standpoint of sociology, professional devel-
opment can be described as a process of socialization of
an individual with the meaning of their organization ac-
tivities, the need for respect and consideration of opin-
ions when making decisions [13]. The Royal Society of

Tom 9, Buinyck 5, 2021

Chemistry of Great Britain (RSC) defines continuous pro-
fessional development of a chemist as the responsibility
of individuals to systematically maintain, improve and
expand knowledge and skills to ensure professional com-
petence throughout their working life (career). The Irish
Pharmaceutical Society, in its Professional Development
Models report, emphasizes that continuing professional
development (CPD) is a self-directed process that allows
professionals to develop and deepen a wide range of
knowledge, skills and motivations consistent with their
current and future work activities. The need to separate
continuing professional development (CPD) and contin-
uous education (CE) is also highlighted. Under CE, it is
suggested to consider structured educational experience
(planned training) and practical activities in the postgrad-
uate period in order to improve and expand knowledge,
skills and competencies. As a self-governing process, CDP
involves the specialists’ determination of their education-
al and other needs, an assessment of the achievement of
current goals and objectives of their development. CE is
one of the components of professional development?,

! The Royal Society of Chemistry — Continuing Professional Develop-
ment. Available from: https://www.rsc.org/cpd/

2 Pharmaceutical Society of Ireland Review of International CPD Mod-
els. Final report. — PSI, Dublin Ireland, 2010. Available from: ttps://
www.thepsi.ie/Libraries/Education/PSI_International_Review_of_
CPD_Models.sflb.ashx.
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The research of the professional development prob-
lems is aimed at finding approaches and methods to im-
prove the management of an organization, in particular,
the management of personnel and their professional
training, both internal (corporate) and external; psy-
chological and personal aspects, a staff motivation. The
problems of national schemes for attestation (accredita-
tion) of specialists in regulated professions (medical and
pharmaceutical specialists, aviation specialists, teachers
and lecturers, etc.) and their effectiveness for ensuring
the life and safety of the population are also investigat-
ed.

For a drug manufacturer, professional development
of the personnel, in particular, a qualified person (QP),
as well for other regulated professions, this is also a pre-
requisite for carrying out production activities. Thus, in
the Rules of Good Manufacturing Practice (GMP) which
are in force in the Russian Federation and in the Eurasian
Economic Union (EAEU) states parties, Appendix 16 ex-
plicitly states: “Qualified persons must maintain their
qualifications up to date in the light of scientific and
technological progress and take into account changes
in the management system quality related to products,
the compliance of which with the established require-
ments is confirmed by an qualified person”. In EU GMP,
there are similar requirements®. Therefore, professional
development issues are not only the responsibility of
an qualified person, but should be also included in the
scope of the pharmaceutical quality system of the enter-
prise. The considered professional group in our country
is characterized by a structural development, when the
most competent employee is selected to perform these
functions [5].

Requirements for the qualified person’s qualifica-
tions have been established by regulatory legal acts,
since this person is personally responsible for the re-
lease of a series of medicinal products into civilian
circulation and is often forced to make up difficult
decisions in the conditions of uncertainty. Thus, the
legislation determines that “the following specialists
are allowed for certification: the ones who have at
least 3 years of experience in the field of production,
or quality assurance, or quality control of medicines
and completed higher education in one of the follow-
ing areas — chemical, chemical-technological, chem-
ical pharmaceutical, biological, biotechnological,

3 [1] Order of the Ministry of Industry and Trade of Russia of June 14,
2013 No. 916 (as amended on December 18, 2015) "On the approval
of the Good Manufacturing Practice Rules" (Registered at the Russian
Ministry of Justice on September 10, 2013 No. 29938). [2] Rules of
Good Manufacturing Practice of the Eurasian Economic Union, ap-
proved by the Decision of the Council of the Eurasian Economic Com-
mission dated 03.11.2016 No. 77. [3] EudralLex — Volume 4 — Good
Manufacturing Practice (GMP) guidelines.
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microbiological, pharmaceutical, medical”. Qualified
persons must also undergo training in 12 chemical,
biomedical and pharmaceutical disciplines, or when
receiving higher education, or as a part of addition-
al professional training*. Similar requirements are
established in all the countries of the Eurasian Eco-
nomic Union® and are available in all the countries
of the European Union®. The main labor actions of
qualified persons when confirming the compliance
of each batch of a medicinal product and releas-
ing the batch into civil circulation, are indicated in
GMP’. The description of the labor functions, knowl-
edge and skills of the qualified person can be found
in the professional standard “Expert on manufactur-
ing pharmacy in the field of Pharmaceutical Quality
Assurance”. It was approved by the Order of the Mi-
nistry of Labor of Russia dated 05.22.2017 No0.429n
(Labor function B / 05.7 Evaluation of the batch pro-
duction record of a medicinal product with registra-
tion of a decision on release into circulation)®. There
is an exemplary additional professional training
program of advanced vocational training for quali-
fied persons, approved by the Ministry of Health of
Russia®. Thus, the state participates in the formation
of the personnel potential of the pharmaceutical in-
dustry, although, as in other industries, according to
experts, it is not very effective [14].

4[1]. Order of the Ministry of Health of the Russian Federation "On Ap-
proval of the List of Documents Submitted by a Certified Qualified Per-
son of a Manufacturer of Medicines of a Member State of the Eurasian
Economic Union, Stages of the Procedure and Procedure for Making
Decisions on Certification of Qualified Persons of Manufacturers of
Medicinal Products for Medical Use in accordance funds approved by
the decision of the Council of the Eurasian Economic Commission of
November 3, 2016 No. 73 "On the procedure for certification of qual-
ified persons of drug manufacturers." No. 73 "On the Procedure for
Attestation of Qualified Persons of Medicinal Products Manufacturers.
[3] Federal Law "On the Circulation of Medicines" dated 12.04.2010
No. 61-FZ.

5 Agreement on uniform principles and rules for the circulation of med-
icines within the Eurasian Economic Union dated December 23, 2014.
6 Directive 2001/83/EC of the European Parliament and of the Coun-
cil of 6 November 2001 on the Community code relating to medicinal
products for human use.

7 [1] Order of the Ministry of Industry and Trade of Russia of June 14,
2013 No. 916 (as amended on December 18, 2015) "On the approval
of the Good Manufacturing Practice Rules" (Registered at the Russian
Ministry of Justice on September 10, 2013 No. 29938). [2] Rules of
Good Manufacturing Practice of the Eurasian Economic Union, ap-
proved by the Decision of the Council of the Eurasian Economic Com-
mission dated 03.11.2016 No. 77. [3] EudralLex — Volume 4 — Good
Manufacturing Practice (GMP) guidelines.

8 Order of the Ministry of Labor of Russia dated May 22, 2017 No. 429n
"On the approval of the professional standard" Specialist in industrial
pharmacy in the field of quality assurance of medicines "(Registered
with the Ministry of Justice of Russia on July 20, 2017 No. 47480).

° Order of the Ministry of Health of Russia dated January 22, 2014 No.
37-n "On the approval of exemplary additional professional pharma-
ceutical education programs" (Appendix No. 2) (Registered with the
Ministry of Justice of Russia on April 18, 2014 No. 3203).
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Despite rather a long period (almost 8 years) of the
formation of the professional group in Russia consid-
ered in this article, and the importance of the qualified
persons’ professional development for the health of the
population, no publications on the professional develop-
ment of qualified persons of Russian drug manufactur-
ers and related issues, had been found. Therefore, THE
AIM of the described pilot study was to investigate the
current situation in this area.

MATERIALS AND METHODS

The study of relevant problems of qualified per-
sons’ professional and personal development was car-
ried out by a questionnaire method. A broad educa-
tional need was investigated both in the professional
knowledge and skills described above, which belong
to the category of “hard-skills”, and universal compe-
tences (over-professional skills, skills of the 21° centu-
ry, etc., soft-skills) that qualified persons should have
as highly qualified specialists [15-17]. In this study,
the structure of universal competencies given in the
“Target Model of Competencies 2025”, was used?®.

The questionnaire included 42 questions related
to various aspects of this professional group’s work in
our country, as well as problems of professional devel-
opment, socio-demographic and professional factors
influencing it. Depending on the position from which
professional development is considered, various fac-
tors affecting it are distinguished. They are external
(regulatory requirements and recommendations),
internal (work with personnel in the organization,
financial and procedural opportunities, etc.). Very
importantan factors are personal (professional poten-
tial, motivation, personal goal-setting, etc.); socio-de-
mographic (gender, age, social status, education) and
psychophysiological (psychophysiological potential,
goal commitment, a sense of mastery, interpersonal
interaction); social and professional (the content of
the profession, ways of performing professional tasks,
professional experience) and socio-economic (the
level of wages, the demand for certain professional
knowledge and skills, “professional success”, etc.)
[2-4, 8, 18-20].

When developing the questionnaire, the provisions
of regulatory legal acts related to the qualified persons’
professional development, were taken into account??, 27
people with knowledge of qualified persons’ work took
part in checking the readability and clarity of the ques-
tionnaire.

The survey was conducted online by Sechenov Uni-

1 Butenko V, Polunin K, Kotov I, Sycheva E, et al. Russia 2025: from
personnel to talents. The Boston Consulting Group, 2017: 70 p. Russian
1 The Royal Society of Chemistry — Continuing Professional Develop-
ment. Available from: https://www.rsc.org/cpd/

Tom 9, Buinyck 5, 2021

versity in cooperation with the National Chamber of
Pharmacy from April 10 to April 30, 2020. The question-
naires were sent by email to potential respondents (982
people, 48 constituent entities of the Russian Federa-
tion, more than 300 enterprises). 176 people took part
in the survey; respectively, the return of questionnaires
was about 17.9%. All respondents are acting qualified
persons or have performed functions of qualified per-
sons in the past (96% and 4%, respectively). Most of the
respondents are female (86.2%), have been working
at pharmaceutical enterprises for more than 10 years
(72.6%).

RESULTS AND DISCUSSION

The resulting sample includes employees of vari-
ous sizes enterprises, producing various dosage forms
(Fig. 1).

According to the modified theory of D. Super, the
respondents are at different stages of professional de-
velopment [3, 5, 21]:

1) at the stage of stabilization, consolidation and
promotion — 26.6%;

2) at the stage of maintaining, keeping the achieved
positions — 53.2%;

3) at the stage of declining professional and social
activities — 20.2%.

It should be notified that no unwillingness to study
and develop professionally in the age groups in the
range of 40-60 years, which should have been expected
from the literature, have been revealed [2, 3]. On the
contrary, all respondents, regardless of age, are motivat-
ed for professional development.

The distribution of qualified persons by vocation-
al education is shown in Fig. 2. The most common are
chemical engineering (27.3%) and pharmaceutical edu-
cation (22.2%).

Slightly more than a third of survey participants
(37.5%) have work experience in only one department:
quality control department (QC), quality assurance de-
partment (QA) or a production unit; 36.9% have experi-
ence in two divisions (the combinations of the aforesaid
plus a regulatory division), the rest have experience in
three or more divisions; 71.6% of the respondents are
heads of enterprise structural divisions or occupy even
higher administrative positions. These data make pos-
sible to conclude that a combination of horizontal (a
change in the professional and functional activity areas)
and vertical (advancement in the organizational and
managerial hierarchy) directions, is characteristic for the
professional and official development of qualified per-
sons [5].

When asked about the sufficiency of knowledge
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Figure 1 — General characteristics of qualified persons who took part in the survey
Note: a) distribution of respondents by enterprise size; b) dosage forms produced by the enterprises where the respondents work
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Figure2 — Distribution of respondents by vocational education
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Figure 3 — Use of knowledge of compulsory subjects in qualified persons’ practical activities
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Pharmaceutical quality system and / or ISO QMS

Pharmacovigilance

Quiality Risk Management

Technology for production of other drugs (except
those that are put on the market)

Technology for production of drugs that
are put on the market

Statistics

Specific GMP Issues
Good practices

Drug control methods
Validation

Quality audits

I 27,0%
I 32,7%
IR 58,6%
I 16,1%

I 18,4%
I 44,2%
I 49,4%
I 28,2%

I 17,8%
I 37,3%
I 29,3%

Figure 4 — Qualified persons’ need for training in various professional competencies (hard skills)
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Figure 5 — Qualified persons’ need for training in various universal competencies (soft skills)
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Pharmacovigilance

Storage and delivery of products, raw materials
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Communication technologies
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Figurer 6 — Topics not presented in qualified persons’ external and internal training programmes in 2018-2021
Note: according to reports on professional activities in Term 1, 2021

to perform the functions of qualified persons, only
9% of the respondents answered unequivocally in the
affirmative. This group included people with different
kinds of education, but mainly with biotechnological
and chemical-technological ones (50.0% and 31.2%,
respectively), at different stages of professional devel-
opment, but with an equally long experience of work
at pharmaceutical enterprises (100% — more than 10
years). Even fewer respondents (4.5%) indicated that
their education is insufficient to perform the discussed
functions. This group was also dominated by persons
with chemical-technological education (62.5%), which
is explained by a great number of qualified persons
with this kind of education in the obtained sample, as
well as by a great number of profiles (directions) of
educational programs in chemical technology, many
of which do not include study of industrial pharmacy
problems. Only 14.6 percent of the respondents indi-
cated that their knowledge is sufficient to perform the
functions of qualified persons, but at the same time,
they still notified the presence of an educational need
for both professional and universal competencies. The
data obtained practically coincide with the data of the
survey carried out in 2012: 71.2% of employers and
100% of the surveyed specialists in the pharmaceuti-
cal industry noted the need to acquire new knowledge
in order to fulfill their official duties [22]. In general,
these data show, on the one hand, the effectiveness

416

of the regulatory requirement for qualified persons’
mandatory professional development once every 5
years®? (their knowledge is updated and there are no
significant gaps in the current knowledge). On the oth-
er hand, the obtained data show the need to optimize
the content of the above-mentioned additional profes-
sional programs and, indirectly, the fact that enterpris-
es do not allocate sufficient resources for the profes-
sional development of qualified persons.

The data on the use of knowledge on the disciplines
compulsory for studying by qualified persons in profes-
sional practice, are shown in Fig. 3. Noteworthy is rather
a small number of qualified persons using knowledge of
pharmacology (32.0%); the largest percentage of them
are persons with pharmaceutical education (40.4%).
These results can be explained, first, by the time peri-
od when the survey was conducted (2020): the require-
ments for the compulsory study of pharmacology and
other disciplines described above, by qualified persons,
although established in 2016, came into effect on the
territory of our country only in 2021. Second, these re-
sults can be explained by the absence of this and other
biomedical disciplines in engineering and natural sci-
ence educational programs.

To answer the question about the required profes-

2 Resolution of the Government of the Russian Federation of
06.07.2012 No. 686 “On approval of the Regulation on licensing the
production of medicines”.
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sional (hard skills) and universal (soft skills) competen-
cies, the respondents were offered an open list of knowl-
edge and skills with the ability to indicate additional
competencies that had not been included in the ques-
tionnaire. The data obtained are shown in Fig. 4 and 5.
The most popular were knowledge and skills in qual-
ity risk management (58.6%), which is explained by their
almost widespread use in GMP-regulated organizations.
It should be notified that these results coincide with the
data of the authers’ 2020 survey on the industry prac-
tice of quality risk management in the Russian pharma-
ceutical industry, in which 59.0% of the respondents
emphasized the lack of specialists with competence in
quality risk management [23]. Quite a lot of respondents
also notified the need to study specific GMP issues (the
narrow issues highlighted in the annexes of the rules
and various guidelines) and statistical methods (49.2%
and 44.2%, respectively). The authors were unable to
determine any significant correlations in the identified
educational needs with socio-demographic and profes-
sional factors. This need was not influenced by qualified
persons’ vocational education, age and work experience
in the pharmaceutical industry, the nature of products
and the size of the enterprise, the number of qualified
persons at the enterprise, the position held and work
experience in various divisions of the enterprise (QCD,
QAD, etc.). The least popular were knowledge and skills
in the field of drug production technology and pharma-
copoeial analysis (18.4 and 17.8%, respectively). In the
group that indicated the presence of such an education-
al need, there was a fairly large number of respondents
with education in the field of natural sciences (38.0%),
which, in the authors’ opinion, is explained by the ab-
sence of pharmaceutical technology and pharmaco-
poeial analysis in educational programs in biology and
chemistry. The authors did not find any correlation with
other socio-demographic and professional factors. The
identified educational needs of qualified persons with
the Exemplary Additonal Professional Training Program
for Qualified Persons'®* (EAPTP QPs) — manufacturers of
medicines for medical use, were compared. The mod-
ules “Pharmaceutical development and production of
dosage forms”, “Pharmaceutical analysis and quality
control of medicines”, “Development and production of
pharmaceutical substances” turned out to be the least
demanded or the most studied out of 10 modules of the
program (less than 20% of respondents). Taking into ac-
count the current requirements for the compulsory mas-
tering of 12 biomedical and pharmaceutical disciplines,
the EAPTP QPs modules related to these issues should
be shortened or eliminated. At the same time, the ex-
pansion and deepening of the content of such modules
as “Quality Management System of a Pharmaceutical En-

3 Order of the Ministry of Health of Russia dated January 22, 2014 No.
37-n "On the approval of exemplary additional professional pharma-
ceutical education programs" (Appendix No. 2) (Registered with the
Ministry of Justice of Russia on April 18, 2014 No. 3203).
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terprise”, “Statistical Methods Used in a Pharmaceutical
Enterprise” are definitely required. It is also necessary
to include a module on the basics of pharmacovigilance
in EAPTP QPs, and to highlight the issues of validation in
an independent module at a pharmaceutical enterprise.
Since the survey was conducted among the acting Quali-
fied Persons, it may be necessary to have two Exemplary
Additonal Professional Training Programs of Qualified
Persons at different levels (beginners’ and advanced).

The most demanded professional knowledge and
skills identified during the questionnaire, are also indi-
cated in the list of knowledge and skills necessary to per-
form labor function B / 05.7. It is entitled as “Evaluation
of the batch production record of a medicinal product
with registration of a decision on release into circula-
tion)': a pharmaceutical quality system, quality audits,
quality risk management, methods of statistical quality
management, mathematical statistics used in assessing
the results of tests and validation performed, principles
of validation of technological processes and analytical
methods, qualifications of premises and equipment, en-
gineering systems. At the same time, only 26.1% of re-
spondents carefully studied this professional standard,
and other 38.6% have just looked it through.

Thus, the identified educational needs of qualified
persons in terms of professional knowledge and skills
indicate the shortcomings of the Exemplary Additon-
al Professional Training Program for Qualified Persons,
the need for an even closer connection between the
EAPTP QPs and the corresponding professional stan-
dard, as well as the insufficient skills of qualified persons
and drug manufacturers to assess their educational and
other needs, and plan professional development using
professional standards. It can be also argued that the
impact of professional standards on the content of ad-
vanced professional education, professional programs,
including the ones for qualified persons, is not the same
as expected by the regulatory body in the field of educa-
tion®. According to the regulation on federal state con-
trol (supervision)'®, the work of the organizations carry-
ing out activities in the field of advanced professional
education (APE), is not a subject of a federal state con-
trol (supervision) and is carried out by the constituent
entities of the Russian Federation within the framework
of licensing control. Herewith, that does not include the

* Order of the Ministry of Health of Russia dated January 22, 2014 No.
37-n “On the approval of exemplary additional professional pharma-
ceutical education programs” (Appendix No. 2) (Registered with the
Ministry of Justice of Russia on April 18, 2014 No. 3203).

> Order of the Ministry of Labor of Russia dated May 22, 2017 No. 429n
“On the approval of the professional standard” Specialist in industrial
pharmacy in the field of quality assurance of medicines” (Registered
with the Ministry of Justice of Russia on July 20, 2017 No. 47480).

6 [1] Letter of the Ministry of Education and Science of Russia dated
09.10.2003 No. 06-737 “On additional professional education”, [2]
Methodological recommendations for the development of basic
professional educational programs and additional professional
programs, taking into account the relevant professional standards,
approved by the Minister of Education and Science D.V. Livanov
01/22/2015 No. DL-1 / O5vn.
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assessment of the content of APE programs. Therefore,
the assessment of educational programs is solely the re-
sponsibility of qualified persons and a pharmaceutical
enterprise (for example, on compliance with GMP, pro-
fessional standards and the Exemplary Additonal Profes-
sional Training Program for Qualified Persons, identified
educational needs of qualified persons). Unfortunately,
there was no significant improvement in the situation
with APE in the field of industrial pharmacy in compar-
ison with the authors’ assessment carried out in 2012
[24].

In general, the most demanded universal competen-
cies among qualified persons were communicative and
interpersonal skills from the group of socio-behavioral
skills, and, in particular, stress management and emo-
tions management (49.4% and 41.3%, respectively).
These data can be explained by qualified persons’ work-
ing conditions, including relations with other structural
divisions of the enterprise: almost two or three respon-
dents from this group (67.3%) reported the presence of
conflict situations in the performance of their profes-
sional functions (in the entire sample obtained there
are less than 58% of them). This, in our opinion, explains
the demand for the art of negotiations (40.9%). It should
be notified that these skills are also specified in the dis-
cussed professional standard, but are absent from the
Exemplary Additonal Professional Training Program for
Quialified Persons.

The average demand (about 20-22% of respon-
dents’ answers) for managerial competencies (con-
ducting meetings, delegating, business writing, etc.)
practically coincided with the number of respondents
combining the functions of qualified persons with the
functions of the top administrative head (29.2%). Al-
though, in general, the number of respondents in mana-
gerial positions (the head of a department, laboratory or
production site and higher positions) was 71.5%, which
can be explained by both the presence of a hidden ed-
ucational need of qualified persons and the absence of
the employer’s need to develop managerial skills among
middle managers. Moreover, there is no correlation be-
tween the educational need for managerial competen-
cies and the size of a pharmaceutical company.

It was also impossible to identify socio-demographic
and professional factors that determined a small num-
ber of respondents who indicated the need for training
in mentoring (coaching) and networking (8% each). Most
of the qualified persons who took part in the survey are,
probably, not involved in the system of internal personnel
training, or are not sufficiently informed about the com-
position of these competencies, and the lack of the need
for networking training is associated with a high degree
of closeness of Russian enterprises, the lack of qualified
persons’ culture of collaboration in the domestic pharma-
ceutical industry. On the other hand, the data obtained
correlate with the results of the carried out survey of em-
ployers and pharmaceutical industry professionals in 2012
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[22]. Then the competences in teaching and educational
activities, including mentoring, were listed among the
most popular (6 points out of 10 possible), and, perhaps,
their demand by employers led to the following result:
for example, such training at the majority of enterprises
is included in corporate educational programs. Rather a
small number of respondents (35.5%), who indicated the
presence of educational needs for the search and analysis
of information, was also unexpected. On the one hand,
it can indicate a fairly high level of digital literacy among
qualified persons (in 2012, this competence was among
the most demanded — 7.2 points out of 10 possible). On
the other hand, it can be caused by the absence of a real
need of employers for these competencies of their em-
ployees due to the low speed of digital transformation
of the Russian pharmaceutical industry. For example,
only 5.1% of respondents indicated that the evaluation
of the batch production record is electronically main-
tained at the enterprise. There is also no state attention
to the formation of digital economy competencies among
graduates of educational programs in chemical technol-
ogy, pharmacy, biology, medicine: within the framework
of the Federal Target Program “Personnel for the Digital
Economy” it is believed that only graduates of chemistry
and biotechnology programs develop two or more such
competencies’’. The authors believe that more substan-
tive and in-depth research is required to unambiguously
assess the situation and understand the factors influenc-
ing the development of the competencies of the Federal
Target Program in digital economy.

A practice analysis of planning qualified persons’
professional development at Russian pharmaceutical
enterprises showed that only half of the respondents
(50.5%) have a formal training plan for qualified persons’,
while only 34% of them undergo formal internal certifi-
cation, which indicates employers’ lack of attention to
the problems of qualified persons’ professional devel-
opment. To analyze the contents of plans, topics, forms
and modes of teaching qualified persons, 60 reports on
professional activities reviewed by the Expert Group of
the Sechenov University Attestation Commission for the
certification of qualified person — manufacturers of med-
icines for medical use of the Ministry of Health of Rus-
sia (hereinafter the “Expert Group”), were studied. All
the reports were submitted to the Expert Group in the
first half of 2021 and, according to the new template,
included training data for the reporting period (i.e., for
the last 3 years)®. In half of the reports, there was no
mention of the past internal training (53.3%), which was
confirmed by the data of the carried out survey. In 72.9%

7 Decree of the Government of the Russian Federation of June 25,
2021 No. 997 “On approval of the Regulation on federal state control
(supervision) in the field of education.”

% Order of the Ministry of Economic Development of Russia dated
January 24, 2020 No. 41 “On Approval of Methods for Calculating
Indicators of the Federal Project” Personnel for the Digital Economy
“of the National Program” Digital Economy of the Russian Federation “
and more core competencies of digital competencies).
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of reports, internal training related to the implementa-
tion of the EAEU GMP Rules at the enterprise. Of the 32
people who indicated the presence of internal training,
only half (16 people) indicated that they underwent it
annually. All the qualified persons who applied for cer-
tification in the Expert Group (hereinafter referred to as
“applicants”) underwent external training, and 80% — in
addition to the advanced training program developed by
the Exemplary Additonal Professional Training Program
for Qualified Persons, studied at educational webinars
on certain issues of GMP Rules, registration of medicines
in the EAEU, validation and qualifications at a pharma-
ceutical enterprise. About one third of the applicants
underwent external training not more frequently than
5 years, 20% — from 3 to 5 years, and the rest — almost
every year. The data on the topics of internal and ex-
ternal training are shown in Fig. 6. Most often, Supple-
mentary Programmes for Qualified Persons were trained
in various aspects of the GMP Rules, more than half of
these Programmes studied pharmacovigilance (56.7%,
almost equally in internal and external training), regula-
tory practice / science (47.7%). There was practically no
training in process analytical technologies, the produc-
tion of medical devices and primary packaging, the tech-
nology for the production of pharmaceutical substances,
project management, and others (Fig. 6). No correlation
either with the size of the pharmaceutical company and
the types of products manufactured, or with socio-de-
mographic and professional factors, has been found. In
general, according to the reports on the professional ac-
tivity of the qualified persons, the results of the analysis
of training coincided with the trends identified during
the survey.

Currently, EAEU GMP Appendix 16'° aimed at har-
monizing it with the similar GMPEC text, is being re-
vised. In the current EU version of this annex, there is
a requirement that qualified persons should prove their
continuous learning in relation to the type of product,
technological processes, technical innovations and GMP
changes (the term “continuing” is used in the EAEU
draft). The volume of continuing education required,
and the type of training acceptable by the regulator, and
the type of training evidence, have not been clearly de-
fined. At the same time, in other documents related to
qualified persons, for example, in the UK, recommenda-
tions on how to ensure the fulfillment of the require-
ments under consideration, can be found.

Professional development activities are a condition
for qualified persons’ annual renewal of the member-
ship in a trade union (a prerequisite for qualified per-
sons’ certification in the UK). The members of the soci-
ety send a short report on professional activities to the
secretariat. They reflect the maintenance of 12 profes-
sional competencies defined by this society, and 5 types

** Orlov VA. An overview of the main innovations in the new version of
Appendix No. 16 to GMP rules — "Requirements for confirmation by an
qualified person of the conformity of a series of products for the pur-
pose of its release". Available from: https://gilsinp.ru/?wpfb_dI=369
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of educational activities determined by the Science
Council of Great Britain® and are randomly checked (the
qualified persons’ certification was examined in detail in
this country [24]). This approach was also used in the
template for the annual report of qualified persons’ RSC
on continuing professional development: the Supple-
mentary Programme is recommended to correlate the
following types of professional development with pro-
fessional activities and performance of office duties, and
attach the relevant evidence:

— on-the-job training (performing the functions of a
staff internship / student internship manager, develop-
ing training proposals, writing reports);

— professional activities (participation in a profes-
sional society, mentoring);

— formal training (writing scientific and popular
scientific articles / documents, additional professional
training);

— self-study (reading magazines, reviewing books
and articles);

— other (intellectual volunteering, social activities).

The following examples are indicated as evidence in
the template: certificates and testimonies, training ma-
terials, reports, a list of studied publications, reviews.

The UK Qualified Persons’ Code of Practice has an
entire professional development?! section that details
the GMP and professional society requirements dis-
cussed above. Additionally, recommendations are given
on the procedure for fulfilling the GMP requirements
on preliminary training in case of significant changes in
qualified persons’ labor functions. For example, these
can be: changing / expanding the range of medicinal
forms released into circulation); when moving to a new
place of work and when returning to the activities of
qualified persons’ after a break: the presence of a train-
ing plan approved by the management, which indicates
the identified gaps in knowledge and skills and the re-
quired training with a time schedule.

As the foregoing example shows, the choice of form(s)
and matter(s) of professional development falls on quali-
fied persons themselves. On the other hand, the presence
of qualified persons’ professional development is a GMP
requirement, and, accordingly, is included in the complex
of actions of a pharmaceutical company to comply with
all established requirements. Therefore, in the authors’
opinion, the presence of clear criteria for assessing the
adequacy of professional development, established by
the regulatory body in the field of assessing the compli-
ance of an enterprise with GMP requirements, by analogy
with the regulation and organization in our country and

20 The Science Council Continuing Professional Development. Stan-
dards for Registrants. Available from: https://sciencecouncil.org/web/
wp-content/uploads/2021/01/Updated-CPD-Standards-for-Regis-
trants.pdf

2 Qualified Person involved in the manufacture of pharmaceuticals.
QP Code of Practice. Available from:https://www.rsc.org/globalas-
sets/09-careers/personal-professional-development/practising-scien-
tists/qpr/qp-code-of-practice-2018.pdf
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in the world of continuous medical and pharmaceutical
education [25, 26], would have had a significant positive
impact on the current situation.

This pilot study did not set the task of identifying
the industry practice of organizing internal personnel
training, including the methods used in it, which are
widely considered in the literature, and assessing their
effectiveness [3,4, 12, 27-29]. The study did not inves-
tigate the main barriers that hinder qualified persons’
professional development, such as lack of time and
heavy workload, lack of technical or financial possibil-
ities or doubts about the effectiveness of this process,
misunderstanding of the continuous professional de-
velopment concept [30, 31]. All these problems require
a further study.

CONCLUSION

Professional development is the responsibility of
qualified persons themselves, as well as the responsi-
bility of the pharmaceutical company. The guidelines
for planning professional development are the re-
quirements of the legislation of the country in which
qualified persons operate, and other requirements on
which their admission to professional activities de-
pends. The professional and official development of
qualified persons in our country is characterized by
a combination of horizontal (change in the profes-

sional and functional areas of activities) and vertical
(advancement in the organizational and managerial
hierarchy) directions.

The analysis of the open training needs identified in
the course of the study, showed that a revision of the
Exemplary Additonal Professional Training Program ap-
proved by the Ministry of Health of Russia in 2014, is
required to improve qualified persons’ qualifications of
medicines for medical use manufacturers, an update of
the professional standard in order to take into account
the 2025 (or similar) competency model, and also the
competencies of the digital economy.

The identified problems indicate the urgent
need for the regulatory authorities to develop
schemes and principles for the professional develop-
ment qualified persons. These will ensure the com-
pliance of individuals and enterprises with the new
requirements for this professional group, which are
planned to be introduced into Appendix 16 of the
Rules of Good Manufacturing Practice of the EAEU,
including criteria for CPD of qualified persons, forms
and mechanisms for confirming and obtaining the
required evidence.

All the foregoing indicates that the problems of
qualified persons’ professional development are very
relevant and require further research, including those
identified in this article.
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