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Pharmacy Compounding Regulation
in the United Kingdom

D.D. MamedoV?, D.S. Yurochkin?, S.N. Egorova?, Z.M. Golant?, I.A. Narkevich?

1Saint Petersburg State University of Chemistry and Pharmacy,
14 Prof. Popov Str., liter A, St. Petersburg, Russia, 197022
2Kazan State Medical University,

49 Butlerova Str., Kazan, Russia, 420012

E-mail: ofc.d.mamedov@gmail.com

Received 12 Jan 2025 After peer review 30 June 2025 Accepted 28 Aug 2025

Pharmaceutical practice of advanced regulatory healthcare systems places high demands on the quality and safety of
medicines, especially on compounding drugs by pharmacies. The United Kingdom is one of the countries with a developed
system of legal regulation of drug treatment, which is based on the principles of effective management and is aimed not only
at following formal procedures, but also at ensuring the ultimate goals, namely patient safety, quality of manufactured drugs
and effectiveness of pharmaceutical processes.

The aim. To identify the key elements of the British system of regulation of drugs compounding by pharmacies, to assess their
applicability in other legal systems and to form promising directions for improving Russian legislation.

Materials and methods. The study based on analysis of the UK regulatory framework governing circulation of medicines,
as well as documents from government agencies and regulatory agencies. Comparative legal, content analysis, a systematic
approach, analytical and empirical methods were used.

Results. Pharmaceutical activity is regulated by the General Pharmaceutical Council, which develops standards and guidelines
that are binding. The production of medicines is carried out within the framework of a licensing system and is subject to
the principles of good practices. The British system is based on a model of effective regulation, where the emphasis is on
achieving targeted results rather than strictly following procedures. There is a separate license for the production of special
drugs designed for a specific patient.

Conclusion. Legal and regulatory systems for manufacturing of medicines in the UK demonstrates high degree of
harmonization with international standards, including GMP and PIC/S recommendations. It can serve as a model for
improving legislation in other countries, including the Russian Federation, in terms of developing and implementing a unified
system of regulatory support for manufacturing of medicines, including introduction of adapted GMP requirements into of
pharmaceutical medicine manufacturing practice — good practices for the preparation of medicinal products.

Keywords: drugs compounding; compounding pharmacies; personalized medicine; Great Britain; good pharmacy practice;
extemporaneously compounded medicines

Abbreviations: IPP — intra-pharmacy preparation; RMP — registered medicinal product; EAEU — Eurasian Economic Union;
DF — dosage form; SOP — Standard operating procedure; ECM — extemporaneously compounded medicines; SMP — special
medicinal product; GMP — Good manufacturing practices; BPh — British Pharmacopoeia; GPhM — General Pharmacopoeia

Monograph; PhM — Pharmacopoeia Monograph.

For citation: D.D. Mamedov, D.S. Yurochkin, S.N. Egorova, Z.M. Golant, I.A. Narkevich. Pharmacy Compounding Regulation in the United
Kingdom. Pharmacy & Pharmacology. 2025;13(5):320-337. DOI: 10.19163/2307-9266-2025-13-5-320-337
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HopmaTtuBHOE NnpaBoBOE perynmpoBaHue U3roToBreHUs!
FNleKapCTBEHHbIX NpenapaToB anTe4YHbIMU OpraHn3auusiMu

B BennkobputaHun
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dapmaLeBTUYECKanA NPaKTUKa NepesoBbIX PeryiaTopHbIX CUCTEM 34PAaBOOXPAHEHUA MpeabABAseT BbicOKMe TpeboBaHMA
K KayectBy M 6e30MacHOCTU NEKApCTBEHHbIX MPenapaToB A/1A MeAULMHCKOro npumeHeHusa (/1M), ocobeHHO npu wmx
WN3roTOB/IEHUMN anTeyHbiMW opraHusaumamu (AO). BennkobputaHus npepctaBnseTr coboi oAHy M3 CTPaH C PasBUTOM
cMCTEeMOM MpPaBOBOro PeryivpoBaHMsa ObpalleHWAa neKapcTBeHHbIX cpeacTB (/1C), KOTopas OCHOBaHa Ha MPUHLMMNAX
pe3ynbTaTUBHOIO YNpaBAeHUA U Hanpas/ieHa He TONbKO Ha cobntogeHne dopmanbHbIX NpoLesyp, HO U Ha obecrneyeHune
KOHEYHbIX Lienei, a UMeHHo — 6e30NacHOCTb A1A MaLMeHTa, KauecTBo U3rotosieHHbIx JIMN 1 apdeKTMBHOCTL NpoLeccos
ocyLecTBNeHUA GapmMaLLeBTUYECKOM AeATeIbHOCTHU.

Lienb. BbifiBUTb K/toUYeBble 3/1eMeHTbl BPUTAHCKOW CUCTEMbI PEryIMpOBaHUA anTe4YHOro WM3roTOB/IEHWUA JIeKapPCTBEHHbIX
npenapaTos, OLEHUTb UX MPUMEHUMOCTb B APYrMX MPaBOBbIX cUCTEMAX U cHOPMMPOBaTb MEPCNEKTUBHbIE HAaMpPaBNEHUA
COBEPLUEHCTBOBAHWA POCCUIACKOrO 3aKOHOAATENbCTBA.

Matepuanbl U meToapbl. MiccnenoBaHve NpoBeAeHO HA OCHOBE aHa/IM3a HOPMATMBHOM NPaBoBOK 6a3bl BesiMkobputaHum,
perynvpytowel obpalleHne J1C, a TakKe LOKYMEHTOB rocyAapCTBEHHbIX OPraHOB U NPOGUAbHBIX areHTCTB. MpUMeHAINCH
CPaBHUTENbHO-NPABOBOM, KOHTEHT-aHA/IN3, CUCTEMHbIN NOAXOZA, AaHANUTUYECKUI U IMINUPUYECKUA METObI.

Pe3synbtatbl. ®apmaLeBTMYECKan AeATeNbHOCTb peryavpyetca leHepanbHbiM dapmaLeBTUHECKUM COBETOM, KOTOPbI
pa3pabatbiBaeT cTaHAAPTbI U PYKOBOACTBA, 06A3aTesIbHble AN UCNOAHEHUA. M3roToBneHue JIMN ocyLlwecTBAAETCA B paMKax
CMUCTEMbI INLLEH3MPOBAHNA U NOAYMHAETCA NPUHLMNAM HaZNeXKalmnx NpakTuK. bputaHckasa cuctema ocHoBaHa Ha Moaenu
pe3ynbTaTUBHOIO PeryIMpoBaHuA, rae aKUeHT [AeflaeTca Ha AOCTUXKEHWWM LiefieBbiX pe3ynbTaToB, a He Ha dopmasibHOM
cobntogeHnn npoueayp. CyliectByeT OTAeNbHAA NULEH3MA Ha NPOM3BOACTBO creumanbHbix JIM, npeaHa3HauYeHHbIX A
KOHKPETHOro naumeHTa.

3aknoueHne. Cuctema NpPaBOBOrO pPeryinpoBaHua u3rotoBnaeHus JIM B BenMKOOpUTaHUM [AEeMOHCTPUPYET BbICOKYHD
cTeneHb rapMOHU3aLMKN C MEXAYHAPOAHbIMU CTaHAApTamK, BKAoYaa GMP 1 pekomeHaaummn PIC/S. OHa MOMKET CAy»KUTb
MOZENbIO A/17 COBEPLUEHCTBOBAHNA 3aKOHOAATE/IbCTBA B APYrMX CTpaHax, B TOM Yncse B Poccuiickon epepaumm B acnekte
pa3paboTKu U BHEAPEHUA eAUHOM CUCTEMbl HOPMATUBHOIO obecneyeHmns feAaTebHOCTM No U3roToBaeHuto J1M, BKAtoYatoLLen
YCTaHOBNEHME «afanTMPOBaHHbIX» TpeboBaHMI GMP B MpaKTUKy anTe4yHoro narotosneHusa JIM — Haa/nexallen npakTUKu
nsrotosneHwus JIM1.

KnioueBble cnoBa: W3roToB/IEHWE JIEKAPCTBEHHbIX MPEenapaToB; MPOW3BOACTBEHHblE ANTEKWU; MNepCOHUPULMPOBAHHAA
MeAULMHaA; BennKobpuTaHua; Haaexallan anTevyHasn NpakTuKa; SKCTeMNopasibHble 1EKAPCTBEHHbIE NpenapaTbl

CnucoK coKkpaweHmii: AO — anTeyHas opraHu3aums; BA3 — BHyTpuanTeuyHas 3arotoBKa; [J1® — 3aperucTpuMpoBaHHbIi

NleKapcTBeHHbIM npenapaTt; EASC — EBpasMCKMiM 3KOHOMMYecKuid coto3; JIM — nekapcTBeHHbIM npenapar; JIC —
/leKapcTBeHHoe cpeacTBo; JI® — nekapctBeHHaa ¢opma; COM — CraHgapTHasa onepauuoHHaa npoueaypa; MO —
MeauumHckas opraHusauma; /1M — 3KcTeMnopanbHbI N1EKAPCTBEHHbIN Npenapat; C/IM — cneunanbHbIN NEeKapCTBEHHbIN
npenapat; GMP — Haaneskawasa npou3BOACTBEHHas MNpakTUKa; B — BpuTtaHckaa dapmakonena; OPC — obuwas

dapmakoneiriHan ctatba; PC —dapmakonenHas cTaTbs.

INTRODUCTION

Pharmaceutical practice in developed regulatory
systems in the healthcare sector places high demands
on ensuring the quality and safety of medicines,
especially in cases of prescribing and compounding
of medicines for medical by pharmacies. According

Tom 13, Beinyck 5, 2025

to some studies, in addition to numerous physical,
chemical, instrumental, and microbiological tests,
which are most common in the quality control of
extemporaneous drugs, it also seems advisable to
implement additional control measures to improve the
quality level of safety guarantees [1-3].
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Today, there is an special interest in the activity
of drugs compounding at various levels of the
professional community. As part of the current tasks
to improve the main elements of the regulatory legal
regulation of drugs compounding, it is fundamentally
important to ensure the transition from the current
rules of the compounding and dispensing of drugs
to the harmonized good compounding practice [4],
opening up new prospects for the development of
pharmaceutical infrastructure. Its provisions should
meet the principles of applicability to any type of
drugs that belongs to the segment of personalized
medicine, high-tech healthcare, and health-saving
technologies, as well as take into account the current
features and processes of compounding pharmacies
operating in Russia. At the same time, modern
pharmaceutical practices require pharmacies to
develop competencies in the field of development,
testing, mastering, and implementation of advanced
and most important technologies for the compounding
of drugs! [5, 6].

The United Kingdom of Great Britain and Northern
Ireland (hereinafter referred to as “Great Britain,”
“United Kingdom,” “England,” “Britain”) is one of the
countries with a developed regulatory system, where
the regulatory legal framework combines the principles
of precedent, parliamentarism, and constitutional
customs (traditionally oriented legislation), including
modern approaches to the provision of pharmaceutical
care [7, 8]. The legal regulation of the drugs
compounding in Great Britain is based on the principles
of effective management, which implies an emphasis
not only on compliance with formal procedures,
but also on achieving the ultimate goals — patient
safety, the quality of extemporaneously compounded
medicines (hereinafter referred to as “ECMs”), and the
efficiency of processes.

THE AIM. To identify the key elements of the British
system for regulating the pharmacy compounding
of drugs, to assess their applicability in other legal
systems, and to form promising directions for improving
Russian legislation. The latter is an urgent task in
connection with the active discussion of the future of
compounding pharmacies in the Russian Federation,
including issues related to the implementation of good
compounding and dispensing practice? of drugs [1, 9],

! Failures G.A. Development of methodological foundations for the
harmonization of pharmacy practice and the integration of quality
assurance and management systems: specialty 14.04.03 Organization
of pharmaceutical business: dissertation for the degree of Candidate
of Pharmaceutical Sciences; Failures George Alexandrovich. Moscow;
2009. 209 p. EDN: NQMMZL. Russian

2 SPCFU’s participation in Pharmaceutical Treatment 2025. Available
from: https://clck.ru/3MXAC6. Russian
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the development and implementation of new provisions
of the State Pharmacopoeia of the Russian Federation
XV edition [10, 11], which should take into account
modern international approaches and opportunities of
pharmaceutical practice [12].

MATERIALS AND METHODS

The object of the study was the regulatory legal
documents of Great Britain regulating the sphere
of circulation of medicines, as well as documents
of state bodies and specialized agencies of Britain
(https://www.legislation.gov.uk/ — official archive and
publishing house of the Government of Great Britain;
https://www.parliament.uk/ — official website of the
Parliament of Great Britain).

The United Kingdom is a state consisting of
England, Wales, Scotland, and Northern Ireland.
Naturally, each of these countries has common
legislative norms on various issues, including features
and (or) exceptions that will not be mentioned in this
manuscript and are accepted as irrelevant.

This work is a continuation of a series of scientific
research by the authors devoted to the issues of
regulatory legal regulation of the drugs compounding
in world healthcare systems, where the main legislative
imperatives of the named activity were consistently
studied (including issues of direct circulation of
compounded drugs): at the supranational level — in the
European Union (hereinafter referred to as “EU”) [13],
at the national level — in the USA [14], Germany
[15-17], Latvia [18], the Netherlands [19], BRICS
countries [12] and the CIS [13], as well as the Russian
Federation [20-22].

Starting to study the regulatory legal regulation
of the drugs compounding in the United Kingdom,
it is necessary to describe the logic of the formation
of English legislation, where the following are
distinguished**:

1. Constitutional documents (un-codified constitution):
—  Act of Settlement, 1701;

—  Bill of Rights, 1689.

2. Primary legislation (acts of parliament):

—  Employment Rights Act, 1996;

—  Equality Act, 2010.

3. Secondary legislation issued on the basis of
primary legislation as part of (documents of the UK
Government and its ministries):
— Orders: The Companies

Reporting) Order, 2018;

(Miscellaneous

3 Slapper G, Kelly D. The English legal system. — Routledge-Cavendish;
2003.

4 Partington M. Introduction to the English Legal System 2018-19;
Oxford University Press; 2018.
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—  Regulations: The Working Time Regulations, 1998;
—  Rules: The Immigration Rules, 2023.
4. Guidance and Standards:
— Fundamental Standards of the Care Quality
Commission.

The main research method was comparative legal
analysis, which allowed us to identify the features of
regulation of compounding of drugs by pharmacies in
England and to correlate them with similar approaches
in other countries. Content analysis of documents
ensured the systematization of legal norms concerning
the requirements of licensing, quality control, and
distribution of responsibility in compounding of drugs
by pharmacies. A systematic approach made it possible
to consider the institution of drugs compounding in
the context of the entire procedure for the circulation
of medicines, to assess the role of professional self-
regulatory organizations, and to identify approaches
in public administration, including those based on
international standards. The analytical method was
applied to interpret the requirements for personnel,
premises, equipment, and processes of drugs
compounding. The empirical method consisted of
studying practical examples of the implementation of
legal norms. The comprehensive application of these
methods allowed us to comprehensively consider
the subject of the study and formulate reasonable
conclusions.

In this work, an analysis of a wide range of relevant
sources was carried out and information was obtained
from regulatory acts regulating the activities of
compounding pharmacies in Great Britain, which was
implemented by the bibliometric method.

Information from various sources was used as
materials. In the part of the analysis of regulatory
legal documents were used: the electronic fund of
regulatory technical and regulatory legal information
of the Codex Consortium, the legal reference system
of Great Britain Legislation.gov.uk. For analyze of
relevant sources of information and data from search
engines were used: PubMed, the eLIBRARY.RU, Russian
National Library, National Electronic Library, and Google
Academy. The search was carried out using the next
key queries in English: “medicine”, “extemporaneous”,
“compounded”, “drug formulations”, “pharmacy”,
“compounding”, “drug”. The selection of literature
was carried out for the period from 1968 to 2023.
The choice of the period is due to historical events
and the beginning of the active development of
the activity of drugs compounding in the Soviet
Union. The search of literature was in Russian
and English.
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RESULTS AND DISCUSSION

The main regulatory legal documents that regulate
the circulation of medicines in Great Britain are the
Medicines Act of October 25, 1968 (hereinafter referred
to as the “English Law”)® and the Human Medicines
Regulations of July 19, 2012 (hereinafter referred to as
the “English Rules”)®, where the word “preparation”
is used in relation to the compounding of medicines,
similar to that in the European Union (EU).

Key regulators in the market

of medicines circulation in Great Britain

The structure of the Government of Great Britain
includes”&:

1. The Department® of Health and Social Care [23],
responsible for developing public policy in the field
of healthcare. The subordinate organization is the
Medicines and Healthcare products Regulatory
Agency (hereinafter referred to as “MHRA”), which
issues licenses to compounding of medicines,
wholesale companies, pharmacovigilance,
inspection of production sites for compliance
with the rules of Good Manufacturing Practice
(hereinafter referred to as “GMP”), Good
Distribution Practice (hereinafter referred to as
“GDP”)%, and other functions.

2. The Department for Business and Tradel?,
responsible, among other things, for the
development of the pharmaceutical industry and
international trade.

The professional activity of pharmaceutical and
medical workers is regulated by independent regulatory
bodies in the form of the General Pharmaceutical
Council (hereinafter referred to as the “Pharmaceutical
Council”)*? and the General Medical Council®®, which
were created by the “Pharmacy Order” No. 231 of
February 10, 2010 (hereinafter referred to as the
“Pharmacy Order”)* and the Medical Act® of July 26,

> Medicines Act 1968. Available from: https://clck.ru/3MEQvU
6 The Human Medicines Regulations 2012. Available from:
https://clck.ru/3MEfon

7 National Health Service Act 2006. Available from:
https://clck.ru/3MEfqG
8 Health and Social Care Act 2012. Available from:

https://clck.ru/3MEfrB

° In the United Kingdom, the words “department” and “ministry”
are synonymous due to the historical development of public
administration. Russian

1 Medicines: good manufacturing practice and good distribution
practice. Available from: https://clck. ru/3MkHF8

% Department for Business & Trade. Available from:
https://clck.ru/3MEfsw
2 General Pharmaceutical Council. Available from:

https://www.pharmacyregulation.org/

3 General Medical Council. Available from: https://clck.ru/3MkHSS
 The Pharmacy Order 2010. Available from: https://clck.ru/3MEftn
> Medical Act 1983. Available from: https://clck.ru/3MEfuw
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1983, respectively. According to these regulatory legal
documents, these independent bodies are accountable
to the Parliament of the United Kingdom, but act
autonomously.

The National Health Service of Great Britain
(hereinafter referred to as “NHS”)'® operates on the
territory of the United Kingdom. A formed state
healthcare system, created in 1948 and based on
the principles of free access to medical services, the
financing of which is carried out from taxes paid. The
NHS covers the entire territory of Britain and consists
of four autonomous but interconnected systems — in
England, Scotland, Wales, and Northern Ireland. The
system provides access to a wide range of services —
from primary healthcare to highly specialized treatment
in hospitals [24, 25].

Licensing of pharmaceutical activity

According to the English Rules, there are three
main types of activity that are subject to separate
licensing procedures:

Retail Pharmacy Licence;

—  Wholesale Dealer Licence;

— Manufacturing Licence.

In the United Kingdom, separate -certificates
of compliance with GMP or GDP requirements are
not issued — the very presence of a wholesale or
production license implies that the licensee complies
with these rules.

However, the legislation of Great Britain on the
circulation of medicines does not contain specific
definitions of these types of activity.

Thus, section 8 of the English Rules defines retail
pharmacy business, which includes the retail sale of
drugs that are not subject to “free sale”.

Section 5 of the English Rules
classification of drugs:

1. Prescription Only

referred to as “POM”).

2. Pharmacy Medicine (hereinafter referred to as
“PM”) dispensed without a prescription, but
only in pharmacies.

3. Available for “free sale” (General Sale List; for
example, in supermarkets, hereinafter referred
to as “GSL”).

The regulation of wholesale trade in medicines
is covered in section 18 of the English Rules, where it
includes the supply of drugs to medical organizations
(hereinafter referred to as “MOs”), as well as other
subjects of medicines circulation for the purposes
of subsequent resale. However, manufacturers of

presents a

Medicine (hereinafter

6 NHS website for England. Available from: https://www.nhs.uk/
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medicines, when directly selling their products to
pharmacies and MOs, do not have to obtain a wholesale
license and can carry out supplies under a production
license, which is due to the presence in GMP of
instructions on compliance with GDP rules (Fig. 1).

The regulation of the activity of pharmacies is
carried out according to standards and guidelines that
are developed and published by the Pharmaceutical
Council. The resulting licensing scheme in the field of
medicines circulation is presented in Figure 2.

In accordance with sections 22, 167, as well
as paragraphs 14, 22, 37 of Appendix No. 4 of the
English Rules, a special license for the manufacturing
(Manufacturing Specials Licence) is distinguished [26].
This type of license is intended for the production of
“special” medicines (Special Medicines; hereinafter
referred to as “SMs”) [27], which are produced
according to an individual technical specification
provided by a doctor, dentist, or pharmaceutical
worker and are intended for use by a specific patient,
for the effectiveness of treatment of which the above-
mentioned specialist bears direct responsibility.

This type of activity is separate and does not
require the presence of a “standard” license for
the production of drugs, while the compounding of
SMs must comply with GMP requirements. There is
also a separate MHRA guide for manufacturers of
SMsY, which gives instructions on the interpretation
of individual provisions of GMP in relation to the
specifics of the products being compounded. This
approach is identical in the organization of work of
503B type pharmacies in the USA [28-30], where, as
is known, such organizations must comply with GMP
requirements, but a separate FDA guide introduces
exceptions to these rules. That is, formally, compliance
with GMP®® ¥ js required, but not for the entire scope
of requirements [12].

SMs are supplied to MOs, where they were
prescribed to the patient, at the same time, the
possibility and the right to move the named products
between Great Britain and Northern Ireland is
established. In addition, MHRA has developed a
special document on the distribution of SMPs for such
cases® (Fig. 3).

7 Guidance for ‘specials’ manufacturers. Available from: https://clck.
ru/3MzZb58

8 Current Good Manufacturing Practice — Guidance for Human Drug
Compounding Outsourcing Facilities Under Section 503B of the FD&C
Act Guidance for Industry. Available from: https://clck.ru/3MkGfv

¥ Questions and Answers on Current Good Manufacturing Practice
Requirements. Control of Components and Drug Product Containers
and Closures. Available from: https://clck.ru/3MkGIE

20 Medicines and Healthcare Products Regulatory Agency. The supply
of unlicensed medicinal products («specials»); MHRA Guidance
Note 14; 2014.
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Key features of the legislation

on the compounding of medicines

In accordance with part 4 of the English Law, a
legal basis was established at the legislative level for
regulating retail pharmaceutical activity, including
the provision of services for dispensing and drugs
compounding.

However, most of the original provisions of this law
were repealed or replaced after the entry into force
of the English Rules — a regulatory legal document
that, at the time of the study, plays a central role
both in practical application and in the administrative
enforcement of pharmaceutical legislation. Despite
this, the English Law remains the legal basis on which
modern rules are developed and operate. Many key
principles noted in this document are relevant and
formed the basis of the modern system of regulation
of medicines circulation in the territory of the United
Kingdom.

According to section 10 of the English Law, it is
not required to obtain a production license for the
following actions in pharmacies and MOs:

— compounding of drugs;

— intra-pharmacy packaging of registered medicines

(hereinafter referred to as “RMs”).

Such types of activity are carried out exclusively by
a pharmacist?! and (or) under his supervision and can
be carried out by pharmacies under a pharmaceutical
license, as well as by MOs under a medical license.

In addition, section 10 of the English Law
provides an exhaustive list of grounds for the drugs
compounding and intra-pharmacy packaging of RMs:

— compounding and intra-pharmacy packaging
of MPs are carried out according to a doctor’s
prescription for a specific patient;

— compounding and intra-pharmacy packaging of
medicines are carried out in the form of intra-
pharmacy preparation (hereinafter referred to as
“IPP”) for subsequent dispensing according to a
doctor’s prescription;

— compounding of drugs at the request of an
“individual” [15, 16] for medicines subject to
over-the-counter dispensing (PM, GLS);

— drugs compounded by pharmacy are not subject
to supply to MOs and can be dispensed to the
patient only according to a doctor’s prescription
and (or) on the basis of a request from an
“individual”, i.e. supply to MOs can only be
carried out for SMs, if there is a special license for
the compounding of drugs.

2|n the UK, there are pharmacists (higher pharmaceutical education —
4 years of study) and pharmaceutical technicians (secondary
pharmaceutical education — 2 years of study).
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In accordance with sections 69, 70, and 71 of the
English Law, retail pharmaceutical activity can be
carried out either by an individual or by a legal entity
(body corporate) [31], and for each of these cases, its
own requirements are established for the appointment
of persons responsible for pharmaceutical activity.

If pharmaceutical activity is carried out by an
individual (analogous to an individual entrepreneur
in Russia), then for each address of pharmaceutical
activity, a Responsible Pharmacist must be appointed,
obliged to monitor compliance with
pharmaceutical law on a daily basis. The name of the
responsible pharmacist and his registration number
must be placed in an accessible (visible) place of each
pharmacy. He bears personal legal responsibility for
compliance with standards when dispensing drug at his
address of activity.

If pharmaceutical activity is carried out by a legal
entity, then according to sections 69 and 70 of the
English Law, a mandatory condition is the presence of
a Superintendent Pharmacist [32], who is responsible
for all pharmaceutical activity of the company. This
specialist must be a pharmacist and be responsible
for conducting business in all pharmacies owned by
the company. At the same time, for each address of
pharmaceutical activity, a responsible pharmacist must
be appointed, who can be either the superintendent
himself or pharmacist acting under his
guidance. Thus, the superintendent provides overall
control and compliance with standards throughout
the network, while responsible pharmacists bear
operational responsibility for the pharmaceutical
services provided and the work performed by specific
pharmacies.

It is also worth noting here that English legislation
uses the term “Assembling a Medicinal Product” [33],
which also includes intra-pharmacy packaging of RMs,
as well as: “relabeling of medicines” and “packaging
of medicines” with other components (for example,
syringes, dispensers). At the same time, the direct
process of “assembly” of drug consists in the fact that
there should be no qualitative and quantitative change
in the drug or its dosage form (hereinafter referred to
as “DF”).

According to part 1 of the English Rules, EMs and
packaged RMs are not subject to state registration in
the territory of Great Britain. In the context of the cycle
of works by the authors of this study, the latter has a
significant role in view of the presence of legal conflicts
in the procurement of EMs and packaged RMs, since in
Russian legislation [13, 34]:

who is

another
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— the definition of RM is not established;

— a number of bylaws of the contract system
in the field of procurement establish barriers
and restrictions in the procurement of RMs,
which may be the basis for canceling ongoing
procurements in cases where their subject is
packaged RMs.

In turn, the English Rules directly indicate that a
violation of the primary packaging automatically makes
the medicine unregistered and the packaged RMs cease
to comply with the registration certificate. A similar
legal structure operates in Germany [15, 16].

Also, a feature that we consider necessary to
note is the expanded right of pharmaceutical workers,
provided for in section 12 of the English Rules, allowing
the dispensing of prescription medicines without a
doctor’s prescription in the following cases:

— the doctor has confirmed (orally and (or) in
writing) the patient’s need for the drug, and in
this case, the prescription must be provided to
the pharmacy within 72 hours from the moment
of dispensing the drug;

— duringpharmaceutical counseling, the pharmacist
came to the unambiguous conclusion that in this
situation the patient cannot get a prescription
for the drug, and any delay in taking the drug will
lead to health risks and (or) the requested drug
was prescribed to the patient earlier.

Compounding of medicines:

A model of effective regulation

The analysis of the current regulatory legal
documents devoted to pharmaceutical activity in the
United Kingdom showed that the model of outcome-
based regulation in modern pharmaceutical practice
in Great Britain, in which the main emphasis is
placed on achieving certain target results, and not on
“strict” adherence to prescribed procedures [35-37].
Thus, there are no detailed documents in the British
regulatory system that are comparable, for example,
with the rules for the compounding and dispensing of
drugs®. In other words, the regulatory acts establish
a minimum level of general requirements, and not a
descriptive part, in particular, a specific technology for
the drug compounding.

The professional activity of pharmaceutical workers
is regulated by the Pharmaceutical Council with powers
in the following areas:

2 Order of the Ministry of Health of the Russian Federation dated May
22, 2023 No. 249n “On Approval of the Rules for the compounding
and Release of Medicines for Medical Use by pharmacy Organizations
Licensed for pharmaceutical activities”. Available from: https:// clck.
ru/3MEfx2. Russian
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— creation and maintenance of a register of
pharmaceutical workers, pharmacies, and their
premises;

— establishment of  Standards,
requirements for the

Guidance,
implementation of
professional activity of pharmaceutical workers;

educational

— formation of programs  for

pharmaceutical workers, establishment of
relevant requirements for their accreditation and
continuing education;

— conducting inspections and investigations.

Mandatory and structural elements in the

composition of the Pharmaceutical Council are:

— regulatory committee (combines functions similar
to those for the Department of Medicines and
Medical Devices Regulation and the Department
of Medical Education and Personnel Policy in
Healthcare of the Ministry of Health of Russia);

— inspectorate (analogous to Roszdravnadzor);

— appeals committee (appeal against orders issued
by the inspectorate, there is no analogue in
Russia).

The latter is an important part of the dialogue
between control and supervisory bodies in any sphere
of economic activity. For example, the pre-trial (out-of-
court) procedure for appealing decisions and actions
(inaction) of Roszdravnadzor (territorial body), as well
as its officials, is regulated by paragraphs 110-132 of
the order of Roszdravnadzor dated July 10, 2020 No.
59742, which states that complaints can be sent to
the head of Roszdravnadzor or the Ministry of Health
of Russia. In such an iteration, the interested person
appeals the decisions of the inspectorate to it, and the
higher organization (the Ministry of Health of Russia)
does not have a structural unit that would perform such
functions.

The Pharmaceutical Council
independently other

organizational structure, and is also obliged to consult

has the right to
determine elements of its
with the professional community (existing business,
expert and educational organizations, and others)
before introducing any rules regulating the professional
activity of pharmaceutical workers.

The Pharmaceutical Council is the main body
that carries out the function of developing and
implementing

regulatory legal regulation of the

professional activity of pharmaceutical workers. At

2 Roszdravnadzor Order No. 5974 dated July 10, 2020 “On Approval of
the Administrative Regulations of the Federal Service for Healthcare
Supervision on the Implementation of State Quality Control and Safety
of Medical Activities. Available from: https://clck.ru/3MEfxu. Russian
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the time of this study, the Pharmaceutical Council
has developed and implemented more than 20
different standards and guidelines that are mandatory
for pharmaceutical workers®* to comply with. The
Standards of the Pharmaceutical Council consist of nine
key principles:

1. The central role of the patient (pharmacists must
put the interests of patients first, ensuring access
to safe and effective pharmacotherapy).

2. Teamwork (pharmacists must cooperate with
medical workers to ensure comprehensive care
for patients).

3. Omnichannel communication model (doctor—
patient—pharmacist).

4. Professional behavior (pharmacists must
demonstrate high standards of professional
behavior and ethics).

5. Professional knowledge and skills (pharmacists
must maintain and develop their professional
knowledge and skills).

6. Professional decisions (pharmacists must make
informed decisions based on evidence and
knowledge).

7. Respect and confidentiality (pharmacists must
respect the rights of patients and ensure the
confidentiality of their data).

8. Responsibility (pharmacists must demonstrate
leadership qualities and take responsibility for
their actions).

9. Risk management (pharmacists must identify and
minimize risks associated with pharmaceutical
practice).

The described principles are largely harmonized
with the concept of providing pharmaceutical care
adopted in the EU [13]. In our previous works, we
have repeatedly described the European concept of
providing pharmaceutical care in the form of a set
of pharmaceutical services, as well as the gradual
“simplification” of the concept of pharmaceutical
activity, pharmacy infrastructure, pharmacy
technologies, and personnel qualifications in the
Russian Federation [13, 21, 38]. British law does not
specify the full list of existing pharmacy services,
however, the Standards of the Pharmaceutical Council
for pharmacists?®, they include all services provided
by pharmacies, including activities related to the retail
sale of drugs, their dispensing, storage, transportation,

24 Standards and guidance for pharmacy professionals. Available from:
https://clck.ru/3MDaju
%5 Standards and guidance for pharmacy professionals. Available from:
https://clck.ru/3MDaju
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clinical services of pharmacies

and pharmaceutical

compounding,
(vaccination, etc.),
counseling. In 2022, amendments were made to the
English Law, which introduced:

— definition of “Relevant Pharmacy Service” —

screening,

a pharmaceutical service that is provided in
MOs, nursing homes, prisons, and other social
institutions;

— position of Chief Pharmacist [39, 40] — the
authorized pharmacist for the provision of
pharmaceutical services in the above-mentioned
institutions, in the absence of a license for the
retail sale of drugs.

Based on the content of the explanatory note?, the
described changes were introduced to strengthen the
protection of medical workers from criminal liability
in terms of providing pharmaceutical services without
the presence of a pharmacy in the MO. At the same
time, in Russia, against the background of the problem
of the availability of medicines and pharmaceutical
care, these issues have only developed due to the
shortage of pharmacies and pharmaceutical workers
in rural settlements in which there are no pharmacies.
In particular, the solution is implemented through the
retail sale of drugs through outpatient clinics, feldsher
and feldsher-midwife stations, centers (departments) of
general medical (family) practice (Article 55 of Federal
Law-61). On the other hand, at the time of the study,
a draft law was published, according to which it is
proposed to expand the functionality of the Russian
Post Office for the retail sale of over-the-counter
drugs in remote and sparsely populated areas without
obtaining a pharmaceutical license and complying with
special storage conditions?, leaving open questions
about ensuring the quality of medicines, storage
requirements, compliance with dispensing rules,
and possible criminal liability in terms of providing
pharmaceutical services, including pharmaceutical
counseling.

For the purposes of this study, it is necessary to
highlight the following general features from the main
standards and guidelines?® # of the Pharmaceutical
Council:

% The Pharmacy (Preparation and Dispensing Errors — Hospital and
Other Pharmacy Services) Order 2022. Available from: https://clck.
ru/3MEVGG

270n amendments to certain legislative acts of the Russian Federation.
Available from: https://clck.ru/3MgppC. Russian

28 Standards for pharmacy professionals. Available from: https://clck.
ru/3MDaUE

2 Standards for registered pharmacies. Available from: https://clck.
ru/3MEah7
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1. Requirements for personnel:

— pharmaceutical workers are obliged to ensure
the safety and quality of the services provided. If
situations arise that go beyond their competence,
they should seek help from other specialists;

— delegation of tasks should be carried out
exclusively to qualified persons who have
undergone appropriate training, with mandatory
provision of the proper level of control over the
performance of assigned functions;

— all employees involved in the process of
compounding and dispensing of drug must have
the necessary professional knowledge, skills, and
experience.

2. Requirements for premises:

— must be safe, clean, properly maintained,

and suitable for the pharmaceutical services

provided and comply with established
sanitary standards (including confidentiality
requirements for clinical services).

3. Requirements for equipment. All equipment
used must:

— come from trusted suppliers;

— correspond to its purpose;

— be protected from unauthorized access by third
parties;

— be properly operated and maintained.

4. Documentation and registration:

related to the

pharmaceutical

— all records provision of
services must be kept and
maintained up to date, all personal information
about patients must be processed in such a way
as to ensure its confidentiality.

5. Obligations of the pharmacy owner:

— Pharmacy owners must ensure that all
personnel are familiar with the standards and
guidelines of the Pharmaceutical Council,

understand the importance of their compliance,
and are aware of all responsibility for their
non-compliance.

Basic principles of drugs compounding

in pharmacy

For the activity of pharmacies in the compounding
of drugs in England, a separate guide to the
compounding of drugs (hereinafter referred to as the
“British Guide”)*® is provided, according to which:

— responsibility for compliance is borne by the

30 Guidance for registered pharmacies preparing unlicensed medicines.
Available from: https://clck.ru/3MEf3X
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owners of pharmacies, who are also obliged to
ensure the implementation of other regulatory
requirements related to the legislation on the
circulation of medicines;

— deviations from the guiding principles described
in the guide are permissible in cases where the
achievement of established standards can be
implemented in other ways and provided that
the final results;

— compounding of IPPs is allowed provided that such
EMs are intended for subsequent sale through
pharmacies of one pharmacy (as a legal entity);

— patient can expect that the compounded drug will
correspond in quality and safety to the same drug
in the case of its production under a production
license.

From the point of view of good practices, the
British Guide distinguishes five principles that must be
observed in production pharmacies:

Principle No. 1. Ensuring the safety of EMs for
patients through an effective risk management
system.

Each production pharmacy must develop and
approve regulatory provisions that allow minimizing
the risks to patients associated with the drug
compounding. This principle covers the following key
aspects.

1.1. Risk assessment

According to the British Guide, risk assessment
means a systematic analysis of factors that can cause
harm to patients or other persons, as well as the
formation of necessary measures to neutralize such

factors.

The risk  assessment methodology  must
demonstrate its effectiveness for each address of
pharmaceutical activity and, in particular, include

provisions and procedures on:

— pharmaceutical examination of the prescription
(checking, incompatibilities, doses, etc.);

— verification of the method of drug compounding;

— identification of specific risks associated with the
raw materials;

— ensuring the necessary level of training and
qualification of personnel;

— compliance of equipment, and

sanitary regime with the types of compounding

premises,

nomenclature;

— preventing the risk of contamination;

— circumstances under which a re-assessment
of risks will be required.
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1.2. Internal audit

For the purposes of ensuring compliance with
safety and quality standards of EMs, it is necessary
to conduct a regular audit of the processes of drugs
compounding. At the same time, the frequency of
the internal audit is determined by the parmacy
independently, where the time intervals must be
justified and reflect the specifics of the activity of each
pharmacy at the address of pharmaceutical activity. The
audit must include at least:
comprehensive inspection of premises

(temperature, humidity, lighting, sanitary
standards);assessment of equipment and its
operating conditions;

— analysis of the processes of drug compounding
and their quality control;

— assessment of the
qualification of personnel;

— verification of record keeping, including in relation
to the methods used for drug compounding,
ensuring traceability of raw materials, proper
labeling of EMs, and data storage.

The results of the audit should be used to
adjust existing procedures, identified
shortcomings, and improve the overall level of quality
of pharmaceutical services provided.

1.3. Review of risk assessment

- 4d

level of training and

eliminate

If there are changes in the working conditions
of the pharmacy that affect the process of drug
compounding, it is necessary to review the risk
assessment and related procedures. Such changes may
include:

— replacement of pharmaceutical workers;

— introduction of new personnel into the processes

of drug compounding;

— modernization or replacement of equipment;

— change of suppliers of raw materials and

packaging materials;

— registration of incidents or complaints filed by

the public and the medical community;

— change of environmental conditions or technical

characteristics of premises.

The review of the risk assessment must be
documented and serve as the basis for conducting a
new risk assessment if required.

1.4. Recall procedures

The pharmacy must have developed and validated
procedures for recalling, withdrawing from circulation,
and subsequent destruction of compounded drug
in case of detection of factors that pose a risk to
patients. Such procedures must indicate the person

Tom 13, Beinyck 5, 2025

who is responsible for the implementation of
these procedures, as well as establish appropriate
procedures, including the sequence of actions
and indication of supervisory authorities and (or)
organizations that must be notified of the procedure for
recalling, withdrawing from circulation, and subsequent
destruction of EMs. The instructions must provide
additional mechanisms that allow each employee of
the pharmacyto report a suspicion that the drug may
be substandard or unsafe.

1.5. Responsibility

For each address of pharmaceutical activity,

records must be kept that allow determining which of
the pharmacists is responsible for the compounding of
a specific medicine, as well as which pharmaceutical
technicians and other employees of the PO participated
in this process (if applicable).

1.6. Record keeping

All stages of drug compounding must be

documented. The duration of record keeping must
be justified and determined by the pharmacy
independently. At the same time, the period of their
storage must be sufficient to conduct an investigation
in case of incidents or complaints. The records must
include information at least in relation to:

a) The process of drug compounding, including:

— description of the key stages of drug
compounding;

— detailed calculations with double checking;

— date of compilation of the worksheet (standard
operating procedure for drug compounding);

— surname and name of the pharmacist who
preparation the drug, full name of the pharmacist
who approved the release of the finished product;

— surname and name of the pharmaceutical
technician who participated in the process of
drug compounding (if applicable);

b) raw materials, including:

— source of receipt (compounding of drug or
wholesale distributor);

— certificate of conformity (if applicable)31;

— certificate of analysis (if applicable)32;

— batch number;

— expiration date (if available);

— surname and name of the pharmacist who
checked the raw materials;

— description of the packaging.

31 A certificate of conformity confirming that the raw materials meet
the established requirements or specifications, but do not contain test
results.

32 A certificate containing the results of the test results of the feedstock
together with an assessment of its compliance with the declared
specification.
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c¢) compounded drug, including:
date of compounding;

batch number;

expiration date;

date of dispensing to the patient.

d) patient, including:

— surname and name;

— patient’s address;

— contact details (phone, email, etc.);

— sample of the labeling that was applied to the

drug;

— surname and name of the person who created

the label layout.

e) prescription (in
prescription), including:

— surname and name of the doctor (contact

details);

— patient’s age;

— other prescription data.

f)  incidents and complaints, including:

— reports of suspected adverse reactions;

— complaints and comments.

Principle No. 2. High professional competence and
continuous education.

All employees of the pharmacy who participate
in the drugs compounding must have the necessary
qualifications, undergo appropriate training, and
constantly improve their knowledge, skills, and abilities.

2.1. Training

Admission to the implementation of activities for
the drugs compounding is granted only after mastering
the corresponding level of the educational program.
If an employee is in the process of training, then a
mentor must be assigned to him, who will exercise
proper control.

To work with EMs, the personnel of the pharmacy
require knowledge and skills that go beyond the retail
sale of RMs.

If an employee does not have sufficient
qualifications, the owners of the pharmacymust
organize additional training. Special attention should be
paid to regular knowledge and skills checks, especially
in situations where work is carried out with specific
raw materials and (or) methods of drug compounding,
including with raw materials and methods that are used
in relatively rare cases.

Employees working with highly hazardous and
(or) active raw materials (cytostatics, hormones,
biological raw materials) [41] or in conditions
requiring compliance with special sanitary measures
(compounding of sterile DFs) must undergo special
training corresponding to the nature of the work
performed.

case of dispensing by
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2.2. Training records

The owners of the pharmacy are obliged to
keep records of the training of personnel and store
information for as long as it is considered reasonable
and justified. Such records must be available upon
request from authorized bodies and organizations.

Principle No. 3. Compliance of the production
environment with the nature of the work performed.

Premises intended for the drugs compounding
must comply with the required level of cleanliness
classes. It is required to implement all measures to
prevent contamination and the risks of its occurrence.

3.1. Measures to minimize contamination

Premises intended for the drug compounding
must be designed to correspond to the nature of the
work performed. If there is a need, it is necessary to
have separate work areas for the drug compounding
of different classes. The working environment of
the premises must correspond to the established
cleanliness class.

Specific measures should be taken to prevent
or minimize the risk of cross and microbiological
contamination during the drug compounding.

The described factors must be taken into account
at the stage of conducting the initial risk assessment.

3.2. Records on compliance with the sanitary regime

It is necessary to keep records on compliance
with the sanitary regime, including standard operating
procedures for cleaning premises and equipment, as
well as assessments of microbiological purity. Records
should be kept for as long as it is considered reasonable
and justified.

Principle No. 4. The procedure for providing
pharmaceutical services must ensure the effectiveness
and safety of EMs.

4.1. Raw materials

The quality of the finished product directly
depends on the quality of the raw materials. The
pharmacy must ensure that it comes from trusted
suppliers.

4.2. Quality Assurance

The quality control system must consist of at least
the following elements:

— use of worksheets;

— confirmation of the quantity and identity of

ingredients;

— availability of qualified and trained personnel;

— properly maintained equipment.

The pharmacy must guarantee the proper quality
of EMs. When compounding a series of drugs, including
in the form of IPPs, the quality control system must be
more extensive (for example, conducting full chemical
control) than in the case of a single manufacture
of EMs.
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Pharmaceutical
Manufacturer

Independent supply
of medicines to phar
macies and medical organizations

Sale of medicines
to a distributor

Possession Possession of a Production
of a Production License and Wholesale License

Figure 1 — Requirements for the availability of licenses for manufacturers of medicines

Pharmaceutical Market

Pharmaceutical Production Wholesale of medicines Retail sale of medicines

Production Wholesale Retail
License License License
1

® ©®

MHRA Guidance

Figure 2 — Licensing requirements in the United Kingdom.

Production of special medicines

Guidance for «specials»
manufacturers MHRA Supply of medicines
Guidance Supply unlicensed medicinal to medical organizations
products (specials) MHRA

GMP

Y

Dispensing in pharmacies
as part of medical care
or dispensing of medicines
by a doctor

Figure 3 — Licensing requirements for special medicines.
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4. British Pharmacopoeia

1. Special license for the production of medicines

2. MHRA guidance
3. British Pharmacopoeia

Figure 4 — Schematic diagram of organizational approaches to compounding of drugs in the UK.
Note: ELP — extemporaneous medicines; SLP — special medicines.

4.3. Information for patients

Each production pharmacy must have a patient
information system, according to which the responsible
pharmacist (or other competent pharmaceutical
worker) informs him that he will be dispensed an
unregistered drug, where, in certain cases, there is no
clinical trial data and information on the safety and
effectiveness of such medicine.

Principle No. 5. Compliance of equipment and
premises with the nature of the work performed.

5.1. Specialized equipment and premises

The pharmacy must have equipment and premises
specially designed for the purposes for which they will
be used by employees. The equipment must be of high
quality and accuracy (if necessary) to guarantee the
compounding of high-quality and safe EMs.

5.2. Equipment maintenance logs

For each type of specialized equipment, it is
necessary to keep maintenance logs, including data on:
conducted verifications and calibrations; planned and
unscheduled maintenance; identified malfunctions and
their elimination. Records should be kept for as long as
it is considered reasonable and justified.

The British Guide recommends that pharmacies
additionally use the following in their activities for the
drugs compounding:

— The MHRA Orange Guide to Rules and Guidance

for  Pharmaceutical Manufacturers  and
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Distributors;

— PIC/S Guide to Good compounding Practice for
Medicinal Products;

— Resolution on the requirements for the quality
and safety of the compounding of medicines in
pharmacy for the special needs of patients.

Extemporaneous compounding

in the British Pharmacopoeia

The British Pharmacopoeia (hereinafter — BP)®
contains 94 pharmacopoeial monographs on individual
formulations of ELP in different dosage forms, as well
as a number of general pharmacopoeial monographs
(hereinafter — GPM) devoted to various aspects of
drug compounding:

1. GPM “Pharmaceutical preparations” — from the
European Pharmacopoeia and introducing the
classification of ELP, including those made in the
form of AIS [13];

2. GPM “Unlicensed Medicines”.

In contrast to other global regulatory systems
that have been previously studied by the authors
of this study, this GPM is devoted to both EMs and
SMs (hereinafter jointly referred to as NMs), which
repeatedly emphasizes the continuity of good
practices. The document defines key aspects of

3 The authors have access to the full version of the British
Pharmacopoeia 2022 edition.
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quality assurance in the compound (production) of
NMs, including compliance with aseptic conditions,
microbiological control, shelf life, labeling and stability
of drugs, and also indicates the features of dissolution
and uniformity of dosage tests for oral suspensions.
Particular attention is paid to the need for compliance
of the active and excipient substances used with
pharmacopoeial standards, as well as ensuring safety
for patients through strict control over compounding
processes. In particular, the GPM contains the following
features:

— it is emphasized that the provisions of this article
do not apply to actions for intra-pharmacy
packaging of RMs;

— NMs must comply with pharmacopoeial
requirements during testing, however, the use of
alternative quality control methods is allowed if
itis impossible to regularly apply the entire scope
of full chemical control and (or) specific methods
of analysis;

— each series of sterile compounded / produced
NMs must be tested for sterility, if the shelf life
of the NMs is less than 90 days, the analysis is
carried out retrospectively and is part of the
control in the compounded / produced process;

— in the case of individually compounded /
produced NMs, the batch size is equal to one
package, under these circumstances, one
package of NMs compounded (produced) during
one work shift is subjected to a sterility test
(continuous period of work with the participation
of the same employees34, under the same
environmental conditions, using the same
equipment and materials). If no series of NMs
has been compounded (produced) during one
work shift, then control samples (English Dummy
samples) must be provided;

— sterility tests may not be carried out in the case
of validation of the compounding (production)
process of NMs.

3. The appendix of the fifth volume of the BP
contains an additional chapter devoted to NMs,
also entitled “Unlicensed Medicines” (NMs
Guide). It emphasizes that this type of drug
therapy plays an important role in modern
medical practice, while such drugs require special
attention from doctors, pharmaceutical workers
and their compounding / produced.

The document states that, as a rule, owners of a
special license for the production of medicines also
have a retail pharmaceutical license and, in fact, carry
out two types of activities on the basis of a joint-stock

34 The qualifications of employees depend on the type of license.
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company. The MHRA guidance for manufacturers of
SMs refers to the same fact. The described practice
is not unique to the UK. As noted above, a similar
model is implemented in the USA — with 503A [42—-
44] and 503B pharmacies, and in the EU [45-
47] — the mentioned model echoes the European
resolution [48, 49]%, according to which GMP rules®*
are recommended to be used as a reference when
compounding the “high-risk drugs” group, and the
PIC/S Guide¥ to Good compounding Practice for
Medicinal Products — when compounding “low-risk
drugs”.

In addition, additional chapters cover issues related
to:

— the use of NMs without preservatives, especially

in pediatric and neonatal practice;

— bioequivalence of oral liquids, especially in
the case of drugs with a narrow therapeutic
index, since data on the bioavailability of NMs
are usually absent, there is a risk of mismatch
between clinically significant indicators of the
concentration of the active substance in the
blood and the prescribed dosage of the drug, and
therefore it is recommended in some cases to
carry out the necessary clinical monitoring;

— stability of NMs, which is assessed taking into
account an extensive list of factors listed in the
BP that affect the shelf life of compounding
(produced) products. Some PMs devoted to
specific NMs formulations provide recommended
shelf lives. However, the final value of the shelf
life is established by the persons responsible for
the compounding or production of drugs.

Within the NMs Guide, a special subsection is
dedicated to standards for aseptic compounding
(production) of drugs. The following key features of the
document should be highlighted:

1. It is emphasized that a special license for
the production of medicines appeared in
the British regulatory system as a logical
development of the activity of dilution
(reconstitution) of medicines, which s
directly related to the need to minimize
the risk of microbiological contamination,
ensure accurate dosing and the possibility
of full documentary support of the entire

35 Committee of Ministers, Council of Europe. Resolution CM/Res
(2016) 1 on Quality and Safety Assurance Requirements for Medicinal
Products Prepared in Pharmacies for the Special Needs of Patients,
2016.

36 Scheme P.I.C. Guide to good manufacturing practice for medicinal
products annexes, 2009.

37 Scheme P.I.C. PIC/S guide to good practices for the preparation of
medicinal products in healthcare establishments. PE 010i; 2014.
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compounding
medicines).
2. In aseptic

process  (production  of

premises  (English  Aseptic
Units; aseptic unit) a wide range of
drugs are manufactured / produced
(parenteral nutrition solutions, cytostatics,
radiopharmaceuticals, etc. It is separately
emphasized that the implementation of
activities for dilution (reconstitution) of drugs
is pharmacoeconomically beneficial.

3. The subsection emphasizes the need to
implement a comprehensive quality assurance
system covering all stages of the drug’s life
cycle — from the purchase of raw materials to
the storage and supply of finished products.
Such a system should include standard
operating procedures, regular monitoring
of the environment and finished products,
process validation, training and certification of
personnel, internal and external audits, etc.

4. Any manipulations with cytostatic drugs
should be carried out in biological safety
cabinets of type Il or in a pharmaceutical
isolator, including operations of dilution
(reconstitution) of toxic drugs.

In the subsection of this work devoted to
the Pharmaceutical Council, it was noted above
that it is obliged to consult with the professional
community (existing business, expert and
educational organizations, etc.) before introducing
any rules regulating the professional activities of
pharmaceutical workers. The regulatory documents of
the Pharmaceutical Council, as well as the BP, directly
refer to the guidelines of the Royal Pharmaceutical
Society (RPS)*, which has been continuously operating
since 1841. Thus, the aforementioned subsection of
the BP, devoted to standards for aseptic compounding
(production) of drugs, recommends organizing activities
for the compounding of drugs (without a special
license for the production of drugs) in accordance with
the RPS Guide* “Ensuring the quality of services for
aseptic preparation of medicines”, which in its content
is similar to chapter 797 of the US Pharmacopoeia
(USP)*. The UK Guidance, as well as the NHS Standard
for ensuring aseptic preparation of drugs in hospital
pharmacies*, refers to it. There are other NGOs in
Britain that issue similar documents that are taken
into account in the professional activities of joint-

3 S0 L. About the royal pharmaceutical society; 2014.

3 Quality Assurance of Aseptic Preparation Services: Standards.
Available from: https://clck.ru/3Mc5pY

40 USP-NF/PF online. Available from: https://clck.ru/3MkGLp

4 Assurance of aseptic preparation of medicines. Available from:
https://clck.ru/3Mc68g
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stock companies and medical organizations, but RPS is
undoubtedly the leading one.

In general, the entire set of standards, guidelines
and other regulatory legal documents studied in
the course of this work, devoted to the features and
directly the processes of drug compounding, is based
on the basic principles of good practices, which are
highly comparable with chapters 795, 797 and 800 USP,
as well as with the PIC/S Guide to Good compounding
Practice for Medicinal Products, which was discussed
in detail in the corresponding monograph [13] and
individual scientific publications [15, 16].

The final scheme of organizational approaches to
drug compounding in the United Kingdom is presented
in Figure 4.

Study Limitations

Only the full version of the BP 2022 edition was
available to the authors of the study, while the online
version of the British Pharmacopoeia (in the 2026
edition), containing current updates and additions,
is not available for free access and requires a special
subscription.

CONCLUSION

Despite the fact that there is a special license for
the production of medicines, under this type of activity,
it is undoubtedly worth understanding precisely the
pharmacy compounding of drugs, which is confirmed
both by the current practice of Great Britain and
by the analysis of the regulatory legal framework.
This mechanism is distinguished by analogy with
the approach to the activities of 503B pharmacies
in the United States. The authors of the work failed
to find separate guidelines specifically developed
for compounding of drugs by medical organizations
without a pharmaceutical license, but the analysis
allows us to conclude that the same standards,
methods and norms are used in such activities as are
applied to joint-stock companies. Thus, we can talk
about the formation of a unified system of regulatory
support for drug compounding activities, including
elements of regulation of both the European Union
and the United States, as well as the introduction
of “adapted” GMP requirements into the practice
of pharmacy drug compounding. Such a regulatory
structure indicates cross-border unification of
approaches and harmonization of requirements for the
quality and safety of EMs.

The  described unification of  regulatory
requirements emphasizes the increasing role of
pharmacy drug compounding in the modern healthcare
system, which is directly related to the expansion of the
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functions of joint-stock companies in providing patients
with personalized drugs. All the approaches considered
in this study and in the previous works of the authors
demonstrate a steady trend towards the fact that the
activities of joint-stock companies are becoming a
key link in providing patients with personalized drugs
of all types of therapy, which seems to be a logical
and appropriate direction for the development of
pharmaceutical activities, which contributes to a more
flexible and responsible provision of special medical
needs of patients.

Such an expansion
joint-stock companies s
corresponding development of the concept of
pharmaceutical care as a systemic element of
healthcare, which is confirmed by the practice of
countries with a developed regulatory system. As
the results of the study showed, pharmaceutical
workers are able to make a significant contribution
to the accessibility and quality of medical and social
care to the population through the development of

of the functionality of
impossible without the

the concept of providing pharmaceutical care, in the
development of which it is necessary to consider
the issues of citizens’ access to the necessary drugs
in a comprehensive manner. The British healthcare
regulatory system has separate legislative documents
that define the foundations in the field of organization
of pharmaceutical affairs, the functioning of joint-stock
companies, the provision of pharmaceutical care by
them and the provision of pharmaceutical services in a
wide range of competencies.

In these circumstances, the lag of the Russian
regulatory legal framework in the regulation of
pharmacy drug compounding looks especially
noticeable, which confirms the need for systemic
changes. This study has once again demonstrated
that the current state of legal regulation of drug
compounding activities in Russia needs to be improved
in terms of the circulation of Ems and packaged
RMs, which is not sufficiently regulated by current
legislation and should be harmonized with international
norms.

FUNDING
This study did not have financial support from third-party organizations.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORS’ CONTRIBUTION
Devi D. Mamedov — analysis of normative and legal information, search and collection of literary sources,
writing and editing the text of the manuscript; Dmitry S. Yurochkin — analysis of normative and legal information,
search and collection of literary sources, writing and editing the text of the manuscript; Svetlana N. Egorova —
analysis of normative and legal information, search and collection of literary sources, writing and editing the
text of the manuscript; Zakhar M. Golant — analysis of normative and legal information, search and collection
of literary sources, writing and editing the text of the manuscript; Igor A. Narkevich — analysis of regulatory
and legal information, search and collection of literary sources, writing and editing of the manuscript text. All
authors confirm that their authorship meets the international ICMJE criteria (all authors have made significant
contributions to the development of the concept, research and preparation of the article, read and approved the
final version before publication). All authors made an equivalent and equal contribution to the preparation of the
publication. All authors confirm that their authorship meets the international ICMJE criteria (all authors made a
significant contribution to the development of the concept and preparation of the article, read and approved the
final version before publication).

REFERENCES

1. Allen LV Jr. Quality Control: Photodocumentation
in  Pharmacy Compounding. Int J Pharm Compd.
2022;26(2):116-7.

2. Uriel M, Marro D, Gémez Rincon C. An Adequate
Pharmaceutical Quality System for Personalized
Preparation. Pharmaceutics. 2023;15(3):800.
DOI: 10.3390/pharmaceutics15030800

3. Alekseychuk EYu, Vatanskaya OA, Klimkina EA. Quality
system in pharmacy organization as an important tool
to ensure effective medical and pharmaceutical care
deliverytO Topical issues of the development of Russian
pharmacy — llyinsky Readings: Proceedings of the XIV
Annual Interuniversity Interregional Scientific Conference;

Tom 13, Beinyck 5, 2025

St. Petersburg, November 21-22, 2024. St. Petersburg:
Military Medical Academy named after S.M. Kirov; 2025.
P. 10-5. EDN: BJQDEJ

4. Farrakhov AZ. Compounding Pharmacy Restoration
as a Current Healthcare Priorit. Regulatory Research
and Medicine Evaluation. 2024;14(4):380-5.
DOI: 10.30895/1991-2919-2024-14-4-380-385

5. Yarutkin AV, Bagirova VL. State Pharmacopoeia
of the Russian Federation Edition XV:
Development Priorities. Regulatory Research
and Medicine Evaluation. 2024;14(5):572-9.
DOI: 10.30895/1991-2919-2024-14-5-572-579

6. Kuhach VV. Pharmacy compounding and quality control

335



REVIEW
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

10.

11.

12.

13.

14.

15.

16.

17.

18.

336

of medicinal preparations abroad. Bulletin of Pharmacy.
2021;(2(92)):64-79. DOI: 10.52540/2074-9457.2021.2.64
Dremova NB, Ovod Al, Korzhavykh EA, Litvinova TM.
Pharmaceutical care: term and concept. Pharmacy.
2005;(2):37—45. EDN: MBCFCH

Mayorova UV, Koziarskiy IS, Godovalnikov GV.
Pharmaceutical care: history, current state and
prospects of development (literary review). Prescription.
2015;(1):16—35. EDN: TZIWAP

Farrakhov AZ. The demand for extemporal drugs from
the authorities is critically low. Pharmaceutical Bulletin.
2025;(9(1168):10.

Shishova LI, Yarutkin AV, Bagirova VL. Current and
Future Pharmacopoeial Requirements for the Quality
of Extemporaneous Medicinal Products: A Review
of Regulatory Standards. Regulatory Research
and Medicine Evaluation. 2024;14(4):386-99.
DOI: 10.30895/1991-2919-2024-14-4-386-399

Yarutkin AV, Bagirova VL. State Pharmacopoeia
of the Russian Federation Edition XV:
Development Priorities. Regulatory Research
and Medicine Evaluation. 2024;14(5):572-9.
DOI: 10.30895/1991-2919-2024-14-5-572-579

Yurochkin DS, Mamedov DD, Erdni-Garyaev SE, Yarutkin AV,
Bagirova VL, Guryanov PS, Loudiyi O, Li W. Review of BRICS
regulatory practices in the field of drugs compounding.
Pharmacy &  Pharmacology.  2024;12(2):172-94.
DOI: 10.19163/2307-9266-2024-12-2-172-194

Narkevich |A, Fisenko VS, Golant ZM, Yurochkin DS,
Mammadov DD, Erdni-Garyaev SE, Leshkevich AA.
Fundamentals of the formation of a unified harmonized
system of regulatory legal regulation in the field of
circulation of medicines compounding by pharmacy
organizations: Monograph. St. Petersburg: Mediapapir,
2023. 292 p. EDN: PZEVDF. Russian

Mamedov DD, Yurochkin DS, Leshkevich AA,
Erdni-Garyaev  SE, Golant ZM, Narkevich IA.
Compounding  pharmacy regulations:  experience
of the North American pharmaceutical market.
FARMAKOEKONOMIKA. Modern Pharmacoeconomics
and Pharmacoepidemiology. 2023;16(1):80-6.
DOI: 10.17749/2070-4909/farmakoekonomika.2022.155
Erdni-Garyaev SE, Mamedov DD, Yurochkin DS,
Zelikova DD, Golant ZM, Fisenko VS, Narkevich IA.
Pharmacy Compounding Regulation in the German
Pharmaceutical Market. Part 1. Basic Regulatory
Provisions (Review). Bulletin of the Scientific Centre for
Expert Evaluation of Medicinal Products. Regulatory
Research and Medicine Evaluation. 2024;14(1):91-109.
DOI: 10.30895/1991-2919-2024-14-1-91-109
Erdni-Garyaev S.E, Mamedov DD, VYurochkin DS,
Zelikova DD, Golant ZM, Fisenko VS, Narkevich IA.
Pharmacy Compounding Regulation in the German
Pharmaceutical Market. Part 2. Organisational Features
(Review). Regulatory Research and Medicine Evaluation.
2025;15(1):63-81. DOI: 10.30895/1991-2919-2024-590
Mammadov DD. The concept of good practice of
compounding medicines in Germany. Modern world,
nature and man: Proceedings of the XXIl International
Scientific and Practical Conference; Kemerovo, October
10, 2023; Kemerovo: KemSMU; 2023. P. 294-302. Russian
Mamedov DD,  Yurochkin DS, Zelikova DD,
Erdni-Garyaev  SE, Golant ZM, Narkevich IA.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Compounding  pharmacy regulations:  experience
of the Latvian pharmaceutical market.
FARMAKOEKONOMIKA. Modern Pharmacoeconomics
and Pharmacoepidemiology. 2024;17(1):106-17.
DOI: 10.17749/2070-4909/farmakoekonomika.2024.189
Zelikova DD, Mamedov DD, Yurochkin DS, Medvedeva DM.
Compounding pharmacy regulations: experience of the
Netherlands pharmaceutical market. Topical issues of the
development of Russian pharmacy — llyinsky Readings:
Proceedings of the Xlll annual Interuniversity Interregional
Scientific Conference; St. Petersburg, November 30 —
December 01, 2023; St. Petersburg: Military Medical
Academy named after S.M. Kirov; 2024. P. 42-6.
EDN: KZFAYO

Narkevich IA, Golant ZM, Yurochkin DS, Leshkevich AA,
Erdni-Garyaev SE. Development of proposals for
improving the processes of circulation of extemporal
drugs and regulation of prescription and production
activities of pharmaceutical organizations in the
Russian  Federation.  Remedium.  2021;(4):14-29.
DOI: 10.32687/1561-5936-2021-25-4-14-29

Mamedov DD, Yurochkin DS, Golant ZM, Fisenko VS,
Alekhin AV, Narkevich IA. Past, current and future of
legal regulation of drugs compounding in the Russian
Federation. Pharmacy & Pharmacology. 2023;11(3):176-92.
DOI: 10.19163/2307-9266-2023-11-3-176-192

Mamedov DD, Yurochkin DS. State (regional) pharmacies
are a mandatory element of an effective system
of drug provision to the population of the Russian
Federation. Bulletin of Roszdravnadzor. 2024;(6):18-31.
EDN: QMPWDN

Anderson M, Pitchforth E, Edwards N, Alderwick H,
McGuire A, Mossialos E. United Kingdom: Health System
Review. Health Syst Transit. 2022;24(1):1-194.

Zenkova L., Zemtsov A. The effectiveness of innovations

in the UK healthcare system: A comparative
analysis of the leading European countries and
Belarus. Science and Innovations. 2022;(5):73-7.

DOI: 10.29235/1818-9857-2022-5-73-77

Frolova EV. Organization of medical care in the UK. Chief
Medical Officer. 2017;(11):66—75. EDN: YASMNF
O’Donovan A, Duncan JC, Li KY, Del-Nevo L, Gill A, Peak M,
Alhnan MA. The use of Special-Order products in England
between 2012 and 2020: An insight into the need for Point-
of-Care manufacturing. Int J Pharm. 2023;637:122801.
DOI: 10.1016/j.ijpharm.2023.122801

Donovan G, Parkin L, Wilkes S. Special unlicensed
medicines: what we do and do not know about
them. Br J Gen Pract. 2015;65(641):e861-3.
DOI: 10.3399/bjgp15X688033

Pamphile G, Yaniv A, Burton S, Boreen C, Eggers G.
Considerations  for developing a health-system
503B outsourcing strategy. Am J Health Syst Pharm.
2025;82(6):350—-8. DOI: 10.1093/ajhp/zxae271

Palumbo FB, Rosebush LH, Zeta LM. Navigating
Through a Complex and Inconsistent Regulatory
Framework: Section 503B of the Federal Food Drug and
Cosmetic Act Outsourcing Facilities Engaged in Clinical
Investigation. Ther Innov Regul Sci. 2016;50(3):270-8.
DOI: 10.1177/2168479015618695

Qureshi N, Wesolowicz L, Stievater T, Lin AT
Sterile compounding: clinical, legal, and
regulatory  implications for  patient safety. J

Volume XIlII, Issue 5, 2025



Hay4Ho-npakTunyeckuin XxypHan OB30P
APMALINA N

gAPMA%OﬂOFMH DOI: 10.19163/2307-9266-2025-13-5-320-337
(PHARMACY & PHARMACOLOGY)

Manag Care Spec Pharm. 2014;20(12):1183-91. rational drug use. Int J Clin Pharm. 2020;42(1):167-73.

DOI: 10.18553/jmcp.2014.20.12.1183

31. Diamantis M.E. The Body Corporate. Law & Contemp.
Probs. 2020;83:133.

32. Wells KM, Thornley T, Boyd MJ, Boardman HF. Views
and experiences of community pharmacists and
superintendent pharmacists regarding the New
Medicine Service in England prior to implementation.
Res Social Adm Pharm. 2014;10(1):58-71.
DOI: 10.1016/j.sapharm.2013.03.003

33. Aronson JK, Ferner RE. Unlicensed and off-label
uses of medicines: definitions and clarification of
terminology. Br J Clin Pharmacol. 2017;83(12):2615-25.
DOI: 10.1111/bcp.13394

34. Fisenko VS, Farrakhov AZ, Mamedov DD, Yurochkin DS,
Golant ZM, Narkevich IA. Review of judicial practice in
relation to public procurement of extemporal drugs for
2012-2022. Bulletin of Roszdravnadzor. 2023;(5):19-30.
EDN: XClzzY

35. Behnam SA, Amyot D, Mussbacher G, Braun E,
Cartwright N, Saucier M. Using the Goal-oriented
pattern family framework for modelling outcome-based
regulations. 2012 Second IEEE International Workshop
on Requirements Patterns (RePa). IEEE;2012. P. 35-40.
DOI: 10.1109/RePa.2012.6359976

36. HoSS, Kember D, Lau CB, Au Yeung MY, Leung DY, Chow MS.
An outcomes-based approach to curriculum development
in pharmacy. Am J Pharm Educ. 2009;73(1):14.
DOI: 10.5688/aj730114

37. Bohm N, Bermingham S, Grimsey Jones F, Gongalves-
Bradley DC, Diamantopoulos A, Burton JR, Laing H. The
Challenges of Outcomes-Based Contract Implementation
for Medicines in  Europe. Pharmacoeconomics.
2022;40(1):13-29. DOI: 10.1007/s40273-021-01070-1

38. Fisenko VS, Solomatina TV, Farrakhov AZ, Yurochkin DS,
Mamedov DD, Golant ZM. Analysis of the conditions and
development of ways to improve the system of training of
pharmaceutical and medical workers aimed at developing
the potential of compounding pharmacies in the Russian
Federation. Bulletin of Roszdravnadzor. 2023;(4):29-42.
EDN: CYOTYR

39. Ma Z, Zhao Z, Sun S, Li Y, An Z, Yan Y, Liu L. Impact of
‘Chief-Pharmacist System’ on drug expenditures and

DOI: 10.1007/s11096-019-00954-9

40. Ivey MF. Rationale for having a chief pharmacy officer
in a health care organization. Am J Health Syst Pharm.
2005;(9):975-8. DOI: 10.1093/ajhp/62.9.975

41. Power LA, Coyne JW. ASHP Guidelines on Handling
Hazardous Drugs. Am J Health Syst Pharm.
2018;75(24):1996-2031. DOI: 10.2146/ajhp180564

42. Pritchett J, McCrory G, Kraemer C, Jensen B, Allen LV
Jr. Certification, Accreditation, and Credentialing for
503A Compounding Pharmacies. Int J Pharm Compd.
2018;22(1):7-16.

43. Pritchett J, Mixon W, O’Connell K. Performance
Improvement in 503A Compounding Pharmacies: A PLAN
FOR ASSESSMENT, IMPLEMENTATION, AND SUSTAINED
SUCCESS. Int J Pharm Compd. 2016;20(1):29-36.

44. Drummond J, Bennet D, Allen LV Jr. Pharmacogenomics:
Precision Pharmacy in 503A Compounding. Int J Pharm
Compd. 2018;22(2):95-107.

45. Minghetti P, Pantano D, Gennari CG, Casiraghi A.
Regulatory framework of pharmaceutical
compounding and actual developments of legislation
in  Europe. Health Policy. 2014;117(3):328-33.
DOI: 10.1016/j.healthpol.2014.07.010

46. van der Schors T, Amann S, Makridaki D, Kohl S. Pharmacy
preparations and compounding. Eur J Hosp Pharm.
2021;28(4):190-2. DOI: 10.1136/ejhpharm-2020-002559

47. Scheepers HPA, Neerup Handlos V, Walser §,
Schutjens MDB, Neef C. Impact of the Council of Europe
Resolution on quality and safety assurance requirements
for medicinal products prepared in pharmacies for
the special needs of patients. Eur J Hosp Pharm.
2017;24(4):218-23.D0I:10.1136/ejhpharm-2016-001017

48. Scheepers HP, Langedijk J, Neerup Handlos V, Walser S,
Schutjens MH, Neef C. Legislation on the preparation
of medicinal products in European pharmacies and
the Council of Europe Resolution. Eur J Hosp Pharm.
2017;24(4):224-9. DOI: 10.1136/ejhpharm-2016-001016

49. Scheepers H, Beaney AM, Le Brun P, Neerup Handlos V,
Schutjens M, Walser S, Neef C. Aseptic preparation
of parenteral medicinal products in healthcare
establishments in Europe. Eur J Hosp Pharm.
2016;23(1):50-3. DOI: 10.1136/ejhpharm-2015-000709

AUTHORS

Devi D. Mamedov — researcher at the Laboratory
of Regulatory Relations and Good Practices, Saint
Petersburg State Chemical and Pharmaceutical
University. ORCID ID: 0000-0001-5061-0729. E-mail:
devi.mamedov@mail.ru

Dmitry S. Yurochkin — Deputy Head of the
Laboratory of Regulatory Relations and Good Practices,
Saint Petersburg State Chemical and Pharmaceutical
University. ORCID ID: 0000-0003-4609-0155. E-mail:
dmitry.yurochkin@pharminnotech.com

Svetlana N. Egorova — Doctor of Sciences
(Pharmacy), Professor, Deputy Director for Educational
Activities of the Institute of Pharmacy, Kazan State

Tom 13, Beinyck 5, 2025

Medical University. ORCID ID: 0000-0001-7671-3179.
E-mail: svetlana.egorova@kazangmu.ru

Zakhar M. Golant — Candidate of Sciences
(Economy), Head of the Laboratory of Regulatory

Relations and Good Practices, Saint Petersburg
State Chemical and Pharmaceutical University.
ORCID ID: 0000-0003-0256-6692. E-mail:
zgolant@gmail.com
Igor A. Narkevich — Doctor of Sciences
(Pharmacy), Professor, Rector, Saint Petersburg
State Chemical and Pharmaceutical University.
ORCID ID: 0000-0002-5483-6626. E-mail:
igor.narkevich@pharminnotech.com
337



REVIEW Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

A oreoriorpaes | [

Prospects for the use of an original medicine based
on hexapeptide succinate for organ protection
in various diseases

Kh.G. Omarova?, N.Yu. Pshenichcnaya®?, A.V. Gorelov3, V.S. Shcherbakova®,
K.Ya. Zaslavskaya®, P.A. Bely3, A.V. Taganov?

1Central Research Institute of Epidemiology,

3A Novogireevskaya Str., Moscow, Russia, 111123

2 Russian Medical Academy of Continuous Professional Education,
2/1 Barrikadnaya Str., Bldg 1, Moscow, Russia, 125993

3Russian University of Medicine,

20/1 Delegatskaya Str., Moscow, Russia, 127473

4Tver State Medical University,

4 Sovetskaya Str., Tver, Russia, 170100

>National Research Ogarev Mordovia State University,

68 Bolshevistskaya Str., Saransk, Russia, 430005

E-mail: omarova7l@inbox.ru

Received 05 Nov 2024 After peer review 30 July 2025 Accepted 15 Aug 2025

The aim. To analyze and summarize the available results of experimental and clinical scientific studies of synthetic analogs
of leu-enkephalin; to evaluate the expansion of the spectrum of application of the original medicine based on hexapeptide
succinate in patients with various diseases of different etiologies.

Materials and methods. An analysis of scientific literature data in the PubMed, eLibrary.ru and CyberLeninka databases was
carried out. The search depth was 50 years (from 1976 to 2024), the list of references includes 60 scientific papers.

Results. It was revealed that receptors for endogenous opioid peptides are widespread in living organisms. Modern
neuropharmacology recognizes 4 main types of opioid receptors: u (MOR) — mu, 6 (DOR) — delta, k (KOR) — kappa and
NOP — nociceptive receptor, which bind to endogenous opioids such as enkephalins, endorphins, endomorphins, dynorphins
and nociceptin. Due to their antioxidant, immunomodulatory, and anti-inflammatory properties, analogs of opioid peptides
are widely used in Russian medicine. A number of experimental and clinical studies are presented, to prove that agonists of
delta-opioid receptors can “soften” organ damage in a variety of diseases accompanied by oxidative stress and endothelial
dysfunction. The dose-dependent regulatory effect is realized with intravenous, intramuscular and intranasal administration.
The therapeutic efficacy of leu-enkephalin analogs based on tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine is analyzed,
and the prospects for using the new original Russian medicine Ambervin® Pulmo with the inclusion of succinic acid salts are
also discussed.

Conclusion. The information on the functional properties of leucine-enkephalin analogs presented in the article indicates
broad prospects for the use of medicines based on tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine with the inclusion of
succinic acid salt in the complex therapy of many diseases for the purpose of organ protection.

Keywords: delta opioid receptor; leucine-enkephalin analogs and derivatives; tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-
arginine diacetate (dalargin); succinate; acute respiratory distress syndrome; cytokine storm; COVID-19; organ protection;
ischemia-reperfusion

Abbreviations: WHO — World Health Organization; ARVI — acute respiratory viral infection; ACE 2 — angiotensin-converting
enzyme 2; ARDS — acute respiratory distress syndrome; OP — opioid peptides; IL — interleukin; TNF — tumor necrosis
factor; CHD — coronary heart disease; LPO — lipid peroxidation.

For citation: Kh.G. Omarova, N.Yu. Pshenichcnaya, AV. Gorelov, V.S. Shcherbakova, KYa. Zaslavskaya, P.A. Bely, AV. Taganov. Prospects
for the use of an original medicine based on hexapeptide succinate for organ protection in various diseases. Pharmacy & Pharmacology.
2025;13(5):338-349. DOI: 10.19163/2307-9266-2025-13-5-338-349

© X.I. Omapoea, H.I0. MweHuyHas, A.B. lopenos, B.C. LLlepbakoea, K.A. 3acnasckas, M.A. benelli, A.B. TazaHos, 2025

Ana yutuposaHusa: X.I. Omaposa, H.H0. MuweHunyHan, A.B. lopenos, B.C. LLlepb6akosa, K.fl. 3acnasckas, MN.A. Benbiin, A.B. TaraHos. MepcneKkTusbl

NPYMEHeHMA OPUTMHANBLHOIO Npenapata Ha OCHOBE CyKLMHaTa rekcanenTuja C Le/iblo OpraHonpoTeKLUMM Npu pasinyHbix 3abonesaHuax.
®apmayus u papmakonoaua. 2025;13(5):338-349. DOI: 10.19163/2307-9266-2025-13-5-338-349

338 Volume XIll, Issue 5, 2025


https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2025-13-5-338-349&domain=pdf&date_stamp=2025-01-10

Hay4Ho-npakTunyeckuin XxypHan 0530P

gﬁgmxﬁgﬁomrmﬂ DOI: 10.19163/2307-9266-2025-13-5-338-349

(PHARMACY & PHARMACOLOGY)

NepcnekTUBbI NPUMeHEHNS OPUrMHaNbLHOro npenapara
Ha OCHOBe CyKLUMHaTa rekcanentuaa
C Uenbio OpraHoNpoTeKLUn Npu pasnnyiHbIX 3a6oneBaHnNAX

X.I. Omaposa?, H.10. NweHnyHaa® 2, A.B.Topenos’ 3, B.C. LLlep6akosa*,
K.fl. 3acnasckas’®, MN.A. benbiit?, A.B. TaraHoB?

! depepanbHoe BIOAKETHOE YUPEKAEHME HAYKU

«LleHTpanbHbIN HayYHO-UCCNEA0BATENbCKUIA MHCTUTYT annaemmonornmn» PocnotpebHaasopa,

Poccua, 111123, r. MockBa, yn. Hosormpeesckas, 4. 3A

2depnepasnbHOE rocyaapcTBeHHOe broaKeTHOe 0bpasoBaTeNbHOe yupexaeHue

[OMNOIHUTENBHOTO NpodeccMoHanbHOro obpasoBaHmA

«Poccuiickaa meamLUMHCKaA akagemmna HenpepbiBHOrO NpodeccuoHanbHOro obpasoBaHUA»
MwuHucTepcTBa 34paBooxpaHeHuns Pocecuiickoit Pepepaunm,

Poccus, 125993, r. Mockea, yi. bappukagHas, a. 2/1, ctp. 1

*depnepanbHoe rocyaapcTBeHHoe broaKeTHOe 06pa3oBaTeNbHOE yupexaeHue Bbicllero o6pasosBaHus
«Poccuiicknin yHnBepcuTeT meguLmHbI»

MwuHucTepcTBa 34paBooxpaHeHuns Pocecuiickoin Pepepaunm,

Poccus, 127473, r. Mocksa, yn. [leneratckas, a. 20/1

4 depepanbHoe rocynapcTBeHHoOe broaKeTHOe 06pa3oBaTe/IbHOE YUPEXKAeHME BbICLLIErO 06Pa30BaHMUsA
«TBepPCKOW rocyaapCTBEHHbI MeULMHCKUI YHUBEPCUTET?

MwuHucTepcTBa 34paBooxpaHeHuns Poccuiickoit Pepepaunm,

Poccua, 170100, r. Teepb, yn. CoBeTckas, a. 4

*> depepasnbHOE rocyaapcTBeHHOe broaKeTHOe 06pasoBaTeNbHOE yupexaeHue Bbiclero o6pasosBaHus
«HauunoHanbHbIM uccnefoBaTenbCkmii MopaOBCKUIA rocyAapCTBEHHbIV YyHMBepcuTeT uMeHu H.M. Orapesa»,
Poccua, 430005, r. CapaHck, yn. bonblwesucrckasn, 4. 68

E-mail: omarova71@inbox.ru

MNonyyeHa 05.11.2024 MNocne peueHsmposaHua 30.07.2025 MpuHAaTa K neyatn 15.08.2025

Lenb. [lpoaHanu3npoBaTb M 0606WUTb UMelOWMECA pPe3yabTaTbl 3SKCMEPUMEHTANbHbIX U KAMHUYECKUX HAYYHbIX
UCCNefoBaHUMA CUHTETUYECKMX aHANOrOB Jiel-3HKedanHa U OLEHUTb BO3MOMKHOCTU PACLUMPEHUA CMEKTpa NpPUMEHeHUA
OPUIMHANBHOIO NpenapaTa Ha OCHOBE CyKLMHATa rekcanenTuaa B NepcrnekTMBe y NaumeHToB ¢ 3a601eBaHMAMM Pa3IMYHON
3TUO/IOTUMN.

Martepuanbl u metoapl. [poBeaEH aHaIM3 AaHHbIX Hay4yHOM nuTepaTypbl B 6a3ax PubMed, elibrary.ru u CyberLeninka.
Fny6buHa nouncka coctasuna 50 et (c 1976 no 2024 IT.), CNMCOK ANTEPATYPbI BKAtOYAET 60 Hay4yHbIX pabor.

Pe3ynbtatbl. YcTaHOBNEHO, 4YTO 6narogaps aAHTUMOKCUMAAHTHBIM, WUMMYHOMOAY/NMPYIOWMM, NPOTUBOBOCMNANUTENbHBIM
CBOICTBAM, aHaNOrMM OMWOUAHbIX NEeNnTUAOB LMPOKO NpumeHAloTcas B Poccum u 3a pybexkom. [pusepéH papg,
3KCMEPUMEHTA/IbHbIX U KAMHUYECKUX WUCCNefoBaHWM, KOTOPbIM [OKa3blBAeT, YTO aroHWUCTbl O-OMMOMAHBIX PeLenTopos
MOTYT «CMATYaTb» MOBPEXAEHWA OPraHOB MPW CaMblX Pa3HbiX 3ab0neBaHMAX, COMPOBOXKAAMLWMXCA OKCUAATUBHBIM
CTPECCOM U SHA0TENNANBbHOM AUCOYHKUMEN. YCTAHOBNIEHO, YTO UX [,0303aBUCUMbIV PEerynaTopHbIn addeKT peanusyetcsa npu
BHYTPUBEHHOM, BHYTPUMbILIEYHOM M MHTPAHa3a/ibHOM BBeAeHMU. NpoaHannsmpoBaHa TepanesBTMYeckan 3GGEKTUBHOCTb
aHanoros nen-sHKkedpanMHa Ha OCHOBe TUPO3WUA-D-anaHun-ruumn-deHuNanaHnuN-nenunn-aprMvHMHa M OTPaXKeHbl
NepcrneKkTUBbl UCMONb30BaHUA B K/AMHUYECKOM NPAKTUKE HOBOFO OPUIMHANIbHOFO OTEYECTBEHHOIO JIEKAPCTBEHHOIO
npenapata AM6epsuH® MyN1bMO C BKOYEHMEM COMIEN AHTAPHOM KMUCNOTbI.

3aknioueHue. VIHdopmauma o GyHKUMOHANbHBIX CBOMCTBAX aHANOroB NeluuH-3HKedanMHa, npeacTaBieHHas B ob3ope
Hay4YHbIX Ny6AMKaALMI, CBUAETENbCTBYET O LUMPOKUX NEPCNEKTUBAX NPUMEHEHUA IEKAPCTBEHHbIX NMPenapaToB Ha OCHOBE
TMpo3un-D-anaHun-rainumun-deHnnanaHUN-nefLMN-apriMHMHA C BKIKOYEHUEM CO/MM AHTAPHOM KUCAOTbl B KOMMJIEKCHOM
Tepanumn pasnyHbIX 3a60N1eBaHWUI C LIeNIblo OPraHOMPOTEKLNN.

KnioueBble cnoBa: AenbTa-ONMOUAHBIV PeuenTop; aHanoruM NerumH-aHKedpanvHa M npoussoaHble; TMPo3ua-D-anaHun-
TNLMA-GeHnNanaHuN-NenumMN-aprMHuHa AvaueTaT (4anaprvH); CYKLMHAT; OCTPbI PecrnvMpaTopHbIiM AWUCTPecc-CUHAPOM;
LMTOKMHOBBIN WwTopm; COVID-19; opraHoNpoTeKLMA; CUHAPOM MLemMUn-penepdysnm

Cnucok coKpaweHuii: BO3 — BcemupHas opraHusauma 3gpaBooxpaHeHus; OPBU — ocTpaa pecnupatopHas BUpycHas
nHobekuma; AN 2 — aHrMoTeH3nHNpeBpalLaowmin epmeHT 2; OPALC — ocTpblii pecnMpaTopHbI Anctpecc-cuHapom; O —
onnonaxble nentuabl; W1 — uHTepnelikui; ®HO — dakTop Hekposa onyxonu; UBC — mwemunyeckana 6onesHb cepaua;
MOJ1 — nepeKkncHoe oKncneHne AMNULOoB.
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INTRODUCTION

The COVID-19 pandemic was officially declared
over by the World Health Organization (WHO) in May
2023, but periodic, including seasonal, increases in the
incidence of this infection continue to pose a threat
to the health of all mankind®. Cases of the disease
that require hospitalization and lead to death are still
registered. A key problem is the rapid evolution of
the virus: emerging variants of SARS-CoV-2 strains are
increasingly resistant to immune protection formed
after previous infections or vaccination.

The virus binds to the angiotensin-converting
enzyme 2 (ACE2) receptor on the cell surface and
penetrates inside, using cellular mechanisms to
replicate its genome and synthesize viral particles.
This process

with activation of

initiates an inflammatory response
release of
to the

affected

immune cells and
which
inflammation in the

pro-inflammatory cytokines, leads
development of
tissues [1, 2].

The variety of clinical manifestations in the acute
period of the disease is due to the fact that ACE2
is the main entry receptor for SARS-CoV-2, which is
expressed on the membranes of cells of various organs
and tissues. Cells of the mucous membrane of the oral
and nasal cavities, lungs, heart, digestive tract, liver,
kidneys, spleen, brain, as well as the walls of blood
vessels can be affected, which explains the significant
spectrum of potential organ damage during SARS-CoV-2
infection [1, 2].

Recent studies have shown that some symptoms
can persist for a long time after an infection. This
condition, which can develop both in patients with a
mild course of COVID-19 and in those who have had
the disease in a severe form, affecting various organs
and systems, including the respiratory, cardiovascular,
nervous, gastrointestinal and musculoskeletal systems,
was called “Long COVID” and was recognized by the
scientific community. The most common symptoms
of Long COVID are fatigue, shortness of breath, heart
disorders, cognitive disorders, including problems
with memory and concentration, sleep disturbance,
symptoms of post-traumatic stress disorder, myalgia

and headaches [1].

t After the end of the international public health emergency, WHO/
Europe launches a plan to move to a new stage of action in connection
with  COVID-19. Available from: https://www.who.int/europe/
ru/news/item/12-06- 2023-with-the-international-public-health-
emergency-ending--who-europe-launches-its-transition-plan-for-
covid-19. Russian
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It is known that the deterioration of patients
against the background of a new coronavirus infection
SARS-CoV-2 with an
cytokines, which can lead to complications such as

increase in the content of
pneumonia and acute respiratory distress syndrome
(ARDS) [2, 3]. In turn, the outcome of these conditions
can be multiple organ failure and death.

Oxidative
underlie many severe diseases of various etiologies and

stress and endothelial dysfunction
lead to damage to organs and tissues at the cellular
level. In this regard, the search for effective anti-
inflammatory drugs with organoprotective properties
has become an especially urgent task during the
COVID-19 pandemic and continues to be one of the
most sought-after requests of the medical community.
Safety of a wide range of doses, high efficiency and a
minimum number of adverse reactions are the main
requirements for medicines. It is known that analogues
of opioid peptides (OPs), which meet these parameters,
are used in clinical practice in Russia [4].

Currently, sufficient evidence has already been
accumulated that agonists of delta-opioid receptors
can mitigate damage to various organs. Synthetic
analogues of leu-enkephalin have found application in
schemes of pathogenetic therapy for many diseases:
gastric and duodenal ulcers, pancreatitis, pneumonia
of various origins, COVID-19, ARDS, metabolic and
toxic and chemical liver damage, multiple organ failure
syndrome, septic shock, ischemic stroke, myocardial
infarction. Despite the heterogeneity of the etiology
of diseases in which synthetic analogues of leu-
enkephalins were used and the unclear mechanism
of their
organoprotective properties,
and clinical

action, they demonstrated pronounced
which was shown in
The

development of drugs based on regulatory peptides

numerous experimental studies.
today is one of the promising areas and allows
expanding the range of their use in various diseases.
THE AIM. To analyze and summarize the available
results of experimental and clinical studies of synthetic
analogues of leu-enkephalin and to evaluate the
expansion of the spectrum of application of the original
drug based on hexapeptide succinate in the future in
patients with various diseases, regardless of etiology.

MATERIALS AND METHODS
PubMed,
databases were used. The following keywords were

CyberLeninka, elibrary.ru  search

used for the search: opioid receptor; leu-enkephalin,
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leucine / analogs and derivatives; tyrosyl-D-alanyl-
glycyl-phenylalanyl-leucyl-arginine / dalargin; succinate;
acute respiratory distress syndrome; cytokine storm;
COVID-19;
injury.

organ protection; ischemia-reperfusion

A simple search for “leu-enkephalin” in PubMed
(as of July 11, 2024) showed about 30,000 results. The
peak of publication activity on the keywords “opioid
receptor” or “opioid peptide” is noted in the 2000s
and 2010s. For example, in 1986, about 700 articles
were found for these requests, while in 2016 — 2500,
and in 2021 — 2800. The number of articles on “opioid
peptide” is stable at hundreds per year. In 2024 (data
until July 11, 2024), > 300 articles have already been
published on this request.

The search depth was 50 years (from 1976 to
2024). Most studies were conducted on experimental
models in vitro or models in vivo.

RESULTS AND DISCUSSION

Preclinical studies

In vitro studies

Opioids are natural, synthetic or semi-synthetic
that with
receptors, causing analgesia and other physiological

chemical compounds interact opioid
effects [5]. Their clinical use began after the isolation of
morphine from opium poppy (Papaver somniferum L.)
in 1806. Among the alkaloids of opium, morphine
(10-15 %), codeine (1-3 %), noscapine (4-8 %),
papaverine (1-3 %) and thebaine (1-2 %) are of
pharmacological significance [6]. These exogenous
ligands bind to the same receptors as endogenous OPs,
including enkephalins, endorphins, endomorphins,
dynorphins and nociception / orphanin.

The hypothesis about the existence of opioid
in the 1950s, but

experimental evidence of their diversity was obtained

receptors was first proposed

only in the 1970s when studying the mechanisms of
action of analgesics. Thus, the first two types of opioid
receptors were discovered, which were named after the
drugs used in these studies to distinguish them: mu ()
for morphine and kappa (k) for ketocyclazocine [7].
The third type of opioid receptors was found in the vas
deferens of mice: its pharmacological profile differed
significantly from previously identified (1 and k) and
was named delta (8) to indicate this difference [8].
Together p, k and &, opioid receptors (MOR, KOR,
DOR,
peptide receptors based on their structural homology

respectively) are considered classical opioid
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and sensitivity to the non-selective opioid receptor
antagonist — naloxone [9].

Later, a fourth type of receptor was identified,
structurally homologous to classical opioid receptors,
but not sensitive to traditional opioid ligands [10]. After
the discovery of its endogenous ligands (nociceptin [11]
and orphanin [12]) the receptor known as NOR
(nociceptin receptor). Despite structural similarity, NOR
is often excluded from the classical group due to its
insensitivity to naloxone.

The four main families of endogenous OPs
demonstrate  preferential  activity against the
corresponding  receptor  systems:  B-endorphins

(MOR), dynorphins (KOR), enkephalins (DOR) and
nociception / orphanin (NOR) [13]. However, both
endogenous and exogenous opioids rarely exhibit
absolute selectivity and more often activate different
types of receptors [14].

Opioid receptors are widely represented in the CNS
and peripheral nervous system [15]. In the periphery,
they are expressed in the lungs, heart, kidneys, small
intestine and pancreas, modulating organ functions,
[16].
neuroendocrine

inflammatory processes and homeostasis
Additional

cells (adrenal glands, pituitary gland), immune cells

localization  includes

(leukocytes) and ectodermal cells, where opioid
receptors are involved in the regulation of nociception
and inflammation [5]. Signal transduction is carried
out through interaction with endogenous ligands
(B-endorphins, dynorphins, enkephalins, nociceptins),
ensuring the maintenance of homeostasis under
physiological conditions.

The importance of OPs in the regulation of
physiological systems was consistently revealed in
the second half of the XX to early XXI century. Initially,
their action was associated exclusively with the CNS
through p-, 6- and k-receptors [14, 17], but later their
peripheral effects were revealed, including modulation
of the immune response (for example, met-enkephalin
in rheumatoid arthritis) [18, 19]. OPs are formed
from three main precursors (proopiomelanocortin,
proenkephalin, prodynorphin) by proteolytic
processing with subsequent modifications (acetylation,
phosphorylation), which determine their activity [20].

Peripheral effects (decreased peristalsis,
modulation of inflammation) are mediated by all
receptors: MOR — respiratory depression, constipation;
DOR — cardioprotection, antidepressant effect; KOR —

sedation, mood modulation, diuresis; NOR — mediates
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bipolar pain effects: hyperalgesia (low doses) and
analgesia (high doses) [21]. In addition, two subtypes
of &-receptors are known that bind to enkephalins
(the precursor of which is proenkephalin). They play
an important role in analgesia and reducing gastric
motility [20, 22].

The opioid system is considered one of the most
of the body,
playing the most important role in main biological

complex neurotransmitter systems
processes. The use of exogenous opioids for analgesia
has limitations due to their undesirable side effects,
including sedation, respiratory depression and
constipation. However, experiments have shown
that drugs that bind to &-opioid receptors (DOR) do
not have side effects on the respiratory system and
gastrointestinal tract. Activation of DOR enhances
signals that promote survival and reduces oxidative
damage to neurons [23], and activation of DOR
reduces ion imbalance caused by hypoxia [24]. It has
been shown that the degree of respiratory depression
depends on the stimulated receptor: MOR causes a
more significant decrease in respiratory rate than DOR
and KOR [25]. Thus, the development of drugs specific
to DOR may be clinically useful.

Recent studies show that enkephalins act as
modulators of cardiac function and play a vital role
in aging, ischemic preconditioning, heart failure and
hypertension [26]. The biological activity of peptides
is largely determined by their post-translational
modifications, such as acetylation, phosphorylation,
methylation and glycosylation [27, 28]. Of particular
interest are OPs — endorphins and enkephalins
are actively involved in the regulation of immune
processes. Their synthesis is carried out by various
cells of the immune system, including macrophages,
lymphocytes, monocytes and mast cells [29].

The production of these peptides is under cytokine
control: in particular, the level of enkephalin increases
under the influence of interleukin-4 (IL-4), IL-10 and
transforming growth factor beta (TGF-B) [30, 31].

Different

multidirectional

classes of peptides demonstrate
antibody

while a-endorphin and

effects on formation
in inflammation models,
leu-enkephalin suppress this process,
enhances it by 2-3 times [32].

The effect of OPs on

characterized by dose dependence:

B-endorphin
immune reactions s
physiological
concentrations stimulate immunity; high concentrations
suppress for it [33]. The study by S.V. Gein et al. (2020)
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demonstrated their modulating effect not only on
the humoral, but also on the cellular component
of immunity, including the functional activity of NK
cells, proliferation of T-effectors and chemotaxis of
leukocytes: B-endorphin increases the activity of NK
cells through MOR receptors, and enkephalins inhibit
the proliferation of T-lymphocytes [34].

An important aspect is the participation of OPs in
regenerative processes. It has been established that
leukocytes enhance the synthesis of endorphins in
the focus of inflammation, which in turn stimulate
[35]. In
secretion of enkephalins by

the phagocytic activity of neutrophils
addition,

immunocompetent cells also enhances the bactericidal

increased

activity of blood serum [36].

In vivo studies

According to the study by CW. Tang et al,
experimental administration of leu-enkephalin at
a dose of 5 mg/kg increased the survival rate of
laboratory animals. It has been shown that this effect is
associated with a decrease in serum levels of not only
“early” pro-inflammatory cytokines (TNFa, IL-1), but
also the “late” mediator of inflammation is HMGBI.
It is important to note that the effectiveness of OPs
persisted both at the initial stage of development of the
septic shock model and in the later phase [37].

The anti-inflammatory properties of the synthetic
analogue of leu-enkephalin were confirmed in the
works of Russian scientists (2020): on a model of
acute respiratory distress syndrome in mice, its use
significantly reduced mortality [38, 39].

In a series of experiments on rats, it was found
that tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
(dalargin) improves collagen metabolism in liver and
kidney tissues under conditions of repeated stress,
and also enhances metabolic activity of the kidneys in
experimental diabetes mellitus [40].

The stress-protective activity of the drug was
demonstrated in several experimental and clinical
studies. For example, a 28-day course of intranasal
administration of hexapeptide (0.2 mg/kg) against the
background of ulcerogenic stress led to normalization
of the distribution index of medium-mass molecules
in the blood serum of rats [41]. Normalization of the
area of hepatocyte nucleoli and a decrease in the
intensity of lipid peroxidation (LPO) were noted in the
liver and blood serum of rats that underwent antenatal
hypoxia and received intraperitoneal administration
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of an analogue of leu-enkephalin (100 pg/kg), which
indicates pronounced antioxidant protection [42, 43].
In addition, in the work of N.A. Bebyakova et al. it was
shown that against the background of acute stress,
the administration of the peptide to rats caused a
significant increase in the level of NO compared to
the control (p < 0.001), which confirms its stress-
limiting properties and interaction with endothelial
factors [44].

Experimental data also indicate the participation
of OPs in the neuroendocrine regulation of processes
related to food intake and digestion. It turned out that
enkephalins play an important role in the control of
cognitive functions, such as learning and memory, as
well as in the regulation of appetite, thirst and sexual
behavior. According to the results of a comparative
study by T.A. Czyzyk et al. (2012), conducted on mice
receiving a high-calorie diet, it was found that the
introduction of endogenous opioids contributes to
an increase in energy metabolism and reduces the
intensity of weight gain. In this regard, agonists of
6-opioid receptors can be characterized not only as
agents capable of correcting eating behavior, but also
eliminating metabolic disorders [45]. Of course, the
data obtained during tests on animal models still need
to be studied for use in clinical practice.

Clinical studies

The world’s first peptide drug based on an
analogue of leu-enkephalin — tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine (Tyr-D-Ala-Gly-Phe-Leu-
Arg) — was developed in the USSR in 1983 in the
laboratory of Professor M.I. Titov (All-Union Cardiology
Research Center of the USSR Academy of Medical
Sciences) [46]. Since its creation, it has found successful
application in gastroenterology to stimulate tissue
regeneration in gastric and duodenal ulcers, acute and
chronic pancreatitis, as well as pancreonecrosis [46,
47]. In addition, the drug has been shown to correct
disorders of lipoperoxide homeostasis in patients with
erosive and ulcerative gastropathy [35].

In a study of Crohn’s disease, the addition of
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
to standard 5-ASA therapy
improvement in histological and proliferative activity,

led to a significant

as well as a decrease in the intensity of free radical
oxidation compared to monotherapy [48].

The ability of the leu-enkephalin analogue to
protect the body from the effects of stress factors has
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been shown in many studies. Its organoprotective
properties are manifested by a decrease in the release
of cortisol and catecholamines, the intensity of the
LPO process, and a decrease in the formation of
free radicals. All these processes reduce the harmful
effects of free radicals on the lipids of cell membranes,
contributing to effective protection of cells from
damage caused by oxidative stress [46].

The effect
metabolism was evaluated in a clinical study involving

of hexapeptide on carbohydrate
123 patients (mean age 56.7 *+ 5.1 years) with stable
coronary heart disease (CHD) and metabolic syndrome.
Of the 123 patients, 63 received standard CHD therapy
(control group), and 60 patients in the main group
were additionally prescribed tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine intranasally at a dose
of 2 mg/day in courses of 10 days for 3 months.

As a result, patients receiving peptide therapy
showed a significant decrease in initially elevated
indicators: insulin level by 21.7 % (p < 0.001), C-peptide
by 8.9% (p=0.017) and HOMA-IR index by 38.2 %
(p < 0.001). No significant changes in carbohydrate
metabolism were noted in the control group, while in
the main group the positive effect persisted throughout
the entire observation period.

Thus,
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine  in

intermittent intranasal administration of
combination with standard therapy contributed to a
decrease in hyperinsulinemia and insulin resistance
in patients with CHD and metabolic syndrome,
which confirmed its ability to correct carbohydrate
metabolism disorders [49].

The ability of the

leu-enkephalin to stabilize metabolic homeostasis by

synthetic analogue of
reducing oxidative stress and inhibiting pathological

processes has also been demonstrated in liver
diseases associated with toxic effects and metabolic
disorders [50].

In cases accompanied by endothelial dysfunction
syndrome, septic shock,
infarction, ARDS), the
peptide at a dose of 50-200 ug/kg (with intravenous
inhibit the

degradation of intercellular contacts of endothelial cells

(multiple organ failure
ischemic stroke, myocardial
administration) has been shown to
and prevent their apoptosis [51].

At the same time, the breakdown products of
the drug can circulate in the blood for a long time,
despite the fact that the half-life is on average 15 min.
administration of

At the same time, endonasal
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peptide solutions entails direct penetration into the active compounds with proven efficacy — succinic

cerebrospinal fluid, bypassing the blood-brain barrier.
Therefore, intranasal administration of tyrosyl-D-alanyl-
glycyl-phenylalanyl-leucyl-arginine diacetate has been
proven and is used to enhance the effect [52].

with
demonstrated significant efficacy in patients with
COVID-19 complicated by moderate to severe ARDS.
Against the background of treatment, a significant

Therapy hexapeptide  diacetate has

reduction in the frequency and duration of non-invasive
ventilation (NIV) was noted. On the 6th day of therapy,
the need for NIV was recorded 4.9 times less often
(p = 0.020), and on the 7th day — 6.7 times less often
(p =0.013) compared with the control group.

In the main group receiving the leu-enkephalin
analogue, positive dynamics according to CT studies
were observed 3.2 times more often (p = 0.040) than
in the control group. The data obtained indicate that
the use of the drug affects the key pathogenetic
mechanisms of ARDS development: it helps to reduce
the area of lung tissue damage and increases the
oxygenation index. These effects, most pronounced
on the 4-7" day of therapy, probably caused positive
clinical dynamics in patients [53].

Thus, the results of the pilot study demonstrated
the high clinical efficacy of tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine diacetate for pathogenetic
therapy of COVID-19.

As a result of the studies, pulmono-, cardio-,
hepato-, gastro-, pancreato-, cerebroprotective, as well
as antinociceptive effects have been proven. Further
study of the role of neuropeptides and the opioid
system proved to be promising for the development of
new drugs based on synthetic OPs.

Studies of the leu-enkephalin analogue Ambervin®

Pulmo during the COVID-19 pandemic

The long-term experience of successful use of
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine  in
various fields of medicine, supported by positive results
of preclinical and clinical studies, became the basis for
studying its organoprotective properties in the context
of the COVID-19 pandemic. In this context, main
attention was paid to the pulmonoprotective effect of
this synthetic analogue of leu-enkephalin [54].

In 2021, the pharmaceutical company
PROMOMED RUS developed the original medicine
which for the first
implemented a rational combination of two biologically

Ambervin®  Pulmo, time
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acid salt and synthetic hexapeptide (tyrosyl-D-alanyl-
glycyl-phenylalanyl-leucyl-arginine). The use of succinic
acid (SA) in clinical practice dates back to 1972, when
the Pharmcommittee of the Ministry of Health of the
USSR issued a permit for its medical use. The ability
of succinate to modulate energy metabolism due
to participation in tissue respiration and oxidative
phosphorylation processes, as well as to maintain ATP
synthesis under hypoxia, underlies the wide therapeutic
use of SA [55-58].

In the course of studies to assess the specific
pharmacological activity of the Ambervin® Pulmo
on the ARDS model with intravenous and combined
intramuscular and inhalation administration to C57BI
mice, the pulmonoprotective effect was confirmed [59].
The results of determining the level of cytokines in the
lung tissue showed a significant increase in the level
of IL in the control group compared with other control
groups, which indicates the development of a “cytokine
storm” in animals of this group. The use of the
Ambervin® Pulmo contributed to a significant (more
than 2 times) decrease in the level of pro-inflammatory
cytokines IL-1 and IL-6 in the lung tissue.

The results of histological analysis showed positive
changes in the lung tissue with the introduction of the
Ambervin® Pulmo, expressed in a moderate degree of
interstitial edema, the absence of edematous fluid in
the alveoli, bronchi and bronchioles.

Preclinical  studies of tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine succinate demonstrated
that

background of ARDS development

intramuscular  administration  against the
reduced the
area of spread of inflammatory infiltrate. Moreover,
hexapeptide succinate almost 2 times more often
increased the survival rate of animals compared with
hexapeptide diacetate: the survival rate increased by
70 %, and in the comparison group — by 35 %.

Thus, as a result of experimental studies, it was
shown that a pronounced anti-inflammatory effect
with  the

phenylalanyl-leucyl-arginine succinate is formed due

introduction of tyrosyl-D-alanyl-glycyl-
to the suppression of the synthesis of one of the main
pro-inflammatory mediators of the cytokine storm in
the lungs — IL-6 and other pro-inflammatory cytokines
(in particular IL-1B), and a simultaneous increase
in the formation of the anti-inflammatory cytokine
IL-10 [59]. It is possible that the effectiveness of tyrosyl-

D-alanyl-glycyl-phenylalanyl-leucyl-arginine  succinate
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is explained by the inclusion in the structure of the
medicine, on the one hand, of a fragment of SA, which
enhances its antioxidant properties, and on the other
hand, of a &-opioid receptor agonist hexapeptide,
which suppresses the synthesis of pro-inflammatory
cytokines in the lungs and inhibits the entry into the
systemic circulation of one of the main mediators of the
cytokine storm — IL-6.

A clinical study to assess the efficacy, safety and
tolerability of intramuscular and inhalation use of
hexapeptide succinate in complex therapy compared
with standard therapy in patients with moderate
COVID-19 was conducted on the basis of 10 research
centers in Russia in 2022 and confirmed the results
obtained at the preclinical stage [59].

Patients (n = 312) older than 18 years, hospitalized
with moderate COVID-19, were
3 groups: the first received standard therapy in

randomized into
accordance with the current version of the Interim
Guidelines of the Ministry of Health of Russia
and treatment of
(CovID-19)”
is Interim Guidelines) for 10 days; the second —

“Prevention, diagnosis new

coronavirus  infection (hereinafter
hexapeptide succinate intramuscularly at 1 mg/day;
the third — the same medicine by
at 10 mg/day for 10 days. Therapy with hexapeptide

inhalation

inhalation
succinate, both with intramuscular and

administration, contributed to a reduction in
the duration of the disease and the complete
disappearance of symptoms of the disease in more
than 80%

medicine was also confirmed in comorbid patients.

of patients. The effectiveness of the
The use of the Ambervin® Pulmo was associated with
the restoration of lung function, normalization of
oxygenation, disappearance of shortness of breath,
a decrease in the level of C-reactive protein below
10 mg/L and a reduction in the duration of symptoms
compared with standard therapy.

There was also a decrease in indicators of
(ESR,
parameters (lactate, triglycerides). At the same time,

inflammation IL-6, d-dimer) and metabolic
there were no statistically significant differences in the
frequency and nature of adverse events between the
therapy groups [59].

Thus, the data obtained indicate that the use of
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
succinate in the complex therapy of COVID-19 in
inhalation or intramuscular form in patients leads to a
reduction in the duration and a decrease in the severity
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of symptoms of COVID-19. In addition to efficacy, the
safety of hexapeptide succinate was shown, which
confirms the feasibility of using the drug in schemes
of pathogenetic therapy of COVID-19. In results the
medicine was included in the Interim Guidelines [59].
Later, in a clinical study conducted by O.A. Radaeva
et al. also studied the cytokine-mediated effects of
Ambervin® Pulmo in the acute period of COVID-19 and
in the convalescence period. Three groups of patients
with COVID-19 were formed. In group 1 (n = 14), in
addition to standard COVID-19 therapy, patients were
injected intramuscularly with the medicine according
to the scheme of 1 mg 1 per day for 10 days; group 2
(n = 13), in addition to standard COVID-19 therapy,
received the Ambervin® Pulmo by inhalation at 10 mg
1 per day for 10 days; group 3 (n = 17) received

standard therapy in accordance with the Interim
Guidelines [60].
The reduction in the number of days of

hospitalization in the groups receiving hexapeptide
succinate and the increase in the level of IFN-B against
the background of suppression of HMGB1 growth (a
cytokine mediator associated with an unfavorable
course of COVID-19) in the blood serum of patients
with COVID-19
pronounced with intramuscular administration of this

reflect positive dynamics, more
analogue of leu-enkephalin [60].

It is known that a decrease in HMGB1 minimizes
the risk of developing cardiovascular post-covid
complications, while against the background of an
in HMGB1, the synthesis of endothelial

adhesion molecules increases and the barrier function

increase

of endothelial cells is impaired [39, 60]. A decrease
in the level of HMGB1 is one of the most significant
advantages of the drug based on hexapeptide
succinate, which allows expanding the possibility of

using this drug in the therapy of other diseases.

CONCLUSION
According to WHO experts, SARS-CoV-2 will
continue to evolve, which will lead to the emergence
of new variants of the virus with unpredictable
properties. Despite previous immune experience
(previous illness or vaccination), the risk of re-infection
remains, including co-infection with various strains.
In this regard, the search for new effective and safe
pharmacological agents with anti-inflammatory and
organoprotective activity remains relevant.

The effect

organoprotective of hexapeptide
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succinate established in preclinical and clinical
studies, as well as its ability to correct disorders
of antiviral immunity, allow us to consider OPs as
promising compounds for the treatment of respiratory
infections of the upper and lower respiratory tract of
various etiologies (ARVI, pneumonia), post-infectious
conditions (including post-covid syndrome) and other
diseases of various etiologies. The prospects for their
study are additionally confirmed by the involvement
of OPs in the pathogenesis of a wide range of
conditions — from mental (schizophrenia, addiction)
and metabolic (obesity) disorders to somatic pathology,
which opens up opportunities for the development of
new therapeutic strategies in various fields of medicine.
Thus, the creation of drugs based on regulatory
peptides with a wide range of pharmacological activity
is one of the most promising areas of pharmacology.
The

succinate, including its clinical efficacy and safety,

pharmacological profile of hexapeptide
is confirmed by experimental and clinical studies.
The combination of succinate with OP modulates
the immune response, affecting the activity of
macrophages and suppressing the production of pro-
inflammatory cytokines. This manifestation enhances
the anti-inflammatory activity of the compound
and opens up prospects for its use in diseases such
as rheumatoid arthritis and inflammatory bowel
diseases.

In addition, succinate in the composition of the
drug improves energy metabolism in neurons and
provides protection against oxidative stress, which
underlies the observed

neuroprotective  effects,

including reducing anxiety and improving emotional
state. Further controlled clinical trials are needed
to confirm efficacy in neurodegenerative diseases,
depression, chronic neuropathic pain, and cognitive
impairment.

The synthetic analogue of leu-enkephalin-leucyl-
arginine succinate also demonstrates a vasoprotective
effect, which is realized through a decrease in the
normalization

permeability of the wvascular wall,

of microcirculation and stimulation of reparative

processes in damaged tissues. The cardio- and
pulmonoprotective properties of the compound allow
us to consider it as a promising component of complex
therapy of cardiovascular diseases and pneumonia of
various etiologies, especially community-acquired.

The analysis revealed a number of limitations
associated with the insufficient study of the molecular
mechanisms of action of leu-enkephalin analogues,
in particular, their selectivity for subtypes of 6-opioid
receptors. In addition, there are no data on long-term
follow-up of patients, which requires further research
with a well-designed design and long-term monitoring
of efficacy and safety.

Despite these limitations, the presented data
demonstrate a favorable safety profile, proven efficacy
and a wider therapeutic potential of hexapeptide
succinate compared to the precursor drug. Promising
directions for further research include a detailed study
of its pharmacodynamics, expansion of indications
for use and optimization of dosing regimens for the
treatment of various diseases, primarily respiratory,

especially community-acquired pneumonia.
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The aim. To identify existing obstacles hindering the introduction of extemporaneous orphan drugs into circulation in the
Russian Federation, in order to develop recommendations for improving legislative regulation and organizing the activities of
pharmacies with the right to manufacture drugs.

Materials and methods. The study was performed using a comprehensive approach, including logical, comparative,
structural-functional, and conceptual analysis. Information retrieval was conducted in international scientific indexes, search
engines (PubMed, Google Scholar), and legal reference systems (ConsultantPlus, GARANT, Kontur.Normativ). Regulatory legal
acts of the Russian Federation and foreign countries, modern scientific publications, as well as the practical experience of
Russian pharmacies manufacturing drugs for the treatment of orphan diseases were considered.

Results. The main obstacles in the development of pharmacy compounding of orphan drugs were identified: low availability
of active pharmaceutical ingredients, limitation of the mechanism for establishing the shelf life of extemporaneous dosage
forms, prohibition of the manufacture of registered drugs, heterogeneity of pharmacies in terms of equipment and
competencies, lack of stable demand, restriction of dispensing compounded drugs for outpatient treatment, and uncertainty
of requirements for the therapeutic effectiveness of extemporaneusly compounded drugs. Based on the analysis, proposals
were formulated to improve the regulation of mechanisms for admitting substances to the market, using flexible approaches
to establishing shelf life, differentiating requirements for pharmacies depending on their capabilities, and legally establishing
the rights to manufacture certain categories of drugs, simplifying the dispensing of extemporaneous dosage forms, and
involving federal and regional institutions in the formation of stable demand for pharmacy drugs.

Conclusion. Overcoming the identified obstacles is of strategic importance not only for the pharmacotherapy of orphan
diseases, but also for the development of pharmacy compounding in general. The implementation of the proposed solutions
will create a sustainable system capable of providing patients with vital medicines regardless of market conditions and the
political situation. Global practice confirms that key competition in the field of orphan drugs unfolds precisely at the level of
regulatory systems, and in this perspective, the development of manufacturing pharmacies can become a tool for the Russian
Federation to protect the interests of patients, increase access to therapy, and strengthen drug sovereignty.

Keywords: drug supply; orphan medicines; emergency formulation; pharmacy compounding

Abbreviations: CC RF — Civil Code of the Russian Federation; SRMs — State Register of Medicines; GPhM — General
Pharmacopoeial Monograph; FL — Federal Law; FDA — Food and Drug Administration.
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obstacles in pharmacy practice: the experience of the Russian Federation. Pharmacy & Pharmacology. 2025;13(5):350-366. DOI: 10.19163/2307-
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Llenb. OnpepenvTb cyllecTBylowme 6apbepbl, NPEenATCTBYOWME BBEAEHUIO B 0OOPOT 3IKCTEMMOPA/bHbIX OpPdAHHbIX
NIEKAPCTBEHHbIX NpenapaToB Ha TeppuTopun Poccuitickoin  Pepepauun, AnAa  BblpaboTKM  pekomeHAauui Mo
COBEPLUEHCTBOBAHUIO 3aKOHOAATE/IbHOFO PEryIMPOBAHUA U OpPraHM3aLMmM AeATENbHOCTU anTeYHbIX OpraHu3aLmii ¢ NpaBom
WN3roTOB/IEHMA IeKapCTBEHHbIX MPenapaTos.

Marepuanbl 1 meTogbl. iccnegoBaHWe BbINMOSHEHO C UCMO/Ib30BaHWEM KOMM/IEKCHOTO NOAXOAA, BK/HOYAOLLEro IOTUYECKUi,
CPaBHUTENbHBIN, CTPYKTYPHO-OYHKLMOHANbHBIN M KOHLENTYanbHbIM aHanu3. MHGOPMaLMOHHBIN MOUCK NpoBoAM/CA B
MeXAYHapOoAHbIX HayYHbIX MHAEKCax, NOUCKOBbIX (Scopus, Web of Science, PubMed, Google Scholar) n cnpaso4Ho-npasoBbix
cuctemax (KoHcynbtaHTMatoc, TAPAHT, KoHTyp.HopmaTtue). PaccmatpuBanncb HOpmaTMBHbIE MPaBoBble akTbl PoccUitcKoim
depepaunm 1 3apybexRHbIX CTPaH, COBPEMEHHbIe Hay4Hble My6anMKaLum, a TakKe NPaKTUYECKUI OMbIT POCCUMCKUX aNTEYHbIX
opraH13aLumi, N3roTaBAMBaOLLMX JIEKAaPCTBEHHbIE NMPenapaThl AN NeYeHUs opdaHHbIX 3aboneBaHuUi.

Pe3ynbratbl. BbiABNeHbl OCHOBHble 6apbepbl Pa3BUTMA aNTEYHOrO W3roToBJAEHWA OpdaHHbIX NpenapaToB: HU3KaA
[OCTYMHOCTb aKTUBHbIX apmaueBTUYECKMX CYyBCTaHUMMA, OrpaHWYeHMe MexaHW3Ma YCTaHOBAEHWA CPOKOB FOAHOCTU
SKCTEeMMNOopasibHbIX IEKAPCTBEHHbIX GOPM, 3aMpeT Ha U3rOTOB/IEHME 3aPErUCTPUPOBAHHBIX NMPENapaTos, HEOAHOPOAHOCTb
anTeYHbIX OPraHN3aL M N0 YPOBHIO OCHALLEHHOCTM U KOMMETEHLMI, OTCYTCTBUE YCTOMUYMBOTO CNPOCA, OrPaHUYEHME OTMYyCKa
M3rOTOB/IEHHbIX JIEKAPCTBEHHBIX MPEnapaToB A/nA aMbynaTOPHOro NEYEHUs, a TaKKe HeonpeaenéHHoCTb TpeboBaHui K
TepaneBTUYecKol 3GPEeKTUBHOCTU SKCTEMMOPA/bHBIX aHAJIOTOB MPOMBbILLIEHHbIX JIEKAPCTBEHHbIX NpenapaTos. Ha ocHose
aHanun3a chopmynnpoBaHbl NPEeasIoKEHUA MO COBEPLUEHCTBOBAHWUIO PEryIMPOBAHUA MEXaHW3MOB AOMNycKa cybcTaHumit
Ha PbIHOK, WCMO/Ib30BaHUA FMOKMX MOAXOAOB K YCTAHOBNEHUIO CPOKOB rogHocT, aAuddepeHumaumn TpeboBaHMIN K
anTeYHbIM OPraHM3aLMAM B 3aBUCMMOCTU OT MX BO3MOXKHOCTEN M 3aKOHOAATE/IbHOMY 3aKPenaeHUIo NPaB Ha M3rOTOBAEHWUE
onpefenéHHbIX KaTeropuMit MpenapatoB, YMPOLLEHWUIO OTMYCKa SKCTEMMOpPasIbHbIX JIEKAPCTBEHHbIX GOPM, a TaKXke
BOB/ieYeHUO defepanbHbIX W PErvoHaNbHbIX WHCTUTYTOB B (GOpPMMpOBaHWE YCTOMYMBOrO CRNpOca Ha anTeyvHble
JleKapcTBeHHble npenapaTbl.

3akntoueHue. MpeososneHne BbiABAEHHbIX BapbepoB MMeeT CTpaTerMyeckoe 3Ha4YeHue He TO/IbKO AA dapmaKkoTepanuu
opdaHHbIX 3aboneBaHnii, HO U ANA PA3BUTUA aNTEYHOTO M3FOTOBNEHUA B LieSIOM. BHeapeHWe npeaioKeHHbIX peLleHuit
NO3BO/AUT BbICTPOWUTb YCTOMYMBYIO CUCTEMY, CMOCOBHYl0 obecneunBaTb MALMEHTOB KM3HEHHO HEO6XOAMMBIMU
NIEKaPCTBEHHbIMU MpenapaTtamn He3aBUCMMO OT KOHBIOHKTYPbl PbiHKa M MOAUTUYECKOW cuTyauuu. MupoBas MpaKTUKa
NMOATBEPIKAAET, UTO KAOYEBAA KOHKYpeHUMA B chepe opdaHHbIX MpenapaTtoB pa3BopayMBaeTcd MMEHHO Ha YpOBHeE
PerynaTopHbIX CUCTEM, U B STON NEPCNEKTUBE Pa3BUTUE NPOU3BOACTBEHHbIX aNTEK MOXKET CTaTb A/ Poccuitickoin Pepepauum
WHCTPYMEHTOM 3alLMTbl MHTEPECOB MaLMEHTOB, MOBbIWEHWA AOCTYMHOCTU Tepanuu W YKpPenaeHWA JIeKapCTBEHHOrO
cyBepeHuTeTa.

KnioueBble cnoBa: fiekapcTBeHHOe obecneyeHne; opdaHHble NeKapCTBEHHbIE MpenapaThl; SKCTeMNopasibHaa peLenTypa;
anTeyHoe U3roToB/ieHNe

Cnucok cokpaweHuit: TK PO — T[paxaaHcKui KopeKkc Poccuiickon depepaumnn; TP/IC — locynapcTBEHHbIV peecTp
NleKapcTBeHHbIX cpeacts; OOC — obuwan dapmakoneiHas cTatbs; P3 — depepanbHblli 3akoH; FDA — YnpasneHue no
KOHTPO/IO Ka4yecTBa NULLEBbIX NPOAYKTOB N NeKapCcTBeHHbIX cpeacTs, CLUA.

MpuHAaTa K neyatn 23.09.2025

INTRODUCTION

In recent years, the Russian Federation has seen a
consistent development of regulatory legal regulation
extemporaneous

regarding the organization of

compounding of medicines [1]. State policy in the field
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of healthcare increasingly views pharmacies with the
right to compound medicines (hereinafter referred to
as compounding pharmacies) not only as a resource
for implementing personalized medicine tasks, but
also as an effective tool for ensuring the accessibility of
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pharmacotherapy [2—-4]. Strengthening the regulatory
legal framework, gradually adapting
principles of good pharmacy practice, separation of a
special type of economic activity!, implementation of
requirements for the organization of a quality system?,
development and approval of new pharmacopoeial
monographs?, form the basis for the transformation
of compounding pharmacies [5]. From a rudimentary

international

and fragmented structure, they are turning into a full-
fledged patient-oriented link in the drug supply system,
capable of responding quickly to healthcare needs both
to expand pharmacotherapy options and to rationally
use resources [6-9].

At the same time, despite the significant
potential, the still limited range and low profitability of
compounded medicines determine the need to search
for new directions for using extemporaneous drug
formulations [10-13].

Given the incoming investments, the introduction
of new high-tech approaches in pharmacy practice, and
integration with the industrial sector of the pharmacy,
the most promising area is the compounding of
medicines with high potential in the therapy of orphan
diseases”.

Pharmacotherapy for patients with orphan diseases
is a global problem, primarily due to the complexity
of developing medicines, including difficulties in
conducting full-fledged clinical trials, as well as a limited
market [14]. In the Russian Federation, orphan diseases
are diseases with a prevalence of no more than 10
cases per 100 000 population®. The situation differs

! Mpukas PocctaHgapta ot 09 anpens 2025 ropa Ne 268-ct «06
yTBepKaeHun MamereHun 80/2025 OKB3IM 2 k Ob6uepoccuitckomy
KnaccupuKatopy  BMAOB  IKOHOMMYECKOW  AeATeNbHOCTM».  —
[9nekTpoHHbIN pecypc]. — Pexxum goctyna: https://www.consultant.
ru/document/cons_doc_LAW_503144/

2 Order of the Ministry of Health of the Russian Federation dated May
22, 2023 No. 249n “On Approval of the Rules for the Compounding
and Release of Medicines for Medical Use by Pharmacies Licensed for
pharmaceutical activities”. Available from: https://www.consultant.ru/
document/cons_doc_LAW_448335/

3 Order of the Ministry of Health of the Russian Federation dated
March 13, 2024 No. 120 “On Approval of General Pharmacopoeial
Monographs and Pharmacopoeial Monographs”, Order of the
Ministry of Health of the Russian Federation dated April 11, 2025
No. 188 “On Approval of General Pharmacopoeial Monographs
and Pharmacopoeial Monographs”, Order of the Ministry of
Health of the Russian Federation dated August 4, 2025 No. 460
“On Approval of Pharmacopoeial Monographs”. Available from:
https://pharmacopoeia.regmed.ru/ approval-orders/

4 Badyina E. A production pharmacy will be built in Sirius for 1 billion
rubles — what is known about it? Pharmedprom. Available from:
https://pharmmedprom.  ru/Monographs/chem-privlech-molodezh-
na-predpriyatie-farmkompanii-podelilis-sekretami/. Russian

5 Federal Law No. 323-FZ of November 21, 2011 “On the Basics of
Public Health Protection in the Russian Federation”. Available from:
https://www.consultant.ru/document/cons_doc_LAW_121895/
bbfb814a127237db75b90e15 4333ef3f085f4e7f/
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in the European Union® (no more than 5 cases per
10 000 people) and the USA’ (any disease or condition
affecting less than 200 000 people in the USA), but
even in these conditions, the market remains small
[15]. As a result, healthcare systems are forced to
develop and implement various incentive programs,
which in most cases provide pharmaceutical companies
with simplified market access, exclusive status, and
also allow them to maintain a high price, often not
determined by market, especially in the case of long-
known medicines that were subsequently registered for
the treatment of orphan diseases [16—19].

In the Russian Federation, there is a steady
increase in the number of patients with orphan
diseases receiving pharmacotherapy under state
programs [20]. Thus, the Federal Program “High-Cost
Nosologies” is gradually expanding, and the list of
drugs purchased by the Circle of Good Foundation for
Supporting Children with Severe Life-Threatening and
Chronic Diseases, including Rare (Orphan) Diseases
(hereinafter referred to as the Circle of Good®), is
increasing. The taken measures allow covering a large
list of patients, but also cause a rapid increase in the
total costs of orphan drugs. Thus, the volume of federal
funding for orphan programs has increased many times
over the past years, and the total number of patients
receiving therapy has increased many times over. As
a result, all key sources demonstrate a single trend of
increasing burden on drug provision for patients with
rare diseases [21].

Simultaneously with the growth in demand, the
limited resources of the healthcare system become
obvious. Federal spending on orphan drugs today
amounts to tens of billions of rubles annually, and
regional budgets are often unable to fully cover the
need for expensive treatment outside of centralized
programs®. In practice, patients who do not fall under
federal benefits (for example, the adult group of orphan
patients) often face interruptions in the provision of

5 Orphan medicinal products. European Commission. — [91eKTpOHHbI
pecypc]. — Pexum  poctyna:  https://health.ec.europa.eu/
medicinalproducts/orphan-medicinal-products_en

721 U.S.C. § 360bb (Orphan Drug Act). — [9neKTpoHHbIW pecypc]. —
Pexum poctyna: https://www.law.cornell.edu/uscode/text/21/360bb
8 Circle of Goodness Foundation for the Support of Children with
Severe life-threatening and Chronic Diseases. public 2024 annual
report. Available from: https://xn--80abfdb8athfre5ah.xn--plai/ wp-
content/uploads/2025/05/15-may-AnnualReport-2024-RGB-2.pdf
 Kryukov V., Surinskaya Ya., Lekovskaya V. The lack of regional funds
for the treatment of orphan diseases will be compensated by the
federal budget. Vedomosti. Available from: https://www.vedomosti.
ru/society/Monographs/2025/03/11/1097178-nehvatku-regionalnih-
sredstv-na-lechenie-orfannih-boleznei-vospolnyat-fedbyudzhetom.
Russian

Volume XIlII, Issue 5, 2025



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30P
DOI: 10.19163/2307-9266-2025-13-5-350-366

medicines and are forced to “seek” drugs through
additional support mechanisms. Experts note that
with the increase in the number of patients who have
reached the age of 19 and are “graduating” from the
care of the Circle of Good Foundation, the obligations
of the regions to finance their further treatment are
increasing — a burden that regional budgets can hardly
bear®. Thus, the existing funding model is working at
the limit of its capabilities, which emphasizes the need
to introduce new approaches to drug provision for
orphan patients.
In  the
flexible,
extemporaneous compounding of medicines, are of
particular relevance [22—-24]. At the same time, despite
the introduction of modern technologies in pharmacy
practice and the improvement of
methods for quality control of extemporaneous drug
formulations [25, 26], the first attempts to compound
orphan drugs in the Russian Federation faced a number
of diverse obstacles, limiting not only the development
of the compounding pharmacy system, but also its

context of limited resources,

technology-oriented solutions, such as

instrumental

existence.

THE AIM of this review is to identify existing barriers
that prevent the introduction of extemporaneous
orphan drugs into circulation in the Russian Federation,
in order to develop recommendations for improving
legislative regulation and organizing the activities of
compounding pharmacies.

MATERIALS AND METHODS

The information  search
(2005-2025)
December 2022 to July 2025 in international scientific
indexes and search engines (Scopus, Web of Science,
PubMed, Google Scholar), as well as using national
legal systems (ConsultantPlus, GARANT
system, “Kontur.Normativ”) and international resources
(official portal of the legislation of the European Union,
official portal of the legislation of Germany, library of
law of Cornell University, official website of the Ministry
of Health of Canada, official websites of the European
Medicines Agency, the Food and Drug Administration of
the United States and the World Health Organization).
In the context of limited access to a number of foreign
databases after 2022, previously formed collections and

was  conducted

throughout the entire period from

reference

open sources listed above were used.

1 Nevinnaya |. Experts discussed how to provide treatment to
“graduates” of the Circle of Goodness Foundation. Rossiyskaya Gazeta.
Available from: https://rg.ru/2024/08/09/ eksperty-obsudili-kak-
obespechit-lecheniem-vypusknikov-fonda-krug-dobra.html. Russian
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The search was carried out using keywords and
phrases in Russian and English, including: «opdaHHbie
NleKapcTBEHHble npenaparbl», «peaKkue 3aboneBaHua»,
«anTeyHoe N3roToBAEHMEY, «3KCTEMMopasbHoe
nsrotosneHune», as well as their English equivalents —
orphan drugs, rare diseases, pharmacy compounding,
regulatory

selection of

extemporaneously compounding drugs,

framework for compounding. The
sources was carried out in several stages: removal of
duplicates, exclusion of irrelevant publications based
on titles and abstracts, subsequent full-text analysis.
Articles devoted to orphan drugs, therapy of rare
diseases and issues of pharmacy compounding were
included. Priority was given to modern peer-reviewed
publications and official regulatory documents. As a
result, an array of sources was formed, including 50
scientific articles, 29 regulatory legal acts and 13 other
relevant materials. The process of selecting sources
is presented in a block diagram (Fig. 1), prepared in
accordance with the recommendations of PRISMA.

The processing and analysis of the collected
data included systematization of information and
comparison of the identified with
practice. The applicability of foreign

information
international
experience to the Russian regulatory organizational
environment was assessed. During the analysis, key
problems were identified that hinder the development
of pharmacy compounding of orphan drugs in the
Russian Federation.

In addition to the analysis of literature and
documents, the practical experience of pharmacy
compounding in Russia was studied as part of the
empirical part of the study. Applied aspects of the
organization of extemporaneously compounding
drugs were analyzed, including issues of importing
the necessary pharmaceutical substances, building
logistics supply chains, as well as internal preparation
of compounding pharmacies for compounding and
ensuring the quality of finished dosage forms.

Based on the results obtained, proposals were
developed to improve the regulatory framework
and practice of pharmacy compounding of orphan
drugs. These recommendations and approaches are
formulated taking into account the specifics of the

legislation of the Russian Federation.

RESULTS AND DISCUSSION

Availability of substances
The problem of the lack of substances that can
be used for the purposes of pharmacy compounding
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is fundamental [27, 28]. Thus, in accordance with
Art. 56 of Federal Law No. 61-FZ'* of April 12, 2010,
as well as Order No. 249n of the Ministry of Health
of the Russian Federation dated May 22, 2023 “On
approval of the rules for compounding and dispensing
medicines for medical use by pharmacies licensed for
pharmaceutical activities”*? (hereinafter — Order No.
249n) it is established that in the compounding of drugs
by pharmacies, and (or) pharmaceutical substances
included in the State Register of Medicines for medical
use (hereinafter — SRMs), the Unified Register of
Registered Medicines of the Eurasian Economic Union
are used.

Art. 34 of Federal Law No. 61-FZ establishes the
procedure for including a pharmaceutical substance
produced for sale in the SRMs, which provides for a
complex and expensive procedure (Fig. 2), including
the certification of the substance manufacturer for
compliance with international standards, as well as a
wide range of laboratory tests. Thus, few compounding
pharmacies are able to initiate the inclusion of a
pharmaceutical substance of interest to them in the
SRMs.

It s provide for
mechanisms for the admission of substances, including

advisable to alternative
those existing in international practice. For example, in
Canada, in accordance with Health Canada POL-0051%,
a medicinal product in a compounding pharmacy
must be compounded from a registered drug or active
pharmaceutical substance already used in a registered
medicinal product, or an active pharmaceutical
substance for which there is a pharmacopoeial
monograph in a pharmacopoeia recognized by Canada®*
(US Pharmacopoeia, European Pharmacopoeia, British
Pharmacopoeia, etc.).

In the Russian Federation, information about the
substance used in industrial production is also entered
into the SRMs as part of the state registration of the
corresponding medicinal product. Thus, it can be

1 Federal Law No. 61-FZ of April 12, 2010 “On the Circulation of
Medicines”. Available from: https://www.consultant.ru/document/
cons_doc_ LAW_99350/. Russian

12 Order No. 249n of the Ministry of Health of the Russian Federation
dated May 7, 2023 “On Approval of the Rules for the Manufacture
and Release of Medicines for Medical Use by Pharmacy Organizations
Licensed for Pharmaceutical Activities”. Available from: https://
normativ.kontur.ru/document?moduleld=1&documentld=449637.
Russian

3 Policy on Manufacturing and Compounding Drug Products in
Canada. Available from: https://www.canada. ca/en/health-canada/
services/drugs-health-products/compliance-enforcement/good-
manufacturing-practices/guidance-documents/ policy-manufacturing-
compounding-drug-products.html

1 Food and Drugs Act (R.S.C., 1985, c. F-27). Available from: https://
laws-lois.justice.gc.ca/eng/ acts/f-27/page-11.html
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established that compounding pharmacies have the
right to use substances both included in the SRMs.

Another solution implemented in Australia, as
well as in a number of European Union countries,
including Germany® and the Netherlands®, is to
allow compounding pharmacies to use all substances
whose quality complies with the Pharmacopoeia, and
the manufacturer guarantees compliance with good
manufacturing practice standards, which is confirmed
by a certificate of conformity, and not an on-site
inspection at the manufacturer’s site at the expense of
the compounding pharmacy [29].

In the case of active pharmaceutical substances
used in the therapy of orphan diseases, the situation is
also complicated by the fact that most of the necessary
and relevant substances are patented [30].

In AV. Alekhin et al. [2] showed that the violation
of patent rights occurs precisely at the moment of
transfer of the substance from the supplier to the
compounding pharmacy. Thus, in a situation where it
is impossible for a compounding pharmacy to legally
obtain a substance, the rule of law (clause 5 of Article
1359 of the Civil Code of the Russian Federation?’,
containing an exception from patent law in the case of
a one-time compounding in pharmacies according to
doctors’ prescriptions of medicines, including orphan
drugs, which include patented substances), — does not
actually work.

At the same time, this provision of the Civil
Code of the Russian Federation corresponds to
international practice, is conceptually formulated
and enshrined in the legislation of more than 30
states — members of the World Intellectual Property
Organization®, and is key to ensuring the patient’s
right to receive the necessary pharmacotherapy in
the absence of registered industrial analogues or the
presence of medical indications for prescribing an
extemporaneously compounded drug.

» Verordnung Uber den Betrieb von Apotheken
(Apothekenbetriebsordnung — ApBetrO): Verordnung vom 09.02.1987
(BGBI. I S. 547); neugefasst durch Bek. v. 26.09.1995 (BGBI. | S. 1195);
zuletzt gedndert durch Art. 824 G. v. 12.12.2023 (BGBI. 2023 | Nr. 359).
Available from: https://www.gesetze-iminternet.de/apobetro_1987/
% Inspectie Gezondheidszorg en Jeugd (IGJ). Eigen bereidingen
apotheek.  Available  from:  https://www.igj.nl/zorgsectoren/
geneesmiddelen/beschikbaarheid-vangeneesmiddelen/eigen-
bereidingen-apotheek

7 The Civil Code of the Russian Federation. Available from:
https://www.consultant.ru/document/cons_doc_LAW_64629/
11c74717682795e6ef099015bbcba71081a5b918/

8 Committee on the Law of Patents. Draft Reference Document on
the Exception Regarding Extemporaneous Preparation of Medicines:
SCP/36/3. Available from: https://www. wipo.int/edocs/mdocs/scp/
en/scp_36/scp_36_3.pdf
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Figure 1 — Block diagram of source selection.
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In these conditions, the statement that to hospitalized patients?. Also, in March 2022, the

compounding pharmacies can solve the problem of
periodically occurring shortages, often put forward
in support of the development of the compounding
pharmacy system, is untenable®. Even if the supplier
has a substance, compounding pharmacies will not be
able to solve the problem of a sudden shortage due to
the effect of patent law, the inability to quickly include
substances in the SRMs, as well as the prohibition on
compounding registered medicines.

Therefore, the solution to this problem with the
availability of substances should be comprehensive
and not limited to expanding the substances available
for pharmacy compounding. Thus, it seems appropriate
to provide for an exception in Art. 56 of Federal Law
No. 61-FZ, allowing the compounding of registered
medicines in cases determined by the Government of
the Russian Federation.

Such a legislative norm does not violate the
balance between industrial production and pharmacy
compounding, but gives the state a regulatory lever,
both to combat shortages and to curb manufacturers’
prices. International experience shows the high
efficiency of such a solution.

For example, in the United States, a similar
mechanism is implemented when a medicinal product
is included in the official list of deficient drugs (Drug
Shortages List), compounding pharmacies are allowed
to compound the corresponding registered medicinal
product®. At the same time, the use of substances that
are not included in the list of compounds allowed for
extemporaneous compounding (Bulks List), formed by
the Food and Drug Administration (hereinafter — FDA)
is allowed?. In the event of the end of the shortage,
compounding must be stopped, and the dispensing of
previously compounded drugs is possible for another
60 days after the exclusion of the medicinal product
from the list of deficient drugs. Thus, during the
COVID-19 pandemic, this norm made it possible to
provide critically important drugs (including sedatives)

¥ Pichugina E. The production of drugs in pharmacies has become
endangered. Moskovsky Komsomolets. Available from: https://
www.mk.ru/economics/2023/06/16/proizvodstvo-preparatov-v-
aptekakhokazalos-pod-ugrozoy-ischeznoveniya.html. Russian

20 U.S. Food & Drug Administration. Compounding when Drugs are on
FDA’s Drug Shortages List. Available from: https://www.fda.gov/drugs/
human-drug-compounding/compounding-when-drugs-are-fdas-drug-
shortages-list

2 Compounding under Section 503B of the FD&C Act. Available from:
https://www.fda.gov/drugs/humandrug-compounding/bulk-drug-
substances-used-compounding-undersection-503b-fdc-act
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FDA included semaglutide in the list of deficient drugs,
which allowed American compounding pharmacies to
legally prepare semaglutide injection solutions from the
original substance, even despite the patent protection
of the original drug. In early 2025, the FDA announced
the resolution of the semaglutide shortage and notified
compounding pharmacies of the termination of the
authorization to compound and dispense the pharmacy
analogue of semaglutide within 60 and 90 days for
compounding pharmacies of type 503A and 503B,
respectively?.

Limitation of the shelf-life

establishment mechanism

Another obstacle to the development of pharmacy
compounding of orphan drugs is the issue of short-
shelf lives of extemporaneous dosage forms. The
standard shelf lives approved by Order No. 249n
do not allow ensuring the proper “uninterrupted”
receipt of medicines by patients. Moreover, they
practically exclude the use of extemporaneous forms
by manomobunbHbimm and lonely citizens. It is also
impractical to deliver
to regions of the Russian Federation remote from

extemporaneous medicines
the compounding pharmacy. To solve this problem,
GPhM.1.8.0008 “Stability and shelf life of medicines
compounded in pharmacies”® (hereinafter —
GPhM.8.0008) was developed and approved, which
provides for a mechanism for increasing shelf life based
on stability testing of a medicinal product compounded
in accordance with the approved intra-pharmacy
standard operating procedure.

It should be noted that stability testing of a
medicinal product in accordance with GPhM.1.8.0008 is
an expensive procedure. Thus, studying the stability of
an external dosage form for the purpose of establishing
a shelf-life of 1 year in an accredited federal-level
laboratory in 2025 will cost 250 thousand rubles

22U.S. Food & Drug Administration. Temporary Policy for Compounding
of Certain Drugs for Hospitalized Patients by Outsourcing Facilities
During the COVID-19 Public Health Emergency (Guidance for
Industry). Available from: https://downloads. regulations.gov/FDA-
2020-D-1136-0011/attachment_1.pdf

3 U.S. Food & Drug Administration. FDA clarifies policies for
compounders as national GLP-1 supply begins to stabilize. Available
from: https://www.fda. gov/drugs/drug-safety-and-availability/fda-
clarifies-policies-compounders-national-glp-1-supply-begins-stabilize
24 Order of the Ministry of Health of the Russian Federation dated May
6, 2024 No. 233 “On Approval of the General Pharmacopoeial Article
and Amendments to the Order of the Ministry of Health of the Russian
Federation dated March 13, 2024 No. 120 “On Approval of General
Pharmacopoeial Monographs and Pharmacopoeial Monographs””.
Available from: https://base.garant.ru/409036856/
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(= 3 000 USD; calculated at the rate of the Central Bank
of the Russian Federation (hereinafter — the Central
Bank of the Russian Federation) on September 9, 2025).
These tests involve long-term studies under controlled
conditions, which requires specialized equipment,
highly qualified personnel and significant resources, so
this price is justified and corresponds to the market.
However, conducting such a scientific study does not
guarantee that the corresponding shelf life can be
established.

At the same time, the most negative thing in this
situation is that stability tests are carried out strictly
for a specific formulation, compounded in accordance
with the intra-pharmacy standard operating procedure.
Any deviation from the original formulation, including a
change in dosage, list of excipients or technology, can
be considered as the compounding of a new medicinal
product, which makes the results of stability tests
and the established shelf life inapplicable. As a result,
there is a need for new stability tests, which makes it
impossible to respond flexibly to the individual needs
of patients. Thus, the very essence of pharmacy
compounding, namely ensuring the personalization of
pharmacotherapy, contradicts the logic of determining
the stability of a medicinal product in accordance with
OFS.1.8.0008.

To overcome this barrier associated with stability
testing and shelf-life restrictions, it is necessary to
develop flexible regulatory mechanisms that would take
into account the specifics of pharmacy compounding
and its focus on individualizing pharmacotherapy.
One of the promising approaches is the possibility of
conducting stability tests not for one fixed formulation,
but for a range of dosages and compositions. This
approach will allow compounding pharmacies to obtain
data applicable to a whole range of individualized
medicines, and not just to one formulation, which will
significantly expand the possibilities of personalization
and reduce the cost of conducting commercial research.

The implementation of this solution can be
achieved by introducing relevant provisions into
OFS.1.8.0008. In particular, the pharmacopoeial
monograph should provide for the possibility of
indicating the permissible range of concentrations of
the active substance and the main characteristics of
the drug, within which stability tests will be recognized
as valid. This approach will
pharmacies to conduct stability tests for a whole class
of formulations, ensuring high quality and safety of
extemporaneous medicines, as well as the flexibility of
their use in clinical practice.

allow compounding

358

In addition, it
possibility of determining a

is necessary to consider the
list of organizations
authorized to conduct stability tests of extemporaneous
liability for the
establishment by compounding pharmacies of shelf
lives based on false results of stability tests.

dosage forms or provide for

Registration of a medicinal product —

prohibition on compounding

The prohibition on
medicines by

compounding registered
compounding pharmacies is an
international norm. In the Russian Federation, it is
enshrined in Art. 56 of Federal Law No. 61-FZ.

At the same time, this norm is considered
exclusively as the inadmissibility of reproducing an
already registered medicinal product by a compounding
pharmacy. However, the situation is often the opposite,
and it is the industrial manufacturer who registers
a medicinal product already compounded by the
pharmacy [31].

In a mini-review, K. Hendrickx and M. Dooms,
for example, provide a list of well-known compounds
traditionally used as food additives, but which have
been granted the status of medicinal products for
the treatment of orphan diseases [32]. At the same
time, the authors argue that these compounds were
discovered long ago and are “international property”,
and the owners of registration certificates appropriated
them and maintain a monopolistically high price,
without making a significant innovative contribution,
using open medical and scientific data. Moreover, it
is indicated that many of these drugs were previously
compounded in compounding pharmacies and cost
many times less.

A classic example of such a situation was the case
of the medicine Makena® (INN — hydroxyprogesterone
caproate), intended for the prevention of premature
birth. An analogue of this medicinal product was
compounded in compounding pharmacies for many
years according to prescriptions for women at risk
and cost several tens of dollars per dose. However,
after KV Pharmaceuticals received FDA approval for
the medicine Makena® with the assignment of orphan
status and exclusivity for 7 years, the pharmacy
analogue turned out to be BHe 3akoHa. The price of
the original drug rose to 1500 dollars (= 125 thousand
rubles; calculated at the rate of the Central Bank of
the Russian Federation on September 9, 2025) per
injection, which increased the cost of the course to 30
thousand dollars (= 2.5 million rubles; calculated at
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the rate of the Central Bank of the Russian Federation
on September 9, 2025) [33]. Due to the wide public
outcry, the FDA announced in March 2011 that it would
not take action against compounding pharmacies that
continue to compound an analogue of the medicinal
product Makena®? according to a doctor’s prescription.
KV Pharmaceuticals’ appeal to the court and
accusation of the FDA of exceeding its authority were
unsuccessful?®, and the precedent became an example
of how a regulator can weaken barriers to protect
patients and reduce economic costs [34].

The European Union is also discussing a reform
of pharmaceutical legislation affecting orphan drugs?.
The proposals of the European Commission and the
European Parliament do not directly mention pharmacy
compounding, but there is an idea of differentiated
exclusivity for orphan drugs. In particular, it is planned
to reduce the period of exclusivity to 4 years for drugs
approved on the basis of already known bibliographic
data. Thus, if a company registers an orphan drug based
on existing published information without significant
new research, it will receive not 10 years of protection,
but significantly less. If this change is adopted, the
period during which a pharmaceutical
can maintain a high monopoly price will decrease.

company

Indirectly, this will legalize the earlier appearance of
inexpensive alternatives.

In the Russian Federation, there is also a risk
that investments and intellectual resources invested
by compounding pharmacies
of medicines for the treatment of orphan diseases,

in the development

the inclusion of relevant substances in the SRMs,
the development of technology, the preparation of
internal standard operating procedures, as well as the
study of stability, may be used by large pharmaceutical
companies.

In this case, it is advisable to provide by law a
norm according to which the publication of a private
pharmacopoeial monograph on an extemporaneous
medicinal product secures the right of compounding

% U.S. Food & Drug Administration. Makena (hydroxyprogesterone
caproate) — information page (uctopua ogobpeHusa u nocneagyouee
nsbatue). Available from: https:// www.fda.gov/drugs/postmarket-
drug-safety-information-patients-and-providers/makena-
hydroxyprogesterone-caproate-injection-information

% K-V Pharmaceutical Company et al. v. FDA et al. Memorandum
Opinion, 06.09.2012. United States District Court for the District
of Columbia, No. 1:12-cv-01105 (ABJ). Available from: https://
law.justia.com/cases/federal/district-courts/ district-of-columbia/
dcdce/1%3A2012cv01105/155076/23/

27 European Parliament. Parliament adopts its position on EU
pharmaceutical reform. Available from: https://www.europarl.europa.
eu/news/en/press-room/20240408IPR20308/parliament-adopts-its-
positionon-eu-pharmaceutical-reform
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pharmacies to compound it, even in the case of
subsequent registration of an industrial analogue.
This will avoid a situation where large pharmaceutical
companies will use the developments of compounding
pharmacies to register a drug, thereby effectively
blocking the possibility of its compounding, as in
the case of the medicinal product Makena®. Such
legislative consolidation will protect the investments
of compounding pharmacies in the development
and testing of drugs, create a fairer competitive
environment and ensure long-term availability of
orphan drugs for patients.

Heterogeneity of compounding pharmacies

A key challenge for the system of pharmacy
compounding of orphan drugs is the significant
heterogeneity of compounding pharmacies in terms
of equipment level, competencies and the ability
to ensure quality [35]. In the Russian Federation,
there are and are preparing to launch compounding
pharmacies that have modern equipment, qualified
personnel and are able to fulfill all the requirements
for the compounding of medicines up to compliance
with good manufacturing practice standards and the
introduction?® of advanced developments [36-39].
At the same time, a significant part of compounding
pharmacies is limited in technical capabilities,
experiences a shortage of personnel and does not have
a well-established quality assurance system, which may
affect the safety and effectiveness of the dosage forms
they compound [40-42].

The complexity of the situation is aggravated
by the fact that in the current legal field there is
no differentiation of compounding pharmacies
according to the level of their technological and
organizational capabilities. As a result, the same
regulatory requirements apply to compounding
pharmacies at different levels of development. Such a
uniform regulatory system, which does not take into
account the real differences between compounding
pharmacies, can create risks for the health of patients,
as well as be used by interested parties to discredit
pharmacy compounding in general. In particular, cases
of unfair practice or insufficient control in compounding
pharmacies with a low level of equipment can form a
negative public opinion and be used by opponents
of pharmacy compounding, including from large
pharmaceutical manufacturers.

2 Sirius scientists have developed manufacturing technologies for
three orphan disease drugs. Available from: https://sirius-ft.ru/
tpost/uchenye-siriusa-razrabotali-tekhnologii-izgotovleniya-trekh-
preparatov-ot-orfannykh-zabolevaniy. Russian
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Thus, in order to ensure the safety of patients
and increase confidence in pharmacy compounding,
including orphan drugs, it is advisable to develop a
system for classifying compounding pharmacies, taking
into account both the level of their technical and
personnel equipment, and the categories of medicines
compounded. This approach will allow establishing
reasonable and differentiated requirements for
compounding pharmacies depending on their
capabilities and goals, minimizing risks for patients and
ensuring a fairer regulatory burden.

As an example, we can cite the experience of
the United States of America, where a three-level
system of regulation of pharmacy compounding has
developed [43]. Ordinary retail pharmacies, although
focused on dispensing finished medicines, retain the
right to compound. With the exception of a number
of states?, it is limited to simple non-sterile forms that
are compounded “under a prescription” from a doctor.
More opportunities are provided to compounding
pharmacies of category 503A% 3!, which are authorized
to compound a wide range of dosage forms, including
sterile medicines (injectable drugs, eye drops, etc.).
Their activities are regulated at the state level and must
comply with the requirements of the pharmacopoeia.
Such pharmacies have become a key link in providing
patients with personalized medicines.

The next level is pharmacies of type 503B%,
which are an intermediate link between a pharmacy
and a pharmaceutical production: they can produce
medicines in series, without a doctor’s prescription,
mainly for medical organizations. At the same time,
they are obliged to comply with good manufacturing
practice standards and are under the direct control of
the FDA.

This
separation
compounding in retail pharmacies to full-fledged serial
production for medical organizations [44].

model demonstrates an institutionalized

of functions: from limited individual

2% Texas Administrative Code, Title 22, Part 15: Texas State Board of
Pharmacy (§ 291.133 «Pharmacies Compounding Sterile Preparations»;
§ 291.106 «Pharmacies Compounding Sterile Preparations (Class
A-S)»; § 291.3 «Required Notifications»). Available from: https://www.
law.cornell.edu/regulations/texas/22- Tex-Admin-Code-SS-291-36

3 Florida Administrative Code. 64B16-28.802 — Special Sterile
Compounding Permits for Pharmacies and Outsourcing Facilities;
Tallahassee, FL: Florida Board of Pharmacy. Available from: https://
www.law.cornell.edu/regulations/florida/Fla-Admin-Code-Ann-R-
64B16-28-802

31 United States Code. Title 21. § 353a — Pharmacy compounding.
Washington; DC: U.S. Government Publishing Office. Available from:
https://www.govinfo.gov/link/ uscode/21/353a

32 United States Code. Title 21. § 353b — Outsourcing facilities;
Washington, DC: U.S. Government Publishing Office. Available from:
https://www.govinfo.gov/link/ uscode/21/353b
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Not identical, but a similar approach can be
implemented in the Russian Federation within the
framework of Decree of the Government of the
Russian Federation No. 547 dated March 31, 2022 “On
approval of the Regulations on licensing pharmaceutical
activities”®®* and Order of the Ministry of Health of
the Russian Federation No. 780n dated July 31, 2020
“On approval of the types of pharmacies”3, which
will allow more flexibly regulating the activities of
compounding pharmacies. Order No. 249n may
enshrine the requirements for different types of
compounding pharmacies. Thus, for organizations
with a minimum technological base that do not claim
to compound innovative medicines, including those
of protein, cellular or nucleotide nature, minimum
requirements may be established. In the case of
compounding pharmacies with modern equipment
and the appropriate infrastructure, provide for stricter
requirements for the organization of the quality
assurance system and staffing, but allow the use of the
existing high-tech potential, expanding the possibilities
for compounding complex personalized medicines.

Thus, the
differentiating compounding pharmacies, taking into
account their equipment and competencies, seems
to be an important step for improving the safety and
sustainability of pharmacy compounding, as well as for
forming a more fair and effective regulatory system.

development of a system for

Low demand

The lack of a stable sales market and formed
demand is also one of the most significant barriers
to realizing the potential of pharmacy compounding
of orphan drugs.
regulation, compounding pharmacies, even with the
necessary production capacities and quality assurance
capabilities, face serious difficulties in promoting their
medicines on the market. As a result, the economic
feasibility of projects for compounding orphan
drugs in pharmacy conditions is reduced, allowing
manufacturers to set higher prices.

At the same time, unjustified price increases in a
number of countries have begun to initiate changes in
state policy regarding orphan drugs [45]. For example,
in the Netherlands in 2018, the Amsterdam University

In the context of the current

3 Decree of the Government of the Russian Federation dated March
31, 2022 No. 547 “On Approval of the Regulations on Licensing
Pharmaceutical Activities”. Available from: https://www.consultant.
ru/document/cons_doc_LAW_413815/

34 Order of the Ministry of Health of the Russian Federation dated July
31, 2020 No. 780n “On Approval of types of pharmacies”. Available
from: https://base.garant. ru/74647990/. Russian
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Medical Center reached a general agreement with the
largest insurance companies on the compounding of
capsules of chenodeoxycholic acid for all Dutch patients
with cerebrotendinous xanthomatosis syndrome [14].
The reason for this decision was a sharp increase in
the price of the original drug CDCA Leadiant, which
until 2008 was sold under the name Chenofalk® at a
price of 46 euros (= 4 400 rubles; calculated at the
rate of the Central Bank of the Russian Federation on
September 9, 2025) per package of 100 capsules. After
the acquisition of rights by Leadiant, it rose in price to
885 euros (= 84 000 rubles; calculated at the rate of the
Central Bank of the Russian Federation on September
9, 2025), and then, with the receipt of orphan status
and the receipt of a registration certificate throughout
the European Union, it consistently reached a price
of 14 000 euros (= 1 335 000 rubles; calculated at the
rate of the Central Bank of the Russian Federation on
September 9, 2025) for the same package. At the same
time, chenodeoxycholic acid is a compound known
since the 1970s [46]. In these conditions, the initiative
of the Amsterdam University Medical Center received
approval from both the Dutch Health Inspectorate
and the Ministry of Medical Care and was supported
by the government, which put the interests of society
first, despite initial problems with the quality of the
substance used in compounding and complaints from
Leadiant, which had exclusive rights®*. Moreover, in
2021, Leadiant was found guilty of abuse and fined
19.5 million euros (= 1.72 billion rubles; calculated at
the rate of the Central Bank of the Russian Federation
on September 9, 2025)%¢. The court decision noted that
the company did not conduct new research, but used
orphan status for an unjustified multiple increase®.

The situation is aggravated by the established
social and cultural attitudes in the medical community
and among patients, who are oriented mainly towards
industrial and foreign medicines. This attitude is due to
both a high level of trust in manufacturers and a lack
of sufficient awareness of the capabilities of modern

compounding pharmacies. Scientific and practical

35 Pharmaceutical Accountability Foundation. Amsterdam UMC
resumes supply of compounded CDCA. 22.01.2020. Available from:
https://www.pharmaceuticalaccountability. org/2020/01/22/
amsterdam-umc-resumes-supply-of-compounded-cdca

36 Autoriteit Consument & Markt. Autoriteit Consument & Markt
imposes fine on drug manufacturer Leadiant for CDCA’s excessive
price. MNpecc-penns ot 19.07.2021. laara. Available from: https://
www.acm.nl/en/publications/acm-imposes-fine-drug-manufacturer-
leadiant-cdcas-excessive-price

37 Autoriteit Consument & Markt (ACM). Summary of decision on abuse
of dominant position by Leadiant. Available from: https://www.acm.
nl/sites/default/files/documents/ summary-of-decision-on-abuse-of-
dominant-position-by-leadiant.pdf
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publications note that cases of negative experience
with the use of pharmacy dosage forms in the past,
associated with inadequate quality, have led to the
formation of persistent caution among doctors and
patients [47-49]. As a result, an additional limitation of
the potential market for pharmacy medicines is formed.

In these conditions, it is extremely important to
develop a set of measures that would stimulate the
interest of the medical community and patients in
pharmacy dosage forms, as well as provide reliable
guarantees of their sale.

One of the promising areas is
involvement of state institutions, including the “Circle

the active

of Good” Foundation, created to provide children with
severe and rare diseases with high-cost medicines,
in the mechanisms for purchasing extemporaneous
medicines.

In addition, it seems appropriate to involve the
constituent entities of the Russian Federation in the
organization of regional programs for the purchase
of orphan extemporaneous medicines, especially in
cases where industrially produced drugs are absent or
unavailable, for example, for the purpose of providing
patients over 19 years of age who have ceased to be
wards of the “Circle of Good” Foundation.

Restriction on the dispensing

of extemporaneous medicines intended

for outpatient treatment

In accordance with the current regulatory legal
regulation, a medical organization for the purpose of
ensuring the treatment process has the right to contact
a pharmacy, including one that is not a structural
unit of this medical organization, for the purpose of
compounding and dispensing medicines on the basis of
a requisition®®. In a hospital setting, medicines received
from a compounding pharmacy can be used as part of
the provision of a medical service®.

At the same time, orphan drugs are in most cases
used on an outpatient basis, while they are of high cost
and require centralized purchases with subsequent
distribution through medical organizations.

In turn, the procedure for transferring a medicinal
product compounded according to a requisition to

3 Order of the Ministry of Health of the Russian Federation No.
100n dated March 7, 2025 “On Approval of the Rules for the
release of medicines”. Available from: https://normativ.kontur. ru/
document?moduleld=1&documentld=492852. Russian

3 Federal Service for Healthcare Supervision. Medicines. Licensing
of pharmaceutical activities: answers to frequently asked questions.
“Is it mandatory for medical organizations to obtain a license for
pharmaceutical activities?”. Available from: https://roszdravnadzor.
gov.ru/drugs/licensingpharm/faq/c1324/107. Russian
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a patient for outpatient use is not regulated by law,
and such actions in the absence of a pharmaceutical
activity license from a medical organization may be
qualified by Roszdravnadzor as a violation, since they
are considered as retail trade in medicinal products.
Obtaining a pharmaceutical activity license by a
medical organization and establishing a structural unit
— a pharmacy — is also not a solution to this problem,
since the current legislation does not provide for the
possibility of transferring a medicinal product from a
compounding pharmacy that compounds the medicinal
product to another pharmacy.

The scheme of internal circulation of medicines,
received according to a requisition from a
compounding pharmacy, from a medical organization
to its structural unit — a pharmacy with subsequent
dispensing, implemented in practice, requires
complex documentation and the writing of a repeated
prescription. In addition, it is necessary to conduct a
repeated control during dispensing.

The described scheme is formal in nature, but is
associated with significant administrative and financial
costs, which actually limits the possibility of providing
outpatient patients with extemporaneous orphan
drugs.

To eliminate the described barrier, it seems
appropriate to enshrine the possibility for medical
organizations to transfer medicines for outpatient
treatment. It is also necessary to provide a mechanism
for transferring an extemporaneous medicinal product
from a compounding pharmacy to another pharmacy

for subsequent dispensing.

Therapeutic effectiveness

of extemporaneous analogue medicines

The argument about the lack of preclinical and
clinical studies or evidence of therapeutic effectiveness
is one of the key tools that supporters of the large
pharmaceutical industry use to limit extemporaneous
compounding. This statement is put forward as a
universal objection against the possibility of using
medicines instead of industrial
analogues, which is already prohibited by Art. 56 of
Federal Law No. 61-FZ.

In this regard, it is necessary to clearly differentiate

extemporaneous

the problem. The question of proving the therapeutic
effectiveness of pharmacy medicines can arise only
in two cases, and one of them is hypothetical and is
possible only if compounding pharmacies are allowed
to compound registered deficient medicines. Currently,
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only the compounding of complete non-personalized
analogues of medicines not registered in the Russian
Federation is a situation when the question of
confirming therapeutic effectiveness from a scientific
point of view is reasonable.

In turn, there is no mechanism in world practice for
confirming the therapeutic effectiveness of pharmacy
dosage forms. The US experience with semaglutide
demonstrates this. Compounded analogues of
Ozempic” and Wegovy" filled the needs of patients for
more than three years. In addition, some compounding
pharmacies used semaglutide in salt form, which
makes the drug pharmaceutically non-equivalent.
The FDA directly pointed out the inadmissibility of
using semaglutide salts, but there were no other
requirements that in any way related to therapeutic
effectiveness®.

Despite the fact that the benefit in this case
outweighs the potential is no

risks, since there

regulatory mechanism “biowaiver for pharmacies”
or a legal model where responsibility for the use
of extemporaneous analogues of unregistered
industrial medicines without their proven therapeutic
effectiveness is distributed between the attending
physician and the compounding pharmacy, this
vulnerability will be used to restrain the pharmacy
compounding system.

A possible way for solving this issue is to
consolidate at the level of the State Pharmacopoeia
a gradation of requirements for determining the
equivalence of complete extemporaneous forms
of analogues of unregistered industrially produced
medicines, depending on the dosage form and their
therapeutic effect.

Thus, for dosage forms with local action, it is
equivalence,
that is, the identity of the qualitative and quantitative
composition

product.

sufficient to confirm pharmaceutical

in one dosed unit of the medicinal

In the case of injectable medicines in which
bioavailability is close to 100%, as well as non-modified
immediate-release dosage forms, basic in vitro studies
should be additionally carried out.

For complex dosage forms, including modified-
release, systems,
systemic effect, consolidate the mechanism of medical

transdermal inhalations with a

necessity according to the “Right to Try” principle,

% Food and Drug Administration. FDA’s Concerns with Unapproved
GLP-1 Drugs Used for Weight Loss. Available from: https://www.
fda.gov/drugs/postmarket-drug-safety-information-patients-and-
providers/fdas-concerns-unapproved-glp-1- drugs-used-weight-loss
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when responsibility for the prescription is assigned
to the attending physician, and the compounding
pharmacy guarantees quality [50]. This approach would
allow the legitimate compounding of unregistered
medicines without impossible from
compounding pharmacies —

clinical trials.

requiring the
conducting full-scale

Study Limitations

The search for sources was conducted mainly in
Russian and English, so publications in other languages
may not have been taken into account. The analysis
included only the most significant and relevant
materials, which led to the risk of incomplete coverage

of secondary studies and local regulatory legal acts.

CONCLUSION

The analysis of the identified barriers shows
that the problem of providing patients with orphan
drugs goes beyond pharmaceutical
affects the foundations of the state’s drug safety.

practice and

Pharmacy compounding in this context is not just an
auxiliary mechanism, but a strategic tool capable of
compensating for structural imbalances in the market.
World practice shows that the key competition
in the field of orphan drugs occurs not between

associations. At the same time, it is the developed
national system of compounding pharmacies that
becomes a weighty argument in the formation of
pricing policy, ensuring sustainable access to therapy
and protecting the interests of patients.
when global

increasingly using orphan status to maintain the high
cost of drugs, compounding pharmacies are able to play

In  conditions companies are

the role of a “counterweight”, providing patients with
more effective, timely and affordable pharmacotherapy.
Russia has a regulatory and organizational framework
for the formation of such a system, but its further
development requires the elimination of existing
barriers and the
compounding as a full-fledged element of national drug
policy.

Solutions aimed at overcoming the

institutionalization of pharmacy

identified
obstacles will be useful not only for the segment of
orphan drugs, but also for pharmacy compounding
in general, creating the basis for its sustainable
development. Orphan drugs in this sense become an
indicator of systemic problems, and overcoming them
can become a point of growth for the entire industry.
Thus, the elimination of barriers will not only
expand access to therapy for patients with rare
diseases, but also turn pharmacy compounding into

pharmaceutical companies, but at the level of one of the key factors of pharmaceutical independence
regulatory systems of various countries and integration  of Russia.
FUNDING

This study did not have financial support from third-party organizations.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORS’ CONTRIBUTION
M.A. Mandrik — idea, design, collection and critical analysis of scientific literature and regulatory legal

documents, interpretation of the results, draft writing and editing, final approval of the article; A.V. Bykov —

analysis of scientific literature and regulatory legal documents, discussion, editing and final approval of the

article; V.S. Fisenko — search and analysis of literary sources, draft editing and final approval of the article;
E.A. Maksimkina — analysis of scientific literature and regulatory legal documents, discussion, draft editing and
final approval of the article. All authors confirm that their authorship meets the international ICMJE criteria (all

authors made a significant contribution to the development of the concept, conduct of the study and preparation
of the article, read and approved of the final version before the publication).

REFERENCES

1. Farrakhov AZ. Compounding Pharmacy Restoration
as a Current Healthcare Priorit. Regulatory Research
and Medicine Evaluation. 2024;14(4):380-385.
DOI: 10.30895/1991-2919-2024-14-4-380-385

2. Alekhin AV, Erivantseva TN, Ryazhenov VV, Lyskov NN,
Alekhina NA, Kuznetsova MM. New role of

Tom 13, Beinyck 5, 2025

extemporaneous manufacturing in regulating
drug products access onto the market.
Pharmacy &  Pharmacology. 2023;11(2):161-72.
DOI: 10.19163/2307-9266-2023-11-2-161-172
3. Orlova NV, llyenko LI. Extemporal

of medicines — advantages and

production
prospects.

363



REVIEW
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

10.

11.

12.

13.

14.

364

Medical alphabet. 2023;(13):7-10.
DOI: 10.33667/10.33667/2078-5631-2023-13-7-10

Ryazhenov VV, Maksimkina EA, Fisenko VS, Alekhin AV,
Tarasov VV, Raisyan MG, Zakharochkina ER, Chizhov KA,

Garankina RYu. Regulation in the sphere of
circulation of extemporaneously compounded
medicines under modern conditions of Russia.
Pharmacy &  Pharmacology.  2024;12(5):324-37.

DOI: 10.19163/2307-9266-2024-12-5-324-337

Shishova LI, Yarutkin AV, Bagirova VL. Current and
Future Pharmacopoeial Requirements for the Quality
of Extemporaneous Medicinal Products: A Review
of Regulatory Standards. Regulatory Research
and Medicine Evaluation. 2024;14(4):386-99.
DOI: 10.30895/1991-2919-2024-14-4-386-399

Korol LA, Egorova SN, Kudlay DA, Krasnyuk I,
Sologova SS, Korol VA, Smolyarchuk EA, Sadkovskii IA,
Mandrik MA. Modern extemporaneous formulations

in the geriatric care management: current
opportunities and future challenges. A review.
Terapevticheskii arkhiv. 2022;94(8):1020-7.

DOI: 10.26442/00403660.2022.08.201805

Narkevich 1A, Nemyatykh OD, Medvedeva DM,
Smekhova IE, Ladutko YuM, Strelkov SV. Organizational
and pharmaceutical aspects of improving medicinal
provision of children (on the example of St. Petersburg).
Journal of Siberian Medical Sciences. 2020;(1):31-43.
DOI: 10.31549/2542-1174-2020-1-31-43

Badrin EA, Maschan MA, Pyatigorskaya NV.
Regulatory aspects and legal framework for the
manufacturing of CAR-T products in compounding
pharmacies. Farmaciya (Pharmacy). 2025;74(3):27-35.
DOI: 10.29296/25419218-2025-03-04

Zakharochkina ER, Ryazhenov VV, Smolyarchuk EA,
Kudlay DA, Bekhorashvili NY, Zaveryachev SA,
Sologova SS. Status and trends of legislative and
regulatory regulation of off-label use of drugs: A
review. Terapevticheskii arkhiv. 2024;96(4):396-406.
DOI: 10.26442/00403660.2024.04.202692

Smekhova IYe, Ladutko  YuM, Kalinina ov.
Extemporal manufacture of medicines. Problems
and solutions. Vestnik farmatsii. 2021:(1(91)):48-52.
DOI: 10.52540/2074-9457.2021.1.48

Egorova SN. Can a medical organization do without
extemporal medicines? Modern drug supply organization.
2021;8(1):42—6. DOI: 10.30809/s0l0.1.2021.11. Russian
Petrov AYu, Airo IN, Berezhnaya ES, Kinev MVu,
Goncharova YuM. Problems of extemporal manufacture
of dosage forms in pharmacy organizations as a form
of personalized pharmacy in the Russian Federation
and abroad. Medicine. Sociology. Philosophy. Applied
Research. 2022;(6):77—84. EDN: JUHZVI. Russian

Chikina 1V, Onegin SV, Parfenov AA, Trubnikov AA.
Modern extemporaneous pharmaceutical
manufacturing: problems and prospects. Patient-
Oriented Medicine and Pharmacy. 2024;2(2):43-50.
DOI: 10.37489/2949-1924-0049 EDN: LCXGIU
Rodriguez-Monguio R, Spargo T, Seoane-Vazquez E.
Ethical imperatives of timely access to orphan drugs: is
possible to reconcile economic incentives and patients’

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

health needs? Orphanet J Rare Dis.
DOI: 10.1186/s13023-016-0551-7
Debnath A, Mazumder R, Mazumder A, Tyagi PK, Singh
RK. Challenges and Progress of Orphan Drug Development
for Rare Diseases. Curr Pharm Biotechnol. 2025.
DOI: 10.2174/0113892010371761250616112614

Picavet E, Dooms M, Cassiman D, Simoens S. Drugs for
rare diseases: influence of orphan designation status on
price. Appl Health Econ Health Policy. 2011;9(4):275-9.
DOI: 10.2165/11590170-000000000-00000

Simoens S. Pricing and reimbursement of orphan drugs:
the need for more transparency. Orphanet J Rare Dis.
2011;6:42. DOI: 10.1186/1750-1172-6-42

Hanchard MS. Debates over orphan drug pricing: a
meta-narrative literature review. Orphanet J Rare Dis.
2025;20(1):107. DOI: 10.1186/s13023-025-03634-2

Wen X, Jin G, Wu C. Visual Research of Global Orphan
Drug from a Bibliometric Perspective. Drug Des Devel
Ther. 2025;19:4201-20. DOI: 10.2147/DDDT.S506112
Garankina RY, Samoshchenkova IF, Zakharochkina ER,
Kondratova DV, Bekhorashvili N. Orphan diseases:
Regulation of drug provision for patients in Russia. Medical
& pharmaceutical journal “Pulse”. 2023;25(4):38-47.
DOI: 10.26787/nydha-2686-6838-2023-25-4-38-47
Ivakhnenko OIl, Ryazhenov VV, Maksimkina EA,
Fisenko VS, Savoskin OV, Kuznetsova MM. Analysis
of actual results of drug supply implementation
within framework of High-Cost Nosologies Program.
Pharmacy & Pharmacology. 2024;12(1):15-31.
DOI: 10.19163/2307-9266-2024-12-1-15-31

Dooms M, Carvalho M. Compounded medication
for patients with rare diseases. Orphanet J Rare Dis.
2018;13(1):1. DOI: 10.1186/513023-017-0741-y
Vanhoorne V, Peeters E, Van Tongelen |, Boussery
K, Wynendaele E, De Spiegeleer B, Remon JP,
Vervaet C. Pharmaceutical compounding of orphan
active ingredients in Belgium: how community and
hospital pharmacists can address the needs of patients
with rare diseases. Orphanet J Rare Dis. 2019;14(1):186.
DOI: 10.1186/s13023-019-1154-x

Miroshnichenko YV, Alexeychuk EY, Enikeeva RA. Role
of Extemporaneous Medications in Inpatient Care: A
Comparative Analysis with Their Industrial Counterparts.
Bulletin of the Russian Military Medical Academy.
2025;27(2):203-10. DOI: 10.17816/brmma676906

Uriel M, Marro D, Gomez Rincén C. An Adequate
Pharmaceutical Quality System for Personalized
Preparation. Pharmaceutics. 2023;15(3):800.
DOI: 10.3390/pharmaceutics15030800

Blinova MP, llyina TYu, Kotova NI, Krishtanova NA,
Podushkin VYu. Quality control of pharmaceutical
medicines — current state and development prospects.
Innovations in the health of the nation: Proceedings of
the IlI All-Russian Scientific and Practical Conference with
International participation, St. Petersburg, November
10-11, 2015. Saint Petersburg: Saint Petersburg State
Chemical and Pharmaceutical Academy; 2015:12-15.
EDN: WBZIBR. Russian

Telnova E, Zagoruychenko A. Pharmaceutical substances
for industry and production pharmacies. Problems and

2017;12(1):1.

Volume XllI, Issue 5, 2025



Hay4Ho-npakTuyeckuii xypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30P
DOI: 10.19163/2307-9266-2025-13-5-350-366

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

prospects of solution. Novaya Apteka. 2021;(5):34-41.
EDN: WWIIPQ. Russian

Garankina RYu, Ryazhenov VV, Maksimkina EA,
Fisenko VS, Alekhin AV, Tarasov VV, Chizhov KA,
Samoshchenkova IF, Behorashvili NYu, Zakharochkina ER.
Problems and Solutions of Pharmaceutical Packaging in
Bulk. Pharmacy & Pharmacology. 2025;13(2):128-38.
DOI: 10.19163/2307-9266-2025-13-2-128-138
Erdni-Garyaev SE, Mamedov DD, VYurochkin DS,
Zelikova DD, Golant ZM, Fisenko VS, Narkevich IA.
Pharmacy Compounding Regulation in the German
Pharmaceutical Market. Part 2. Organisational Features
(Review). Regulatory Research and Medicine Evaluation.
2025;15(1):63-81. DOI: 10.30895/1991-2919-2024-590
Kumar S. Compounding Inequities Through Drug IP and
Unfair Competition. Washington University Law Review.
2024;102(2):371-426.

Egorova SN, Khayatov AR, Shavaliev RF. Promises for
transfer of an ex tempore baby formula to commercial

production. Farmaciya (Pharmacy). 2014;(2):28-31.
EDN: RYHZER

Hendrickx K, Dooms M. Orphan Drugs,
Compounded Medication and Pharmaceutical
Commons. Front Pharmacol. 2021;12:738458.

DOI: 10.3389/fphar.2021.738458

Cohen AW, Copel JA, Macones GA, Menard MK,
Riley L, Saade GR. Unjustified increase in cost of care
resulting from U.S. Food and Drug Administration
approval of Makena  (17a-hydroxyprogesterone
caproate). Obstet Gynecol. 2011;117(6):1408-12.
DOI: 10.1097/A0G.0b013e31821c2d75

Patel Y, Rumore MM. Hydroxyprogesterone caproate
injection (makena) one year later: to compound or
not to compound that is the question. Pharmacy and
Therapeutics. 2012;37(7):405-11.

Farrakhov AZ, Leonov SD, Bashankaev BN, Ogul LA,
Solomatina TV, Krupnova 1V, Yurochkin DS, Erdni-
Garyaev SE, Mamedov DD, Golant ZM, Chagin DA,
Narkevich IA. Monitoring of compounding pharmacies in
the Russian Federation for 2023-2024 (part 2). Vestnik
Roszdravnadzora. 2025;4:15-31.

Cho HN, Wells L, Halford Z. Implementation and
Evaluation of APOTECAchemo in a Community Cancer
Center: A Comparative Study of Robotic Versus
Manual Antineoplastic Preparation. J Pharm Technol.
2024;40(6):269-76. DOI: 10.1177/87551225241278203
Greszler C, Barnes NE, Freudiger MJ, Giazzon A, Hunter N,
Jerry CS, Meier J, Miley LA, Schmees J, Smith K, Tharp J,
Tupps M, Yaniv AW. Gravimetric compounding workflow
technology insights for pharmacists and pharmacy
technicians. Am J Health Syst Pharm. 2025:zxaf102.
DOI: 10.1093/ajhp/zxaf102

Beer N, Kaae S, Genina N, Sporrong SK, Alves TL, Hoebert J,
De Bruin ML, Hegger I. Magistral Compounding with
3D Printing: A Promising Way to Achieve Personalized
Medicine. Ther Innov Regul Sci. 2023;57(1):26-36.
DOI: 10.1007/s43441-022-00436-7

Mihaylova A, Yaneva A, Shopova D, Kasnakova P,
Harizanova S, Parahuleva N, Etova R, Raykova E,
Semerdzhieva M, Bakova D. Pharmacists’ Perceptions of 3D
Printing and Bioprinting as Part of Personalized Pharmacy:

Tom 13, Boinyck 5, 2025

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

A Cross-Sectional Pilot Study in Bulgaria. Pharmacy
(Basel). 2025;13(3):88. DOI: 10.3390/pharmacy13030088
Chikina 1V, Onegin SV, Parfenov AA, Trubnikov AA.
Modern extemporaneous pharmaceutical
manufacturing: problems and prospects. Patient-
Oriented Medicine and Pharmacy. 2024;2(2):43-50.
DOI: 10.37489/2949-1924-0049

Mandrik MA, Sadkovskii 1A, Korol LA, Egorova SN,
Krasnyuk Il, Bykov AV. Development of Extemporaneous
Compounding as an Initiating Factor in the Transformation
of Pharmaceutical Education: International
Experience and Current Trends. Regulatory Research
and Medicine Evaluation. 2024;14(4):419-36.
DOI: 10.30895/1991-2919-2024-14-4-419-436

Fisenko VS, Solomatina TV, Farrakhov AZ, Yurochkin DS,
Mamedov DD, Golant ZM. Analysis of the conditions and
development of ways to improve the system of training of
pharmaceutical and medical workers aimed at developing
the potential of compounding pharmacies in the Russian
Federation. Vestnik Roszdravnadzora. 2023;(4):9-42.
EDN: CYOTYR

Mamedov DD, Yurochkin DS, Leshkevich AA, Erdni-
Garyaev SE, Golant ZM, Narkevich IA. Compounding
pharmacy regulations: experience of the North American
pharmaceutical market. FARMAKOEKONOMIKA. Modern
Pharmacoeconomics and Pharmacoepidemiology.
2023;16(1):80-6. DOI: 10.17749/2070-4909/
farmakoekonomika.2022.155

Kircik L, Siegel DM. Clinical and Legal Considerations in
Pharmaceutical Compounding. J Clin Aesthet Dermatol.
2023;16(8 Suppl 1):523-528.

Woerdenbag HJ, van Basten B, Oussoren C,
Smeets OSNM, Annaciri-Donkers A, Crul M, Maurer JM,
Schimmel KIM, Kemper  EM, Hooge MNL,
Schreuder N, Eikmann M, Ramcharan AS, Lantink RB,
Quodbach J, Boersma HH, Kelder O, Larmené-Beld KHM,
Le Brun PPH, Kok RJ, Schellekens RCA, Breukels O,
Frijlink HW, Gareb B. Extemporaneous Compounding,
Pharmacy Preparations and Related Product Care in
the Netherlands. Pharmaceutics. 2025;17(8):1005.
DOI: 10.3390/pharmaceutics17081005
BouwhuisN,JacobsBAW,KemperEM.Productdevelopment
and quality of pharmacy compounded chenodeoxycholic
acid capsules for Dutch cerebrotendinous xanthomatosis
patients. Front Pharmacol. 2023;14:1264997.
DOI: 10.3389/fphar.2023.1264997

Woodcock J, Dohm J. Toward Better-Quality Compounded
Drugs — An Update from the FDA. N Engl J Med.
2017;377(26):2509-12. DOI: 10.1056/NEJMp1712905

Watson CJ, Whitledge JD, Siani AM, Burns MM.
Pharmaceutical Compounding: a History, Regulatory
Overview, and Systematic Review of Compounding
Errors. J Med Toxicol. 2021;17(2):197-217.
DOI: 10.1007/s13181-020-00814-3

Yuliani SH, Putri DCA, Virginia DM, Gani MR,
Riswanto FDO. Prevalence, Risk, and Challenges of
Extemporaneous Preparation for Pediatric Patients
in Developing Nations: A Review. Pharmaceutics.

2023;15(3):840. DOI: 10.3390/pharmaceutics15030840
Agarwal R, Saltz LB. Understanding the Right
to Try Act. Clin Cancer Res. 2020;26(2):340-3.
DOI: 10.1158/1078-0432.CCR-19-2015

365



REVIEW
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

AUTHORS

Mark A. Mandrik — Assistant Professor at the
Department of Pharmaceutical Technology of the
Nelyubin Institute of Pharmacy, Sechenov First Moscow
State Medical University (Sechenov University); advisor
to the management of the R-Pharm (Russia). ORCID ID:
0000-0002-3558-9615. E-mail: marubini@mail.ru

Aleksander V. Bykov — Director of Healthcare
Economics at R-Pharm (Russia). ORCID ID: 0009-0003-
2945-4655. E-mail: av.bykov@rpharm.ru

Victor S. Fisenko — First Deputy Minister of

366

PHARMACY &

PHARMACOLOGY

(PAPMALMA N PAPMAKO/IOTUA)

Health, Russian Federation, Ministry of Health
of the Russian Federation (Russian Ministry of
Health). ORCID ID: 0009-0002-0918-737X. E-mail:

fisenkovs@minzdrav.gov.ru

Elena A. Maksimkina — Doctor of Sciences
(Pharmacy), Professor of the Department of Regulatory
Relations in the Circulation of Medicines and Medical
Devices, Sechenov First Moscow State Medical
University (Sechenov University). ORCID ID: 0000-0003-
1802-8928. E-mail: maksimkina.e@mail.ru

Volume XIlII, Issue 5, 2025



Hay4Ho-npakTunyeckuin XxypHan OPMI’MHAﬂbHAﬂ CTATbﬂ

gﬁgmxﬁgﬁomrmﬂ DOI: 10.19163/2307-9266-2025-13-5-367-384

(PHARMACY & PHARMACOLOGY)

W oreorioraes | [

Modern Aspects of Pharmacognostic Analysis
of Wild Carrot Fruits (Daucus carota L.)

V.V. Artemyeva', G.M. Dandash’, I.N. Zilfikarov"?, D.l. Shishkalov', V.M. Ryzhov3,
T.K. Ryazanova?, I.l. Bochkareva', Z.A. Guseynova®, A.K. Arutyunov’

" Maykop State Technological University,

191 Pervomayskaya Str., Maykop, Russia, 385000,

2 All-Russian Scientific Research Institute of Medicinal and Aromatic Plants,
7A Grin Str., Bldg. 1, Moscow, Russia, 117216

3 Samara State Medical University,

89 Chapaevskaya Str., Samara, Russia, 443099

4 Dagestan Federal Research Center, Russian Academy of Sciences,

75 Magomed Yaragsky Str., Makhachkala, Russia, 367030

E-mail: denis7radnet.ru@mail.ru

Received 20 June 2025 After peer review 15 Aug 2025 Accepted 20 Sep 2025

The aim. Pharmacognostic study of wild carrot fruits: identification of the main microscopic features; chromatographic-mass
spectrometric study of volatile compounds and determination of numerical commodity indicators of medicinal plant raw
materials.

Materials and methods. Morphological and anatomical features of wild carrot root raw materials were studied by light
microscopy; luminescence of tissues and working standard samples of substances were studied by luminescent microscopy;
crystalline structures were studied by polarization microscopy; the profile of volatile compounds in raw materials was
assessed using chromatographic-mass spectrometry. The preparation of microscopic slides, the determination of numerical
commodity indicators of medicinal plant raw materials were carried out according to the requirements of the State
Pharmacopoeia of the Russian Federation XV edition.

Results. Morphological and anatomical analysis established the characteristics of carrot fruits: oval shape of the fruit,
tapering towards the apex, brown in color with seven veins; schizogenous containers of angular shape with non-cellular
septa; endosperm parenchyma of isodiametric, oval cells; endocarp of parquet type from elongated, thick-walled, tightly
closed cells; stellate druses in the tissues of the embryo with four symmetrical rays. Luminescence in the excitation range of
330-400 nm of the mesocarp — bright blue; epithelial cells — light yellow; resinous secretion — blue; chromatographic-mass
spectrometric study of hexane and chloroform fractions of the extract from carrot fruits determined the profile of volatile
compounds, with carotol being predominant (25.9% and 30.1%, respectively).

Conclusion. The identified microscopic features, the main biologically active substance, and numerical commodity indicators
are of practical importance for inclusion in the draft pharmacopoeial monograph “Wild Carrot Fruits”.

Keywords: wild carrot fruits; light microscopy; luminescent microscopy; polarization microscopy; anatomical and
morphological features; diagnostic features; chromato-mass spectrometry; carotol; numerical commodity indicators
Abbreviations: MPRMs — medical plant raw materials; BASs — biologically active substances; SPh RF — State Pharmacopoeia
of the Russian Federation; BAAs — biologically active additives (food supplements); GPM — general pharmacopoeial
monograph; RS — reference standard; PM — pharmacopoeial monograph; GC-MS — gas chromatography-mass spectrometry;
UV light — ultraviolet light.
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Lienb. ®apmakorHoctmyeckoe nsyyeHne naoAo0B MOPKOBU AUKOW: BblABNEHWE OCHOBHbIX MUKPOCKOMUYECKUX MPU3HAKOB;
XPOMATO-MaCC-CNEKTPOMETPUYECKOE UCCNef0BaHNE NETYYNX COEAMHEHUN U onpeneneHne YMCIOBbIX TOBAapOBeAYECKUX
noKasaresieil 1eKapCTBEHHOTO PACTUTE/IbHOIO CbipbA.

Martepuanbl u metoabl. Mophoa0ro-aHaTOMUYECKME MPU3HAKKU CbiPbA M1040B MOPKOBU OUKOW MCCNenoBasn CBETOBOM
MWKPOCKONWEN; NIOMUHECLLEHUMIO TKaHEW M paboumx CTaHAAPTHbIX 06pas3LoB Cy6CTaHUMIA M3y4anu NOMUHECLEHTHOM
MWKPOCKOMUEN; KPUCTA/IMYECKME CTPYKTYpbl UCCAeA0BaAM MONAPU3ALMOHHON MUKpOCKonuen; npodunb NeTyymx
COeAMHEHUI B Cbipb€ OLEHWBA/NM C MOMOLLBIO XPOMATO-MacC-CMEKTPOMETPUN. W3roToBNEHME MMUKPOMpPenapaTos,
onpefeneHe YUCIoBbIX TOBAPOBEAYECKMX TOKasaTesiell NEeKAapCTBEHHOrO PaCTUTE/NIbHOTO Cbipbs OCYLLECTBAAAN MO
TpebosaHuam locyaapcteeHHOM Papmakonen Poccuiickon Peaepaunm XV nsgaHus.

Pe3synbratbl. C NOMoOLb0 MOPHOIOro-aHaTOMUYECKOro aHa/M3a YCTaHOBUAM OCOBEHHOCTM NIOA0B MOPKOBM: OBasibHaA
dopma niopga, 3ay)KEeHHaA K BepXyLUKe, KOPUYHEBOrO LBETa C CEMbIO KWUIKAMW; CXM30TEHHble BMECTUAMULLA YII0BaTOM
bopMbl  C NEeperopofKamu HEKNETOYHOTO CTPOEHWA; MapeHXMMa 3HAOCNEPMA W3 U30AMAMETPUYECKMX, OBasIbHbIX
KNETOK; 3HAOKApMUi MAapKETHOro TMMa M3 BbITAHYTbIX, TOJCTOCTEHHbIX, NMJIOTHO COMKHYTbIX KNETOK; 3BE3a4aTble Apy3bl
B TKaHAX 3apoApllla C YeTbIpbMsA CUMMETPUYHBIMU Ny4amu. JTIOMUHECLeHUMA B gnana3oHe Bo3bykaeHna 330-400 HMm
Me30Kapnua — APKO-ronybas; KNeToK 3NUTENNA — CBET/NI0-KEeNTan; CMONAHUCTOrO cekpeta — ronybas. XpomaTto-macc-
CNEKTPOMETPUYECKOE UCCNEA0BAHME FEKCAHOBOW U XN10P0dOPMHON GpaKLMK U3BAEYEHNA U3 NI0LOB MOPKOBM ONpeaennno
npoduab NETYYMX COEAMHEHWU, Mpeobnagatowmm asnseTca KapoTon (25,9 1 30,1%, COOTBETCTBEHHO).

3akntoueHue. BbifABNEHHbIE MUKPOCKOMUYECKME MPU3HAKU, OCHOBHOE OMONOTMYECKM aKTUBHOE BELLECTBO M YMCIOBble
TOBapOBEAYECKME MOKA3ATEIM UMEIOT MPAKTUYECKOE 3HAaYEHNE AN15 BKIOYEHUSA B MPOEKT GapMaKonenHo ctaTbm « MopKoBum
OUKOM Nioabl».

KntoueBble cnoBa: niogbl MOPKOBU AMKOM; CBETOBAA MUKPOCKOMNWUA; NIOMUHECLLEHTHAsA MUKPOCKOMNWA; NONAPM3aLMOHHAA
MWKPOCKOMMUSA; aHAaTOMO-MOpPdONOrMyeckne MpU3HaKKW; AMArHOCTUYECKME TMPU3HAKM; XPOMATO-MACC-CMEKTPOMETpUs;
KapoTO/; YNCNOBbIE TOBAapOBEAYECKME NOKasaTenu

Cnucok cokpawieHuit: JIPC — nekapcTBeHHOE pacTuTesibHoe cbipbe; BAB — 6MoNornyeckmn aktmeHble BewecTsa; M PO —
locypapcTBeHHas papmakonesn Poccuinckon ®eapepaunn; AL, — 6ronornyeckn akTMBHble A06aBKM K nuile; OPC — obuas
dapmakroneliHaa ctatba; CO — cTaHgapTHbIM obpasew; PC — papmakoneinHas ctaTbs; NX-MC — rasoBas xpomaTorpadus
€ macc-cnekTpomeTpuen; YO-ceeT — ynbTpadroneToBbll CBET.

MpuHAaTa K neyatn 20.09.2025

INTRODUCTION

The fruits of wild carrot (also known as common
carrot) represent a medicinal plant raw material
(MPRM) and a promising source of biologically active
compounds (BACs) of phenolic and terpenoid nature.
The interest in wild carrot fruits has been demonstrated
by numerous domestic and international researchers.
This raw material is known to exhibit antibacterial,
antifungal [1, 2], and anti-inflammatory activities
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[3-5]. In particular, studies have reported its diuretic
and choleretic effects in both wild and cultivated
carrot fruit extracts [6—8]. An aqueous-alcohol extract
of wild carrot fruits is an official substance used in
the pharmaceutical preparations “Urolesan” (ART-
PHARM LLC, Russia) and “Urokhol” (VIFITEH CISC,
Russia). Extractive substances from this MPRM are also
included in the dietary supplement “Urolit” (VITAUKT-
PROM LLC, Republic of Adygea,Russia). However,
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despite the phytotherapeutic significance of this plant
species, no pharmacopoeial monograph for this raw
material is included in the current edition of the State
Pharmacopoeia of the Russian Federation (SPh RF).

Key stages of the standardization and subsequent
quality control of MPRM include the establishment
of identity through external (morphological) and
microscopic (anatomical) features, detection of major
BACs, and assessment of raw material quality by
the determination of numerical quality indicators.
Previously, researchers identified taxonomic and
phylogenetic relationships between representatives
of the genus Daucus L. [9], and studied the main
anatomical and diagnostic features of pharmacopoeial
MPRM [10]. Nevertheless, in the course of updating
the regulatory documentation for medicinal products
from wild carrot fruits, we are implementing the
task of updating the pharmacopoeial monograph
on this type of MPRM for the new edition of the SPh
RF, taking into account better practices and updated
requirements for microscopic examination. Modern
chromatographic analysis methods make it possible to
better characterize the component composition of the
low-polar volatile fraction of secondary metabolites,
thereby providing a more accurate identification
and reliable assessment of the goodness of MPRM
containing essential oils.

THE AIM of the study is a pharmacognostic
study of wild carrot fruits: identification of the main
morphological and anatomical diagnostic features,
takinginto account modern requirements for microscopy
techniques; chromato-mass spectrometric study of the
profile of volatile organic compounds and determination
of numerical commodity indicators of the quality of
medicinal plant raw materials.

MATERIALS AND METHODS

he objects of study

The object of study was industrial samples of wild
carrot fruits provided by VITAUKT-PROM LLC (Republic
of Adygea, Russian Federation). The raw materials
were harvested in 2023 in the Krasnodar Territory (Ust-
Labinsky district) and comply with the requirements of
GOST 32592-2013 “Seeds of vegetable, melon crops,
fodder root crops and fodder cabbage. Varietal and
sowing qualities. General technical conditions” for the
category of reproductive seeds.

Macroscopic, microscopic,

microchemical and histochemical analyses

The external features of MPRM were examined
visually and using a Motic DM 39 stereomicroscope
(Motic Xiamen, China), based on the requirements
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of the general Pharmacopoeia monograph
GPhM.1.5.1.0007 “Fruits”* and GPhM.1.5.1.0008
“Seeds”?.

Anatomical (microscopic) signs of raw materials
were examined using light microscopy in transmitted
and reflected light on a Motic DM1802 light microscope
(Motic Xiamen, China). Micro-preparations were
prepared according to GPhM.1.5.3.0003 “Microscopic
and microchemical analysis of medicinal plant raw
materials and medicinal products of plant origin”3
and GPhM.1.5.3.0003.15 “Technique of microscopic
and microchemical examination of medicinal plant
raw materials and medicinal herbal preparations”.
Reagents for microchemical and histochemical analysis
were prepared in accordance with GPhM.1.3.0001
“Reagents. Indicators”>.

The analysis of the luminescence of fruit tissues,
as well as working standard samples of substances and
plant raw materials, was carried out using an Altami
LUM-2 luminescent microscope (Altami LLC, Russian
Federation) with a special configuration and using blue
and yellow light filters of 32 mm. The light source was a
high—voltage mercury lamp (HBO 100W); luminescence
excitation spectral range: blue excitation filter —
420-550 nm; UV-filter — 330-400 nm. The standard
samples (SS) Quercetin and SS Coumarin provided by
the Pharmacy Research Center of the Federal State
Budgetary Educational Institution of Higher Medical
Education of the Ministry of Health of the Russian
Federation were used as working standard samples of
phenolic nature. The luminescence of SS substances
was evaluated directly in air—dry form by irradiating
crystals of substances on a slide under an Altami
LUM-2 microscope at various magnifications. The
luminescence of crystals of SS substances in the form of
a suspension in purified water on a slide covered with a
cover glass was also evaluated.

! GPhM.1.5.1.0007 “Fruits”. State Pharmacopoeia of the Russian
Federation. Available from: https://pharmacopoeia.regmed.ru/
pharmacopoeia/

izdanie-15/1/1-5/1-5-2/plody/

2 GPhM.1.5.1.0008 “Seeds”. State Pharmacopoeia of the Russian
Federation. Available from: https://pharmacopoeia.regmed.ru/
pharmacopoeia/ izdanie-15/1/1-5/1-5-2/semena/

3 GPhM.1.5.3.0003 “Microscopic and microchemical analysis of
medicinal plant raw materials and medicinal products of plant origin”.
State Pharmacopoeia of the Russian Federation. Available from: https://
pharmacopoeia.regmed.ru/pharmacopoeia/ izdanie-15/1/1-5/1-5-1/
mikroskopicheskiy-i-mikrokhimicheskiy-analiz-lekarstvennogo-
rastitelnogo-syrya-i-lekarstvennykh-sred/

4 GPhM.1.5.3.0003.15 “Technique of microscopic and microchemical
examination of medicinal plant raw materials and medicinal herbal
preparations”. State Pharmacopoeia of the Russian Federation.
Available from: https://pharmacopoeia. regmed.ru/pharmacopoeia/
izdanie-13/1/1-5/1-5-3/1-5-3-3/ tekhnika-mikroskopicheskogo-i-
mikro

° GPhM.1.3.0001 “Reagents. Indicators”. State Pharmacopoeia of the
Russian Federation. Available from: https://pharmacopoeia.regmed.
ru/ pharmacopoeia/izdanie-15/1/1-3/reaktivy-indikatory
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If necessary, for contrasting, the method of
polarization microscopy on a PLM 213 polarization
microscope (LOMO JSC, Russia) was used in the study
of crystalline structures. Cross-sections of fruits
were prepared manually (for luminescence of dry
raw materials), as well as on an HM 325 Thermo FS
microtome (Thermo Fisher Scientific, USA).

Sample preparation for GC-MS analysis

To analyze the volatile organic compound (VOC)
profile via gas chromatography—mass spectrometry
(GC-MS), aqueous-ethanol extracts were prepared
using 60% ethanol as the extractant by modified
fractional maceration in three extractors (raw material-
to-solvent ratio of 1:5), followed by a final thermal
stage — heating for 30 minutes at 70°C — as described
in the invention patent by V.A. Kurkin [11]. The resulting
extract was kept for 48 hours at 8 °Cin a light-protected
environment, then filtered through “Red Ribbon”
ashless filter paper into a dark glass bottle and sealed
with polyethylene stoppers and screw caps.

Further, the hexane and chloroform fractions of
the amounts of substances that were analyzed were
obtained from alcohol-water extraction. The choice
of fractions is determined by the literature data that
volatile organic compounds, which may be part of the
studied plants, are soluble in these extractants [12—14].

For this, 10.0 mL of the aqueous-ethanol extract
was placed in a separatory funnel (30-50 mL volume),
and 5 mL of n-hexane (or chloroform) was added.
The mixture was shaken for 2 minutes and then
left to separate completely. The upper hexane (or
lower chloroform) phase was filtered through “Red
Ribbon” filter paper into a 25 mL volumetric flask.
The extraction was repeated two more times with
5 mL portions, filtering each into the same volumetric
flask. The final volume was adjusted to the mark
with n-hexane (or chloroform), and the solution
was mixed.

GC-MS analysis

The analysis was performed under the conditions
described earlier [15, 16]. The chromatographic
conditions of the analysis are presented in Table 1.

Component identification was performed by
calculating linear retention indices and comparing
both the results and full mass spectra with
reference databases (NIST 2.4 mass spectral library)
and published literature. Only components with
identification probabilities above 90% were considered.
The relative content of each component was calculated
by internal normalization using peak area percentages
on the total ion current chromatogram [17, 18].
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Numerical Quality Indicators

Numerical quality indicators of wild carrot fruits
characterize their good quality, compliance with
the rules of harvesting and primary processing,
transportation and storage conditions, as well as the
accumulation of certain secondary metabolites, in
particular essential oil, concentration of macro- and
microelements, heavy metals, etc. One of the stages in
the formation of regulatory documentation on quality
and the justification of the MPRM specification is the
experimental establishment of normalized indicators
and ranges of acceptable values.

Wild carrot fruits are processed both in whole
and crushed form, and can also be included in the
composition of medicinal products as an active
component in powder form, which served as the
basis for establishing most of the standardized
numerical indicators. The analysis was carried out
in accordance with the GPhM.1.5.1.0007 “Fruits”,
GPhM.1.5.3.0010.15 “Determination of essential
oil content in medicinal plant raw materials and
medicinal herbal preparations”®, GPhM.1.5.3.0006
“Determination of the content of extractive substances
in medicinal plant raw materials and medicinal herbal
preparations”’, GPhM.1.2.2.2.0013 “Total ash”?,
GPhM.1.5.3.0005.15 “Ash insoluble in hydrochloric
acid”?, GPhM.1.2.2.2.0014 “Sulphate ash”*°,
GPhM.1.2.2.2.0012 “Heavy metals”*, GPhM.1.2.1.0010
“Loss in weight during drying”*? of SPh RF.

¢ GPhM.1.5.3.0010.15 “Determination of essential oil content in
medicinal plant raw materials and medicinal herbal preparations”. State
Pharmacopoeia of the Russian Federation. Available from: https://
pharmacopoeia.regmed.ru/pharmacopoeia/ izdanie-14/1/1-5/1-5-3/
opredelenie-soderzhaniya-efirnogo-masla-v-lekarstvennom-
rastitelnom-syre-i-lekarstvennykh-rastitelny/

7 GPhM.1.5.3.0006 “Determination of the content of extractive
substances in medicinal plant raw materials and medicinal herbal
preparations”. State Pharmacopoeia of the Russian Federation.
Available from: https://pharmacopoeia.regmed.ru/pharmacopoeia/
izdanie-15/1/1-5/1-5-1/opredelenie-soderzhaniya-ekstraktivnykh-
veshchestv-v-lekarstvennom-rastitelnom-syre-i-lekarstvennykh/

8 GPhM.1.2.2.2.0013 “Total ash”. State Pharmacopoeia of the
Russian Federation. Available from: https://pharmacopoeia.regmed.
ru/pharmacopoeia/ izdanie-15/1/1-2/1-2-2/1-2-2-2/obshchaya-
zola/?sphrase_id=1143165

® GPhM.1.5.3.0005.15 “Ash insoluble in hydrochloric acid”. Available
from: https:// pharmacopoeia.regmed.ru/pharmacopoeia/
izdanie-14/1/1-5/1-5-3/ zola-nerastvorimaya-v-khloristovodorodnoy-
kislote/

© GPhM.1.2.2.2.0014 “Sulphate ash”. State Pharmacopoeia of the
Russian Federation. Available from: https://pharmacopoeia.regmed.
ru/ pharmacopoeia/izdanie-15/1/1-2/1-2-2/1-2-2-2/sulfatnaya-zola/
% GPhM.1.2.2.2.0012 “Heavy metals”. State Pharmacopoeia of
the Russian Federation. Available from: https://pharmacopoeia.
regmed.ru/pharmacopoeia/izdanie-15/1/1-2/1-2-2/1-2-2-2/
tyazhyelye-metally/

2 GPhM.1.2.1.0010 “Loss in weight during drying”. State
Pharmacopoeia of the Russian Federation. Available from: https://
pharmacopoeia. regmed.ru/pharmacopoeia/izdanie-15/1/1-2/1-2-1/
poterya-v-masse-pri-vysushivanii/
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RESULTS On surface view, septa within the ducts are also

Macroscopic, microscopic,

microchemical and histochemical analyses

During the analysis of
direct correspondence was established with the
morphological characteristics described earlier in the

raw materials, a

literature [9]. Mericarps of fruits are oval or oblong
in shape, tapering towards the apex. The color of
the fruits is brown or light brown (Fig. 1, A). Highly
protruding veins of different sizes are localized on the
surface of each mericarp. The number of veins is stable
and amounts to 7 on each mericarp (Fig. 1, B-G). Their
sizes differ. Thus, it is customary to distinguish furrowed
veins in the number of 2; lateral primary veins in the
number of 2; dorsal secondary veins in the number of 2
and the middle primary vein. In addition, from the side
of the carpophore, it is customary to distinguish the
commissural (connecting) vein, as well as two marginal
primary veins (Fig. 1, D 1-6). However, they are hardly
noticeable visually in the structure of the mericarp.
Because of this, they are not used as a morphological
feature. It is obvious that the number and nature of
the expression of the ribs is a sign of raw materials
and, as scientists interpret it, a systematic feature
in the Apiaceae L. family [9].

The dorsal secondary and commissural primary
ridges are anatomically similar. In cross-section, they
appear irregularly triangular. The surface is covered
with a thin-walled exocarp layer. The mesocarp,
consisting of hollow cells, forms the base of the ridge
wall. Staining with 1% ethanol solution of Sudan llI
revealed pink to dark brown coloration of the exo-
and mesocarp cell walls, indicating suberization.
The dorsal and commissural ridges are hollow,
with a schizogenous duct occupying the cavity and
mirroring the angular shape of the ridge. This cavity
is lined with small epithelial cells. The protoplasts
of these epithelial cells appear dark brown due to
wall staining and amorphous protoplasm. Under
UV light excitation (330-400 nm), epithelial cells
The
secretions within the ducts exhibit pale yellow to blue
fluorescence (Fig. 2A—F).

When dissecting the fruit and preparing crushed
preparations, a schizogenous
receptacles can be observed from the surface. These

show pale brown fluorescence. resinous

combination  of

structures are not easily visible under classical light
microscopy; therefore, fluorescence microscopy was
used. Due to their darker fluorescence relative to
surrounding tissues, the ducts can be readily identified
within the exocarp (Fig. 2G-I).
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observable, serving as an additional diagnostic trait for
this species®. These septa lack cellular structure and
resemble cell wall composition. Under UV excitation at
330-400 nm, they fluoresce blue, and at 420-550 nm,
pale yellow (Fig. 2)-L).

It is worth noting that the majority of
monoterpenes are not detected in this spectral range,
suggesting that the observed fluorescence may be
associated with secondary metabolites of phenolic
nature, possibly flavonoids.

The fluorescence of the mesocarp tissue appears
bright blue, attributed to simple phenolic compounds
of the Ce¢—C; and Ce—C, series. According to some
literature, coumarin derivatives have been reported in
Daucus species [14, 15].

To compare fluorescence  patterns, the
fluorescence of a coumarin reference standard (RS)
was investigated. Under UV light at 330-400 nm,
coumarin exhibits pale blue fluorescence (Fig. 3A-D).
This similarity suggests the presence of structurally
related compounds in the pericarp of wild carrot
fruits. A working reference standard of quercetin was
also used as an example of a flavonoid secondary
metabolite. Under UV excitation at 330-400 nm
quercetin fluoresces bright orange, resembling the
fluorescence of epithelial cells surrounding the resin
ducts (Fig. 3E—H). This fluorescence pattern indirectly
indicates the presence of flavonol-class flavonoids
in these cells.

The bast fibers are lignified, as confirmed by
yellow staining with 10% sulfuric aniline solution.
Closer to the center, phloem cells and pairs of xylem
vessels are located, forming a collateral vascular
bundle. Two schizogenous ducts are located on
the dorsal side of the mericarp. A cavity is also
present between the endocarp and the seed coat
(Fig. 4D—F). The commissural ridge is often lost during
dissection.

In  the tissue, a
parenchymatous endosperm is typically Vvisible,
characteristic of the Apiaceae Lindl. family.
The parenchymal cells of the endosperm are
isodiametric, sometimes slightly elongated and oval.
Cell walls are noticeably thickened and composed
of cellulose. The protoplast is amorphous and
unpigmented.

seed well-developed

3 Kordyum EL. Cytoembryology of the Umbelliferae Family;
Shchitkovskaya VL, editor. Naukova Dumka Publishers. USSR, Kyiv;
1966. Russian

* Ostroumova TA, et al. Analysis of Carpological Features of the
Umbelliferae Family in the Flora of Russia. In: Systematic and Floristic
Studies of Northern Eurasia; 2019. Vol. 2. 168 p. Russian
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Table 1 — Chromatographic Conditions for Determining the Composition

of Volatile Organic Compounds by GC-MS

Chromatograph Gas chromatograph “MAESTRO 7820”

Column Capillary quartz column HP-5, 30 m x 0.25 mm x 0.25 um
(stationary phase: 5 %-diphenyl-95 %-dimethylsiloxane)

Detector Mass spectrometer Agilent 5975

Injection mode Auto-injector

Carrier Gas Helium

Flow rate 1 mL/min

Programming the temperature of the
column thermostat

Isothermal at 40°C for 5 min; ramp to 80°C at 3°C/min; to 180°C
at 4°C/min; to 280°C at 8°C/min; isothermal at 280°C for 15 min;

injection without split

Injector temperature 270°C
lon source temperature 150°C
Quadrupole temperature 230°C
Transfer line temperature 280°C
Injection volume 1ul

Table 2 — Component composition of volatile organic compounds in hexane and chloroform fractions
of aqueous-ethanol extract from Wild Carrot Fruits

Relative Content, M + SD, %

Retention Time, M £ SD, min  Compound Hexane Chioroform
11.725 +0.012 2-Thujene 0.09 +0.03 0.07 £0.02
12.106 + 0.042 a-Pinene 16.62 £ 2.49 3.66 £ 0.55
12.939+0.013 Camphene 1.22+0.18 0.37+0.11
14.238 + 0.012 Sabinen 498 £0.75 2.03+0.30
14.426 + 0.006 B-Pinene 1.34+0.20 0.52 +£0.16
15.189 + 0.01 B-Myrcene 2.51+0.38 1.15+0.17
17.108 + 0.009 o0-Cymene 2.15+0.32 2.02+0.30
17.254 + 0.007 D-Limonene 1.66 £0.25 0.75+0.22
17.342 £0.016 B-Phellandrene 0.13+0.04 0.00 +0.00
17.663 £ 0.022 trans-B-Ocimene 0.09 +0.03 0.00 +0.00
18.66 £ 0.29 y-Terpinene 0.24 £ 0.07 0.33+0.10
19.338 £+ 0.342 cis-Sabinene hydrate 0.03+0.01 0.24 +0.07
20.76 £ 0.121 n.i. 0.02 +£0.01 0.19+0.06
20.98 + 0.013 Linalool 0.15 +£0.04 0.92 £0.28
22.003 £0.03 Menth-2-en-1-ol 0.06 £ 0.02 0.03+0.01
22.201£0.01 Neo-allo-ocimene 0.09 £0.03 0.06 £ 0.02
22.308 £ 0.014 a-Campholenal 0.14+0.04 0.48+0.14
22.846 £ 0.014 Pinocarveol 0.22 +0.06 1.00 £0.30
23.109 £ 0.015 cis-Verbenol 0.54+0.16 3.72+0.56
23.726 £ 0.186 Pinocarvone 0.09 +0.03 0.42 +0.13
23.786 £ 0.023 Sabina ketone 0.03+£0.01 0.00 £ 0.00
24.244 £ 0.008 Verbenyl, ethyl ether 0.06 +0.02 0.00+0.00
24.571£0.014 4-Terpineol 0.03+£0.01 0.31£0.09
24.806 £ 0.015 a-Thujenal 0.02 £ 0.00 0.00 +0.00
25.015 £ 0.012 p-Cymene-8-ol 0.08 £ 0.02 0.43+0.13
25.251+0.014 Myrtenol 0.11+0.03 0.61+0.18
25.309 £0.012 Myrtenal 0.08 +0.02 0.56 +0.17
25.819 +0.014 Verbenone 0.32+0.10 1.44+0.22
26.239 £ 0.013 Carveol 0.09 +0.03 0.58+0.18
26.577 £0.014 Myrtenyl acetate 0.04 +0.01 0.12 +0.04
27.289 £ 0.014 Carvone 0.07 £0.02 0.29+0.09
28.529 £ 0.011 Borneol, acetate 0.66 £0.20 1.02+0.15
30.766 £ 0.014 a-Terpinyl acetate 0.06 £ 0.02 0.22 £ 0.07
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Relative Content, M + SD, %

Retention Time, M £ SD, min Compound
Hexane Chloroform
31.15+0.023 Nerol acetate 0.00 £ 0.00 0.00 £ 0.00
31.373 £0.024 trans-Myrtanol 0.03+0.01 0.09 £0.03
31.715+£0.012 B-Gurjunene 2.30+£0.34 0.15 +£0.05
31.82£0.02 Geranyl acetate 0.33+0.10 0.24 £ 0.07
31.997 £0.044 n.i. 0.14 £0.04 0.00 £ 0.00
32.128 £0.019 beta-Elemen 0.09 £0.03 0.00 +0.00
32.489+0.01 a-Zingiberene 0.10+£0.03 0.08 £ 0.02
32.894 +0.009 a-Bergamotene 1.26 £0.19 0.16 + 0.05
33.07 £ 0.013 Santalen 0.44 £0.13 0.05 £ 0.02
33.17+£0.021 Caryophyllene 2.88+0.43 0.28 +0.08
33.366 £ 0.013 Elixene 0.06 £ 0.02 0.00 £ 0.00
33.524 £ 0.016 a-Farnesene 1.94 £0.29 0.28 +0.08
33.897 £ 0.03 Isocaryophyllene 0.21+0.06 0.49+0.15
33.996 £ 0.023 Epi-B-Santalene 0.10+£0.03 0.06 £ 0.02
34.182 £ 0.02 (E)-B-Famesene 1.63+0.24 0.10+0.03
34.249 £ 0.021 B-Sesquiphellandrene 2.66 +0.40 0.24 £ 0.07
34.395 +0.023 cis-B-Farnesene 2.25+0.34 0.31+0.09
34.505 +£0.013 y-Muurolene 0.13+0.04 0.03+0.01
34.992 £0.043 B-Cubebene 0.83 £0.25 0.65+£0.20
35.204 £ 0.021 n.i. 0.69+0.21 0.04 £0.01
35.467 £ 0.009 B-Selinene 0.18 £ 0.06 0.00 £ 0.00
35.676 £ 0.003 a-Selinene 0.12 £0.04 0.11 £0.03
35.851+0.011 Chamigren 0.47 £0.14 0.06 £ 0.02
35.965 £ 0.014 B-Bisabolene 1.75+0.26 0.54 £0.16
36.187 £ 0.038 Sesquicineole 0.07 £0.02 0.09 £+ 0.03
36.482 £ 0.006 n.i. 0.59£0.18 0.00 £ 0.00
36.993 + 0.082 Humulene 0.14 +0.04 0.14 +£0.04
38.421 +£0.018 Caryophyllene oxide 1.54+0.23 2.65 +0.40
39.137 £ 0.116 Carotol 259+39 30.10 £4.52
39.384 + 0.059 Humulene oxide Il 0.32 £0.09 0.13+0.04
39.708 £+ 0.009 Cedrenol 0.28 £0.08 0.34+0.10
40.233 £ 0.008 Daucol 1.02+£0.15 3.27 £0.49
40.568 + 0.01 B-Eudesmol 0.10 £0.03 0.54 £0.16
41.083 £ 0.009 n.i. 0.38+0.11 1.02+0.15
41.127 £ 0.001 Elemol 0.30£0.09 0.00 £ 0.00
41.811 £ 0.008 Eudesm-7(11)-en-4-ol 0.20 £ 0.06 0.51+0.15
47.683 + 0.006 n.i. 1.04+0.16 1.13+0.17
47.863 + 0.006 Hexadecanoic acid, ethyl ester 0.78£0.23 3.61+0.54
47.923 £ 0.006 n.i. 0.42+0.13 0.74 £0.22
48.256 + 0.006 n.i. 0.78£0.23 1.28 £0.19
50.326 £ 0.006 Ethyl Oleate 3.37+0.51 9.47 +1.42
50.628 + 0.033 Stearic acid, ethyl ester 0.38+0.11 0.58 +0.17
51.313 £ 0.007 n.i. 2.54+0.38 5.06 £0.76
Bicyclo[4,4,0]dec-5-ene, 1,5-dimethyl-3-
52.336 £ 0.012 hydroxy-8-(1-methylene-2-hydroxyethyl-1) 5.19+0.78 11.84+1.78
Component Classes (average values):
Monoterpenes: 29.0 8.94
Monoterpenoids: 3.17 12.2
Sesquiterpenes: 19.6 3.74
Sesquiterpenoids: 29.7 37.6
Aromatic compounds: 2.23 2.45
Fatty acids: 4.53 13.7
Other: 5.19 11.8

Note: “n.i.” — not identified; SD — standard deviation.
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Table 3 — Results of pharmacognostic testing of Wild Carrot Fruits

Characteristic

Indicator Method of analysis - -
Whole raw material Powdered raw material

Loss on drying, % Gravimetric 5.8 5.8

Essential oil content (30 g + 500 mL H,0, 4 hours), % Hydrodistillation 0.17 0.88

Extractives (70 % ethanol), % Gravimetric 6.6 15.2

Total ash, % Gravimetric 6.9 7.2

Acid-insoluble ash (in 10% HCI), % Gravimetric 3.2 -

Sulfated ash, % Gravimetric 9.8 9.2

Heavy metals, %

Visual colorimetry

Not more than 0.01

Not more than 0.01
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Figure 1 — External view and morphological features of Wild Carrot Fruits.

Note: A — general view of the raw material (industrial sample); B — mericarp up to 2 mm; C — mericarp up to 3 mm; D — mericarp over 3 mm;
E — transverse section of mericarp (x 100): 1 — furrowed ridge; 2 — lateral primary ridge; 3 — dorsal secondary ridge; 4 — median primary

ridge; 5 — commissural (connecting) ridge; 6 — marginal primary ridge.

Volume XIlII, Issue 5, 2025



Hay4Ho-npakTunyeckuin XxypHan OPMI’MHAﬂbHAﬂ CTATbﬂ

gﬁgMﬁ&gﬁg ma DOI: 10.19163/2307-9266-2025-13-5-367-384

(PHARMACY & PHARMACOLOGY)

Figure 2 — Histological features of pericarp ridges in cross-section and squashed preparations
Note: A — mesocarp of hollow cells in pericarp ridge (x 400); B — exo- and mesocarp cell walls stained with 1% Sudan IlI (x 400);
C — schizogenous duct in pericarp ridge (x 1000); D — fluorescence of marginal pericarp ridges and embryo tissues under UV light
at A = 330-400 nm (x 40); E — fluorescence of marginal ridge under UV light at A = 330-400 nm (x 400); F — fluorescence of resinous secretion
in marginal ridge under UV light at A = 420-550 nm (x 400); G — schizogenous ducts in squashed preparation (x 400); H — fluorescence of resin
ducts under UV light at A = 330-400 nm (x 400); | — fluorescence of resin ducts under UV light at A = 420-550 nm (x 400); J — duct septum
under visible light (x 400); K — duct septum fluorescence under UV light at A = 330-400 nm (x 400);
L — duct septum fluorescence under UV light at A = 420-550 nm (x 400).

Tom 13, Beinyck 5, 2025 375



Scientific and Practical Journal

RESEARCH ARTICLE PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

Figure 3 — Cross-section of Wild Carrot Fruit
Note: A — coumarin crystals under visible light (x 400); B — structural formula of coumarin; C — coumarin fluorescence under UV light at
A =330-400 nm (x 400); D — coumarin fluorescence under UV light at A = 420-550 nm (x 400); E — quercetin crystals under visible light (x 400);
F — structural formula of quercetin; G — quercetin fluorescence under UV light at A = 330-400 nm (x 400); H — quercetin fluorescence under
UV light at A = 420-550 nm (x 400).
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A

Figure 4 — Secondary pericarp ridges and histology of the dorsal mericarp side (transverse section)

Note: A — schizogenous ducts on the dorsal side of the mericarp (x 400); B — lignified walls treated with 10% sulfuric aniline solution (x 1000);
C — fluorescence of connective ridge (carpophore) tissues under UV light at A = 420-550 nm (x 400); D — bast fibers of the lateral primary
ridge (x 400); E — fluorescence of ridge tissue under UV light at A = 330-400 nm (x 400); F — fluorescence of ridge tissue under UV light at

A =420-550 nm (x 400); G — fluorescence of embryo protoplasts under UV light at A = 330-400 nm (x 100); H — red fluorescence of plastids in

peripheral endosperm protoplasts under UV light at A = 330-400 nm (x 400); | — absence of druse fluorescence under UV light
at A =420-550 nm (x 400).
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Figure 5 — Crystalline inclusions in embryo tissues
Note: A — small druses in seed endosperm cells under polarization microscopy (x 1000); B — four-rayed druse structure (x 1000); C — view
of druses using dark-field condenser (x 1000); D — structure of individual druses (x 1000); E — starch inclusions in embryo parenchyma after
Lugol’s solution staining (x 400); F — individual parenchyma cells with starch inclusions (x 400).
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Figure 6 — Exocarp surface of Wild Carrot Fruits
Note: A — absence of pubescence on the exocarp (x 20); B — alternating fluorescence of the exo-/mesocarp and schizogenous ducts
under UV light at A = 330-400 nm (x 400); C — exocarp cells (x 400); D — “parquet endocarp” cell arrangement (x 400); E — surface of exocarp
cells under visible light (x 400); F — fluorescence of exocarp cells under UV light at A = 330-400 nm (x 400);
G — fluorescence of exocarp cells under UV light at A = 420-550 nm (x 400).
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Figure 7 — GC—MS Chromatogram of the hexane fraction of the aqueous-ethanol extract from Wild Carrot Fruits
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Figure 8 — GC—-MS Chromatogram of the chloroform fraction of the aqueous-ethanol extract
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from Wild Carrot Fruits
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Under UV excitation at 330—-400 nm, the druses
do not fluoresce. However, the amorphous body of
the protoplast emits bluish-blue fluorescence. Toward
the periphery of the endosperm, round structures
are observed within the protoplasts, showing red
fluorescence likely associated with carotenoids and
chlorophylls (Fig. 4G—l).

Druses are poorly visible under classical light
microscopy (Fig. 5C—-D), so polarization microscopy with
a dark-field condenser and polarizing filter was used.
Under these conditions, numerous druses become
clearly visible in nearly every cell of the seed tissue.
They are small, round, and up to 10 um in diameter.
Notably, the druses exhibit a unique star-shaped
morphology with four symmetrical rays. A distinct
central division into four segments is also observed
(Fig. 5A-B). This specific druse structure is a valuable
diagnostic marker and may be used for taxonomic
identification and authentication of “Wild Carrot Fruits”
raw material.

Upon treating transverse mericarp sections with
ethanol-based Lugol’s solution, small round inclusions
stained from dark blue to nearly black are revealed,
characteristic of starch (Fig. 5E-F). However, due
to their small size and non-specific structure, these
inclusions are not suitable as diagnostic features.

When examined under a x 5 or x 10 hand
lenses, the surface of the wild carrot fruit appears
glabrous (non-pubescent). Observation of the dry
fruit surface under UV excitation at 330400 nm
reveals alternating blue fluorescence of the exo- and
mesocarp with brown fluorescence of the schizogenous
ducts (Fig. 6A-B).

At higher magnification (x 400), the exocarp cells
covering the fruit appear thin-walled, parenchymatous,
and angular — almost rectangular in shape — with no
intercellular spaces. The protoplasts are not detectable.

Upon focusing deeper into the tissue or examining
structure

squashed preparations, the endocarp

becomes visible. The endocarp is composed of
thick-walled

side-by-side.

cells and
This

commonly referred to as a “parquet endocarp” and

elongated, tightly packed

aligned distinctive pattern s
serves as an important diagnostic feature for species
identification. Under visible light, the exocarp surface
cells show weak yellow to pale orange coloration.
light
described

Their fluorescence under UV is consistent
with  the

fluorescence (Fig. 6C-G).

previously cross-sectional

Tom 13, Beinyck 5, 2025

Chromatographic—Mass Spectrometric Analysis

The GC-MS analysis of wild carrot fruit extracts
allowed the identification of the volatile organic
compound (VOC) profile. The component composition
of the hexane and chloroform fractions of the aqueous-
ethanol extract is presented in Table 2. Chromatograms
are shown in Figures 7 and 8.

According to the data in Table 2, the predominant
component in both fractions was carotol, with an
average relative content of 25.9% in the hexane
and 30.1% in the

Significant differences were noted in the component

extract chloroform extract.
composition of the two extracts. The hexane extract
was rich in monoterpenes (such as a-pinene, sabinene,
B-myrcene) and sesquiterpenes (caryophyllene,
B-sesquiphellandrene, B-gurjunene). In contrast, the
chloroform extract was dominated by oxygenated
compounds of essential oils (alcohols, ketones, and

esters of monoterpenes and sesquiterpenes).

Numerical Quality Indicators

Determination of numerical quality indicators was
performed for wild carrot fruit herbal raw material
(MPRM) in two forms: whole and powdered. The loss
on drying was preliminarily calculated and amounted to
5.8%. The test results presented in Table 3 allow us to
establish criteria for the quality of raw materials.

The given numerical indicators made it possible
to establish differences in the content of essential
oil and extractive substances in whole and crushed
raw materials, which will serve as a justification for
choosing approaches to standardization and developing
a draft regulatory document “Wild Carrot Fruits”.

DISCUSSION

A morphological and anatomical study of wild
carrot fruits confirmed the literature data on the
structure of lop-sided plants [9]. The main diagnostic
features are the shape and size of mericarps,
the number of longitudinal ribs, their color and
prominence. We have described for the first time
crystalline inclusions in the cells of the embryo
parenchyma, represented by druses of a special stellate
shape, having four distinct symmetrical rays. In the
center of the druse, there is a visually formed division
into four parts. The specific structure of the druze is
diagnostic in nature and can be used in the process
of taxation and authentication of raw materials of

“Wild carrot fruits”. Studies of the luminescence of
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wild carrot fruit tissues were carried out for the first
time. The specificity of the luminescence of secretory
canals, seed coat, embryo parenchyma has been
proven, and the connection of luminescence with
the chemical composition of protoplasts, as well as
the release of secretory tissues, has been predicted.
The data obtained allow us to develop the sections
“Identification. “Identification.
Microscopic signs” in the draft FS “Wild Carrot Fruits”.

External signs” and
According to the results of our research, the

predominant components are carotol, a-pinene,
daukol, sabinene, B-sesquifellandren. The results of the
gas chromatographic analysis generally correspond to
the known scientific literature data on the component
composition of the essential oils of the studied fruits.
The components present in D. carota L., include
quercetin, pyrrolidine, daucine, daucosterol, tiglinic
acid and essential oils, the main components of which
are carotene, daucol, copaenol, gerenol, citric acid,
pinenic acid and cineolic acid, while for the first three
compounds the corresponding percentages are 30.55%,
12.60% and 0.62% [21].

R. Chizzola in the fruits of samples grown in Vienna,
found that the predominant components are a-pinene
(from 23.5% to 30.4%), sabine (from 21.5% to 46.6%),
geranyl acetate (from 3.9% to 28.1%), B-pinene (3—
13.1%), a-thuyene (1-8,8%), y-terpinene (0.3-4.1%),
myrcene (3.4-3.9%), carotene (1.2%) [22]. The main
components of wild carrot essential oil samples from
(22.2-23.5%),

(1.2-12.4%),

Morocco were a-pinene B-azarone
(15.1-16.7%),
(4.0%) [23, 24];

The fruits of Daucus carota ssp. carota growing

sabinene B-bisabolene

in Uzbekistan were dominated by carotene (69.8%),
(9%), (4.7%),
B-farnesene (3.7%), in Portugal — geranyl acetate
(28.7-65%), a-pinene (13-27.1%), 1laH-himachal-4-
en-1-B-ol (0.5-9.4%), Limonene (1.2-9%), B-pinene
(2.3-4.5%). The fruits of other subspecies of Daucus

daucene trans-a-bergamotene trans-

carota L. contain such components as geranyl acetate
(ssp. major, gummifer, maximus), a-pinene (ssp. major,

halophilus, gummifer, maximus), a-azarone (ssp.
maximus), and carotol (ssp. gummifer) [25].
The variety of main components and their

relative content may be due to the peculiarities of
obtaining essential oils, as well as the time and place
of harvesting, the influence of climatic conditions,
soil chemistry, and other factors. Differences in the
component composition can lead to changes in the
pharmacological activity of raw materials harvested at
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different times and in different geographical regions.
Nevertheless, it is possible to identify the components
that were found in most samples: a-pinene, sabinene,
carotol, which can act as markers of MPRM, which
allows the development of sections “ldentification.
Determination of the main groups of biologically active
substances” and “Tests. Quantitative definition” in the
PhA draft.

The established
commodity indicators (weight

characteristics of numerical
loss during drying,
essential oil content, extractive substances content,
total ash, ash insoluble in 10% hydrochloric acid,
sulfate ash, heavy metal content) indicate the quality
of the MPRM and allow the development of the “Tests”

section.

Study Limitations

To develop a draft of the PhM “Wild Carrot Fruit”
and clarify the quality of raw materials, it is necessary
to determine numerical quality indicators and
evaluate the component composition of biologically
active substances in samples harvested in various

geographical regions and climatic zones.

CONCLUSION

Morphological and anatomical analysis performed
using modern approaches to microscopic analysis
has established the characteristics of carrot fruits:
the oval shape of the fruit, narrowed to the tip,
brown in color with seven veins; angular schizogenic
receptacles with non-cellular partitions; endosperm
parenchyma of isodiametric, oval cells; parquet-type
endocarp of elongated, thick-walled, tightly closed cells
stellate druses in the tissues of the embryo with four
symmetrical rays. Luminescence in the excitation range
of 330—-400 nm mesocarp - bright blue; Epithelial cells
are light yellow; tarry secretions are blue.

Chromatography-mass spectrometric study of
hexane and chloroform fractions extracted from
wild carrot fruits determined the profile of volatile
compounds. It was found that the predominant
component in both fractions is sesquiterpene alcohol
carotol (25.9% and 30.1%, respectively), which is a
marker compound in the composition of the studied
MPRM.

The identified microscopic features, the main
biologically active substance and numerical quality
indicators are of practical importance for inclusion in
the draft pharmacopoeial monograph “Wild carrot
fruits”.
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The aim. To evaluate the antiviral efficacy of ASD drug on a model of lethal influenza pneumonia in mice against influenza A
viruses of subtypes H3N2, H5N2 and H5N8.

Materials and methods. Balb/c mice were infected with influenza viruses. The decrease of mortality and improvement in
the weight dynamics of infected animals (15 animals per group) were evaluated, and the viral load in the lung tissue was
determined on day 3 after infection (6 animals per group). Oseltamivir was used as a comparator medicine, and placebo was
administered to negative control group animals. The medicines were administered according to a therapeutic-prophylactic
or therapeutic regimen.

Results. The maximum weight loss with the H5N8 virus infected mice (placebo group) was 16.8% on day 12 (therapeutic-
prophylactic regimen) and 14.8% on day 9 (therapeutic regimen). ASD worsened the dynamics of weight loss, up to 21%
on day 12 (therapeutic-prophylactic regimen) and up to 28.4% on day 9 (therapeutic regimen). The maximum weight loss
with the H5N2 virus infected mice was 34.6% on day 8 (therapeutic-prophylactic regimen) and 31.2% on day 7 (therapeutic
regimen). The ASD medicine reduced the dynamics of weight loss: up to 29.9% on day 8 (therapeutic-prophylactic regimen)
and up to 26.3% on day 7 (therapeutic regimen). The maximum weight loss with the the H3N2 virus was 38.4% on day 11
(therapeutic-prophylactic regimen) and 33.9% on day 9 (therapeutic regimen). The ASD medicine improved the dynamics
of weight loss to 18.5% on day 11 (therapeutic-prophylactic regimen), but with the therapeutic regimen, it worsened the
dynamics to 34.1% on day 9. A decrease of the survival rate of mice infected with the H5N8 virus using ASD (therapeutic
regimen) was revealed. Mice receiving ASD and infected with the H3N2 virus (therapeutic-prophylactic regimen) or H5SN2
(therapeutic regimen) showed a tendency towards a protective effect of the drug. No effect of the ASD medicine on the level
of viral load was noted.

Conclusion. The ASD medicine exhibits antiviral properties when administered orally according to a therapeutic-prophylactic
regimen against influenza A virus (subtypes H3N2 and H5N2).

Keywords: influenza virus; antiviral activity; in vivo testing; lethal influenza pneumonia

Abbreviations: ASD — antiseptic-stimulator Dorogova, fraction 2; ED50 — median effective dose — the dose of the drug
that improves the survival rate of animals by 50%; Pl — protection index — calculated indicator of drug effectiveness;
MLD50 — 50% mouse lethal dose of the virus — the dose of the virus that causes the death of half of the mice in the
group; OD — optical density; SOP — standard operating procedure; ALS — average life span; TCID50 — 50% tissue infectious
dose — the dose of the virus that causes infection of 50% of cells; ANOVA — Analysis Of Variance; DPBS — Dulbecco’s
Phosphate-Buffered Saline; PBS — Phosphate-Buffered Saline.

For citation: S.\V. Engashev, O.A. Dorogova, E.S. Engasheva, L.Yu. Merkulova. Results of the study of antiviral activity of ASD substance
in experimental infection of mice with influenza viruses). Pharmacy & Pharmacology. 2025;13(5): 385-402. DOI: 10.19163/2307-9266-2025-13-
5-385-402
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Lienb. OueHKa NpoTMBOBUPYCHOM 3ddeKkTMBHOCTM Npenapata ACL Ha moaenun neTanbHOM rpuUnno3HON MHEBMOHUM Y MblLLEN
B OTHOLWeHMM Bupycos rpunna A nogTunos H3N2, HSN2 n H5NS.

Martepuanbl 1 metogbl. Mbiwelt AMHum Balb/c unduumposanu Bupycammu rpunna. OUEHMBAAN CHUMXKEHWE CMEPTHOCTU U
yAyylleHre OUHAMUKKU BECa 3apaKeHHbIX UBOTHbIX (Mo 15 ocobeli B rpynne), TakKe onpenensanyu BUPYCHYHO Harpysky
B JIErOYHOM TKaHW Ha 3 cyT nocne 3apaxeHua (no 6 ocobert B rpynne). NpenapaTtom CpPaBHEHUA CAYKUA OCENbTAMUBUD,
YKMBOTHbIM M3 rPYnnbl OTPULLATENIbHOFO KOHTPOAS BBOAUAM NnaLebo. MpenapaTbl BBOAWAN NO Ne4ebHO-NPOodUIaKTUUECKON
nUnn neyebHom cxeme.

Pe3synbratbl. Mpy MHOUUMpoBaHUKM BuMpycom HS5N8 makcumanbHasa notepa Beca (rpynna nnauebo) coctasuna 16,8%
Ha 12 cyT (neyebHo-npodunakTnyeckan cxema) n 14,8% Ha 9 cyt (neyebHaa cxema). ACH yxyAlan AUHAMUKY CHUMXKEHUA
Beca, A0 21% Ha 12 cyT (neyebHo-npodurnakTnyeckan cxema) n o 28,4% Ha 9 cyt (nevebHasn cxema). Mpu nHOMLMpPOBAHUK
Bupycom H5N2 makcMmanbHas noteps Beca coctaBuia 34,6% Ha 8 cyT (neyebHo-npodunaktnyeckas cxema) n 31,2%
Ha 7 cyT (neyebHaa cxema). Mpenapat AC[ yMeHbluan AUHAMUKY CHUMKeHuUA Beca: 4o 29,9% Ha 8 cyT (neyebHo-
npodunakTMyeckan cxema) u go 26,3% Ha 7 cyT (neyebHas cxema). Mpu nHduumposaHumn supycom H3N2 makcumanbHas
noteps Beca coctasuna 38,4% Ha 11 cyT (neyebHo-npodunaktuyeckaa cxema) u Ha 33,9% B Ha 9 cyT (neyebHaa cxema).
Mpenapat AC/ yny4ylian AUHAMMKY CHUMKeHUA Beca Ao 18,5% Ha 11 cyT (neyebHo-npodunakTMyeckas cxema), HO npu
neyebHON cxeme yxyAalwan AMHaMUKY A0 34,1% Ha 9 cyT. OBHaAPYKUAWU CHUMKEHME BbIXKMBAEMOCTU MbILIEN, 3aparKeHHbIX
Bupycom H5N8, npu ucnonb3osaHumn AC/ (neuebHasa cxema). Y mbiwei, nonydaswmx ACA, v 3apaxkeHHbIx Bupycom H3N2
(neuebHo-npodumnakTnyeckas cxema) uam H5N2 (neyebHaa cxema) OTMETUAM TEHAEHUMIO K NMPOTEKTUBHOMY AEWCTBUIO
npenapata. Bavanua npenapata ACL Ha ypoBeHb BUPYCHOWM HArpy3ku He OTMETUIIN.

3akntoueHue. MMpenapat AC[ nposBaseT NPOTMBOBMPYCHblEe CBOMCTBA MNPU MNepopasbHOM BBeAeHWM No nevyebHo-
npodunakTUYecKol cxeme B OTHOLEHMM BMpYca rpunna A (nogTtunsl H3N2 1 H5N2).

Kntouesble cnoBa: BMpYC rpMnna; NnpoTMBOBUPYCHAA aKTUBHOCTb; TECTUPOBAHWE in Vivo; NneTanbHaa rpunno3Has NHEBMOHUA
Cnucok coKpauweHuii: ACLl — aHTMcenTuK-ctumynaTop [oporosa, ¢pakums 2; EAS50 — cpegHAs adpdeKkTMBHaAA fo3a —
033 npenapara, KoTopasa yNyylaeT BbIXXMBAEMOCTb XMBOTHbIX Ha 50%; N3 — MHAEKC 3aWnTbl — pacyeTHbI/ NoKasaTenb
addekTMBHOCTM npenapata; MIO50 — 50% MblliMHaA feTanbHasA 403a BMpYca — f[03a BMpPYCa, Bbi3blBatowan rubesnb
No/I0BUHbI MblLel B rpynne; ON — onTuyeckas naoTHocTb; COMN — cTaHAapTHaA onepaumoHHas npoueaypa; CMNK — cpeaHsa
NpoAo/XKUTENbHOCT KM3HU; TUA50 — 50% TKaHeBasA MHbEKLMOHHAA A03a — A03a BUPYCa, Bbi3blBatoLLas 3aparkeHne 50%
knetok; ANOVA — Analysis Of Variance, aHanu3 gocToBepHOCTM pas3ninmumii mexay rpynnamu; DPBS — ¢docdaTHo-conesoi
6ydepHbIl pacTBop No npotokony Aynbbekko; PBS — pocdaTHO-coneBown bydepHbili pacTBop.

INTRODUCTION

The influenza virus causes a highly contagious
respiratory disease, which is the cause of annual
epidemics, affecting up to half of the world’s
population. Every year, about 1 billion cases of seasonal
influenza are registered in the world, 3-5 million of
which are severe. From 290 to 650 thousand people
die annually from respiratory pathologies caused
by influenza viruses [1]. Influenza is of particular
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importance due to the high virulence of the pathogen,
the ability to pandemic spread, viral variability, and
the development of complications. The most common
complication of influenza is pneumonia, which accounts
for 65% of all complications and often ends in death
[2]. In addition, influenza can cause a number of non-
respiratory complications, including febrile seizures,
Reye’s syndrome, and myocarditis [3-5].

According to a large meta-analysis conducted
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by K.E. Lafond et al. (2021), influenza viruses cause
more than 5 million hospitalizations worldwide each
year. They also found out that influenza accounts
for an average of 14.1% of hospitalizations for acute
respiratory diseases among the adult population, with
no significant differences between age groups [6].

Despite the fact that severe influenza can be
observed at any age, children are the most vulnerable.
The incidence rate remains consistently high in
the pediatric population [7, 8]. Every year, about
870,000 children under the age of 5 are hospitalized
worldwide due to influenza [9]. A meta-analysis
conducted by H. Nair et al. (2011) found that from
28,000 to 111,500 deaths among children under the
age of 5 are associated with causes related to influenza
morbidity, and the vast majority of them occur in
developing countries [10]. P.J. Gill et al. (2015) assessed
which children are at increased risk of developing
complications from influenza. It was found out that
prematurity, neurological disorders, sickle cell anemia,
immunosuppression, diabetes and age under 2 years
are risk factors for hospitalization. In addition, having
more than one of these factors increased the risk of
hospitalization from 52 to 74% [11].

Risk groups for severe influenza also include
elderly people (aged > 60 years), pregnant women,
people with chronic diseases or congenital/acquired
immunodeficiency [12].

This work is devoted to the study of the antiviral
activity of the drug ASD-2 in vivo on a model of lethal
influenza pneumonia in Balb/c mice.

In this work, a model of lethal influenza pneumonia
was used, which is generally accepted in studies of
the protective activity of chemotherapeutic agents
intended for the treatment and prevention of influenza
infection [13]. At the same time, the main indicators by
which the effectiveness of drug samples was assessed
were the dynamics of mortality of experimental
animals and the dynamics of weight indicators. The
viral load in the lung tissue was also assessed to
confirm the specificity of the drug’s action against the
virus.

THE AIM. To evaluate the protective efficacy in
vivo of the drug ASD on a model of lethal influenza
pneumonia in Balb/c mice against influenza A viruses of
subtypes H3N2, H5N2 and H5NS8.

Research tasks:

1. Adaptation to Balb/c mice of influenza virus
A/common  duck/Uvs Nuur lake/26/2016
A (H5NS8);

2. Adaptation to Balb/c mice of influenza virus
A/Duck/Potsdam/1402-6/86 (H5N2);

3. Adaptation to Balb/c mice of influenza virus
A/Aichi/2/68 (H3N2);

Tom 13, Beinyck 5, 2025

4. Determination of the dynamics of animal death
when the test drug is administered according to
a therapeutic and prophylactic regimen against
influenza viruses A/common duck/Uvs Nuur
lake/26/2016 (H5N8), A/Duck/Potsdam/1402-
6/86(H5N2), A/Aichi/2/68(H3N2);

5. Determination of the dynamics of animal death
when the test drug is administered according to
a therapeutic regimen against influenza viruses

A/common  duck/Uvs Nuur lake/26/2016
(H5N8),  A/Duck/Potsdam/1402-6/86(H5N2),
A/Aichi/2/68(H3N2);

6. Determination of the dynamics of changes in
body weight of animals when the test drugs
are administered according to a therapeutic
and prophylactic regimen against influenza
virus A/common duck/Uvs Nuur lake/26/2016
(H5NS8), A/Duck/Potsdam/1402-6/86(H5N2),
A/Aichi/2/68(H3N2);

7. Determination of the dynamics of changes in
body weight of animals when the test drugs
are administered according to a therapeutic
and prophylactic regimen against influenza
virus A/common duck/Uvs Nuur lake/26/2016
(H5N8), A/Duck/Potsdam/1402-6/86(H5N2), A/
Aichi/2/68(H3N2);

8. Determination of the viral load in the lung
tissue of infected animals on the 3rd day after
infection.

MATERIALS AND METHODS

Study design

The study was conducted on the basis of the
Smorodintsev Research Institute of Influenza from
December 2021 to June 2022.

The study drug ASD (antiseptic-stimulator
Dorogova, fraction 2), manufacturer LLC “AVZ S-P”,
Sergiev Posad. The control drug is oseltamivir (Tamiflu®)
LaRoche, Switzerland (positive control). Date of
manufacture: 04.2016. Series: M1030. Expiry date:
04.2023. Dosage form: capsules of 75 mg. Storage
conditions: in the refrigerator at a temperature of
2-8°C. Placebo (negative control) — saline solution.

The study was conducted on 423 female Balb/c
mice aged 5—7 weeks weighing 19.2 8+ 0.29. The choice
of this line is fully consistent with the methodological
documents used in the work® % 3. When determining

1 Guidelines for conducting preclinical studies of drugs. Part one.
Mironov AN, editor; Moscow: Grif and K; 2012. 944 p. Russian

2 GOST 33215-2014. Guidelines for the care and maintenance of
laboratory animals. Rules of equipment of premises and organization
of procedures; Introduced on 1.07.2016; Moscow: Standartinform;
2016. 12 p. Russian

3 Ivanov Yul, Pogorelyuk ON. Processing of the results of biomedical
research on microcalculators according to programs. Moscow:
Meditsina Publ.; 1990. 217 p. DOI: 10.19163/2307-9266-2025-13-5-
385-402. Russian
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the protective activity (reducing mortality and
improving the weight dynamics of infected animals),
15 individuals were used in the group, to determine
the viral load in the lung tissue — 6 individuals in the
group. Mice were obtained from the “Stolbovaya”,
Moscow region. During the period of acclimatization
and experiment, mice were placed in polycarbonate
cages BENEX a.s., Czech Republic, type T3A, S = 1200
cm?, in groups of 3 individuals (at the first stage) and
15 individuals (at the second stage), on bedding (wood
granules); the cages are covered with steel lattice lids
with a feeding recess. Granulated feed for keeping mice
(LLC “Laboratorkorm”, Moscow) was given ad libitum
in the feeding recess of the steel lattice lid of the cage.
The animals were given water purified by reverse
osmosis on a MilliporeRiOs 30 water purification unit.
Water in standard drinkers with steel lids-spouts
was given ad libitum. Wood granules were used as
bedding. The animals were kept in separate rooms of
the vivarium of the Smorodintsev Research Institute
of Influenza in controlled conditions (18-24°C and
relative air humidity 50-80%). The photoperiod was
12 hours night / 12 hours day with artificial lighting
with fluorescent lamps. Animal care and maintenance
was carried out in accordance with SOP No. B/004/01,
adopted at the Smorodintsev Research Institute of
Influenza.

When determining the protective activity (reducing
mortality and
infected animals), 15 individuals were used in the
group, to determine the viral load in the lung tissue —
6 individuals in the group.

improving the weight dynamics of

Distribution by groups

Animals were distributed into groups by simple
randomization according to body weight (individual
body weight was within the range of variation +10 %
of the average value of the indicator). This range was
chosen to ensure the homogeneity of experimental
groups and exclude the influence of individual
characteristics of animals on the outcome of the
experiment.

For the purpose of identification, each animal
in the group was marked with an individual number,
which is recorded on the cage card. For marking, a
biological dye (brilliant green “Lekker” BZ-3), safe for
mice, was used. The following marking rules were
followed: 1: left upper paw, 2: left side, 3: left lower
paw, 4: head, 5: back, 6: tail, 7: right upper paw, 8: left
side, 9: left lower paw, 10: no coloring, 11: left and right
upper paws, 12: left and right side, 13: left and right
lower paws, 14: head and tail, 15: strip from head to
tail.
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Laboratory animals were kept for 5 days before
the start of the study for adaptation with group
housing in cages. During this period, the clinical
condition of the animals was monitored every day by
visual examination; coat condition, presence of skin
lesions, and mobility were assessed. Animals with
abnormalities detected during the examination were
not included in the experimental groups.

Euthanasia and ethics approval

At the end of the experiment, the animals were
subjected to planned euthanasia by overdose of CO,.
Euthanasia was completed by displacement of the
cervical vertebrae (cervical dislocation). All procedures
with animals in the study were reviewed and approved
by the Bioethics Commission of the Smorodintsev
Research Institute of Influenza for compliance with
regulatory acts (Minutes of the meeting of the
Bioethics Commission of the Smorodintsev Research
Institute of Influenza No. 49 dated March 04, 2022).

Infectious cultures

The following influenza virus strains were used for
the work: A/common duck/Uvs Nuur lake/26/2016
(H5NS), A/Duck/Potsdam/1402-6/86(H5N2),
A/Aichi/2/68(H3N2). All strains were obtained from
the influenza virus collection of the Laboratory of
Chemotherapy of Viral Infections of the Smorodintsev
Research Institute of Influenza.

To determine the viral load in the lungs of animals,
the MDCK (Madin-Darby canine kidney) cell culture of
the spaniel kidney was used, as the most sensitive and
permissive to various human influenza viruses [14].
The source of the cell culture is the MDCK London
Line cell line (passage 8 / 8) was obtained from the
Influenza Reagent Resource, CDC&P, Atlanta, Georgia,
USA (cat. No. FR-58). The cells were cultured on a
nutrient medium of the following composition: Alpha
MEM medium (Biolot, Russia) with the addition
of 5% fetal bovine serum (Biowest, USA) and a
mixture of penicillin / streptomycin antibiotics at
a concentration of 1% (Biolot, Russia).

Experimental design for adaptation

of influenza viruses (stage 1)

To adapt the virus to animals, 5 passages were
carried out through the lungs of mice. For each virus,
the adaptation process was carried out as follows:
three animals were infected with the corresponding
strain in a dilution of 10:1, on the 3 day after infection,
the animals were euthanized and the lungs were taken,
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homogenized, and the resulting suspension was used
for subsequent infection.

The
propagated
developing chicken embryos, after which the liquid was
collected, clarified by centrifugation (Eppendorf 5424
centrifuge [Eppendorf, Germany], 5 min at 3000 rpm)

influenza virus after adaptation was

in the allantoic cavity of 10-day-old

and packaged into 1 ml aliquots. All aliquots were
made from a single stock of allantoic fluid and frozen
simultaneously at —80 °C. A preliminary titration of the
virus on Balb/c mice was carried out to determine the
50 % mouse lethal dose of the virus (MLD50) (Tables 1
and 2).

Experimental design for determining

antiviral activity (Stage 2)

For the experiment, the drug was diluted according
to the following scheme: 0.1 mL is diluted in 39.9 mL
of warm water. This dilution scheme allows to obtain
the required concentration of the solution when using
the minimum amount of the test. The dose was 0.8 mL
of the resulting solution per mouse weighing 20 g.
The specified volume corresponded to the calculated
dosage of the drug, providing the required load of the
active substance on the body weight of the animal and
a sufficient level of exposure for the implementation
of the pharmacological effect. The test drug, or
placebo, (depending on the randomization group) was
administered fractionally orally using a probe for oral
administration 2 times/day with an interval of 6 hours
in a volume of 0.4 mL.

All drugs were administered according to a
therapeutic and prophylactic regimen (10 days before
infection, then: for 10 days after infection) and
according to a therapeutic regimen (for 10 days after
infection) 2 times/day with an interval of 6 hours.
These administration regimens were developed and
used in the framework of this study to achieve the
experimental objectives. Observation of the animals
was carried out for 14 days after infection.

The
specificity of the pathological process. Oseltamivir
inhibitor with proven clinical
efficacy in the treatment and prevention of influenza

oseltamivir was used to control the

is a neuraminidase
A and B. The drug is recommended for use in

influenza by international health organizations,
including the World Health Organization (WHO)* and

4 WHO Guidelines for Pharmacological Management of Pandemic
Influenza A(H1IN1) 2009 and Other Influenza Viruses. Geneva: World
Health Organization; 2010. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK138515/
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the US Centers for Disease Control and Prevention
(CDC). In clinical guidelines for the treatment of
influenza® 7, in the Russian Federation, oseltamavir
is also recommended for the treatment of influenza
in adults and children. It has been proven that
oseltamivir shortens the duration of the disease,
reduces the viral load and the risk of complications,
especially with early of therapy [15,
16]. The effectiveness of the drug in influenza has
been confirmed in large systematic reviews and meta-
analyses [17, 18].

Oseltamivir was administered to animals orally
using a gastric probe (Fisherbrand, USA) in a volume
of 0.2 mL at a dosage of 20 mg/kg/day, according to a
similar scheme as the test drugs.

In the placebo groups, animals were administered
sterile saline solution orally.

Mice under light ether anesthesia were infected
intranasally with the virus in a volume of 50 pL at
a dose of 2 MLD50. Mice were weighed daily and

initiation

the death of animals was recorded. The number
of animals was 45 individuals at the first stage and
378 individuals at the second stage. The number of
animals in each group was 21 individuals, of which
15 individuals were intended to assess mortality and
weight dynamics during infection, and 6 individuals —
to assess the viral load in the lungs. The general
scheme of the experiment is presented in Tables 1
and 2, the manipulations performed with the animals
are indicated in Tables 3 and 4.

Collection of organs and preparation

of homogenates

On the 3 day after infection, 6 animals from each
group were euthanized, dissected, their lungs were
isolated and weighed. Lung tissue samples were
homogenized in Dulbecco’s phosphate-buffered saline
solution using a Tissuelyserll device (Qiagen, USA).

Virus titration on MDCK cell culture

To assess the level of virus reproduction in animal
lung tissue samples, its infectious activity was titrated
in MDCK cell culture (4 wells of a 96-well plate for
each dilution of the tissue sample). MDCK cells were
seeded on 96-well plates in a volume of 100 pL of cell

> CDC. Treating Flu with Antiviral Drugs. Available from: https://www.
cdc.gov/flu/treatment/antiviral-drugs.html

 The flu. Clinical Guidelines. 2025. Ministry of Health of the Russian
Federation. Available from: https://cr.minzdrav.gov.ru/view-cr/249_2.
Russian

7 Clinical recommendations. Flu in adults. 2022. Ministry of Health of
the Russian Federation. Available from: https://cr.minzdrav.gov.ru/
view-cr/749_1. Russian
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suspension with a cell concentration of 1x105 / mL,
i.e. the final cell concentration was 1x104 cells / well.
Then MDCK cells were incubated for 24 hours in a
CO, incubator at 37 °C in an atmosphere of 5% CO,
until a monolayer was formed. After that, the cells
were washed for 5 min with alpha-MEM medium with
glutamine and used for virus cultivation. A series of 10-
fold dilutions (from 10 to 107) were prepared from the
homogenate of tissue samples on alpha-MEM medium
with glutamine with the addition of trypsin (1 pg/
mL), which is necessary for the successful penetration
of the influenza virus into cells, and 20 pg/mL of
ciprofloxacin (a broad-spectrum antimicrobial agent
of the fluoroquinolone group) and introduced them
into the wells of the plate with MDCK cells. The plates
were incubated for 72 hours at 37 °C in an atmosphere
of 5% CO,.

After the incubation period, 100 pL of culture
fluid from each well of the plate was transferred to
the wells of 96-well plates with a round bottom for
immunological reactions and 100 pL of 1% suspension
of chicken erythrocytes in saline solution was added to
each well. The suspension of chicken erythrocytes was
obtained according to SOP No. LHT/019/01 from whole
blood of Leghorn chickens. The plates were incubated
for 1 hour at room temperature, after which the
presence or absence of hemagglutination in the wells
was visually assessed. The virus titer was calculated
by the Reed and Mench method [19] and expressed
in 50% tissue infectious doses (TCID50) per 100 pL of
volume.

Statistical processing

The main criterion for evaluating antiviral activity is
a statistically significant difference in the survival rate of
mice in the drug group compared to the placebo group.

Secondary criteria for evaluating antiviral activity:

— a statistically significant difference in the weight
loss of animals in the placebo group compared to the
drug group;

— a statistically significant decrease in the viral
load in the lungs of mice in the drug group compared to
the placebo group.

The criterion for the adequacy of the experiment is
a statistically significant difference in the survival rate
of mice in the comparison drug group compared to the
placebo group.

The research materials were statistically processing
with methods of parametric and non-parametric
analysis. Accumulation, correction, systematization of
initial information and visualization of the results were
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carried out in Microsoft Office Excel 2016 spreadsheets.
Statistical analysis was performed with free software
environment for calculations R v. 4.0.2 in the RStudio
Version 1.3.1056 programé.

Based on the data obtained from measuring the
weight of mice after infection with influenza viruses,
survival tables were constructed, then the Kaplan-
Meier method was used to construct survival curves
[20]. Comparison of survival functions by groups was
carried out using the Gehan-Wilcoxon criterion and
using the Cox-Mantel log-rank criterion [21]°.

The data obtained as a result of measurements
were combined into variational series, in which
the calculation of arithmetic mean values (M) and
standard deviations (SD) was carried out. Quantitative
indicators were assessed for compliance with the
10), for this purpose the
Shapiro—Wilk criterion was used [22, 23]. To determine
the significance of differences between group

means in samples with a data distribution different

normal distribution (n =

from the normal one, the Mann-Whitney criterion
was used [24].

The protection
formula 1.

index was calculated using

Pl = (Mc — Me) / Mc x100% (1),

where Mc and Me are the percentages of animal
deaths in the placebo group and the experimental
group receiving the drug under study or the control
drug, respectively, at the end of the experiment
(14 days after infection). This formula is widely
used to calculate the protection index in preclinical
studies [25, 26].

For graphical representation of data on the
relative decrease in body weight of animals, the
relative value of body weight in % to the weight on
the day of infection (day 0) was calculated for each
animal. Then the arithmetic mean for the group and
a curve of the dependence of the group average on
the day after infection was constructed. To determine
the significance of differences between groups on
the day of greatest weight loss in the placebo group
after infection, one-way ANOVA analysis of variance
was used for group comparison, then the Dunnett’s
criterion for a posteriori pairwise comparisons with
the placebo group. Differences between groups were
considered statistically significant if the p-value did not
exceed 0.05.

8 R Development Core Team (2008). R: A language and environment for
statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. Available from http://www. R-project.org.

° Cox DR, Oakes D. Lifetime type data analysis; Finance and Statistics;
1988. Russian
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RESULTS 16.8 % on the 12 day after infection with therapeutic

Dynamics of body weight loss of experimental

animals infected with influenza virus

A/common duck/Uvs Nuur lake/26/2016 A (H5N8)

The study showed that infection with the influenza
virus led to the development of a pathological
process in laboratory mice. External signs of the
disease were manifested in limiting the mobility of
animals, increased breathing, as well as in reducing
the consumption of food and water. All of these signs
are typical for influenza pneumonia. The dynamics of
changes in the body weight of animals with modeled
influenza pneumonia is presented in Figure 1.

The maximum weight loss in the placebo group was

and prophylactic and 14.8 % on the 9 day with
therapeutic regimens of administration.

The comparison drug oseltamivir reduced the
weight loss in mice on the 12 day after infection
compared to the Placebo group with the therapeutic
and prophylactic regimen to 3.1 % and with the
therapeutic regimen on the 9 day to 9.9 %.

The test drug ASD in both regimens of
administration worsened the dynamics of weight loss in
experimental animals, up to 21 % on the 12 day after
infection and up to 28.4 % on the 9 day after infection
in the therapeutic and prophylactic and therapeutic
regimens of administration, respectively.

Control

Oseltamivir

—e—ASD

% changes in body weight of mice

Infection
T T

9-8-76-54-3-2-10123456 78 91011121314

Day of experiment
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% changes in body weight of mice

65.0
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o 1 2 3 4 5 6 7
B

8 9
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Figure 1 — Dynamics of changes in body weight of Balb/c mice with experimental influenza pneumonia caused
by influenza virus A/common duck/Uvs Nuur lake/26/2016 A (H5N8) under conditions of using the test drugs

according to a therapeutic and prophylactic regimen (n = 15).
Note: A — prophylactic regimen; B — therapeutic regimen.
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Dynamics of body weight loss of experimental
animals infected with influenza virus
A/Duck/Potsdam/1402-6/86 (H5N2)

The study showed that infection with the influenza
virus led to the development of a pathological
process in laboratory mice. External signs of the
disease were manifested in limiting the mobility of
animals, increased breathing, as well as in reducing
the consumption of food and water. All of these signs
are typical for influenza pneumonia [27, 28]. The
dynamics of changes in the body weight of animals
with modeled influenza pneumonia is presented
in Figure 2.

The maximum weight loss in the placebo group was

34.6 % on the 8 day after infection with therapeutic and
prophylactic and 31.2 % on the 7 day with therapeutic
regimens of administration.

The comparison drug oseltamivir reduced the
weight loss in mice on the 8 day after infection
compared to the placebo group with the therapeutic
and prophylactic regimen to 24 % and with the
therapeutic regimen on the 7 day to 15.5 %.

The test drug ASD in both regimens of
administration slightly reduced the dynamics of weight
loss in experimental animals, up to 29.9 % on the
8 day after infection and up to 26.3 % on the 7 day
after infection in the therapeutic and prophylactic and
therapeutic regimens of administration, respectively.
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Figure 2 — Dynamics of changes in body weight of Balb/c mice with experimental influenza pneumonia
caused by influenza virus A/mallard/Pennsylvania/10218/84(H5N2) under conditions of using the test drugs
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according to a therapeutic and prophylactic regimen (n = 15).
Note: A — prophylactic regimen; B — therapeutic regimen.
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Dynamics of body weight loss of experimental

animals infected with influenza

virus A/Aichi/2/68(H3N2)

The study showed that infection with the influenza
virus led to the development of typical symptoms of
the pathological process in laboratory mice. External
signs of the disease were manifested in limiting the
mobility of animals, increased breathing, as well as
in reducing the consumption of food and water. All of
these signs are typical for influenza pneumonia. The
dynamics of changes in the body weight of animals with
modeled influenza pneumonia is presented in Figure 3.

Infection with the influenza virus H3N2 led to
weight loss in animals from all experimental groups.

The maximum weight loss in the Placebo group
was 38.4 % on the 11 day after infection with the
therapeutic and prophylactic regimen and 33.9 % on
the 9 day with the therapeutic regimen.

The comparison drug oseltamivir reduced the
weight loss in mice on the 11 day after infection
compared to the Placebo group with the therapeutic
and prophylactic regimen to 9.6 % and with the
therapeutic regimen on the 9 day to 14.9 %.

The test drug ASD administration improved
the dynamics of weight loss in experimental
animals, up to 18.5 % on the 11 day after infection
with the therapeutic and prophylactic regimen of
administration. With the therapeutic regimen of
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Figure 3 — Dynamics of changes in body weight of Balb/c mice with experimental influenza pneumonia
caused by influenza virus A/Aichi/2/68 H3N2 under conditions of using the test drugs according
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to a therapeutic and prophylactic regimen (n = 15).
Note: A — prophylactic regimen; B — therapeutic regimen.
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administration, the drug ASD worsened the dynamics of
weight loss to 34.1 % on the 9 day after infection.

Statistical analysis of data obtained from the

analysis of survival of mice after infection

with influenza virus

In the course of survival analysis, fixed censoring
was carried out: for each combination of “virus strain—
treatment regimen—drug”, a sample of 15 animals was
observed for 14 days after infection. The identification
of differences between the survival functions of mice
receiving drugs and placebo in various experimental
groups was carried out using the Gehan-Wilcoxon and
Cox-Mantel tests. The proportions of surviving mice
are presented in Tables 5-7. The results of comparing

survival functions by groups are presented in Table 8,
the dynamics of death are presented in Tables 9-11.

As it can be seen from Table 8, statistically
significant differences in survival functions in a positive
direction were found when compared with the placebo
group of oseltamivir in the preventive and therapeutic
regimen in the case of infection of mice with the HSN8
virus and in both regimens in the case of infection of
mice with the H3N2 virus. In the case of the H5N2 virus,
differences were also noted, although they were not
statistically significant.

For the ASD, statistically significant differences from
the placebo group were noted in the case of the HSN8
virus, when used according to the therapeutic regimen,
and towards a worsening of the infectious process.
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Figure 4 — Viral load in the lung tissue of animals infected with influenza virus (strains H5N8, H3N2, H5N2),

determined by titration on a cell culture (n = 6 in each group).
Note: in the diagram, the columns with whiskers indicate the mean + standard deviation (M £ SD). The P values are indicated above the
brackets — the result of applying the one-sided Dunnett’s test when compared with the Placebo group.
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Table 1 — Experimental design for adaptation of viruses to Balb/c mice (Stage 1), n = 45

Group No.  n of animals Number of passages Virus Virus adaptation
L 15 > HoN8 Infection with the virus, collection of organs —
2 15 > HON2 in 15 mice in the grou
3 15 5 H3N2 group
Table 2 — Manipulations performed with animals (Stage 1)

Groub No Manipulations performed

p No-. -5 -4--1 0 1-2 3 4 5-6 8 9-10 11 12 13-14 15 16 17-18
1 A,Q Q | E C | E | E C | E C | E C
2 AQ Q | E C | E | E C | E C | E C
3 A,Q Q | E C | E | E C | E C | E C
Note: A — admission of animals; Q — quarantine; | — infection; C — collection of organs; E — conducting a clinical examination of animals.

Table 3 — Experimental design for determining the antiviral activity of samples on a model
of lethal influenza infection in Balb/c mice with therapeutic and prophylactic and therapeutic regimens
of administration (Stage 2), n = 378

Group No. No.' i Drug Administration regimen Virus Beglstered

animals indicators
1 21 Placebo (Negative control)
2 21 Oseltamivir (Positive control) H5N8
3 21 ASD substance Therapeutic and prophylactic.
4 21 Placebo (Negative control) Administration of the

P — H5N2
5 21 Oseltamivir (Positive control) .substz.mce for 10 days before Lethality (2 times
6 21 ASD substance infection and 10 days after a day), body
7 21 Placebo (Negative control) infection. H3N2 weight
8 21 Oseltamivir (Positive control) (1time a day) —
9 21 ASD substance in 15 mice in the
10 21 Placebo (Negative control) group,
11 21 Oseltamivir (Positive control) H5N8  virus titers
12 21 ASD substance Therapeutic in |6ung_ tissue —
13 21 Placebo (Negative control) APELHL. In & mice
14 21 Oseltamivir (Positive control) Administration (?f the. H5N2 in the group
substance after infection for
15 21 ASD substance 10 days
16 21 Placebo (Negative control) H3N2
17 21 Oseltamivir (Positive control)
18 21 ASD substance
Table 4 — Manipulations performed with animals (Stage 2)

Group Manipulations performed
No. -15 -14 --11 -10 -1 0 1-2 3 4-10 11-13 14
1 A Q Q B B,I,C,D B,C,D A,ELC,D  B,CD C,D C,D,F
2 A Q Q B B,I,C,D B,C,D A E C D B,C,D C,D C,D,F
3 A Q Q B B,I,C,D B,C,D A E C D B,C,D C,D C,D,F
4 A Q Q B B,I,C,D B,C,D A, EEC,D  B,CD C,D C,D,F
5 A Q Q B B,I,C,D B,C,D A E C D B,C,D C,D C,D,F
6 A Q Q B B,I,C,D B,C,D A E C D B,C,D C,D C,D,F
7 A Q Q B B,I,C,D B,C,D A E C D B,C,D C,D C,D,F
8 A Q Q B B,I,C,D B,C,D A E C D B,C,D C,D C,D,F
9 A Q Q B B,I,C,D B,C,D A E C D B,C,D C,D C,D,F
10 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
11 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
12 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
13 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
14 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
15 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
16 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
17 A Q Q Q I,C,D B,C,D A E C D B,C,D C,D C,D,F
18 A Q Q Q I,C,D B,C,D A E CD B,C,D C,D C,D,F

Notes: A — admission of animals; Q — quarantine; B — administration of the drug/placebo; E — collection of organs; C — weighing; D —
recording of mortality; | — infection; F — euthanasia.
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Table 5 — Proportions of surviving mice (in percent) infected with the H5N8 virus for two regimens
of drug administration

Therapeutic and prophylactic regimen Therapeutic regimen
Dayafter™ " pjaceba Oseltamivir  ASD Dayafter  placebo Oseltamivir ~ ASD
infection infection
0 100 100 100 0 100 100 100
1 100 100 100 1 100 100 100
2 100 100 100 2 100 100 100
3 100 100 100 3 100 100 100
4 100 100 100 4 100 100 100
5 100 100 100 5 100 100 100
6 100 100 100 6 100 100 100
7 100 100 93.33 7 100 100 100
8 86.67 100 80 8 100 100 80
9 80 93.33 73.33 9 93.33 93.33 73.33
10 66.67 93.33 46.67 10 86.67 86.67 46.67
11 66.67 93.33 46.67 11 80 86.67 46.67
12 66.67 93.33 46.67 12 80 86.67 40
13 66.67 93.33 46.67 13 80 86.67 40
14 60 93.33 40 14 73.33 86.67 40

Table 6 — Proportions of surviving mice (in percent) infected with the H3N2 virus for two regimens
of drug administration

Therapeutic and prophylactic regimen Therapeutic regimen
Pay after Placebo Oseltamivir ASD Pay after Placebo Oseltamivir ASD
infection infection
0 100 100 100 0 100 100 100
1 100 100 100 1 100 100 100
2 100 100 100 2 100 100 100
3 100 100 100 3 100 100 100
4 100 100 100 4 100 100 100
5 100 100 100 5 100 100 100
6 73.33 100 80 6 100 100 100
7 46.67 100 66.67 7 66.67 100 80
8 46.67 100 46.67 8 53.33 100 66.67
9 33.33 100 46.67 9 53.33 100 60
10 20 100 46.67 10 40 100 60
11 13.33 100 46.67 11 33.33 100 60
12 6.67 100 46.67 12 26.67 100 40
13 6.67 100 46.67 13 26.67 100 40
14 6.67 100 46.67 14 26.67 100 40

Table 7 — Proportions of surviving mice (in percent) infected with the H5N2 virus for two regimens
of drug administration

Therapeutic and prophylactic regimen Therapeutic regimen
!Day after Placebo Oseltamivir ASD Pay after Placebo Oseltamivir ASD
infection infection
0 100 100 100 0 100 100 100
1 100 100 100 1 100 100 100
2 100 100 100 2 100 100 100
3 100 100 100 3 93.33 100 100
4 100 100 93.33 4 93.33 100 100
5 100 100 93.33 5 93.33 100 93.33
6 100 100 80 6 93.33 100 93.33
7 93.33 100 73.33 7 86.67 93.33 93.33
8 93.33 93.33 73.33 8 80 80 93.33
9 93.33 86.67 73.33 9 73.33 80 86.67
10 86.67 80 73.33 10 66.67 80 80
11 86.67 80 73.33 11 53.33 80 73.33
12 86.67 80 60 12 53.33 80 73.33
13 86.67 80 60 13 53.33 80 73.33
14 86.67 80 60 14 53.33 80 73.33
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Table 8 — Comparison of survival functions with the placebo group in experiments
with two drug regimens after infection of mice with three strains of influenza virus

Preventive and therapeutic regimen Therapeutic regimen
. Ge.han- Cox-Mantel Ge.han- Cox-Mantel
Virus Wilcoxon . . . Wilcoxon .
. Drug L. criterion, Virus strain Drug L criterion,
strain criterion, criterion,
p-value p-value
p-value p-value
Placebo - - Placebo - -
H5N8  Oseltamivir *0.0380 *0.0352 H5N8 Oseltamivir 0.4407 0.3992
ASD 0.2954 0.2865 ASD *0.0331 *0.0478
Placebo - - Placebo - -
H3N2  Oseltamivir *¥*%*¥ <0.0001 ****<0.0001 H3N2 Oseltamivir *¥*** <0.0001  **¥** <0.0001
ASD 0.1896 0.0560 ASD 0.3146 0.3269
Placebo - - Placebo - -
H5N2  Oseltamivir 0.6549 0.6393 H5N2 Oseltamivir 0.1989 0.1546
ASD 0.0927 0.0992 ASD 0.2591 0.2580

Note: the presented P values are the result of applying the Gehan-Wilcoxon and Cox-Mantel tests; significance of differences: * — p < 0.05;
3% %k %k k
— p<0.0001.

Table 9 — Dynamics of death of Balb/c mice and indicators of protective activity
of drugs during experimental lethal influenza pneumonia caused by influenza virus HSN8

Drug Application Individuals Mortality by days Lethality, MLD, Protection
scheme in group 1 2 3 45 6 7 8 9 10 11 12 13 14 % days index, %
Placebo 15 2 1 2 1 40.0 129 n/a n/a
Oseltamivir P/T 15 1 6.6 14.6 83.5 0.0035
ASD 15 1 2 1 4 1 60.0 11.7 - 0.2865
Placebo 15 1 11 1 26.7 13.7 n/a n/a
Oseltamivir T 15 1 1 13.3 14.1 50.2 0.3931
ASD 15 3 1 4 1 60.0 11.7 - 0.0554

Note: * Log-rank (Mantel-Cox) test; MLD — mouse lethal dose; n/a — not available.

Table 10 — Dynamics of death of Balb/c mice and indicators of protective activity of drugs during experimental
lethal influenza pneumonia caused by influenza virus H5N2

Drug Application Individuals Mortality by days Lethality, MLD, Protection o*
scheme ingroup 1 2 3 4 5 6 7 8 9 10 11 12 13 14 % days index, %
Placebo 15 1 1 13,3 14,1 n/a n/a
Oseltamivir P/T 15 1 1 1 20,0 13,8 - 0,6393
ASD 15 1 2 1 2 40,0 12,1 - 0,0992
Placebo 15 1 1 1 1 1 2 46,7 11,5 n/a n/a
Oseltamivir T 15 1 2 20,0 13,5 57,2 0,2284
ASD 15 1 1 1 1 26,7 13,3 42,8 0,3607

Note: * Log-rank (Mantel-Cox) test; MLD — mouse lethal dose; n/a — not available.

Table 11 — Dynamics of death of Balb/c mice and indicators of protective activity
of drugs during experimental lethal influenza pneumonia caused by influenza virus H3N2

Drug Application Individuals Mortality by days Lethality, MLD, Protection o*
scheme in group 123 456 7 8 9 10 11 12 13 14 % days index, %
Placebo 15 4 4 2 2 1 1 93,3 8,5 n/a n/a
Oseltamivir P/T 15 0 15,0 100,0 <0,0001
ASD 15 3 2 3 53,3 10,7 42,9 0,0560
Placebo 15 5 2 2 1 1 73,3 10,3 n/a n/a
Oseltamivir T 15 0 15,0 100,0 <0,0001
ASD 15 3 2 1 3 60,0 11,5 35,7 0,3269

Note: * Log-rank (Mantel-Cox) test; MLD — mouse lethal dose; n/a — not available.
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Table 12 — Values of influenza virus titers of strains H5N8, H3N2, H5N2
for two drug regimens (n = 6 for each group)
Preventive and therapeutic regimen Therapeutic regimen
Virus - brg M sD SEM Vinus - brig M sD SEM
strain strain
Placebo 3.917 2.311 0.943 Placebo 3.750 2.382 0.972
H5N8 Oseltamivir 2.417 2.084 0.851 H5N8 Oseltamivir ~ 3.500 2.000 0.817
ASD 2.083 2.035 0.831 ASD 4.667 2.206 0.901
Placebo 6.750 0.689 0.281 Placebo 5.750 1.084 0.442
H5N2 Oseltamivir 6.333 0.408 0.167 H5N2 Oseltamivir ~ 5.833 0.983 0.401
ASD 5.833 0.931 0.380 ASD 5.583 0.971 0.396
Placebo 7.500 0.000 0.000 Placebo 7.500 0.000 0.000
H3N2 Oseltamivir 6.250 0.274 1.429 H3N2 Oseltamivir  4.167 2.523 1.030
ASD 6.917 0.112 0.583 ASD 7.500 0.000 0.000

Note: the mean values (M), standard deviations (SD) and standard errors of the mean (SEM) are presented

Table 13 - Values of influenza virus titers (strains HSN8, H3N2, H5N2), Shapiro-Wilk test

Preventive and therapeutic regimen

Therapeutic regimen

Virus

ctrain Drug W-value p-value Virus strain Drug W-value p-value
Placebo 0.9065 0.4140 Placebo 0.9551 0.7815

H5N8 Oseltamivir 0.8129 0.0765 H5N8 Oseltamivir 0.9780 0.9410
ASD 0.7732 *0.0333 ASD 0.9805 0.9538
Placebo 0.8606 0.1912 Placebo 0.8672 0.2151

H5N2 Oseltamivir 0.8216 0.0911 H5N2 Oseltamivir 0.9241 0.5353
ASD 0.8616 0.1948 ASD 0.9124 0.4522
Placebo - - Placebo - -

H3N2 Oseltamivir 0.6827 **0.0040 H3N2 Oseltamivir 0.8381 0.1257
ASD 0.4961 *¥** <0.0001 ASD - -

Note: checking data for normality, W and P values are presented — the result of applying the Shapiro-Wilk test; significance of differences:
* p<0.05; ** p<0.01; *** p <0.001; **** p < 0.0001. Dash — calculation is impossible, since all values in the sample are the same.

Table 14 — Values of influenza virus titers (strains H5N8, H3N2, H5N2), Mann-Whitney test

Preventive and therapeutic regimen

Therapeutic regimen

Virus

. Drug W-value p-value Virus strain ~ Drug W-value p-value
Placebo - - Placebo - -
H5N8 Oseltamivir 10 0,2381 H5N8 Oseltamivir 17,50 0,9827
ASD 8 0,1190 ASD 13,50 0,5238
Placebo - - Placebo - -
H5N2 Oseltamivir 11,50 0,3398 H5N2 Oseltamivir 16,50 0,8658
ASD 7 0,0887 ASD 16 0,8030
Placebo - - Placebo - -
H3N2 Oseltamivir 0 **0,0022 H3N2 Oseltamivir 0 **0,0022
ASD 15 0,9999 ASD 18 0,9999

Note: the results of the Mann — Whitney test when comparing the drug and placebo for two drug regimens, U- and p-values are presented;

significance of differences: ** p < 0.01.

It should also be noted that in the group infected
with the H3N2 virus and receiving the ASD according
to the preventive and therapeutic regimen, the p-value
was borderline (0.056 vs. 0.05), which indicates
the presence of a pronounced tendency towards a
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protective effect of the drug. For the H5N2 virus,
there was also a tendency to reduce mortality in the
group receiving the drug according to the therapeutic
regimen, although it did not reach statistical
significance.
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From the data presented in the tables, it can be
seen that positive values of the Pl for the ASD were
noted in the groups infected with the H3N2 virus
according to both regimens and in the group infected
with the H5N2 virus according to the therapeutic
regimen.

Statistical analysis of data obtained

by measuring influenza virus titers

A study of viral load in lung tissue was carried out
by titration on a cell culture. For each combination of
“virus strain— treatment regimen—drug”, measurements
were performed in a sample of 6 animals. The average
values of the measured titers of influenza virus (strains
H5N8, H3N2, H5N2) for the therapeutic and preventive-
therapeutic regimens are presented in Figure 4 and
Table 12.

The data were checked for compliance with
the normal distribution law in order to justify the
choice of the test that identifies differences between
measurement groups. The Shapiro-Wilk test was used
to check the data for normality, the results of which are
presented in Table 13.

As it can be seen from Table 13, with the selected
significance level in 9 groups, deviations from the
normal distribution are observed in the data. Thus,
parametric tests are not applicable, and to identify
differences between groups of drugs and the placebo
group, we applied the Mann-Whitney U-test, the
results of which are presented in Table 14.

As it can be seen from Table 14, with the selected
significance level a = 0.05, differences were found in
the experiment between the oseltamivir and placebo
groups in the case of infection with the H3N2 virus for
both regimens. No statistically significant effect of the
ASD on the level of viral load was noted for any of the
studied viruses.

DISCUSSION

Influenza is one of the most significant infections
in the world. According to WHO estimates, millions
of cases are registered worldwide every year, and
mortality from complications can reach up to 650
thousand people'®. Seasonal influenza vaccination is the
most effective tool for protection against infection [29].
However, influenza vaccination has limitations and
is not always applicable in patients from risk groups,
which include children, people over 60 vyears of

1 Global influenza strategy 2019-2030. Geneva: World Health
Organization; 2019. Available from: https://iris.who.int/bitstream/
handle/10665/ 311184/9789241515320-eng.pdf?sequence=18
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age, as well as patients with chronic pathologies,
immunodeficiency states and allergic manifestations
[30]. Also, in these groups, vaccination may not be
effective enough [31].

As an additional measure of protection in the
interval between vaccination and the formation of an
adequate post-vaccination immune response, as well
as in persons with contraindications to vaccination,
the use of antiviral drugs is indicated [32]. However,
recently there has been a relative resistance to some
traditional agents, including oseltamivir,
zanamivir, amantadine and rimantadine. In this regard,
it is critical to develop new strategies and drugs for
effective control of viral infection [31].

In some cases,
or prevention of influenza can be increased by using
combined therapy consisting of existing and/or new
antiviral agents with different mechanisms of action [31].
Ethnopharmacological drugs
various plants or other natural resources that are
potentially capable of reducing the severity of clinical
symptoms and reducing the risk of complications
of influenza and other respiratory infections can be
used [33]. According to WHO data, about 21 thousand
medicinal plants are known, most of which have an
immunomodulatory effect and have the corresponding
therapeutic potential [34].

In vivo studies have demonstrated the protective
effects of colaviron,
the plant Garcinia kola Heckel. Acting as a natural
antioxidant and anti-inflammatory agent, colaviron
is able to inhibit the activity of acetylcholinesterase
in the hippocampus and striatum in rats [35]. In an
experiment on mice, it was shown that colaviron
can delay the appearance of clinical symptoms of
influenza through a mechanism that differs from
the mechanisms of action of existing drugs against
influenza, but is closely related to the antioxidant and
immunomodulatory action of this substance [36].
Similarly, it has been shown that an extract of the
bark of the roots of the African baobab (Adansonia
digitata L.; Malvaceae) has antiviral activity against
avian respiratory virus and may be useful for relieving
influenza symptoms [37].

In this study, the protective effect of the drug ASD
on a model of lethal influenza pneumonia caused by
influenza A viruses was studied. The drug of natural
origin,  antiseptic-stimulant  Dorogova fraction-2
(ASD-F2) is a product of high-temperature dry
distillation of meat and bone meal, which has found
wide application in veterinary drug in the treatment

antiviral

the effectiveness of treatment

obtained from

a bioflavonoid isolated from
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of animals and birds from numerous diseases of viral
and microbial etiology, in the prevention of such
diseases, as well as in increasing the productivity of
cattle and birds. ASD-F2 has neither species nor organ
specificity, because distillation ensures the gradual
decomposition of organic substances to low-molecular
components, which are similar in structure to cell
metabolism metabolites. ASD-F2 has a multifaceted
effect on the body. It intensifies metabolism,
accelerates oxidative processes, increases the reserve
alkalinity in the blood, which contributes to the
normalization of metabolism in tissues, improves the
processes of digestion, absorption of nutrients. The
drug causes an improvement in the functional state of
the mechanisms of natural resistance, enhances tissue
regeneration processes, stimulates immunogenesis, as
a result of which resistance to adverse effects, including
pathogens of infectious diseases, increases [38].
Previously, the antiviral activity of drugs containing
ASD-F2 was demonstrated in mice with infection
caused by the influenza virus strain A/California/07/09
(HIN1), and in Syrian hamsters infected with the
SARS-CoV-2 virus [39], in vitro studies, its
antimicrobial effect was [40], including
against Mycobacterium tuberculosis [41]. In this work,
positive effects were also observed when using a drug

and
recorded

containing ASD-2 in mice infected with influenza virus
(strains H3N2 and H5N2). Despite the fact that the
effect of the drug on the level of viral load was not
revealed, it should be noted a tendency to improve
the survival rate of mice infected with influenza
(strains H3N2 and H5N2), as well as a decrease in body
weight loss against the background of the use of the
studied drug. The results obtained are consistent with
previously published data indicating the presence of

antiviral effects in the drug.

Study Limitations

In this study, the effectiveness of the drug was
not studied against influenza virus strains HIN1.
Also, the effectiveness of the drug was studied
on one type of animal, which does not exclude
the  manifestation of other pharmacological
manifestations.

CONCLUSION

A study of the protective activity of the drug
ASD was carried out on a model of lethal influenza
pneumonia caused by influenza A viruses A/common
duck/Uvs Nuur lake/26/2016 (H5N8), A/Duck/
Potsdam/1402-6/86 (H5N2), A/Aichi/2/68, in Balb/c
mice with preventive and therapeutic and therapeutic
regimens. During the experiments, the dynamics of
death and changes in the weight indicators of animals
during the pathological process, as well as the viral load
in the lung tissue on the 3rd day after infection, were
evaluated.

In relation to the influenza virus H3N2, an
improvement in the dynamics of weight loss of
infected animals was noted when used according to
the preventive and therapeutic regimen. A decrease
in mortality was observed in both regimens, but it was
more pronounced for the preventive and therapeutic
regimen.

For the influenza virus H5N2, the effectiveness of
the drug was less pronounced, but a protective effect
was also noted when used according to the therapeutic
regimen.

Thus, based on the data obtained, it can be
concluded that the drug ASD has a protective effect
against the influenza virus in vivo, and the effect
depends on the subtype of the virus and is most
pronounced for the H3N2 strain.
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The aim. To study the quantitative characteristics of the implementation of drug provision for beneficiaries with diabetes
mellitus (DM) in the Stavropol Region in the period from 2020 to 2024.

Materials and methods. The regulatory legal basis of the study was made up of legislative acts of the federal and regional
levels on the organization of preferential drug provision (PDP). Clinical and epidemiological monitoring of DM was carried
out according to the data of the State Register of DM for the Stavropol Region, data from the Regional Endocrinological
Dispensary (Stavropol Region, Russia), as well as reports from executive authorities.

Results. According to the clinical and epidemiological monitoring of DM in the Russian Federation in 2024, the prevalence of
DM in the Stavropol Region did not exceed the average Russian indicators (rating 36). A decrease in the number of federal
beneficiaries and an increase in the number of regional beneficiaries (with a predominance of DM type Il) was noted. 10
municipalities where about 60% of patients with DM live were identified. Therapy for patients with DM type | is based on
insulin therapy for 100% of patients. Therapy for patients with DM type Il includes the use of insulin for 14,140 (20.63%)
patients, oral hypoglycemic agents for 53,404 (77.88%) patients, and dietary adjustments for 1,025 (1.49%) people. Since
2024, in accordance with changes in the legislation of the Stavropol Region, all patients with DM are provided from general
funds of the regional budget, with the exception of federal beneficiaries in Lermontov, who are provided at the expense of
the program for the provision of necessary medicines (PNMs). The structure of expenditures from the federal and regional
budgets for the purchase of funds for the treatment of DM is presented. The dynamics of the growth of expenses per one
beneficiary with DM is shown. It should be noted that in 2024 there was an equalization of the amount of expenses per one
federal and regional beneficiary.

Conclusion. The results obtained can be used by other researchers to take solutions to improve the availability of drug
provision for beneficiaries with DM both in the Stavropol Region and in other subjects of the Russian Federation.
Keywords: diabetes mellitus; regional drug provision; provision of necessary medicines; Stavropol Region

Abbreviations: DM — diabetes mellitus; SSDs — socially significant diseases; PDP — preferential drug provision; RDP —
regional drug provision; VED — list of vital and essential drugs; PNMs — provision of necessary medicines; SLDs — sugar-
lowering drugs; CGM — continuous glucose monitoring.
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Pharmacy & Pharmacology. 2025;13(5):403-414. DOI: 10.19163/2307-9266-2025-13-5-403-414

© P.U. AzyduHa, O./1. Jlucmosea, 2025

Ana uutupoBanua: P.U. firyamHa, O.J1. JluctoBa. AHanu3 NbroOTHOTO JIeKApCTBEHHOro obecrneveHns GONbHbIX caxapHbiM AuabeTom B
CraBponosibckom Kpae. @apmayus u papmaronoaud. 2025;13(5):403-414. DOI: 10.19163/2307-9266-2025-13-5-403-414

Tom 13, Beinyck 5, 2025 403


https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2025-13-5-403-414&domain=pdf&date_stamp=2025-01-10

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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

AHanus3 NnbLroTHOro fiekapcTBeHHOro o6ecnevYyeHns
OOrnbHbIX caxapHbIM auabetom B CTaBpOMNoOsfibCKOM Kpae

P.W. AiryaunHa?, O./1. Niuctosa?

ldenepanbHOE rocyaapcTBeHHOE aBTOHOMHOE 06pa3oBaTesibHOE yUpeskaeHue Bbiclero o6pasosaHms

«MepBblit MOCKOBCKMI roCyAapcTBEHHbIV MEAULMHCKUI YHUBEPCUTET UMeHN U.M. CeyeHoBa»

MuHKUcTepcTBa 34paBooxpaHeHma Poccninickon Pegepaumm (Ce4eHOBCKUIM YHUBEPCUTET),

Poccus, 119991, r. MockBa, yn. Tpybeukasn, 4. 8, cTp. 2

2MUHUCTEPCTBO 34PpaBOOXPaHeHMs CTaBPOMNOIbCKOTO Kpas,

Poccua, 355000, r. Ctaspononb, ya. Mapuana *ykosa, 4. 42/311

MonyuyeHa 31.03.2025

Mocne peueHsmpoBaHua 15.07.2025

E-mail: olglistova@yandex.ru

MpuHATa K neyatn 16.09.2025

Llenb. M3yyeHre KOMMYECTBEHHbIX XapaKTEPUCTUK peann3aumu JieKapcTBEHHOro obecrneyeHus /ibroTononyyatene c
caxapHbiMm anabetom (CA) B CTaBpononbckom Kpae B nepmog, ¢ 2020 no 2024 .

Marepumanbi HopmaTtuBHyt0 NpaBOBYlD OCHOBY WCCAeAOBaHMA COCTaBMIM 3aKOHOAATE/IbHblE aKThI
benepanbHOro M PervMoHanbHOro YPOBHEN MO OpraHuW3aLuKM IbTOTHOTO IeKapcTBeHHoro obecnedeHus (/1710). KanHuko-
3MMAEMMOoNorMYecknii MoHUTopuHr CLl npoBeaéH no gaHHbiM focyaapcTeeHHoro pernctpa CA no CTaBpononbCKOMY Kpato,
naHHbIx [BY3 CK «KpaeBoW sHAOKPUHONOIMYECKUI ANCNAHCEP», @ TaKXKe OTYETOB OPraHOB UCMOJIHUTE/IbHOM BNACTU.

U  MeToAabl.

Pe3ynbrtatbl. 10 AaHHbIM KAWMHUKO-3NUAEMMUONOTMYECKOro MOHUTOpUHra C P® B 2024 rogy pacnpoCTpaHEHHOCTb
CA, B CTaBpOMOAbCKOM Kpae He MpeBblllana CPeaHEepOCCUMCKUX MoKasaTenen (perTuHr 36). OTMEYEeHO CHUMKeHue
denepanbHbIX U yBENNYEHME YNCIEHHOCTU PErMOHa/IbHbIX IbroTononyyatenei (c npeobnaganmem CA Il Tuna). BoiasieHbl
10 MyHMUMNANbHbIX 06Pa3oBaHMi, B KOTOPbIX MPOXKMBAET oKono 60% naumeHToB ¢ CA. Tepanus 6onbHbix C | TMna
OCHOBaHa Ha MHcyAnHoTepanuun ana 100% nauuneHTos. Tepanua 6onbHbIX CA, |l TNa BKAOYAET NpUMEHEHME UHCY/IMHOB AN1A
14140 (20,63%) 53404 (77,88%)
N KOPPEKTUPOBKM NuTaHua ana 1025 (1,49%) yenosek. C 2024 roaa B COOTBETCTBUM C U3MEHEHUAMM B 3aKOHOAATENbLCTBE

naumeHToB, TabneTUPOBAHHbLIX CaXxapOCHMMKAMOWMX CPeacTs  Ans nauneHToB
CTaBpononbCcKoro Kpasa Bce 6GonbHble CL, obecneumBatoTcs M3 €AMHONO MCTOYMHMKA CPEeAcCTB KpaeBoro 6roa)keTa, 3a
UCKoYeHneM defepanbHbIX broTononyyatene r. J/lepmoHTOBa, obecrneymBaemblx 3a CYET CPeacTB MPOrpammbl
obecrneyeHns HEOBXOAMMbIMU NEKAPCTBEHHbIMU cpeacTBamu (OHJIC). MpeactaBneHa CTPyKTypa 3aTpaT denepasnbHoro
W perMoHanbHoro 6oaXeToB Ha 3aKynky cpeactB ana Tepanuu CA. MokasaHa AMHAMMKa PoOCTa 3aTpaT Ha OAHOro
nbrotononyyatena c¢ CA. Cnegyetr otmetutb, 4to B 2024 rogy npoOM3OLWINO BblpaBHMBAHME CYMM 3aTpaT Ha OAHOrO
denepanbHOro U pervMoHaibHOro IbroTonoay4YaTens.

3aKknoueHue. [lonyyeHHble pe3ynbTatbl MOFYT ObiTb MCMNOAb30BaHbl APYrMMU  UCCNEAOBATENAMU ANSA  BbIPabOTKM
OpPraHU3aLMOHHbIX PELIEeHWUI No NOBbILWEHWIO AOCTYNHOCTM IEKAPCTBEHHOIO obecneyeHns ana nbrotononyyatenei ¢ CA Kak
B CTaBpOMNOAbCKOM Kpae, Tak 1 B Apyrux cybbekTax Poccuiickont ®epepaumu.

KnioueBble cnoBa: caxapHbli AuabeT; perMoHanbHOe JeKapcTBeHHoe obecneyeHue; obecrnevyeHne HeobxoanMbIMU
NleKapcTBEHHbIMK cpeacTBamu; CTaBpONONbCKUI Kpai

Cnucok cokpaweHuii: C[ — caxapHbii aumaber; C33 — coumanbHO 3HauYMmble 3abonesaHus; JI/IO — nbrotHoe
NeKkapcTBeHHoe obecneyeHune; P10 — perMoHanbHoe fiekapcTBeHHoe obecneveHue; JIM — fekapcTBeHHbIe Npenapartbl;
YHBJIM — KM3HEHHO HeobxoauMmble U BarKHEKLMe NeKapcTBEHHble npenapatbl; OH/IC — obecneyeHne HeobxogMMbIMM
nexkapcTBeHHbIMK cpepcTBamu; CCIM — caxapocHukatowme npenapatbl; CHMI — cuctema HenpepbiBHOTO MOHUTOPWUHTA
T/IIOKO3bl.

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic
disease characterized by a high prevalence [1-3] and
leading to a significant deterioration of the condition
and physical abilities of a person, disability, as well
as high treatment costs [4, 5]. DM (according to
ICD-10 code of diseases E10-E14), by Decree of the
Government of the Russian Federation No. 715 of
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December 01, 2004, is classified as a socially significant
disease (SSD)!. SSDs affect the population of working
age, lead to a deterioration in the patient’s condition,

* Decree of the Government of the Russian Federation No. 715 dated
December01,2004 “Onapproval of thelist of socially significant diseases
and the list of diseases that pose a danger to others” (revised on January
31, 2020; effective from February 11, 2020). Available from: https://
normativ.kontur.ru/document?moduleld=1&documentld=356130.
Russian
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limitation of his physical capabilities and to the loss of
temporary disability [6-8]. All this causes significant
socioeconomic damage to the country [9, 10].

In accordance with Federal Law No. 323-FZ?, for a
citizen suffering from SSD, including DM, social support
measures are established when receiving all types of
medical care: patient has the right to free diagnosis
of the disease, specialist monitoring of his health
throughout the entire period of the disease. At the
outpatient treatment stage, patients with DM have
the right to receive medicines under the federal and
regional preferential drug provision (PDP) [11-13].

Currently, the categories of citizens entitled to
PDP at the expense of the federal budget (federal
beneficiaries) are defined by Federal Law No. 178-FZ
of 17.07.1999 “On State Social Assistance”. In case
of persistent disorders of body functions associated
with the duration of DM or severe conditions due
to hypoglycemia, ketoacidosis, neuropathies, etc.,
disability may be established for both a child under 18
years of age and a citizen aged 18 years and older*>.
Such persons have the right to a set of social services,
receiving the necessary medicines included in the list of
vital and essential drugs (VED), formed by order of the
Government of the Russian Federation No. 2406-r dated
October 12, 2019 (as amended on January 15, 2025)%7%,

A citizen with DM, in accordance with the Decree
of the Government of the Russian Federation No. 890
of 30.07.1994, has the right to drug provision at the

2 Federal Law of the Russian Federation dated November 21, 2011
No. 323-FZ “On the Basics of Public Health Protection in the Russian
Federation (with Amendments and Additions): (as amended on
September 26, 2024. Available from: https://www.consultant. ru/
document/cons_doc_LAW_121895/. Russian

3 Federal Law No. 178-FZ of 07/17/1999 “On State Social Assistance”
(as amended on May 29, 2024; effective from July 01, 2024). Available
from: https://normativ.kontur.ru/document?moduleld=1&document
1d=473694. Russian

4 Federal Law No. 181-FZ of November 24, 1995 (as amended on
October 29, 2024) “On Social Protection of Persons with Disabilities
in the Russian Federation”. Available from: https://normativ.kontur.ru/
document?moduleld=1&documentld=475963. Russian

° Letter of the Ministry of Labor and Social Protection of the Russian
Federation dated February 22, 2020 No. 7222.FB77/2020 “On
sending clarifications on the issue of conducting a medical and social
examination upon reaching the age of 18 to citizens with insulin-
dependent diabetes mellitus who were assigned the category of
“disabled child”. Available from: https://www.garant.ru/products/ipo/
prime/doc/73564214/. Russian

¢ Decree of the Government of the Russian Federation No. 10-r dated
January 15, 2025 “On Amendments to Decree of the Government of
the Russian Federation No. 2406-r dated October 12, 2019”. Available
from: https://1glv.ru/#/document/97/527333/. Russian

7 Federal Law No. 206-FZ dated July 13, 2020 “On Amendments to
Certain Legislative Acts of the Russian Federation on the Provision
of Medicines, Medical Devices and Specialized Medical Nutrition
Products to Citizens” (as amended on July 10, 2023; effective from
January 01, 2024). Available from: https://normativ.kontur.ru/
document?moduleld=1&documentld=457204. Russian

8 Letter of the Ministry of Health of the Russian Federation dated July
05, 2024 No. 25-1/3081600-7932 “On the provision of medicines”.
Available from: https://www.garant.ru/products/ipo/prime/
doc/409230040/

Tom 13, Beinyck 5, 2025

expense of the regional budget®, the provision of MPs is
also carried out in the amount of the VED list.

At the same time, if a citizen refuses a set of social
services, he retains the right to drug provision at the
expense of the regional budget. There is some legal
conflict regarding the duplication of rights to PDP
for patients with DM who have the right to receive
medicines at the expense of the federal and regional
budgets. This imposes responsibility on healthcare
authorities in organizing the provision of MPs to
this category of patients, and the rational use of
the allocated budget in order to predetermine the
availability of drug provision [14-16].

The increase in the number of patients with DM
who take medicines for life increases the costs of the
federal and regional budgets for PDP for this category
of beneficiaries, contributes to the formation of
regional characteristics in the PDP for this category of
patients and the consolidation of provisions in regional
regulatory documents on drug provision for patients
with DM [17-19]. At the same time, the rational use
of allocated budget funds contributes to ensuring
the availability of medicines for this category of
patients [20-22].

Content analysis of regulatory documentation,
which became the basis for organizing drug provision
for citizens with DM in the Stavropol Territory, showed
that along with federal regulations and the territorial
program of state guarantees’, the subject adopted
and operates regional regulations on social support
measures for persons with SSDs, as well as the
regional program “Fighting against Diabetes Mellitus on
the Stavropol Territory”, approved by the Decree of the
Government of the Stavropol Territory'2.

n order to rationally allocate financial resources
and optimize PDP for patients with DM, changes were

° Decree of the Government of the Russian Federation dated July
30, 1994 No. 890 “On State Support for the Development of the
medical industry and improving the provision of medicines and
medical products to the Population and Healthcare Institutions” (with
Amendments and additions). Available from: https://normativ.kontur.
ru/document?moduleld=1&document Id=61472. Russian

1 Resolution of the Government of the Stavropol Territory dated
December 27, 2024 No. 784-p “On approval of the Territorial Program
of State guarantees of free medical care to Citizens in the Stavropol
Territory for 2025 and the planning period of 2026 and 2027”. Available
from: http://publication.pravo.gov.ru/document/2600202412280005.
Russian

1 Resolution of the Government of the Stavropol Territory dated
December 02, 2021 No. 625-p “On Amendments to the Resolution
of the Government of the Stavropol Territory dated April 19, 2006
No. 49-p “On the organization of social support measures for citizens
suffering from socially significant diseases and citizens suffering from
diseases that pose a danger to others”. Available from: https://mz26.
ru/activity/sub-52/. Russian

2 Resolution of the Government of the Stavropol Territory dated April
26, 2024 No. 230-p “On approval of the regional program “Fighting
against Diabetes Mellitus on the Stavropol Territory”. Available from:
https://stav-pravo.ru/postanovlenie/2024/04/26/n-230-p/. Russian

405



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

made to regional legislation regarding the assignment
of certain state powers to local governments. Thus, the
law of the Stavropol Territory dated February 15, 2013
No. 10-kz “On assigning to local governments of the
Stavropol Territory urban district of Lermontov certain
state powers of the Stavropol Territory in the field of
protecting the health of citizens” assigned to local
governments state powers in the field of protecting
the health of citizens to provide social support
measures®. In this regard, according to the current
regional legislation, there has been a redistribution of
funding for drug provision for beneficiaries with DM.
Since 2024, the provision of benefits to beneficiaries
with DM is carried out from a single source — all
regional beneficiaries with DM and patients who
have refused a set of social services are provided with
medicines from the regional budget, and patients with
a disability group living in Lermontov are provided with
all necessary medicines at the expense of the federal
budget under the program of provision of essential
medicines (PEMs).

The regional program approves target indicators,
the achievement of which contributes to improving
medical and drug care for patients with DM,
reducing the level of complications of the disease
and improving the quality of life of patients. The
study of the epidemiological situation of DM in
the Stavropol Territory indicates the relevance of
organizing drug provision for patients with DM
as part of state social assistance in the Stavropol
Territory,
regional

both at the expense of federal and
budgets. In this

organization of drug provision for

regard, monitoring the
patients with
DM allows us to assess the implementation of the
tasks set.

THE AIM was to study the consumption of
hypoglycemic drugs in the implementation of
preferential drug provision for patients suffering from
diabetes mellitus in the Stavropol Territory.

The following tasks were identified and solved:

1. Analyze data on the prevalence of DM in the

Stavropol Territory;

2. Assess the dynamics of the number of federal

and regional beneficiaries with DM, identify

3 The Law of the Stavropol Territory dated February 15, 2013 No. 10-kz
“On Granting local self-government bodies of the Stavropol Territory of
the city of Lermontov separate State Powers of the Stavropol Territory
in the field of public health protection” (as amended on April 28, 2023)
(as amended by Laws of the Stavropol Territory dated November 15,
2013 No. 100-kz, dated April 28, 2023 No. 39-kz). Available from:
https://base.garant.ru/27130578/?ysclid=m7su9nr93980718211.
Russian
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municipalities, urban districts with the largest
number of beneficiaries with DM;

3. To study the structure of budget spending aimed
at purchasing funds for the treatment of DM in
the Stavropol Territory;

structure of

4. Determine the consumption

of hypoglycemic by beneficiaries

with DM.

agents

MATERIALS AND METHODS

The regulatory framework of the study consisted
of legislative acts of the Russian Federation and
the Stavropol Territory on PDP (Preferential Drug
Provision) for patients with DM, which were obtained
using the Consultant Plus legal reference system,
the official website of the Ministry of Health of the
Stavropol Territory®®, providing current regulatory
documentation. To structure and systematize the data
obtained, content analysis was used, which allows
determining the principles and parameters of PDP in
the Stavropol Territory.

The source of information on the number of
patients with DM was the State Register of Diabetes
Mellitus in the Stavropol Territory®, as an interactive
report on the number of patients with DM types | and
Il, materials of annual reports of the State Budgetary
Healthcare

Institution of the Stavropol Territory

“Regional Endocrinological Dispensary” on the
implementation of the Federal Project “Fighting against
Diabetes Mellitus” and reporting materials on the
implementation of preferential drug provision, as well
as the State Register of Medicines?’.

Retrospective analysis methods were used to study
the dynamics and changes in indicators of the number
of patients with DM, including federal and regional
beneficiaries; spending budget funds on the purchase
of medicines for PDP for the period 2020-2024; ranking
guantitative indicators of the number of beneficiaries
by municipal and urban districts and identifying
districts with the largest number of beneficiaries;
comparative analysis of individual group and intragroup

indicators; graphical analysis to visualize changes in

% ConsultantPlus Legal Reference System. Available from: https://
www.consultant.ru/. Russian

> Ministry of Health of the Stavropol Territory. Available from: https://
www.mz26.ru/. Russian

% Databases of clinical and epidemiological monitoring of
endocrinopathies in the Russian Federation. Endocrinology Research
Centre of the Russian Federation. Available from: https://diaregistry.
ru/. Russian

7 The State Register of Medicines of the Russian Federation. Available
from: https://grls.rosminzdrav.ru/GRLS.aspx. Russian
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indicators in the analyzed period. The study of the
dynamics of changes in the number of beneficiaries,
the costs of the regional and federal budgets for PDP,
the costs per beneficiary was carried out on the basis
of calculating the rates of change. The study of the
structure of consumption of sugar-lowering drugs
(SLDs) by type of therapy and depending on the type
of DM was carried out according to the State Register
of DM in the Stavropol Region for 2024. MS Excel 2021
spreadsheets (Microsoft Corp., USA) were used to work
with digital data.

RESULTS
Clinical
diabetes mellitus (DM) in the Russian Federation is

and epidemiological monitoring of
carried out through the State Register of DM, the
methodological and organizational center of which
which

contributes to medical and statistical observations.

is the Endocrinological Research Centre,
A unified system for monitoring DM based on the
“Database of clinical and epidemiological monitoring
of DM in the Russian Federation” allows, at the
national level, to obtain information on risk factors,
the epidemiological and clinical picture of DM, the
use of drugs and modern technologies for monitoring
glycemia levels, to assess the effectiveness of program
implementation, and to coordinate the work of all
levels of healthcare at the level of any subject of the
Russian Federation [23-25].

As of January 01, 2024, data on the number of
patients with DM in the Russian Federation and the
Stavropol Territory were extracted (Table 1).

The presented data show that the prevalence
of DM in the Stavropol Territory per 100 thousand
people is lower than the average Russian indicators,
but, nevertheless, the number of patients with DM
is large. The published final ranking of regions by DM
showed that the Stavropol Region in 2024 ranked
36th among all subjects of the Russian Federation, in
2023 this figure was 41, which indicates an increase in
morbidity?®

Based on the data from the State Register of DM
for the Stavropol Territory and the data from the SBIH
of the Stavropol Region “Regional Endocrinological
Dispensary”, an analysis was made of the number of
patients with DM, with the allocation of groups of
citizens entitled to drug provision (Table 2).

8 Databases of clinical and epidemiological monitoring of
endocrinopathies in the Russian Federation. Endocrinology Research
Centre of the Russian Federation.
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The data presented in Table 2 indicate a slight
decrease in the number of patients with an established
diagnosis of DM (a decrease of 2 990 people —
-3.52 %), while the number of such patients reached
81 827 by 2024. In the analyzed period, the number
of federal beneficiaries decreased by 4 246 people
(29.72 %), and regional beneficiaries, on the contrary,
increased by 13 992 people. At the same time,
their slight decrease by 2022 was replaced by an
increase — from 61 670 people in 2022 to 77856 in
2024. Beneficiaries under 14 years of age accounted
for about 1.5 % of the total number — their number
increased from 929 people in 2020 to 1 172 people
in 2024.

When studying the structure of DM morbidity
among beneficiaries, it was found that patients with
type 2 DM predominated, the proportion of which
exceeded 90.0 % (93.95% in 2024).

In the Stavropol Territory, 33 municipal and urban
districts are identified®, in which a different number
of beneficiaries are registered, based on data on their
number, a ranking of municipalities was carried out
from the position of decreasing number of resident
beneficiaries (Fig. 1).

Grouping of municipalities by the number of
beneficiaries made it possible to identify territories
with the largest number of beneficiaries, in 10
(30.3 %) municipal and urban districts, almost about
60 % of beneficiaries are registered. The largest
number is registered in Stavropol, Shpakovsky district,
Nevinnomyssk, Georgievsky urban district, etc. The
identified municipalities are a priority for further
study of the organization of drug provision, which
will allow building a more effective drug routing
for this group of patients. At the same time, in the
territories with the smallest number of beneficiaries
with DM (Turkmensky, Arzgirsky, Stepnovsky and
Novoselitsky municipal districts), the formation of
the most acceptable ways of drug routing for patients
is an important task for the healthcare authorities
of the region.

Drug provision for patients with DM is carried
out from the federal and regional budgets. The study
of the dynamics of financing drug provision made
it possible to determine the trend of changes in
indicators (Table 3).

9 Resolution of the Government of the Stavropol Territory dated May
04, 2006 No. 63-p “On Approval of the Register of Administrative-
territorial Units and Territorial Units of the Stavropol Territory (as
amended on July 31, 2024)"”. Available from: https://docs.cntd.ru/
document/461505266. Russian
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Figure 1 — Ranking of the number of beneficiaries by municipal and urban districts
of the Stavropol Territory as of 2024.
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Figure 2 — Costs per beneficiary with Diabetes Mellitus, rubles.
Note: RDP — regional drug provision; PEMs — provision of essential medicines.

Table 1 — Number of patients with DM as of January 01, 2024 according to the State Register
of Diabetes Mellitus in the Stavropol Territory

Prevalence
per 100 thousand people
Type 1 Diabetes Mellitus

Region Number of people

Russian Federation 290 700 194.2
Stavropol Territory 4391 152.2
Type 2 Diabetes Mellitus
Russian Federation 4 805 659 3211.2
Stavropol Territory 73124 25339

408 Volume XIll, Issue 5, 2025



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2025-13-5-403-414

Table 2 — Dynamics of the number of patients with Diabetes Mellitus in the Stavropol Territory

indicator Years Comparison result,
2020 2021 2022 2023 2024 2020/ 2024

Total number of patients with DM, people 84 817 84711 82224 81182 81827 -2990

Rate of change, % - 99.88 97.06 98.73 100.79 96.47 (-3.52)

Federal beneficiaries with DM, people 14 287 13981 13450 13312 10 041 -4246

Rate of change, % - 97.86 96.20 98.97 75.43 70.28 (-29.72)

Regional beneficiaries with DM, people 63864 63485 61670 62173 77856 +13992

Rate of change, % 99.41 97.14 100.82 122.25 121.91 (+21.91)

Beneficiaries “children category”, people 929 1109 1111 1095 1172 +243

Specific weight in the total number of 119 143 1.49 1.45 143 +0.24

beneficiaries, %

Note: DM — diabetes mellitus.

Table 3 — Costs of federal and regional budgets for drug provision to beneficiaries with Diabetes Mellitus

Analyzed period Comparison
Indicator 2020 2021 2022 2023 2024 results,
2024 / 2020
Federal budget funds,
. 102.525/1.220 94.232/1.122 94.334/1.123 173.141/2.061 53.774/0.640 -48.751
million rubles / USD
Rate of change, % - 91.91 100.11 183.54 31.06 -47.55
Federal budget funds
for PDP of beneficiaries 53/0.063  4.07/0.048 6.24/0.074 7.37/0.088  2.07
in Lermontov, million
rubles / USD
Rate of change, % - - 76.79 153.32 118.11 139.06
Regional budget funds
allocated for PDF of
. . - 407.26 / 4.85 450.97 /5.37 732.54/8.72 825.58/9.83 1056.82/12.58 649.56
patients with DM, million
rubles / USD
Rate of change, % - 110.73 162.44 112.70 128.01 259.50

Note: PDF-Preferential Drug Provision; DM — diabetes mellitus.

Table 4 — Structure of budget expenditures for the therapy of Diabetes Mellitus in the Stavropol Territory

“Insulins” Tablets Test strips Syringes + needles CGM system Pump

Vs million million million million million million
rubles/ % rubles/ % rubles/ % rubles % rubles/ % rubles/ %
usD usD usD / USD usD usD
305.52/ 103.77/ 40.29/ 13.05/

2020 364 62.00 1.24 21.06 048 8.18 016 2.65 - - - -
345.58 / 95.79/ 88.08/ 21.54/

2021 411 59.47 116 16.48 1.05 15.16 0.26 3.71 - - - -
402.53/ 107.88/ 70.49 / 28.66 / 89.39/

2022 4.79 54.95 1.28 14.73 0.84 9.62 034 3.91 1.06 12.20 - -
392.67/ 135.02/ 82.07/ 32.14/ 140.43/

2023 4.68 47.56 1.61 16.35 098 9.94 038 3.89 167 17.01 - -
457.53/ 264.28 / 130.45/ 38.55/ 39.16/ 61.96 /

2024 548 43.29 315 25.01 1.55 12.34 0.45 3.65 047 3.71 0.74 5.86

Comparison

2024/2020 +152.01 -18.71 +160.51 +3.95 +90.16 +4.16 +25.50 +1.0

Note: CGM system — continuous glucose monitoring system.

Tom 13, Beinyck 5, 2025 409



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

Table 5 — Structure of expenditure of federal budget funds for the therapy of diabetes mellitus according
to the program of providing necessary medicines

“Insulins” Tablets Test strips Syringes + needles  Pump
Years million million million million million
rubles / % rubles / % rubles / % rubles / % rubles / %
uUsD usD usD usD usD
2020 70.23/0.84 68.11 6.01/0.07 5.83 497/0.06 482 431/ 4.18 17.59/0.21 17.06
2021 104.01/1.24 67.82 11.41/0.13 7.44 14.75/0.18 9.62 - - 23.19/0.28 15.12
2022 107.83/1.28 55.45 10.48/0.12 5.39 12.04/0.14 6.19 - - 64.12/0.76 32.97
2023  77.28/0.92 4486 14.66/0.17 851 4.92/0.06 286 - - 75.41/0.90 43.77
2024 0.32/0.004 0.85 0.06 /0.0007 0.16 1.56/0.019 4.16 - - 35.59/0.42 94.83
Table 6 — Structure of expenditure of the regional budget on the purchase of funds
for the therapy of diabetes mellitus
“Insulins” Tablets Test strips Syringes + needles CGM system Pump
Years million million million million million million
rubles/ % rubles/ % rubles / rubles/ % rubles/ % rubles/ %
usD usD usbD usD usb usD
235.29/ 97.75/ 35.32/ 8.74/
2020 5 80 62.39 116 25.92 0.42 9.37 01 2.32 - - - -
241.57/ 84.38/ 73.33/ 21.54/
2021 788 57.41 1.00 20.05 0,87 17.43 0.26 5.12 - - - -
294.70 / 97.40/ 58.45/ 28.66/ 89.39/
2022 351 51.83 116 17.13 0,69 10.28 0.34 5.04 1.06 15.72 - -
315.39/ 120.36/ 77.14/ 32.14/ 140.43/
2023 376 46.01 1.43 17.56 0,92 11.25 0.38 4.69 1.67 20.49 - -
452.14/ 260.63 / 141.07/ 38.55/ 38.54/ 61.18/
2024 538 45.57 310 26.27 168 14.22 0.46 3.89 0.46 3.88 0.73 6.17
Comparison
2024 / 2020 +216.85 —-16.82 +162.88 —0.35 +105.75 +4.85 +29.81 +1.57

The presented data indicate an annual increase
in regional budget funds for PDF of patients with
DM: for the period from 2020 to 2024, regional
budget expenditures increased 2.5 times — from
407.26 / 4.85 to 1056.82 million rubles / 12.58 million
dollars, the growth rate was 259.50 %. It should be
noted that federal funds allocated for the treatment
of DM in the period from 2020 to 2023 tended to
increase, while in 2024 there was a decrease in the
amount of federal funds by 47.55 %. Federal budget
funds were allocated for PNMs (provision of necessary
medicines) of beneficiaries with a disability group living
in Lermontov, in the analyzed period the funds were
increased by 2.07 million rubles / 0.088 million dollars
(139.06 %) and in 2024 amounted to 7.37 million
rubles.

For the therapy of DM, “insulins” are used in
the form of injectable drugs, hypoglycemic tablets
and dietary adjustments using developed diets.
The study of the data of the state register of DM in
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the Stavropol Territory for 2024 made it possible to
identify the structure of consumption of hypoglycemic
tablets by type of therapy and depending on the type
of DM. Therapy for patients with DM type | is based
only on insulin therapy, which is received by 100 %
of patients (4 375 people). Therapy for patients with
DM type Il includes the use of insulins for 20.63 %
(14 140 patients), hypoglycemic tablets for 53 404
people (77.88 %) and for 1.49 % (1 025 people) dietary
adjustment is sufficient. It should be noted that the
use of oral drugs is based on the combined use of
several hypoglycemic tablets. Further study showed
that in 2024, for 38.50 % of patients (20 563 people),
the treatment regimen includes monotherapy, for
45.76 % (24 436 people) a combination of two drugs
is used, and a combination of three hypoglycemic
tablets is used in the therapy of 15.74 % of patients
(8 405 people).

The results of our analysis of the expenditures
of the allocated budget for the purchase of funds for
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drug provision to beneficiaries with DM allowed us
to establish its structure. Budget funds are allocated
for the purchase of hypoglycemic tablets, injectable
forms of insulins depending on the duration of action,
necessary means of monitoring blood glucose levels
(test strips) and continuous glucose monitoring (CGM)
systems, consumables for an insulin pump for children
under 18 years. (Table 4).

The presented data demonstrate the predominant
expenditure of budget funds on injectable drugs
The costs of purchasing these drugs
increased by 152.01 million rubles / 1.81 million
dollars, but at the same time, the proportion of this

“insulins”.

group in the analyzed period tends to decrease —
from 62. 0% in 2020 to 43.29 % in 2024, which
indicates the preservation of leading positions. In our
opinion, this may be due to a decrease in the number
of federal beneficiaries with type | DM, who are
prescribed “insulins”. The costs of oral drugs increased
by almost 4.0 % by 2024 — from 103.77 million
rubles / 1.24 million dollars in 2020 to 264.28 million
rubles / 3.15 million dollars in 2024. It should be noted
that CGM system have been purchased for the therapy
of patients with DM since 2022: in 2024, 67.96 million
rubles / 0.74 million dollars were spent on the purchase
of an insulin pump (a device that promotes continuous
subcutaneous administration of insulin).

Table 5 presents the structure of expenditures of
federal budget funds for drug provision to beneficiaries
with DM in the PNMs
medicines).

The analysis of the structure of purchases of funds
for beneficiaries with DM in the PEMs in the period
from 2020 to 2023 indicates the predominance of
“insulins” in the structure, the proportion of which

(provision of necessary

in the analyzed period tends to decrease — from
68.11 % to 44.86 %. During this time, the volume
of expenditures on the purchase of hypoglycemic
tablets almost doubled — from 6.01 million
rubles / 0.07 million dollars in 2020 to 14.66 million
rubles / 0.17 million dollars in 2023, the proportion
of this group of funds in 2023 amounted to 8.51 %.
The volume of expenditures on the purchase
of insulin pumps increased from 17.59 million
rubles / 0.21 million dollars to 75.41 million
rubles / 0.90 million dollars, while there was also an
increase in the proportion of expenditures on this
group of funds — up to 43.77 % in 2023.

In accordance with the adopted regional regulatory
documents on the redistribution of the budget for the

Tom 13, Beinyck 5, 2025

purchase of funds for the therapy of DM, since 2024,
the subject has decided to provide all citizens with
DM, regardless of the presence/absence of a disability
group (with the exception of beneficiaries from
Lermontov), at the expense of the budget of the
Stavropol Region, purchases of drugs at the expense of
the federal budget separately for federal beneficiaries
in the
redistribution of funds is a regional feature in the

region have been discontinued. Such a

legislation of the Stavropol Region.

The results of the analysis of the distribution of
regional budget funds allocated for PDP of beneficiaries
with DM are presented in Table 6.

In the analyzed period, funds for the purchase of
“insulins” increased by 216.85 million rubles / 2.58
million dollars. In the structure of purchases for
regional beneficiaries, “insulins” have a significant
downward trend from 62.39 % in 2020 to 45.57 % in
2024, while maintaining a leading position. The costs
of hypoglycemic tablets were increased by 162.66
million rubles / 1.94 million dollars, the proportion in
the structure of purchases was increased slightly and
reached 26.27 % in 2024. An increase in the cost of test
strips for beneficiaries was recorded from 35.32 million
rubles / 0.42 million dollars in 2020 to 141.07 million
rubles / 1.68 million dollars in 2024, the proportion
of this group increased by 4.85 % and amounted to
slightly more than 14 % in 2024.

It should be noted that since 2022, consumable
materials (syringes + needles) have been purchased at
the expense of the regional budget, the proportion in
the consumption structure is about 4.0%, CGM system
in the consumption structure tends to decrease — from
15.72 % in 2022 to 3.88 % in 2024, slightly more than
6.0 % of the funds were allocated for the purchase of
insulin pumps and consumable materials for them.

Figure 2 shows changes in the costs per beneficiary,
which tend to increase. Thus, the costs per beneficiary
with DM in the analyzed period almost doubled,
in the PEMs the increase in costs occurred by
88.7 % from 7 176.1 rubles / 85.44 dollars in 2020 to
13 541.7 rubles / 161.23 dollars in 2024, the increase
in costs per beneficiary in the regional drug provision
(RDP) was 212.9%, and the amount reached 13 574.1
rubles / 161.62 dollars. The presented results indicate
an increase in consumption and increased availability of
funds for the therapy of DM for beneficiaries.

Furthermore, the redistribution of budgetary funds
and the provision of benefits to beneficiaries from a
single source made it possible to equalize the costs
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per beneficiary in the PEMs and RDP. In 2024, the costs
practically corresponded to the same amount, which
indicates equal opportunities for both federal and
regional beneficiaries.

Traditional
parenteral

based on the
preparations.
Currently, the main devices for insulin administration
are syringes, pen injectors, cartridge systems, and

insulin therapy is

use of various insulin

insulin pumps. The study determined the proportion
of beneficiaries in diabetes therapy who use various
devices for insulin administration.

The results of the study indicate the predominant
use of insulin in cartridges for patients with type 1
diabetes, both for adults (90.91 %) and for children
(81.32%). Insulin therapy for type 2 diabetes is based
on the use of insulin preparations in cartridges
(87.19 %) and in vials (12.81 %). At the same time,
insulin pumps are predominantly provided to children
with type 1 DM (18.49 %), which exceeds their use in
adults (6.3 %).

DISCUSSION

DM is recognized as one of the main factors of
disability and mortality worldwide. According to data
published in foreign scientific literature, from 1990 to
2022, the prevalence of DM in the world increased:
in 131 countries among women and in 155 countries
among men. The healthcare resources of all countries
are aimed at optimizing the work of primary health care
and healthcare resources for the early detection and
effective treatment of DM [26, 27].

In the constituent entities of the
Federation, DM is an important medical and social
problem an increase in the incidence among the adult

Russian

population [28—-30] and among patients under 14 years
of age [31], as well as with the assessment of the loss of
working capacity of patients [32] and the organization
of drug provision, which has variable regional options.
According to the results of the study, the
dynamics of changes in the number of patients with
DM in the Stavropol Territory has an upward trend,
while there is a decrease in the number of federal
beneficiaries and an increase in regional ones. At
the same time, state guarantees in the field of drug
provision are aimed at ensuring access to drugs
for patients with DM, regardless of the category of
beneficiary. The implementation of accessibility in
drug provision also has regional options. A regional
feature of drug provision for beneficiaries with DM in
the Stavropol Territory is the redistribution of funding

412

for drug provision for patients with DM, and since
2024, beneficiaries have been provided with drugs
from a single source — the regional budget, with
the exception of federal beneficiaries in Lermontov
(Stavropol Territory, Russia), who are provided at
the expense of the PEMs program. In this regard,
amendments were made to the regional legislation
regarding the delegation of certain state powers to local
governments.

From a practical point of view, this made it possible
to increase the funds of the regional budget and ensure
equal opportunities in drug provision for federal and
regional beneficiaries confirmed by the dynamics of
costs per beneficiary with DM, which almost doubled
in the analyzed period and in 2024 correspond to the
same amount — over 13.5 thousand rubles / 0.16

thousand dollars for both federal and regional
beneficiaries.

Study Limitations

This study examines certain  quantitative

indicators of the implementation of drug provision for
beneficiaries with DM in the Stavropol Territory. The
analysis of the range of self-monitoring devices used in
terms of trade names of drugs and nosological forms of
DM was not carried out, and the qualitative indicators
of the implementation of the drug provision program
related to the redistribution of funding for drug
provision for beneficiaries with DM since 2024 were
not evaluated. All this is a promising area for further
scientific research.

CONCLUSION

This study guantitative
characteristics of drug provision for beneficiaries
with DM in the Stavropol Territory: the dynamics of
the number of beneficiaries with DM is presented,
municipal and urban districts with the largest number
of them are identified, the structure of spending
federal and regional budget funds on self-monitoring
devices is presented, as well as the dynamics of costs
per beneficiary. The results obtained can be used
to develop organizational solutions to improve the
accessibility of drug provision for beneficiaries with DM
both in the Stavropol Territory and in other constituent
entities of the Russian Federation. In the future, the
authors plan to continue the study of the organization
of drug provision for patients with DM in the Stavropol
Territory from the point of view of analyzing the range
of drugs in the public procurement sector and their
possible impact on treatment outcomes.

examined the
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The aim. To investigate the pharmacokinetic parameters of non-immunogenic staphylokinase (Fortelyzin®, SuperGene LLC,
Russia) in patients with acute myocardial infarction with ST-segment elevation (STEMI) on the electrocardiogram and in
patients with ischemic stroke.

Materials and methods. The clinical study was conducted in 50 patients with STEMI after a single intravenous administration
of non-immunogenic staphylokinase at a dose of 15 mg and in 50 patients with ischemic stroke after a single intravenous
administration of the drug at a dose of 10 mg. The main pharmacokinetic parameters were determined: half-life, initial
concentration, volume of distribution, clearance, and area under the pharmacokinetic curve.

Results. As a result of the study of the pharmacokinetics of non-immunogenic staphylokinase, it was found that after a
single intravenous administration of the drug at a dose of 15 mg, the initial concentration was 7.1 + 2.7 ug/mL, the half-
life was 5.77 £ 0.72 min, the clearance was 0.33 = 0.04 |/min, and the area under the pharmacokinetic curve (AUC,,) was
42.9 + 3.2 ug/mL*min. After administration of the drug at a dose of 10 mg, the initial concentration was 2.8 + 0.3 pg/mL, the
half-life was 5.11 + 0.56 min, the clearance was 0.35 + 0.06 |/min, and the area under the pharmacokinetic curve (AUCo_t) was
28.5 £ 3.6 ug/mL*min. The terminal half-life was 32 min in both dosage regimens.

Conclusion. It was found that non-immunogenic staphylokinase is characterized by a short half-life and high clearance,
which ensures the safety of the drug in clinical practice. The peculiarities of the pharmacodynamics of non-immunogenic
staphylokinase, associated with its interaction with plasmin in the thrombus and subsequent recirculation of released drug
molecules, allow it to be used in low doses, regardless of the patient’s body weight, despite the short half-life.

For citation: S.V. lvanov, |.P. Beletsky, M.V. Zakharova, E.A. Ponomarev, Zh.Yu. Chefranova, S.L. Konstantinov, G.l. Stryabkova, Yu.A. Lykov,
U.A. Yelemanoy, S.E. Chuprina, S.S. Markin. Study of the pharmacokinetics of non-immunogenic staphylokinase in patients with acute myocardial
infarction and acute ischemic stroke. Pharmacy & Pharmacology. 2025;13(5):415-428. DOI: 10.19163/2307-9266-2025-13-5-415-428
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Lenb. MWccnegoBaTb  papMaKOKMHETUYECKME  MApameTpbl  HEMMMYHOreHHon  ctaduiokuHasbl  (PopTenmsmnH®,
000 «CynpaleH», Poccvda) y MaUMEHTOB C OCTPbIM MHQApPKTOM MMOKapga Cc nogbémom cermeHta ST (OUMMNST)
3NEKTPOKAPAMOrpamMMbl U Yy NALMEHTOB C ULLIEMUYECKMM UHCYIBTOM.

Martepuanbl U metogpbl. KanHuyeckoe uccnegoBaHve nposegeHo y 50 naumeHtoB ¢ OMMRST nocne opHOKpaTHOro
BHYTPUBEHHOrO BBEAEHUA NpenapaTa HEeMMMYHOTEHHOW CTadpuNOKMHa3bl B fo3e 15 mr 1y 50 NaLMeHToB € ULLEMUNYECKUM
MHCYNbTOM MOCNe OAHOKPATHOrO BHYTPUBEHHOrO BBeAeHUA npenapata B go3e 10 mr. Onpeaensnncb OCHOBHblE
dapMaKOKMHETUYECKME MapameTpbl — MNEPUOL MNOJYBbIBEAEHWUA, HAYa/lbHAA KOHLEHTpAuus, O6bEM pacnpeneneHms,
KAUPEHC, a TaK¥Ke naowaab nog ¢apmakoKMHETUYECKOM KPUBOW.

Pe3synbratbl. B pe3synbrate uccnenoBaHua $GapMakKOKMHETUKM HEMMMYHOTEeHHOW CTaduNOKMHa3bl 6bl10 YCTaHOBNEHO,
YTO MOC/e OAHOKPATHOrO BHYTPMBEHHOrO BBEAEHWA npenapaTta B Ao3e 15 mr HayanbHaA KOHLLEHTpaLMA cocTaBas/a
7,1£2,7 mKr/mn, nepvog nonyebiBeAeHna — 5,77+0,72 muH, KaupeHc — 0,3330,04 a/muH, naowagb nop,
dapMaKOKMHETUYECKOM KpUBOW (AUCU_I) — 42,943,2 mKr/ma*muH. Mocne BBeaeHus npenapata B Ao3e 10 Mr HayasbHas
KOHLEHTpauua coctasaana 2,8+0,3 mkr/mn, nepuog nonysbisegeHna — 5,11+0,56 muH, kKampeHc — 0,35+0,06 n/MuH,
naowanb nog GapmakoKkMHeTnYeckoii kpusoii (AUC, ) — 28,543,6 MKr/ma*muH. TepMrHaNbHbIl Neprog, noyBebiseaeHNA
cocTaBmn 32 MMH B 060MX BapUaHTax f03MPOBAHMA.
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3ak0ueHue. YCTaHOB/IEHO, YTO HEMMMYHOTEHHasA CTadUI0KMHA3a XapaKTepr3yeTca KOPOTKUM NepuogoM NoyBbIBEAEHUA
1 BbICOKMM KIMPEHCOM, YTO obecrneunBaeT 6e30nacHOCTb NPUMEHEHWS NpenapaTa B KAMHUYECKOM NpakTuke. OcobeHHOCTH
bapmakogMHAMMKN HEMMMYHOTEHHOM CTadUNIOKMHA3bI, CBA3AHHbIE C ee B3aUMOAENCTBMEM C N1a3MUHOM B Tole Tpomba
1 nocneaytolei peuupKryaumelt BbiIcBob0KAAOLWMXCA MONEKYN NpenapaTa, No3BoJIAT UCNOAb30BaTh ee B HU3KMUX A03axX
He3aBMCMMO OT MacChl Te/la NauueHTa, HECMOTPSA Ha KOPOTKUIA NEPUOZ, MOYBbIBEAEHU.

KnioueBble CNoBa: HeMMMYyHOreHHasA cTaduNoKMHA3a; GapMaKOKUHETHKA; TPOMB0AN3NUC; MHbAPKT MUOKapAa; UWEMUYECKUI

WUHCYNbT

Cnucok cokpaweHuit: UM — nHbapKT muokapga; OMMNST — ocTpblt MHGAPKT MUOKapAa C NogbémMom cermeHTa ST;
T3/TA — Tpomb03aImMboAUA NeroyHbix aptepuin; MLLP — mogudunumpoBaHHan wkana PaHkuHa; TIT — TpombonuTmyeckas

Tepanua.

INTRODUCTION

Thrombolytic therapy (TLT) is a pathogenetically
sound method for treating acute myocardial
infarction (MI) with ST-segment elevation (STEMI),
ischemic stroke, and massive pulmonary embolism (PE),
reducing the risk of disability and mortality [1]. TLT is
simple to perform, relatively inexpensive, has extensive
experience in real clinical practice, and can be used at
all stages of care [2]. The introduction of thrombolytic
therapy into clinical practice has led to a significant
reduction in 30-day mortality in patients with STEMI —
from 17-18 to 5-8% [3].

The history of TLT for MI spans more than
60 years. At the Institute of Therapy of the USSR
(National Medical
Cardiology after

Academy of Medical Sciences

Research Center of named

Academician E.l. Chazov), under the guidance of
Academician A.L. Myasnikov, after a large number of
experimental studies of fibrinolysin (now understood
as plasmin) in thromboses of various localizations,
in 1961, E.l. Chazov was the first in the world to use
fibrinolysin in a patient with acute Ml, followed by
heparin therapy [4]. Work on creating effective and
safe thrombolytic drugs with a convenient dosing
regimen, absence of allergenic properties, and minimal
risk of hemorrhagic complications has been carried
out in many scientific laboratories. Currently, in the
Russian Federation, plasminogen activators (alteplase,
tenecteplase, staphylokinase) are most widely used
for TLT. It is known that staphylokinase is the most
fibrin-selective thrombolytic drug, since it exhibits
the highest affinity only to plasminogen adsorbed
on a fibrin clot, the so-called y-plasminogen [5].
prourokinase, alteplase,

Staphylokinase surpasses

and tenecteplase in its selectivity for fibrin [5].
The plasmin-staphylokinase complex activates the
transition of y-plasminogen to plasmin on the surface
of the thrombus. The plasmin formed simultaneously
enhances the fibrinolytic activity of staphylokinase,

and its excess is rapidly inactivated in the systemic
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circulation by a2-antiplasmin [6]. The high fibrin
selectivity of staphylokinase is confirmed by a minimal
decrease in the level of fibrinogen in the blood,
on average by 5%, while alteplase causes a drop in
the level of fibrinogen to 30% [7]. The absence of
systemic fibrinogenolysis explains the high safety of
staphylokinase: the risk of bleeding is lower if using
other thrombolytics that are non-selective to fibrin.

When the plasmin-staphylokinase complex is
inhibited by a2-antiplasmin, an active staphylokinase
molecule is released for subsequent recycles. The
recirculation of staphylokinase allows reducing the
dose used in clinical practice compared to tissue
plasminogen activators and makes it independent of
the patient’s body weight [8]. An expanded kinetic
analysis of the reaction of staphylokinase with plasmin
showed that its catalytic activity is 1000 times higher
than that of alteplase [9].

Unlike the native staphylokinase molecule, three
amino acids (Lys74, Glu75, and Arg77) are replaced by
alanine in the non-immunogenic molecule, as a result
of which the drug does not have antigenic activity [10].
Non-immunogenic staphylokinase is a single-chain
molecule with a molecular weight of 15.5 kDa. It has
been established that the fibrinolytic activity of non-
immunogenic staphylokinase is 40% higher than that of
the native staphylokinase molecule [11].

THE AIM. To establish the pharmacokinetic
parameters of non-immunogenic staphylokinase
in clinical studies in patients with acute myocardial
infarction with ST-segment elevation and with ischemic
stroke.

MATERIALS AND METHODS

Blood sampling in patients with acute

myocardial infarction with ST-segment elevation
open
study of the efficacy and safety of a single bolus

A multicenter randomized comparative

injection of  non-immunogenic  staphylokinase
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(15 mg) and tenecteplase (30-50 mg) in patients with
STEMI (FREEDOM-1) based on 11 leading medical
institutions in Russia was conducted in the period from
October 2014 to August 2016 in accordance with the
permission of the Ministry of Health of Russia No. 261
dated May 16, 2014 [12, 13]. Before inclusion in the
study, all patients signed an informed consent form.
The study was approved by the Ethics Council of the
Ministry of Health of Russia (protocol No. 81 dated
April 15, 2014) and local Ethics Committees based on
research centers.

382 patients were included in the study. Inclusion
criteria: diagnosis of STEMI in the first 12 hours from
the onset of the disease. Exclusion criteria: bleeding,
hemorrhagic stroke, ischemic stroke in the preceding
6 months, diseases with an increased risk of bleeding.
A complete list of inclusion and exclusion criteria in
the study has been published previously [12, 13].
Criteria for the effectiveness of TLT — the number
of patients with a decrease in the ST-segment of
the electrocardiogram by 50% from the initial value
after 90 min, as well as the number of patients with
restoration of coronary blood flow in the infarct-related
artery according to TIMI 2 + TIMI 3 (Thrombolysis in
Myocardial Infarction) criteria according to coronary
angiography. Safety criteria were the number of
major bleeding events, intracranial hemorrhages,
as well as mortality from all causes, cardiogenic
shock, and recurrent myocardial infarction during the
hospitalization period.

Patients were
191 each)
immunogenic staphylokinase (Fortelizin®, SuperGene LLC,
Russia) or tenecteplase (Metalyse®,
Ingelheim International, Germany). Randomization was
carried out by the method of envelopes. Recombinant

randomized into 2 groups

(n = for the administration of non-

Boehringer

non-immunogenic staphylokinase was administered
at a dose of 15 mg regardless of body weight as a
bolus over 10-15 seconds, tenecteplase — as a bolus
at a dose of 30-50 mg depending on body weight,
according to the instructions for medical use.

During the clinical study, blood was taken from
50 patients 3, 6, 9, 12, 15, and 20 min after the
administration of non-immunogenic staphylokinase in
a volume of 2 mL into heparin tubes with the patient’s
number and study point indicated on the label. The
blood tubes were centrifuged using a Liston C 2202
centrifuge for 10 min at a speed of 3000 rpm (Liston,
Russia). Blood plasma in a volume of at least 1 mL
was transferred to an Eppendorf tube. The choice of
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study points was based on the results of a preclinical
pharmacokinetic study in hamsters, where the half-life
was 1.9 min [14].

Blood sampling in patients with ischemic stroke

A multicenter open randomized comparative study
of the efficacy and safety of a single bolus injection of
non-immunogenic staphylokinase and bolus-infusion
administration of alteplase in patients with ischemic
stroke (FRIDA) was conducted in the period from March
2017 to March 2019 in accordance with the permission
of the Ministry of Health of Russia No. 498 dated
July 15, 2016. The study was approved by the Ethics
Council of the Ministry of Health of Russia (Protocol
No. 125 dated May 24, 2016) Ethics
Committees based on research centers.

and local

336 patients were included in the study in
19 clinical centers. Inclusion criteria: ischemic stroke —
no more than 4.5 hours from the onset of symptoms.
Exclusion criteria: blood pressure over 185/110 mm Hg,
signs of severe stroke (NIHSS stroke scale score >25),
active bleeding, hemorrhagic stroke, diseases with an
increased risk of bleeding. A complete list of inclusion
and exclusion criteria in the study was published
previously [15, 16]. The primary efficacy criterion was
the number of patients who achieved good functional
recovery (0-1 points on the modified Rankin scale
[mRS]) at 90 days. Secondary efficacy criteria were
the change in the median NIHSS after 24 hours and at
90 days. Safety criteria were mortality from all causes
at 90 days, symptomatic hemorrhagic transformation
(according to ECASS-III criteria), major bleeding.
Patients were
168 each)
immunogenic staphylokinase (Fortelizin®, SuperGene
LLC, Russia) or alteplase (Actilyse®, Boehringer
Ingelheim International, Germany).
was carried out by the method of envelopes. Non-

randomized into 2 groups

(n = for the administration of non-

Randomization

immunogenic staphylokinase was administered at a
dose of 10 mg regardless of body weight as a bolus over
5-10 seconds, alteplase — as a bolus-infusion at a dose
of 0.9 mg/kg (maximum 90 mg) depending on body
weight, according to the instructions for medical use.
During the clinical study, blood was taken from
50 patients 3, 6, 9, 12, 15, and 20 min after the
administration of non-immunogenic staphylokinase in a
volume of 2 mL into a heparin tube with the patient’s
number and study point indicated on the label. The
blood tubes were centrifuged using a Liston C 2202
centrifuge for 10 min at a speed of 3000 rpm (Liston,

Volume XIlII, Issue 5, 2025



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2025-13-5-415-428

Russia). Blood plasma in a volume of at least 1 mL was
transferred to an Eppendorf tube. The choice of study
points was also based on the results of a preclinical
pharmacokinetic study [14].

Determination of the concentration

of non-immunogenic staphylokinase in the blood

To determine the concentration of non-
immunogenic  staphylokinase in blood plasma,
calibration samples were prepared with concentrations
of 10; 5; 2.5; 1.25; 0.625; 0.312; 0.156 and 0.078 pg/mL
with a buffer solution (20 mM Tris-HCI, 150 mM Nacl,
0.005% Tween-20, pH=8.0) based on literature data on
achieving a staphylokinase concentration in the blood
of 1.24 + 0.24 pg/mL after a single administration at
a dose of 10 mg [17]. The test samples were diluted
3000 times with a buffer solution. For each sample,
3 wells of a plate with primary mouse antibodies to
staphylokinase were allocated. 100 pL of test and
calibration samples were added to the wells. 100 uL of
buffer solution was added to the negative control wells.
The plate was incubated for 60 min at a temperature of
37°C. After incubation, the liquid was removed, and the
wells were washed three times with 300 uL of buffer
solution. Then, 100 pL of a solution of secondary rabbit
antibodies labeled with horseradish peroxidase (20 mM
Tris-HCI, 150 mM NaCl, 0.005% Tween-20, pH = 8.0, 2%
bovine serum albumin, secondary antibodies diluted
1:1000) was added to each well, and the plate was
incubated for 60 min at a temperature of 37°C. After
incubation, the liquid was removed from the plate,
and the wells were washed five times with 300 uL of
buffer solution. Then, 100 pL of substrate solution
(150 mM phosphate-citrate buffer, pH = 5.0, 0.07%
orthophenylenediamine, 0.06% H,0,) was added to
each well. Incubated at room temperature for 3—=5 min
until staining appeared in the negative control sample.
50 pl of stop reagent (10% sulfuric acid solution)
was added to each well. Within 15 min after adding
the stop reagent, the optical density was measured
in each well at 490 nm on a microplate photometer
(ImmunoChem-2100, HTI, USA). The average optical
density value was calculated in three wells for each
sample. The concentration of the drug in the test
samples was determined using a calibration curve.

Statistical processing

Sample size calculation

According to the literature, the frequency of
achieving the primary efficacy criterion — a decrease
in the ST-segment of the electrocardiogram by 50%

Tom 13, Beinyck 5, 2025

from the initial level 90 min after thrombolysis —
when using tenecteplase is 66% [18], the frequency
of achieving the primary efficacy criterion when using
non-immunogenic staphylokinase according to a
phase Il clinical study is 83%. To prove the hypothesis
of non-inferiority of non-immunogenic staphylokinase
compared to tenecteplase in patients with STEMI, a
clinically significant limit of 12.5% was chosen. It was
established that a really absent difference between
the drugs (the upper limit of the 95% confidence
interval [Cl] will be lower than the non-inferiority
limit) with 80% probability* can be detected with a
set of 173 patients in each group (n = 347 patients for
2 groups). Taking into account the possible dropout of
10% of patients due to violations of the study protocol,
a set of 382 patients is necessary (n = 191 patients in
each group). Based on the fact that the study of the
pharmacokinetics of the comparison drug tenecteplase
was carried out depending on the dose in 20 (50 mg) or
48 (30 mg) patients [19], venous blood was taken from
50 patients to study the pharmacokinetic parameters of
non-immunogenic staphylokinase.

To prove the hypothesis of non-inferiority of non-
immunogenic staphylokinase compared to alteplase
in patients with ischemic stroke, it was established
that the frequency of achieving the primary efficacy
criterion — the number of patients with good
functional recovery at 90 days after thrombolysis
(mRS 0-1 points) — according to the SITS-MOST
registry is 54.8% [20]. The frequency of achieving the
primary efficacy criterion when using placebo averages
37.9% — this value was obtained from the
ECASS Il [21], Atlantis [22] and ECASS Il [23] studies,
where the favorable effect when using placebo
is 36.6%, 32% and 45.2%, respectively. Thus, the
difference between good functional recovery with
the use of alteplase and placebo is 16.9%. The non-
inferiority limit was set at 16%. When demonstrating
at a two-sided significance level of 5% to maintain 80%
comparison power, the minimum number of patients
included in the study was estimated at 152 patients
in each group. Taking into account a possible 10%
dropout, the sample size was increased to 336 patients
(n = 168 patients in each group). Based on the fact that
the study of the pharmacokinetics of the comparison
drug alteplase was carried out in 53 patients [19],
venous blood was taken from 50 patients to study the
pharmacokinetic parameters of non-immunogenic
staphylokinase.

! CeprueHko B.U., BoHgapesa W.B. MaTemaTuuyeckas CTaTUCTUKa B
KNMHUYECKMX wuccnegoBaHuax. Mockea: I0OTAP-Meguma, 2006. —
303 c. EDN: QLMSKH
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Statistical methods

The pharmacokinetic curve is described by the
equation:

C(t)=Axe*+Bxe™®,

where A and B are proportionality coefficients
(ug/L); o is the rate constant of drug distribution
(1/min); B is the rate constant of terminal elimination
(1/min).

The following parameters were calculated: half-
distribution period (t1/2q)f plasma half-life (t1/2B),
initial concentration in blood plasma (C), volume
of distribution (V, and V), drug clearance (CL, and
CL,), area under the pharmacokinetic curve within
the duration of observation (AUC ), area under

350 -
3.00 -
250 -
2.00 -
1.50 -

1.00 -

Concentration of the drug, pug/mL

0.50

the pharmacokinetic curve from zero to infinity
(AUC, ), area under the curve from zero to e with
extrapolation of the final phase (AUMC),
residence time of the drug in the systemic circulation

mean

(MRT), apparent volume of distribution at steady

state (V).
Statistical

R program

performed using the
(The R Foundation for
Statistical Computing and Graph Pad Prism 7, Graph
Pad Software Inc.,, USA). For continuous indicators,

analysis
(version 4.2)

was

the following descriptive statistics are presented:
number of data excluding gaps (n), arithmetic mean
(M), (SD), (Me), 25
and 75 percentiles (Q1 and Q3, respectively).

standard deviation median

Time, min

0.00 . .
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Figure 1 — Pharmacokinetic profile of non-immunogenic staphylokinase at a dose of 15 mg in patients
with acute myocardial infarction with ST-segment elevation.
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Figure 2 — Pharmacokinetic profile of non-immunogenic staphylokinase at a dose of 10 mg in patients
with ischemic stroke.
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Table 1 — Baseline characteristics of patients

Characteristics

Indicator (n = 50)

Gender, male / female, n (%)

38 /12 (76% / 23%)

Age, M £ SD, years 58.9+9.9
Patients over 75 years old, n (%) 3 (6%)
Weight, Me (Q1; Q3), kg 82 (73;91)
Body mass index, Me (Q1; Q3), kg/m? 27.8(25.3;31.2)
Arterial hypertension, n (%) 37 (75%)
Dyslipidemia, n (%) 43 (86%)
Smoking, n (%) 20 (40%)
Type Il diabetes mellitus, n (%) 7 (14%)
Myocardial infarction, n (%) 6 (12%)
ST-segment elevation, M £ SD, mm 3.58+1.96
SBP, M * SD, mm Hg 118.6+8.2
DBP, M + SD, mm Hg 74.7+7.2
HR, M % SD, bpm 7591147

STEMI localization, n (%):

anterior 21 (42%)
inferior 28 (56%)
other 1(2%)

Time from the onset of symptoms to TLT, M £ SD, h

3417

Note: TLT — thrombolytic therapy.

Table 2 — Assessment of the effectiveness and safety of non-immunogenic staphylokinase in patients
with acute myocardial infarction with ST-segment elevation

Criterion Indicator (n = 50), n (%)
Decrease in the ST-segment after 90 minutes by 50% 40 (80%)
Restoration of coronary blood flow
according to TIMI criteria:
0 12 (24%)
1 3(6%)
2 16 (32%)
3 19 (38%)
2+3 35 (70%)
Death from all causes 1(2%)
Cardiogenic shock 2 (4%)
Recurrent myocardial infarction 2 (4%)
Major bleeding 0 (0%)
Intracranial hemorrhage 0 (0%)
Allergic reactions 0 (0%)

Table 3 — Pharmacokinetic parameters in patients with acute myocardial infarction with ST-segment elevation

Parameter Value (M + SD) Parameter Value (M % SD)

A, ug/L 5.56+2.63 CL, L/min 0.33+0.04

a, 1/min 0.32+0.05 v, L 3.68+0.74

B, ug/L 1.52+0.14 CL,, L/min 0.45 +0.07

B, 1/min 0.04 +0.00 AUC,,, ug/mLxmin 42.9+32

t, e MIN 5.77+0.72 AUC, _, ug/mLxmin 68.02 +7.04

t e min 32.08+£4.11 AUMC, pg/mLxmin? 3742.07 £ 831.14
Cy pg/mL 7.1+27 MRT, min 42.26 +5.57

v, L 6.62£0.63 v, L 10.3£1.05

Tom 13, Beinyck 5, 2025
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Table 4 — Baseline characteristics of patients

Characteristics

Indicator (n = 50)

Gender, male / female, n (%) 32 /18 (64% / 36%)
Age, M % SD, years 64.4+9,6

Patients over 80 years old, n (%) 2 (4%)

Weight, Me (Q1; Q3), kg 80 (74; 90)

Body mass index, Me (Q1; Q3), kg/m?

27.1(24.7;30.7)

Arterial hypertension, n (%) 48 (95%)
Atrial fibrillation, n (%) 20 (40%)
Smoking, n (%) 13 (26%)
Dyslipidemia, n (%) 10 (20%)
Stroke, n (%) 7 (13%)
Type Il diabetes mellitus, n (%) 5 (10%)
Time from the onset of symptoms to TLT, M+SD,h  2.9+0.8
Median NIHSS before TLT, Me (Q1; Q3), points 11 (8; 14)
Median mRS before TLT, Me (Q1; Q3), points 4 (4;5)
Focus localization, n (%):

Right middle cerebral artery 22 (44%)
Left middle cerebral artery 24 (48%)
Vertebrobasilar basin 4 (8%)

Note: TLT — thrombolytic therapy.

Table 5 — Assessment of the effectiveness and safety of non-immunogenic staphylokinase in patients
with ischemic stroke

Criterion Indicator (n = 50), n (%)
Number of patients with mRS 0-1 points at 90 days 25 (50%)

Median NIHSS after 24 hours, points 6 (3-11%)

Median NIHSS at 90 days, points 2 (1-5%)

Death from all causes at 90 days 5 (10%)

Symptomatic hemorrhagic transformation (ECASS-IIl) 1(2%)

Major bleeding 0 (0%)

Myocardial infarction 0 (0%)

PE 0 (0%)

Allergic reactions 0 (0%)

Note: PE — pulmonary embolism.

Table 6 — Pharmacokinetic parameters in patients with ischemic stroke

Parameter Value (M + SD) Parameter Value (M % SD)
A, ug/L 1.78+0.29 CL, L/min 0.35+0.06
a, 1/min 04+0.1 v, L 3.62+0.42
B, ug/L 1.02+0.1 CL,, L/min 0.51+0.1
B, 1/min 0.03 +0.00 AUC,, ug/mLxmin 28.5+3.6
t, 5 MIN 5.11+0.56 AUC, _, ug/mLxmin 52.94 +4.11
t min 32.67+£2.12 AUMC, pg/mLxmin? 242495 +277.57
C, Hg/mL 2.8+0.3 MRT, min 38.71+2.62
V,L 5.79+£0.66 VL 9.4+0.8

Table 7 - Comparison of pharmacokinetic parameters of the main thrombolytic drugs
Parameter Non-immunogenic Non-immunogenic Alteplase, Tenecteplase,

staphylokinase, 10 mg staphylokinase, 15 mg 100 mg 30-50 mg

o min 5.11 £ 0.56 5.77 £0.72 3.5t14 24+55
t min 32.67+£2.12 32.08+4.11 72 + 68 129+ 87
CL,, L/min 0.35+0.06 0.33+0.04 0.57+0.13 0.1+0.05

Note: data are presented as M+SD.
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RESULTS staphylokinase were CL, = 0.33 * 0.04 L/min and

Study of the pharmacokinetics

of non-immunogenic staphylokinase at a dose

of 15 mg in patients with acute myocardial
infarction with ST-segment elevation

The study included 50 patients with STEMI
who received non-immunogenic staphylokinase
once as a bolus at a dose of 15 mg. Demographic,
data,
characteristics, and time intervals are presented in
Table 1.

The average age of patients was 58.9 + 9.9 years.

anthropometric, anamnesis clinical

The proportion of patients with arterial hypertension
(75%),
lipid metabolism disorders —

was 37 patients
12%,
86%. Inferior infarctions predominated in the study
population (56%).

Assessment of the effectiveness and safety of TLT is

previous myocardial

infarction —

presented in Table 2.

A decrease in the ST-segment after 90 min by 50%
from the initial value was noted in 80% of patients.
Restoration of coronary blood flow in the infarct-
related artery according to TIMI 2 + TIMI 3 criteria was
observed in 70% of patients. Death from all causes
was 2%. No intracranial hemorrhages were registered
with the use of non-immunogenic staphylokinase. No
patients experienced major bleeding or hemorrhagic
stroke. No allergic reactions were registered as a result
of the study.

The averaged pharmacokinetic profile of non-
immunogenic staphylokinase is presented in Figure 1.

Non-immunogenic staphylokinase is a short-lived
molecule and is characterized by rapid elimination
from the systemic circulation. Table 3 presents the
pharmacokinetic parameters of non-immunogenic
staphylokinase in patients with STEMI after a single
bolus injection.

The initial concentration C, of non-immunogenic
staphylokinase in blood plasma is 7.1 + 2.7 pg/mL.
The half-life t e of non-immunogenic staphylokinase,
administered once as a bolus at a dose of 15 mg in
patients with STEMI, is 5.77 £ 0.72 min, the terminal
half-life t,,; — 32.08 + 4.11 min. The mean residence
time of non-immunogenic staphylokinase in the
systemic circulation (MRT) was 42.26 + 5.57 min. Thus,
non-immunogenic staphylokinase has a very short half-
life and is rapidly metabolized to amino acids when
passing through the liver.

The

clearances of non-immunogenic

Tom 13, Beinyck 5, 2025

CL,= 0.45 + 0.07 L/min. High clearance rates indicate
rapid elimination of the staphylokinase molecule
from the systemic circulation. The area under
the pharmacokinetic curve within the duration of
observation AUC_ was 42.9 + 3.2 ug/mbLxmin, the area
under the pharmacokinetic curve from 0 to infinity
AUC, _ was 68.02 + 7.04 pug/mLxmin. The area under
the curve from 0 to infinity with extrapolation of the
final phase (AUMC) was 3742.07 + 831.14 ug/mLxmin?,

The apparent volume of distribution of the drug at
steady state (V) was 10.3 £ 1.05 L. The magnitude of
the apparent volume of distribution is not equivalent to
the physiological volume, but reflects the distribution
of the drug and the degree of its binding in the body.
V., of non-immunogenic staphylokinase showed an
excess of the value over the real volume of circulating
blood, which indicates the elimination of the drug from
the systemic circulation and probable penetration into
the thickness of the thrombus, which is consistent with
the available data on the pharmacodynamics of the

staphylokinase molecule.

Study of the pharmacokinetics

of non-immunogenic staphylokinase at a dose

of 10 mg in patients with ischemic stroke

The study included 50 patients with ischemic
stroke who received non-immunogenic staphylokinase
once as a bolus at a dose of 10 mg. Demographic,
data,
characteristics, and time intervals are presented in
Table 4.

The average age of patients was 64.4 + 9.6 years.

anthropometric, anamnesis clinical

The proportion of patients with arterial hypertension
was 95%, previous stroke — 13%, lipid metabolism
disorders — 20%. The median NIHSS at admission
was 11 (8-14) points. The average time from the onset
of symptoms to thrombolysis was 2.9 + 0.8 h

Assessment of the effectiveness and safety of TLT is
presented in Table 5.

The number of patients with good functional
recovery (0-1 points on the modified Rankin Scale)
on day 90 was 50%. 24 hours after thrombolysis, a
decrease in the median NIHSS from 11 to 6 points was
noted, by the 90 day — to 2 points. Mortality from
all causes on the 90th day was 10%. Symptomatic
hemorrhagic transformation according to ECASS-III
criteria was registered in 1 patient (2%). No major
bleeding or allergic reactions were registered.

423



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

The averaged pharmacokinetic profile of the
medicine in patients with ischemic stroke is presented
in Figure 2.

It has been shown that the kinetic profile of
non-immunogenic staphylokinase in patients with
ischemic stroke is similar to that in patients with
STEMI: the drug is characterized by a short half-life
and rapid elimination from the bloodstream. Based
on the concentration values of non-immunogenic
blood,
parameters were calculated when using the drug at a
dose of 10 mg (Table 6).

The initial concentration C, of non-immunogenic
with ischemic stroke
in blood plasma was 2.8 + 0.3 pg/mL. The half-
life t is 5.11 * 0.56 min, the terminal half-life

1/2a

tl/zp — 32.67 * 2.12 min. The mean residence time

of the drug in the systemic circulation (MRT) was

staphylokinase in  the pharmacokinetic

staphylokinase in patients

38.71 + 2.62 min. These values are slightly lower than
the indicators obtained in patients with STEMI due
to the fact that the drug was administered at a lower
dose (10 mg vs 15 mg). The clearances CL, and CL, were
0.35 + 0.06 L/min and 0.51 = 0.1 L/min, respectively,
and are generally similar to the clearance values of
non-immunogenic staphylokinase in patients with
STEMI. The area under the pharmacokinetic curve
within the duration of drug observation AUC & was
285 +

pharmacokinetic curve from 0 to infinity AUC _ —

3.6 pg/mlLxmin, the area under the
52.94 t 4.11 pg/mlLxmin. The area under the curve
from 0 to infinity with extrapolation of the final
phase (AUMC) was 2424.95 + 277.57 pg/mblxmin2.
The apparent volume of distribution of the drug at
steady state in ischemic stroke is slightly lower than
in patients with STEMI (9.41 + 0.8 L vs 10.3 + 1.05 L),
which is probably due to the smaller volume of
thrombotic masses in the occlusion of cerebral

arteries.

DISCUSSION

This article presents the results of a study of the
pharmacokinetic parameters of non-immunogenic
staphylokinase after its single bolus administration
in patients with STEMI and ischemic stroke. It was
established that both at a dose of 15 mg and at a
dose of 10 mg, non-immunogenic staphylokinase
is characterized by a short half-life (5.11 min and
5.77 min, respectively), the terminal half-life was

32 min in both dosing options, clearance — 0.35 L/min

424

and 0.33 L/min, respectively. It is important to note
that these results correspond to the results of a study
of the pharmacokinetics of the staphylokinase molecule
used at a dose of 10 mg in patients with STEMI [24]:
it was shown that its half-life was 6.3 * 0.6 min; the
terminal half-life was 37 + 15 min. The clearance of the
staphylokinase molecule was 0.27 + 0.1 L/min.

Table 7
parameters of the most commonly used thrombolytic
[25]. The half-life of
staphylokinase is the closest to that of the tissue

shows the main pharmacokinetic

drugs non-immunogenic
plasminogen activato — alteplase. It is important
to note that alteplase is used as a bolus-infusion for
1-2 hours depending on the indication, and the dose
is selected individually from the patient’s body weight,
which greatly complicates its use in emergency medical
care and may be the cause of dosing errors. The
pharmacodynamic properties of non-immunogenic
staphylokinase associated with its interaction with
plasmin in the thrombus and subsequent recirculation
of released drug molecules allow it to be used in lower
doses regardless of the patient’s body weight, despite
the short half-life. Tenecteplase is a modified alteplase
molecule created for single bolus administration.
The half-life of tenecteplase is 24 + 5.5 min, which is
significantly higher than that of non-immunogenic
staphylokinase and alteplase, however, tenecteplase,
like alteplase, requires dose selection depending on the
patient’s body weight.

The pharmacodynamic and pharmacokinetic
properties of the non-immunogenic staphylokinase
molecule are reflected in clinical practice. Thus,

according to the registry of patients with STEMI
“REGION-IM”", conducted under the auspices of the
Medical
named after Academician E.l. Chazov, 36% of patients
with STEMI

staphylokinase,

National Research Center of Cardiology
receive TLT wusing non-immunogenic

and at the prehospital stage this
figure reaches 42%. The frequency of use of non-
immunogenic staphylokinase in primary vascular
departments reaches 51% [26]. The pharmacokinetic
features of non-immunogenic staphylokinase
determine the convenience of its use, especially in
emergency medical care. Timely TLT for patients with
STEMI using drugs with rapid bolus administration
allows accelerating reperfusion, preserving the
myocardium, and reducing the burden of complications
of cardiovascular diseases, since it is known that every

5% increase in the size of the myocardial infarction zone
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contributes to an increase in one-year mortality from all
causes or hospitalization for heart failure within a year
by 20% [27]. Monitoring the use of non-immunogenic
staphylokinase in real clinical practice includes more
than 50 thousand patients, in whom high safety and
effectiveness of the treatment are shown [28]. Non-
immunogenic staphylokinase is included in the current
list of Vital and Essential Drugs, Russian and Eurasian
clinical guidelines and standards for the treatment of
patients with STEMI.

In 2024,
included in the clinical guidelines for the treatment of

non-immunogenic staphylokinase was

ischemic stroke in the first 4.5 hours from the onset
of the disease. A rapid (10 sec) single bolus of non-
immunogenic staphylokinase at a single dose of 10 mg
in patients with ischemic stroke with any body weight,
including those weighing more than 100 kg, has
advantages over a one-hour administration of alteplase
at a dose of 0.9 mg/kg (maximum 90 mg) in the form
of faster reperfusion and a greater number of good
functional outcomes.

According to the FORPE study, non-immunogenic
staphylokinase, administered as a single bolus at
a dose of 15 mg, is effective in the treatment of
massive pulmonary embolism (PE) [29]. Currently, a
double-blind placebo-controlled clinical trial of non-
immunogenic staphylokinase is being conducted in
patients with intermediate-high risk PE (permission
of the Russian Ministry of Health No. 106 dated
March 21, 2024; clinicaltrials.gov No.NCT06362746) [30].
A clinical trial of non-immunogenic staphylokinase is
being conducted with its intra-arterial intratrombal

administration in patients with thrombosis of the
arteries of the lower extremities in comparison with
surgical methods of treatment FORAT (permission of
the Russian Ministry of Health No. 184 dated March
18.03, 2022; clinicaltrials.gov No. NCT05372718) [31]. It
is expected that the pharmacokinetic features of non-
immunogenic staphylokinase will contribute to the
expansion of indications for safe TLT.

Study Limitations
The
staphylokinase have not been studied with bolus-

pharmacokinetics of non-immunogenic
infusion dosing regimen (10 mg bolus and 5 mg
infusion) due to the low prevalence of this regimen.
According to observational studies, 96% of patients
receive the drug as a single bolus at a dose
of 15 mg [28].

CONCLUSION

This article presents the results of a study of the
pharmacokinetic parameters of non-immunogenic
staphylokinase after a single bolus administration in
patients with STEMI and ischemic stroke. The features
of the pharmacokinetics and pharmacodynamics of the
non-immunogenic staphylokinase molecule are that
with a short half-life, high clearance and low dose, the
drug has a pronounced fibrinolytic effect, not inferior in
effectiveness to other thrombolytic drugs administered
bolus and bolus-infusion in significantly higher doses.
The data obtained in the course of these studies
explain the high efficacy and safety of TLT using non-

immunogenic staphylokinase.
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