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The aim of the article is the structure and content specification of the subject area professional term “drug supply” in order
to deepen and concretize the conceptual apparatus in the field of the pharmaceutical activity.

Materials and methods. The review presents the analysis of 389 titles of scientific pharmaceutical publications for the pe-
riods of 1995-1998 and 2010-2019. The selection of publications was carried out by the random sampling based on the
phrases: «drug provision», «medical care», «provision of medicines», «pharmaceutical care», «medicinal services», «drug
supply» and their English-language counterparts in Russian and foreign electronic information sources. A methodological
base of the study was a cluster analysis of the subject area concept of “drug supply” according to the methodology proposed
by E.A. Korzhavykh and I.V. Voronovich. In this study, a cluster was interpreted as a set of publications in which a certain pair
of terms was simultaneously cited with a preset frequency of co-citation.

Results. When analyzing the publications, two clusters of the “drug supply” concept were formed for the time periods in-
dicated above. The comparison of the clusters showed an increase in the activity of the scientific research to expand the
structure and content of the subject area of the “drug supply” concept. For the modern cluster, 124 co — cited pairs of lexical
units were selected. They were grouped into 9 hierarchy levels according to the strength of relationship between an interval
of 10 units and mentioning frequencies of the “drug supply” term. At the final stage, a graphical model of the “drug supply”
concept cluster was formed. It was established that the lexical units included from the first to the fifth level, are the cluster
nucleus of the “drug supply” concept as the most stable part of the lexical array, which it is advisable to rely on when devel-
oping a definition for the concept under study.

Conclusion. Thus, the subject field of the “drug supply” concept is characterized by the scientific research, reflecting the so-
cio-economic significance of the objects under study in the field of pharmaceutical activities, and its content is characterized
by a high level of pharmaceutical knowledge which describes the most stable elements that make it possible to formulate an
adequate definition of the “drug supply” definition.

Keywords: drug supply; pharmaceutical research; cluster analysis; cluster; vocabulary; lexical unit

Abbreviations: DS — drug supply; MEPh — Management and Economics of Pharmacy; LU — lexical unit.

For citation: G.S. Barkaev, T.I. Kabakova, A.B. Goryachev. Cluster analysis of integrated “drug supply” concept. Pharmacy & Pharmacology.
2022;10(3):232-243. DOI: 10.19163/2307-9266-2022-10-3-232-243
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Lienb. YToUHEHME CTPYKTYPbI U COAEPMKaHUA NpeameTHOM 061acTv NpodeccMoHanbHOro TepMMHa «JieKapcTBEHHOe obecne-
YyeHue» ANA YrIybAeHUA U KOHKPETU3aLMM NMOHATMIMHOIO annapata B chepe dapmaLeBTUYECKOW AEATENbHOCTH.
Martepuanbl u meTtogbl. B 0630pe npeactasBneH aHanu3 389 3aroN0BKOB Hay4YHbIX papMaLeBTUYECKMX NyBAMKaLMA 33 ne-
puoabl 19951998 rr. n 2010-2019 rr. Beibop nyb6amKaumii oCyLLEeCTBAAICA METOAOM C/Ty4alHOM BbIBOPKM MPU NMOMOLLM C/IO-
BOCOYETaHMI: «1EKAPCTBEHHOE 0becneyeHney», «1eKapcTBeHHasA NOMOLLbY, «0becneyeHne NeKapcTBEHHbIMM NpenapaTammy,
«hapmaLeBTUYECKan NOMOLLbY, «IEKAPCTBEHHOE OBCAYKMBAHMEY, «IEKAPCTBEHHOE CHABMKEHME» U UX aHMO0A3bIYHbIX aHa-
JIOrOB B POCCUMCKMX M 3apyBEXKHbIX 3/IEKTPOHHbIX MCTOYHMKAX MHPOopMaLuun. MeToguyeckoit 6a3oi nccnepgosaHus Bbibpa-
N KNacTepHbI aHanu3 NpeameTHoW 061acT MOHATUA «/eKapcTBEHHOe obecneyeHre» MO METOAMKE, MPea/iOKEHHOM
3.A. KoprkaBbix 1 1.B. BopoHoBMYeM. oA KNAacTEPOM B HAaCTOALLEM UCCNEA0BaHUM MOHMMANN COBOKYMHOCTb NyBANKaLMIA, B
KOTOPbIX OZLHOBPEMEHHO LUTUPOBaNach onpeaeneHHas napa TepPMMHOB C YCTaHOBNEHHOM YacTOTOW COLUTUPOBAHMA.
Pe3ynbrartbl. [py aHanM3e nyb6amMKaumin cbopmmpoBanm 48a KiacTepa NoHATUA «/1eKapCTBEHHOE obecneyeHme» No yKasaHHbIM
BpeMeHHbIM nepnogam. CpaBHEHME KAACTEPOB NOKA3as10 POCT aKTUBHOCTU HAayYHbIX UCCAEA0BaHMIA MO PACLUMPEHMIO CTPYKTY-
pbl U coAep}KaHUA nMpeameTHOM 061acTU MOHATUSA «/IeKapCcTBEHHOe obecnedveHune». 18 COBPEMEHHOro Knactepa otobpanu
124 coupTrpyemble Napbl NIEKCUYECKMX EAUHULL, KOTOPbIE CrPYNMMPOBasK Mo 9-TW YPOBHAM MEPAPXMM MO CUE CBA3M C UHTEp-
BasioM 10 efMHWL, M YACTOTOM YNOMMHAHWNA TEPMUHA «IeKapCTBEHHOE obecneyeHne». Ha 3aKkntoumTenbHOM cTagumn chopmu-
poBanu rpaduyecKyro MoZeb KnacTepa NOHATUSA «/IEKAPCTBEHHOE obecneyeHne». YCTaHOBUIM, YTO JIeKCMYECKUE eANHULbI,
BXOASALLME C MEPBOTO MO NATbINA YPOBEHb, ABNAIOTCA AAPOM KaacTepa NOHATUA «/IeKapCTBEHHOE obecrneyeHme» Kak Hambonee
CTabu/IbHasA YacTb IEKCMYECKOTO MacCcMBa, Ha KOTOPYHO LiesiecoobpasHo onmpaTthbes npu paspaboTke onpeaeneHns 4is nccie-
[YEMOro MOHATUA.

3aknoueHue. Taknum obpasom, NpeameTHOe Mnosie MOHATUA «JeKapcTBEHHOEe obecrneveHne» XapakTepmusyeTca HayuyHbIMU
NCCNIe0BAHUAMM, OTPAXKAIOLLMMM COLLMANbHO-IKOHOMUYECKYIO 3HAYMMOCTb M3y4aeMbiX 06EKTOB chepbl papmaLeBTUYe-
CKOW [eATeNbHOCTU, @ ero CoAepsKaHMe — BbICOKMM YpoBHEM $GapMaLeBTUYECKOTO 3HAHWUA, KOTOPbIM OMMUCbIBAOTCA Hau-
6onee ycTolumBble 3NEMEHTbI, NO3BONAIOWME cHOPMYIMPOBATL aleKBaTHOE onpeaeneHne aedUHULMKN «NEKAPCTBEHHOE
obecneyeHune».

KnioueBble cnoBa: nekapcTeeHHoe obecneyeHne; papmalieBTUYECKOE UCCAeA0BaHME; KNacTePHbI aHaAn3; KaacTep; NeKcu-
Ka; NeKcMYecKkas eanHMLa

CnNUCOK CoKpaLleHuid: /1O — nekapcTBeHHoe obecneyeHue; YOO — ynpaBaeHue U 3KOHOMMKA dpapmaumm; JIE — nekcuyeckan
efvHuUa.

INTRODUCTION

In modern science, a unity of views on objects,
processes and phenomena is ensured by a generally
accepted conceptual (terminological) apparatus. How-
ever, it is not always possible to obtain consensus in the
development of terms due to the presence of subjec-
tive approaches to the subject area analysis of scientific
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knowledge and the description of the changes dynamics
taking place in it. Pharmaceutical scientific, practical and
educational knowledge exists in the form of a set of in-
terrelated conceptual systems. It should be notified that
in the leading profile academic discipline “Management
and economics of pharmacy” (MEPh) and a scientific
specialty “Organization of pharmaceutical business”, as
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their names imply, the concepts and ideas borrowed
from management and economic sciences, play a signi-
ficant role. In modern research, the provisions of these
sciences are widely used and developed in relation to
scientific tasks and problems of pharmacy as an applica-
tion area of knowledge.

As a rule, when applying the classical methods of
general economics and management, the terms and
concepts that have an established interpretation are
used, and therefore, no additional interpretations are
developed by pharmaceutical specialists. The exception
is usually large concepts marked with the word “phar-
maceutical” and taking their place in the system of con-
cepts and terminology of the MEPh discipline (i.e., phar-
maceutical management, pharmaceutical marketing,
and pharmaceutical informing).

The earlier study of the pharmacy fundamental
foundations showed that in pharmaceutical knowledge,
there are different types of concepts: inherent to only
one of the disciplines, interdisciplinary, and so-called
concepts-categories. Concepts-categories give an in-
terpretation not only to objects, but also to processes,
as well as to phenomena. They are used in almost all
pharmaceutical disciplines. This terminology has clear
scientific definitions, and can be also institutionalized in
legislative and regulatory legal acts that regulate various
types of activities. These are such concepts as “drug”;
“medicinal preparation”; “dosage form”; “drug circula-
tion”; “drug production”; “pharmaceutical business”,
etcl. At the same time, in the professional pharmaceuti-
cal and medical vocabulary, the term “drug supply” (DS)
known not only to healthcare professionals, but also to
the majority of the population, is widely used. However,
this interdisciplinary term has not got an adequate defi-
nition yet. In the modern legal field of Russian pharmacy,
this concept implies only supplying decreed (preferen-
tial) categories of citizens with drugs. Hence it appears
that the subject area of the term “drug supply” has not
been fully identified and agreed between healthcare
professionals.

In the way of formulating the development and
substantiation of the DS concept, one of the obstacles,
in the authors’ opinion, can be its significance not only
for pharmaceutical and medical specialists, but also for
the general population who are in close contact with the
healthcare system. The experience of professional com-
munication shows that the terminological problems of
pharmaceutical science and practice go beyond purely
linguistic problems. That is due to the high social signi-
ficance of this terms and concepts group. According to
Doctor of Philology, Professor of Tver State University I.P.
Susov, “.. the formal system becomes a social system, a
language in this capacity acts as an activity system. The
nomination (name, naming) of elements and processes

! Federal Law of the Russian Federation on April 12, 2010 No. 61-FZ
“On Circulation of Medicines”. Available from: http://www.consultant.
ru/cons/cgi/online.cgi.
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of human activities is carried out by the entire language
system in the unity of its levels”2. Therefore, when de-
veloping the DS definition, it is necessary to take into
account the actual pharmaceutical activities to fulfill the
entire range of tasks for the complete, uninterrupted
and high quality supplying the population with drugs in
order to maintain a socially necessary level of their con-
sumption.

Peculiarities of pharmaceutical terminology, an
abundance of terms and nomenclature names that medi-
cal and pharmaceutical specialists should master during
training in educational institutions and then use in eve-
ryday activities, require urgent updating of the existing
terminology and developing the modern optimal profes-
sional one in order to ensure the unity of approaches to
understanding objects, processes and phenomena in the
field of pharmaceutical activities, and training the spe-
cialists involved in supplying the population with medi-
cines. The expediency of such training is also pointed out
by lecturers of leading Russian pharmaceutical univer-
sities, who consider the formation of terminological
competencies in their students among the priorities of
modern and promising pharmaceutical education [1, 2].
For this reason, the authors implemented a review of
the subject field to identify and analyze literary sources
that define the multidimensional nature of the DS com-
plex concept to clarify its key definition.

The knowledge degree analysis of the scientific
problem did not reveal Russian and foreign publications
that open up the views of the professional pharmaceu-
tical community on the justification and development of
the DS concept.

THE AIM to clarify the structure and content speci-
fication of the subject area professional term “drug sup-
ply” in order to deepen and concretize the conceptual
apparatus in the field of the pharmaceutical activity.

The research objectives were as follows:

1. To identify and explore trends and statistical cha-
racteristics of lexical arrays of the structure and content
specification of the subject area professional concept
term “drug supply” in the main time periods of the for-
mation, development and functioning of the Russian
system for providing the population with drugs;

2. To analyze the features of the vocabulary asso-
ciated with the use of the term “DS” in professional ac-
tivities;

3. To form and characterize the cluster of the DS
concept.

MATERIALS AND METHODS

Study design

At the first stage of the work (February 2020-
March 2021), the formation of the initial lexical array of

2 Susov IP. Yazykovaya nominaciya v svete predstavleniya o yazyke
kak kodiruyushchej sisteme [Language nomination in the light of the
idea of language as a coding system]. Actual problems of language
nomination: abstracts of reports of a regional scientific seminar.
Saratov: Saratov State Pedagogical Institute. 1988: 14-5. Russian
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scientific papers titles in the MEPh discipline, affecting
the subject area of the DS concept (articles, reports,
monographs, theses, materials of scientific and prac-
tical conferences, congresses) was carried out. At the
second stage (April — November 2021), the statistical
characteristics of the DS concept lexical arrays were
analyzed according to the selected time periods (1995—
1998 and 2010-2019). At the third stage (December
2021 — March 2022), the results were discussed and
the results of the work done were summed up. The
data collection and processing were carried out by the
working group of four people: two Doctors of Scienc-
es (Pharmacy), one Doctor of Sciences (Medicine), and
one Candidate of Sciences (Pharmacy).

Study time frame

The design of the study included an analysis of
trends and qualitative and quantitative changes in the
professional pharmaceutical vocabulary in the modern
period compared to the trends of the 1990s of the last
century, and not a parallel study of two proportional
time periods, so the lexical array was formed for the pe-
riods of 1995-1998 and 2010-2019. The choice of the
non-equivalent time periods used in this study was justi-
fied by the fact that in 1995-1998, there was a transition
to new market mechanisms for managing pharmaceuti-
cal activities, accompanied by a radical transformation
of the management system and, in particular, the active
formation of a new conceptual apparatus. In the Russian
Federation, the end of this period was marked by the
adoption of the Federal Law dated June 5, 1998, No.86-
FL “On Medicines”3. For the first time, it institutionally
fixed the basic concepts used in the pharmaceutical sci-
ence and practice. During 1999-2009, there was practi-
cally no scientific activities to improve the terminological
apparatus in the field of the Russian pharmacy organi-
zation and management. At that time, the industry was
adapting to the newly established requirements and ac-
cumulating new knowledge, during which some contra-
dictions arose between the institutional order of its reg-
ulation and practical development. These contradictions
also affected the conceptual apparatus. The second time
period (2010-2019) attracted the authors’ attention due
to the need to review and improve the approaches to
the management of the pharmaceutical activities. They
were: compiling lists of decreed medicines, introducing
labeling of medicines, using good practices in various ar-
eas of activity), as well as the widespread use of new
terms (for example, “drug care”, “pharmaceutical care”,
“drug service”). On the one hand, the adoption of the
Russian Federation Law on Medicinal Products dated
April 12, 2010* was accompanied by a clarification of

3 Federal Law of the Russian Federation of 05.06.1998 No. 86-FL “On
Medicines. Available from: http://www.consultant.ru/document/
cons_doc_LAW_19106/.

4 Federal Law No. 61-FL dated April 12, 2010 “On the Circulation of
Medicines” (last edition). Available from: http://www.consultant.ru/
document/cons_doc_LAW_99350/.
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professional terminology. On the other hand, it opened
a new field for scientific discussions on the problems of
forming uniform approaches to defining the conceptu-
al apparatus for the most significant phenomena, pro-
cesses, objects and subjects that make up the content of
pharmaceutical activities.

Information resources

A continuous screening method made it was pos-
sible to select 3540 publications in the MEPh discipline
and form the initial lexical array on their basis. It consist-
ed of 389 titles of scientific pharmaceutical publications
devoted to the problem of forming the conceptual ap-
paratus of modern pharmaceutical science and practice.

The publications choice was carried out with the
help of the Russian-language phrases: «nekapcTBeHHoe
obecneyeHney; «JIeKapCTBEHHasA MOMOLLb»; «obecne-
YyeHue JIeKapCTBEHHbIMM MpenapaTamuy»; «dapmaues-
TUYECKasA MOMOLLbBY; «/eKapCTBEHHOe 06CNyXnBaHUEY;
«/IeKapCTBEHHOe cHabxkeHne». The English-language
analogues were also used: “drug provision”, “medical
care”, “provision of medicines”, “pharmaceutical care”,
“medicinal services”, “drug supply”. They were used in
Russian and foreign electronic sources of information:
scientific electronic libraries (e-LIBRARY, CyberLenin-
ka, ational Electronic Library, State Public Scientific and
Technical Library, Russian State Library); scientific works
archives of the State Commission for Academic Degrees
and Titles of the Ministry of Science and Higher Educa-
tion of the Russian Federation, international databases
(Scopus, Web of Science, MEDLINE, Pubmed).

Methodological study base

The main criterion determining the preference of
the methodological approach in this work, in compari-
son with others, was the possibility of decomposing the
sample into groups of similar objects with non-numeric
features, followed by their processing by standard statis-
tical procedures. As a methodological basis for the study,
the cluster analysis was chosen as the most appropriate
for the subject area analysis of the term “DS”. That in-
cludes the processes of selecting objects, generalization
and analysis of reliable information about their proper-
ties and subsequent clustering, i.e. the distribution of
the objects of the obtained sample into separate lev-
els (subgroups), based on their relative identity of pro-
perties. The main aim of clustering is to categorize the
data into clusters, where the objects are grouped into
a certain category according to the principles of a gre-
ater similarity between themselves than with the objects
from other clusters [3, 4]. The basis for the choice of this
cluster analysis was, first, the structure of knowledge in
the scientific field, which is a set of cognitive units, the
so-called concepts, united by a certain hierarchy and
having their own names — terms. A concept is a set of
interrelated, simple (elementary) notions and auxiliary
lexical units that describe a specific subject area of sci-
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ence. Second, the presence of links between elementary
notions in the concept makes it possible for us to classify
it as a kind of clusters.

Analysis methodology for study subject area

The cluster analysis of the DS subject area was
carried out according to the methodology proposed
by the specialists of Peoples’ Friendship University of
Russia — E.A. Korzhavykh and LV. Voronovich. The es-
sence of the technique lies in the following fact: to
calculate strength of relationship between the term
DS and another lexical unit (LU), the indicator of
the absolute frequency of simultaneous mentioning
(co-citation) of the pair “the term “DS = LU” in the
analyzed array was used. As a threshold value, the
mentioning frequency equal to 3 was taken; therefore,
the pairs of co-citations with a link strength value of
less than 3 were not included in the cluster. Next, the
co-cited pairs were grouped according to the strength
of relationship between an interval of 10 LUs and a si-
multaneous mentioning frequency with the term “DS”
equal to from 3 to 10, from 11 to 20, from 21 to 30,
“.."” from 81 to 90. At the final stage, they formed a
graphical model of the DS cluster indicating the fre-
guency of co-citation for its elements and the overall
mentioning frequency for the title term. The lexical
arrays were characterized using quantitative indica-
tors in absolute and relative (%) terms.

RESULTS AND DISCUSSION

In the pharmaceutical studies devoted to the de-
velopment of the conceptual apparatus, a cluster was
understood as a set of publications in which a certain
pair of terms was simultaneously cited (mentioned)
with a frequency of joint citations above the accept-
ed threshold value [5, 6]. When analyzing the array of
scientific papers, it was revealed that Russian scien-
tists performed a number of works to identify the sub-
ject areas of scientific clusters of the MEPh discipline.
These are such clusters as “pharmaceutical safety”
[7], “management of pharmaceutical activities” [8, 9],
“consumers of pharmaceutical products and services”
[10], “management of the pharmaceutical products
range” [11], “pharmaceutical market” [12, 13] and oth-
ers. A similar methodological approach was applied by
Russian scientists in order to identify the directions and
dynamics of the research development in the scienti-
fic and practical field of “the drug supply organization”
for 1991-2020. [14]. A statistical research tool based
on the cluster approach was used by Russian scientists
to solve traditional problems when grouping the sets
of objects in pharmaceutical marketing [15-17]. In the
foreign literature, the publications using the cluster
analysis ideology as one of the tools for science resear-
ching by quantitative methods, are presented in almost
all the areas of health care: in management [18]; in
psychiatry [19, 20]; when studying the spread of the
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COVID-19 pandemic [21]; in pharmacognosy [22, 23];
in pharmacology [24, 25].

General characteristics of lexical arrays

A comparative statistical characteristics analysis of
the lexical arrays distributed over periods, made it pos-
sible to draw several conclusions about the state of the
DS term in the subject area in the analyzed time periods
(Table 1).

First, by 2020, the average annual number of papers
on the study of the DS system had increased by 3 times:
from 11.25 publications per year in the 1990s up to 34.4
publications in 2010s. This fact objectively reflects a dif-
ficult economic situation in the country in the 1990s. It
prevailed in all areas of activity, including healthcare in
general, as well as in medical and pharmaceutical re-
search, which led to a significant decrease in the publi-
cation activity of scientists and practitioners.

Second, by 2020, the structure of the subject area of
the DS concept had noticeably expanded, which, in the
authors’ opinion, had been due to the involvement of
new ideas, approaches, and resources in the processes
of improving the DS system as the Russian healthcare
system is being restored and reformed.

Third, by 2020, the subject area of the DS concept
had become denser and more concentrated in its con-
tent, as indicated by the values of the fourth indicator —
“Percentage of LUs with a mentioning frequency equal
to 1 and 2”. This percentage decreased by 1.3 times
(from 80.19% to 59.67%). The fact of the percentage
decreasing of such a vocabulary by 2020 may mean its
transition to a more stable part of the array. This opin-
ion has been also confirmed by the authors’ calcula-
tions: 23 positions (21.7%) of the LUs were transferred
from the vocabulary array of 1995-1998 in the array of
2010-2019; 7 LUs (6.6%) were entrenched in it with a
mentioning frequency of 3 or more times. Therefore,
a rarely mentioned vocabulary can be considered as a
potential resource for the development of the DS con-
cept cluster.

Fourth, the statistical distribution nature of the men-
tioning frequency (F,) has noticeably changed: if in 1995-
1998 the first quartile (25% of all LUs positions) account-
ed for about 60% of the total frequency for these LUs, by
2020 the value of the indicator had reached almost 80%.
The fact that in the both arrays the first quartile included
more than 50% of the most frequently mentioned LUs
allows us to consider such LUs as a “core set” of the vo-
cabulary, the most important for the subject area of the
DS term (a cluster core).

Identification and analysis of vocabulary

features associated with DS term

The data obtained, primarily at the level of the vo-
cabulary, reflect the formation of quantitative and qu-
alitative changes in the subject area of the DS concept in
the studied periods (Table 2).
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Table 1 — Main indicators of vocabulary arrays related to the “drug supply”
term in periods of 1995-1998 and 2010-2019

Indicator value in periods

Indicator
1995-1998 2010-2019

1. Total number of publications titles with term “DS” 45 (average 11.25 per year) 344 (average 34.4 per year)
gi-nrsza:::onagﬁ/r\s;tﬁémt?g:’t’ E;avp;etltlons) mentioned 106 (average 26.5 per year) 305 (average 30.5 per year)
3. Overall mentioning frequency identified by LUs (F) 213 (average 53.3 per year) 1813 (average 181.3 per year)
4. Percentage of LUs positions with mentionin
frequency egqual tol gnd 2 times ¢ 80.19% >9.67%
5. First 25% quartile of LUs array:
— number of LUs positions (N,) 27 LUs 76 LUs
— total frequency of LUs included in the quartile (F,) 27 (59.62% of total frequency) 414 (78% of total frequency)

Table 2 — Composition of vocabulary most often mentioned simultaneously with “drug supply”
term in periods of 1995-1998 and 2010-2019

Percentage in the of LU, %

Ser. No. Vocabulary
1995-1998 2010-2020
1. Common-literary 35.85 40.57
2. General scientific 16.98 22.64
3. Pharmaceutical 3.77 4.72
4, Medical 17.92 10.38
5. Other areas of science and technology (economics,
finance, sociology, technology, etc.) e 2547 21.69
Total: 100% (106 LUs positions) 100% (LUs positions)
Table 3 — Variants of the term “drug supply”
and its synonyms in the array of publications titles for 1995-1998
Variants of the term "drug provision" Number of titles*, Percentage of titles,
ser. No (identified synonyms) units %
1. Drug provision (including preferential) 32 64.0
2. Medicinal assistance 9 18.0
3. Supply by medicinal preparations 4 8.0
4, Pharmaceutical assistance 2 4.0
5. Medicinal service 1 2.0
6. Provision by medicines 1 2.0
7. Drug supply 1 2.0
Total: 50 100.0

Note: * — 2 LUs could be present in the title at once.

Table 4 — Variants of the term “drug supply” and its synonyms in the array of publications titles for 2010-2019

Variants of the term "drug provision" Number of titles*,  Percentage of titles,
Ser. No . o= q
(identified synonyms) units %
1. Drug provision (including: guaranteed, additional, additional
. ) . 255 88.9
preferential, preferential, preferential and free, software)
2. Supply by medicinal preparations (including: gratuitous, guaranteed, 2 91
necessary) ’
3. Supply by medicinal preparations 4 1.4
4. Additional drug provision 1 0.3
5. Provision by medicinal preparations 1 0.3
Total: 287 100.0

Note: * — 2 LUs could be present in the title at once.
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Table 5 — Rating fragments of LUs mentioned simultaneously with the term “drug supply”
in publications titles in 1995-1998 and 2010-2019

LU of 1995-1998 period

LU of 2010-2019 period

Ser. No (in descending order Absolute frequency (in descending order Absolute frequency
of mentioning frequency) of mentioning frequency)

1. Thesick 15 Population 74
2. Population 14 The sick 69
3. System 9 System 69
4.  Conditions 9 Region (geographic) 58
5. City 6 Analysis 57
6.  Organization (process) 6 Optimization 41
7. Improvement 6 Improvement 39
8. Insurance 6 Citizens 38
9. Russia 5 Category 34
10. Optimization 4 Program 32
11. Problem 4 Assistance 30
12.  State 4 Organization (process) 29
13.  Analysis 3 Patients 27
14. Group 3 Implementation 27
15. Period 3 Level 27
Total: N = 106 F=213 Total: N =305 F=1813

Number of positions,

80

70

60

50

40

30

20

10

2 (81-90)

238

LUs

2 (71-80)

3 (61-70)

4(51-60) 5 (41-50)

6 (31-40)

7 (21-30)

esmmw» (Cluster level

8 (11-20)

9 (3-10)

e» e» Exponential approximation curve

Figure 1 — Distribution of LU by levels in the united cluster of “Medicinal provision”

concept for period of 1995-2019
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Level IV (51-60) — 2 LUs Level V (41-50) — 2 LUs
1. Analysis (60) 1. Improvement (45)
2. Region (60) 2. Optimization (45)
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Level VI (31-40) - 5 LUs
1. Citizens (38)
2. Organization (process (35)
3. Programs (35)
4. Categories (34)
\5. Assistance (32)

Level VIII (11-20) - 23 LUs
1. Insurance (20) 2. Conditions (19) 3. Valuation (18)
4. Means (18) 5. Management (18) 6. Problem (18)

7. District (17) 8. Aspects (17) 9. Disease (16) 10. State (16)
11.Treatment (15) 12. Right (15) 13. Ways (13) 14. Territory (14)

DRUG SUPPLY
(Total: 124 LUs)

Level VII (21-30) — 12 LUs
. Level (30)

. Development (28)

. City (28)
Implementation (27)
. Patients (27)

. Republic (26)

. Diseases (25)

. Healthcare (25)

. Approaches (24)

10. Example (24)

11. Diabetes (24)

12. Research (22)

O oONOO P WNER

15. Institutions (14) 15. Study (13) 16. Use (13) 17. Stage (13)

18. Providing (13) 19. Technology (13) 20. Quality (12)
21. Organizations (institutions) (12) 22. Children (11)
23. Frames (11)

Level IX (3-10) — 77 LUs
1. Territory (10) 2. Foundations (10) 3. Rationale (10) 4. Subjects (10) 4. Effectiveness (10) 5. Model (9)
6. Increase (9) 7. Preparations (9) 8. Region (9) 9. Russian Federation (9) 10. Formation (9) 11. Questions (8)
12. Experience (8) 13. Russian Federation (8) 14. Russia (8) 15. Interaction (7) 16. Mechanisms (7)
17. The injured (7) 18. Regulation (7) 19. Strategy (7) 20. Centers (7) 21. Pharmaceutical market (7)
22. Gland (6) 23. Inhabitants (6) 24. Features (6) 25 Application (6) 26. Results (6) 27. Emergencies (6)

28. Factors (6) 29. Parts (6) 30. Period (6) ets.

Figure 2 — Modern cluster of the concept of “drug supply”

Note: total number of non-recurring LUs (124) is named DS in the center of the model; for each level of the cluster hierarchy,
the number of LUs included in it is indicated; after each LU, in parentheses, the individual strength of relationship is given — this LU named DS,

which determined its place at the corresponding level of the cluster.

For a greater accuracy, the comparison was carried
out on the same arrays of LUs — 106 positions each with
the highest mentioning frequency. It was established
that by 1999, general scientific and pharmaceutical vo-
cabularies had begun to prevail in the subject area of DS.
Besides, a reduction in the influx of the medical voca-
bulary and the vocabularies from other fields of science
can serve as a sign of the final phase of its formation and
the progressive development of the system for providing
the population with medicines.

Among the general scientific vocabulary of the ar-
ray developed by 2020, such conditionally new terms as
“mechanism”, “modelling”, “components”, “forecast”,
etc. have been detected. The modern pharmaceuti-
cal vocabulary has included such well-known terms as

Tom 10, Beinyck 3, 2022

“pharmacy”, “pharmacist”, “pharmacy organizations”,
“pharmacy chains”, which had been absent from the ar-
ray by the beginning of 1999. This circumstance suggests
an expansion of the scientific research range, updated
by an increase in the role of the distribution network of
the pharmaceutical market.

A somewhat different situation is observed with the
vocabulary denoting the key functions of pharmaceu-
tical specialists in the system of providing the popula-
tion with medicines — organization and management. If
in 1995-1998 the frequency percentage attributable to
the term “organization” (process) was 2.82%, and to the
term “management” — 1.41%, then, by 2020, this indica-
tor had decreased to 1.60% and 0.83%, i. e. by 1.8 and
1.7 times, respectively. Consequently, to date, the acti-
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vity of specialists in the field of pharmacy in the study of
organizational and managerial functions has decreased.
In the authors’ opinion, this phenomenon is due to the
influence of the external environment, primarily the
development and legislative consolidation of the insti-
tutional norms that regulate pharmaceutical activities
and socio-economic relations that arise between the
subjects of the pharmaceutical market.

The frequency dynamics analysis of using LUs “prob-
lems” and “approaches” gave paradoxical results: by
2020, with a decrease in the frequency of consideration
of “problems” in the publications from 1.88% to 0.77%,
the percentage of scientific papers with LUs concerning
“approaches” (methodological, organizational-pharma-
ceutical, organizational-economic, etc.), had increased
by almost 3 times. Consequently, the activity of phar-
maceutical scientists in relation to the search for ways
to improve the system for providing the population with
medicines had increased.

An example of a management decision implemen-
ted in the healthcare system, adopted at the highest
level of the legislative and executive power, is insur-
ance (for example, such LUs as “insurance medicine”,
“compulsory medical insurance”, “voluntary medical
insurance”). All these LUs were present in the analyzed
arrays. It has been established that in 1995-1998, the
above-mentioned terms were used more often than by
2020: with a 3.29% share vs. a 1.05% share of the total
frequency (according to the rating of the most frequent-
ly mentioned LUs).

One of the most important management functions
is related to the possibility of reliable control of process
parameters and indicators. A comparative analysis of the
vocabulary in the area of the DS population found out
thatinthe array of 1995-1998, there were only 2 such LUs
(1.89% of the total number of positions) with a menti-
oning frequency equal to 2 (0.94% of the total frequen-
cy); and these are LUs “quality” and “monitoring”. The vo-
cabulary of 2010-2019, on the contrary, is distinguished
by a wider set of estimated DS parameters. These are
such properties as “quality”, “efficiency”, “accessibility”,
“satisfaction”, as well as the vocabulary of the evaluation
process itself — “monitoring”, “indicators”, “indices” and
others. In total, 9 positions (2.95%) of LUs were identi-
fied with a total frequency of 41 mentions (2.26% of the
total frequency in the array). The most frequently men-
tioned LUs were “quality” (12 times) and “efficiency” (10
times). As a rule, in the context of relevant publications,
the evaluation aspects of preferential provision of the
population with medicines were discussed.

A special area of the studied lexical arrays is formed
by a medical vocabulary. This area includes such LUs as
“patients”, “medical technologies”, “treatment”, “diag-
nostics”, etc.; the second part of LEs are the terms de-
noting nosologies, for example, “asthma”, “diabetes”,
“pneumonia”, etc. In general, a significant reduction
in the percentage of medical LUs and the frequency of
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their use in the titles of publications was found, respec-
tively, from 16.47% to 8.53% in terms of the number of
LUs, and from 15.96% to 10.26% in terms of frequency.
In absolute terms, these figures had increased by 2020.

The phenomenon of synonymy in the both studied
vocabulary arrays are of particular interest (Tables 3 and
4). The analysis of the publications contexts in which,
e.g., the terms “pharmaceutical care”, “drug care” are
used, showed that it was about providing the population
with medicines.

When comparing the data in Tables 3 and 4, it was
established that over time the number of synonyms had
decreased from 7 to 5, and the use of the term “DS”
had increased in absolute and relative terms — from 32
(71.11%) over the period 1995-1998 up to 255 (74.13%)
in 2010-2019. This means that the term “DS” is gra-
dually being recognized by an increasing number of re-
searchers as the only one correct.

A noticeable increase in the use of the term “DS” is
due to its formation and development within this cluster
in 2010-2019. This LU subgroup is associated with the
guaranteed provision by medicines to certain categories
of citizens who are entitled to state social assistance,
including free drug provision. In this array, that is con-
firmed by the appearance of the following characteristic
LUs: “additional drug provision”, “citizens”, “financing”,
“beneficiaries”, “persons”, etc.

Thus, a comparison of the structure and composi-
tion of lexical arrays for two periods separated by more
than ten years, made it possible to establish the direc-
tions the system of providing the population with med-
icines had developed, and what vocabulary had been
consistently mentioned in these years along with the
term “DS”. The identified features of the vocabulary,
form the basis for constructing a schema of the subject
area of the term DS in the form of a concepts cluster.

Formation and characteristics of concept “DS”

modern cluster

Arranging the analyzed arrays according to the men-
tioning frequency of the LUs made it possible to form
two corresponding ratings. Grouping of LUs by a men-
tioning frequency, together with the term “DS” and an
interval of 10, made it possible to identify the structure
of clusters of the DS subject areas by 1999 and 2020.
Due to a large volume of ratings, Table 5 shows only 15
positions with the highest frequency.

It was established that by 1999, the cluster of the
DS concept had two hierarchical levels: at the first level,
there were 2 LUs — “sick” (a mentioning frequency of 15)
and “population” (14); at the second level, there were
19 LUs with a mentioning frequency from 3 to 10 — “sys-
tem(s)”, “conditions” (9 of each), “city(cities)”, “organiza-
tion” (process), “improvement”, “insurance” (6 of each)
and other LUs.

A small number of cluster levels is most likely due to a
limited selection of publications and, consequently, relat-
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ed vocabularies. The second reason may be the decrease
in the number of the studies on the functioning of the
drug supply system for the population in the mid-1990s.

By 2010-2019, the cluster of the DS concept had
developed to a significantly larger number of levels — 8,
while the numerical values of the mentioning frequen-
cy had increased notably. So, at level 1, there was one
word — “population” — with a frequency of 74; at level 2,
there were two LUs, “sick” and “systems” (69 of each);
at level 3, there were also two LUs — “region(s)” as a ter-
ritorial unit and “analysis” (the frequency of 58 and 57,
respectively). As the hierarchical level increased, so did
the number of LUs at it. In particular, at level 7, there
were 24 LUs with a mentioning frequency from 11 to 20,
and at the highest level, 8, there were already 74 LUs
with a mentioning frequency from 3 to 10.

Thus, the clusters of the DS concept subject area
based on the vocabulary of the two periods differ signifi-
cantly in structure and in composition; as evidenced by
the data shown in Table 5, they have many identical LUs.
In the vocabulary of 2010-2019, which is a part of the
first 25% quartile, there are 21 LUs (28%) from the array
of 1995-1998. Taking into account this fact it was con-
sidered expedient to combine these two quartiles and
make up a modern cluster of the DS concept based on
a new vocabulary array. It is also noteworthy that both
25% quartiles contain more than 60% of LUs positions.

The third (combined) set of the analytical data in-
cluded 124 LUs with a mentioning frequency from 3 to
88. When grouping LUs by frequency with an interval
of 10, 9 hierarchical levels were formed. Fig. 1 shows a
statistical distribution of LUs by the established levels (a
blue curve), which is described by an exponential curve
using the formula (1):

y = 02443057 (1)

Herewith, the accuracy of the approximation is high
(R? = 0.8628).

Fig. 2 shows a graphical model of the DS concept
united cluster as of 01/01/2020, built at hierarchical
levels, taking into account the strength of relationship,
i.e. the joint mentioning frequency of LUs with the title
term.

Fig. 2 shows the closest relationship of the DS term
with the following LUs: “population” (the strength of
relationship, i.e. the frequency of the joint mentioning,
is 88) and “sick” (84), located at level I. This fact takes
place in all two arrays of the vocabulary, retaining its
significance for almost 25 years, and, therefore, the LUs
“population” and “sick” serve as keys, cluster-forming
elements of the DS concept subject area. In this regard,
in the authors’ opinion, it is incorrect to use the term
DS to refer exclusively to the processes of providing re-
imbursement medicines to the population or certain
citizens categories. As this study showed, a preferential
provision is only one of the concepts that form the DS
concept, and, in turn, is not an elementary (simple) con-
cept either.
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The numerical values of the strength of relationship
close to the first level of the cluster hierarchy, were re-
vealed for the LUs “system” (78), which was a part of the
second level. The third cluster level remained unfilled,
while level IV included such LUs very close to it as “re-
gion” (an administrative-territorial unit) and “analysis”,
which have frequency co-citation indicators equal to 60.

The vocabulary denoting processes, activities, is at
level V. These are the words “optimization” and “im-
provement” with the strength of relationship each equal
to 45. The LUs occupying level VI - “citizens”, “programs”,
“organization” (process), “categories”, “assistance” with
the strength of relationship in the range of 31-40, comp-
lete the formation of the concepts zone most closely re-
lated to the “DS” term (this is confirmed by the horizon-
tal section of the curve in Fig. 1). Due to such a limitation
of levels, it is advisable to speak of the “core of the clus-
ter”, which includes hierarchy levels from | to V, as the
most stable part of the lexical array in terms of composi-
tion, which it is advisable to rely on when developing the
definition of the DS concept.

Based on the foregoing, a mechanism for the for-
mation of a “cluster core” was developed. A new vo-
cabulary first appears at level IX and can quickly gain a
foothold there or quickly go to level VIII (the area of a
sharp rise on the exponential curve in Fig. 1); this is the
vocabulary operational part of the system for providing
the population with medicines. “Borderline” level IX is
characterized by the vocabulary that actively penetrates
the cluster as it is necessary to promptly solve new orga-
nizational and managerial tasks, set by the state for the
healthcare system or arising from the practical need for
such measures, in the field of providing the population
with medicines.

The vocabulary composition at levels VI and VIl is
also characterized by a variability (the zone of the rise
beginning in Fig. 1), representing a kind of “filter” for
new words and concepts that come from levels IX and
VIl and migrate over time to the higher cluster levels.

Thus, it can be concluded that the DS concept clus-
ter has a dual structure. On the one hand, this is a hierar-
chical multi-level structure, which is based on the group-
ing of LUs according to the strength of relationship (a
mentioning frequency) with a given interval, and makes
it possible to assess the development degree of the sub-
ject area under study, based on the number of levels. On
the other hand, there are 3 zones in the cluster, conven-
tionally named as “core”, “filter” and “border”. This type
of structure takes into account the distribution nature
of the number of LUs by levels and the correspondence
of the identified conditional zones to the sections of the
exponential curve.

Study Limitation

The presented review limitation of the subject field
is in the absence of the quality evaluation of the scienti-
fic articles, reports and other materials used in the study.
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Besides, the evidence base was limited only by the con-
texts of these publications titles. Thus, the conclusion
drawn from the results of the cluster analysis is based on
the available scientific writings, and not on their intrinsic
quality or strength of evidence.

CONCLUSION

The results of the study indicate the effectiveness
of the applied methodological approach to the quanti-
tative assessment, analysis of the state and dynamics of
the subject area development of a large complex phar-
maceutical DS concept.

Taking into account the aim and objectives of this
study, it should be concluded that the multi-level structure
of the DS concept subject area is to a more extent cha-
racterized by scientific research reflecting a high degree of
socio-economic significance of the objects under study, as
well as practical interest in specific problems in the field of
pharmaceutical activities and proposals for their decision.

The subject area content of the studied concept is
characterized by the methodological conceptual level
of accumulated pharmaceutical knowledge, which de-
scribes the most stable elements that allow us to formu-
late an adequate DS definition.
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Nigella sativa L. is a promising plant object, herbal medicinal raw materials of which can be comprehensively used for the
development of drugs with an antimicrobial activity.

The aim of the study was to screen and compare the antimicrobial activity of water-ethanolic extractions from the Nigella
sativa L. herbs with a eucalyptus tincture of as a reference preparation.

Materials and methods. Chromatograms of the extracts were obtained by thin layer chromatography in the system of chlo-
roform — ethanol — water (26:16:3). The detection of adsorption zones was carried out in daylight, in the UV light at A=254
nm and A=365 nm, as well as by treatment with reagents — a 3% alcohol solution of aluminum chloride and a solution of di-
azobenzosulfonic acid in a 20% sodium carbonate solution. The next step was to determine the minimum inhibitory concen-
tration by the method of double serial dilutions in Mueller-Hinton nutrient broth (Bio-Rad, USA). As test cultures, the strains
of the American Type Culture Collection (ATCC) microorganisms were used: Staphylococcus aureus (ATCC 29213), Escherichia
coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), as well as Candida albicans (a clinical strain). Simultaneously, an
experiment to establish a “negative” control was carried out. For the comparative evaluation of the studied samples activity,
its activity was compared with the reference preparation with a proven antimicrobial activity — a eucalyptus tincture.
Results. For all water-ethanolic extractions and the Nigella sativa L. herb tincture, the adsorption zones characteristic of
flavonoids with Rf1 =0.28, Rf2= 0.15, Rf3 =0.11 were revealed, and under the action of an alcoholic solution of aluminum chlo-
ride, the fluorescence of the adsorption zones was also enhanced, which indicates the phenolic nature of these compounds.
In the course of the study, it was found out that all water-ethanolic extractions from the Nigella sativa L. herbs have the
greatest antimicrobial effect against the Pseudomonas aeruginosa strain. When compared with the reference preparation—a
eucalyptus tincture, it was notified that the specified tincture of the Nigella sativa L. herbs has an advantage in the antimicro-
bial activity over the strain of Pseudomonas aeruginosa — the action at the 16-fold dilution vs the 4-fold dilution. The action
on the Escherichia coli and Candida albicans strains is comparable for the both tinctures.

Conclusion. The obtained results of phytochemical and microbiological analyses will be used as a rationale for the introduc-
tion of antimicrobial preparations based on the Nigella sativa herbs in medical and pharmaceutical practice.

Keywords: Nigella sativa L.; herbs; water-ethanolic extractions; tincture; minimum inhibitory concentration; antimicrobial
activity

Abbreviations: ATCC — American Type Culture Collection; CLSI — Clinical and Laboratory Standards Institute; MRS-strains
— methicillin-resistant Staphylococcus; MRSA — methicillin-resistant Staphylococcus aureus; SP RF XIV ed. — State Pharmaco-
poeia of the Russian Federation XIV edition; CFUs/ml — Colony forming units/ml; MIC — minimum inhibitory concentration;
Gs — Guidelines; N. — Nigella L. (eg. N. sativa).
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YepHyLwKa noceBHas — Nigella sativa L. ABnseTca NnepcnekTUBHbIM PacTUTE/IbHbIM OO bEKTOM, IEKAPCTBEHHOE PacTUTE/IbHOE
Cblpbe KOTOPOM MOKET HbITb KOMMIEKCHO MCMO/Ib30BaHO A/ Pa3paboTKM NpenapaToB C aHTUMMUKPOBHOW aKTUBHOCTbIO.
Lienb. MpoBeaeHe GUTOXMMUYECKOTO CKPUHUHTA U CPAaBHEHUS aHTUMUKPOBHOW aKTMBHOCTU BOZAHO-CMUPTOBbIX M3B/IEYe-
HWI TpaBbl YepHYLIKK noceBHow (Nigella sativa L.) c npenapaTom cpaBHeHWA — HAaCTOMKOM 3BKaMMTa.

Martepuanbl U meToabl. MeToa0M TOHKOC/IOMHOM XpomaTtorpadum B cucteme x10podopm — 3TaHON — BOAaA (26:16:3) 6biam
nosy4YeHbl XpOMaTorpammbl M3BneveHui. [leTeKTMpoBaHME 30H aacopbuun NpoBoANNOCL NPU AHEBHOM CBeETE, B YP-cBeTe
npu A=254 Hm 1 A=365 HM, a TakKe 06paboTKOI peakTMBaMMK — CNUPTOBLIM pacTBopom antomunua (l1l) xnopuaa 3% u pac-
TBOpPOM Amra3obeH3ocynbdoKkmcnoTbl B 20% pacTBope HaTpus KapboHaTa. [anee npoBoAMAOCh onpeseseHe MMHUMAIbHOM
WNHIMBUPYHOLLE KOHLEHTPaLMM METOA0M ABOMHbIX CEPUMHBIX pa3BedeHui B nuTaTesbHOM bynboHe Mionnepa-XMHTOHA
(Bio-Rad, CLUA). B KayecTBe TecTOBbIX Ky/bTyp 6blM MCMOMb30BaHbI WTaMMbl MUKPOOPTraHM3MOB AMEPUKAHCKOM KONEK-
Lmm TUNoBbIX KynbTyp (ATCC): Staphylococcus aureus (ATCC 29213), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853), a makxe Candida albicans (kKnuHnyeckuit wutamm). MapannensHo NPOBOAUAN ONMbIT A5 MOCTAHOBKM «OTpULLA-
TE/IbHOrO» KOHTPOAA. [/1 CPaBHUTENbHOM OLIEHKM aKTMBHOCTU M3y4aeMbIX NPO6 COMOCTaBAAAN aKTUBHOCTb C NMPenapaTom
CpaBHEHWA — HACTOMKOM 3BKaANMTA C AOKA3aHHON aHTUMUKPOBOHOM aKTUBHOCTLIHO.

Pesynbtarthl. [11a BceX BOAHO-CMUPTOBbIX M3BEYEHUI M HACTOMKM TPaBbl YEPHYLLIKM NMOCEBHOM BbIAB/IEHbI XapaKTepHble ans dna-
BOHOWAOB 30HbI aacopbumm ¢ Rf, = 0,28, Rf, = 0,15, Rf, = 0,11, Takxe o AeicTBMEM CNMPTOBOrO pacTBopa antomunua (l1l) xnopu-
A3 3% npowncxoguT yeunenue ayopecLeHLmm 30H aAcopbLmm, YTo FrOBOPUT 0 GeHONbHOW NPUPOAE AAHHbIX COEAUHEHWA.

B xofie NpoBeAeHHOTro MUKPOBUONOTMYECKOTO NCCNEA0BaHNUSA YCTAHOBNEHO, YTO BCE BOAHO-CMUPTOBbIE U3BNEYEHMUSA TPaBbl
YEPHYLKN NOCEBHOM OKa3blBatOT HAaMBONbLININ aHTUMUKPOBHbIN 3dGEKT B OTHOLEHUN WTamMma Pseudomonas aeruginosa.
OTMeueHO, YTO NMpenapaT — HacToMKa TPaBbl YEPHYLLKM NOCEBHOWM Ha 70% cnMpTe STUI0BOM MMEET NPEUMYLLECTBO MO aHTU-
MMKPOBHOW aKTUBHOCTM K WTammy Pseudomonas aeruginosa — delicmeue npu 16-T1 KpaTHOM pasBeAeHUMU NPOTMB 4-KpaT-
HOTO Y HAaCTOMKM 3BKanunTa. Jencteme Ha wrtammbl Escherichia coli v Candida albicans cpaBHUMO Ans 06enx HacToek.
3akntoueHue. MonyyeHHble pesynbTatbl PUTOXMMUYECKOTO M MUKPOBMONOTMYECKOro aHaaM3a byayT MCNOIb30BaHbI B Kaye-
cTBe 060CHOBAHWA 418 BHEAPEHUA aHTUMUKPOBHBIX MPENapaToB Ha OCHOBE TPaBbl YEPHYLLKM MOCEBHON B MEAMULMHCKYIO U
bapmaLeBTUYECKYIO NPaKTUKY.

KnioueBble cnoBa: YepHyluka nocesHas; Nigella sativa L.; TpaBa; BOAHO-CMIMPTOBbIE M3BEYEHUA; HACTOMKA; MUHMMa/IbHAsA
MHIMBUPYHOLLAA KOHLLEHTPALMSA; aHTUMUKPOBHasA aKTUBHOCTb

Cnucok cokpaweHmii: ATCC — AMepuKaHCKas Konekuma TunoBbix KyabTyp (American Type Culture Collection); CLSI — UK-
CTUTYT KAMHMYECKMX M nabopaTtopHbix ctaHgapTos (Clinical and Laboratory Standards Institute); MRS-wtammbl — MeTULNA-
JIMH-pe3uncTeHTHble cTadunokokkn (Methicillin-resistant Staphylococcus); MRSA — METULMNANHPESUCTEHTHBIN 30/10TUCTbIMN
cradumnokokk (Methicillin-resistant Staphylococcus aureus); T® PO XIV u3g,. — locynapcTBeHHas dpapmakones Poccuiickoi
depepaunn XIV nsganusa; KOE/mn — konoHneobpasyrowme eanHuLbl; MUK — MUHUMaIbHaA MHIMBUPYIOLLAA KOHLEHTPaLUMS;
MVYK — meToguueckue ykasaHus; N. — Nigella L. (H-p, N. sativa).

INTRODUCTION

The creation of new antimicrobial drugs based on
herbal raw materials, has always been and remains an
urgent task of modern pharmacy. The proliferation of
various new viral and microbial infections does not make
possible a stable improvement in the quality of life and
health of people and in many ways aggravates the course
of other associated diseases in patients. Currently, the
increase in antimicrobial resistance poses a serious dan-
ger, which consists in the reduction of the effectiveness
of measures for the prevention and treatment of human
infectious diseases [1-3].

The species of Nigella L genus have been used in folk
medicine as promising medicinal and food plants since
ancient times and are of great interest [4-6]. The genus
Nigella L. consists of 24 species growing in the Mediter-
ranean, southern and southeastern Europe, the Cauca-
sus, Asia Minor and Central Asia, North Africa; about 11
species are distributed in the Commonwealth of Inde-
pendent States [7, 8].

In modern medical practice, the N. damascena L.
seeds and N. sativa L are mainly used. In the world
publication stream, there is quite a lot of informa-
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tion about the pharmacological activity of various
groups of biologically active compounds contained
in the seeds and, respectively, in the Nigella saliva L.
seeds oil. There is a high content of unsaturated fatty
acids in the fatty oil, a high thymoquinone content and
the presence of nigellone as components of the es-
sential oil, carbohydrates, as well as lipolytic enzymes
[6, 8-10].

The most studied are the Nigella L. seeds as well as
the fatty oil obtained from them by cold pressing. It is re-
ported that the Nigella L. essential oil has a strong anti-
bacterial activity against Gram-positive (Staphylococcus
aureus) and Gram-negative (Pseudomonas aeruginosa
and Escherichia coli) bacteria [11, 12]. It has also a syner-
gistic effect in combination with streptomycin and gen-
tamicin, while its additive effect is manifested in com-
bination with spectinomycin, erythromycin, tobramycin,
doxycycline, chloramphenicol, nalidixic acid, ampicillin,
lincomycin and co-trimoxazole, and is similar to topical
mupirocin [11]. The activity against many multiresistant
resistant Gram-positive and Gram-negative bacteria has
also been described [11-14]. The researchers believe
that these antimicrobial properties are due to the high
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content of thymoquinone, particularly, thymohydroqui-
none [12-15].

The extractions from the seeds of Nigella L. can
be used as an antimalarial and antiviral agents [16].
The recent studies of a number of scientists showing a
great promising character of Nigella L. in the prevention
and treatment of COVID-19, are of particular interest.
That confirms the uniqueness of this plant once again
[17, 18].

In view of the proven spectrum of antimicrobial
activity for seeds and, accordingly, for the N. sativa L.
oil, from the complex processing perspective of raw ma-
terials, it seems appropriate to study the antimicrobial
properties of water-ethanolic extractions and prepara-
tions based on the N. sativa L herb. These studies will
expand a spectrum of representations about the N. sati-
va L. pharmacological activity and evaluate the possibi-
lity of using this object in the creation of domestic drugs
used in the antibacterial therapy.

For the objective assessment of the antimicrobi-
al activity of the studied raw materials, it is necessary
to conduct a screening analysis of water-ethanolic ex-
tractions and determine the minimum inhibitory con-
centration (MIC) in relation to the main clinically sig-
nificant strains of the microorganisms. Comparing the
activity with the reference preparation — a eucalyptus
tincture®?, for which antimicrobial properties, including
the ones against the MRS strains, have been proven,
should be also carried out. [19, 20].

THE AIM of the study was to screen and compare
the antimicrobial activity of water-ethanolic extractions
from the Nigella sativa L. herbs with a eucalyptus tinc-
ture as a reference preparation.

MATERIALS AND METHODS

The objects of the study were experimental N. sativa
L. water-ethanolic extractions at various concentrations
of a chemically pure ethanol grade (40%, 70%, 96%)
(alcohol 96%, CISC “Hippocrat”, Russia, Samara, series:
360919) in the raw materials. For the selection of the
ethyl alcohol concentration, the raw materials-to-the ex-
tractant ratio was 1:30. The N. sativa L. tincture was also
obtained with 70% ethyl alcohol in the materials-to-the
extractant ratio of 1:5 by fractional maceration with the
inclusion of the final thermal stage — 0.5 hours at the
temperature of 70°C.

The required alcohol concentrations of were ob-
tained by diluting 96% alcohol according to Table No. 5
of the appendix to the State Pharmacopoeia of the Rus-

! State Register of Medicines. Available from: https://www.rlsnet.ru/
tn_index_id_5478.htm.

2 State Pharmacopoeia of the Russian Federation, XIV edition. Ministry
of Health of the Russian Federation. Vol. 1-4, 2018. Available from:
https://femb.ru/record/pharmacopeal4.
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sian Federation XIV edition (SP RF XIV ed.)®. For most
flavonoid-containing plants, the optimal extractant is
70% ethanol, since this concentration of ethyl alcohol
allows the maximum amount of flavonoids in the plant
to be extracted and has a better penetrating ability into
the deep layers of the epidermis compared to higher
concentrations [21]. In addition, compounds of the ter-
penoid nature also pass into the liquid phase, it was
found in the course of the preliminary phytochemical
studies.

Analyzed samples of raw materials

The N. sativa L. herb was harvested from July to
August 2021 in the Ulyanovsk region, the Cherdak-
ly district, Cherdakly). N. sativa L. commercial seeds
(«Nora zdorov’ya», the habitat is Egypt) were used for
cultivation. From the position of the phytochemical
analysis results of various samples by their origin and
places of harvesting, this raw material was chosen as
the most valuable relative to the content of phenolic
and terpenoid compounds, and also as perspective for
the industrial cultivation in the European part and the
south of Russia. The species specificity of the analyzed
objects was also confirmed using determinants and a
plant atlas®.

Reference preparation

The reference preparation with the established anti-
microbial activity was a eucalyptus tincture in 70% ethyl
alcohol of a commercial production in a bottle of 25 ml
(LLC “Hippocrat”, series: 010620, the date of production:
01.06.2020, the expiration date: 5 years).

Test cultures

The following strains of the American Type Cultures
Collection (ATCC) were used as test cultures: Staphy-
lococcus aureus (ATCC 29213), Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 27853), as well
as Candida albicans (clinical strain). A clinical strain of
Candida albicans was isolated from a patient’s sputum
with bronchopulmonary pathology at “Samara State
Medical University Clinics”, the structural subdivision
of Samara State Medical University. The study was con-
ducted in accordance with the approval of the Bioethics
Committee at Samara State Medical University (protocol
No.196 dated October 31, 2018).

Research methods
For the primary phytochemical analysis of the stud-

3 bid.

* Nigella sativa L. Plantarium. Plants and lichens of Russia and
neighboring countries: open online galleries and plant identification
guide. Available from: https://www.plantarium.ru/lang/en/page/
view/item/25118.html
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ied extracts composition, the thin-layer chromatography
(TLC) method was used, which was carried out in accor-
dance with GM.1.2.1.2.0003.15 “Thin-layer chromatog-
raphy” of the SP RF XIV ed.>.

The TLC was carried out using Sorbfil PTSKh-AF-A-
UF chromatographic plates; 0.02 ml of water-ethanolic
extractions and the Nigella sativa herbs tincture were
applied with a micropipette. Nearby, a witness solution
was applied with a micropipette — a standard sample
(SS) of rutin, which met the requirements of the SP RF
XIV ed., and was provided for research by the Center for
Collective Use of the Institute of Pharmacy of Samara
State Medical University. The determination was carried
out in the chloroform — ethanol — water (26:16:3) sys-
tem. The resulting chromatogram was viewed in the UV
light at A=254 nm and A=365 nm, it was also treated with
a 3% alcohol solution of aluminum chloride (AICI,) and
a solution of diazobenzosulfonic acid in a 20% sodium
carbonate solution (DSA).

The minimum inhibitory concentration (MIC) was
determined by the method of double serial dilutions in
broth (a tube test, a macro method) in accordance with
the methods described in “Guidelines” (G) 4.2.1890-04°.
The method of double serial dilutions in comparison
with a diffusion method allows a qualitative assessment
of the antimicrobial effect presence by a visual assess-
ment in comparison with the standard, and the deter-
mination of the minimum inhibitory concentration of
the studied sample, which slows down the growth of
the microorganisms strains under study. Mueller-Hinton
nutrient broth (Bio-Rad, USA) was used as a nutrient me-
dium [22].

Methods

Testing of the samples under study was carried out
in the volume of 1 ml of each sample dilution in wa-
ter-ethanolic extractions.

Preparation of working solution

To determine the sensitivity, 0.5 ml of the nutri-
ent broth was poured into each tube. In addition to
the number of tubes required to dilute the sample,
one tube was used to set up a “negative” control.
A working solution of a test sample was prepared
from a stock solution using a liquid nutrient medium
(Mueller-Hinton nutrient broth). The concentration

5 State Pharmacopoeia of the Russian Federation. Ministry of Health of
the Russian Federation. XIV edition. Vol. 1-4, 2018.

5 Determination of the sensitivity of microorganisms to antibacterial
drugs. Guidelines. Guidelines 4.2.1890-04. Clinical microbiology and
antimicrobial chemotherapy. 2004; 6 (4): 306—359. (The guidelines
were approved and put into effect by the Chief State Sanitary Doctor of
the Russian Federation — First Deputy Minister of Health of the Russian
Federation G.G. Onishchenko, March 4, 2004.)

Tom 10, Beinyck 3, 2022

of the working solution was calculated based on the
required maximum concentration in a series of
dilutions, taking into account the dilution factor of the
drug during the subsequent inoculation.

Using a micropipette with a sterile tip, the working
solution in the amount of 0.5 ml was introduced into
the first tube containing 0.5 ml of broth. Then it was
thoroughly mixed up, and with a new sterile tip, 0.5 ml
of the test solution in the broth was transferred into
the second tube containing initially 0.5 ml of broth.
The procedure had been repeated until the entire re-
quired dilution series was prepared. 0.5 ml of the broth
was removed from the last test tube. Thus, a number
of test tubes with the solutions of the tested samples
of the water-ethanolic extractions were obtained, the
concentrations of which differed in the adjacent test
tubes by a factor of 2. Simultaneously, additional se-
ries of serial sample dilutions were prepared for testing
control strains.

Inoculum preparation

For the inoculation, a standard microbial suspension
was used. According to McFarland’s standard, it was
equivalent to 0.5 units diluted 100 times in the nutrient
broth. After that, the concentration of the microorgan-
ism in it would be approximately 10° CFUs/ml. 0.5 ml of
inoculum was introduced into each tube containing 0.5
ml of the corresponding dilution of the test sample, and
into one tube with 0.5 ml of nutrient broth without a
sample (a “negative” control). The final concentration
of the microorganism in each tube reached the required
concentration of about 5x10° CFUs/ml. The inoculum
was introduced into the test tubes with the sample di-
lutions not later than 15-30 min from the moment of its
preparation.

The tubes were closed with sterile gauze and
cotton stoppers, and all the tubes with the tested
strains, except the tube with the “negative” control,
were incubated at 35°C for 20-24 hours. The tube
with the “negative” control was placed in a refriger-
ator at 4°C, and stored until the results were taken
into account.

Assessment of microorganisms growth

To determine the presence of the microorganisms
growth, the test tubes with inoculations were viewed in
the transmitted light. The growth of the culture in the
presence of the test sample was carried out by the com-
parison with the tube of the “negative” control contain-
ing the original inoculum and stored in the refrigerator.
The MIC was determined by the lowest concentration of
the test sample, which suppresses the visible growth of
the microorganisms.
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Figure 1 — Chromatogram of the analysis of water-ethanolic extractions and N. sativa L. herb tincture
Note: A — detection in UV light at 365 nm; B — detection in UV light at 254 nm. 1 — 40% water-ethanolic extraction; 2 — 70% water-ethanolic

extraction; 3 — 96% water-ethanolic extraction; 4 — N. sativa L. herb tincture; 5 — SS rutin.

Figure 2 — Chromatogram of the analysis of water-ethanolic extractions and N. sativa L. herb tincture
Note: A — detection in UV light at 365 nm after AICI, treatment; B — detection after DSA treatment. 1 — 40% water-ethanolic extraction; 2 — 70%
water-ethanolic extraction; 3 — 96% water-ethanolic extraction; 4 — N. sativa L. herb tincture; 5 — SS rutin.

S. aureus E. coli P. aeruginosa C. albicans

w

Dilution ratio
N

[y

Extraction No.1 Extraction No.2 Extraction No.3  ® Tincture No.1 ® Tincture No.2

Figure 3 — Comparative diagram of the antibacterial activity of water-ethanolic extractions of N. sativa L. herbs

and the reference preparation
Note: extraction 1 —40% water-ethanolic extraction; extraction 2 — 70% water-ethanolic extraction; extraction 3 — 96% water-ethanolic extraction;

tincture 1 — N. sativa L. herbs tincture; tincture 2 — eucalyptus tincture.
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Table 1 - Testing results of extractions from N. sativa L. herbs and reference preparation

Dilution ratio
Object 1 2 3 4 5 6 7
1:2 1:4 1:8 1:16 1:32 1:64 1:128
Staphylococcus aureus
40% N. sativa L. herbs - - + + + + +
70% N. sativa L. herbs - - - + + + +
96% N. sativa L. herbs - - - + + + +
70% N. sativa L. herbs tincture - - + + + + +
70% eucalyptus tincture (reference preparation) - - - - + + +
Escherichia coli
40% N. sativa L. herbs - - + + + +
70% N. sativa L. herbs - - - + + +
96% N. sativa L. herbs - - - + + +
70% N. sativa L. herbs tincture - - - - + + +
70% eucalyptus tincture (reference preparation) - - - - + + +
Pseudomonas aeruginosa
40% N. sativa L. herbs - - - + + + +
70% N. sativa L. herbs - - - - + + +
96% N. sativa L. herbs - - - - + + +
70% N. sativa L. herbs tincture - - - - + + +
70% eucalyptus tincture (reference preparation) - - + + + + +
Candida albicans
40% N. sativa L. herbs - - + + + +
70% N. sativa L. herbs - - - + + +
96% N. sativa L. herbs - - - + + +
70% N. sativa L. herbs tincture - - - - + + +
70% eucalyptus tincture (reference preparation) - - - + + + +
Note: "+" — presence of microorganism growth; "-" — absence of microorganism growth.
Table 2 — Minimum inhibitory concentrations of ethanol (“negative” control)
Dilution ratio
Object 1 2 3 4 5 6 7
1:2 1:4 1:8 1:16 1:32 1:64 1:128
Staphylococcus aureus
40% ethanol - - + +
70% ethanol - - - +
96% ethanol - - - +
Escherichia coli
40% ethanol - - - +
70% ethanol - - - +
96% ethanol - - - +
Pseudomonas aeruginosa
40% ethanol - - + +
70% ethanol - - - +
96% ethanol - - - +
Candida albicans
40% ethanol - - -
70% ethanol - - -
96% ethanol - - -

Note: "+" presence of microorganism growth; "=" — absence of microorganism growth.
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Assessment of experimental results

The results were assessed visually by the presence/
absence of the microorganisms growth in the test tubes
with the appropriate dilutions of the test samples. The
minimum inhibitory concentration was the lowest con-
centration of the studied sample, which completely
suppressed the growth of the microorganisms strain.
Herewith, according to the requirements of the “Guide-
lines” (Gs. 4.2.1890-04)” for determining the sensitivity
of microorganisms to the antibacterial drugs, as well as
the recommendations of the Performance Standard for
Antimicrobial Susceptibility Tests (Clinical and Laborato-
ry Standards Institute (CLSI)®. The presence of turbidity
and the detection of a small number of microorganisms
(one colony) were not taken into account when register-
ing the experimental result. The experiment was repe-
ated three times.

RESULTS

The results of the qualitative chromatographic study
revealed a number of features of the chromatographic
profiles of the studied objects. For all the water-etha-
nolic extractions and the N. sativa herbs tincture, the ad-
sorption zones typical for flavonoids of dark yellow and
green color with Rf, = 0.28; Rf, = 0.15; Rf, = 0.11, were
revealed (Fig. 1). It is notified that the most informative
are the chromatograms viewed at the wavelength of
365 nm before and after the treatment with an alcohol
solution of AICI, and DSA (Fig. 2). Under the action of
the AICI3 alcohol solution, the fluorescence of the ad-
sorption zones increases, indicating the phenolic nature
of these compounds. The DSA solution oxidizes organic
compounds from yellow-orange to brick red in the visi-
ble light (Fig. 2).

The rutin adsorption zone had Rf = 0.20, which is
close to the corresponding Rf values in the studied ob-
jects, especially in the N. sativa herbs tincture. Herewith
it is noted that more adsorption zones of various kinds of
nature are observed in the N. sativa herbs tincture. And
the intensity of these zones glow is higher in 70% of the
water-alcohol extract and the N. sativa herbs tincture,
respectively.

The antimicrobial activity screening of water-ethano-
lic extractions from the N. sativa L. herb, and comparing
them with the eucalyptus tincture (a reference prepara-
tion), made it possible to obtain the following data.

When testing 40% of the water-ethanolic extraction
(1:30) from the N. sativa L herbs, the antimicrobial acti-
vity against the S. aureus, E. coli and C. albicans strains

7Ibid.

8 Clinical and Laboratory Standards Institute (CLSI). Performance
Standards for Antimicrobial Disk Susceptibility Tests. 13th ed. CLSI
standard MO02. Clinical and Laboratory Standards Institute, 950 West
Valley Road, Suite 2500, Wayne, Pennsylvania 19087 USA, 2018.
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in a four-fold dilution, as well as against the P. aerugino-
sa microorganism in an eight-fold dilution was observed
(Table. 1). When comparing 40% of the water-ethano-
lic extraction with the “negative” standard (a minimum
inhibitory concentration for 40% water-ethanol), there
was a slight difference in the antimicrobial activity be-
tween the test sample and the “negative” standard,
which showed a slightly higher activity against E. coli and
C. albicans (Table 2). This fact indicates that there is no
contribution of the complex of biologically active com-
pounds available in the extract, to the pharmacological
effect at the given extraction concentration.

For a 70% water-ethanolic extraction (1:30) from
the N. sativa L. herbs, the antimicrobial activity was
expressed against the S. aureus, E. coli and C. albicans
strains in the eight-fold dilution; against P. aeruginosa —
in the 16-fold dilution (Table 1). When compared with
the “negative” standard of ethanol at the 70% concen-
tration, there was an increase in antimicrobial prop-
erties and a growth suppression of the P. aeruginosa
microorganisms.

The 96% water-ethanolic extraction from the N. sati-
va L. herbs (1:30) showed a similar antimicrobial activity
in the 70% water-ethanolic extraction: against S. aureus,
E. coli and C. albicans strains — in an eight-fold dilution,
against P. aeruginosa — in a 16-fold dilution.

When compared with the “negative” standard of
ethyl alcohol at the concentration of 96%, a significant
growth inhibition of the P. aeruginosa microorganism
is notified. Respectively, for the concentrations of 70%
and 96% water-ethanolic extraction from the N. sativa L.
herbs (1:30), a significant suppression of the growth of
the P. aeruginosa microorganisms is observed.

The antimicrobial activity of the reference prepara-
tion — the 70% water-alcohol eucalyptus tincture, shows
its high activity against S. aureus and E. coli — reducing
the growth of microorganisms in a 16-fold dilution. A
similar activity in 70% and 96% extractions from the N.
sativa L. herbs against the C. albicans strain in an eight-
fold dilution and a weak activity against the P. aerugi-
nosa strain — suppression of a microbial growth only in
a 4-fold dilution (Table 1). This fact favourably allocates
an action direction of the biologically active substances
based on the N. sativa L. herbs.

The tested 70% N. sativa L. herbs tincture (the
tincture from the N. sativa L. herbs -to-70% ethanol
ratio of 1:5) showed the following results. Similar to
the extractions in 70% and 96% ethyl alcohol, the anti-
microbial effect was observed against the P. aeruginosa
strain in a 16-fold dilution, however, besides this pre-
vailing effect, the antimicrobial effect against the E. coli
and C. albicans strains increased stopping the growth
up to the 16-fold dilution. The effect against the S. au-
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reus strain, on the contrary, slightly decreased to the
4-fold dilution (Fig. 3).

The following results were obtained in the course of
the comparison analysis of the preparation based on the
N. sativa L. herbs tincture and the reference preparation
— the 70% eucalyptus tincture. A higher antimicrobial
effect was observed against the P. aeruginosa and C. al-
bicans strains in the 16-fold dilution in the N. sativa L.
herbs tincture. A similar antimicrobial effect in the stud-
ied tinctures was observed against the E. coli strain; the
eucalyptus tincture showed a higher antimicrobial activ-
ity against the S. aureus strain (Table 1).

DISCUSSION

Currently, one of the serious factors affecting the
drug therapy success of infectious diseases is the in-
creased resistance of pathogenic microorganisms to
antimicrobial agents®. Staphylococci or methicillin-resis-
tant strains (MRSs) deserve special attention and are the
cause of nosocomial and hospital-acquired infections.

Among the methicillin-resistant strains, Staphylo-
coccus aureus (MRSA) is particularly common; its strains
are resistant to many members of the B-lactam antibi-
otic group, including penicillins, cephalosporins, mono-
bactams, carbapenems, etc. [21, 23, 24]. An equally
dangerous strain is the Gram-negative bacterium E. coli,
which is present in the human intestine and can cause
various infectious diseases of the gastrointestinal tract
and urogenital system [25].

The potential of the vegetative plant parts (leaves,
branches, and stem) of N. sativa L. to reduce the load
on the reproductive part (seeds) was also studied by re-
searchers from Pakistan, who performed, in addition to
phytochemical screening, antibacterial and antioxidant
analyses, as well as the GC-MS analysis of superpotent
extracts [26]. The dried plant was subjected to the ex-
traction by the separation method in a series of concen-
trations ranging from 1.562 to 200 mg/ml in different
solvents. The antibacterial analysis was performed on
the pathogenic strains - Clostridium difficile, Pasteurel-
la sp., Pseudomonas aeruginosa, and Xanthomonas sp.
The isolates were subcultured on the plates with nutri-
ent agar and incubated at 37°C for 24 hrs. The analysis
was performed by diffusion into the agar disk [23, 26].
The inhibition zones were measured in the agar wells
containing a plant extract. The analysis was performed
for methanol, chloroform, n-hexane, n-butanol, aqueous
and ethyl acetate extracts at the concentrations of 1.56-
200 mg/ml. The inhibition zones were measured after
24-48 hrs. The results showed that the maximum inhi-
bition zone (40+1.73 mm) was observed for Xanthomo-

° Determination of the sensitivity of microorganisms to antibacterial
drugs. Guidelines. MUK 4.2.1890-04. Russian
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nas stutzeri among all extracts, and a 100 mg/ml chlo-
roform extract caused the maximum inhibition zone for
the growth of Xanthomonas stutzeri bacteria (36+1.26
mm) among all the strains. The chloroform extract at the
concentration of 50 mg/ml also showed a maximum in-
hibition of the bacterial growth, and exactly the same
pattern was observed for all the concentrations, extracts
and bacterial strains [26]. In addition to the above spec-
trum of the pharmacological activity, other authors of-
ten mention antidiabetic and antioxidant activities of
the Nigella sativa L. herbs [27, 28].

Given the fact of previously described studies on the
antimicrobial activity of the extracts from the N. sativa L.
herb, its component composition and the dominant group
of biologically active compounds (BAC) should be also dis-
cussed and clarified. Thus, many researchers refer to the
work by foreign scientists of the Biotechnology Center (Tu-
nisia), which describes the study of the N. sativa L. herbs
by HPLC from absolute methanol extracts. These extracts
identified 14 phenolic compounds with a total content of
215 mg/100 g in the shoots, among which the dominant
group is phenolcarboxylic acids, represented mainly by gal-
lic and vinyl acids [29]. In addition, the authors established
the antimutagenic activity of the studied extracts from the
Nigella sativa L. shoots using Ames test [8, 29].

In the Nigella sativa L. herbs, as described above,
the phenolic compounds are mainly represented by
phenolcarboxylic acids and a sum of flavonoids. Proba-
bly due to the free phenolic hydroxyl groups as in the
gallic acid molecule, they have a potential for the an-
timicrobial activity [30]. The antimicrobial activity of
these compounds was also discussed by the researchers
from Pyatigorsk in the study on the chemical composi-
tion and antimicrobial activity of the dry extract from
the flowers of (Tagetes patula L. The authors explain
the bactericidal effect of the studied extract on the coc-
cus and spore-forming flora, Salmonella gallinarum and
Pseudomonas aeruginosa, and the bacteriostatic effect
against Escherichia coli with a high content of gallic acid
[31]. The authors’ previous phytochemical study of the
Nigella sativa herbs composition by differential and di-
rect spectrophotometry at the wavelengths of 254 and
365 nm, confirms the dominance of phenolic substanc-
es [32]. In addition, the TLC analysis of water-ethanolic
extractions and the N. sativa L. herbs tincture after the
treatment with a specific reagent for flavonoids — an al-
cohol solution of AICI, clearly demonstrates the qualita-
tive composition of the studied samples (Fig. 1, Fig. 2).
The specificity mechanism of the reagent interaction is
due to the formation of bathochromic complexes with
free 3- and 5-hydroxy groups of flavonoids. This fact en-
hances the fluorescence of the corresponding adsorp-
tion zones at the wavelength of 365 nm [33].
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In the course of the screening analysis of the antimi-
crobial activity of water-ethanolic extractions from the
N. sativa L. herbs, the conditions for obtaining the dos-
age form of the tincture were determined. As an extract-
ant for the manufacture of the N. sativa L. herbs tincture
from, a 70% concentration of ethyl alcohol was chosen,
since this concentration is the optimal extractant for this
raw material containing a complex of biologically active
substances of the flavonoid group. It also contains the
extractions of a valuable terpenoid gamma — together
providing the observed antimicrobial effect [23, 26].

The choice in favor of the 70% alcohol concentra-
tion as an extractant for obtaining the N. sativa L. herbs
tincture was made based on the fact that in the dosage
forms with these extraction parameters, the greatest an-
timicrobial effect is observed against the studied strains
of microorganisms, especially against the P. aeruginosa
strain. In addition to the main directed action against
the P. aeruginosa strain, the action against the other
strains — E. coli and C. albicans — is enhanced. Also, the
extracts at the given alcohol concentration have a better
penetrating ability into the deep layers of the epidermis
in comparison with higher and lower alcohol concentra-
tions [21, 32].

Taking into consideration the fact that the N. sativa
L. herb has a large phytomass in comparison with seeds
and is subjected to utilization at the seed collection, its

collection will help to carry out a complex and versatile
use of all the raw materials of the plant and will promote
new medicinal herbal preparations.

CONCLUSION

Therefore, a phytochemical screening and a com-
parative study were carried out to research the antimi-
crobial activity of the experimental water-ethanolic ex-
tractions from the N. sativa L. herbs in vitro, as a result
of which flavonoids were found as the main group of
BAC. An antimicrobial effect was also established on the
pathogenic strains of such microorganisms as P. aeru-
ginosa, E. coli, C. albicans, S. aureus. It was found out
that all the studied samples of the water-alcoholic ex-
tractions from the N. sativa L. herbs give a stable prevail-
ing antimicrobial effect against the P. aeruginosa strain.

The N. sativa L. herbs tincture in the 70% ethyl alco-
hol (1:5) has a specific effect on the-Pseudomonas aeru-
ginosa strain. In the proposed dosage form, the activity
against the Escherichia coli and Candida albicans strains
also increases, which is comparable to the eucalyptus
tincture-used in medical and pharmaceutical practice.
The results obtained in the study can serve as a basis for
the creation of new antibacterial drugs based on the N.
sativa L. herb, as well as for a further implementation of
the preparations from the N. sativa L. tincture in the 70%
ethyl alcohol in medical and pharmaceutical practice.
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In the group of fat-soluble vitamins, vitamin D is one of the most relevant objects, that is why the problem of its technology
optimization is under consideration. In general, there is a number of ways to obtain this substance, although it is not pro-
duced in Russia yet.

The aim of the study was to select optimal process conditions to increase the efficiency of protein transformation with the
isolation of a fat fraction containing fat-soluble vitamin D.

Materials and methods. Various types of fish and the vitamins contained in them are described as the main research models.
Variants of technological solutions have been considered: the possibility of using extraction to obtain the vitamin D substance
has been tested. Classical maceration and intensifying maceration have been used; the circulating extraction method and the
alkaline hydrolysis method have been applied. The yield of the target product has been determined by HPLC.

Results. Methods for obtaining the substance of fat-soluble vitamin D from fish raw materials have been considered in detail.
The optimal technological characteristics of the vitamin release by alkaline hydrolysis with a 12.5% decrease in the concen-
tration of the hydrolyzing alkaline component — potassium hydroxide — has been established; that concentration ensured the
maximum yield of the fat fraction containing vitamin D.

Conclusion. The use of the resulting substance makes it possible to develop domestic standard samples applicable both in
the pharmaceutical field and in the field of technical regulation.

Keywords: fat-soluble vitamins; reference standard; alkaline hydrolysis; maceration; circulating extraction; lean manufac-
turin; raw material processing

Abbreviations: HPLC — high performance liquid chromatography; RS — reference; RF — Russian Federation; BASs — biologically
active substances.

COBEPLUEHCTBOBAHWE TEXHOZTOT'MN NPOU3BOACTBA
UPOPACTBOPUMbBIX BUTAMUHOB
HA BA3E WLETOYHOTO rMAPONTU3A

E.B. Cbicyes?, 3.0. CrenaHoBa?, B.A. HocKkoBa'

depepanbHoe BroaxKeTHOe yupexaeHme «focyaapCcTBEHHbIM PermoHanbHbli LEHTP CTaHAapTU3aLmum,
METPOOrUK U UCNbITaHKUI B CBepasoBcKoi obnactu» (OPBY «YPAJITECT»)

620990, Poccus, 1. EkaTepuHbypr, ya. KpacHoapmelickas, 4. 2a

2MATUrOPCKUIN MeanKo-papMaLLeBTUYECKUIA MHCTUTYT — duanan denepanbHOro rocyaapcTBeHHOro
6toaKeTHOro 06pas3oBaTeNbHOO yYpPEeXKAeHNSA BbiCLIEro 06pa3oBaHUsA

«Bonrorpagckuii rocyfapcTBeHHbIN MegULMHCKUI YHUBEPCUTET»

MuHKUcTepcTBa 34paBooxpaHeHma Poccuninickon degepaumm

3573352, Poccua, 1. [AaTUropck, np-Kt KanmHuHa, a. 11

E-mail: bes555@yandex.ru
MonyyeHa 20.12.2021 MNocne peueHsnposaHua 20.04.2022 MpuHATa K nevatn 01.06.2022

For citation: E.B. Sysuey, E.F. Stepanova, V.D. Noskova. Optimization technology of fat-soluble vitamins production based on alkaline hydrolysis.
Pharmacy & Pharmacology. 2022;10(3):255-266. DOI: 10.19163/2307-9266-2022-10-3-255-266

© E.b. Cvicyes, 3.9. CmenaHosa, B.[]. Hockoea, 2022

Ans untuposanus: E.b. Cbicyes, 3.9. CrenaHoBsa, B.[l. Hockoa. CoBepLueHCTBOBAHME TEXHONOTMU MPOU3BOACTBA XKUPOPACTBOPUMbIX BUTAMU-
HOB Ha 6a3e wenoyHoro ruaponusa. apmayua u papmaronoaus. 2022;10(3): 255-266. DOI: 10.19163/2307-9266-2022-10-3-255-266

Tom 10, Beinyck 3, 2022 255



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

B cTaTbe paccmaTpuBaeTca BONPOC ONTUMM3aLLMK TEXHOIOMMM NPOU3BOACTBA KMUPOPACTBOPUMOro BUTaMuHa D — ogHoro u3
Hanbonee BocTpeboBaHHbIX 06BLEKTOB AaHHOM rpynmbl. [lOKa3aHo, YTO B LLE/IOM CYLLECTBYET pAgL cnocoboB nonyvyeHusa sTon
cybcTaHumm, XoTa B Poccmum oHa Noka He Npor3BoAMTCA.

Lienb. Boibop onTMManbHbIX YCNOBUI TEXHONIOTMYECKOTO NpoLecca A/1A NoBblWeHUA 3GPeKTUBHOCTM TpaHchopmaumn ben-
KOB C BblesieHeM GPaKLLUN KUPA, COAEPKALLEN KMPOPACTBOPUMBbIN BUTamMUH D.

Matepuanbl 1 meTogbl. B KauectBe OCHOBHbIX MoZeNeil nccanefoBaHUA ONUCaHbl PasivyHble BUAbI Pblbbl 1 BUTAMUHBI,
cofeprKalimeca B HUX. PaccMoTpeHbl BapuaHTbl TEXHONOMMYECKUX pPeLLleHnid: anpobrupoBaHa BO3MOXKHOCTb MCMNOAb30BaHMA
3KCTPaKLMK ANA NoayvyeHusa cybctaHummn BuTamuHa D. Bbliv MCNonb30BaHbl KNaccMyeckana malepauma u malepaumsa ¢ UH-
TeHCUUKaLMEN, NPUMEHEH METOZ LUPKYIALUOHHOM SKCTPAKLUM U METOZ, LLeI0YHOro rmapoansa. Beixos uenesoro npo-
LYKTa onpegensany metogom BIKX.

Pe3ynbratbl. MogpobHO paccMOTPEHbl METoAbl NOAYYeHUA CyBCTaHLMM }KMPOPACTBOPMMOro BUTaMMHA D M3 pblBHOrO Cbi-
pbA. YCTaHOBAEHA ONTMMa/IbHAA TEXHONIOTMYECKAA XapaKTEPUCTUKA BbICBODOXKAEHNA BUTAMMHA METOLOM LLLEIOYHOTO FuAa-
pPOIM3a CO CHUMNKEHNEM KOHLLEHTPALMM TMAPOANIYIOLLErO WENOYHOr0 KOMMNOHEHTA — Kanua ruapokeuaa go 12,5%, kotopbii
1 obecneynn MakCMManbHbIN BbIXOA XKMPOBOM GpaKkLmm, coaepKalleit BuTamuH D.

3aKkntoueHue. NMpumeHeHMe Noay4eHHOM cybCcTaHLMKM AaeT BO3MOMKHOCTb Pa3paboTKM OTeYeCcTBEHHbIX CTaHAAPTHbIX 06pas-
L,0B, NPUMEHAEMbIX KaK B GapmaLeBTUYeckon chepe, Tak 1 B chepe TEXHUYECKOro peryIMpoBaHus.

KntoueBble €n0Ba: }XMPOPaCTBOPUMbIE BUTAMUHbI; CTaHAAPTHbIN 06paseL; WenoYHON rMapoans; MauepaLums; LMpKyaaLm-
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Cnu1CcoK coKpaleHui: BIXKX — BbicokoadpdeKTMBHAA KUAKOCTHAA xpomaTorpadua; CO — cTaHgapTHbIM obpasel,; PO — Poc-
cuickan Pepepauma; BAB — b1onornyeckmn akTUBHbIE BeLLeCcTBa.

INTRODUCTION

The problems related to obtaining and properly us-
ing fat-soluble vitamins are constantly relevant. First of
all, they concern the use of these vitamin complexes in
the pharmaceutical, cosmetic and other fields, as well
as the saturation of the modern pharmaceutical market
with them [1, 2]. At the same time, technological direc-
tions for the production of fat-soluble vitamins including
their standardization are involved; for this process, of-
ficial reference samples (RSs) are necessary. Obtaining
appropriate RSs requires technological optimization,
especially in relation to the development of domestic
technologies, which implies the possibility of their im-
port substitution [3].

Severization of requirements for the purity of target
products have increased the importance of standardiza-
tion methods, both in the creation and production of
medicines, and the products used in the fields related
to pharmacy. Therefore, the use of RSs, the role of which
in standardization is undeniable, has a wide range [4, 5].

However, at present, foreign models dominate in a
pharmaceutical analysis of many pharmacologically sig-
nificant objects in the Russian Federation (RF); that is a
gap in the relevant regulatory framework. This is due to
the lack of necessary technological solutions in the pro-
duction of reference samples, which are still selective in
nature in the Russian Federation [6, 7].

Despite a wide range of vitamin D dosage forms and
rather a high demand for it in medical practice, vitamin
D is one of such multidisciplinary objects [8, 9]. How-
ever, as a substance on the domestic market in Russia,
vitamin D has not been produced yet.

Fat-soluble vitamin D is presented in the form of
products for various purposes, however, its content in
them is not high, and its stability is limited [10-12]. The
existing technology for obtaining vitamin D can be divi-
ded into two main stages: the extraction of fat and vita-
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mins from raw materials, and the increase in the concen-
tration of vitamins in the resulting fraction. Herewith,
the volume of vitamin concentrates production largely
depends on the first stage of fat extraction, which en-
sures the vitamin production from the starting raw ma-
terials [9, 13]. Currently, the main source of obtaining
the substance under study is fish industry [14-16].

Given that the main source of fat-soluble vitamins
is fish liver, there is a problem of creating an appropri-
ate technology with an emphasis on a lean production
(waste minimization with maximum resource saving of a
valuable raw material source) [17, 18].

Currently, obtaining food products from cultivated
fish species is widely practiced. Such target products are
marked by a high content of biologically active substanc-
es (BASs), as well as macro/microelements and vitamins
[19-21].

The existing methods for obtaining fats can be di-
vided into 4 main groups (Fig. 1). Combining these pro-
cesses to maximize fat recovery remains possible. The
choice of the recovery method depends on the starting
raw materials and the expected target product.

The blocks presented in Fig.1 justifiably single out
hydrolysis as the main production method and em-
phasize its diversity in the form of varieties. Hydrolysis
is actually divided into three types: acidic, alkaline and
enzymatic. To obtain a fat fraction with a high content
of the fat-soluble vitamins group, the most effective are
alkaline and enzymatic methods [22-24].

According to the literature data [25-27], the fat
recovery by hydrolysis has the highest yield, since part
of it is in the cells in a free form, and another part is
combined with other components of the cell. The total
amount of fats cannot be extracted from the cell with
only solvents [19, 28, 29].

The authors decided to fix upon alkaline hydroly-
sis. In the framework of enzymatic hydrolysis, there are
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some limitations — for processing of all types of secon-
dary fish production raw materials, it is impossible to
isolate a single enzyme, which increases the economic
costs for obtaining the substance of fat-soluble vitamin
D. This fact determines the choice of alkaline hydrolysis
method as the most economically favorable.

To use hydrolysis of protein catalysts, biotransfor-
mation processes can be carried out under milder con-
ditions, and the formation of chemically active effluents
can be excluded [22]. Alkaline hydrolysis can be used to
even process depleted raw materials, herewith preser-
ving natural antioxidants [25].

In raw materials, hydrolysis undoubtedly occurs un-
der the action of their own enzymes (it is the so-called
autoproteolysis) but the efficiency of this method is very
low, and therefore, it is necessary to increase efficiency,
which means finding optimal production conditions [22].

THE AIM of the study was to select optimal process
conditions to increase the efficiency of protein trans-
formation with the isolation of a fat fraction containing
fat-soluble vitamin D.

To achieve this aim, it was necessary to solve the fol-
lowing tasks:

1. Determination of the chemical composition of pri-
mary and secondary raw materials;

2. Choosing the optimal method for extracting the fat
containing a group of fat-soluble vitamins;

3. Quantitative determination of the fat-soluble vita-
min D content in the resulting substance;

4. Comparative analysis of the obtained results.

MATERIALS AND METHODS

Objects

The main objects of obtaining the substance of
fat-soluble vitamin D were fish objects purchased from
the Russian fish processing factory JSC “Biserovsky Fish
Processing Fish Factory” and LLC “First Rybny”. The raw
materials were delivered frozen at the storage tempera-
ture of —18°C. The acquisition of the research objects
was carried out through the branded stores network of
LLC “First Rybny”, Ekaterinburg, Russia.

The following types of fish were used as a source of
obtaining the target object:

Chun salmon (Oncorhynchus keta) is the most com-
mon member of the salmon family.

It contains vitamins PP, A, H, B, (thiamine), E, B,, D,
B, etc.; trace elements: primarily zinc and iron, molyb-
denum, fluorine, chromium, nickel; macronutrients: po-
tassium, chlorine, phosphorus, sodium, calcium, magne-
sium; protein, lecithin, polyunsaturated fats [10, 30, 31].

Humpbacked salmon (Oncorhynchus gorbuscha) is
the most common representative of the salmon family.

It contains vitamins A, C, E, D, B, B,, PP, omega-3
saturated acids, phosphoric acid, pyridoxine, calcium,
magnesium, phosphorus, sulfur, potassium, copper, io-
dine.

Coho salmon (Oncorhynchus kisutch) is a large salm-
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on that lives in the North Pacific Ocean. In Russia, coho
salmon is most abundant in the rivers of the Kamchatka
Peninsula [10, 30, 31].

Its meat is rich in vitamins and minerals, as well as
in saturated fatty acids, including Omega-3 [10, 30, 31].

Brook trout (Salmo trutta) is a representative of the
salmon family and is in great demand. Currently, there is
a tendency to increase the population. Its composition
is rich in microelements and saturated fatty acids [10,
30, 31].

Flatfish (Pleuronectidae) is a representative of the
flounders’ family. It has a medium fat content, but it is
low in calories. It contains a lot of lipids. By eating flatfish
meat, you can replace artificial and very expensive vita-
mins, which are useful because omega-3 and omega-6
fatty acids have been added to their composition. It is
also an excellent source of natural protein [10, 30, 32].

Mackerel (Scomber) is a pelagic schooling fish from
the mackerel order. This is one of the most popular fi-
shes with fatty (62%) and tender meat. The protein con-
tent in its composition is 38%. Mackerel meat is also rich
in saturated, polyunsaturated and monounsaturated
fats; water, ash; cholesterol; vitamins of groups A, C, E,
D, B, B,, PP, etc.; minerals: iodine, phosphorus, cobalt,
zinc, magnesium, sulfur, chlorine, manganese, sodium,
molybdenum, copper, calcium, iron, fluorine [10, 30, 32].

Materials used

At the sample preparation stage were used:

Sterile bags — microbiological bags for sampling
(Russia, LLC “LabDepo”).

Inert gas — nitrogen, high purity grade, 1st grade, JSC
“Linde Uraltekhgaz”.

The stage of selecting the object under study:

Anhydrous sodium sulfite, chemically pure, OO0
“MZHR” is in the form of colorless crystals, the salt of
sodium and sulfurous acid. Sodium sulfite is dissolved
in water forming crystalline hydrates. Sodium sulfite is
a strong reducing agent. It is used for dehydration in the
hydrolysis process.

Ascorbic acid, pure, imported from China (Shandong
Luwei Pharmaceutical Co., LTD), is an organic compound,
the main water-soluble antioxidant.

Potassium hydroxide, pure, imported from France, is
an alkaline solution of various concentrations.

Distilled water according to GOST R 58144-2018
“Distilled water. Specifications”, Russia, FBI “URALTEST”.

Ethyl alcohol (95%, Russia, LLC “KONSTANTA-PHARM
M”) is a component of the hydrolyzing solution.

Extractants, solvents are: hexane-n (chemically
pure, Russia, EKOS-1 JSC), petroleum ether grade 40-
70 (high purity, Russia, JSC “EKOS-1"); isopropy! alcohol
(chemically pure, Russia, LLC “KhromLab”).

Analytical research stage:

State Standard Samples (SSSs) RS 11779-2021 for
the composition of vitamin D3 (cholecalciferol), Russia,
FBI “URALTEST”.
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Cholecalciferol >98% (HPLC), batch number
SLCJ0796, manufactured by Sigma-Aldrich, USA.

Isopropyl alcohol (chemically pure, Russia, LLC
“KhromLab”).

The mobile phase is presented by bacetonitrile:-
methanol (20:80). Acetonitrile, chemically pure, Russia,
JSC “ECOS-1”; methanol, chemically pure, Russia, JSC
“VEKTON”".

Equipment

Electric pharmacy water distiller DE-4-02 “EMOQ”,
model 737, factory No. 2506, manufactured by CJSC
“Electrooborudovanie”. Country of manufacture: Russia.

Laboratory straight blade knife 150 mm made of
stainless steel. Country of manufacture — China.

Rotary evaporator IKA RV 10 auto pro V-C. Country
of manufacture — Germany, IKA®-Werke GmbH & Co.,
with an automatic evaporating temperature detection,
1500 cm? cooling surface condenser.

Dispersant IKA T 10 basic Ultra. Country of manufac-
ture — Germany, IKA®-Werke GmbH & Co., with a speed
range from 8000 to 30000 rpm.

Ultrasonic machine, model 1510E-DTH. Country of
manufacture — Switzerland, Branson Ultrasonics Corpora-
tion, with an industrial transducer at 40 kHz with a fre-
quency regulator for optimizing ultrasonic exposure and a
temperature heating regulator with an accuracy of + 4°C.

Soxhlet fat extraction apparatus is used for the ex-
traction of non-volatile substances from solid samples
with the help of volatile solvents. Country of manufac-
ture: Russia, the company is OO0 “EcogeosProm”.

Chromatographic experiments were carried out on
a “Stayer M” liquid chromatograph, Russia, OO0 “NPO
Akvilon”, Manufactory No. 0950 (Verification certificate
No. C-CE/19-01-2022/126041432 dated 19.01.2022
to 18.01.2023) with a spectrophotometric detector.
The calibration was carried out using standard solu-
tions of fat-soluble vitamins prepared according to
GPM.1.2.3.0017.15%. Fat-soluble vitamin D was detected
at the wavelength of 265 nm [33, 34].

Chromatography conditions

A mobile phase was carried out with: methanol —
acetonitrile (80:20); Luna C18(2) chromatographic col-
umn 250 mm x 4.6 mm, the flow rate was 1.0 ml/min,
the column temperature was 25°C. The detection was
carried out with: a spectrophotometric detector with
the wavelength of 265 nm, the injection volume of 20 pl;
the analysis time was 12 minutes.

Study Design
First, the basic test was carried out in accordance
with GOST 7636-85 “Fish, marine mammals, marine in-

! State Pharmacopoeia of the Russian Federation XIV ed. Vol. 1-4.
2018. Available from: http://www.femb.ru/femb/pharmacopea.php.
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vertebrates and products of their processing. Methods
of Analysis”2. Thus, there was a collection of standard-
ized baseline data on the content of fat and vitamin D in
the resulting product. Further on, technological research
concerned the choice of optimal process conditions.

Brook trout (Salmo trutta trutta) was chosen as the
main object of the study. This species is cultivated, rela-
tively inexpensive and available.

Traditional maceration

and ultrasonic intensifying maceration

Well-known extraction methods were used as pre-
liminary methods for obtaining the target product [35,
36].

To carry out the process of extracting vitamin D,
the cooled raw material was subjected to manual grind-
ing with a laboratory knife to 1.5 x 1.5 cm, as well as
machine micro-grinding in an inert gas environment to
particles with the size of about 0.5 x 0.5 mm, and ho-
mogenization. The inert medium was provided during
the dispersion process by a continuous nitrogen (espe-
cially pure, 1st grade, JSC “Linde Uraltekhgaz”) supply
to the tank. Homogenization was carried out by packing
into sterile bags (LLC “LabDepo”) with blowing off the
test material by gas for 20-30 seconds, and subsequent
sealing. Considering that a large amount of waste re-
mains in the mass during machine processing (cleaning)
at the enterprise, these products were not removed,
but homogenized in the total mass. Grinding was car-
ried out using a high-performance disperser IKA with an
electronic speed control of the processed object under
study. The rotational speed of the dispersing element
was maintained in the range of 8000-8200 rpm for 10
minutes. Next, the resulting mass was placed in a Micro-
Bio BA-400 laboratory bladed homogenizer and subjec-
ted to the homogenization process for 30 min.

The prepared minced fish was subjected to macera-
tion with organic solvents: isopropyl alcohol (chemically
pure, LLC “KhromLab”), hexane-n (chemically pure, JSC
“ECOS-1"), petroleum ether (grade 40-70, pure, JSC
“ECOS-17).

Maceration was carried out in two ways: intrinsic
maceration and intensifying process maceration. The
intensification of the process was carried out by using
a mixing device at 800 rpm, and the ultrasonic influence
was also used to enhance the effect on the object.

The used ultrasonic generator carried out the im-
pact on the object under study by fluctuations of high
and low pressure. Under the influence of low-pressure
waves on the liquids, a cavitation effect developed; that

2 GOST 7636-85. Fish, marine mammals, marine invertebrates and
their derivatives. Methods of analysis. M. Standartinform, 2010. 126
p. Russian
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contributed to an increase in the release of the fat frac-
tion from the biological object resulting in the formation
of a large number of microscopic bubbles or cavities.

During maceration, various organic solvents were
used: isopropyl alcohol, hexane and petroleum ether.
The solvent volume was determined by random selec-
tions. Three series of the extracts were carried out with
volume fractions of each extractant: object/extractant
1:1, 1:2 and 1:3 and so on for all the abovesaid compo-
nents.

Circulating extraction

Circulating extraction was carried out using a Soxhlet
apparatus. The extraction was carried out with petro-
leum ether until a complete depletion of the raw materi-
al. The completeness of the extraction was controlled by
applying a drop of the solvent flowing from the extractor
onto the watch glass until there was no greasy trace on
the latter after the solvent had evaporated.

The resulting fat fraction was subjected to a prelim-
inary assessment in accordance with GOST 8714-2014
“Fat from fish and aquatic mammals. Specifications”3.
The obtained samples of fat fractions were within the
limits established in the regulatory documentation for
all used fish species. Further on, the obtained samples
were tested for the content of vitamin D in them in ac-
cordance with GPM 1.2.3.0017.15 “Methods for quanti-
tative determination of vitamins”*.

Isolation of vitamin D by alkaline hydrolysis

Modes of alkaline hydrolysis are determined by the
following conditions: temperature, the amount of added
water and alkali.

The lack of water slows down hydrolysis of the pro-
tein part, but at the same time, hydrolysis of fat is acti-
vated. An excess of water also causes an increased con-
sumption of alkali with an increase in capacity.

With regard to the temperature regime, two-stage
heating with a two-stage introduction of an alkali solu-
tion is considered the most acceptable. This is due
to the fact that heating the raw mass immediately to
80-90°C coagulates the protein; as a result, the hydro-
lysis time is prolonged and the alkali consumption is
increased to destroy the densified protein part. The
introduction of the entire alkaline solution at the be-
ginning of the process leads to a more intensive hydro-
lysis of the fat, and not the protein part. The fatty acids
released in this process also react with alkali and form
soaps. This increases the consumption of alkali and
forms a stable emulsion.

3 GOST 8714-2014. Edible fat from fish and aquatic mammals.
Specifications. M.: Standartinform, 2019. 7 p. Russian
4 State Pharmacopoeia of the Russian Federation XIV ed. Vol. 1-4. 2018.
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With an excess of alkali, hydrolysis is obvious, which
directly relates to the quantitative yield of the vitamin.
However, due to the ongoing saponification, it can be re-
duced, since soaps are formed on the matrix, as a result
of which the vitamin is sorbed. There is an adsorption of
the vitamin by the formed soap and an increase in losses
during the refining of the fatty fraction of the hydroly-
sate [37].

Technology for vitamin D

production by alkaline hydrolysis

At the first stage, the mass fraction of fat in the test
object was assessed. The mass fraction of fat was deter-
mined in accordance with GOST 7636-85°. This indicator
was necessary for further alignment of the hydrolysis
process.

Before the hydrolysis beginning, 50.0 g of fine-
ly minced brook trout (Salmo trutta) was placed in a
round-bottom flask with a capacity of 250-500 ml. The
heating process was carried out in the water bath in two
stages. The first heating stage continued up to 40°C,
which contributed to the release of fat, most of which
passed from a finely dispersed state into a coarse dis-
persed state, which slowed down saponification. Next,
100 ml of rectified ethyl alcohol (or methyl alcohol), 1.0
g of an antioxidant (ascorbic acid), 40 ml of a potassium
hydroxide solution were added to the heated minced
meat. The mix was heated for 15-45 minutes in the wa-
ter bath with a reflux condenser at the temperature of
80°C, which accelerated the hydrolysis process and, as
a result, destroyed the protein. The main part of the fat
phase was separated from the protein and was in the
upper part of the hydrolyzed mass, the lower layer was
the hydrolyzate, which contained polypeptides, amino
acids, minerals and soaps.

After hydrolysis, the contents of the flask were
quickly cooled down to (20+5°C) and quantitatively
transferred to a separating funnel. The flask was rinsed
with water, the volume of which was equal to the vol-
ume of ethanol added, and then the water was poured
into the same funnel. Fat-soluble vitamins were extract-
ed with petroleum ether or n-hexane for 2 min.

The extraction was repeated 3—4 times with the por-
tions of the extractant equal to 100 ml. The combined
extract had been washed free from alkali 3—4 times with
150 ml portions of water until the alkaline reaction of
the wash water disappeared.

To remove the residual amounts of water, the ex-
tract was filtered through a filter with 2-5 g of anhy-
drous sodium sulfate (chemically pure, LLC MZKhR).
Next, the extract was evaporated to dryness using a ro-

5 GOST 7636-85. Fish, marine mammals, marine invertebrates and
their derivatives. Methods of analysis. 2010.
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tary evaporator at the temperature not exceeding 50°C,
and then treated with isopropyl alcohol. The scheme of
the experimental part is shown in Fig. 2. These blocks
characterize the technological experiment in detail,
which can become fundamental for the development
of technological regulations and transfer to manufac-
turing.

During the experiment, various concentrations of a
potassium hydroxide solution in the concentration range
of 12.5%, 25.0%, 50.0% were selected. All the abovesaid
conditions were: obtaining a homogenized material for
hydrolysis, as well as a stabilizer (ascorbic acid, pure, Chi-
na) are identical.

RESULTS AND DISCUSSION

According to the results of the studies, it has become
quite obvious that the method of traditional maceration
with intensification has not brought positive results.

In the presented chromatograms, in the detec-
tion range characteristic of vitamin D, no detector re-
sponse was found out. That characterizes the absence
of fat-soluble vitamin D in the substance obtained by
traditional maceration (Fig. 3). Herewith, in the con-
trol determination, using the RSs, the retention time
and peak area are determined in the ranges for this RS
(Fig. 4).

The use of the circulating extraction method made
it possible to isolate a small amount of vitamin D in the
test object. When using the alkaline hydrolysis method,
the quantity of the analyte is much larger. Additional
alkaline hydrolysis of the resulting fat fraction slightly
increased the concentration of the vitamin and did not
lead to the targeted results (Table 1). During the circulat-
ing extraction, the value of the peak area varied around
0.01 AU*sec, after a combination of methods using
the same raw material component, the area slightly in-
creased up to 0.02 AU*sec.

Therefore, the problem of developing and use of a
combined method for obtaining a fat-soluble substance
formed from any extraction option, taking into account
basic alkaline hydrolysis, is apparently not promising.
Therefore, the authors had to return to alkaline hydro-
lysis and improve the technology for the production of
vitamin D substance precisely within the framework of
this reliable method.

The next, third stage of the research consisted in ap-
plying the method of alkaline hydrolysis.

The results of the experiment showed that at the
12.5% concentration of potassium hydroxide in the test
samples, vitamin D was determined stably in all the se-
ries of the analysis (Table 2).

In the control analysis of SSS 11779-2021 (FBI
“URALTEST”), as well as of imported cholecalciferol
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(Sigma-Aldrich, USA), it was determined that the release
time of vitamin D corresponds to 10 minutes. The quan-
titative content in the samples was judged by a charac-
teristic indicator for HPLC — the peak area. According to
the results of the analysis, the peak area for the standard
sample was 9.52 AU*sec, for the test sample it was 0.05
AU*sec.

The results of the chromatographic analysis of the
substance, which in turn was obtained by hydrolysis with
a 12.5% potassium hydroxide solution, were subjected
to comparative studies. A study was carried out with
samples of imported production. Herewith, it turned out
that vitamin D was present in the experimental samples
(Fig. 5).

The results obtained with a 25% potassium hyd-
roxide solution, are identical to those obtained with
a 12.5% alkali solution. As in the first case, vitamin D
was present in the studied samples and it was in a sta-
ble form. The repeated control studies of the samples
showed identical retention times and peak areas (Table
3).

During hydrolysis of the sample with a 25% potas-
sium hydroxide solution, the quantitative content of
vitamin D was also estimated by the peak area — 0.05
AU*sec.

When a 50% potassium hydroxide solution was
used, vitamin D also proved to be stable, as in the first
two experiments, which gives us the opportunity to as-
sert the prospect of using lower concentrations of alkali.

During hydrolysis of the sample with a 50% potassi-
um hydroxide solution, the peak area of vitamin D in the
resulting substance was 0.05 AU*sec.

The effect obtained using a 50% potassium hydrox-
ide solution is identical to the first two results (Table 4).
Vitamin D in a stable form was determined in the studied
samples. Parallel studies of the samples confirmed the
result of the analysis.

For each series of the analyses, there were 6 sample
tests. Tables 1-4 present the average values of the sam-
ple weight for each series of analyzes, and the arithmetic
mean of 6 parallel tests was taken as the mass of the iso-
lated fat fraction, the allowable discrepancies between
which did not exceed 0.5%.

The use of different alkali concentrations in the pro-
duction of fat-soluble vitamins (including vitamin D) will
simplify the technological process of isolating an individ-
ual substance, which, in turn, will eliminate the negative
effect and will facilitate the process of its standardization
[8, 38].

Similar results were obtained with other samples of
fish species: Chum salmon (Oncorhynchus keta), Mack-
erel (Scomber), Flatfish (Pleuronectidae), Humpbacked
salmon (Oncorhynchus gorbuscha).
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Figure 3 — Chromatogram of direct extraction object in isopropyl alcohol when exposed to ultrasound
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Figure 4 — Chromatogram of vitamin D standard sample
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Figure 6 — Chromatogram of vitamin D isolated by alkaline hydrolysis with 50% potassium hydroxide
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Table 1 — Results obtained during circulating extraction of minced brook trout (Salmo trutta trutta)

Result
S/No. Sample weight, g We;ght o gxtracted Vitamin D after
at fraction, g Vitamin D * ; i
alkaline hydrolysis

270222 5.0 0.076 + +
070322 5.1 0.080 + +
140322 5.2 0.079 + +
210322 5.3 0.081 + +
280322 5.2 0.082 + +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

Table 2 — Results obtained during hydrolysis of minced brook trout (Salmo trutta trutta)
after extraction with 12.5% potassium hydroxide

$/No. S wEE T Weight of e).(tracted fat frac- : Res.ult
tion, g Vitamin D*
051021 50.1 2.39 +
121021 50.4 2.40 +
141021 50.6 2.40 +
191021 50.0 2.39 +
261021 50.2 2.40 +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

Table 3 — Results obtained during hydrolysis of minced brook trout (Salmo trutta trutta)
after extraction with 25.0% potassium hydroxide

. Weight of extracted Result
S/No. Sample weight, g f§t fraction, g —
051021 50.3 1.62 +
121021 50.1 1.63 +
141021 50.4 1.66 +
191021 50.0 1.61 +
261021 50.2 1.62 +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

Table 4 — Results obtained during hydrolysis of minced brook trout (Salmo trutta trutta)
after extraction with 50.0% potassium hydroxide

s/No. sample weight, g Weight of e>.(tracted fat frac- . Res-ult
tion, g Vitamin D*
051021 50.0 1.42 +
121021 50.1 1.44 +
141021 50.2 1.40 +
191021 50.3 1.41 +
261021 50.2 1.42 +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

The use of alkaline hydrolysis made it possible to
state unambiguously that this method is optimal. The
content of the main substance in the studied objects is
in the range of 0.03-0.12%. From the experimental data
obtained during the isolation of vitamin D, it follows that
the optimal concentration of the hydrolyzing alkaline
ingredient is 12.5% (i.e., the minimum), which makes

Tom 10, Beinyck 3, 2022

it possible to increase the amount of the fat fraction,
which in turn is a positive indicator in the implementa-
tion of the technological process.

CONCLUSION

An integrated approach to the research on the pro-
duction of vitamin D by methods of alkaline hydrolysis,
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intensive maceration, circulating extraction made it pos-
sible to choose the optimal technological scheme based
on hydrolysis of the protein part of the test object and
using a scheme with a reduced amount of potassium
hydroxide.

264

The reduction of technological costs and consum-

FUNDING

ables in the production of fat-soluble vitamin D sub-
stance will make it possible to implement the principles
of lean production and, as a result, increase the eco-
nomic benefit of the enterprise producing state-owned
RSs and medicinal substances, as well as reduce the fi-
nancial burden on the end consumer.
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The aim. To identify polypharmacy cases and develop the ways to optimize pharmacotherapy of patients with COVID-19
hospitalized in infectious disease facilities.

Materials and methods. ATC/DDD analysis with calculation of DDDs/100 bed days and a sample analysis of 500 patients’
prescriptions were performed for presenting drug utilization statistics in the infectious disease facilities of Volgograd region,
which had been reassigned to treat patients with COVID-19 in 2020 and 2021.

Results. Five or more drugs were administered simultaneously in 96.8% of patients. Antibacterial drugs were in 74.3% of the
analyzed prescriptions in 2020 and in 73.5% in 2021. The total consumption of antibiotics was 102.9 DDDs/100 bed-days in
2020 and 95.7 DDDs/100 bed-days in 2021. The cases of multiple administrations of biological disease modifying antirheu-
matic drugs and the use of cyclophosphamide have been identified. In 73.6% of prescriptions in 2020 and 85.4% of 2021,
omeprazole at the dose of 40 mg per day was used (77.3 and 84.6 DDDs/100 bed-days, respectively). In 2021, there were cas-
es of concomitant intravenous prescribing of acetylcysteine under the trade name of Fluimucil® with tableted forms of am-
broxol and acetylcysteine under the name of ACC®. The cumulative consumption of hepatotoxic drugs was 269.2 DDDs/100
bed-days in 2020 and 401.5 DDDs/100 bed-days in 2021.

Conclusion. Lack of drugs with proven effectiveness for treatment of COVID-19, worked-out treatment algorithms, a high
mortality of patients in the hospitals led to polypragmasy, excessive prescribing of drugs in the hospitals. The prescription of
antibacterial drugs, omeprazole, mucolytics, hepatotoxic drugs, immunosuppressors in infectious hospitals should be moni-
tored by clinical pharmacologist.

Keywords: polypharmacy; COVID-19; ATC/DDD analysis; antibiotics; immunosuppressors; mucolytics; omeprazole; drug-in-
duced liver injury

Abbreviations: INN — international nonproprietary name; GEBP — genetically engineered biological; GCS — glucocorticoste-
roid; NSAIDs — nonsteroidal anti-inflammatory drugs; PPIs — Proton Pump Inhibitors; ACE — angeotensin converting enzyme;
ARDS — acute respiratory distress syndrome; MP(s) — medicinal preparations; RF — Russian Federation; WHO — World Health
Organization; SD — standard dose; SCD — standard course dose; DDD — defined daily dose; PDD — prescribed daily dose; NDDDs
— Number of Defined Daily Doses; NPDDs — Number of prescribed Daily Doses; Cl — confidence interval; ICU — intensive care
unit; ADR — adverse drug reactions; DILI- drug-induced liver injury.
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Lienb. BbifiBUTb C/ly4an Noavnparmasmu u paspabortaTb Nyt onTMMM3aLLmMm dapmakoTepanum naumeHTos ¢ COVID-19, rocnu-
TaNN3MPOBAHHbIX B UHDEKLMOHHbIE OTAENEHUS.

Martepuanbl u metoapl. [1na oueHKM 06bEMA M CTPYKTYpbl noTpebneHmns JIC B MHOEKLUMOHHbIX OTaeneHuAx Bonrorpaackoin
obnactu, nepenpoduIMpoBaHHbIX Aasa sedeHns 6oabHbix COVID-19 B 2020 1 2021 rr., 6611 nposeaeH ATC/DDD-aHanus ¢
pacuyétom nokasartesnei DDD/100 KoliKo-aHen 1 BbI6opoUHbIi aHann3 500 ANCTOB Ha3HAYeHWUI.

Pe3ynbtatbl. OgHoBpemeHHO 5 1 6onee JIC npuHumanu 96,8% nauneHtoB. AHTMbaKTepmanbHble J1IC BcTpeyanucs B 74,3%
NpoaHaIM3nPOBaHHbIX BpauyebHbix HazHauyeHui B 2020 r. n B 73,5% B 2021 r., cymmapHbIi 06bEM NOTPe6NEHUSA COCTaBU
102,9 DDD/100 KoWiKko-gHei B 2020 r. n 95,7 DDD/100 KoiKo-aHel B 2021 r. BbiAn BbiABAEHbI C/ly4au MHOXECTBEHHbIX
BBeaeHui TMBI n npumeHeHne uyknopochammnaa. B 73,6% BpayuebHbix HazHaueHnn 2020 r. n 85,4% B 2021 r. npumeHanca
omenpason B go3se 40 mr B cyTku (77,3 1 84,6 PDD/100 KoiKo-AHelN COOTBETCTBEHHO). B 2021 r. 6biAK BbISBAEHbI C/y4Yan
OAHOBPEMEHHOI0 Ha3HAaYeHUA aLeTUILMCTEMHA NOA TOProBbIM HaMMeHoBaHWeM «PayUMyLMA®» BHYTPUBEHHO C TabaeTu-
poBaHHbIMM GOpMammn ambpoKcona M aLeTUNLUCTEMHA Nog, HaumeHoBaHnem «ALILI®». CymmapHoe notpebneHune renato-
TOKcMYHbIX J1C coctasumio 269,2 DDD/100 Kovko-gHen 8 2020 r. 1 401,5DDD/100 Koiko-aHel 8 2021 r.

3akntoueHue. OTCyTCTBME NPEnapaToB C AOKAa3aHHON 3ddeKTUBHOCTbIO A neveHna COVID-19, oTpaboTaHHbIX aNropUTMOB
/IeYeHUs, HannYmne BbICOKOM NeTaNIbHOCTM NALMEHTOB B CTaLMOHape NPUBEN K NOAUNPArMasum, M36bITOYHOMY Ha3HaYeHUIO
N1C B cTaumoHape. HazHaueHWe aHTUbaKTepUabHbIx JIC, oMmenpasona, MyKOIUTUKOB, FeNMaTOTOKCUYHbIX NPenapaTos, UMMY-
HOCYNpeccopoB B MHOEKLMOHHbIX CTALLMOHAPAX AOMKHO 6bITb OrpaHUYEHO U NPOBOAUTLCA MOA, KOHTPOAEM KAUHUYECKOro
dapmakosnora.

KnioueBble cnoBa: noaunparmasus; COVID-19; ATC/DDD aHanus; aHTUBUOTUKM; MMMYHOCYMPECCOopPbl; MyKONUTUKM; OMe-
npasos; 1eKapCTBEHHO-MHAYLMPOBAHHOE NOBPEXAEHNE NeYeHn

Cnucok cokpauieHumii: MHH — mexkayHapoaHoe HenaTeHToBaHHOe HasBaHue; MBI — reHHO-UHXeHepHble bruosormyeckme
npenapatbl; TKC — mitokoKkopTUKocTepouapl; HMBC — HecTeponaHble NPOTMBOBOCNanUTeNbHbIe cpeacTsa; UMM — MHrnburo-
pbl NPOTOHOBOM Nombl; ANP2 —aHIMOTEH3TUH NpeBpaLlatoLLmii depmeHT 2; OPAC — oCTpblii peCnMpPaToOpPHbIA AUCTPECC CUH-
apom; JIC — nekapcTBeHHble cpeacTsa; PO — Poccuiickaa Pepepaums; BO3 — BcemupHan opraHn3auma 34paBoOXpaHeHus;
C[ — ctaHpapTHana ao3sa; CK — ctaHaapTHaA Kypcosasa ao3a; DDD — cpeaHAa nogaeprkmsatoLLan cytouHasa gosa; PDD — cpea-
HAA Ha3HayeHHaA cytovHasa no3a; NDDD — uncno cpeaHux nogaepkusatowmx Ao3; NPDD — yncno cpegHMx HazHaYeHHbIX
CYTOYHbIX 803; AN — noBeputenbHbiii MHTepBan; MNMUT — nanata MHTEHCUMBHOW Tepanuu; H/1IP — HexkenaTesibHble IeKapCTBEH-

Hble peakumnm; JINMI — nekapCTBEHHO-UHAYLMPOBAHHOE NOPAXKEHME MEYEHN.

INTRODUCTION

In the context of the COVID-19 pandemic, there has
been a rapid increase in the use of both new and old
“off-label” drugs, the effectiveness and safety of which
have not been sufficiently studied. High lethality, defi-
ciency of drugs with proven efficacy, a desire to help pa-
tients can lead to the prescription of a great number of
medicinal preparations (MPs) — polypharmacy.

The term “polypragmasia” (from the Greek “poly” —
a lot, “pragmasia” — an object, thing) or, in non-russian
literature, “polypharmacy” (from the Greek poly — a lot
and pharmacy — medicine), first appeared in the medi-
cal literature more than 150 years ago. It was defined as
“mixing together a lot of drugs in one prescription”, “the
use of a lot of drugs to treat one or more diseases.” A
consistent consensus in the concept of “polypharmacy”
has not been reached [1, 2].

In 2017, Masnoon N. et al. published an analysis of
1156 English-language articles on the problem of de-
fining “polypharmacy/polypragmasia”. 138 definitions
were identified, 111 of which were only quantitative, 15
took into account the duration of the simultaneous use
of drugs and 12 were qualitative definitions. In quanti-
tative definitions, “polypharmacy” was most often un-
derstood as the prescription of 5 or more drugs (45.4%
of the articles included in the analysis). Some authors
distinguished small (simultaneous prescription of 2—4
drugs), large (simultaneous prescription of 5-9 drugs)
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and excessive (simultaneous prescription of 10 or more
drugs) polypharmacy. In a qualitative definition, poly-
pharmacy has been described as “prescription of more
drugs to a patient than it is required by a clinical situ-
ation”; “a simultaneous prescription of several drugs”;
“a simultaneous and prolonged use of different drugs by
the same person.” At the same time, a number of au-
thors distinguished between appropriate (rational) and
inappropriate (unreasonable) kinds of polypharmacy [3].

Currently, in the health care of the Russian Federa-
tion (RF), active work is underway to reduce the incidence
of polypharmacy in medical practice. In Order of Minis-
try of Public Health of the Russian Federation No.575n
dated November 2, 2012 “On approval of the procedure
for the provision of medical care in the profile of “Clinical
pharmacology”?, paragraph 6 states that in the case of a
simultaneous prescription to a patient of 5 or more items
of drugs or more than 10 items in course treatment (poly-
pharmacy), the patient should be referred for a consulta-
tion with a doctor — a clinical pharmacologist.

A reason for a simultaneous prescription of sever-
al drugs may be the presence of concomitant diseases
(multimorbidity), clinical recommendations, guide-
lines of professional medical societies and treatment

* Order of the Ministry of Health of the Russian Federation No. 575n
dated November 2, 2012 "On approval of the Procedure for provid-
ing medical care in the profile "clinical pharmacology". Available from:
http://www.rosminzdrav.ru/documents/5534-prikaz-minzdrava-ros-
siiot-2-noyabrya-2012-g-575n.

Volume X, Issue 3, 2022



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2022-10-3-267-277

standards, containing in some cases recommendations
for the use of complex therapy for more than 5 drugs
for only one indication, the effectiveness of which cor-
responds to high levels of evidence [4].

In this regard, when analyzing a patient’s therapy,
only a quantitative assessment of polypharmacy is insuf-
ficient and requires a more complete study of the valid-
ity of prescribing drugs, assessing the risk of developing
drugs interactions and adverse drug reactions (ADRs).

THE AIM. To identify polypharmacy cases and de-
velop the ways to optimize pharmacotherapy of patients
with COVID-19 in infectious disease facilities.

MATERIALS AND METHODS

To assess the volume and structure of drug consump-
tion in infectious disease facilities of Volgograd region,
converted for the treatment of patients with COVID-19
in 2020 and 2021, an ATC/DDD analysis was carried out
with the calculation of the Defined Daily Doses per 100
bed-days (DDDs/100 bed-days) indicator and a sampling
analysis of 500 case histories and prescriptions, includ-
ing the prescription in intensive care units (ICUs).

The ATC/DDD methodology is recommended by the
World Health Organization (WHO) as an international
standard for the qualitative characterization of drug pre-
scriptions, the provision of statistical data on drug con-
sumption and comparative analyses at the international
level within one framework [5].

It should be notified that the methodology under
consideration, in contrast to the ABC and VEN analyses,
does not depend on the cost of drugs; the data are easily
comparable over time. However, the deficiency of DDD
values for a number of drugs, including drugs of the do-
mestic origin, causes some difficulties. The DDD (defined
daily dose) is the estimated average maintenance dai-
ly dose of a drug used for its main indication in adults.
The experts emphasized that this unit of measure does
not always coincide with the PDD (a prescribed daily
dose —the average prescribed daily dose, derived from a
sample of prescriptions for the treatment of a particular
disease). However, given the objectives of our study to
identify cases of polypharmacy, as criteria for assessing
the volume of consumption, in most cases, the DDDs
published on the website of the WHO Center for Me-
thodology of Drug Statistics were used?.

Glucocorticosteroids (GCSs) are the first-choice drugs
for the treatment of patients with cytokine storm. Accord-
ing to the Russian Guidelines®, for the treatment of mod-
erate and severe forms of COVID-19, various schemes for

2 WHO Collaborating Centre for Drug Statistics Methodology. Available
from: http://www.whocc.no/atc_ddd_index/.

3 Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 15 (22.02.2022). Ministry of
Health of the Russian Federation.; 2022.
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the administration of corticosteroids can be used using
doses that are several times higher than the DDDs estab-
lished by WHO. Thus, the DDD of dexamethasone was 1.5
mg, while most common (32.6% of medical prescriptions
in 2020 and 74.3% in 2021), dexamethasone was used at
the dose of 20 mg per day for 3 days with a subsequent
dose reduction (the average daily dose when using this
regimen is 14 mg per 1 patient for 12 bed-days). The max-
imum dose of dexamethasone in patients admitted to the
ICU was 80 mg per day, and dexamethasone was also pre-
scribed at the dose of 24 mg, 32 mg, and 48 mg per day.

Prednisolone (DDD/10 mg) and methylpredniso-
lone (DDD/20 mg) have been rarely used at very high
doses (prednisolone — 300-750 mg/day, methylprednis-
olone — 250-1000 mg/day) in short courses of up to 3
days. Thus, the doses of prednisolone and methylpred-
nisolone used in real clinical practice exceeded the DDD
by 12.5-75 times, and when calculating the DDDs/100
bed-days index, high values were obtained that do not
reflect the actual consumption of these drugs.

According to the Russian Guidelines®, the prescrip-
tion of parenteral anticoagulants, at least in prophylactic
doses, is indicated for all hospitalized patients. The WHO
DDDs for heparin, enoxaparin, and nadroparin were
10000 IUs, 2 000 anti-Xa IUs, and 2 850 anti-Xa IUs,
respectively, while the median PDD prescriptions were
consistent with the so-called median prophylactic do-
ses reported in the guidelines (22 500 IU, 800 anti-Xa IUs
and 11 400 anti-Xa IUs, respectively). Omeprazole was
used in most cases at the dose of 40 mg per day (73.6%
of the prescription lists), while the recommended dose
of omeprazole for most indications® and the DDD indi-
cated on the WHO website, is 20 mg per day. The dose
of levofloxacin in most case histories was 1.0 g per day
with a DDD of 0.5 g, and azithromycin was 0.5 g with a
DDD of 0.3 g.

Due to the fact that dexamethasone, parenteral an-
ticoagulants, omeprazole, levofloxacin and azithromycin
were prescribed in the doses exceeding the DDDs rec-
ommended by WHO, PDDs were used to analyze the
consumption volume of these drugs.

The number of the established or prescribed daily
doses — NDDDs (the number of DDDs) or NPDDs (the
number of PDDs) of drugs — was calculated as the ratio
of the number of MPs to DDDs or PDDs. The DDDs/100
or PDDs/100 indicator was determined in relation to the
consumed NDDDs or NPDDs per year, multiplied by 100,
to the total bed-day for the year.

For domestic drugs olokizumab and levilimab that
do not have DDDs on the WHO website, or for other

4 Ibid.
° Russian State Register of Medicines. Available from: https://grls.
rosminzdrav.ru/Default.aspx.
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genetically engineered biological preparations (GEBPs)
either, to assess the volume of consumption, a standard
dose per 100 treated patients was calculated.

A standard dose (SD) is the dose recommended for
the administration in mild and moderate COVID-19.
To assess the volume of the drugs consumption used
in the facilities in the pulse therapy mode (the admi-
nistration of high doses for 3 days), a standard course
dose (SCD — a median of prescribed course doses)
according to the prescription lists and the ratio of the
number of SCs per 100 treated patients, was calcu-
lated.

RESULTS AND DISCUSSION

A sampling analysis of hospitalized patients with
COVID-19 case histories revealed 11 [8; 13] drugs pre-
scriptions per patient during the period of hospitaliza-
tion while taking 8 [6; 11] MPs. At the same time, 5 or
more drugs were taken by 96.8% of patients.

According to the accounting and reporting docu-
mentation for the issuance of drugs to facilities for the
treatment of 3,750 patients (45 315 bed-days) in 2020
and 5 130 patients (58 439 bed-days) in 2021, 117 inter-
national non-proprietary names (INNs) drugs were used
in 2020 and 129 INNs drugs in 2021, a third of which
did not have DDDs on the WHO website. According to
the WHO Center of International Drug Statistics, it was
not possible to establish an average daily maintenance
dose (DDD) for topical preparations, including intrana-
sal forms of interferon, solutions of crystalloids, colloids,
parenteral nutrition, local and general anesthetics, par-
enteral forms of nitroglycerin and acetylcysteine. Do-
mestic drugs olokizumab and levilimab, hepatoprotec-
tors and metabolic drugs used in the studied facilities
were not in the database of the WHO center.

The calculation of DDDs or PDDs/100 bed-days was
made for 79 drugs in 2020 and 85 drugs in 2021, among
which there were antibacterial drugs; agents affect-
ing hemostasis; GCSs and other immunosuppressants;
bronchodilators; mucolytics; surfactant preparations;
non-steroidal anti-inflammatory drugs (NSAIDs); antihis-
tamines; the drugs that affect the gastrointestinal tract;
insulins; cardiovascular agents; iron preparations and
centrally acting preparations (Fig. 1).

A further detailed analysis was made of the drugs
that are not the basis of COVID-19 therapy or the drugs
that are mandatory for prescribing in all cases of the
disease, the volume of consumption of which, however,
was high in the studied facilities.

Antibacterial drugs
Like any other disease of viral etiology, COVID-19 is
not an indication for the use of antibacterial drugs. Bac-
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terial infections are not often complications of a novel
coronavirus infection course [6, 7], so most patients with
COVID-19, especially in mild and moderate cases, do
not need antibiotic therapy®. However, antibiotics were
present in 74.3% of prescriptions in 2020 and 73.5% in
2021, and in combined antibiotic therapy in 35.6%. In
2020, in facilities, ceftriaxone as monotherapy and in
combination with azithromycin or levofloxacin was most
often prescribed as initial therapy, and in 2021 these
were levofloxacin or ceftriaxone. In all analyzed lists of
intensive care units (ICUs) prescriptions, antibacterial
drugs were prescribed, and the most common of them
were cefoperazone-sulbactam or meropenem as mono-
therapy or in combination with vancomycin or linezolid.

The combination of broad-spectrum antibacterial
drugs, especially 8-lactam antibiotics with macrolides
and fluoroquinolones, has long been considered irratio-
nal, including due to the weakening of an bactericidal
antibiotic action while taking it with a bacteriostatic
drug’. However, even before the COVID-19 pandemic,
the growth of antibiotic-resistant strains and chang-
es in the structure of causative agents of community-
acquired pneumonia had made adjustments to clinical
guidelines. Thus, in 2018, the prescription of ceftriaxone
in combination with azithromycin or levofloxacin was
recommended to hospitalized patients with severe com-
munity-acquired pneumonia of bacterial etiology®.

The doses of antibacterial drugs used in facilities, in
most cases coincided with the DDDs recommended by
WHO (with the exception of azithromycin and levoflox-
acin). However, the total consumption of antibacterial
drugs exceeded 100 DDDs/100 bed-days, which was the
result of the combination antibiotic therapy.

An earlier ABC analysis of drug consumption in
facilities [8] revealed a decrease in the share of the
expenditure on antibiotics in 2021 compared to 2020.
Thus, the purchase of antibacterial drugs in 2020 ac-
counted for 52% of Segment A costs, and in 2021, it
was 13.6%. However, their total consumption in terms
of DDDs/100 bed-days in 2020 was only 7% higher
than in 2021 (102.9 DDDs/100 bed-days in 2020 and
95.7 DDDs/100 bed-days in 2021). A decrease in the
relative share of the expenditure on antibacterial
drugs in 2021, based on the ABC analysis, is associa-

5 Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 15 (22.02.2022). Ministry of
Health of the Russian Federation.; 2022.

7 Strachunsky LS, Belousova YuB, Kozlov SN. Obshchie osobennosti
antiinfekcionnyh himiopreparatov [General features of anti-infective
chemotherapy drugs]. A practical guide to anti-infective chemotherapy.
RC “Pharmedinfo”, 2007. — 427 p. Russian

8 Clinical guidelines. Community-acquired pneumonia. Russian
Respiratory Society Interregional Association for Clinical Microbiology
and Antimicrobial Chemotherapy. — 2018. — 97 p. Available from:
https://minzdrav.midural.ru/uploads/clin_recomend%20P®.pdf
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ted to a greater extent with an increase in the expen-
diture on biological disease modifying antirheumatic
drugs (GEBPs) and anticoagulants. It is also caused by
a restriction in the purchase of expensive antibiotics
in favor of the most affordable ones, rather than a
decrease in the frequency of prescribing antibacterial
drugs. Thus, it was the calculation of the DDDs/100
bed-days indicator, and not the ABC analysis, which
made it possible to evaluate and compare the annual
consumption of antibacterial drugs, regardless of the
dosing regimen, costs, the number of patients treat-
ed, and hospital stays (Fig. 2).

The prescription of antibacterial drugs for the
COVID-19 treatment is a problem not only for the
healthcare of the Russian Federation, but also for the
whole world. Langford B.J. et al. [9] analyzed the data
from 154 studies on COVID-19 antibiotic therapy (30 623
patients). The frequency of antibiotic therapy prescrip-
tion was 74.6% (95% Cl 68.3—-80.0%), which is consis-
tent with the authors’ data. However, only 8.6% (95%
Cl in 4.7-15.2%) of patients in 31 studies had a labora-
tory-confirmed bacterial co-infection. Thus, more than
half of the prescriptions of antibacterial drugs can be
characterized as the prescription of more drugs than the
clinical situation requires.

One of the most likely reasons for the excessive pre-
scription of antibacterial drugs at the beginning of the
COVID-19 pandemic, in the authors’ opinion, may be the
adherence of practitioners to previously recommended
empirical therapy regimens for community-acquired
pneumonia of bacterial etiology. It should be notified
that in 2021, against the background of the widespread
use of immunosuppressants for the treatment of cy-
tokine storm, the risk of infectious complications, the
blurring of the clinical picture of a bacterial infection
and changes in the general blood test while taking GCSs,
a high lethality of patients in hospitals, could serve as
a reason for prescribing antibacterial drugs to patients
with severe COVID-19 without a proven bacterial infec-
tion.

Glucocorticosteroids, GEBPs, janus kinase

inhibitors and cytostatics

The discovery of a hyperimmune response role, or
cytokine storm as the basis for the pathogenesis of an
acute respiratory distress syndrome and a multiorgan
dysfunction in COVID-19 prompted the widely used in
rheumatology anti-inflammatory drugs.

Dexamethasone was notified in 37.5% of physicians’
prescriptions to patients with COVID-19 in 2020 and
91.3% in 2021. Fewer than 5% of prescriptions includ-
ed prednisolone, methylprednisolone, baricitinib, and
cyclophosphamide. GEBPs were prescribed in 3.9% of
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cases in 2020 (tocilizumab, olokizumab, levilimab) and
in 11.6% in 2021 (tocilizumab, olokizumab, levilimab, sa-
rilumab and secukinumab).

Prednisolone, secukinumab, and cyclophosphamide
were not included in the standard COVID-19 treatment
regimens recommended by the Ministry of Health of the
Russian Federation and in force at the time, these drugs
were prescribed?®.

According to the recommendations, janus kinase in-
hibitors (baricitinib) and GEBPs are indicated to patients
with COVID-19 in combination with corticosteroids and
were used in the studied facilities together with dexa-
methasone. In most prescription lists, GEBPs were ad-
ministered to patients with COVID-19 in a single dose,
however, in case of insufficient effectiveness, according
to the recommendations, it was possible to re-adminis-
ter the drug after 12-24 hours.

Despite a low frequency of GEBPs use (Table 1),
the cases of multiple injections, as well as the intro-
duction of cyclophosphamide in patients hospitalized
in the ICUs after GEBPs injections have been identified.
In the case history of one patient, 10 injections of 3
GEBPs were recorded. This fact is considered as poly-
pharmacy.

The active tactics of using immunosuppressive
drugs to treat patients with COVID-19 is triggered by
the paradigm of “cytokine storm”, a condition in which
an overly strong immune response, mediated by over-
produced pro-inflammatory cytokines, causes extensive
lungs damage and a state of thrombosis propensity. Ac-
cordingly, it is assumed that death occurs primarily due
to the inflammatory lungs disease, impaired micro- and
macrocirculation and an eventually respiratory failure or
vascular coagulopathy [10].

In this regard, in real clinical practice, in patients
with a progressive respiratory failure in the absence
of the standard therapy effect, multiple administra-
tions of GEBPs, pulse therapy with corticosteroids,
and cyclophosphamide were used as a kind of “de-
spair” therapy.

However, there are also conflicting views, asso-
ciated with a violation of the immunological defense
mechanism, leading to an uncontrolled virus spread
and organs damage [11]. Despite extensive research
around the world, the pathophysiological proces-
ses that play a critical role in morbidity and mortali-
ty among patients, remain unknown and require fur-
ther clinical studies, including retrospective ones, to
assess the benefit/risk of immunosuppression in pa-
tients with COVID-19.

° Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of
Health of the Russian Federation; 2021.

271



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

Omeprazole and antisecretory therapy

According to Rambhade S. et al. [12], one of the
common causes of polypharmacy is a cascade of pre-
scriptions (prescribing cascade), when drugs are pre-
scribed for the treatment or prevention of adverse drug
reactions (ADRs) caused by other drugs. Omeprazole 40
mg daily was used in 73.6% of prescriptions in 2020 and
85.4% in 2021. A high frequency of prescribing antise-
cretory therapy for patients with COVID-19 against the
background of the widespread use of corticosteroids,

anticoagulants, NSAIDs and a high risk of gastrointesti-
nal bleeding was most likely carried out for prophylactic
rather than therapeutic purposes.

Even before the COVID-19 pandemic, retrospec-
tive cohort studies had identified an increased risk of
developing community-acquired and nosocomial kinds
of pneumonia with the use of proton pump inhibitors
(PPIs) [13-15]. Currently, the PPIs intake is considered
by many authors as an independent risk factor for more
severe outcomes in patients with COVID-19 [16-22].

DDDs or PDDs/100 bed-days

Antibacterial drugs
Anticoagulants*
Dexamethasone*
Omeprazole*
Hypotensive drugs
Nsaids
Atorvastatin
Antiplatelet drugs
Mucolytics ME————— 16.6

I 16.3
17.3

Insulins
Antiviral drugs 72

Antihistamines m 26

80.0 100.0 120.0

39.0

47.9

2020 W 2021

Figure 1 — Structure and volume of consumption of the most commonly used drugs and groups of drugs in
patients with COVID-19

Note: * — PDDs were used for calculation

DDDs or PDDs/100 bed-days

0.0 10.0

Ceftriaxone

in¥
Levofloxacin 12.2

Azithromycin* ———_ 14.5

4.9

Cefoperazone Sulbactam 123

. 35
Meropenem 2.8

Metronidazole gt 31
Vancomycin ™ L1

icin 1 05
Gentamicin " %

Amoxicillin Clavulanate % %%
Cefepime ! 93

Linezolid | °'12_0

Ceftazidime | 33

Amikacin | 01
Co-Trimoxazole %ﬂ
Ciprofloxacin | ¢4
Tigecycline | o1
Ertapenem 0.0

20.0

30.0 40.0 50.0 60.0

I mmm——— __36.2

49.8

I ——— 30.8

19.9

2020 = 2021

Figure 2 — Structure and volume of antibacterial drugs consumption in patients with COVID-19
Note: * — PDDs were used for calculation.
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Figure 3 — Structure and volume of hepatotoxic drugs consumption in patients with COVID-19
Note: * — SDs were used for calculation; ** — SCDs were used for calculation; *** — PDDs were used for calculation
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Table 1 — Structure and volume of immunosuppressants consumption by patients with COVID-19

Volume of consumption

Doses
INN used for Calculated indicator 2020, 2021,
calculation 3 750 patients 5 130 patients
(45 315 bed-days) (58 439 bed-days)
Dexamethasone 14 mg PDD/100 bed-days 46.5 89.9
Baricitinib 4mg DDD/100 bed-days 0.31 1.1
(PDD coincides with DDD)
Tocilizumab 320 mg SD /100 patients 2.1 0.44
20 mg DDD for RA treatment /100 bed-days 2.8 0.62
Olokizumab 64 mg SD /100 patients 2.1 8.1
Levilimab 324 mg SD /100 patients 0.3 3.8
Sarilumab 200 mg SD /100 patients 14
14.3 mg DDD for RA treatment /100 bed-days 1.7
Secukinumab 300 mg SD /100 patients 0.1
10 mg DDD for RA treatment /100 bed-days 0.26
Prednisolone 1800 mg CK/100 patients 4.4 13.3
Methylprednisolone 2250 mg CK/100 patients 2.6 2.5
Cyclophosphamide 800 mg CK/100 patients 3.9

Note: PDD — prescribed daily dose; DDD — defined daily dose; SD — standard dose per 1 injection for mild and moderate COVID-19; SCD — standard

course dose per 1 patient; RA — rheumatoid arthritis.

H,-histamine blockers may be an alternative to
omeprazole and other PPIs if antisecretory therapy is
required. In small clinical trials early in the pandemic, a
famotidine use was associated with improved COVID-19,
reduced risks of intubation and death [23-26]. Two in
silico studies suggested a direct antiviral effect of famoti-
dine and proposed one of the two SARS-CoV-2 proteas-
es as potential molecular targets [27, 28], but a subse-
quent in vitro study did not confirm this effect [29], and
a meta-analysis did not reveal a significant reduction in
mortality from COVID-19 against the background of fa-
motidine use [30]. Despite the fact that famotidine was
not purchased in infectious disease facilities under study
in 2020 and 2021, the analysis of history cases revealed
the experience of prescribing this drug to the patients
who had started taking it before the admission to hospi-
tal, and a high frequency of recommendations for taking
famotidine when the patient was discharged from hos-
pital.

Mucolytics

The Russian Guidelines on the COVID-19 case
management in the “symptomatic treatment” section
only indicate the possibility of prescribing mucolytics
to patients with bronchitis against the background of
COVID-19, without listing drugs and algorithms.

In September 2020, Olaleye O.A. et al. described the
possibility of using ambroxol, an active metabolite of
bromhexedine, as a blocker of the interaction between
the spike protein of the SARS-CoV-2 virus and the ACE2
receptor and, thus, disrupt the penetration of the virus
into the cell [31], which was subsequently confirmed in
in vitro study [32]. The concentrations of ambroxol sig-
nificantly exceeded the concentrations of drugs in the
blood plasma of patients when it was used in standard
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doses, which does not allow transferring these data to
the clinic. The anti-inflammatory and antioxidant activi-
ties inherent in the mucolytic acetylcysteine, also made
it a good candidate for preventing the development of a
cytokine storm in COVID-19 patients [33]. However, the
results of a large cohort study published in early 2022,
did not prove the ability of acetylcysteine to reduce the
risk of developing ARDS and a severe COVID-19 course
[34].

In 2020, more than a half of medical prescriptions
contained ambroxol, and in 2021, acetylcysteine was
added to ambroxol and used in combination with it.
Moreover, cases of a simultaneous administration of
acetylcysteine under the trade name Fluimucil® (intra-
venously) with tablet forms of ambroxol and acetylcys-
teine under the trade name of ACC® have been iden-
tified. Currently, there are no data in the literature on
the advisability of prescribing combination therapy with
mucolytics to bronchitis patients. Moreover, a number
of authors believe that this may lead to an excessive spu-
tum production [35]. A simultaneous use of parenteral
and oral forms of drugs containing one active substance
is also considered irrational [36].

Hepatotoxic drugs

In the published studies, an impaired liver function
has been reported in 37.2-76.3% of hospitalized patients
with COVID-19. This is a result of many factors, such as
a drug-induced liver injury (DILI), an acute inflammatory
response, and hypoxia associated with a severe respira-
tory distress and ARDS, as well as a possible coronavirus
liver replication [37-40].

A simultaneous intake of several drugs with a poten-
tial hepatotoxicity more often causes a liver damage as a
result of a pharmacodynamic interaction. In internation-
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al'® and Russian databases''? a search was conducted
on the incidence of DILI for all the drugs used in infec-
tious in-patient hospitals in 2020 and 2021.

Among the drugs used in 2020, only 4 (cefopera-
zone/sulbactam, interferon beta, fluconazole, and oloki-
zumab) are the drugs that cause DILI in 10% or more of
patients. In 2021, the drugs with a severe hepatotoxicity
(DILI = 10%) were also joined by remdesevir and sarilum-
ab. The volume of drugs consumption with a severe hep-
atotoxicity was relatively small. However, the total con-
sumption of drugs that cause DILI in 1-10% of patients
(23 drugs in 2020 and 22 drugs in 2021) and 0.1-10%
of patients (12 drugs in 2020, 13 drugs in 2021) were
several times higher than 100 DDDs/100 bed-days. That
was the result of the combined prescription of 2 or more
drugs that can cause a liver dysfunction (Fig. 3). The most
commonly prescribed groups of drugs with hepatotoxic
effects were PPIs, antibacterials, and anticoagulants.
The volume of hepatotoxic antiviral drugs consumption
was 3.8 DDDs/100 bed-days (lopinavir/ritonavir and fa-
vipiravir) in 2020 and 1.8 DDDs/100 bed-days (favipiravir
and remdesavir) in 2021.

CONCLUSION

In 2020, the healthcare system of the Russian Fed-
eration and the world faced a pandemic of a new rapidly
spreading infection. The deficiency of drugs with proven
efficacy, proven treatment algorithms, high mortality of pa-

tients in the hospital forced practitioners to use all available
means to save patients’ lives, which inevitably led to poly-
pharmacy. It should be remembered that the prescription
of a great number of drugs can lead not so much to the
desired increase in the effectiveness of therapy, as to the
development of ADRs and an increase in the economic bur-
den. The prescription of antibacterial drugs, omeprazole,
mucolytics, hepatotoxic drugs, immunosuppressants in the
infectious disease facilities of hospitals should be limited
and carried out under the supervision of a clinical phar-
macologist. The Russian Guidelines on the COVID-19 case
management in the “symptomatic treatment” section.
The latest versions of the Russian Guidelines of
the Ministry of Health of the Russian Federation on the
COVID-19 case management contain clear criteria for
prescribing antibiotic therapy, compliance with which
will reduce the unreasonable prescription of this group
of drugs. If antisecretory therapy is needed, considering
famotidine, a drug that does not adversely affect the
course of COVID-19, unlike omeprazole, and causes DILI
with a lower incidence (<0.1%), is recommended. The
routine use of mucolytics in patients with COVID-19, es-
pecially combined ones, should be used only in case of
sputum that is difficult to separate. The prescription of
combined immunosuppressive therapy with the use of
multiple GEBPs injections, pulse therapy with corticoste-
roids, cyclophosphamide is currently unreasonable, and
further retrospective clinical studies are required.
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The aim of the study was to conduct a pharmacoeconomic evaluation of the atezolizumab, vemurofenib and cobimetinib
(ATZ+VM+COB) combination and the nivolumab and ipilimumab (NIVO+IPI) combination for the treatment of BRAF-con-
firmed metastatic melanoma in adult patients.

Materials and methods. With the help of mathematical modeling methods, a pharmacoeconomic “cost-effectiveness” ana-
lysis; a “budget impact” analysis; a sensitivity analysis to the changes in the initial parameters of the model, were carried out.
Results. The analysis of literature sources made it possible to conclude that the combination of ATZ+VM+COB compared with
the combination of NIVO+IPI (15.1 and 11.2 months, respectively) has a greater clinical efficacy in terms of a progression-free
survival (PFS) in patients with metastatic melanoma. When choosing the ATZ+VM+COB combination, the total cost of treat-
ment for one adult patient with metastatic melanoma per course was lower, compared to the NIVO+IPI combination (RUB
8326 864.89 vs RUB 7 172 751.68); the difference amounted to 1 154 113.21 rubles. When calculating the “cost-effectiveness”
ratio for a year of a progression-free survival, the advantage of the ATZ + VM + COB combination in comparison with the NIVO
+ IPI combination, remained (5 700 200.01 rubles vs 8 942 400.10 rubles); the difference amounted to 3 242 200.09 rubles. The
sensitivity analysis demonstrated the developed model stability to an increase in the cost of the ATZ + VM + COB course up
to + 16%, a decrease in the cost of the NIVO + IPI course to —13%, and a reduction in the PFS to —37% against the background
of the ATZ + VM + COB course. The “budget impact” analysis showed the possibility of reducing costs by 8 655 849.11 rubles
with an increase from 5% to 20% in the proportion of the patients administrated with the ATZ+VM+COB combination, and
with a decrease from 95% to 80% in the proportion of the patients administrated with the NIVO+IPI combination.
Conclusion. The results of the work have shown that within the healthcare system of the Russian Federation, the triple com-
bination of ATZ+VM+COB is a clinically cost-effective option for the treatment of adult metastatic melanoma patients with a
confirmed BRAF mutation.

Keywords: metastatic melanoma; BRAF mutations; melanoma treatment; “cost-effectiveness” analysis; “budget impact”
analysis; atezolizumab; vemurafenib; cobimetinib

Abbreviations: ATZ — atezolizumab; COB — cobimetinib; IPl — ipilimumab; NIVO — nivolumab; VM — vemurafenib; PFS —
progression-free survival; OS — overall survival; RR — relative risk; RCT — randomized clinical trial; AE — adverse event; CEA
— "cost-effectiveness" analysis; BIA — "budget impact" analysis; OS — overall survival.
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combination and nivolumab + ipilimumab combination: administration in metastatic melanoma treatment with BRAF-confirmed mutation in
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Lienb. MpoBectv $apMaKo3IKOHOMMUYECKYHO OLLEHKY MPUMEHEHUSA KOMBUHALLMM NpenapaToB aTe3011M3ymab, BemypodeHund u
KobumeTnHuo6 (ATZ+VM+COB) ¢ npenapatamu H1MBoAymMab u unuaumymab (NIVO+IPI) ana Tepanmm metactaTtuyeckon mena-
HOMbI C NOATBEPKAEHHON BRAF-MmyTaLmelt y B3pOCabIX NaLUEHTOB.

Marepuanbl u metoabl. C NOMOLLbIO METOLO0B MaTEMATUYECKOrO MOAENMPOBAHUA bbin NpoBeaeH GapMaKOIKOHOMUYECKUIA
aHanu3 «3aTpaTbl-9PGEKTUBHOCTbY; aHAIN3 «BANAHUA Ha OIOAKET»; aHaNN3 YyBCTBUTENIBHOCTU K U3MEHEHUAM UCXOAHbIX
napameTpoB MOAENN.

Pe3ynbratbl. [poBeAeHHbI aHaNU3 IMTEPATYPHbIX MCTOYHMKOB NO3BOU CAENATb BbIBOZ, O 60/bLUEN KNMHWUYECKOW b deK-
TUBHOCTU B OTHOLUEHWM BblXKMBaemocTu 6e3 nporpeccupoBaHua (BBM) y nauueHToB ¢ MeTacTaTMYeCcKon MenaHoMou Ans
KOMb6UHaumu ATZ+VM+COB no cpaBHeHuto ¢ KombuHaumen NIVO+IPI (15,1 n 11,2 mec. cooTBeTcTBEHHO). ObLime 3aTpaThl
Ha KypC 1eYeHns O4HOro B3POCAOro MaumeHTa ¢ MeTactaTM4eckol mesiaHoMol npw Bbibope KombuHaumm ATZ+VM+COB
6bIAN HUXKe B CpaBHEHMU ¢ KombuHaumen NIVO+IPI (8 326 864,89 py6. npotms 7 172 751,68 pyb.); pasHMLA cocTaBuia
1 154 113,21 py6. MNpu pacyete KoaddULMEHTa «3aTpaTbl-3PPEKTUBHOCTb» HA rog, *KMU3HM He3 nporpeccMpoBaHusA CoXpa-
HANIOCb MPEUMYLLECTBO KOMBUHauun ATZ+VM+COB B cpaBHeHuu ¢ kombuHaumeit NIVO+IPI (5 700 200,01 py6. npotvs
8 942 400,10 py6.); pa3Huua coctasuna 3 242 200,09 pyb. AHann3 YyBCTBUTENBHOCTU MPOAEMOHCTPUPOBA/ YCTOMYMBOCTD
pa3paboTaHHOM MOZENM K YBEIUYEHUIO CTOMMOCTU Kypca ATZ+VM+COB no +16%, cHuxkeHuto ctoumoctn kKypca NIVO+IPI
80 —13%, cokpalieHuto BBMN Ha doHe Kypca ATZ+VM+COB f0 —37%. AHanu3 «BAUAHWE HA BIOAKET» NMOKa3al BO3SMOMXKHOCTb
CHU}KeHMA 3aTpaT Ha 8 655 849,11 py6. npu yBeNUYEHUM 40NN NALMEHTOB, NONYYatoWMX KombUHaumio ATZ+VM+COB, ¢ 5 go
20%, 1 MPY CHUXKEHUU [0/ NALMEHTOB, nosyyarowmx kombuHaumo NIVO+IPI, ¢ 95 oo 80%.

3aKntoueHue. PesynbtaTbl NPpoBeAEHHON HaMK PaboTbl MOKa3anu, YTo TPoMHaa KombuHauma ATZ+VM+COB ABAAETCA KANHU-
4yecKn 3G EKTUBHBIM M SKOHOMMUYECKM NPEANOYTUTE/IbHBIM BapUAHTOM TEPaNMU NaLMEHTOB C MeTacTaTMYeCKOoM MelaHoOMOM
c noaTeepkAeHHOM BRAF-myTaLmeit y B3pOoCabixX MaLMEHTOB B paMKax CUCTEMbI 34paBooxpaHeHnsa Poccuiickol ®epepaumm.
KntoueBble cnosa: metacratnyeckas menaHoma; BRAF-myTaumu; neyeHne MenaHoMbl; aHaNU3 «3aTpaTbl-9PpPEeKTUBHOCTbY;
aHaNM3 «KBAUAHUA Ha BrOAXKET»; aTe301M3yMab; BemypadeHnd; KobnumetTnHub

CnUCOK coKpaleHui: ATZ — atezonnsymab; COB — KobumeTtnHu6; IPl — unuammymab; NIVO — HuBonymab; VM — semypade-
HW6; BBI — BbIXkMBaemocTb 6e3 nporpeccuposaHus; OB — obLias BbixkMBaemMocTb; OP — oTHocUTEbHbIN pUcK; PKU — paH-
[OMU3NPOBaAHHOE KAMHUYEeCKoe uccieaoBaHmne; HA — HexkenatenbHble ABneHUA; CEA — aHanun3 «3aTpatbl-9dpPeKTUBHOCTLY;
BIA — aHanu3a «BAUAHMA Ha brogxKeT»; OB — 0bLiasa BbIXKMBAEMOCTb.
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INTRODUCTION

Melanoma is a malignant tumor originating from
melanocytes, pigment skin cells that produce mela-
nin [1]. The treatment of melanoma requires an inter-
disciplinary approach that includes surgery, radiation
therapy, chemotherapy, immunotherapy, and targeted
therapy? [2]. There is a distinct increase in the incidence
of melanoma. According to the data of Herzen Mos-
cow Scientific and Research Oncological Institute, since
2010, the prevalence rate has increased from 46.6:100
000 to 69.1:100 000 of the population (at the beginning
of 2021)2

Melanoma is one of the most aggressive oncologi-
cal diseases, which quickly and often metastasizes. The
rate of neglect at the time of the disease detection in
skin melanoma is quite high and amounts to 19.6% (i.e.
the detection in late IlI-IV stages). The mortality within a
year after this disease registration is 8.2% [3, 4].

In some cases, only distant metastases can be de-
tected, and the primary lesion on the skin (or in other or-
gans) cannot be detected (for example, due to the spon-
taneous regression of the primary tumor or removal of
the lesion during medical or cosmetic manipulations
without morphological examinations) [5, 6].

While surgery and adjuvant cytokine therapy are the
mainstay of the treatment for resectable melanoma, the
treatment for unresectable or metastatic melanoma is
based on the use of the drug therapy [7-10]. The agents
available for the unresectable/metastatic malignant
melanoma treatment, can be divided into three classes:
immunotherapy (e.g., nivolumab, pembrolizumab, ipili-
mumab, cytokines); BRAF/MEK inhibitors (e.g., vemu-
rafenib, dabrafenib, cobimetinib, trametinib); chemo-
therapy (temozolomide) [2, 11, 12].

The development of immunotherapeutic agents
over the past decade has dramatically changed the
prognosis for melanoma patients, significantly increas-
ing survival and improving their quality of life [13]. How-
ever, BRAF/MEK inhibitors, like immunotherapy, are ex-
pensive kinds of treatment that carry a large financial
burden on the healthcare budget, so it is important to
conduct a pharmacoeconomic evaluation of the therapy
for melanoma patients with a confirmed BRAF mutation
in the Russian Federation [3].

At the moment, the combination of immunodrugs
nivolumab and ipilimumab NIVO+IPI has shown its high
efficacy in the treatment of melanoma [1, 2]. However, a
randomized clinical trial (RCT) showed that this therapy
regimen had to be canceled in 42% due to the develop-
ment of drug-related adverse events (AEs) [14].

! The Association of Russian Oncologists (AOR), Russian melano-
ma professional association the Russian Society of Clinical Oncology
(RUSSCO). Melanoma kozhi i slizistyh obolochek [Melanoma of the
skin and mucous membranes]. Clinical guidelines. 2022: 136 p. Russian
2 Kaprin AD, Starinsky VV, Shakhzadova AO. Sostoyanie onkologicheskoj
pomoshchi naseleniyu Rossii v 2020 godu [The state of oncological care
for Russian population in 2020]. M.: MNIOI im. P.A. Herzen — branch of
“NMITs Radiology”. 2021: 239 p. Russian
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The search for new therapeutic options led to the
development of the atezolizumab, vemurofenib, and co-
bimetinib (ATZ+VM+COB) combination, the only triple
treatment regimen included in international and Rus-
sian clinical guidelines for the treatment of melanoma
[1, 2] and available on the Russian market since 2020.
The triple combination has proven its high effectiveness
in RCTs, as well as a better tolerability [15].

THE AIM of the study was to conduct a pharma-
coeconomic evaluation of the atezolizumab, vemuro-
fenib and cobimetinib (ATZ+VM+COB) combination and
the nivolumab and ipilimumab (NIVO+IPl) combination
for the treatment of BRAF-confirmed metastatic mela-
noma in adult patients.

MATERIALS AND METHODS

The design of the study consisted of a pharmacoeco-
nomic “cost-effectiveness” analysis (CEA), a “budget im-
pact” analysis (BIA), a sensitivity analysis of the changes
in the initial parameters of the model. A hypothesis that
the triple combination of ATZ+VM+COB is clinically and
cost-effective for the treatment of metastatic melanoma
with a confirmed BRAF mutation in adult patients with-
in the healthcare system of the Russian Federation was
formulated.

The ATZ+VM+COB combination under study in-
cludes: 1) Atezolizumab — Tecentriq® (F.Hoffmann-La
Roche, Ltd, Switzerland) concentrate for the infusion
solution, 60 mg/ml in 1200 mg/20 ml vials and 840
mg/14 ml vials; 2) Vemurafenib — Zelboraf® (F. Hoff-
mann-La Roche, Ltd, Switzerland) film-coated tablets,
240 mg; 3) Cobimetinib — Cotellic® (F. Hoffmann-La
Roche, Ltd, Switzerland) film-coated tablets, 20 mg.

The NIVO+IPI comparison combination includes 1)
Ipilimumab — Yervoy® (Bristol-Myers Squibb, USA) con-
centrate for the infusion solutions, 5 mg/ml, in 10.7 ml
vials; 2) Nivolumab — Opdivo® (Bristol-Myers Squibb,
USA) concentrate for the infusion solutions, 10 mg/ml,
in 4 mland 10 ml vials.

Description of research methodology

At the preliminary stage of the investigation, an in-
formation search for studies on the efficacy and safety of
ATZ + VM + COB and NIVO + IPI combinations in adults
with metastatic melanoma according to the PICOS and
PRISMA criteria in the Cochrane, Pubmed and eLIBRARY
databases, was carried out [16, 17].

The analysis included 7 publications: five — on the
clinical efficacy and safety of the NIVO+IPI combination,
two — on the ATZ+VM+COB combination. The following
works were included in the analysis: 1) RCT IMspire150,
Gutzmer R. et al., 2020 [15]; 2) RCT CheckMate 067, Wol-
chok J.D. et al., 2017 [18]; 3) RCT CheckMate 067, Hodi
F.S. et al., 2018 [19]; 4) RCT CheckMate 067, Larkin J. et
al.,, 2019 [14]; 5) RCT CheckMate 069, Hodi F.S. et al.,
2016 [20]; 6) RCT CheckMate 511, Lebbe C. et al., 2019
[21]; 7) Network meta-analysis by Lee J. et al., 2022 [22].
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Table 1 — Model of patient treatment according to ATZ + VM + COB protocol

Preparations Pharmaceutical form Dosing regimen

Introductory period

™ 240 me, 56 tab. per pack then - 730 mg twlce day for 7 doys
coB 20 mg, 63 tab. per pack 60 mg per day for 21 days, 7 days off
Maintenance period (from the 29* day on) for 9.2 months
ATZ 60 mg/ml, 1200 mg/20 ml 1200 mg once every 21-st day
or 850 mg/14 ml, 1 pc. in pack or 840 mg once every 14-th day
VM 240 mg, 56 tab. per pack 720 mg twice a day
coB 20 mg, 63 tab. per pack 60 mg a day for 21 days, 7 days off

Note: ATZ — atezolizumab; COB — cobimetinib; IPI — ipilimumab; NIVO — nivolumab; VM — vemurafenib.

Table 2 — Model of patient treatment according to NIVO + IPI protocol

Preparations Pharmaceutical form Dosing regimen

Introductory period

NIVO 10 mg/ml, 4 mlvials, 1 pc. per pack 1 mg/kg — 80 mg once every 21-st day
IPI 5 mg/ml, 10.7 ml, 1 pc. per pack 3 mg/kg — 240 mg once every 21-st day
Maintenance period (from the 22-nd day) for 7.5 months
H ®
NIVO NIVO Opdivo® 10 mg/ml, 10 mi and 4 ml 3 mg/kg — 240 mg once every 14-th day

vials, 1 pc. per pack

Note: ATZ — atezolizumab; COB — cobimetinib; IPl —ipilimumab; NIVO — nivolumab; VM — vemurafenib.

Table 3 - Prices for individual drugs included in combinations under study

Trade mark-ups and VAT

MP (INN) Pharmaceutical form (mg) Cost per pack (rub.) (rub)
Tecentriq® (ATZ) 1200 mg/20 ml per vial, No.1 215930.09 265 657.71
Tecentriq® (ATZ) 840 mg/14 ml per vial, No.1 151 151.06 185 960.39
Zelboraf ® (VM) 960 mg, 56 tab. 43 185.94 53131.44
Kotellik® (COB) 20 mg, 63 tab. 141 335.82 173 884.75
Opdivo® (NIVO) 10mg/1ml, 4 ml per vial, No.1 31076.23 38232.93
Opdivo® (NIVO) 10mg/1ml, 10 ml per vial, No.1 77 691.35 95 583.27
Yervoy® (IPI) 5mg/1ml, 10.7 ml per vial, No.1 186 134.59 229 00.46

Note: the prices are indicated in rubles, including trade mark-ups and VAT.

Table 4 - Calculation of treatment costs according to ATZ + VM + COB protocol per metastatic melanoma patient

Preparation Dosing regimen Requirement (pcs/pack) Cost per pack

Cost per course

(rub.) (rub.)
Introductory period 1-28 days
960 mg twice a day for 21 days. 168/3 53131.4461 159 394.34
Zelboraf®, 240 mg -
Then 720 mg twice a day 42 /1 53 131.4461 53131.45
Kotellic®, 20 mg 60T:egn/ :a;'_;(;:/ﬁ::z > 63/1 173 884.753 173 884.75
Maintenance phase up to 9.2 months
Tecentriq®,
1200 mg/20 ml 1200 mg once every 21-st day 13/13 265 657.71 3453 550.23
Zelboraf®, 240 mg 720 mg twice a day 1,656 / 30 53131.4461 1593 943.38
Kotellic®, 20 mg 60 mg per day for 21 days. 630/ 10 173884.753 1738 847.53

Then a 7-day break

Course costs 7,172,751.68

Note: the prices are indicated in rubles, including trade mark-ups and VAT.
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Table 5 — Calculation of treatment costs according to NIVO + IPI protocol per metastatic melanoma patient

Cost per pack

Cost per course

Preparation Dosing regimen Requirement (pcs/pack) s (rub.)
Introductory period
Opdivo®, 1mg/kg — 80 mg
10 mg/ml—4 ml once every 21 days 8 3823293 305 863.44
Yervoy®, 60 mg once a day, 21 days,
5 mg/ml—10.7 ml 7 days break 20 229 000.45 4580 009.11
Maintenance phase:
Opdivo®, 10 ml 30 vials 95 583.27 2867 498.38
10 mg/ml —10 ml 3 mg/kg — 240 mg
Opdivo®, once every 14 days 4 ml 15 vials 38 232.93 573 493.96
10 mg/ml—4 ml
Course costs 8326 864.89
Note: the prices are indicated in rubles, including trade mark-ups and VAT.
Table 6 — “Cost-effectiveness” ratios
Index number ATZ+VM+COB NIVO+IPI
Cost analysis
Costs for a treatment course (rubles) 7 172 751.68 8326 864.89
Therapy costs per month (rubles/patient) 788 214.47 1110 248.65
Effectiveness analysis
Progression-free survival (months) 15.1 11.2
Cost-effectiveness” ratio, 5700 200.01 8 942 400.10
rub/year progression-free survival
Difference (rub.) 3242 200.09

Table 7 — Sensitivity analysis

Value ATZ+VM+COB (rub.) NIVO+IPI (rub.) Economic benefit (rub.)

Initial 7172 751.68 8326 864.89 115411321
Sensitivity to price increases for ATZ+VM+COB rate

Value +10% 7 890 026.84 8 326 864.89 436 838.05

Value +15% 8248 664.42 8326 864.89 78 200.47

Value +20% 8 607 302.01 8326 864.89 —-280437.12

Sensitivity to price reduction for NIVO+IPI course

Value -5% 7 172 751.68 7910 521.64 737769.96

Value -10% 7172 751.68 7494 178.40 321426.72

Value —15% 7172 751.68 7077 835.15 —94 916.53
Table 8 — Results of “budget impact” analysis

Region: Russian Federation Number of patients: 50

Distribution ATZ + VM + COB NIVO +IPI Total

Share 1 (%) 5.00% 95.00% 100.00%

Share 2 (%) 20.00% 80.00% 100.00%

Expenses

Budget 1 (rub.)

17931 879.19 395526 082.30

413 457 961.49

Budget 2 (rub.) 71727 516.76 333074 595.62 404 802 112.38
Savings (rub.) 8 655 849.11
282 Volume X, Issue 3, 2022
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“Budget impact” analysis
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Budget 2 Savings

Figure 1 — Savings in administration of ATZ + VM + COB combination

Next, the data on marginal prices for the drugs from
the Russian State Register® included in the ATZ + VM +
COB and NIVO + IPI combinations, were copied.

Based on the current clinical guidelines*, a model for
the treatment of a metastatic melanoma patient with a
confirmed BRAF mutation for the triple ATZ+VM+COB
(Table 1) and dual NIVO+IPI (Table 2) combinations was
developed. The duration of the treatment was calculat-
ed based on the clinical studies in real practice (IMspire
150 [16] and Checkmate 511 [21]), where the average
treatment period was 9.2 months for the triple combi-
nation and 7.5 months for the double one.

At the next stage of the study, a comparative
“cost-effectiveness”® analysis of the triple ATZ + VM +
COB combination and the dual NIVO + IPI combination
was carried out. A progression-free survival (PFS) de-
rived from a systematic meta-analysis was selected as
an efficacy criterion. The cost-effectiveness ratio was cal-
culated using the formula®:

CER = DC/ES,

where: CER (cost-effectiveness ratio) is the ratio of
costs and effectiveness; DC — direct costs; Ef (effective-
ness) — an indicator of the effectiveness which the drugs
are compared by.

3 Russian State Register of Maximum Selling Prices for Medicines,
2021. Available from: http://www.grls.rosminzdrav.ru/Default.aspx.

% The Association of Russian Oncologists (AOR), Russian melano-
ma professional association the Russian Society of Clinical Oncology
(RUSSCO). Melanoma kozhi i slizistyh obolochek [Melanoma of the
skin and mucous membranes]. Clinical guidelines, 2022.

® Omelyanovsky VV, Avksentieva MV, Sura MV. et al. Metodicheskie
rekomendacii po provedeniyu sravnitel’noj kliniko-ekonomicheskoj
ocenki lekarstvennogo preparata [Methodological recommendations
for comparative clinical and economic evaluation of the drug]. Ap-
proved by the order of the “Center for expertise and quality control of
medical care” of the Ministry of Health of Russia dated December 29,
2018 No. 242. Moscow. 2018: 46 p. Russian

6 Khabriev RU, Kulikov AYu, Arinina EE. Metodologicheskie osnovy
farmakoekonomicheskogo analiza [Methodological bases of pharma-
coeconomic analysis]. M.: Medicine. 2011: 352 p. Russian
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Next, a sensitivity analysis to determine the sensitiv-
ity of the model (cost-effectiveness ratio) to the changes
in the main initial parameters — the costs of a therapy
course per patient with metastatic melanoma and PFS’,
was performed.

At the final stage of the study, a “budget impact”
analysis (BIA)® was carried out.

RESULTS

Effectiveness evaluation according

to the literature data

At the first stage of the investigation, an information
search for the studies on the efficacy and safety of the
ATZ + VM + COB and NIVO + IPl combinations in adults
with metastatic melanoma was conducted.

The efficacy of atezolizumab in combination with co-
bimetinib and vemurafenib was evaluated in the double
blind, randomized (1:1), placebo-controlled, multicenter
trial (IMspire150) of phase 3 [15]. The group consisted of
514 IlIC-IV melanoma patients at the unresectable stage
with a positive BRAF V600 mutation. The treatment
was carried out in 28-day cycles. After the first cycle of
COB+VM (prescribed in the both groups), the study par-
ticipants, while on-going the COB+VM therapy, were ad-
ministrated with either ATZ or placebo. The duration of
the course was determined on the basis of the data from
the IMspire 150 [15] and CheckMate 511 [21] studies.

Inthe both cases, the treatment was carried out until
progression or unacceptable toxicity. For the triple com-

7 Omelyanovsky VV, Avksentieva MV, Sura MV. et al. [Metodicheskie
rekomendacii po provedeniyu sravnitel’noj kliniko-ekonomicheskoj
ocenki lekarstvennogo preparata] Methodological recommendations
for comparative clinical and economic evaluation of the drug, 2018.
Russian

8 Khabriev RU, Kulikov AYu, Arinina EE. Metodologicheskie osnovy
farmakoekonomicheskogo analiza [Methodological bases of pharma-
coeconomic analysis], 2011. Russian
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bination, the duration of the maintenance phase was 9.2
months, for the double combination —7.5 months (the
median of 15 injections).

The primary evaluation standard of efficacy in the
IMspire 150 protocol was the PFS, measured as the time
from randomization to the first occurrence of the di-
sease progression or death from any cause. Secondary
endpoints included an objective response, a duration of
response, an overall survival (OS), the time to the global
health status deterioration, and the time to the deterio-
ration in physical functions. In the ATZ group, the median
PFS was 15.1 months (95% Cl: 11.4, 18.4) and in the pla-
cebo group it was 10.6 months (95% Cl: 9.3, 12.7) (the
relative risk (RR) was 0.78; 95% Cl: 0.63, 0.97; p=0.0249).
At the time of this interim OS analysis, 205 patients died:
93 (36%) of 256 patients in the atezolizumab group and
112 (43%) of 258 patients in the control group (the haz-
ard ratio was 0.85; 95% Cl: 0.64-1 .11; p = 0.23 in the
Logrank test) [15].

Common treatment-related adverse events (AEs)
(the incidence >30%) in the ATZ group were: elevated
blood creatine phosphokinase (51.3%), diarrhea (42.2%),
rash (40.9%), arthralgia (39.1%), pyrexia (38.7%), in-
creased alanine aminotransferase (33.9%) and increased
lipase (32.2%). The discontinuation of the therapy due
to AEs was observed in 13% of patients in the ATZ group
and in 16% of patients in the placebo group [13]. Accord-
ing to the search results, the IMspire150 trial is currently
the only protocol that has examined the combination
of ATZ+VM+COB in patients with metastatic melanoma.
The NIVO+IPI combination has been used for a relative-
ly longer period and therefore has a broader evidence
base, which is founded on the CheckMate study cycle.

CheckMate 067 is a phase 3 double-blind RCT [14,
18, 19]. The protocol included patients with previously
untreated advanced melanoma, with a confirmed BRAF
V600 mutation, aged 18 and older. The primary end-
points were defined as PFSs and OSs. Randomization
occurred in three groups in the ratio of 1:1:1. The main
group patients were administrated with a combination
of NIVO + IPI (NIVO at the dose of 1 mg/kg body weight,
once in 21 days, 4 infusions + IPI 3 mg/kg body weight,
once in 21 days, 4 infusions; then NIVO at the dose of
3 mg/kg body weight every 14 days). The comparison
groups’ patients were administrated with either NIVO
(at the dose of 3 mg/kg body weight every 14 days) +
placebo or IPI (at the dose of 3 mg/kg body weight, once
in 21 days, 4 infusions) + placebo. The treatment contin-
ued until the progression, unacceptable toxic effects, or
withdrawal of the consent.

In the work by Larkin J. et al. (2019) the results of
the CheckMate 067 study after a five-year follow-up (60
months) have been presented. In the NIVO+IPI group,
the OS median was not reached for 38.2 months, in
the NIVO group it was 36.9 months, in the IPI group —
19.9 months. The RR of death with NIVO+IPI compared
with IPI, was 0.52. No persistent deterioration in the
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health-related quality of life was observed during or af-
ter the treatment with NIVO+IPI or NIVO. No new late
toxic effects were notified. The authors concluded that
among the advanced melanoma patients, a sustained
long-term survival of 5 years was observed in a large
percentage of patients treated with the NIVO+IPI com-
bination [14].

In a multicenter, double-blind, phase 2 RCT Check-
Mate 069 (Hodi F.S. et al., 2016) [20], which also in-
cluded adult patients with previously untreated,
unresectable stage Ill or IV melanoma, the primary
endpoint was the proportion of patients with wild-type
melanoma BRAF V600 who had achieved an objective
response assessed by the investigator. The main group
patients were administrated with a combination of
NIVO + IPI (NIVO at the dose of 1 mg/kg body weight,
once in 21 days, 4 infusions + IPI 3 at the dose of mg/
kg body weight, once in 21 days, 4 infusions; then NIVO
at the dose of 3 mg/kg body weight once in 14 days).
The comparison group patients were administrated
with IPI + placebo (IPI 3 at the dose of mg/kg m body,
once in 21 days, 4 infusions, then placebo once in 14
days). The protocol included 142 patients (95 patients
in the NIVO+IPI group and 47 patients in the IPI group).
At the median follow-up of 24.5 months (the interquar-
tile interval of 9.1-25.7), a 2-year OS was 63.8% (95%
Cl 53.3-72.6) in the NIVO+IPI group and 53.6% (95% ClI
38.1-66.8) in the IPI group.

The aim of the phase llib/IV CheckMate 511 study
(Lebbe C. et al., 2019) [21] was to determine the safe-
ty of the NIVO+IPI combination at different dosages. A
complete response was observed in 15.0% and 13.5% of
patients, respectively. The median PFS was 9.9 months
in the NIVO3+IPI1 group and 8.9 months in the NIVO1+I-
PI3 group. The median OS was not reached in any of the
groups [21].

A network meta-analysis using a Bayesian model by
Lee J. et al., 2022 [22] compared the efficacy and safe-
ty of the ATZ+VM+COB combination vs other therapies
for unresectable or metastatic melanoma in adults. The
endpoints included PFS, an objective response, the fre-
quency and proportion of patients who had discontin-
ued the treatment due to AEs.

The meta-analysis included 11 studies (not only
ATZ+VM+COB and NIVO+IPlI combinations, but also
other approved regimens). The result was that in the
general population, the use of the ATZ + VM + COB
combination significantly increases the PFS compared
with all comparators. This result was statistically sig-
nificant for most comparators, including NIVO+IPI [RR
95% Cl: 0.75 (0.58-0.97)]. An indirect comparison of
IMspire-150 and CheckMate 067 study data showed
a better PFS with ATZ+VM+COB (15.1 months) com-
pared to NIVO+IPI (11.147 months). The ATZ+VM+-
COB combination was rated as the best treatment
option in terms of the PFS and an objective response
to the treatment.
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Cost analysis results

When copying the data on marginal prices for
medicines from the Russian State Register of Maxi-
mum Selling Prices for Medicines, the prices for the
medicines included in the ATZ+VM+COB and NIVO+IPI
combinations, which are the subject of interest of this
study, were included in the analyzes. Since there is only
one price for each pharmaceutical and dosage form in
the SRMRs, the median was not calculated. In the anal-
ysis, trade mark-ups and VAT were taken into account
(Table 3).

Based on clinical guidelines the treatment models
for a single patient with a BRAF-confirmed metastatic
melanoma were constructed for the triple ATZ+VM+-
COB combination and the dual NIVO+IPI combination.
The cost analysis results for the ATZ+VM+COB treatment
course are presented in Table 4. The cost analysis re-
sults for the NIVO+IPI treatment course are presented in
Table 5.

In the calculation shown in Table 4, the dosing reg-
imen of atezolizumab 1200 mg once every three weeks
was used. According to the Clinical guidelines®, within
the ATZ+VM+COB protocol, atezolizumab can be also
administered at the dose of 840 mg once every two
weeks.

According to this dosing regimen, one patient un-
dergoing the ATZ + VM + COB protocol will require 19
packs per course (atezolizumab 840 mg / 14 ml), which
increases the cost of ATZ up to 3 533 247.47 rubles and
the entire course up to 7 252 448.92 rubles. Thus, the
use of atezolizumab (840 mg every 14 days) increases
the cost of the therapy by 79 697.24 rubles compared
with atezolizumab (1200 mg once every 21 days).

With the choice of the ATZ+VM+COB combina-
tion, the total course treatment costs for one adult pa-
tient with metastatic melanoma was lower compared
to the NIVO+IPlI combination (8 326 864.89 rubles vs
7 172 751.68 rubles); the difference was 1 154 113.21
rubles.

Results of “cost-effectiveness” analysis

At the next stage of the study, a comparative “cost-ef-
fectiveness” analysis on the use of the triple ATZ + VM
+ COB combination and the dual NIVO + IPI combination
was carried out. The PFS indicators obtained from an in-
direct comparison were chosen as an efficiency criterion.

When calculating the “cost-effectiveness” ratio for
a year of a progression-free life, the advantage of the
ATZ + VM + COB combination in comparison with the
NIVO + IPI combination remained (5 700 200.01 rubles
vs 8 942 400.10 rubles). The difference was significant
and amounted to 3 242 200.09 rubles (Table 6). Thus,
the combination of ATZ+VM+COB has shown an eco-
nomic advantage.

9 Kaprin AD, Starinsky VV, Shakhzadova AO. Sostoyanie onkologicheskoj
pomoshchi naseleniyu Rossii v 2020 godu [The state of oncological
care for Russian population in 2020], 2021. Russian
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Sensitivity analysis results

At the next stage of the study, a sensitivity analysis
was carried out. Its aim was to determine the sensitivity
of the model ( “cost-effectiveness” ratio) to the chang-
es in the main initial parameters — the cost of a therapy
course per patient with metastatic melanoma and the
PFS indicator (Table 7).

The sensitivity analysis demonstrated the stability of
the developed model to an increase in the cost of the
ATZ + VM + COB course up to + 16%; the reduction in the
cost of the NIVO + IPI course up to —13%; the reduction
in the PFS against the backdrop of the ATZ + VM + COB
rate up to —37% (Table 7).

"Budget impact" analysis

At the final stage of the study, the budget impact
analysis of 50 patients with a possible cohort of mela-
noma was carried out. The analysis showed a potential
opportunity to reduce the budget costs by 8 655 849.11
rubles, with an increase in the proportion of the patients
administrated with the ATZ + VM + COB combination
from 5% to 20% and a decrease in the proportion of the
patients administrated with the NIVO + IPI combination
from 95% to 80% in public procurement. The data are
presented in Table 8 and Fig. 1.

DISCUSSION

The Russian epidemiological data of the State Regis-
ter of Medicinal Remedies!® (SRMRs) on the prevalence
of metastatic melanoma raise certain concerns — there
is an increase in the incidence and pathology often de-
tected at late stages, and associated with high mortality.

The implementation of new treatment regimens into
practice, in particular, combinations of modern classes
of drugs — BRAF/MEK inhibitors and an anti-PD-L1 im-
mune preparation — can significantly improve the prog-
nosis of such patients, increasing the relapse-free period
compared to the previously existing therapy regimens.

Herewith, immunological drugs are highly likely to
cause the development of immune-mediated AEs and
are characterized by high costs, which emphasize a great
importance of identifying the most clinically effective,
safe and cost-effective combinations.

The NIVO+IPI combination has been shown in cli-
nical studies to achieve good results in adult patients
with metastatic melanoma, providing the longest overall
survival among existing therapy regimens. However, a
recent study has found out the benefits of the ATZ+VM+-
COB combination in this group due to the lower compli-
cation rate [22].

According to the results of the CheckMate 067
study [14], when prescribing an NIVO+IPI course, in
42% of cases the patients had to interrupt the ther-
apy due to the drug-related AEs. For comparison, in
the coBRIM study [10], against the background of the

1 Russian State Register of Maximum Selling Prices for Medicines,
2021.
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VM+COB course, the treatment was interrupted in only
11% of subjects, which is comparable to the data of the
IMspire150 study (16% of cases) [15]. When the ATZ
component was added to the dual VM+COB combina-
tion, the number of withdrawals amounting to 13%, did
not increase [15]. The difficulties in using the NIVO+IPI
combination, in addition, are due to the high costs for
the healthcare system, as noted by foreign authors [19,
25]. For 2017-2018, the costs of the NIVO + IPI course
per patient per year reached the amount equal to 226
thousand pounds in the UK, 258 thousand euros in Ger-
many, 234 thousand dollars in America [25].

To date, there are no direct comparative studies on
the benefits of one or another combination; in this re-
gard, in the study, indirect comparison data were used
and the costs analysis of these treatment regimens were
performed. When comparing the endpoints of large clin-
ical trials with a similar methodology, the ATZ + VM +
COB combination was found out superior to the NIV + IPI
combination in terms of the PFS median, lower costs per
therapy course and, as a result, a lower “cost-effective-
ness” ratio was notified.

The results of the work have shown that the triple
ATZ+VM+COB combination is a clinically cost-effective
option for the treatment of metastatic melanoma with
a confirmed BRAF mutation in adult patients within the
healthcare system of the Russian Federation.

CONCLUSION

The analysis of the literature sources made it possi-
ble to conclude that the ATZ+VM+COB combination was
more clinically effective than the NIVO+IPI combination
in relation to the PFS, which was 15.1 and 11.2 months,
respectively, in the patients with metastatic melanoma.

With the choice of the ATZ+VM+COB combination,
the total course treatment costs for one adult patient with
metastatic melanoma was lower compared to the NIVO+I-
Pl combination (8 326 864.89 rubles vs 7 172 751.68 ru-
bles); the difference was 1 154 113.21 rubles.

The calculation of the “cost-effectiveness” ratio for
a year of progression-free life showed the advantage of
the ATZ + VM + COB combination in comparison with the
NIVO + IPI combination (5 700 200.01 rubles vs 8 942
400.10 rubles); the difference was 3 242 200.09 rub.

The sensitivity analysis demonstrated the stabili-
ty of the developed model to increase the costs of the
ATZ+VM+COB course to +16%, to reduce the costs of the
NIVO+IPI course to —13%, and to reduce the PFS against
the backdrop of the ATZ+VM+COB course to —37%.

The “budget impact” analysis showed the possibility
of reducing costs by 8 655 849.11 rubles with an increase
in the proportion of the patients administrated with the
ATZ+VM+COB combination from 5% to 20%, and with a
decrease in the proportion of the patients administrated
with the NIVO+IPI combination from 95% to 80%.
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The article presents clinical study results of the efficacy and safety of combination therapy with sibutramine and metformin
(fixed combination) in comparison with sibutramine therapy with microcrystalline cellulose in patients with alimentary obesity.
The aim is to evaluate the efficacy and safety of using the sibutramine+metformin fixed dose combination (Reduxin® Forte)
and compare it with the sibutramine + microcrystalline cellulose combination (Reduxin®) in patients with alimentary obesity
in the course of the obesity therapy.

Materials and methods. Male and female patients (240 people) aged 18 to 65 years inclusive with alimentary obesity, meet-
ing the inclusion criteria and not meeting the non-inclusion criteria, were randomized into 2 groups in a 1:1 ratio. One group
(n=120) received sibutramine+ metformin p. o., 1 tablet (850 mg + 10 mg) once per day, the second group (n=120) received
sibutramine+ microcrystalline cellulose (MCC) p. 0., 1 capsule (10 mg + 158.5 mg) once per day in the morning. On day 30
+ 1, in the absence of a 2 kg weight loss compared to the first visit, the dose was increased in accordance with the medical
instruction. The therapy period was 180 days. The randomization list was generated by the factory method of random num-
bers. The efficacy and safety were assessed by anthropometric, clinical and laboratory parameters and the SF-36 question-
naire. The proportion of patients who achieved a decrease in body weight by more than 5% in 6 months, the magnitude and
dynamics of changes in body weight and body mass index, waist and hip measurements, their ratios, changes in lipid profile,
blood pressure, as well as the total number of adverse events, their frequency and nature of occurrence were analyzed.
Results. The both drugs have demonstrated efficacy in all parameters of the obesity therapy. At the same time, in a compa-
rative analysis, a statistically significant advantage of therapy with sibutramine + metformin was demonstrated in relation to
the proportion of patients who had achieved more than 5% weight loss (body weight dynamics). Significant benefits were
shown in terms of the magnitude of the change in body mass index (BMI); there was a statistically significant increase in the
proportion of the patients who had switched from one category of BMI to another. By the end of the study, the vast majority
of patients had no longer met the criteria for the diagnosis of “Obesity”. There was also a statistically significant benefit of
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Evaluation of weight reduction efficacy and safety of sibutramin-containing drugs in patients with alimentary obesity. Pharmacy & Pharmacolo-
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sibutramine + metformin in terms of lowering triglycerides and low-density lipoprotein levels. The analysis of the safety pa-
rameters of sibutramine + metformin confirms a high safety profile of the drug, a comparative statistical analysis of adverse
events in terms of their presence, severity, causal relationship with therapy and outcome have not revealed intergroup dif-
ferences. Adverse events were transient and did not require discontinuation of therapy.

Conclusion. The results of the study showed that therapy with Reduxin® and Reduxin® Forte provides a pronounced decrease
in body weight. However, the use of a fixed combination has a more effective positive effect on the lipid profile and patients’
quality of life, which, combined with a high safety profile, proves the possibility and expediency of using Reduxin® Forte
for the treatment of obesity and restoring metabolic health, even in patients without additional carbohydrate metabolism
disorders.

Keywords: obesity; pharmacotherapy; sibutramine; metformin; Reduxin®; Reduxin® Forte

Abbreviations: AH — arterial hypertension; BP — blood pressure; BAS — biologically active supplement; WHO — World Health
Organization; GLP-1 — glucagon-like peptide-1; BMI — body mass index; MS — metabolic syndrome; BW — body weight; MCC
— microcrystalline cellulose; LDL — low density lipoproteins; HDL — high density lipoproteins; AE — adverse events; HW — hip
width; WM — waist measurement; DM2 — type 2 diabetes mellitus; CVDs — cardiovascular diseases; NAFLD — non-alcoholic
fatty liver disease; TGs — triglycerides; PhA — physical activity; CS — cholesterin; HR — heart rate.
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B cTaTbe npeacTaBaeHbl pe3yabTaTbl KNMHUYECKOTO UcCnefoBaHnA 3POEKTUBHOCTU U 6e30MacHOCTU GUKCUPOBAHHON KOM-
H6UHaLUKM cnbyTpammnHOM ¢ MeTGOPMUHOM B CPAaBHEHWUM C Tepanuel CMbyTpaMMHOM C MUKPOKPUCTANIMYECKOM LieNto1030M
Yy NALMEHTOB C a/IMMEHTapPHbIM OXKUPEHUEM

Lienb. OueHnTb 3dpdeKTMBHOCTL M 6e30nacHOCTb NPMMEHEHMA NpenapaTta cMbyTpaMmH B KOMBUHaLUKU ¢ meTdopmmnHom (Pe-
AyKenH® dopTe) B cpaBHEHUM € Tepanueit npenapaTtom cMbyTpammnH C MUKPOKPUCTAIMYECKOM Lenntono3om (PeaykenH®) y
NaLMEHTOB C a/IMMEHTAPHbIM OXUPEHUEM.

Marepuanbl U meTogbl. MaLMeHTbl My»KCKOTO U KeHCKoro nona (240 yenosek) B Bo3pacte oT 18 A0 65 SIeT BKAKOUYNUTENBHO C
A/IMMEHTAPHbIM OXXMPEHMEM, COOTBETCTBYHOLLME KPUTEPUAM BK/IOYEHWUA U HE COOTBETCTBYIOLLME KPUTEPUAM HEBKI/IHOYEHMS,
paHAOMM3MPOBaNUCh B 2 rpynnbl B COOTHOWeHUK 1:1. OgHa rpynna (n=120) nony4ana npenapat cubyTpammH+meTdopmuH
(dmKcMpoBaHHan KombuHauwMa), nepopanbHo no 1 Tabnetke (850 mr + 10 mr) 1 pas B AeHb, BTopas rpynna (n=120) nony4ana
npenapat cMbyTpaMmnH+MUKPOKpUCTanAnYeckas uenntonosa (MKL) nepopanbHo no 1 kancyne (10 mr + 158,5 mr) 1 pa3 8
AeHb yTpom. Ha 30+1 aeHb Npw OTCYTCTBUM CHUMKEHMA MACChl TeNIA Ha 2 KF MO CPaBHEHMIO C NEPBbIM BU3UTOM, 033 YBE/INYN-
Ba/1aCb B COOTBETCTBMM C MHCTPYKLMEN NO MeAULMHCKOMY NpumeHeHuto. Mepuog Tepanuu coctasun 180 gHen. PaHaomum3a-
LIMOHHbIN CMMUCOK BblN CreHepMPOBaH METOL40M FreHepauum ciydalrHbIx Yncen. dPPeKTMBHOCTb M 6He30NacHOCTb OLLEHNBANUCH
Nno aHTPONOMETPUYECKUM, KTMHUKO-1abopaTOPHbIM NOKa3aTeNsAM U ONPOCHUKY SF-36. AHaAN3MPOBaNach A0S NALUEHTOB,
[OCTUTLLIMX CHUXKEHWA Macchl Tena bonee, Yem Ha 5% 3a 6 mecsALEB Tepanuu, BEIMYMHA U AMHAMUKA U3MEHEHUSA MacCbl
Tena U MHAEKCa Macchl TeNa, OKPYKHOCTU TaNum 1 6Eaep, UX COOTHOLIEHUSA, USMEHEHUA NoKasaTenen IMNMAHoOro Nnpoduns,
apTepuanbHOro AaBNeHUs, a TakxKe 0bLLee KONIMYECTBO HeXeNaTeNbHbIX ABNEHWUI, UX YaCcTOTa U XapaKTep BO3HMKHOBEHMUA.
Pe3synbratbl. 06a IeKapcTBEHHbIX NpenapaTta NpoAeMOHCTPUPOBaAN 3GPEKTUBHOCTb B OTHOLLEHUU BCEX NMapaMeTpoB Tepa-
NUKU oXKMpeHua. Mpu 3Tom, NPU CPaBHUTENILHOM aHaAn3e HbIN0 NPOAEMOHCTPUPOBAHO CTAaTUCTUYECKM 3HAYMMOE Npenmy-
LLLEeCTBO Tepanuu npenapaTom cubyTpamuH+meTdopmuH B dopme GUKCUMPOBAHHON KOMBUHALMM B OTHOLIEHMMW A0 NALM-
eHTOB, AoCTUrnx 6onee 5% CHUXKEHUA Macchl TeNa, AMHAMMUKM MacCbl Tena. 3Ha4YMMble NPeMMyLLecTBa 6blM NoKasaHbl B
OTHOLLEHMM BEANYMUHBI U3MEHEHUA MHAEKCA macchl Tena (MMT), oTMeyanocb CTaTUCTUYECKM 3HAYMMOEe YBEIMYEHUE [0NU
nauueHToB, nepelleaLwmnx U3 ogHon Kateropun UMT B gpyryto. K KOHLY nccnepnoBaHusa abcontoTHoe 60NbLIMHCTBO NaLy-
€HTOB MepecTann COOTBETCTBOBATb KPUTEPUIO AMarHo3a «OxupeHue». Bblio TakKe BblABNEHO CTAaTUCTUYECKU 3HaYMmoe
npeuMyLLLecTBo npenapaTta cMbyTpaMmH+mMeTGOPMUH B OTHOLLEHUW CHUMKEHUA YPOBHA TPUIIMULIEPUOB U YPOBHA INMONPO-
TEWA0B HU3KOM NNOTHOCTU. AHANN3 NapaMeTpPOoB OLLeHKMN 6€30MacHOCTU CMBYTPaMUH+METGOPMMH NOLATBEPIKAAET BbICOKUM
npodunb 6e3onacHoCTM NpenapaTta, CPAaBHUTE/bHbINA CTAaTUCTUYECKUIA aHANN3 HEXKEeNaTe/IbHbIX ABNEHUN MO UX HaJWU4MIO,
TAXKECTU, NPUYNHHO-CNELACTBEHHOM CBA3U C Tepanuen 1 UCXOAY He BbIABU/ MEXIPYNMOBbIX Pasanynii. HexenatenbHble AB-
JIEHWA HOCUAM TPAH3UTOPHBIN XapaKTep U He TPeboBaNN OTMEHbI TEPANUMU.

3akntoueHue. Pe3ynbTaTbl UCCnen0BaHMA NOKa3aaW, YTO TePanUA NEKAPCTBEHHbIMM NpenapaTamun PeaykcnH® n PegykenH®
dopTe obecneynBaeT BbiparkeHHOE CHUXEHME Maccbl Tena. OgHaKo npumeHeHne GUKCUPOBAHHOM KOMBUHALMK OKa3biBaeT
b6onee apdeKTMBHOE MONOKUTENIbHOE BAUAHWME Ha MOKasaTenu AMNUAHOTO NPOPUAA M KAyecTBa XKU3HU NaLMEHTOB, YTO,
B COYETAHUM C BbICOKMM Mpoduiem 6e30nacHOCTM, AOKA3bIBAET BOSMOXKHOCTb U LLenecoobpasHoCTb NPUMEHEHUA NeKap-
CTBEHHOro npenapata PeayKcnH® ®opTe AN Nle4eHUA OXKUPEHUSA U BOCCTAaHOBEHUA MeTaboIMYecKoro 340p0BbA AaXKe Y
nauueHToB 6e3 JONONHUTENbHbIX HAPYLUEHWUI YTNeBOAHOTO obmeHa.

KntoueBble cnoBa: oxxupeHue; bapmakoTepanua; cmbytTpamumH; metdopmuH; PeayKcuH®; PeaykcnH® dopte

Cnucok coKkpallleHuid: Al —apTepuanbHasn runepteHsus; AL —aptepuanbHoe aasneruve; BAL — 6uonormyeckn aktmBHasA A006aBKa;
BO3 — BcemupHas opraHunsauus 3apaBooxpaHenus; MMM-1 — mtokaroHonogobHbii nentua-1; UMT — nHaekc macesl Tena; MC
— meTabonnyeckuii cuHapom; MT — macca Tena; MKLL — MUKpoKpuUcTanamyeckan wenntonosa; JINHM — avnonpotenabl HU3KOM
naotHocTu; JIMNBIM — aMnonpoTtenapl BbICOKOW NaoTHOCTU; HA — HexkenatenbHble aneHns; HAXBI — HeaslKoronbHas Xunposas
60one3Hb neveHn OB — OKpYKHOCTb 6éaep; OT — OKpYKHOCTb Tannu; CA2 — caxapHbii Anabet 2 Tvna; CC3 — cepAeyHO-CocyamncTble
3abonesanus; T — Tpurnnuepuapl; A — dpusndeckan akTMBHOCTb; XC — xonectepuH; YCC — YacToTa cepaeyHbIX COKPALLEHWA.

INTRODUCTION

Obesity is a chronic disease characterized by an
excessive accumulation of adipose tissue in the body,
which poses a threat to health, and is also a major risk
factor for several other chronic diseases, including type
2 diabetes mellitus (DM2) and cardiovascular diseases
(CvDs) [1].

In May 2022, World Health Organization (WHO) ex-
perts compiled a report on a new pandemic of modern
humanity, which states that 60% of citizens in Europe
are either overweight or obese. The prevalence of obe-
sity worldwide has nearly tripled since 1975, largely due
to a gradual shift towards sedentary lifestyles and less
healthy diets. According to WHO estimates, by 2025,
one in five adults in the world will suffer from this pa-
thology. The most depressing fact is the widespread in-
crease in obesity among children and adolescents [2-4].

The relevance of obesity control is due not only to
its high prevalence, but also to the negative impact on
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the quality of people’s life and a particularly high risk of
developing various diseases that lead to an early disabil-
ity and a significant decrease in life expectancy. Over-
weight and obesity are major risk factors for cardiovas-
cular diseases, diabetes mellitus and its complications,
including blindness, limb amputation and a chronic kid-
ney disease (CKD), a musculoskeletal disease (including
osteoarthritis), gastrointestinal and respiratory diseases.
Obesity is also associated with certain types of cancer, i.
e. endometrial, breast, ovarian, prostate, liver, gallblad-
der, kidney and colon [5].

Many researchers emphasize the priority of funda-
mental changes in an obese patient’s lifestyle, correc-
tions of his diet and an increase in his physical activity
(PhA). However, not all patients manage to achieve
and/or maintain the target anthropometric parameters
with the help of diet and PhA correction. Thus, accord-
ing to the US National Institutes of Health, in 30-60% of
patients treated with diets and exercises, body weight
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(BW) returns to its baseline within one year, and after
5 years — in almost 100% patients. Thus, the feasibility
and importance of developing additional approaches to
weight loss is beyond doubt. To date, the main devel-
opments are carried out in two areas: pharmacotherapy
and surgical treatment [6-8].

According to current guidelines, patients with body
mass index (BMI) = 27 kg/m?and 2 or more risk factors
(smoking, AH > 140/90 mmHg, low density lipoproteins
(LDLs) above 160 mg/dL, high density lipoproteins (HDLs)
below 35 mg/dL, fasting hyperglycemia or impaired car-
bohydrate tolerance, a family history of an early cardio-
vascular disease (age < 45 years for men and < 55 years
for women) or with a BMI > 30 kg/m?) require pharma-
cological intervention as an adjunct to the correction
of the regime of physical activity and diet [9]. Based
on this, the vast majority of patients with obesity and
overweight who come to the attention of practitioners
need medical treatment [10]. And taking into account
the changes in metabolic processes related to age and
an increased risk of developing diseases associated with
weight gain (CVDs, T2DM, NAFLD, etc.), it is advisable to
include the aid aimed at weight loss and its control in the
program of preventive medical examination and medical
recommendations, regardless of specialties.

For the treatment of obesity, pharmacological
agents are divided into drugs of central (phentermine
+ topiromate, sibutramine, fluoxetine), peripheral (orl-
istat) and mixed (central and peripheral) actions (ther-
mogenic sympathomimetics, a growth hormone, an-
drogens, glucagon-like peptide-1 (GLP-1) agonists, the
sibutramine + metformin combination [7, 8]. According
to the National Clinical Guidelines, the following drugs
for the treatment of obesity are currently registered in
the Russian Federation (RF): orlistat, liraglutide, sibutra-
mine + microcrystalline cellulose (MCC), sibutramine +
metformin (fixed dose combination). At the same time,
the broadest evidence base is currently available for the
preparations containing sibutramine [8].

Sibutramine is a substance that has an anorexigen-
ic effect by increasing satiety and reducing appetite. It
inhibits the reuptake of neurotransmitters (serotonin
and noradrenaline), and also increases thermogene-
sis, affecting brown adipose tissue [11, 12]. However,
insulin resistance, as a key link in almost all pathoge-
netic “ways” of obesity with its metabolic, energy,
hemodynamic and inflammatory links, further draws
attention to metformin. Traditionally, one of the main
mechanisms of a metformin action is its effect on the
insulin resistance by suppressing gluconeogenesis in
the liver (an endogenous glucose production). The
drug also reduces the absorption of glucose in the in-
testine and possibly improves the absorption and utili-
zation of glucose by peripheral tissues: skeletal muscle
and adipose tissue. New evidence suggests that met-
formin-associated weight loss is due to the modulation
of hypothalamic appetite control centers, changes in
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the gut microbiota, and effects on the aging process.
In addition, metformin has a beneficial effect on lipid
metabolism: it reduces the content of total cholesterol
(CS), LDLs and triglycerides (TGs). Thus, metformin has
a number of pleiotropic effects, which make it possible
to use the drug in metabolic syndrome (MS), obesity,
steatohepatosis, and a number of other diseases. It is
important that many of the putative new targets are
closely associated with obesity [13]. The prescription of
metformin is clinically significant for metabolic health,
but the minimal dynamics of weight loss against its
background (1-5 kg per year) does not allow the use of
the drug as a monotherapy for the obesity treatment
[14]. In the medical correction of alimentary obesity,
the sibutramine + metformin combination is main-
ly used [9]. Positive results of the fixed sibutramine +
metformin combination in patients with obesity and
other carbohydrate metabolism disorders (impaired
glucose tolerance, type 2 diabetes) have been shown
in numerous clinical studies [15—44]. It has been shown
that the combined use of sibutramine with metformin
increases the therapeutic efficacy of the combination
used in patients with overweight and carbohydrate me-
tabolism disorders.

It seems promising to study metformin protective
effects and the action synergism of the sibutramine +
metformin combination in a single dosage form, in re-
lation to the restoration of metabolic health in obese
patients without additional disorders of carbohydrate
metabolism, as well as the assessment of such therapy
safety.

THE AIM is to evaluate the efficacy and safety of us-
ing the sibutramine+metformin combination (Reduxin®
Forte) and compare it with the sibutramine + microcrys-
talline cellulose combination (Reduxin®) in patients with
alimentary obesity in the course of the obesity therapy.

MATERIALS AND METHODS

This “Open multicenter randomized study to evalu-
ate the efficacy and safety of the drug Reduxin® Forte,
film-coated tablets, in comparison with the drug Redux-
in®, capsules, in patients with alimentary obesity”, was
conducted from 07/03/2020 to 05/21/2021 in 5 cities of
the Russian Federation (St. Petersburg, Ivanovo, Kirov,
Samara, Rostov-on-Don) on the basis of 8 research cen-
ters. The study was conducted in accordance with the
principles of good clinical practice and was authorized
by the Ministry of Health of the Russian Federation (No.
304 dated July 3, 2020), approved by the Ethics Council
of the Ministry of Health of the Russian Federation, as
well as by independent ethics committees of all clinical
centers participating in the study.

Study Design

Male and female patients (240 people) aged 18 to
65 years inclusive with alimentary obesity with a body
mass index of more than 30 kg/m?, meeting the inclu-
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sion criteria and not meeting the exclusion criteria, were
randomized into 2 groups in a 1:1 ratio. The randomiza-
tion list was generated by the factory method of random
numbers.

Group 1 (n=120) received sibutramine + metformin,
film-coated tablets, p. 0., 1 tablet (850 mg + 10 mg) once
per day in the morning, without chewing and followed
with a glass of water, during meals, for 180 days.

Group 2 (n=120) received sibutramine + MCC cap-
sules p. 0., 1 capsule (10 mg + 158.5 mg) once per day in
the morning, without chewing and followed with a glass
of water, during meals for, 180 days.

A patient’s condition was monitored at visits (V) at
the research center in accordance with the Protocol.
At V3 (Day 30 * 1), in the absence of a 2 kg weight loss
compared to V1 (Day 1), the zero dose was increased.
Patients in the sibutramine+metformin group received 1
tablet (850 mg + 15 mg), and patients in the sibutramine
+ MCC group received 1 capsule (15 mg + 153.5 mg).

The total duration of the study for each patient was
no more than 191 days: screening — no more than 10
days; randomization — no more than 1 day; therapy — no
more than 180 days (6 months); the study completion —
no more than 3 days. The graphic scheme of the study is
shown in Figure 1.

Criteria for patients’ inclusion in the study

Every patient had given written informed consent
prior to the participation in the study. The study could in-
clude men and women aged 18 to 65 years with a diagno-
sis of “Alimentary obesity”, BMI> 30 kg/m? and ineffective
non-drug treatment at the time of screening (weight loss
< 5% within 3 months of treatment). The consent from
each patient was obtained for changes in diet, eating be-
havior, an increased physical activity, and adherence to
the study physician’s recommendations throughout the
study participation. The patients were warned to use reli-
able methods of contraception throughout the study and
for 3 weeks after its completion.

Main criteria for patients’ non-inclusion

in the study

These criteria are as follows: hypersensitivity to the
components of the study / reference drug, secondary
(symptomatic) obesity, type | or Il diabetes mellitus in
history and/or at the time of screening, a low-calorie
(<1600 kcal/day) diet within 3 months before screen-
ing, a previous administration of sibutramine-based
drugs, the use of drugs, herbal remedies or dietary sup-
plements for the obesity treatment less than 3 months
before screening, as well as a number of other criteria,
including impaired liver and / or kidney function, uncon-
trolled arterial hypertension (AH), etc.

The decision to exclude a patient from the study was
made by the investigator. The patient was withdrawn
from the study in case of a treatment failure (weight loss
<5% to V7 relative to V1); an increase in resting heart
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rate 210 bpm or systolic/diastolic pressure 210 mmHg
at two visits in a row; an increase in blood pressure over
145/90 mmHg twice when remeasured; if any diseases
or conditions appear during the study that worsen the
patient’s prognosis, and also make it impossible for the
patient to continue participating in the clinical trial; if it
is necessary to prescribe prohibited concomitant thera-
py (glucocorticoids, antidepressants, lipid-lowering, hy-
poglycemic drugs, macrolides, etc.) or if the study pro-
tocol is violated; if the patient refuses to participate in
the study, and there can be a number of other reasons.

The choice of dosage, dosing regimen, route of ad-
ministration and duration of therapy for the study drugs,
was based on these medical instructions for sibutramine
+ metformin!, film-coated tablets, and sibutramine +
MCC? capsules; on the standard of specialized medical
care for obesity (Order of the Ministry of Health of the
Russian Federation dated November 9, 2012 No. 850n
“On approval of the standard for specialized medical
care for obesity”)?, National guidelines for the diagnosis,
treatment, prevention of obesity and associated diseas-
es*, as well as modern clinical studies to research the
efficacy and safety of sibutramine, including its combina-
tion with metformin [14-30].

The use of the study / reference drug was carried
out in combination with diet therapy, changes in eating
behavior and an increase in PhA. The patients were rec-
ommended a diet with a deficit of 600 kcal per day of
the total caloric content calculated for the patient or a
diet with a restriction of fat intake. Recommendations
were given on proper food intake (frequent and fraction-
al meals in small portions; careful chewing of food; the
last meal — not later than 3 hours before bedtime, etc.).
It was also recommended to have 225-300 minutes of
moderate intensity PhA per week or 150 minutes of high
intensity aerobic PhA per week, which is equivalent to
spending 1,800-2,500 kcal per week.

Estimated indicators of effectiveness and safety
The primary efficacy endpoint was the rate of
achieving >5% weight loss at the last visit (V13, 6 months

Instructions for the medical use of the drug Reduxin® Forte. Available
from: https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=c-
7cab986-bfca-49f5-8b22-61387351e80a. Russian

2 Instructions for the medical use of the drug Reduxin®. Available from:
https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=108c498
1-0dbb-4bdc-a3fe-08395333313f. Russian

3 Ministry of Health Order of the Russian Federation dated 2012 Nov
9, No. 850n “Ob utverzhdenii standarta specializirovannoj medicinskoj
pomoshchi pri ozhirenii” [On approval of the standard for specialized
medical care for obesity]. Available from: https://minzdrav.gov.ru. Rus-
sian

4 Russian Society of Cardiology; Russian Scientific Medical Society of
Therapists; Antihypertensive League; Organization to promote the de-
velopment of prehospital medicine “Outpatient Doctor”; Association
of Clinical Pharmacologists. Diagnostika, lechenie, profilaktika ozhire-
niya i associirovannyh s nim zabolevanij [Diagnosis, treatment, preven-
tion of obesity and associated diseases] (National Clinical Guidelines)
St. Petersburg; 2017: 164 p. Available from: https://scardio.ru/con-
tent/Guidelines/project/Ozhirenie_klin_rek_proekt.pdf. Russian
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of therapy) compared with the first visit (V1, starting of
therapy).

In addition, a few important factors were additionally
assessed. They are: the proportion of the patients requiring
an increase in the study / reference dose by V3; the mag-
nitude of the change in body weight to V13 (6 months of
therapy) relative to V1; change in BMI (%) to V13 relative to
V1; dynamics of body weight (kg), BMI (kg/m?), waist mea-
surement, hip width, waist / hip measurements, dynamics
of lipid profile indicators (TG, total cholesterol, LDL-choles-
terol, HDL-cholesterol) and quality of life (according to the
SF-36 questionnaire). The efficacy of treatment with the
study drug was estimated at V1-7, 9, 11, 13. Anthropo-
metric data (height, body weight, waist measurement, hip
width) were collected by measurements. BMI was deter-
mined by the calculation method (body weight (kg) / height
(m?) based on the data obtained.

To determine the safety of the therapy, the dynam-
ics of blood pressure, heart rate, ECG, as well as the total
number and frequency of adverse events (AEs) and seri-
ous adverse events (SAEs) associated with the use of the
study / reference drug, were estimated. The proportion
of the patients with at least one AE and the proportion
of the patients who had interrupted the treatment due
to AEs, was taken into account. The changes in laborato-
ry parameters were the AEs only if they were clinically
significant and/or required therapeutic intervention.

Adverse events were assessed in all patients who re-
ceived at least one dose of the drug.

Statistical processing of results

A statistical analysis was performed in accordance
with the requirements of ICH9, the Rules of Good Clin-
ical Practice approved by the Eurasian Economic Com-
mission and other applicable requirements and laws. For
the statistical analysis, certified statistical software with
validated algorithms for performing statistical analyzes
and proper documentation was used (StatSoft Statistica
10.0., IBM SPSS Statistics 22). Descriptive statistics was
presented for all efficacy and safety measures collected
during the study. Continuous (quantitative) data were
presented using the number of observations, arithmetic
mean, 95% confidence interval (Cl) for the mean, stan-
dard deviation, median, interquartile range (25" and
75" percentiles), minimum and maximum. Ordinal, cate-
gorical, and qualitative data were presented as absolute
frequencies (number of observations), relative frequen-
cies (percentage), and 95% Cl. The normality checking
of the distribution was carried out by one of the gen-
erally accepted methods (Shapiro-Wilk test, Kolmogor-
ov-Smirnov test). In the case of a non-Gaussian distri-
bution, non-parametric evaluation methods could be
used to compare the efficacy and safety performance.
Significance levels and Cls were calculated as two-tailed:
if the statistical significance of differences is two-tailed
by default, then it was referred to a significance level
of 0.05.
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RESULTS

The study was completed by 228 patients (110 pa-
tients in the sibutramine + MCC group and 118 patients
in the sibutramine + metformin group). The estimation
of the study drugs effectiveness, based on the statistical
analysis, showed that in the sibutramine + metformin
group, the proportion of patients who had achieved
more than 5% weight loss by the end of therapy (V13
or 6 months) was 99.15% (117/118), in the sibutramine
+ MCC group — 93.64% (103/110). As a result of a com-
parative frequency analysis of achieving more than 5%
weight loss to V13, statistically significant differences
were detected between the study groups. The differ-
ence in proportions was 0.0552 (5.52%), the 95% ClI for
the difference in proportions was [-0.0019; 0.1233] ([-
0.19%; 12.33%]). Thus, it was demonstrated that both
study drugs provide a clinically significant decrease in
body weight, however, during the therapy with sibutra-
mine + metformin, the effect was more pronounced.

As a result of the additional comparative analysis of
the patients’ frequency who had achieved a 5% decrease
in body weight by V7 (90+1 days of therapy), statistically
significant differences were found out between the study
groups (p=0.0016). In the sibutramine + metformin group,
the proportion of patients who had achieved a 5% decrease
in body weight to V7 was 100.0%, in the sibutramine + MCC
group — 91.67%, which indicates a high effectiveness of the
therapy in terms of achieving an early response to it. More-
over, against the background of taking a fixed combination,
the proportion of early responders was higher.

Moreover, the additional analysis showed that in
the sibutramine + metformin group, the proportion of
the patients who had achieved a weight loss of 10% or
more by V13 (180+1 days), was 93.22% (110/118), in
the sibutramine group + MCC — 80.00% (88/110). The
differences between the study groups were statistically
significant (p=0.0032).

According to the protocol, the frequency of patients
who required an increase in the dose of the study / ref-
erence drug by V3 (30+1 days), was also assessed. In the
absence of a decrease in body weight of 2 kg compared
with V1, the patients in the sibutramine + metformin
group received 1 tablet (850 mg + 15 mg), and the pa-
tients in the sibutramine + MCC group received 1 capsule
(15 mg + 153.5 mg) per day. In the sibutramine + met-
formin group, the proportion of patients who required
anincrease in the dose of the study / reference drug was
10.17% (12/118), for the sibutramine+metformine, in
the sibutramine + MCC group — 14.55% (16/110) (p=0
,2416). Thus, the absolute majority of patients showed
a response to therapy when taking drugs at a minimum
dose, which reduces the risk of developing AEs and pre-
serves the possibility of increasing the dose in case of
phisiological the plateau effect occurs.

Body weight significantly decreased in both groups,
while statistically significant differences confirming the
benefits of using the combination of sibutramine + met-
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formin, were found out (Fig. 2). The average value of the
change in patients’ body weight by V13 (180+1 days) rela-
tive to V1 for the entire population was (-14.29+4.97 kg),
for the sibutramine + metformin group — (-14.99+4.64
kg), for the sibutramine + MCC group — (-13.54+5.22 kg).
The difference in the average values of changes in pa-
tients’ BW to V13 relative to V1 between the groups was
1.45 kg, 95% Cl was [0.17;2.74] (p=0.0272).

Additionally, a comparative analysis of the decrease
in patients’ body weight by V7 (90+1 days) relative to
V1 and to V13 (180+1 days) relative to V7 (90+1 days),
was carried out. The average value of the changes in pa-
tients’ body weight by V7 relative to V1 for the entire
population was (—8.94+2.69 kg), for the sibutramine +
metformin group — (-9.28+2.67 kg), for the sibutramine
group + MCC — (—8.59+2.68 kg).

The average value of the changes in the patients’
BW by V13 (18041 days) relative to V7 (90+1 days) for
the sibutramine + metformin group was (-5.62+3.12
kg), for the sibutramine + MCC group — (—4.54+3.70 kg)
(Fig. 4).

Thus, a decrease in body weight was observed
during the entire period of therapy without the occur-
rence of a plateau effect.

The difference in the mean values of changes in pa-
tients’ BW by V7 relative to V1 between the groups was
0.99 kg, 95% CI [0.28; 1.70] and 1.09 kg, 95% CI for the
difference in mean [0.21; 1.96] values of changes in the
patients’ BW by V13 relative to V7 (p=0.0148), respec-
tively.

Significant dynamics of BMI was shown in the both
study groups. The average value of the change in BMI
(%) by V13 for the sibutramine + metformin group was
(-15.67+4.31%), for the sibutramine + MCC group —
(—12.90+5.36%), the difference in the average values
change in BMI (%) between the groups was 1.99%, 95%
Cl1[0.76; 3.23] and was statistically significant (p=0.0017).
The changes in BMI by V7 (90+1 days) relative to V1 were
also statistically significant (p=0.0052) and amounted to
0.94%, 95% Cl [0.28;1.60]; the significant differences (p
=0.0129) were present at V13 relative to V7: the differ-
ence in the average values of changes in BMI (%) by V13
between the groups was 1.18%, 95% CI [0.25; 2.1

Thus, the results demonstrate a decrease in BW and
BMI both in absolute terms and in percentage terms in
both groups, while in the group of patients receiving a
fixed combination of sibutramine + metformin, the re-
sults were more significant.

Additionally, the distribution of patients into cate-
gories in accordance with the BMI index was calculated
and the frequency of patients who had moved from one
category to another (i.e., reduced the degree of obesity)
by V7 (90 * 1 day) and V13 (180 * 1 day) compared to
V1, was assessed. For the distribution of patients, the
following categories of BMI were distinguished (Table 1).

A frequency assessment of the patients who had
moved from one BMI category to another after 3 and 6
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months of therapy, was made in the both groups. At V1,
the proportion of patients with category 3 in the sibutra-
mine + metformin group was 54.24% (64/118), in the
sibutramine + MCC group — 52.73% (58/110); the pro-
portion of patients with category 4 in the sibutramine +
metformin group was 32.20% (38/118), in the sibutra-
mine + MCC group — 34.55% (38/110). The proportion
of patients with category 5 at V1 in the sibutramine +
metformin group was 13.56% (16/118), in the sibutra-
mine + MCC group — 12.73% (14/110). At V7 (901
days), the proportion of patients with category 2 in the
sibutramine + metformin group was 33.90% (40/120), in
the sibutramine + MCC group it was 31.82% (35/110).
Therefore, we can say that after 3 months of therapy,
every third patient moved into the category of “over-
weight”, and more than 50% of patients reduced the
severity of obesity. At V13, the proportion of patients
with category 1 (with normalized body weight), was
notified. In the sibutramine + metformin group it was
1.69% (2/118), and in the sibutramine + MCC group it
was 0.91% (1/ 110). Herewith, after 6 months of thera-
py, the absolute majority of patients in the sibutramine
+ metformin group moved from the “obesity” category
to the “overweight” category. Thus, at V13, the propor-
tion of patients with category 2 in the sibutramine +
metformin group was 60.17% (71/118), in the sibutra-
mine + MCC group — 49.09% (54/110). The distribution
of the patients’ proportion who took the sibutramine +
metformin drug, depending on the severity of obesity
according to BMI, is shown in Figure 3.

A comparative analysis of the frequency of patients
who had switched from one BMI category to another, at
V13 revealed statistically significant differences between
the study groups (p=0.0065).

A frequency assessment of the patients who had
achieved a BMI value of less than 30 kg/m? at V7 and
V13 showed that after 3 months of therapy, the propor-
tion of patients who had reached a BMI value of less
than 30 kg/m? in the sibutramine + metformin group
was 34.17%, and in the sibutramine + MCC group it was
30.00%. The proportion of patients who had reached
a BMI value of less than 30 kg/m? in the sibutramine +
metformin group after 6 months of therapy, was 61.67%,
in the sibutramine + MCC group it was 46.67%. The dif-
ference between the groups was statistically significant,
p = 0.0197 (Fig. 4).

Thus, the proportion of patients who had reduced
the degree of obesity and even moved into the catego-
ry of overweight patients was significantly higher in the
sibutramine + metformin group.

When assessing the dynamics of body weight, it
was shown that the change in body weight by each vi-
sit differed statistically significantly between the groups
of drugs sibutramine + metformin and sibutramine +
MCC (p<0.05), and in the group of the drug sibutramine
+ metformin, the dynamics of the decrease in BW was
more pronounced.
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Table 1 — Categories of BMI for patients’ distribution

Category No.

Description

1

Patients with BMI less than 25 kg/m?

Patients with BMI of 25 or less than 30 kg/m?

Patients with BMI of 30 or less than 35 kg/m?

Patients with BMI of 35 or less than 40 kg/m?

ulibhjlw(N

Patients with BMI of 40 kg/m? or more

Table 2 - Indicators of triglycerides amount in sibutramine + metformin group and in sibutramine + MCC group

Average value of TG, mmol/I

visit Sibutramine + metformin group Sibutramine + MCC group
VO 1.71+0.76 1.62+0.65
V7 1.54+0.40 1.50+0.44
V13 1.47+0.40 1.50£0.45

Table 3 — Indicators of lipid metabolism to V13 relative to V1 in sibutramine + metformin group and in

sibutramine + MCC group

Lipid fractions, mmol/I

Sibutramine + metformin group

Sibutramine + MCC group

Total cholesterol VO 5.12+0.94 5.29+1.03
V13 4.51+0.91 4.73+0.94
LDL VO 2.44+1.42 2.71+£1.46
V13 1.8+1.01 2.15+1.11
TG VO 1.71+0.76 1.62+0.65
V13 1.47+0.40 1.50+0.45
HDL VO 1.41+0.51 1.47+0.61
V13 1.48+0.74 1.6+0.78
Randomization Study
completion
sibutramine+metformin, film-coated tablets, p. o.,
1 tablet (850 mg + 10 mg) once per day in the morning*
Screening
sibutramine+MCC, capsules, p. o.,
1 capsule (10 mg + 158.5 mg) once per day in the morning*
] ] ] ] ] ] ] ] ] ] ]
VISIT O VISITL  vIsIT2  VISIT3*  VISIT4 VISITS  VISIT6  VISIT7 VISIT8 VISIT 9 VISIT 10 VISIT 11 VISIT 12 VISIT 13
No more than Day 1 Day 15+1 Day 30+1 Day 45+1 Day60+1 Day75+1 Day90+1 Day105+1, Day 120+1 Day 135+1, Day 150+1 Day 165+1, Day 180+1
10 days telephone call telephone call telephone call

Figure 1 — Graphic study scheme

Note: * — at Visit 3 if there is no weight loss of 2 kg compared to Visit 1, the dose will be increased. Patients in the sibutramine+metformin group
will receive 1 tablet (850 mg + 15 mg) and patients in the sibutramine+MCC group would received 1 capsule (15 mg + 158.3 mg).
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1 month 3 months 6 months
0.0

—8.59+2.68

-10.0 —9.28+2.67

Body weight change, kg
)

-12.0
sibutramine + MCC —13.5445.22
-14.0 =@= sibutramine + metformin I 145 kg
—14.99+4.64 o .
-16.0 95% CI [0.17. 2.74]

p=0.0272

Figure 2 — Dynamics of mean values in patients’ body weight changes at V1 (1 month), V7 (3 months)
and V13 (6 months) in sibutramine + MCC and sibutramine + metformin groups

1 month 3 months 6 months
60.17%

54.24%

50.00%

33.90%
2.20%

27.97%

13.56%
’ 1.86%

.47%

4.24%

0.00% 1.69%

172 m3 m4 =5

Figure 3 — Proportion of patients who switched from one category to another after 3 and 6 months

of treatment in sibutramine + metformin group
Note: 1-5 — BMI categories in accordance with Table 1.

3 months 6 months

oV 61.67%

34.00%

msibutramine + MCC sibutramine + metformin  p=0.0197

Figure 4 — Proportion of patients who reached BMI less than 30 kg/m2 by V13 relative to V7,
in sibutramine + MCC group and in sibutramine + metformin group
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The mean body weight in the sibutramine + met-
formin group at VO was 99.53+13.53 kg, at V7 it was
90.37£12.77 kg, and at V13 this value was 84.74+12.23
kg. The average value of BW in the sibutramine + MCC
group at VO was 99.10+13.62 kg, at V7it was 90.83+13.04
kg, and at V13 — 86.29+13.44 kg.

Waist measurement dynamics is an important mark-
er of a decrease in the amount of visceral fat, and hence
a decrease in the risk of associated complications. The
study detected that waist measurement was statistically
significantly different at each visit relative to VO (p<0.05) in
the both sibutramine+metformin and sibutramine+MCC
groups. At VO, the average waist measurement in the
sibutramine + metformin group was 101.61+12.85 cm, at
V7itwas94.76£12.02cm, at V13 -89.24+£11.51 cm. At VO,
the sibutramine + MCC group showed an average waist
measurement of 100.34+13.76 cm, at V7 — 93.28+12.78
cm, at V13 —88.21+12.36 cm, respectively.

Thus, in waist measurement, the both drugs showed
a reduction of about 12 cm in 6 months, which indicates
their effectiveness in relation to decrease visceral obesity.

The results of the waist / hip measurements ratio
were statistically significantly different for each visit rel-
ative to VO (p<0.05) in the both sibutramine + metformin
and sibutramine + MCC groups, which also indicates ef-
fectiveness in reducing the amount of visceral fat.

The lipid profile is an important predictor of the
developing cardiovascular disease risk, atherosclerosis,
and other conditions associated with obesity.

The analysis revealed a significant difference be-
tween visits in terms of lipid profile parameters in the
both groups, with more pronounced dynamics observed
in the group of patients taking sibutramine + metformin
(p<0.00062), which is associated with the additional
action of metformin. So, as a result of the comparative
analysis of the magnitude change in TG (%) to V13 rel-
ative to V7, statistically significant differences were re-
vealed between the studied groups (p = 0.0240). The
difference in the mean values of the change in TG (%)
between the groups was 6.44%, 95% Cl for the differ-
ence in the means was [0.86; 12.02] (Table 2).

When assessing the total cholesterol in the group of
patients taking sibutramine + metformin, a significant dif-
ference between visits was also found out (p<0.00001).

The mean value of the total cholesterol in the
sibutramine + metformin group significantly decreased:
at VO it was 5.1240.94 mmol/L; at V7 it was 4.80+0.76
mmol/L; at V13 — 4.51+0.91 mmol/L. There was also a
decrease in the sibutramine + MCC group: at VO it was
5.294+1.03 mmol/L; at V7 it was 4.90+0.95 mmol/L; at
V13 - 4.73+0.94 mmol/L.

The estimation and comparative analysis of the
LDL-cholesterol amount showed positive dynamics
in both groups, while significant differences were es-
tablished between the sibutramine + metformin and
sibutramine + MCC groups at V11 (p=0.0274) and V13
(p=0.0231). This shows a more pronounced effect of the
drug sibutramine + metformin on this indicator.
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According to the results of the intragroup analysis,
a significant difference was found out between visits in
terms of the HDL cholesterol dynamics in the sibutra-
mine + metformin group (p<0.0088) and in the sibutra-
mine + MCC group (p<0.00001). The dynamics of lipid
profile indicators is presented in Table 3. Thus, a long-
term use, more than 3 months, of the drug sibutramine +
metformin provides a signifikant improvent in lipid profile
parameters.

According to the data obtained using the SF-36 Qual-
ity of life questionnaire, there is a pronounced positive
dynamic of psychological and physical health indicators
in both groups, while in the sibutramine + metformin
group, the dynamics was more pronounced.

The dynamics of the average score of the physical
health component in the sibutramine + metformin group
was more than 10 points (from 60.99+9.27 points at V1 to
71.68+8.76 points at V13), and in the sibutramine + MCC
group —from 60.74+8.58 points at V1 to 71.09+8.83 points
at V13, respectively. The physical health component was
also shown to be statistically significantly different at each
visit relative to V1 (p<0.05) in both the sibutramine+met-
formin and sibutramine+MCC groups.

The average score of the psychological health com-
ponent has also improved by 10 points: in the sibutra-
mine + metformin group — by 58.46+8.98 points at V1
and by 68.15+10.98 points at V13. The average score
dynamics of the psychological health component in the
sibutramine + MCC group was 57.22+10.80 points at
V1 and 67.95+10.25 points at V13, respectively. It was
found out that the psychological component of health
differed statistically significantly for each visit relative to
V1 (p<0.05) in both groups.

Safety assessment

Safety assessment was performed using a statistical
analysis of safety endpoints. The condition of the study
participants was assessed with respect to AEs, the data
on blood pressure, heart rate throughout the study ECG
and laboratory tests.

In the sibutramine + metformin group, the frequen-
cy of patients with reported cases of AEs was 33.33%
(40/120), and the sibutramine + MCC group — 30.00%
(36/120). In both groups, the most common AEs were
dry mouth, headache, and sweating.

Among the reported AEs, 89.88% (151/168) were of
mild severity, 10.12% (17/168) were of moderate severi-
ty. According to the investigators, the causal relationship
with therapy based on the study / reference drug was
assessed as “not related” in 41.07% (69/168) of cases,
as “possible” —in 22.02% (37/168) cases, as “probable”
—in 29.76% (50/168) of cases, as “certain” — in 2.38%
(4/168) of cases, as “doubtful” —in 4.76% (8/168) cases.
The analysis of the frequency of patients’ AEs outcomes
showed that “recovery without consequences” was ob-
served in 79.76% (134/168) of cases, “improvement” in
19.05% (32/168) of cases, the outcome “unknown” —in
1.19% (2/168) of cases.
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Thus, the majority of reported AEs were not related
to the study drugs. It is important to note that the AEs
were transient in nature and did not require discontinu-
ation of therapy.

According to the results of the intragroup analysis,
a significant difference between the visits was found.
It indicates the presence of positive dynamics in rela-
tion to the decrease in systolic blood pressure in the
sibutramine + metformin group (p<0.00001) and in the
sibutramine + MCC group (p<0.2623). It also shows the
presence of positive changes in diastolic blood pressure
in the sibutramine + metformin group (p<0.0138) and in
the sibutramine + MCC group (p<0.0135). As a result of
the comparative analysis, no significant differences be-
tween the groups of the study drugs have been identi-
fied. During the study, the patients did not experience
an increase in resting heart rate 210 bpm or systolic/
diastolic pressure 210 mmHg at two consecutive visits,
no exclusion or discontinuation of therapy was required
for these criteria. There was also no need to exclude pa-
tients due to increased blood pressure.

There was no negative effect of the studied therapy
on ECG parameters, as well as indicators of clinical and
biochemical blood tests.

As a result of a comparative statistical analysis of AEs
in terms of their presence, severity, causal relationship
with therapy and its outcomes, there were no intergroup
differences (p=0.05). There were no reported cases of
SAEs during the study, including deaths and other signif-
icant adverse events. None of the patients required dis-
continuation of therapy due to the development of AEs.

Thus, the study proved a high safety profile and
good tolerability of sibutramine + MCC and sibutramine
+ metformin, which also speaks in favor of the hypothe-
sis of the advisability of taking sibutramine + metformin
in obese patients without additional disorders of carbo-
hydrate metabolism.

DISCUSSION

The present study was conducted to investigate the
efficacy and safety of the sibutramine+metformin fixes
dose combination, as well as to evaluate the additional
benefits in the treatment of overweight patients.

Sibutramine has been successfully used in clinical
practice for more than 15 years and is included in all
clinical guidelines and standards for the treatment of
obesity.

In recent years, it has been shown that metformin,
which is the drug of the first choice for the treatment of
patients with carbohydrate metabolism disorders, has
the potential for a wider therapeutic use, demonstrating
pleiotropic effects in relation to the pathogenetic links of
the metabolic syndrome and obesity, which seems to be
clinically significant for metabolic health. However, the
weight loss dynamics against its background has been
minimal. Therefore, it is optimal to include metformin in
the treatment of obesity and overweight in combinations
with other drugs registered for the treatment of this pa-
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thology. The previous studies have already demonstrated
the benefit of using a unique fixed metformin+sibutra-
mine combination in patients with obesity and carbohy-
drate metabolism disorders [45, 46]. The combination of
central and peripheral actions, the impact on the main
pathogenetic links in the development of obesity and as-
sociated comorbid conditions, the effects associated with
facilitating the observance and consolidation of rational
eating habits in the patient and, consequently, the con-
solidation of the result, as well as a high safety profile,
determine the place of the drug containing a fixed met-
formin+sibutramine combination (Reduxin® Forte), in
clinical guidelines and standards [1, 8]. That makes it a
kind of benchmark in the treatment of obesity.

The evaluation of this drug use in relation to weight
loss and restoration of metabolic health in patients with
alimentary obesity, including those without impaired
carbohydrate metabolism, is of great interest.

According to the National Clinical Guidelines for the
Diagnosis, Treatment, and Prevention of Obesity and Asso-
ciated Diseases [8], weight loss by 5% or more is one of the
main criteria for assessing response to therapy. It provides
a possible reduction in health risk and improvement in the
course of diseases associated with obesity; maintaining
the achieved result; improving the quality of patients’ life.
Thus, a decrease in body weight by 5% or more improves
multi-organ insulin sensitivity and the function of pancre-
atic B-cells, it provides a protective effect against the risks
of type 2 diabetes. Further weight loss provides additional
benefits in terms of predicting cardiometabolic outcomes
and reducing the risks of not only T2DM, but also other
obesity-associated diseases, such as cardiovascular diseas-
es, diseases of the musculoskeletal system and the repro-
ductive system, oncological diseases, etc. [38].

The data of the study showed that the proportion of
patients who had achieved more than 5% weight loss by 6
months of therapy in the sibutramine + metformin group,
was 99.15%, in the sibutramine + MCC group — 93.64%,
the differences were statistically significant. This confirms
the effectiveness of the complementary action of the
metformin+sibutramine combination in comparison with
sibutramine+MCC combination. Moreover, it is important
to notify that such a high response to treatment is cur-
rently one of the most effective in comparison with the
use of other pharmacotherapy options [46, 471].

Over 6 months of therapy, more than 93% of pa-
tients treated with the fixed metformin+sibutramine
combination, achieved 10% or more weight loss, which
confirms a high effectiveness of this therapy type in
achieving the true aim of obesity therapy — reducing the
risk of complications associated with obesity and im-
proving the forecast.

Quite an important indicator for both the practitioner
and the patient is the rate of weight loss in kg. Moreover,
the absence of the plateau effect onset is an important
motivating factor and helps to eliminate food break-
downs. Here, it is necessary to notify more pronounced
values against the background of the combination ther-
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apy with sibutramine + metformin, where by the 3rd
month, this figure was about 9 kg, and at the end of the
study, the average weight loss was almost 15 kg, which
was significantly more than in the comparison group.

Achieving a clinically significant effect of therapy
when using the minimum dose of the drug, is a very im-
portant point. More than 90% of patients did not require
an increase in study drug/comparator dose. This makes
it possible to talk about a high frequency of an early re-
sponse to therapy even when taking the minimum dose
of sibutramine preparations. This may be especially im-
portant for patients in whom the use of a lower dose is
preferable against the background of concomitant dis-
eases, and is also relevant from the point of view of the
possibility of increasing the dose with prolonged (more
than 6 months) treatment, as this may allow to over-
come the plateau effect if it occurs.

BMI is the main criterion for diagnosing obesi-
ty worldwide and the change in this indicator also re-
flects the effectiveness of the treatment. The results
of the study confirm the advantage of the fixed met-
formin+sibutramine combination in terms of reducing
BMI both after 3 and 6 months of therapy. As a result,
BMI for six months of therapy decreased by 15.67%,
which was 2% more than during the therapy with the
sibutramine+MCC combination. In both groups, a de-
crease in the degree of obesity from visit to visit was
proven, and at the end of the study in the sibutramine
+ metformin group, more than 60% of patients reached
the BMI less than 30 kg/m2 and no longer met the crite-
ria for the diagnosis of “Obesity”.

In addition to BMI, an important anthropometric in-
dicator is waist measurement and the ratio of waist to
hip measurements. A decrease in waist measurement is
a marker of a decrease in the amount of visceral fat and
a decrease in the risk of complications. A decrease in this
indicator of about 12 cm has been demonstrated during
the treatment with sibutramine preparations, along with
a decrease in the ratio of waist to hip measurements.

It should be notified that an increase in the duration
of the course up to 6 months increases the effectiveness
of the treatment, which indicates the feasibility of obesi-
ty long-term therapy using the fixed metformin+sibutra-
mine combination to reduce body weight and reduce
the risk of complications associated with obesity. These
data are consistent with Russian and international clini-
cal guidelines [1, 8, 48].

Of course, along with anthropometric indicators,
it is important to assess the effect of therapy on meta-
bolic parameters, in particular, indicators of atherogenic
blood fractions, since the normalization of the lipid pro-
file of an obese patient improves the prognosis for car-
diometabolic risks and indicates the restoration of met-
abolic health in general. The results of the lipid profile
analysis in patients showed a decrease in cholesterol,
TG, LDL and an increase in HDL, and in the group of ther-
apy with the metformin+sibutramine combination, the
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dynamics of the parameters under consideration was
more pronounced.

Improving the overweight patients’ quality of life
is an important parameter for achieving surrogate end-
points of therapy. During the study, it was found out that
treatment with sibutramine preparations was accompa-
nied by a statistically significant improvement under the
condition of all assessed scales; the psychological and
physical components of health differed statistically sig-
nificantly by each visit.

The most important component of the algorithm
for monitoring the safe pharmacotherapy of obesity is
the control of the cardiovascular system state. During
the study, ECG parameters, systolic and diastolic kinds of
blood pressure and heart rate remained stable in both
groups.

The study demonstrated good tolerability of sibutra-
mine therapy. During the study, there were no report-
ed cases of SAEs, including deaths and other significant
adverse events. AEs were transient and did not require
discontinuation of treatment.

Thus, the composition of the metformin+sibutra-
mine fixes dose combination makes it an optimal and
safe choice for achieving therapeutic goals in the treat-
ment of obesity and the restoration of metabolic health.

CONCLUSION

The feasibility and importance of weight loss, espe-
cially through effective and safe pharmacotherapy, is an
indisputable fact. At the same time, the goals of obesity
therapy include not only weight loss, but also the im-
provement of metabolic health parameters, as well as
reducing the risk of developing comorbid diseases and
complications associated with excess visceral fat.

The conducted “Open multicenter randomized study
to evaluate the efficacy and safety of the use of the drug
Reduxin® Forte, film-coated tablets, in comparison with
the drug Reduxin®, capsules, in patients with alimenta-
ry obesity”, showed a significant improvement in body
weight, waist measurement and BMI, as well as the main
metabolic parameters and patients’ quality of life against
the background of the fixed metformin+sibutramine
combination. The data obtained prove the effectiveness
of this therapy type in terms of normalizing metabolic
health, reducing the risk of developing comorbid diseas-
es and improving the prognosis in obese patients even
without additional carbohydrate metabolism disor-
ders. This fact was reflected in the medical instructions’
changes concerning the use of the drug in question and
the official approval of its use in patients with alimenta-
ry obesity without even without additional disorders of
carbohydrate metabolism (impaired glucose tolerance,
T2DM)>. It is worth considering the inclusion of weight
loss aid, comprising the subscription of this type of ther-

° Russian State Register of Medicines. Reduxin® Forte. Available from:
https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=108c498
1-0dbb-4bdc-a3fe-08395333313f. Russian
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the pathogenesis of a wide range of non-communicable
and even infectious diseases, and the proven positive
effect of weight loss on improving the prognosis of pa-
tients, it is advisable to conduct further clinical studies
to identify new possible niches for the use of this type
of therapy.

apy, in clinical examination programs and clinical rec-
ommendations for the treatment of non-communicable
diseases allied with metabolic disorders (CVD, T2DM,
NAFLD, etc.) in order to prevent the development of the
latter or their complications.

Taking into account the contribution of obesity to
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coM Maccbl Tena (MMT) 6onee 30 kr/mM2 (anuMeHTapHoe oxupeHmne); ¢ UMT 27 kr/M? n 6onee B COYeTaHUM C CaxapHbIM ANabeToM 2 TUMa 1 AUCINNnMOEMU-
en; ¢ UMT 30 kr/m2 n 6onee ¢ npeamabeTom 1 OOMNONHUTENbHBIMK (haKTOPaMM PUCKa Pa3BUTUS caxapHOro avaberta 2 TMNa, y KOTOPbIX M3MeHeHus obpasa
YKN3HW He MO3BOINAN AOCTUNYb aAEeKBATHOIO MMKEMUYECKOrO KOHTPONS. MpoTUBONOKasaHUA: NoBblLLEHHas YyBCTBUTENIbHOCTb K KOMMOHEHTaM npena-
paTa; HapyLueHne OyHKLNM MoYeK UM neveHn; 6epeMeHHOCTb M NePUOL rpyaHOro BCKapMIMBaHKMS; BO3pacT Ao 18 neT u ctapwe 65 net; gnabetnyeckmnn
KeToaumnaos, anabeTnyeckasn nNpekoma, AnadeTnyeckas KoMa; CepaeyHoO-cocyancTble 3aboneBaHns (B aHaMHese 1 B HacTosILLiee BPeMS): ULLeMnyeckas
6one3Hb cepaua (MHMpapKT Mnokapaa (MM), cTeHoKapamsa), XpoHUYeCKas cepaeyHas He[oCTaTOYHOCTb B CTaAMM AeKOMMEeHcaLuMn, OKKIo3npytoLme
3aboneBaHNsA NepudepnUecKnx apTepun, Taxmkapams, apnuTMms, LepebpoBacKynspHble 3a6oneBaHna (MHCYNBLT, TPAH3UTOPHbIE HAPYLLEHNS MO3roBO-
ro KPOBOOGPALLEHMS); HEKOHTPONIMPYeMasi apTepuanbHas runepTeHsuna (apTepuansHoe aasnerHne (A) sbilwe 145/90 MM PT.CT.). C OCTOPOXKHOCTLIO
cnenyeT NPUMEHSTb NpenapaT Npw CrefyroLmMxX COCTOSHUAX: aPUTMUM B aHaMHe3€e; XPOHNYECKON HeJOCTaTOYHOCTMN KPOBOOOPaLLEHUS; 3a001eBaHNAX
KOPOHapHbIX apTepun (B T.4. B aHaMHe3e), KpoMe neMmyeckom 6onesHun cepaua (MM, cteHokapaumn); rnaykoMe, KPOMe 3aKpbITOYrO/IbHOW r1ayKOMbl;
XonenuTnase; apTepuanbHON rMnepTeH3n (KOHTPOMPYEMOM 1 B @aHaMHe3e); HEBPOJTOTMYECKNX HaPYLLEHWUSIX, BKITOYas 3aAePXKY YMCTBEHHOMO Pa3BU-
TUS 1 Cyaoporu (B T.U. B aHaMHe3e); annaencum; HapyLueHnn dyHKLUmn novek (KK 45-59 Mn/MUH); MOTOPHbIX 1 BepBasibHbIX TUKaX B aHaMHe3e; CKIIOHHO-
CTW K KPOBOTEUEHMIO, HAPYLLIEHWNIO CBEPTLIBAEMOCTM KPOBW; MPMeMe NpenapaToB, BNAIOLLMX Ha reMoCTas Uin yHKLMIO TOOMOOLMTOB; IMLaM cTapLue
60 neT, BbINOSHAOLLNM TSHKENY hU3NYECKYIO paboTy, YTO CBA3AHO C MOBLILEHHBIM PUCKOM PasBUTUS Y HUX NakToaumao3a. Cnoco6 npuMeHeHus
u posbl: MpenapaT PeaykcrH® @opTe HasHavaeTcs BHYTPb 1 pa3 B cyTku. [penapat cnedyeT NPUHNUMAaTb YTPOM, He pa3»KeBblBas 1 3anmBasi [OCTAaTOUYHbIM
KONTMYECTBOM >XKMOKOCTW (CTakaH BOoApl). YBennyeHue fo3sbl 4o 850 Mr + 15 Mr BO3MOXHO, eC/i B TeYeHne MecsLa He OOCTUIMHYTO CHUXXEHMEe Macchl Tena
Ha 2 Kr 1 6onee, HO He paHee YeM Yyepes 4 Hefenn OT Hauana fleyeHus. JledeHne npenapaTom PegykcH® DopTe He JOHKHO NPOAO/IKATLCS Y NMaLMEHTOB,
KOTOPbIM B TeYEeHME 3 MeCsLIEB JIeYEHNS He yOaeTCs OOCTUNHYTb 5% yPOBHSA CHUXKEHUSI Macchbl Tena. JleyeHne He cnepyeTt NpogoskaTb, €C/iv nauneHT
BHOBb NPWBaBnsieT B Macce Tena 3 Kr 1 6onee. JleyeHne AOHKHO OCYLLECTBAATLCA B KOMIIEKCE C ANETON U (DU3NYECKMMU YyNpaXxKHeHUsSMU. NMo6ouyHoe
[eNCcTBUE: CYXOCTb BO PTY, 6€CCOHHMLA, FrofIoBHas 60b, FONOBOKPYXKEHWNE, TaXMKapaus, NOBbILLEHMe apTepmnanbHOro AaBneHus, 3arnop, NOBbILLEHHOe
noTooTaeneHue. Yatle Bcero no6ouHble ahdeKTbl BO3HUKAIOT B Hauase neyeHus (B nepsble 4 Hepenun). VX BbIPaXKeHHOCTb 1 YacToTa C TeYeHNeM BpeMe-
HM ocnabesatoT. [To6ouHble ahHEKTbI UMEIOT, B LIEIOM, HETSXKESbIN 1 06paTUMbIN XapakTep. Ons nonyyeHus 6onee nogpobHOM MHOPMaUnK cnegyet
O3HaKOMUTBLCS C MOJTHOW MHCTPYKLMEN MO MEANLIMHCKOMY MPUMEHEHMIO NMpenapara.
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