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Nepetae catariae herba is used in the Russian Federation as spice. The chemical compounds of herb have been studied. This 
plant has been introduced into the culture. There are its domestic varieties. The fruits of the plant accumulate up to 25% of 
fatty oil and contain specific laballenic acid, which has a wide range of antimicrobial and fungicidal actions. The yield of fruit 
crops is 5–6 c/ha. 
The aim is to study some criteria for the standardization of the quality of Nepetae catariae herb as a new medicinal plant 
raw material.
Materials and methods. The studied fruits are from the biological collection of Federal State Budgetary Institution of All – 
Russia Research Institute of Medicinal and Aromatic Plants. Binocular magnifier brand MBS-10 and Axioplan 2 imaging micro-
scope by Carl Zeiss were used. The sample preparation was carried out according to the State Pharmacopoeia of the Russian 
Federation (XIV edition). Anatomical diagnostic features were studied in powder and cross section with staining reagents for 
the presence of some biologically active substances. Qualitative reactions were carried out with water and alcohol-water 
extracts from the fruits. The content of the lipid complex according to pharmacopoeia monograph 2.5.0035.15 has been 
determined.
Results. A description of the external and diagnostic anatomical features is given. The main groups of biologically active sub-
stances and the content of the lipid complex in a possible new material – the fruits of Nepeta cataria – have been identified.
Conclusion. The description of the external features of the fruit has been specified. For the first time, crushed fruits have 
been characterized. It has been established that the morphology of endocarp cells and seed embryo cells are best preserved 
in a mellow fruit. Physico-optical properties of cellular structures and the ability for basic microchemical reactions are pre-
served in all zones of pericarp and seeds. Qualitative reactions showed the presence of the following components in the 
fruits: saponins, flavonoids and a lipid complex. A dispersion composition has been studied. The yield of the lipid complex 
and its appearance have been determined. Fruits can be used as promising fat-oil raw materials. The results of the study can 
be used in drafting Pharmacovigilance Reference Document considering a promising type of medicinal plant raw material on 
the basis of Nepetae catariae herba fruits.
Keywords:  Nepeta catariae, fruits, external features, fatty oil, dispersion analysis

For citation: A.G. Devyatov, G.S. Lapshin, E.Yu. Babaeva,  E.A. Motina, E.V. Zvezdina, V.V. Vandishev. Study of nepetae catariae herba fruits as 
promising medicinal plant raw material. Pharmacy & Pharmacology. 2019;7(3): 120-128. DOI: 10.19163/2307-9266-2019-7-3-120-128
© А.Г. Девятов, Г.С. Лапшин, Е.Ю. Бабаева, Е.А. Мотина, Е.В. Звездина, В.В. Вандышев, 2019
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Траву котовника кошачьего (Herba Nepetae catariae) в РФ используют как пряность. Изучен ее химический состав. 
Растение введено в культуру, имеются отечественные сорта. Плоды растения накапливают до 25% жирного масла и 
содержат специфичную лабалленовую кислоту, обладающую широким спектром антимикробного и фунгицидного 
действия. Урожайность плодов 5–6 ц/га. 
Цель исследования – изучение некоторых критериев для стандартизации качества плодов котовника кошачьего как 
перспективного лекарственного сырья. 
Материалы и методы. Плоды биоколлекции ФГБНУ ВИЛАР. Использовали бинокулярную лупу марки МБС-10, ми-
кроскоп Axioplan 2 imaging Carl Zeiss. Пробоподготовка согласно ГФ РФ XIV издания. Анатомические диагностические 
признаки изучали в порошке и на поперечном срезе с окрашиванием реактивами на присутствие некоторых БАВ. 
Качественные реакции проводили с водным и спиртоводным извлечениями из плодов. Определение содержания 
липидного комплекса согласно ФС 2.5.0035.15.
Результаты. Дано описание внешних и диагностических анатомических признаков, определены основные группы 
БАВ и содержание липидного комплекса в возможном новом сырье – плоды котовника кошачьего. 
Заключение. Уточнено описание внешних признаков плодов, впервые охарактеризованы измельченные плоды. Уста-
новлено, что в зрелом плоде лучше всего сохраняется морфология клеток эндокарпия и зародыша семени. Физи-
ко-оптические свойства клеточных структур и способность к основным микрохимическим реакциям сохраняются во 
всех зонах перикарпия и семени. Качественными реакциями показано наличие в плодах: сапонинов, флавоноидов и 
липидного комплекса. Изучен дисперсный состав. Определен выход липидного комплекса и его внешний вид. Пло-
ды могут служить перспективным сырьем для получения жирного масла и препаратов на его основе. Результаты 
исследования могут быть использованы при составлении проекта НД на перспективный вид сырья «Fructus Nepetae 
catariae – Плоды котовника кошачьего».
Ключевые слова. Nepeta cataria, плоды, внешние признаки, липидный комплекс, микроскопия, дисперсный анализ
Список сокращений: ЛРС – лекарственное растительное сырье, НД – нормативная документация

INTRODUCTION
Nepeta cataria L. is a plant of the Lamiaceae family 

[1]. The Nepeta genus L. was referred to the Nepetoide-
ae subfamily, the Nepetae tribe, by A.L. Budantsev [2]. 
Nepeta cataria occurs in the flora of the Commonwealth 
of Independent States [3, 4]. The plant is also registered 
in Central and Southern Europe up to Central Asia; North 
and South America [5].

The herb of Nepeta cataria contains essential oil, 
iridoids, which include nepetolactone; triterpene sapo-
nins, phenols and their derivatives, phenolcarboxylic, 
hydroxycinnamic acids and their derivatives, flavonoids 

[6–8]. Herba Nepetae catariae is found in teas with anti-
pyretic and sedative effects [9]. 

Infusion of Herba Nepetae catariae reduces the tem-
perature and decreases skin rashes with measles and 
chicken pox. It is considered an effective and harmless 
sedative remedy [10]. The essential oil and extracts from 
Herba Nepetae catariae obtained by non-polar and po-
lar organic solvents, exhibit cytotoxic activity and affect 
the apoptosis of PC3, DU-145 and MCF-7 cell lines [11]. 
Researchers from Bulgaria showed that Herba Nepetae 
catariae extract in 70% ethanol exhibits antioxidant ac-
tivity [12].
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Herba Nepetae catariae used to be harvested from 
wild plants. However, the demand for essential oil and 
the herb for the production of spice has increased. This 
plant has been introduced into the culture. As a result 
of selection work, varieties of Nepeta cataria “Kentavr”, 
“Basilio”, “Goluboy ineyi”, “Barkhatt” with a pronounced 
lemon scent are zoned in Russia [13]. 

According to the literature data, the fruits of Nepeta 
cataria are rich in fatty oil, the content of which reaches 
25%. The сharacteristic feature of the fruits of the Lami-
aceae family is the presence of fatty acids with an allenic 
group in them. Most often such acids are represented by 
labullenic acid (Fig. 1).

Figure 1. Labullenic acid

Allenic acids have a wide range of antimicrobial and 
fungicidal actions [15]. Labullenic acid is also founds in 
fatty oil of Nepeta cataria fruits [14]. The yield of Nepeta 
cataria fruit crops is 5–6 c/ha, and a standard quantity 
of seed per hectare in herb cultivated is 6–7 kg. [16]. The 
seed material is fruits (eremas). It is necessary to have a 
seed insurance fund when growing crops. 

The fruits unused for sowing, in case of an excess 
of insurance material, or substandard low-germination 
fruits, can be recycled to obtain fatty oil. Thus, study of 
Nepeta cataria fruits as a promising kind of medicinal 
raw material, is relevant.

THE AIM of the work is to study some criteria for 
the standardization of the quality of Nepeta cataria fruit 
as a new promising type of medicinal plant raw material.

To achieve the aim of the work, the following tasks 
were set:

to establish diagnostic features in the morphology 
and anatomical structure of Nepeta cataria fruits;

to carry out qualitative reactions;
to determine the content of the lipid complex in 

Nepeta cataria fruits.

MATERIALS AND METHODS
Medicinal plant raw material
Nepeta cataria fruits were obtained from the plants 

raised in the All Russia Research Institute of Medicinal 
and Aromatic Plants Botanic Garden (Central district, 
nonchernozem belt), during the period of 2016–2018. 

Microscopic study
A binocular magnifier brand MBS-10 and a Axioplan 

2 imaging microscope by Carl Zeiss were use for conduct-
ing the research. The harvested fruits were prepared for 
the anatomical research, according to the methods de-
scribed in the State Pharmacopoeia of the Russian Fed-
eration (XIV edition) and the reference book on botani-
cal microtechnology [17–19]. 

Histochemical study
For carrying out an appropriate investigation of 

the optical properties of cell membranes and intracel-
lular structures, the microchemical study of microscope 
slides was undertaken in transmitted polarized light with 
crossed axes of the polarizer and analyzer.

To evaluate the distribution of flobaphenes, the 
sections were not stained, since flobaphenes have their 
own brown color;

To determine the localization of lignin, the lignifica-
tion reaction with a 1% solution of phloroglucinol and 
concentrated hydrochloric acid was carried out; 

To elicit the presence of starch, the sample was pro-
cessed with a solution of iodine in potassium iodide;

To identify the distribution of proteins, the xantho-
proteic reaction was carried out;

To determine the localization of lipids and other 
non-polar substances the sample was processed with a 
Sudan III solution [17]. 

Qualitative reactions were carried out with water- 
and alcohol-water extracts [20]. Fruit crushing was pro-
duced using a mechanical mill. The used reagents were: 
5% aqueous solution of NaOH, 2% alcohol solution of 
AlCl3, HCl conc. plus powder Mg. 

Quantitative determination
The study of the lipid complex level was carried 

out according to the method described in monograph 
2.5.0035.15 (“Sílybum mariánum fruits”) of the Russian 
State Pharmacopoeia (XIV edition). [21]. А precisely 
weighed quantity of the crushed medicinal plant raw 
material for the analysis was about 10.0 g. The extract-
ant was removed from the extract using a vacuum rotary 
evaporator in the water bath at the temperature of +50° 
C and a residual pressure of 0.25 mm Hg.

RESULTS AND DISCUSSION
Morphological examination 
A general review of the external features of the 

Lamiaceae family fruits is given in “Comparative Seeds 
Anatomy” [18]. The morphological features of Nepeta 
cataria fruits are listed in the directory by V. Brouwer 
and A. Shtelin  [5]. The external features of the fruits 



123

ОРИГИНАЛЬНАЯ СТАТЬЯ

Том 7, Выпуск 3, 2019

have been adjusted in the article by A.L. Budantsev and 
T.A. Lobova: “Erem ovoid, 1.2–1.5 mm long, 0.8–1 mm 
widе, 0.7–0.9 mm thick”. 

The abaxial side is convex, with a round edge, the 
adaxial side is obtuse roof-like. The hilum forms two 
white “eyes” in the shape of the letter V (areola) at the 
base of the adaxial side. The surface is slightly rough, 
matte. The color is from red-brown to black [19]. The 
fruits studied, were completely consistent with the de-

scriptions in the mentioned above literature. The ap-
pearance of Nepeta cataria fruits from the adaxial side, 
where the areola is visible, is in fig. 2. The appearance 
of Nepeta cataria fruits from the abaxial side with the 
rounded edge is in Fig. 3.

The description of the fruit features, have been sup-
plemented with characteristics of the areola. Each part 
of the white areola has a size of 0.25–0.30 mm, there is a 
dark brown gap of 0.15–0.20 mm between them.

Figure 2. The adaxial side of Nepeta cataria fruit 

Figure 3. The abaxial side of Nepeta cataria fruit  

Figure 4. Lengthwise section of the erem

DOI: 10.19163/2307-9266-2019-7-3-120-128



124

RESEARCH ARTICLE

ISSN 2307-9266   e-ISSN 2413-2241

Volume VII, Issue 3, 2019

Figure 5. Cross section of the erem

The authors also suggest characterizing the shape of 
the cross and lengthwise sections of the fruit at half the 
length / width of the erem when describing the external 
features (Fig. 4, 5).

The cross section contour is a smoothed triangle, 
where the convex part corresponds to the rounded 
edge. The lengthwise section of the fruit is elliptical. In 
the middle, cotyledons of the embryo are visible. The 
shape of the contour of the sections can be used for di-
agnosis and in establishing the authenticity of the stud-
ied raw materials by the method of macroscopy.

The ultrastructure of the fruits exocarp has been 
studied by Romanian researchers using a scanning elec-
tron microscope. The results are presented in the work 
[24].

Microscopic examination. At the cross section of the 
fruit there is single-layer exocarp. It consists on radial-
ly flattened cells with thickened outer non-ligated walls 
(Fig. 6). The mesocarp is two- or three-layered with thin-
walled obliterated cells, between which the boundaries 

are invisible. The cell shells of exo- and mesocarp are op-
tically isotropic with a slightly alkaline reaction. The cell 
content is colored dark brown or black by flobaphenes. 

The endocarp is two-layered. The outer layer con-
sists of radially elongated cells with thickened walls and 
a small rounded cavity. Numerous pore channels are no-
ticeable in the outer walls of the endocarp. The shells of 
endocarp cells are acidic, optically anisotropic, non-ligat-
ed and give a positive protein response. The cells contain 
a light-brown substance. The inner layer of the endocarp 
consists of isodiametric empty cells with unthickened, 
optically anisotropic shells. 

An important diagnostic feature is the lack of lignin 
response of the outer layer membranes of the endocarp. 

Spermoderma is two-layered. The outer spermod-
erma layer consists of obliterated cells with light brown 
content. The inner layer of the spermoderma consists 
of elongate in the periclinal direction cells with slightly 
thickened, optically anisotropic shells. Their reaction is 
slightly alkaline.

Figure 6. Fragment of the cross section of Nepeta cataria fruit

The embryo is composed of isodiametric thin-walled 
cells. The shells and walls of these cells are optically iso-
tropic. There are structures with double refraction in the 
cell content of the embryo (Fig. 7). 

The cell content gives a positive xanthoproteic 
reaction. The germ cells absorbed iodine. Their col-

or became dark blue. This indicates the presence of 
starch. As a result of histochemical reaction with Su-
dan III, the vestige of the cuticle, the cell membrane 
of the outer layer of the mesocarp, numerous drops 
of fatty oil in the endosperm and the embryo turned 
orange.
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Figure 7. Fragment of cotyledon cross section of Nepeta cataria embryo 

The fruits were crush before receiving the lipid complex. It was a mixture of pericarp fragments and cotyledons 
(Fig. 8).

Figure 8. Crushed Nepeta cataria fruits

We noted the presence of numerous drops of fatty oil in the study of micropreparations of crushed fruits was 
noted (Fig. 9).

Figure 9. Fragment of cotyledon of Nepeta cataria embryo viewed from the surface

When adding reagent Sudan III, the drop of fatty oil turned orange (Fig. 10).
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Figure 10. Fragment of Nepeta cataria fruit powder 

Dispersed analysis
The dispersed analysis showed that the composition 

of whole fruits could be established using a set of sieves. 
The fruits passed through a 2 mm sieve, and the main 
fraction was localized on a sieve with 1 mm openings 
in diameter. After crushing, fruit powder was obtained, 

hereby, the main fraction of the particles was located on 
a sieve with 0.25 mm openings in diameter.

The micropreparations of the fruit powder were 
fragments of cotyledons and pericarp. On the exocarp 
fragment there are polygonal cells with evident thicken-
ings of the walls (Fig. 11).

Figure 11. Fragment of Nepeta cataria fruit exocarp

Fragments of exocarp epidermis were observed the 
among the particles of the crushed fruits (Fig. 12). These 

are polygonal isodiametric cells. They do not contain 
pigment.

Figure 12. Fragment of exocarp epidermis of Nepeta cataria fruit

On the fruit epidermis the presence of 4-cell tri-
chomes has been established. They are similar to the 

essential oil glands on the epidermis of Nepeta cataria 
leaf blade (Fig. 13) [25].
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Figure 13. Fragment of exocarp epidermis of Nepeta cataria fruit with trichomes

Lipid complex was obtained from whole and crushed 
Nepeta cataria fruits. In terms of absolutely dry raw ma-
terial from whole raw material, its content was 9.58%. 
From crushed raw material it was 26.72%. It corresponds 
to the literature data [14].The lipid complex looked a flu-
ent, oily, turbid yellowish liquid. 

Qualitative reactions. Qualitative reactions were con-
ducted with the crushed fruits on the presence of some 
biologically active compounds. In Nepeta cataria fruits 
there are such types of biologically active substances as 
flavonoids and saponins. These data can be also used to 
establish the authenticity of Nepeta cataria fruits.

CONCLUSION
As a result of the investigation of whole and crushed 

Nepeta cataria fruits, a description external features and 
peculiarities of the anatomical structure has been giv-
en, and qualitative reactions have been carried out. It 
has established that morphology of endocarp and seed 
embryo cells are best preserved in mature fruits. Physi-

co-optical properties of cellular structures and the abili-
ty for basic microchemical reactions are preserved in all 
zones of pericarp and semen. An important diagnostic 
feature is the lack of lignin response of the outer layer 
membranes of the endocarp. 

The contour of the cross and lengthwise sections of 
the fruit has been characterized, a description of epider-
mis cells and trichomes on it has been given. The pres-
ence of saponins, flavonoids and lipid complex in fruits 
is shown by qualitative reactions. Dispersion composi-
tion has been studied. The yield of the lipid complex has 
been determined, characteristics of its external features 
have been given.

Due to the presence of laballenic acid in fatty oil of 
fruits and its wide antimicrobial and antifungal activity, 
it can be considered a valuable source of phytochemical 
drugs. The results of the study can be used in drafting 
Pharmacovigilance Reference Document considering a 
promising type of medicinal plant raw material on the 
basis of Nepetae catariae fruits.
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The aim of this study was to investigate the kinetics of baicalin hydrolysis in the process of its extraction from 
Scutellaria baicalensis Georgi roots. 
Materials and methods. For the studies, Scutellaria baicalensis Georgi roots with a particle range of 0.1–0.5 mm 
were used. The method of extraction was a simple maceration during a specified period of time, the ratio of 
plant raw material : extractant was 1:10 w/v at the temperature of 24±1°С. Baicalin and baicalein contents were 
analyzed by reverse phase high performance liquid chromatography (RP HPLC) at the analytical wavelength of 
275 nm. The extractant was a water solution of ethanol 26, 43, 59, 72, 81, 97±1% v/v. The time of the extraction 
was from 1 to 24 hours. 
Results. The experimental points of dependency of baicalin concentration in the extract on the time of extraction 
for ethanol solutions with a concentration of 43 and 72% v/v are closely approximated by a linear equation in 
coordinates lnC=f(t). The value of determination coefficient is more than R²˃0,99. Half lifetime for baicalin has 
been calculated: for ethanol with the concentration of 43% v/v it is 4.3±0.7 hours, and for ethanol with the con-
centration of 72% v/v it is 42.3±1.8 hours. 
Conclusion. Baicalin hydrolysis kinetics in the process of its extraction from Scutellaria baicalensis Georgi roots 
with 43 and 72% v/v ethanol concentration. has been studied. It has been established that the process of bai-
calin hydrolysis is well described by the first order kinetic equation. The constants of baicalin hydrolysis during its 
extraction from Scutelaria baicalensis roots with ethanol having different concentrations have been calculated. 
Recommendations on technology optimization for baicalin or baicalein extraction from Scutellaria baicalensis 
Georgi roots have been given.
Keywords: Scutellaria baicalensis Georgi roots, baicalin, baicalein, hydrolysis, first order reaction, half lifetime
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Цель. Изучить кинетику гидролиза байкалина при его экстракции из корней шлемника байкальского. 
Материалы и методы. Корни шлемника байкальского с размером частиц 0,1-0,5 мм. Используемый ме-
тод экстракции – простая мацерация в течение заданного промежутка времени, при соотношении сырье: 
экстрагент 1:10 м/о и температуре 24±1°С. Содержание байкалина и байкалеина анализировали с помо-
щью обратно-фазовой высокоэффективной жидкостной хроматографии (ОФ ВЭЖХ) при длине волны 275 
нм. Экстрагент: водные растворы этанола 26, 43, 59, 72, 81, 97±1% об. Время настаивания от 1 до 24 часов. 
Результаты. Экспериментальные точки зависимости концентрации байкалина в извлечении от времени 
настаивания для этанола с концентрацией 43 и 72% об., хорошо аппроксимируются линейным уравне-
нием в координатах lnC=f(t). Коэффициент детерминации боле R²˃0,99. Рассчитано время полураспада 
байкалина в этаноле с концентрацией 43% об., которое составило 4,6±0,5 часа, в этаноле с концентрацией 
72% об., данный показатель равен 42,3±1,8 часа. 
Заключение. Изучена кинетика гидролиза байкалина при его экстракции из корней шлемника байкаль-
ского с помощью этанола с концентрацией 43 и 72% об. Установлено, что процесс гидролиза байкалина 
хорошо описывается кинетическим уравнением первого порядка. Найдены константы процесса гидроли-
за байкалина во время его экстракции из корней шлемника байкальского с помощью этанола различной 
концентрации. Даны рекомендации по оптимизации технологии выделения байкалина или байкалеина 
из корней шлемника байкальского.
Ключевые слова: корень шлемника байкальского, байкалин, байкалеин, гидролиз, реакция первого по-
рядка, время полураспада

INTRODUCTION
Scutellaria baicalensis Georgi is a plant of Lamiace-

ae family that grows in the Russian Federation in Trans-
baikal, Amur River and Primorye regions, as well as in 
Mongolia and China. The plant raw material used for 
medicinal purposes is the root.

The root contains flavonoids (baicalin – more than 9%, 
baicalein – up to 5%, wogonoside – up to 4%, wogonin – up 
to 0.7%, scutelarein, etc.), steroids (beta-sitosterol, stigmas-
terol, etc.), coumarins and some other compounds [1, 2].

Biologically active compounds (BACs) from Scutel-
laria baicalensis Georgi roots have different useful phar-
macological effects. They have effects on the central 
nervous system (sedative, hypotension, and anticonvul-
sant). BAC from Scutellaria baicalensis Georgi roots are 
useful for liver as they demonstrate hepatoprotective 
and antioxidant activities; besides, they decrease in-

flammation processes, inhibit the growth of pathogenic 
microorganisms (bacteria and viruses), have a cytotoxic 
effect on different cancer cell lines, etc. [3–18].

Therefore, BACs from this type of plant raw material 
(PRM) have useful pharmacological properties, and all 
kinds of research in the field of technology of their ex-
traction is important.

According to the known scientific literature data, 
the type of extractant, the temperature and time of the 
extraction have a great influence on the qualitative and 
quantitative composition of the extract obtained [19, 20].

These kinds of influence are determined by the pres-
ence of the active form of beta-glucuronidase enzyme 
in the cells of Scutellaria baicalensis Georgi roots. After 
wetting the raw material with the extractant containing 
water, this enzyme starts hydrolyzing baicalin actively to 
its aglicone (baicalein) and glucuronic acid [21].
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This fact should be taken into account during the 
development of quality control methods and extraction 
technology of BAC from this PRM. 

Therefore, the decision to study the process of bai-
calin hydrolysis during its extraction from Scutellaria bai-
calensis Georgi roots was made up. Moreover, this infor-
mation may be used as a starting point for optimization 
of BAC extraction technology from this type of PRM in 
further researches. 

The aim of this study was to investigate the kinetic 
process of baicalin hydrolysis during its extraction from 
Scutellaria baicalensis Georgi roots.

MATERIALS AND METHODS
Object of investigation 
Scutellaria baicalensis Georgi roots were purchased 

from LLC Pharmaceutical shop “Medicinal plants”, 
Kharkiv, Ukraine, lot No. 921217, best before IX/2020. 
For the studies, the roots were ground to the particle 
fraction of 0.1 to 0.5 mm using high-speed multifunction 
grinder HC-500Y, China.

Extraction method
For the studies, a simple maceration method for a 

certain period of time was used. Hereby, the PRM:extract-
ant ratio was 1:10 w/v at the temperature of 24±1°С. For 
that, a precisely weighed amount of 1.0 g of ground PRM 
was put into an airtight flask, 10.0 ml of the extractant 
was added, then the flask was sealed and left for a spec-
ified period of time. After that the extract was decanted, 
centrifuged at 3,000 rpm for 5 min. and delivered to the 
analysis for the contents of baicalin and baicalein.

Before the analysis, the extract was additionally cen-
trifuged at 13,000 rpm for 5 min. Hydroethanolic solutions 
26, 43, 59, 72, 81, 97±1% v/v were used as extractants.

Sample preparation
The analysis of the initial content of baicalin and bai-

calein in the plant raw material was carried out by a sim-
ple maceration method under the following conditions: 
ethanol 43% v/v was used as an extractant, the ratio of 

plant raw material : extractant was approximately 1:50 
m/v, the extraction time was 30 min at the temperature 
of 95±5°С (water bath). A precisely weighed amount 
of 1.0 g of ground PRM was put into a flask, 50.0 ml of 
extractant (ethanol 43% vol.) was added; the flask was 
connected to a backflow condenser and the process of 
extraction took place in water bath for 30 min.

Then the flask was cooled, the extract was decant-
ed and the plant raw material was rinsed out with an 
additional portion of the extractant (5.0 ml). The ob-
tained extract was added to the great bulk of the extract 
and weighed. The ultimate extract was analyzed by the 
method of reverse phase high performance liquid chro-
matography (RP HPLC). The density of the extract was 
determined by method 1 according to general pharma-
copoeia monograph 1.2.1.0014.15 [22]. 

The contents of baicalin and baicalein in the plant 
raw material (X1,2, %) was calculated by the following 
equation (1):

                                             (1)
where 
C – baicalin or baicalein concentration, g/ml;
M – mass of the extract, g;
m – plant raw material, g;
ρ – density of the extract, g/ml.

Method of analysis
Qualitative contents of baicalin and baicalein in the 

extracts were analyzed by reverse phase high perfor-
mance liquid chromatography (RP HPLC). The analyses 
were carried out with Agilent Technologies equipment, 
Agilent 1200 Infinity series, the USA. More details on RP 
HPLC analysis conditions are described in this work [23].

As standards, baicalin and baicalein of the State 
Pharmacopoeia of Ukraine with the content ≥95.0 were 
used. The analytical wavelength was 275 nm.

The main parameters for the validation method of the 
analysis and suitability of RP HPLC system for the determi-
nation of baicalin and baicalein are presented in Table 1.

Table 1 – Main parameters for validation method of the analysis and suitability of RP HPLC system  
for baicalin and baicalein determination

Parameter Pharmacopoeia  
limitation [22] Baicalin Baicalein

Retention time (tR), min.* – 22,6±0,5 29,4±0,5
Asymmetry coefficient (T) 0,8-1,5 1,35 0,94
Separation coefficient (Rs) ≥1,5 1,58 1,62
RSD of peak’s area, % ≤2,0 1,6 1,5
LOD, g/ml – 2,9·10-5 3,9·10-6

LOQ, g/ml – 8,8·10-5 1,2·10-5

Determination coefficient, r2 ≥0,98 0,9992 0,9999
Calibration linear equation,  
C(g/ml)=f(S(mAU·s)) – C=(2,52±0,10)·10-7·S C=(1,78±0,01)·10-7·S

* Note. The mean value and its confidence interval (Mean±SEM) are calculated with repeat counts n=3 and significance level Р=0.95.
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RESULTS AND DISCUSSION
Fig.1 presents a chromatogram of the extract during 

the determination of baicalin and baicalein contents 

in the plant raw material according to the subsection 
“Sample preparation” in the section “Materials and 
methods”.

Figure 1 – Chromatogram of the extract obtained during determination of baicalin and baicalein contents 
in the plant raw material

Note: the analytical wavelength was 275 nm; I – baicalin; II – baicalein. 

As Fig.1 shows, baicalin (I) dominates in the extract 
obtained (the retention time was 22.4 min). After the 
substitution of the experimental values of baicalin/
baicalein peak area into the regression equation (see 
Table 1), the concentration of these substances in the 
ultimate extract was calculated and then the calculation 
of their contents in the plant raw material was carried 
out using the equation (1). The initial content of baicalin 
in the plant raw material was 14.8% m/m, and the one 
for baicalein was 1.89% m/m.

Fig. 2 presents a chromatogram of the extract at 
the analytical wavelength of 275 nm obtained under the 
following conditions: ethanol 72% v/v was used as an 
extractant, the time of maceration was 13.3±0.2 h, the 
temperature was 24±1°С, and the ratio of the plant raw 
material to the extractant was 1:10 m/v.

As Fig. 2 shows, the two substances, baicalin (I) and 

baicalein (II), dominate in the extract, while in the PRM it 
was only baicalin that was dominating. It means that for 
13.3 ± 0.2 hours of infusion, hydrolysis of baikalin occurred 
with the formation of a significant amount of baikalein. 

The results of RP HPLC analysis of baicalin and bai-
calein yield into the extracts at different concentrations 
of ethanol under the above-mentioned conditions (the 
time of maceration – 13.3±0.2 h, the temperature – 
24±1°С, and the ratio of the plant raw material to the 
extractant – 1:10 m/v) are presented in Fig. 3.

The yield of baicalin was calculated compared to 
its initial value in PRM. The yield of baicalein (X3), was 
calculated equivalent to its hypothetical content in PRM 
given that the total amount of baicalin (X1), transforms 
into it (X3=X2+X1·Mr2/Mr1=1,89+14,8·270,2/446,4=10,9% 
mаss.). The repeat count is n=3, and the significance lev-
el is P=0.95.
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Figure 2 – Chromatogram of the extract from Scutellaria baicalensis Georgi roots
Note: analytical wavelength was 275 nm; I – baicalin; II – baicalein

Figure 3 – Dependency of baicalin and baicalein yield on ethanol concentration

Empirical graphs presented in Fig. 3 show that un-
der the experimental conditions (the time of maceration 
of 13.3±0.2 h, the temperature of 24±1°С, the ethanol 
concentration of 43% v/v, the PRM / extractant ratio of 
1:10 m/v), a considerable part of baicalin disintegrates 
up to  baicalein. Herewith, the yield of baicalin into this 
extractant was 6.2% of its initial content in the PRM, and 
the yield of baicalein was 44.5% of its hypothetic con-
tent in the PRM. These values make it possible to cal-
culate the percentage of converted baicalin, which was 
44.8%={100·[(10.9-1.89)·44.5/100]·446.4/(270.2·14.8)}, 

i.e. almost a half of baicalin of its initial content in 
the plant raw material disintegrated. Its residual part 
(49%=100–44.8–6.2) did not possibly dissolve in the 
ethanol of this concentration and remained in the PRM. 
That fact requires additional studies.

On the empirical curves obtained, the maximum for 
baicalin yield in ethanol with the concentration range of 
70±5% v/v is clearly seen, and for baicalein it takes place 
in ethanol with the concentration range of 53±10% v/v. 
It is interesting to notify the existence of the intercep-
tion (isobestic) point of empirical curves for ethanol with 
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the concentration of 62±3% v/v, at which 50% value of 
each component yield is observed.

Moreover, the curves also show that baicalin and 
baicalein are practically not extracted by ethanol with 
the concentration of less than 30% v/v and more than 
90% v/v. 

In ethanol with the concentration from 40 to 60% 
v/v, the maximum yield of baicalein up to 45–50% from 
its hypothetic content in PRM is seen. It can probably be 
explained by its partial solubility in ethanol at this con-
centration, as it has already been mentioned above.

From the abovementioned data we can suppose 
that the activity of a beta-glucuronidase enzyme in 
Scutellaria baicalensis Georgi roots is not inhibited by 

ethanol and has a high level of activity in ethanol with 
the concentration from 30 to 90% v/v.

The next stage of the work was connected with 
the study of baicalin hydrolysis kinetics in Scutellaria 
baicalensis Georgi roots under the same conditions of 
the extraction process. 

For this purpose, ethanol with the concentration of 
43 and 72% v/v was used. Hereby, an assumption that 
hydrolysis of baicalin should occur in the first order 
reaction was made, thus the experimental data in 
coordinates lnC=f(t) should be closely approximated by 
the linear regression equation.

The results of processing of the obtained 
experimental data are presented in Fig. 4.

Figure 4 – Dependency of change in baicalin concentration in the extract on the maceration time  
with ethanol 43 and 72% v/v in coordinates lnC=f(t)

As Fig. 4 shows, the experimental points for the 
dependency of baicalin concentration in the extract 
on the maceration time are closely approximated in 
the predicted coordinates by the linear equation (the 
determination coefficient is more than R²˃0.99, which 
indicates the functional dependency between the pa-
rameters).

Therefore, this experiment confirms our assumption 
about the mechanism of baicalin hydrolysis in Scutellaria 

baicalensis Georgi roots. It follows the first order kinetic 
equation. It should be pointed out that hereby, ethanol 
affects the energy of the enzymatic hydrolysis process 
and slows it down with an increase in the concentration 
of ethanol in the extraction mixture.

The constants obtained, as well as some other 
derivative parameters that can be calculated from them 
in the view of chemical kinetic laws for the first order 
reactions, are presented in Table 2.
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Table 2 – Values of experimentally obtained constants and some other derivative parameters

Constant/parameter Ethanol 43% v/v Ethanol 72% v/v
Slope of regressive curve, 1/h (k) 0.15±0.02 0.0164±0.0007
Intercept, b –4.8±0.2 –4.6±0.1
Initial concentration of baicalin, g/ml (С0=exp[b]) 0.0082±0.0004 0.0101±0.0002
Half lifetime of baicalin, h (t½=ln2/k) 4.6±0.5 42.3±1.8
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Common pathologies of the cardiovascular system are cerebrovascular disorders, for which cinnarizine is prescribed. An in-
novative, prolonged nanocapsule dosage form based on poly-D, L-lactide-co-glycolide (PLGA) has been developed. 
The aim of the research was improvement of the technology and development of the methods for determining the level of 
cinnarizine inclusion in nanocapsules. The research problem consisted of a great number of drug encapsulation peculiarities, 
as well as various physicochemical properties of the substances that cannot be taken into account in the existing methods 
of determination. 
Materials and methods. In the study, the following substances were used: cinnarizine, PLGA (50:50), polyvinyl alcohol (PVA). 
The remaining reagents and solvents fitted into the category of chemically pure. For development of the methods for quan-
titative determination of cinnarizine and its validation, a spectrophotometric method of analysis was used. Model mixtures 
used as objects of the study, had been prepared. Validation assessment of the methods was carried out upon such indicators 
as specificity, linearity, detection limit, repeatability, reproducibility. 
Results. Methods for spectrophotometric determination of the degree of cinnarizine inclusion has been developed. It has 
been established that encapsulation reaches 63.74%. Validation testing methods has been carried out. The results of such 
tests as specificity, linearity, detection limit, repeatability, reproducibility correspond to the safe range of values regulated by 
Product specification file. Due to the impossibility of determining the degree of cinnarizine inclusion on the basis of standard 
methods of preparation, the technology of producing nanocapsules has been adjusted.
Conclusion. The technology has been optimized and new techniques have been developed. Taking into account the charac-
teristics of production and the physicochemical properties of the components, they make a reliable analysis of the degree 
of cinnarizine inclusion in nanocapsules possible. The relative error of the developed methods of determination does not 
exceed ± 2.67%. Based on the results of the validation assessment, this methods is valid for all indicators.
Keywords: cinnarizine, poly-D,L-lactide-co-glycolide, microparticles, degree of incorporation, UV spectrometry
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Распространенными патологиями сердечно-сосудистой системы являются цереброваскулярные расстройства, для 
лечения которых назначают препарат циннаризин. Разработана инновационная пролонгированная лекарственная 
форма в виде нанокапсул на основе поли-D,L-лактид-ко-гликолид (PLGA). 
Целью исследования явилось совершенствование технологии и разработка методики определения уровня включе-
ния циннаризина в нанокапсулы. Исследовательская проблема заключалась в наличии множества особенностей ин-
капсулирования препарата, а также различных физико-химических свойств веществ, которые невозможно учесть в 
имеющихся методиках определения. 
Материалы и методы. В ходе исследования были использованы субстанция циннаризина, PLGA (50:50), поливини-
ловый спирт (ПВС). Остальные реактивы и растворители соответствовали категории х.ч. Для разработки методики 
количественного определения циннаризина и ее валидации, использован спектрофотометрический метод анализа. 
Были приготовлены модельные смеси, которые использовались как объекты исследования. Валидационную оценку 
методики проводили по таким показателям, как специфичность, линейность, предел обнаружения, повторяемость, 
воспроизводимость.
Результаты. Разработана методика спектрофотометрического определения степени включения циннаризина. Уста-
новлено, что инкапсуляция составляет 63,74%. Осуществлено валидационное тестирование методики. Результаты 
таких испытаний, как специфичность, линейность, предел обнаружения, повторяемость, воспроизводимость соот-
ветствуют допустимому интервалу значений, регламентированных нормативной документацией. Скорректирована 
технология получения нанокапсул, в связи с невозможностью определения степени включения циннаризина при ис-
пользовании стандартной методики получения.
Заключение. Оптимизирована технология и разработана методика, позволяющая провести достоверный анализ сте-
пени включения циннаризина в нанокапсулы, с учетом особенностей производства и физико-химических свойств 
компонентов. Относительная погрешность разработанной методики определения не превышает ±2,67%. Исходя из 
результатов валидационой оценки, по всем показателям методика валидна.
Ключевые слова: циннаризин, поли-D,L-лактид-ко-гликолид, микрочастицы, степень включения, УФ-спектрометрия

INTRODUCTION
In cerebrovascular disorders, progressive neuronal 

damage is observed, followed by their apoptosis due to 
metabolic disorders, nutritional deficiencies and oxygen. 
These are hemorrhagic and ischemic kinds of stroke, 
encephalopathy, migraine, dementia, cognitive impair-
ment. One of the leading pathogenetic factors in the 
development of these disorders is a change in the prop-
erties of cerebral vessels under the influence of such 
factors as atherosclerosis, arterial hypertension, leading 
to impaired cerebral circulation [1–4]. The main group 
of drugs prescribed for this pathology, are calcium chan-
nel blockers, in particular cinnarizine, the effectiveness 
of which has been proven by numerous clinical studies 
[5]. Existing dosage forms of cinnarizine have several 

disadvantages, namely: frequency of administration 
and adverse effects [6, 7]. The solution to leveling these 
undesirable factors is developing a prolonged form of 
cinnarizine, allowing to reduce the frequency of admin-
istration, and thus avoid abrupt changes in the concen-
tration of the drug in the body, and hereby to maintain 
the concentration of the drug in the body relatively con-
stant and therapeutically effective. Modern pharmaceu-
tical technologies make it possible to create prolonged 
dosage forms of nano- and microsizes with controlled 
release of active substances based on polymeric carriers 
using the encapsulation method [8, 9]. One of the prom-
ising polymers is a copolymer of lactic and glycolic acids 
(50:50) – poly-D, L-lactide-co-glycolide (PLGA). Nanocap-
sules based on this biopolymer provide a high level of 
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sorption, prolonged and programmed release of drugs. 
The polymer is also biocompatible and biodegradable, it 
is metabolized in the body to endogenous compounds: 
lactic acid (decomposes to carbon dioxide and water) 
and glycolic acid (excreted unchanged). An innovative 
prolonged dosage form of cinnarizine in the form of mi-
cro- and nanocapsules has been developed. It is based 
on biodegradable polymer PLGA, supposedly capable of 
leveling the adverse effects of the drug.

THE AIM of the investigation was the adjustment 
of the standard technology, the development and val-
idation of the methods for determining the degree of 
cinnarizine inclusion in the resulting microparticles, tak-
ing into account the features of encapsulation and the 
physicochemical properties of the compounds used in 
their production.

MATERIALS AND METHODS
In this study, the substance of cinnarizine, PLGA 

(50:50) and PVA have been used. The rest of the reagents 
and solvents fitted into the category of chemically pure.

1. Methods for determining the degree 
of cinnarizine inclusion in nanocapsules
Methods 1
The object of the study was an aqueous solution of 

the supernatant obtained after centrifugation [10–14]. 
The supernatant was placed in a 100 ml volumetric flask, 
adjusted to the mark with purified water (solution A). 
Considering the solubility of cinnarizine in ethyl alco-
hol and the literature data on the determination of the 
degree of incorporation of medicinal substances in PL-
GA-based microcapsules, the following methods was 
proposed. 

The degree of cinnarizine inclusion was established 
spectrophotometrically [15–21]. To do this, the content 
of free cinnarizine, and then the content of cinnarizine 
included in the microparticles were determined, A 0.4 
ml aliquot was taken from solution A and placed in a 10 
ml volumetric flask, made up to the mark with ethyl al-
cohol 95% [22–24].

Methods 2
A 20 ml aliquot was taken from solution A, placed in 

a separatory funnel, then 5 ml of chloroform was added 
and extracted. The spectrum of chloroform extraction 
was measured in the range of 220–360 nm on an SF-56 
spectrophotometer in cuvettes with a layer thickness of 
1 cm; chloroform was used as a reference solution. The 
spectrum of a standard sample of cinnarizine in chloro-
form had been preliminarily measured. 

The completeness of cinnarizine extraction from 
solution A was monitored by a repeated addition of 5 
ml of chloroform to the aqueous solution obtained after 
the first extraction. The spectrum of the second chloro-
form extraction was measured in the range of 220–360 
nm on an SF-56 spectrophotometer in cuvettes with a 

layer thickness of 1 cm; chloroform was used as a refer-
ence solution.

Method 3
In this case, the object of the study was the solu-

tion of the supernatant in hydrochloric acid. The entire 
volume was transferred into a volumetric flask with a 
capacity of 50 ml, adjusted to the mark with a 0.1 M 
solution of hydrochloric acid. Previously, the spectrum 
of a standard sample of cinnarizine in a 0.1 M solution 
of hydrochloric acid was measured; an absorption max-
imum A = 0.576 at the wavelength of 253 nm was ob-
served.

The evaluation of the degree of cinnarizine inclusion 
in nanocapsules was performed by measuring the ab-
sorption spectrum in the rage of 220–360 nm on an SF-
56 spectrophotometer in cuvettes with a layer thickness 
of 1 cm; a solution of hydrochloric acid 0.1M was used as 
a reference solution.

2. Optimization of the method 
of obtaining nanocapsules
It is known from the literature data, that cinnarizine 

is soluble in a 0.1 M solution of hydrochloric acid. Con-
sequently, a study on the solubility of PLGA in a 0.1 M 
solution of hydrochloric acid was carried out. For this 
purpose, the PLGA sample was placed in 50 ml of a 0.1 
M solution of hydrochloric acid. While stirring for three 
hours, the polymer did not dissolve, and therefore, it 
was proposed to change the standard technology of 
nanocapsules.

Standard nanocapsules technology
To obtain PLGA-based cinnarizine microparticles, 

the coprecipitation method was used. Precise weights of 
cinnarizine and PLGA were dissolved in a small volume 
of chloroform, and then added dropwise to the aque-
ous solution of PVA, using an Ultra-Turrax T-18 appara-
tus (IKA, Germany) for homogenization. The resulting 
solution containing microparticles, was centrifuged at 
the rotation speed of 10,000 rp/m for 20 minutes. The 
submicrocapsule fluid – supernatant – was decanted.

Adjusted nanocapsules technology
Precise weights of cinnarizine and PLGA were dis-

solved in a small volume of chloroform, and then added 
dropwise to a 0.1 M hydrochloric solution of PVA, using 
an Ultra-Turrax T-18 apparatus (IKA, FRG) for homogeni-
zation. The resulting solution containing microparticles, 
was centrifuged at the rotation speed of 10,000 rpm for 
20 minutes. The submicrocapsule fluid – supernatant – 
was decanted.

3. Methods for quantitative determination 
of cinnarizine in nanocapsules and its validation
3.1. Quantitative determination
Based on the data obtained in determining the level 
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of cinnarizine inclusion in nanocapsules, for the quanti-
tative analysis, the conditions corresponding to Method 
3 were selected.

The measurements were carried out six times at the 
room temperature, the data were averaged.

The calculation of the content of cinnarizine in the 
supernatant produced, is shown by formula 1:

                                       (1),
where
Аx – optical density of the supernatant;
Cст – CO concentration of cinnarizine, g/ml;
W1, W2 – volume of volumetric flasks, ml;
Aст – optical density CO cinnarizine;
a – amount of cinnarizine, g;
Va – aliquot volume, ml.

3.2 Validation of the methods of cinnarizine 
quantitative determination in nanocapsules
The validation estimation of the developed methods 

for the quantitative determination of cinnarizine in mi-
croparticles has been carried out. The developed meth-
odology is evaluated according to the following indica-
tors: specificity, linearity, detection limit, repeatability, 
reproducibility.

Determination of specificity
When testing a technique for specificity, the influ-

ence of a solvent and excipients on the optical density of 
a solution of a model mixture is determined.

The solvent used is a 0.1 M hydrochloric acid solu-
tion. Two solutions are prepared: the first is a solution of 
a model mixture of microparticles with cinnarizine, the 
second is a solvent and excipients.

Determination of linearity methods
The determination of the linearity of the methods 

of cinnarizine quantitative analysis is carried out by a 
spectrophotometric method. To do this, 6 parallel deter-
minations in the weights of a model mixture of micro-
particles are conducted. 

Preparation of model mixtures
Samples of cinnarizine microparticles equal to 0.01 g, 

0.02 g, 0.03 g, 0.04 g, 0.05 g and 0.06 g, respectively, are 
placed in 100 ml volumetric flasks, dissolved in a 0.1 M 
hydrochloric solution of chlorohydric acid, brought to the 
mark with the same solvent, then mixed. The optical densi-
ty of the obtained solutions is measure on spectrophotom-
eter SF-56 at the maximum absorption at the wavelength 
of 253 nm in a cuvette with a layer thickness of 10 mm.

Determination of the detection limit
When determining the detection limit, a model mix-

ture is prepared: 0.03 g of cinnarizine microparticles are 
placed in a 100 ml volumetric flask, dissolved in a 0.1 M 
hydrochloric acid solution and made up to the mark with 
the same solvent (solution A).

From solution A, model solutions were prepared 
with a cinnarizine concentration of 1·10-3 g/ml, 1·10-4 g/
ml, 1·10-5 g/ml. The determination was started with the 
solution with the highest concentration, setting the con-
centration at which there would be no cinnarizine ab-
sorption maximum at the wavelength of 253 nm.

Determination of convergence
The technique of convergence is characterized by 

such indicators as repeatability and reproducibility.
To determine convergence, a spectrophotometric 

method of analysis in the wavelength range of 220–360 
nm was used.

Repeatability is examined on a model sample of 
a mixture of cinnarizine microparticles in 10 replica-
tions.

Reproducibility of the methods is estimated on five 
samples of model mixtures in two replications.

RESULTS AND DISCUSSION
Using methods of determination No 1, it was found 

out that when ethyl alcohol is added to the aqueous 
solution of the supernatant, white opalescence and tur-
bidity are observed. The reason for these phenomena is 
the interaction of PVA with ethyl alcohol, in connection 
with which this method cannot be used for the spectro-
photometric determination of the degree of cinnarizine 
inclusion.

Using methods No 2, the quantitative content of cin-
narizine (1% of the introduced cinnarizine sample) was 
detected in the supernatant, which is confirmed by solu-
bility of cinnarizine in water [25].

On the basis on the obtained results it was proposed 
to change the standard technology of microparticles by 
using a hydrochloric solution of PVA instead of an aque-
ous solution, which would make it possible to transfer 
non-included cinnarizine into the solution. Then it would 
be possible to determine the degree of its inclusion 
[26, 27].

The use of methods No 3 allowed us to determine 
the quantitative content of cinnarizine in the hydrochlo-
ric solution of the supernatant. Accordingly, it became 
possible to calculate the degree of encapsulation of the 
drug in microparticles from the difference in concentra-
tions.

Having made a series of determinations, the follow-
ing data were obtained.

Fig. 1 shows the UV absorption spectrum of the 
solution of the supernatant obtained by the adjusted 
technology. This UV absorption spectrum coincides with 
the results of the previous studies.

DOI: 10.19163/2307-9266-2019-7-3-138-147
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Figure 1 – UV spectrum of the supernatant

According to the results of the study, the aver-
age optical density at the wavelength of 253 nm was 
0.447.

The content of cinnarizine in the supernatant was 
calculated by formula 1.

By differences, the degree of cinnarizine inclusion 
can be calculated:

100% – х = 100 – 36,26=63,74% (Tab. 1)

Table 1 – Data on the degree of encapsulation

Sample No Optical density  
of solution

Amount of unbound 
cinnarizine, %

Amount of bound 
cinnarizine, % Metrological data

1 0.425 34.48 65.52

S=1.62
Sx =0.6635

ɛ=±2,67

2 0.482 39.10 60.90
3 0.447 36.26 63.74
4 0.450 36.51 63.49
5 0.430 34.88 65.12
6 0.448 36.34 63.66
X 0.447 36.26 63.74

Validation assessment of the methods
Determination of specificity
The obtained solutions were analysed by a spectro-

photometric method. Fig. 2 shows the UV spectrum of a 
model mixture of cinnarizine microparticles. In the rage 
of 230–270 nm, an absorption maximum characteristic 

of the preparation is observed. Fig. 3 shows the absorp-
tion spectrum of the second solution, consisting of a sol-
vent and excipients. It is clearly seen that the absorption 
in the rage of 230–270 nm is practically absent.

Judging by the obtained definition data, one can see 
the specificity of the developed methodology. [28] 
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Figure 2 – UV spectrum of a model mixture of microparticles

Figure 3 – UV spectrum of the solvent with excipients

Determination of linearity methods
According to the test results, a calibration graph 

for the dependence of the optical density value on the 
mixture sample was constructed; the calibration curve 
equation and the correlation coefficient were calculat-
ed. The graph is presented in Fig. 4.

The linearity index is characterized by a correlation 

coefficient, its value was 0.998875, which meets the re-
quirement of not less than 0.995.

The calibration curve is subject to linear depen-
dence. The correlation coefficient meets the specified 
requirements ND [28]. Therefore, it can be argued that 
a linear dependence is observed in the concentration 
range of cinnarizine, in a sample of a model mixture of 
microparticles 0,000345–0,002%.

DOI: 10.19163/2307-9266-2019-7-3-138-147
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Figure 4 – Calibration graph of the dependence of cinnarizine optical density on a sample  
of a model mixture of microparticles

Determination of detection limit
The data obtained during the study are reflected in 

Table 2. The developed method allows determining the 
detection limit, the concentration at which the charac-

teristic absorption for cinnarizine will not be observed 
at the  wavelength of 253 nm. The detection limit of 
cinnarizine in microparticles has been established. It is 
1·10-4 g/ml.

Table 2 – Data on detection limit

Concentration 
of cinnarizine in 
solution, g/ml

Optical density  
of solution

1·10-3 0.4980
1·10-4 0.0508
1·10-5 0.0048

Determination of convergence
Convergence is characterized by such param-

eters as repeatability and reproducibility of the 
methods.

Repeatability is estimated by the indicator – coeffi-
cient of variation, hereby its value at the request of ND 

should not exceed 2.0% [28]. The data on repeatability 
of the methodology are given in Table 3.

The established coefficient of variation was 1.4%, 
which is within the range of acceptable values.

The test results, in terms of reproducibility, are 
shown in Table 4.
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Table 3 – Data on repeatability of the methods

No. of measurement Optical density
1 0.498
2 0.505
3 0.504
4 0.497
5 0.496
6 0.507
7 0.503
8 0.500
9 0.494

10 0.496
Average value 0.500

Degree of variation, % 1.4

Table 4 – Data on the reproducibility of the methods

First measurement series
Sample number     1 2 3 4 5
Researcher No.1    0.502 0.500 0.503 0.498 0.496
Researcher No.2    0.504 0.503 0.505 0.499 0.502

Second measurement series
Sample number 1 2 3 4 5
Researcher No.1 0.506 0.507 0.500 0.503 0.501
Researcher No.2 0.504 0.507 0.507 0.501 0.503

The acceptability indicator was the coefficient of 
variation; its value, according to the requirements of 
ND, should not exceed 3% [28]. For 10 parallel measure-
ments in two series, it was 0.60%, which does not go 
beyond the acceptable indicator of the acceptance cri-
terion.

CONCLUSION
In the course of the research, the standard micro-

particle technology based on biodegradable polymer 
PLGA was adjusted by using a 0.1M hydrochloric acid 

solution as a solvent. A method for determining the de-
gree of cinnarizine inclusion in microcapsules by the UV 
spectrophotometry method has been developed.

The content of cinnarizine in microcapsules was 
63.7% of the introduced cinnarizine sample. The rela-
tive error does not exceed ±2,67%. The validation of the 
above-developed methods has been performed accord-
ing to the following indicators: specificity, linearity, de-
tection limit, repeatability, reproducibility. According to 
the test results, the data obtained   can be used to judge 
the validity of the methods.
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The aim of the study is to assess the effect of various aversive environments on the oxygen consumption in muscles and 
blood in mice Under conditions of the “forced swimming” test. 
Materials and methods. The study was performed on outbred male mice. Exhausting physical activity was modeled in the 
“forced swimming” test in various aversive environments. The oxygen consumption by the muscle tissue, as well as the oxy-
gen capacity of the blood, were estimated using the respirometry method (AKPM1-01L (“Alfa Bassens”, Russia)). 
Results. In the course of the study it was found out that in the group of the animals swimming in hot water (at the tempera-
ture of 41°C) as an aversive environment, there was no significant change in the oxygen consumption by mitochondria of 
striated muscle and by red blood cells in comparison with the intact group of the animals. At the same time, in the group of 
the mice, where cold water (at the temperature of 15°C) as an aversive environment was used, a statistically significant (by 
the end of the experiment) decrease in the swimming time was observed in relation to the intact group of the animals. It was 
accompanied by a decrease in the oxygen consumption by muscle mitochondria, with a constant level of the blood oxygen-
ation. Under conditions of exhausting physical exertion, in the group of the animals that received Metaprot®, an increase in 
working capacity was noted in both hot and cold water. After peak days of working capacity, a slight decrease in physical ac-
tivity was observed in both experimental groups. At the same time, it should be noted that oxygenation of blood and muscle 
tissue against the background of exhausting physical exertion in the group that received Metaprot®, did not differ from the 
group of intact animals in various aversive environments.
Conclusion. Thus, based on the obtained data, it can be assumed that under conditions of “forced swimming” with loading, 
the most profound changes in the structure and functions of the striated muscles are observed in animals in cold (15°С) water 
That is reflected in a decrease in the physical strain and in reducing the oxygen consumption by muscle tissue. The use of 
the drug Metaprot® promoted correcting the changes in the physical performance of the animals, which was reflected in its 
increase by 144.8% (p <0.05), compared with the initial swimming time of this group, without the oxygen consumption by 
erythrocytes and mitochondria of striated muscles. 
Keywords: exhausting physical overload, forced swimming with loading, oxygen consumption, blood oxygen capacity, respi-
rometry, Metaprot®
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Цель исследования – оценить влияние различной аверсивной среды на потребление кислорода в мышцах и крови у 
мышей в условиях теста «Принудительного плавания». 
Материалы и методы. Исследование было выполнено на беспородных мышах-самцах. Истощающие физические на-
грузки моделировали в тесте «Принудительного плавания» в различных аверсивных средах. Потребление кислорода 
мышечной тканью, а также кислородную емкость крови оценивали с помощью метода респирометрии (АКПМ1-01Л 
(Альфа Бассенс, Россия)). 
Результаты. В ходе проведенного экспериментального исследования было установлено, что в группе животных, у 
которых в качестве аверсивной среды использовалась горячая вода (температура 41°С) существенного отличия по-
требления кислорода митохондриями поперечно-полосатой мускулатуры и эритроцитами в сравнении с интактной 
группой животных отмечено не было. В тоже время у группы мышей, где в качестве аверсивной среды использовали 
холодную воду (температура 15°С) продолжительность плавания (к концу эксперимента) была статистически ниже по 
отношению к интактной группе животных, сопровождаемое уменьшением потребления кислорода митохондриями 
мышц, при неизменном уровне оксигенации крови. В условиях истощающих физических нагрузок, в группе живот-
ных, получавшая Метапрот®, было отмечено нарастание работоспособности, как в горячей, так и в холодной воде. 
После пиковых дней работоспособности, в обеих экспериментальных группах наблюдалось незначительное падение 
физической активности. При этом, необходимо отметить, что оксигенация крови и мышечной ткани на фоне истоща-
ющих нагрузок в группе, получавшей Метапрот®, не отличалась от группы интактных животных в различных аверсив-
ных средах. 
Заключение. Таким образом, на основании полученных данных можно предположить, что в условиях принудитель-
ного плавания с отягощением у животных наиболее глубокие изменения функций поперечно-полосатой мускулатуры 
отмечаются в холодной воде (15°С), выступающей в роли стрессора, что отражается в снижении физической рабо-
тоспособности, а также в снижении потребления кислорода мышечной тканью. Применение препарата Метапрот® 
способствовало корректировке возникших изменений физической работоспособности животных, что нашло свое от-
ражение в ее повышении на 144,8% (p<0,05), в сравнении с исходным временем плавания данной группы, без  изме-
нения потребления кислорода эритроцитами и митохондриями поперечно-полосатых мышц. 
Ключевые слова: истощающие физические нагрузки, потребление кислорода, кислородная емкость крови, респиро-
метрия, Метапрот®

INTRODUCTION
Currently, a large number of people are exposed 

to exhausting physical overload. This category in-
cludes highly skilled athletes [1], as well as individuals 
whose professional activity is associated with a num-
ber of negative environmental factors affecting the 
body [2–4]. These include: reduced partial pressure 
of O2 and CO2, high and low temperatures, dustiness, 
desynchronosis leading to a breakdown of the adap-
tive capabilities of a person and the development of 
disadaptation [5].

It is worth noting that the influence of an aversive 
environment on the body under conditions of exhaust-
ing physical overload is realized through changes in the 
activity of skeletal muscles, while the main compensa-
tory mechanisms in muscle tissue, in response to the 

stressor, are: increased oxygen consumption, activation 
of protein-synthetic processes, intensification of meta-
bolic reactions, etc. [6, 7]. 

Thus, the assessment of changes in oxygen con-
sumption by muscles and blood in various aversive envi-
ronments can become the main strategy for developing 
means of preventing muscle fatigue.

MATERIALS AND METHODS
Laboratory work
The experimental study was performed on 80 out-

bred male mice weighing 23–25 g, obtained from the 
laboratory animal’s nursery «Rappolovo» (St. Peters-
burg), and kept in the vivarium of Pyatigorsk Medical 
and Pharmaceutical Institute – branch of Volgograd 
State Medical University. All reproducible manipulations 
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with animals complied with the rules of the «European 
Convention for the Protection of Vertebrate Animals» 
(Strasbourg, 1986). The mice were kept in the natural 
lighting mode of the vivarium; the air temperature and 
moderate humidity were 22–24°C and 60 ± 5%, respec-
tively. The animals were kept in macrolone boxes with 
sawdust with free access to feed and water.

Initially, all the male mice were randomized by 
swimming time, and distributed into the following ex-
perimental groups: an intact group of mice underwent 
swimming with rest days (INc, the water temperature of 
15° C) (n = 30), a negative control group (NCc, the water 
temperature of 15°C) (n = 10) [8]; an intact group (INh, 
the water temperature of 41° C) (n = 30) and a nega-
tive control group (NCh, the water temperature of 41°C) 
(n = 10) [9]. Two groups of mice (10 animals in each) 
were treated by «Metaprot» at the dosage of 25 mg/kg 
(«Pharmproekt», Russia) [10].

Muscular Dysfunction Model
Validation methods for assessing the physical stress 

of the animals in an aversive environment (15°С) with a 
load of 20% of the body weight of the animal has already 
been carried out before [8]. Along with this methods, it 
could be of interest to assess physical performance in 
hot water [9]. On the 10th day of the experiment, the 
animals were decapitated with biological material col-
lected. It was followed by an assessment of oxygen con-
sumption by striated muscles and blood in various aver-
sive environments.

Biomaterial sample preparation
In the work, skeletal muscles and blood were used 

as biological materials. The skeletal muscles were ho-
mogenized in Potter mechanical homogenizer with the 
addition of HEPES buffer. The obtained cell population 
was subjected to differential centrifugation: first in the 
mode of 3,500g for 5 min, then the supernatant was 
transferred to other tubes, and centrifugation was re-
peated in the second mode: 13000 g for 10 min. For the 
further analysis, the supernatant liquid was selected 
[11].

Respirometric analysis
Oxygen consumption in cell cultures was performed 

using AKPM1-01L laboratory respirometer (“Alfa Bas-
sens”, Russia). The course of work was fully consistent 
with the manufacturer’s instructions attached to the de-
vice.

Methods of statistical analisys
Statistical processing was performed using the pro-

gram “STATISTICA 6.0”. Intergroup differences were an-
alyzed by parametric or non-parametric methods, de-
pending on the type of distribution. T-Students test was 
used as a parametric criterion; Mann-Whitney U-test 
was used for a nonparametric one. The differences were 
considered significant at p <0.05. 

RESULTS
As a result of the conducted experimental study in 

various aversive environments, it was noted that in the 
group of the intact animals, the duration of swimming 
was unchanged throughout all the days of the experi-
ment (Fig. 1). 

The swimming time of the initial day of the experi-
ment (the 1st day) in the group of NCc mice was 128.7±9.5 
seconds. Then, starting from the second day of the 
experiment, the duration of swimming of animals in-
creased linearly, while the peak of physical performance 
was noted on the fifth day of swimming of mice with 
loading (161.3±11.0 sec.). On the peak day, the duration 
of swimming was longer by 25.3% (p <0.05) relative to 
the initial day of swimming  in this group. However, from 
the sixth day of the experiment in the group of the mice 
subjected to daily physical overload, there was a slight 
decrease in their swimming time, which was shorter in 
comparison with the day of maximum swimming time 
of this group by 23.1% (p <0.05). It should be pointed 
out that the tendency to a noticeable decrease in swim-
ming was noted beginning with the 7th day and until the 
end of the experiment (Fig. 1). The performance of mice 
in the “forced swimming” test with loading in the NCc 
group was lower by 51.4% (p <0.05) relative to the initial 
swimming of the animals in this group and by 56% (p 
<0.05) in comparison with the initial time of the perfor-
mance in the INc. group.

Against the background of the daily administration 
of Metaprot® to the mice, a linear increase in their per-
formance was noted. The day of maximal swimming of 
the animals was recorded on the 7th experimental day. 
It was higher relative to the baseline data of this group 
by 144.8% (p <0.05) and 140.3% (p <0.05) and 165.1% 
(p<0.05) relative to the intact and negative control 
groups. Subsequently, a slight smooth drop in working 
capacity was observed, while on the 10th experimental 
day, the swimming time of the animals was longer than 
that of the intact group and the negative control group 
by 54.7% (p <0.05) and 251.5% (p <0.05), respectively.



151

ОРИГИНАЛЬНАЯ СТАТЬЯ

Том 7, Выпуск 3, 2019

Figure 1 - Duration of mice’s swimming time in the test “forced swimming with a load” in cold water 
Note: * – statistically significant relative to the initial swimming time of this group (Student’s t-test, (p <0.05)); μ – statistically 

significant relative to the peak day of swimming for this group (Student’s t-test, (p <0.05)); # – statistically significant relative to the 
initial swimming time of the animals’ intact group of (Student’s t-test, (p <0.05)); γ – statistically significant relative to the initial 
swimming time of the animals’ negative control group (Student’s t-test, (p <0.05)); β – statistically significant relative to the final 
swimming time of the animals’ negative control group of (Student’s t-test, (p <0.05)); α – statistically significant relative to the end 
swimming time of an intact group of animals (Student’s t-test, (p <0.05)).

When estimating forced swimming of the mice in hot 
water, a linear increase in the performance of animals 
was noted. Thus, the highest working capaity was noted 
on the 4th day of the experiment. It was higher by 73% 
(p<0.05) in comparison with the initial swimming time and 
by 140.7% (p <0.05) in comparison with the initial swim-
ming day of the group of intact animals (Fig. 2). Starting 
from the 4th experimental day, the performance of the 
animals began to decline significantly. So, on the 7th day 
of the experiment, the swimming time of the mice was 
shorter by 56.4% (p <0.05) compared to the peak day of 
the  mice’s working capacity in the negative control group 
and shorter by 33.5% (p <0.05) in comparison with the 
INh group of the animals. It should be noted that by the 
10th experimental day, the working capacity of the animals 
subjected to daily physical overload in hot water had got 
lower by 2.8 times (p <0.05) in comparison with the initial 
data of this group. Besides, in comparison with the swim-
ming time of the INh group, the mice’s working capacity of 

the negative control group was 2.0 times lower (p<0.05) 
because of hot water. 

Under conditions of exhausting physical overload 
in the group of the mice treated with Metaprot®, an in-
crease in their working capacity from the 1st to the 6th ex-
perimental days (the reak of swimming) was observed. 
It was found out that the peak of physical performance 
was higher by 129.2% (p<0.05), relative to the initial 
swimming time of the group receiving Metaprot®. It 
should be noted that the duration of swimming on the 
peak day in the group that received Metaprot® was lon-
ger compared to the intact and negative control groups, 
by 193% (p<0.05) and 110.6% (p<0.05), respectively. It 
is worth noting that by the end of the experiment there 
had  not been sharp drops in efficiency. The duration of 
swimming of the mice treated with Metaprot®, on the 
final experimental day was higher by 119% (p<0.05) and 
330.2% (p<0.05), relative to the 10th day of the intact and 
negative control groups.
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Figure 2 – Duration of mice’s swimming time in the “Forced swimming test with loading” in hot water
Note: * – statistically significant relative to the initial swimming time of this group (Student’s t-test, (p <0.05)); # – statistically 

significant relative to the initial swimming time of the animals’ intact group (Student’s t-test, (p <0.05)); μ – statistically significant 
relative to the peak day of swimming for this group (Student’s t-test, (p <0.05)); ⌂ – statistically significant relative to the peak day 
of swimming of the animals’ intact group (Student’s t-test, (p <0.05));  γ – statistically significant relative to the initial swimming 
time of the  animals’ negative control group (Student’s t-test, (p <0.05)); β – statistically significant relative to the final swimming 
time of the animals’ negative control group (Student’s t-test, (p <0.05)); α – statistically significant relative to the final swimming 
time of the animals’ intact group (Student’s t-test, (p <0.05))

Figure 3 – Estimation of oxygen consumption by red blood cells against the background of the  
“forced swimming test with loading” in hot water

In the group of the intact animals and rats receiving 
Metaprot®, no changes in blood oxygenation were detected. 

While the oxygen consumption by mitochondria of 
striated muscles in the animals’ negative control group 
was 1.8 times lower (p <0.05) in comparison with the 

INh group of mice,there were no changes established in 
the oxygen consumption by the muscles in the group 
that received Metaprot®, relative to the animals’ intact 
group. However, relative to the negative control group, 
this parameter was higher by 2.6 times (p<0.05).

As Fig. 3 shows, in the animals’ negative control 
group, the oxygen consumption by erythrocytes com-

pared to the intact group, was not statistically and sig-
nificantly different in hot water.
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Figure 4 – Evaluation of the oxygen consumption by mitochondria of striated muscles against 
the background of the “forced swimming test with loading” in hot water

Note: * – statistically significant relative to the animals’ intact group (Student’s t-test, (p <0.05)); # – statistically significant 
relative to the animals’ negative control group (Student’s t-test, (p <0.05))

In the group of negative control mice, where cold 
water was used as an aversive environment, there was a 
statistically significant decrease in the oxygen consump-

tion by muscle mitochondria by 2.4 times (p<0.05), rela-
tive to the intact group of the animals (Fig. 5, 6). Hereby, 
the blood oxygenation level remained unaffected.

Figure 5 – Evaluation of oxygen consumption by red blood cells against the background  
of the “forced swimming test with loading” in cold water

It should be noted that the oxygen consumption by 
the mitochondria of the striated muscles in the group 
that received Metaprot® was higher, compared to the 
group of the animals of the negative control, by 4.3 times 
(p<0.05). As for the comparison with the group of intact 

animals, there were no statistically significant changes 
detected. It was also noted that against the background 
of “forced swimming” in cold water, in the group of the 
mice that received Metaprot® as the reference drug,, 
their blood oxygenation level remained unaffected.
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Figure 6 – Estimation of oxygen consumption by mitochondria of striated muscles against the background  
of the “forced swimming test with loading” in cold water

Note: * – statistically significant relative to the animals’ intact group (Student’s t-test, (p <0.05)); # – statistically significant 
relative to the animals’ negative control group (Student’s t-test, (p<0.05)).

DISCUSSION
The optimal level of physical activity is one of the 

main components of a healthy lifestyle, providing the 
necessary quality of life of the population [12]. It has 
been found out that individuals suffering from physical 
inactivity have an increased risk of developing diabe-
tes, hypertension, cancer, obesity, and mental disorders 
(anxiety, panic attacks, depression, cognitive deficiency) 
[13]. However, excessive, depleting physical exertion, on 
the contrary, are a powerful stress factor and can con-
tribute to a significant deterioration in the quality of life 
of the population, cause the development of cardiovas-
cular pathology, and a decrease in the intensity of im-
mune responses [14]. In many ways, the stress on the 
human body is determined by the nature of the unfa-
vorable (aversive) environment, which aggravates the 
effect of the stressor on the body [15]. Under conditions 
of depleting physical overload, the effect of an aversive 
environment on the body is largely realized through a 
change in the activity of skeletal muscles – the main 
component of optimal physical activity [7]. Hereby, in 
response to the action of an unfavorable environmen-
tal factor the main compensatory mechanisms in the 
muscle tissue are: increased oxygen consumption, acti-
vation protein-synthetic processes, the intensification of 
metabolic reactions and the activation of metabotropic 
transport systems [6]. However, with progressive mus-
cle fatigue, these compensatory mechanisms “turn off”, 
and an increase in the oxygen consumption by tissues is 
not accompanied by an increase in the energy output, 
which, in turn, reduces the activity of striated muscles 
and the overall level of physical performance [16].

In the carried out  study on the impact of the na-

ture of an aversive environment on the level of oxygen 
consumption in muscle tissue and blood oxygen capaci-
ty, it was found out that in the animals’ negative control 
group, in which hot water (the temperature of 410C) was 
used as an aversive environment, a change in the working 
capacity was observed: in mice, the peak of swimming 
was the 4th day – 70% (p<0.05), relative to the initial day 
of swimming in this group. A similar pattern of change in 
physical activity in the mice’s negative control group can 
be presumably mediated by the action of the aversive 
environment (hot water) on the skeletal muscle activity 
of the experimental animals. Under current conditions 
(hot water), dilatation of blood vessels of striated mus-
cles is likely to be noted, which, despite the increased 
muscle need for oxygen, increases the delivery of oxy-
gen and nutrients to skeletal muscle myocytes [17]. In 
addition, in the literature data it is reported that thermal 
effects on skeletal muscles activate metabolic processes 
and prevent muscle fatigue [17, 18]. In the future, a de-
crease in the level of performance was observed, which 
was lower by 2.8 times (p<0.05) and 2.0 times (p<0.05) 
relative to the initial swimming time value of the nega-
tive control group of mice, and the intact group, respec-
tively. There were changes in the oxygen consumption 
only by the mitochondria of the striated muscles. It was 
lower by 1.8 times (p<0.05) in comparison with the in-
tact group of animals. This fact of impairment can proba-
bly be attributed to the fact that an unfavorable environ-
ment (hot water) can lead to structural changes in the 
muscles, namely, the unfolding and denaturation of the 
protein, which, in turn, can contribute to the violation of 
the contractile function of the muscles [19]. 

At the same time, a group of mice (negative control), 
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where cold water (the temperature of 15°C), was statis-
tically significant (by the end of the experiment) relative 
to the intact group of animals, the decrease in swimming 
duration, accompanied by a decrease in the oxygen con-
sumption by muscle mitochondria, with a constant level 
of blood oxygenation. At the same time, on the 5th day 
of the experiment, the duration of swimming of mice in 
cold water increased by 25.3% (p<0.05) relative to the 
intact group. The results may be associated with the pe-
culiarities of the effect of low temperatures on the body. 
Thus, Naresh C., et al., 2017, showed that the effect of 
low temperatures on muscle tissue causes significant 
metabolic changes in muscles, followed by activation 
of the mitochondrial uncoupling protein,Type 1 (UCP-1) 
[20]. Activation of UCP-1 in striated myocytes helps to 
reduce the proton gradient in the mitochondrial matrix, 
which, in turn, leads to the intensification of glycolysis 
with reduced ATP production, accompanied by increased 
thermogenesis. That can contribute to the preservation 
of muscle activity and, consequently, physical perfor-
mance [21]. However, this compensatory mechanism 
has a short-term effect. Later, a significant decrease in 
physical activity was noted (a decrease in the duration of 
swimming of mice in cold water in comparison with the 
intact group of animals by 105.9% (p<0.05) by the 10th 
day of the experiment). However, later, with sufficient 
oxygenation of the blood (in cold water in mice, no de-
crease in the oxygen transport function of the blood was 
observed), hyperfunction of the UCP-1 protein contrib-
utes to the separation of oxidation and phosphorylation 
due to the practical loss of the proton gradient of the mi-
tochondrial matrix [22]. That leads to a decrease in the 
oxygen utilization by skeletal muscles and, as a result, 
the synthesis of macroergic compounds deteriorates, 
the activation of oxidative stress takes place, which neg-
atively affects the level of physical activity [23].

It can be assumed, that in addition to the activation 
of thermogenin UCP-1 under conditions of the effect of 

cold temperatures on the muscle tissue, there is a dys-
function of metabotropic transport systems GLUT4 [24]. 
The activity of AMP-activated kinase also decreases [25], 
which impairs the entry of cross-striped muscle glucose 
into myocytes and aggravates energy shortages.

Under conditions of exhaustive physical overload, 
in the group of the animals that received Metaprot®, 
an increase in their working capacity was noted, both 
in hot (from the 1st to the 6th experimental day (swim-
ming peak) and in cold water - the maximum day of the 
animals’ swimming was the 7th one. Further on, in both 
experimental groups there was a slight smooth drop 
in performance. At the same time, it should be noted, 
that the oxygenation of the blood and the muscle tissue 
against the background of debilitating loads in the group 
receiving Metaprot® remained unchanged in compari-
son with the group of intact animals in various aversive 
environments. An increase in the physical performance 
of the animals against the background of Metaprot® 
can probably be attributed to the inhibition of glycogen 
disintegration, a decrease in heat production, and also 
the activation of the synthesis of mitochondrial proteins 
(gluconeogenesis enzymes) [26, 27].

CONCLUSION
Thus, based on the obtained data, it can be assumed 

that under conditions of forced swimming with loading 
in animals, the most profound changes in the structure 
and functions of the striated muscles are observed in 
cold water (150С) acting as a stressor. That is reflected 
in a decrease in physical performance and in reducing 
the oxygen consumption by the muscle tissue. The use 
of the drug Metaprot® helped to correct the changes 
in the physical performance of the animals, which was 
reflected in its increase by 144.8% (p<0.05) compared 
to the initial swimming time of this group, without an 
increase of the oxygen consumption by red blood cells 
and mitochondria of striated muscles. 
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The increase in the incidence of community-acquired pneumonia (СAP) is a major problem of national and regional impor-
tance. Its pharmacotherapy is based on the active use of antibacterial drugs. That requires a special attention of both, a 
doctor and a patient, the search for all new and advanced medicines (drugs).
The aim of the study is to justify and develop a regional model of drug provision of pharmacotherapy in community-acquired 
pneumonia.
Materials and methods. The use of the resource approach and the methodology of pharmaceutical care (PhC) for the forma-
tion of a modern model of drug supply have been tested. Logical, retrospective, sociological, pharmacoeconomic, marketing, 
statistical and other analytical methods have been used. The materials were official statistics, literature data and the results 
of the research carried out by the authors themselves.
Results. The state and tendencies of development of organizational, personnel, financial (population) and drug resources as 
the external factors affecting PhC to patients with CAP in the Kabardino-Balkarian Republic (KBR) have been identified. The 
following internal factors of PhC have been defined: medical prescriptions, consumer demands and the cost of pharmaco-
therapy. A model of drug provision for patients with CAP in the region has been formed. It is aimed at increasing the effec-
tiveness of treatment, taking into account the stage of treatment and the price factor.
Conclusion. Under the conditions of a particular region, the use of the resource approach and the PhC methodology allows 
to more accurately identify the problems and risks of both drug provision and pharmacotherapy of the patients’ population 
under study, and form a model adequate to reality, develop recommendations for all participants of PhC – a doctor, a patient 
and a pharmaceutist (a pharmacist).
Keywords: community-acquired pneumonia (СAP), patients, drug provision, model, pharmaceutical care (PhC), resource ap-
proach, Kabardino-Balkaria
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Рост заболеваемости внебольничной пневмонией (ВП) является крупной проблемой государственного и региональ-
ного значения. Ее фармакотерапия базируется на активном применении антибактериальных препаратов, что требует 
особого внимания врача и пациента, поиска всё новых и совершенных лекарственных средств (ЛС). 
Цель исследования – обоснование и разработка региональной модели лекарственного обеспечения фармакотера-
пии при ВП.
Материалы и методы. Проверялась применимость ресурсного подхода и методологии фармацевтической помощи 
(ФП) для формирования современной модели лекарственного обеспечения. Использованы логический, ретроспек-
тивный, социологические, фармакоэкономические, маркетинговые, статистические и другие аналитические методы. 
Материалами служили данные официальной статистики, литературные сведения и результаты собственных иссле-
дований. 
Результаты. Выявлено состояние и тенденции развития организационного, кадрового, финансового (население) и ле-
карственного ресурсов как внешних факторов, влияющих на ФП пациентам с ВП в Кабардино-Балкарской Республике 
(КБР). Определены внутренние факторы ФП – назначения врачей, потребительский спрос и стоимость фармакоте-
рапии. Сформирована модель лекарственного обеспечения пациентов с ВП в регионе, направленная на повышение 
эффективности лечения с учетом этапа лечения и ценового фактора.
Заключение. В условиях конкретного региона применение ресурсного подхода и методологии ФП позволяет более 
точно определить проблемы и риски как лекарственного обеспечения, так и фармакотерапии исследуемой популя-
ции пациентов и сформировать адекватную реальности модель, выработать рекомендации для всех участников ФП 
– врача, пациента и провизора (фармацевта).
Ключевые слова: внебольничная пневмония, пациенты, лекарственное обеспечение, модель, фармацевтическая по-
мощь, ресурсный подход, Кабардино-Балкария

INTRODUCTION
For many years, pneumonia has remained one of 

the most significant diseases for the population and 
health systems around the world. High mortality and 
disability rates, a particular vulnerability of children and 
elderly and old people, high financial costs of patients’ 
treatment and elimination of severe consequences 
of the disease that have occurred – all these factors 
require close attention to finding the best strategy for 
pneumonia pharmacotherapy [1, 2].

In Russia, pneumonia is also a serious public health 
problem. According to the data of Russian Federal State 
Statistics Service, in the Russian Federation in the period 
from 2006 to the present, the incidence for every 100 
thousand people of the adult population varies from 
344.0 to 404.0.

In these circumstances, according to a number of 
authoritative scientists [3–7], the real incidence may be 

significantly higher. Currently, CAP is the most common 
type of infection. The highest morbidity rates are 
recorded among the elderly people and children aged 
4–5 years [2, 8–11].

The result of the wrong treatment regime, late 
diagnosis of patients, incomplete elimination of the 
inflammatory process at discharge from hospital in 
patients with pneumonia is the transition from an 
acute form to chronic. In addition, uncontrolled therapy 
causes the emergence of antibiotic resistance. 30% 
of pneumococcal strains today are known to have 
resistance to penicillin; the number of strains insensitive 
to cephalosporin antibiotics is growing progressively 
[12].

Such medical factors as diagnostic errors (approxi-
mately in 20% of cases), delays with diagnosis (on av-
erage for 3 days) and others, lead to the appearance of 
pharmacotherapy problems. With uncontrolled therapy, 
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antibiotic resistance occurs more often. The economic 
damage from the elimination of these problems annual-
ly reaches 15 billion rubles. [13–15].

The experience of the developed countries of the 
world shows that in medical and pharmaceutical practice, 
overcoming the potential problems of pharmacotherapy 
is greatly facilitated by the application of the principles 
and techniques of specialized pharmaceutical care 
(PhC), focused primarily on optimizing medical and 
informational support of a doctor and a patient [16–22].

Over the past 20 years, PhCstudies in patients with 
various diseases have been carried out by Dremova 
N.B., Ovod A.I., Korzhavikh E.A. [23–26], Spichak I.V., 
Glembotsky G.T., Zakharova O.V., Alexeev I.V., Varenykh 
G.V., Trubina L.V., Petrov A.G. and others [27–33].

In pharmacy, only a few works are devoted to 
the improvement of drug supply for patients with 
pneumonia: by Z. Zakaryaeva [34], Wolfram N.A. [35].

No research has been carried out on the 
subject matter of PhC in relation to the situation 
in the Kabardino-Balkarian Republic. At the same 
time, as the study of profile literature shows, a 
regional approach to improving drug provision for 
patients with various nosological forms of diseases 
is increasingly used in modern pharmaceutical 
research, both in foreign [36–39] and in domestic 
kinds of research [40–42].

It is noted that in the conditions of modern Russia, 
due to its large extension, climatic-geographical, 
economic, socio-demographic differences between 
the constituent territories of the Russian Federation, 
the regional approach makes it possible to justify the 
problem and arrive at the most correct decisions in the 
sphere of drug provision.

The researchers emphasize the fact that the 
relevance of finding rational schemes for the treatment 
of pneumonia is due to the significant costs associated 
with not only drugs but also medical consumables. 
In addition, foreign scientists also include the cost of 
consulting a specialist, laboratory and diagnostic studies 
in the cost of treatment [1, 8, 21, 22, 35, 39]. 

All of theabove-listed indicates the relevance of 
a comprehensive analysis of drug supply issues for 
the subsequent rationalization of costs, as well as the 
achievement of the highest efficiency of drug treatment.

THE AIM of the study is to justify and develop a 
regional model of pharmacotherapy drug provision for 
patients with CAP.

MATERIALS AND METHODS
The objects of the study were statistical data on 

the Russian Federation and the KBR for 2008–2018, 

statistical reports of health care organizations, lists 
of drugs (State Register of Medicinal Remedies, vital 
essential and necessary medicines, treatment standards, 
etc.); the results of sociological surveys of doctors (30 
questionnaires; a set sample), pharmacy workers (41 
questionnaires), patients with CAP (70 questionnaires); 
price lists of wholesale and retail pharmaceutical 
organizations within the territory of the KBR (the actual 
range of drugs).

The leading research methods were: systematic, 
resource and regional approaches; methods of historical, 
logical, scientometric (content analysis), marketing 
(assortment structure, price), pharmacoeconomic 
(cost of disease) and economic and statistical 
analysis (grouping, variation statistics), sociological 
(questionnaire survey, expert assessments). The results 
were processed using standard computer programs.

On the basis of the preliminary research, a working 
hypothesis of the study was formulated: considering the 
problem from the standpoint of the resource approach 
and the ideology of specialized pharmaceutical care will 
allow the most complete and reasonable improvement 
of drug supply to patients with CAP within the territory 
of the KBR. 

In accordance with this hypothesis, the following 
tasks were to be solved:

1. to assess the status and development trends of 
regional resources – organizational, personnel, 
financial (population), and drugs – as external 
factors of PhC for patients with CAP;

2. to characterize the internal factors of CAP 
pharmacotherapy in the KBR – doctors’ pre-
scriptions (stationary stage of medical care), 
consumer demand (outpatient stage), the cost 
of pharmacotherapy (inpatient and outpatient 
stages);

3. to form a regional conceptual model of drug 
provision for patients with CAP.

To ensure the theoretical unity of the study, the 
following terms and definitions were used:

– drug provision – an organizational system 
(a set of measures) to bring drugs from the 
manufacturer to the consumer (Shukil LV, 
2018) ;

− drug care – a type of professional health care, 
aimed at the provision, prescription and use of 
drugs (Fomina AV, 2006) [43];

− pharmaceutical care – the system of drug, in-
formation and organizational-methodological 
support of individualized pharmacotherapy of 
specific diseases (Dremova N. B. et al., 2005) 
[26].
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RESULTS AND DISCUSSION
At the first stage of the work, it was found out that 

in terms of socio-economic indicators, the KBR usually 
occupies middle positions of the seven subjects of the 

North Caucasus Federal District (NCFD; Table 1). This 
confirms the validity of the choice of the KBR as a model 
region in our study.

Table 1 – Some socio-economic indicators of Kabardino-Balkaria 
(according to Federal State Statistics Service data, 2018 [3, 4])

Indicators KBR
Area, thousandsquarekm 12,5
Populationon 01.01.18, thousandpeople 865,8
Average annual number of employed, thousand people 362,6
Average per capita cash income (per month), rub. 20385,0
Gross regional product in 2016, mln. rub. 132706,9

The following indicators of socio-demographic re-
source, compared with the average for the Russian Fed-
eration, refer to the features of the KBR region:

−  lower proportion of the average annual number 
of the employed in the total population of the 
KBR; 

− higher rate of population ageing; 
−  lower standard of living (subsistence minimum 

and per capita income);
− outstripping growth of the General morbidity. 
In addition, the increase in the incidence of CAP per 

100 thousand population for the period of 2013–2017 
has been identified: 1) in the RF – by 1.06 times (in 
2018 – already by 1.3 times), 2) in accordance with the 
resource approach, the pharmaceutical, organizational, 

human and medicinal resources of the model region 
have been evaluated, as they are most dependent on 
the state of the drug supply system.

Due to the lack of official statistics of pharmaceutical 
organizations to assess the pharmaceutical 
organizational resource in the country, we have analyzed 
the composition and structure of the collection of 
licensing entities (licensees) doing pharmaceutical 
activities in the region 

It has been established that in 2018, there were 382 
holders of 547 licenses for pharmaceutical activities in 
the KBR. By legal status, the majority of licensees – 211 
(55.2%) – were legal entities; the number of individuals 
was 171 (44.8%). The distribution of licensees according 
to the form of ownership is presented in Table 2.

Table 2 – Distribution of licensees for pharmaceutical activities in the Kabardino-Balkarian Republic according  
to the form of ownership (the data by the end of 2018)

Formofownership Type of owner
Quntity oflicensees

Absolute Relative, %
Publicownership, including: 49 12.83
– state State autonomousInstitution (SAI), 

State Budgetary Institution
(StateBudgetaryHealthcareInstitution)
State Public Healthcare Institution (SPHI)

37 9.69

– federal Federal Public Institution, Federal PublicHealthcare 
Institution

7 1.83

– municipal Municipal Unitary Enterprise (МUE), Municipal Unitary 
Pharmaceutic Enterprise (МUPhE)

5 1.31

Private, including: 333 87.17
– individual self-employedentrepreneur (SEE) 171 44.76
– collective Closed Joint-Stock Company (CJSC), 

Open Joint-Stock Corporation (ОJSC) 162 42.41

The results, shown in Table 2, indicate a clear pre-
dominance of private owners among pharmaceutical li-
cense holders – 87.17%; these are mainly self-employed 

entrepreneurs, who account for almost half of all licens-
ees and 40.77% of all licenses for pharmaceutical activ-
ities.
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The second important result is that medical, rather 
than pharmaceutical, organizations clearly dominate 
among publicly owned licensees. The latter include the 
autonomous public health care institution “Pharmacy 
Warehouse” of the Ministry of Health of the KBR and five 
pharmacy enterprises with municipal property; in total, 
they make up only 1.57% of all licensees, possessing 
seven licenses (1.28%).

The third parameter that deserves attention is the 
ratio of urban and rural licensees. In our study, the corre-
sponding number was 3.66 : 1, i.e. 300 licensees operating 
in urban areas (78.5%) with 436 (79.7%) licenses accounted 
for 82 (21.5%) rural licensees with 111 (20.3%) licenses.

Thus, an excessive concentration of a pharmaceu-
tical organizational resource, including individual entre-
preneurs, most often owners of pharmacies, in cities 
(79.7% of licensees), is a problem, while almost half of 
the population of the republic lives in rural areas. This 
problem significantly reduces the availability of drug 
care to the rural population of the KBR.

In the process of evaluation of personnel 
pharmaceutical resource, it was found out that 
the statistical records of pharmaceutical personnel 
(pharmaceutists and pharmacists) at the Federal level 
are conducted only in respect of their training – the 
number of applicants and the number of graduates. 
Information on the number of pharmaceutists and 
pharmacists employed in the drug supply system at the 
country or regional level could not be identified from 
available sources.

In this regard, the estimated number of 
pharmaceutical professionals in Russia as a whole was 
determined using two different methods: 1) on the 
basis of extrapolation of official data, as of 1998, and 
2) taking into account trends in the development of 
the pharmacy network of the country and the number 
of available pharmaceutists and pharmacists (Fig. 1 
and 2 are based on the data of Federal State Statistics 
Service).

Figure 1 – Dynamics of the number of pharmacy organizations in Russia (2010–2016)

As a result, an estimated number of pharmaceuti-
cal workers has been determined: as of 2016, there can 
be at least 184.46 specialists with higher and secondary 
pharmaceutical education in the Russian Federation. 
Considering the personnel trained before 1995 and 
who have not yet reached the retirement age, as well 
as pensioners who continue to work in pharmacy orga-
nizations, this number can be increased to 200 thousand 
people or more.

The foregoing leads to the conclusion about the in-
tensive development of the pharmaceutical human re-
sources in the Russian Federation and the high availability 
of pharmaceutical personnel to the country’s population. 
At the same time, the lack of official statistical records of 
pharmaceutical personnel, primarily in the regions, does 
not allow assessing the analyzed resource properly from 
the point of view of the actual state, the region’s need for 
such personnel and the satisfaction of this need.
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Figure 2 – Dynamics of the number of graduates in the specialty “Pharmacy” in Russia (1995–2016)

The methodical approach used further for the as-
sessment of regional medicinal resource for CAP treat-
ment, provided marketing characteristics of the re-
source in the qualitative and quantitative (assortment) 
and price aspects at the following levels:

− lists of drugs for CAP pharmacotherapy, which 
are the starting point for the assessment of the 
Russian market for this target segment and, ac-
cordingly, 

− the wholesale pharmaceutical market of the 
KBR; 

− the retail pharmaceutical market of the KBR.
The sources of baseline information are the following: 

standards for providing medical care to patients with 
pneumonia in 2007 (severe forms with complications) 
and in 2012 (forms of moderate severity); State Register 
of Medicinal Products; Directory of Synonyms of 
Medicinal Products (Pharmaceutical Center, 2015); lists 
of vital and essential drugs, the minimum range of drugs 
needed for medical care, KBR Territorial programmeon 
State Guarantees, as well as price lists of distributors and 
pharmacy organizations.

Federal standards for pneumonia treatment have 
been established to include drugs under 18 international 
nonproprietary names (INN). The comparative analysis 
of the lists revealed the following facts:

– 14 INNs (78%) are included in all 4 lists; 1 INN 
– Cefotaxime – is not included in the list of KBR 
Territorial programmeon State Guarantees, 3 

INNs – a combination of amoxicillin+sulbactam, 
ketoconazole and netilmicin – are not included 
in the VED and Provision of Necessary Medici-
nal Products; five INNs (22%) are included in the 
Minimum assortment list for pharmacy organi-
zations;

– 72% of each INN is included in the regulative 
lists of vital essential and necessary medicines 
and Provision of Necessary Medicinal Products, 
on the basis of which preferential and free sup-
ply of medicines is carried out;

– 411 medicines in 42 dosage forms (non-recur-
ring names) were registered under 322 trade 
names as 18 INNs mentioned in the standard of 
2007;

– the total number of dosage forms was 392 for 
411 drugs. At the same time, the widest range 
of dosage forms was noted for such drugs as 
Ciprofloxacin (44), Ambroxol and Azithromycin 
(41 each), the smallest – for the combination 
of Ipratropium bromide + Fenoterol and Netil-
micin (3); the total number of the countries 
producing drugs of this target segment was 39 
non-recurring names;

– the largest number of dosage forms accounted 
for tablets was 148 (37.76%);

– the number of oral drugs (61.74%) was twice 
as large as the number of parenteral ones  
(Table 3).
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Table 3 – Range of drugs used in pneumonia, according to the standard of 2007 (adopted as the base)

International Nonproprietary Name 
(INN)

Number of trade 
names (ТN)

Number of dosage forms 
(DF)

Number of producing 
countries

Drugs affecting respiratory system
Other drugs for the treatment of respiratory organs diseases, not designated in other headings

Acetylcysteine 12 17 6 countries
Anti-asthmatics

Ipratropium bromide + Fenoterol 3 3 3 countries
Aminophylline 6 6 3 countries
Ambroxol 33 41 18 countries

Agents for prevention and treatment of infections
Antibacterial agents

Ampicillin 5 7 3 countries
Amoxicillin 12 14 7 countries
Amoxicillin + clavulanic acid 23 28 11 countries
Amoxicillin + sulbactam 2 3 1 country
Azithromycin  29 41 9 countries
Clarithromycin  29 31 14 countries
Moxifloxacin 12 14 4 countries
Netilmicin  3 3 2 countries
Cefuroxime 17 21 10 countries
Levofloxacin  34 41 14 countries
Cefotaxime  23 21 9 countries
Ciprofloxacin  34 44 8 countries

Antifungal agents
Fluconazole 30 37 13 countries
Ketoconazole  15 20 8 countries

Total: 18 INNs 322 ТNs (100%)
392 (100%);

 42 non-recurring names 
of forms

39 non-recurring 
names of countries;

411 medicinal 
preparations (100%)

The obtained data were used for comparison with 
the actual state of the medicinal resource in the KBR, 
primarily in pharmaceutical wholesale organizations 
that meet the needs of hospital and retail sectors of the 
regional market in the target segment medicinal prepa-
rations for pneumonia treatment.

The assortment profiles made up for the target drug 
segment in the federal and regional (wholesale) mar-
kets, are presented in Fig. 3.

As Fig. 3 shows, the regional range is significantly 
poorer than that in the Russian Federation on the whole 
– in the number of INNs, the number of trade names 
and the number of dosage forms. However, in the KBR 
the proportion of oral drugs and tablets is significantly 
higher.

The revealed facts make it possible to draw a con-
clusion about the lack of completeness and breadth of 
the range of this target segment in the regional pharma-
ceutical market.

Thus, marketing studies have shown that the devel-
opment of the regional medicinal resource for the CAP 
treatment is characterized by satisfying the need for the 
rangerecommended by the CAP treatment standards, by 
about 78%, while oral drugs make up about 91%. In the 
region, there is also a significant differentiation in drugs 
prices for the CAP treatment.

At the next stage, the internal factors of PhC af-
fecting pharmacotherapy and its consequences for CAP 
patients were studied. The following factors have been 
established:

– pharmaceutists and pharmacists of pharmacy 
organizations are practically not considered by 
medical specialists as informants and consul-
tants on drug issues. Consequently, the inter-
action in the process of pharmacotherapy as a 
mandatory element of PhC is not developed, and 
a high qualification of pharmaceutical workers is 
not used by doctors to the proper extent;
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Figure 3 – Assortment profile of funds for pneumonia treatment

– the group of the highest medical trust (prefer-
ences) includes only one drug – Moxifloxacin; 
above the average confidence there is a com-
bination of Ipratropium bromide + Fenoterol, 
Fluconazole, Acetylcysteine;

– according to the survey of pharmacists, the key 
factors determining a patient’s choice when 
buying a drug for flu and cold treatment, are 
the price and recommendations of a pharma-
cists and a pharmaceutists (60% and 43%, re-
spectively);

– only a quarter of patients (23%) respond the 
doctor’s recommendations. The data obtained 
are consistent with the results of an expert sur-
vey of doctors: all experts agree that self-treat-
ment exacerbates the course of the disease;

– the highest consumer demand is typical of a 
group of remedies for symptom control (87%);

– patients tend to change the prescribed thera-
py or make up an independent decision when 
choosing a drug therapy.

The revealed differences between pharmacy 
consumer demand and the preferred prescriptions 
of medical experts in relation to the required drugs 
indicates high risks in the self-selection of antibacterial 
drugs by patients; the consequences of these risks may 
be the inefficiency of the chosen pharmacotherapy, 
complications and side effects, increased resistance of 
microorganisms.

In the study of CAP in-patients, such negative 
behavioral characteristics of CAP patients as a high 
tendency to self-treatment and the use of antibiotics 
without a doctor’s prescription were revealed. As a rule, 

the duration of the use of antibacterial drug is often not 
familiar to the patient.

These circumstances are consistent with the data 
obtained in the survey of medical experts and specialists 
of pharmacy organizations, and serve as an undoubted 
basis for purposeful informing patients about the 
properties and risks of the use of antibacterial agents 
without medical supervision.

Among the most influential factors of 
pharmacotherapy is the factor of its cost, dependent 
on the price of a medicinal preparation, so we have 
analyzed the prices of medicinal preparations under the 
trade names, registered for INNs, and referred to in the 
standard of care for pneumonia patients.

It has been established that the minimum differences 
in price are characteristic of Ampicillin preparations (5.2 
rubles), the maximum ones are for Ambroxol (1061.2 
rubles), Levofloxacin (1452.2 rubles) and Moxifloxacin 
(3158.6). The obtained data correspond to the global 
practice and are the reasons for the emergence of 
stepwise antibiotic therapy, in which the ways of drug 
administration are combined. This increases efficiency 
and reduces the cost of treatment.

Based on these factors, the cost of oral and 
parenteral antibiotic therapy using the equivalent 
course dose was compared. It was revealed that the 
average cost of oral therapy with antibacterial drugs is 
917.5 rubles, the cost of parenteral therapy is 5127.7 
rubles. The minimum cost of antibiotic therapy is 
219.9 rubles (the oral course of Ciprofloxacin), the 
maximum cost is 13913.4 rubles (parenteral course of 
Moxifloxacin).

Thus, the cost of a drug therapy course for CAP 
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varies significantly depending on the drug’s dosage form 
and the way of its administration.

Based on the generalization of the research results 
and from the standpoint of the resource approach, a 
conceptual model for optimizing the drug supply of CAP 
patients in the KBR has been developed (Fig. 4). The 
model consists of two parts:

– results of the assessment of the external factors 
(resources) of drug supply for CAP patients in 
Kabardino-Balkaria;

– results of the study of the internal factors of 
CAP pharmacotherapy (physician, patient, 
pharmaceutical worker; drug supply – the range 
and price).

Figure 4 – Scheme of conceptual model optimization of drug provision for patients with community-acquired 
pneumonia in the region

The results of the factors’ assessment are considered 
as problems causing a set of risks for drug provision 
and pharmacotherapy of CAP. Scientifically grounded 
organizational and methodological solutions aimed at 
reducing or eliminating manageable risks (mainly caused 
by internal factors) have been offered in the study.

The external factors that affect the provision of 
CAP treatment drugs comprise socio-demographic, or-
ganizational, personnel, financial (population) and drug 
resources. The main problem of these resources within 
the territory of the KBR is their deficit.

In particular, with regard to the organizational phar-
maceutical resource, the notable problems identified in 
the course of the research, were the lack of accounting 
of pharmacy organizations and the concentration of 
pharmacy activities in urban areas. 

The risks are:
– the difficulty of monitoring and assessing the 

availability of pharmaceutical organizations to 
the population of the KBR; 

– reducing the availability of PhC for rural resi-
dents. The possible solutionis are: renewal of 
the previously existing system of official statis-
tics of pharmaceutical organizations and adjust-
ment of their location.

The main problem of the pharmaceutical human 
resources in the KBR is the lack of official records of 
pharmaceutical personnel, which leads to such risks as: 

1) hiring non-core personnel to work;
2) decline in the quality of pharmaceutical services 

provided to the population. A possible solution, as in the 

previous case, is to resume the pre-existing statistics of 
pharmaceutists and pharmacists.

Insufficiency of the medicinal resource is in the 
fact that the needs of the region for CAP treatment 
are only satisfied by 78%. This leads to the risk of 
reducing the physical accessibility of drugs to the 
public and medical organizations. A possible solution 
to the problem is a scientifically based and adequate 
determination of the region’s need for drugs to carry 
out CAP pharmacotherapy, which, in turn, will require 
further training of pharmaceutical specialists in this 
field.

The problem of insufficient financial resources of 
the Kabardino-Balkarian population is confirmed by the 
fact that the average per capita income is lower than 
in the Russian Federation. Accordingly, there is a risk 
of reducing the economic availability of drugs for CAP 
patients. The prospect of a successful solution to this 
problem is uncertain and poorly manageable.

The problems of the socio-demographic resource 
of the KBR are associated with the following trends: 1) 
a higher rate of population aging than in the Russian 
Federation; 2) lower, than in the Russian Federation, 
share of the average annual number of employees in 
the total population (impact on per capita incomes); 3) 
outpacing, in comparison with the Russian Federation, 
increase in the overall incidence and CAP incidence.

These problems cause the risk of increasing the 
need for preferential and free drugs, as well as geriatric 
medical and pharmaceutical care. The possible solutions 
are: a systematic maintenance of regional registers of 
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persons in need of guaranteed social support of the 
state, and uninterrupted supplys of the required drugs.

Thus, the proposed model shows that the influence 
of the external factors (resources of the region) leads to 
the risks associated with a decrease in the physical and 
economic accessibility of drugs to the population of the 
KBR as a whole and CAP patients – in particular, against 
the background of a decrease in the financial security of 
the citizens living in the region.

The second group of factors involved in the 
conceptual model is internal, based on the personal, 
behavioral characteristics of the participants in the 
pharmacotherapy process and, accordingly, PhC – the 
team of a physician, a patient and a pharmaceutical 
worker. In addition to this group of factors, the 
“behavior” of the drug company is attributed as one of 
the objects of the pharmaceutical market in the region, 
in particular, the variability of the cost of the drug itself 
and its course dose.

The main problem for this group of factors is 
subjectivity of behavior:

– doctor prescribing a drug for CAP pharmaco-
therapy, taking into account his qualification, 
experience, standards of treatment in force, 
etc.;

– patient who does not have sufficient knowledge 
to properly take the drug in case of pneumonia 
and even often cannot make the right choice in 
favor of going to the doctor, not to a pharmacy;

– pharmaceutist, more interested in the rapid im-
plementation of the drug, than in the prelim-
inary direction of the patient to hospital for a 
detailed assessment of the patient’s condition.

The risks arising from the problem of the subjectivity 
of the behavior of participants in PhC may, of course, 
be very high and serious, in terms of aggravating the 
disease, complications and the development of side 
effects.

Thus, assessing the risks of internal factors included 
in the model, it can be argued that all of them (a doctor, a 
patient and a pharmacist) are closely related to the level 
of their knowledge about CAP and its pharmacotherapy.

Therefore, the most important solution to the 
subjectivity problem is to increase the level of knowledge 
of each participant of PhC, as well as timely and complete 
informe all participants in the pharmacotherapy process 
about CAP and its pharmacotherapy.

Such organizational and methodological solutions 
as the study of medical preferences, consumer demands 
and the opinion of pharmacy specialists regarding drugs 
used for CAP, have been referred to the elements of such 
kind of information.

Taking into account a high need of all participants 
of PhC for information about the CAP disease, its 
pharmacotherapy and related risks, specific drugs for 
CAP treatment and their costs in the Kabardino-Balkarian 
market, a methodological guide has been developed to 
provide information and consulting services to doctors 
and patients with CAP in the framework of PhC.

CONCLUSION
Thus, the state and trends of the development of 

organizational, personnel, socio-demographic, financial 
(in relation to the population) and drug resource as 
external factors of the drug supply system of the KBR 
region have been identified. It has also been established 
that they are insufficient to fully provide CAP patients 
with the required drugs.

The main problems of pharmacotherapy of 
CAP patients, associated with insufficient drug and 
informational support of doctors and patients, as well as 
weak interaction between medical and pharmaceutical 
workers, low awareness of patients about the risks of 
uncontrolled antibacterial drugs have been determined. 
In this connection, more intensive development of PhC 
is needed in the region.

As a result of the comprehensive research, the 
working hypothesis put forward previously, has been 
confirmed. Its use makes it possible to form a dynamic 
conceptual model of improving drug supply and 
pharmacotherapy of patients with CAP at the regional 
level by monitoring external and internal factors and 
determining the factors that are amenable to directional 
managerial influences.
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The aim of the study is a theoretical justification and development of a mechanism for the implementation of quality man-
agement systems (QMS) in the activities of retail trade in pharmaceutical products. 
Materials and methods. The study is based on the analysis of scientific literature data and Analytical Normative Documents 
regulating various aspects of QMS functioning in pharmaceutical organizations. Methods of documentary content analysis 
of international and national ISO standards, Series 9000, were used as the basis for the development and implementation of 
QMS organizations despite the type of their activities. 
Results. In the course of the study, the organization of the production process has been studied and the main production 
(business-) operations of seven structural subdivisions of “Apteka-Alex” LLC in Angarsk have been analyzed. The basic prin-
ciples of QMS functioning are set forth and the author’s methodology for its development for retail trade in pharmaceutical 
products has been presented, taking into account the specifics of the organizational structure and production activities of 
pharmacy organizations. The mechanisms and successive stages of the QMS implementation have been specified and given 
grounds for. In accordance with the requirements of GOST R ISO 9000:2015, the definitions and classification of the main 
production operations (business processes) of the studied pharmacies have been made up. In addition, the list of mandatory 
(core) and basic standard operating procedures (SOPs), detailing the main production (business-) processes, has been made 
up, and an algorithm for developing and testing SOPs has been outlined. 
Conclusion. The results of the study allowed us to justify and propose a step-by-step methods of QMS implementation into 
the work of pharmaceutical organizations in the retail sector. The first results of the approbation and use of the developed 
methodology show that it contributes to the rational construction and functioning of the QMS, in accordance with the re-
quirements of the existing standards, as well as the optimization of administrative management of all production (business-) 
processes.
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Цель. Целью исследования послужило теоретическое обоснование и разработка механизма внедрения систем ме-
неджмента качества (СМК) в деятельности субъектов розничной торговли фармацевтическими товарами. 
Материалы и методы. Исследование проведено на основе данных анализа научной литературы и нормативных до-
кументов, регламентирующих различные аспекты функционирования СМК в фармацевтических организациях. При 
проведении исследования применялись методы документального контент-анализа международных и национальных 
стандартов ISO серии 9000, положенных в основу разработки и внедрения СМК организаций независимо от вида 
осуществляемой деятельности. 
Результаты. В ходе исследования изучена организация производственного процесса и проанализированы основные 
производственные (бизнес-) операции семи структурных подразделений ООО «Аптека-Алекс» г. Ангарска. Изложе-
ны основные принципы функционирования СМК и представлена авторская методика ее разработки для субъектов 
розничной торговли фармацевтическими товарами с учетом специфики организационной структуры и производ-
ственной деятельности аптечных организаций. Обоснованы и конкретизированы механизмы и последовательные 
этапы внедрения СМК. В соответствии с требованиями ГОСТ Р ИСО 9000:2015, дано определение и осуществлена 
классификация основных производственных операций (бизнес-процессов) исследуемых аптек. Кроме того, сфор-
мулирован перечень обязательных (основных) и базовых стандартных операционных процедур (СОП), детализиру-
ющих основные производственные (бизнес) процессы, изложен алгоритм разработки и апробации СОП. 
Заключение. Результаты проведенного исследования позволили обосновать и предложить поэтапную методику вне-
дрения СМК в работу фармацевтических организаций розничного звена. Первые итоги апробации и использования 
разработанной методики свидетельствуют о том, что она способствует рациональному построению и функциони-
рованию СМК, в соответствии с требованиями действующих стандартов, а также оптимизации административного 
управления всеми производственными (бизнес-) процессами.
Ключевые слова: система менеджмента качества, стандартная операционная процедура, фармацевтические услуги, 
аптечная организация, субъект розничной торговли фармацевтическими товарами

INTRODUCTION
Protection of the quality of pharmaceutical prod-

ucts in the process of circulation is aimed at ensuring 
pharmacological, environmental, technological kinds of 
safety, as well as the rational use of resources to pre-
serve and promote public health [1]. Implementation of 
tasks of this level requires new conceptual approaches 
to quality management and it is possible only if there 
is a quality management system (QMS). It should be 
based on consistent keeping to and compliance with the 
requirements of good practices, which should function 
reliably at the level of all participants in the system of 
commodity circulation in the pharmaceutical market. It 
should be noted that the QMS serves as a basic mech-
anism to ensure strict compliance of the activities of 
medical and pharmaceutical organizations in the format 

of the requirements of existing standards and regula-
tions. In addition, the introduction of the QMS is aimed 
at achieving a proper level of quality of pharmaceutical 
services provided and serves as a guarantor of their fur-
ther improvement [2–5]. In modern conditions, tradi-
tional approaches to meeting the needs of consumers 
are changing dramatically. Forming the loyalty of visitors 
and customers to the pharmacy organization occurs not 
only on the basis of improving the quality of products 
and services provided, but also due to the continuous 
improvement of production activities of the organization 
as a whole [6]. Since the QMS is a set of interaction sub-
systems of management of all aspects of the organiza-
tion, in full compliance with the requirements of existing 
standards, the use of this system is aimed at continuous 
improvement of the quality of services provided, and 
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allows each organization to achieve its highest possible 
level [7]. Moreover, the presence of a successfully func-
tioning QMS in an organization gives it certain marketing 
advantages and contributes to the formation of a posi-
tive reputation, attracting the maximum number of new 
customers and increasing competitiveness in a particu-
lar market segment [2, 8, 9]. Accordingly, the financial 
stability of the organization improves, and the loyalty of 
all related counterparties, including customers, employ-
ees, suppliers, etc, increases [8]. 

In this regard, the aim of the study was to justify 
and develop methods for the phased implementation of 
QMS in the work of pharmaceutical organizations at the 
retail level, taking into account the specifics of their or-
ganizational structure and production activities.

MATERIALS AND METHODS
The content analysis of the documentary contents of 

the international rules for ensuring quality, efficacy and 
safety of medicinal preparations (MP) and the concept of 
standardization has made it possible to establish that, at 
the current stage, the leading regulator of pharmaceuti-
cal care (PhC) quality is GxP standards of drug circulation 
[10]. In this case, the GxP standards act as a fundamental 
element of the quality assurance system. Globally, good 
practice guidelines have established requirements for 
ensuring the quality of drugs at all stages of the life cycle 
[11, 12]. This set of good practice rules is presented by 
good laboratory practices (GLPs), good clinical practic-
es (GCPs), good manufacturing practices (GMPs), good 
distribution practices (GDPs), good pharmacy practices 
(GPhPs), good purchasing practices (GPPs). According to 
the basic concept of GxP and the concept of compre-
hensive study of Medicine remedies (MRs), the concept 
of the “quality” category which is formed at the stage of 
MRs development, is further confirmed during its regis-
tration and is monitored at all production stages. In the 
process of providing PhC, for further use of only effective 
and safe MRs, the achieved production level of quality 
must be maintained at all stages of the “life cycle” of 
products, including the processes of storage, distribu-
tion, transportation and use in the wholesale and retail 
trade entities [12, 13].

There is no doubt that the lack of adequate control 
can have a negative impact on the preservation and con-
stancy of qualitative characteristics of MRs and cause 
poor-quality products to enter the civil turnover [14]. In 
this regard, the modern regulatory system of MRs qual-
ity assurance is based on strict compliance with the re-
quirements and rules of good practices established for 
each stage of the product life cycle, by all participants 
of the scope of their circulation. Accordingly, a drug 
developer must comply with GLPs and GCPs rules, the 

manufacturer – with GMPs rules, wholesale and retail 
organizations – with GDPs and GPPs standards [6].

Thus, comprehensive compliance with the require-
ments of the above-mentioned standards ensures the 
stability of the quality characteristics of pharmaceutical 
products, minimizes the penetration of substandard me-
dicinal preparations and pharmacy products assortment 
(PhPA) into circulation, and contributes to providing 
pharmaceutical services (PhS) of the adequate quality, 
which generally corresponds to the main postulate of 
pharmaceutical products – meeting the needs of the 
population in the preservation and maintenance of their 
healths [15].

It should be noted that the quality assurance system 
of the Organization for Standardization (ISO) in the form 
of ISO, Series 9000, contributes to the achievement of the 
same aims as the GxP system, but it is more detailed. Cur-
rently, the following 4 basic national standards have been 
developed, approved on the basis of international ISO 
standards and are in force in Russia. They should be used 
in the construction and improvement of the QMS model:

GOST R ISO 9000: 2015 “Quality management sys-
tems. Basic Provisions and Dictionary”, which establish 
uniform principles of terminology and basic provisions 
for the QMS;

GOST R ISO 9004:2010 “Management for sustain-
able success of the organization. The approach based on 
quality management”, containing methodological ma-
terials to improve the already functioning QMS and the 
efficiency of the enterprise. In this standard, the QMS 
is considered in more details, taking into account the 
needs and expectations of all parties concerned;

GOST R ISO 19011-2012 “Guidelines for the audit of 
Quality Management Systems, Inc.”, which describes the 
basic principles of the QMS audit procedure and con-
tains guidelines for their implementation, which makes 
it possible to understand the essence of the audit proce-
dures in more details, and identify opportunities for the 
improvement.

The study of the Quality Management methodology 
based on the requirements set forth in these standards, 
is an integral part of the knowledge in the field of man-
agement of the organization.

RESULTS
As it has already been noted before, the documen-

tary content analysis showed that the reviewed GOSTs 
are completely identical to the corresponding Interna-
tional Standards ISO, Series 9000. It should be noted 
that although these standards do not regulate the qual-
ity of specific products, they can be successfully used by 
different organizations regardless of the nature and type 
of their activities. At the discretion of the administration, 
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such standards, adapted for a specific organization, can 
be used to build and improve the QMS in the pharma-
ceutical sector. Due to the changes in current legislation 
and approval of regulatory legal acts on rules of good 
pharmacy practices (GPhPs) and good practice of stor-
age and transportation of medicinal preparations by the 
Ministry of Health of the Russian Federation, the prob-
lem of developing and implementing the QMS is very 
relevant for medical and pharmaceutical organizations 
of our country [16,17]. In accordance with the require-
ments of the listed above documents, each entity in the 
field of circulation of drugs and pharmacy products as-
sortment (PhPA) should justify, develop and implement 
their own QMS at the organization level, as well as pro-
vide the necessary standard operating procedures (SOP) 
for the implementation of basic production (business-) 
processes. Such a quality system that ensures the effi-
ciency and safety of pharmaceutical products is manda-
tory administratively regulated and maintained in op-
erational mode through continuous analysis and timely 
introduction of appropriate adjustments to it in order to 
continually improve its performance. When developing 
a QMS, it is necessary to take into account that the de-
termining components of this system are:

1. organizational structure (a clear definition of 
the tasks and functions of each unit of a retail entity and 
the delineation of the rights and duties of employees in 
accordance with the assigned mission);

2. processes affecting the quality of products sold 
and services provided, including basic, managerial, aux-
iliary processes;

3. standard operating procedures that allow typing 
and standardization of production (business–) processes 
directly related to the activities of the retail entity;

4. resources necessary for the implementation of 
the relevant production (business-) processes, including 
labor, information, material.

The absence of any of these links breaks the organi-
zation’s QMS and makes it defective.

In the format of the study, standardization is inter-
preted as an activity of establishing relevant rules, pa-
rameters and characteristics for the purpose of their 
voluntary multiple use to achieve arrangement in the 
areas of production and circulation of pharmaceutical 
products and improvement of their competitiveness.

The aim of standardization in the field of drug cir-
culation is to protect the quality of pharmaceutical 
products at all stages of their life cycle, including the 
processes of production, promotion, storage, use, and, if 
necessary, destruction [18]. At the same time, standard-
ization is primarily aimed at ensuring the pharmacologi-
cal, environmental, technological safety of products and 
rational use of resources.

In general, the introduction of the QMS in organiza-
tions of the pharmaceutical profile is aimed at preserving 
the stability of the quality parameters and characteristics 
of goods, as well as at improving the level of quality of 
public services provided to the population [6]. It should 
be noted that in modern conditions the improvement of 
the quality of pharmaceutical services (PhSs) is the main 
purpose of any pharmaceutical organization [19, 20].

Achieving this goal becomes possible not only with 
the rational construction and implementation of the 
QMS, but also maintaining it at the proper functional 
level. In turn, the list of pharmaceutical services provid-
ed by a particular pharmacy organization is formed in 
the context of the functions performed. In this regard, 
solving the issues of optimization of the quality of phar-
maceutical services performance is possible through 
standardizing production (business-) processes directly 
related to the activities of a pharmaceutical retail entity, 
based on the development of corresponding SOPs [21, 
22]. In accordance with the research plan, in 2016–2017, 
the labor organization was studied and the main pro-
duction (business-) operations of 7 structural divisions 
of the pharmacy chain of LLC “Apteka Alex” in Angarsk 
were analyzed.

During the study, in full compliance with the 
requirements of GOST R ISO 9000:2015, the main 
production operations (business processes) of the 
studied pharmacies were identified and classified. 
In accordance with the methodology, all production 
operations (business processes), repeated cyclically 
during a shift at least 5 times, were assigned to the 
main ones.

While classifying and characterizing the main pro-
duction business processes of pharmacies, the process 
was interpreted as a set of interrelated specialists’ labor 
activities and labor operations. These activities trans-
formed the input data of such processes into output 
ones [23].

At the next stage of the study using the methodol-
ogy of the PDCA (Plan-Do-Check-Act: Planning – Action 
– Check – Adjustment) or the Deming Cycle, which is 
an algorithm for a sequence of administrative actions 
for the proper management of a specific production 
process to achieve this goal, we have chosen a process 
approach.

The application of the process approach involves de-
termining the system of business processes performed 
in the organization and further work to improve them. 
In turn, the PDCA cycle can be reliably applied to all pro-
cesses functioning in the organization and to the QMS of 
the organization as a whole.

The implementation of the Deming Cycle with the 
established periodicity allows all the processes to be 
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Figure 1 – Management of the pharmacy organization’s production activities  
from the perspective of the PDCA (process approach)

In accordance with the proposed concept for the prop-
er management of the retail entity, first of all, it is necessary 
to rationally manage the relevant production (business-) 
processes and take into account their possible interaction 
and impact on the work of the entity. As a result, thanks to 
the process approach, it is possible not only to build an op-
timally functioning QMS, but also to improve the efficiency 
of effective management of the organization.

At the final stage, using the results of the study and 
the data of comparative and critical analysis of ISO, Se-
ries 9000, from the standpoint of the process approach, 
an algorithm has been scientifically justified and pro-
posed for the implementation of the QMS in the work 
of pharmaceutical organizations at the retail level. The 
algorithm of this technique, which includes purposeful, 
systematic and continuous sequential interaction of la-
bor cyclically repeated operations of six levels, is pre-
sented in Fig. 2.

DISCUSSION
In accordance with the presented algorithm, the 

construction and functioning of the QMS in pharmaceu-
tical organizations at the retail level can be considered in 
the form of repetitive labor (production) operations of 
the following 6 levels:

Labor Operations of Level I comprise awareness 
and establishing objectives of QMS. by the administra-
tion. As a rule, the objectives of the QMS are consistent 
with the objectives of the organization and are aimed 
at maximum satisfaction of the requirements and ex-
pectations of consumers. In this case, the objectives of 
the QMS are reflected in the document “Quality Policy 
of the Organization”. The administration should foresee 
and plan the processes required to deliver the desired 
results. It is necessary to carry out continuous work to 
optimize functioning of the QMS to achieve the planned 
results.

implemented to provide the necessary resources, man-
age them, and look for opportunities for continuous 
improvement [24–27]. In accordance with the PDCA 

methodology, the process approach to the management 
of production activities of the organization includes a 
number of criteria and elements (Fig. 1).
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Figure 2 – Algorithm of QMS implementation methods in pharmaceutical organizations at retail level

Labor Operations of Level 2 comprise justification 
and establishing of management responsibility, distribu-
tion of duties. The administration should distribute all 
kinds of responsibility among the staff, determine the 
complex of their obligations, take an active part in de-
veloping and maintaining the QMS, demonstrate their 
leadership and commitment to the QMS, take responsi-
bility for the effectiveness, ensure the availability of the 
necessary resources and promote understanding of the 
importance of working in the QMS among the staff.

Labor Operations of Level 3 comprise justification 
and setting key production processes that have a signif-
icant impact on the quality of the pharmaceutical care 

provided, and their management (including the step-by-
step sequence of these processes, their interrelation, 
setting objectives of the processes, their sources and 
performers, the distribution of responsibility among the 
staff, description and documentation of the processes, 
the establishment of checkpoints and criteria, assess-
ment of the possibility of the QMS implementation in 
real conditions). Basing on the production specifics, any 
pharmaceutical retail entity has the right to determine 
the number and contents of such processes. First, these 
include the processes focusing on the purchase, accep-
tance, storage of products and bringing them to the con-
sumer.
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Labor Operations of Level 4 comprise identification 
of resources required for the implementation of specific 
processes and functioning of the QMS as a whole, the 
establishment of requirements for them and mainte-
nance in working (good) condition. Among the resourc-
es necessary to perform such procedures, the following 
resources should be highlighted:

labor resources – a set of employees of a retail en-
tity. The level of staff training is determined by a set of 
specific requirements for them, for example, the avail-
ability of the necessary qualifications, work experience, 
timeliness of instruction pass, etc.;

material resources and infrastructure – the criteria 
necessary for a proper organization and equipping work-
places (zones) where the labor process is directly imple-
mented (for example, equipment, technical and auxiliary 
aids, documentation);

information resources – a set of data on electronic 
and paper media necessary for the execution of the rel-
evant processes (information systems, software, tools, 
allowing to obtain reference information).

Labor Operations of Level 5 comprise the analysis of 
product quality criteria by the administration in order to 
provide the parties concerned with pharmaceutical ser-
vices of the adequate quality and meeting their expec-
tations and needs. Since monitoring is one of the most 
important management functions and an integral part of 
the QMS, the analysis of the quality of pharmaceutical 
products and the assessment of the correct functioning 
of the production (business-) processes of an organiza-
tion are achieved by conducting an internal audit aimed 
at identifying discrepancies between the current work 
of the organization and current regulatory requirements 
[28].

Labor Operations of Level 6 are measurements of 
customers’ satisfaction. Organizations monitor and an-
alyze the data on the requirements of the parties con-
cerned and the extent to which their needs and expec-
tations are satisfied (for example, consumer surveys, 
consumer reviews, meetings with consumers, segmen-
tation and analysis of the pharmaceutical market share, 
availability of acknowledgments, analysis of claims, etc.).

Analyzing and evaluating the information obtained 
in the course of continuous monitoring and guided by 
the degree of customers’ satisfaction, the administration 
of the organization is able to objectively and timely as-
sess the effectiveness of the QMS of the organization, 
to identify existing shortcomings and weak points in the 
work, continuously working on further optimization of 
the QMS and its improvement.

Thus, a properly formed QMS allows to quickly and 
efficiently manage all production (business-) processes 
of the organization administratively at the institutional 
level, making decisions aimed at improving the quality 
of the provided pharmaceutical services.

A mandatory condition for successful implementa-
tion of the quality management system is the formation 

of a block of documents ensuring and accompanying 
functioning of the entire QMS of the organization [28]. 
The basis for the creation of the necessary document 
flow of the QMS can serve the previous documents of 
this retail entity, modified in accordance with the re-
quirements of the existing standards and supplemented 
in the process of development and implementation of 
the QMS. Therefore, the organization’s QMS documenta-
tion is constantly updated, improved and supplemented. 
The level of elaboration and quality of the documentary 
block largely determine the effectiveness of the QMS of 
the organization as a whole [29].

One of the fundamental principles of the formation 
of the QMS documentary block, is the development of 
standard operating procedures (SOPs), which are a for-
mal algorithm of labor step by step actions of employees 
(a set of written instructions), the subject of retail trade 
to perform the relevant production (business-) process.

According to QMS requirements, all production 
(business-) processes of a pharmaceutical organization 
that affect the quality, efficiency and safety of medici-
nal preparations and other pharmacy products assort-
ment must be carried out in strict accordance with the 
SOPs. It should be noted that the SOPs contain a strictly 
regulated and documented set of labor operations for 
the implementation of the relevant production (busi-
ness-) process, which allows to establish what and in 
what sequence is implemented, where, when, how and 
by whom specific labor operations or functions are per-
formed.

Since SOPs are a description of specific actions for 
the implementation of existing legal and regulatory set-
tings in a particular pharmacy organization, their use al-
lows to unify the entire production (business-) process, 
clearly define the duties and responsibilities of employ-
ees, ensure the sequence of their step-by-step actions, 
successfully train and evaluate employees’ knowledge, 
reduce the number of their mistakes, eliminate dupli-
cate and unnecessary operations and functions [26].

Development and compilation of SOPs are imple-
mented through preliminary study, timing, documen-
tation and description of the necessary production 
(business-) process. As a rule, the development of SOPs 
is carried out by key production (business-) processes, 
necessarily included in the QMS of the retail entity and 
subject to control. Basing on production specifics, each 
retail entity independently determines the number and 
composition of such production (business-) processes. 
All concretely established and fixed production (busi-
ness-) processes are justified and studied.

For each process of this kind, an objective and the 
following data are established: the availability of the re-
quired resources, criteria for control check-points (tak-
ing into account the requirements of current legislation), 
the boundaries of personnel responsibilities and duties, 
and the procedure for acting in case of impossible per-
formance of labor operations in the SOP format.
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In order to assess the acceptability of the require-
ments developed by the SOP and the compliance of the 
procedure with the performed labor operations, it is 
advisable to conduct training of employees on the rules 
of working with SOPs before their approval. As a result, 
based on the results of the training conducted (analysis 
and study of staff SOPs), appropriate adjustments to the 
SOPs are made aimed at optimizing production (busi-
ness-) processes.

SOP testing is carried out after the development of 
their primary version (draft documents), the study and 
analysis of the submitted documents by all employees 
involved in the production process. Work on the practi-

cal application of SOP is carried out with each employee 
involved in the implementation of this operation.

In the process of SOP testing, the availability analy-
sis is carried out to understand the requirements of the 
SOP by all employees, the detection of unrecorded ele-
ments during the production (business-) process, the va-
lidity of the practical application of the developed docu-
ment. After SOP testing, employee training and making 
the necessary adjustments, the head of the retail entity 
approves the updated SOP.

Algorithm of development and SOP implementa-
tion in the practical activity of the retail trade subject is 
shown in Fig. 3. 

Figure 3 – Algorithm for development and implementation of a standard operating procedure in a retail entity

Since the legal acts do not regulate the require-
ments for a number of SOPs for each pharmacy organi-
zation, the management of the retail entity has the right 
to independently determine the acceptable number of 
production (business-) processes and describe them. 
However, the developed and described SOPs should 
cover the implementation of all necessary production 
(business-) processes affecting the quality of medicinal 
preparations and pharmacy products assortment in a 
particular pharmacy organization. Therefore, this block 
of basic production (business-) processes should be car-
ried out in strict accordance with the approved SOPs, 
containing a description of specific labor actions of per-
sonnel for the implementation of existing regulatory and 
legal requirements in a specific pharmacy organization.

At the discretion of the management of the subject 
of retail trade, taking into account specifics in the spec-
ified basic production (business-) processes, additional 
sections of production activity which SOP and working 
instructions can be developed on in the same way, can 
be provided and allocated.

CONCLUSION
Thus, using the process approach, the results of the 

study made it possible to justify and propose a method-
ology for the justification and construction of the quality 
management system of the organization, as well as an 
algorithm for the development and implementation of 
SOP in the work of pharmaceutical organizations of the 
retail level.
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The final results of approbation of the proposed 
methods and algorithms in the pharmacy chain of 
“Apteka-Alex” LLC indicate that their use is not only 
aimed at the rational construction and operation of 
the organization’s QMS in accordance with the re-

quirements of the current regulatory framework, 
but also contributes to the optimization of admin-
istrative management of all production (business-) 
processes of the pharmaceutical organization of the 
retail level.
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