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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
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TpaBy KOTOBHMKA Kowadbero (Herba Nepetae catariae) B P® MCNONb3YIOT Kak NPAHOCTb. M3y4eH ee XMMMUYECKMI COoCTaB.
PacteHne BBeAEeHO B Ky/bTypy, MMEIOTCA OTeYeCTBEHHble copTa. [10Abl pacTeHma HakanaMBaT A0 25% XUPHOro macna u
cofeprKaT cneunduyHyto nabanieHoByto KMCAOTY, 061a4at0LWLyH0 WNPOKMM CNEKTPOM aHTUMMUKPOBHOTo 1 GyHrMuuaHoro
AeincTBusA. YposkalHOCTb naogos 5-6 w/ra.

Lienb nccnepoBaHuA — M3yvyeHUEe HEKOTOPbIX KpUTEPUEB ANA CTaHAAPTU3ALMM KayecTBa N10A0B KOTOBHMKA KOLIAYbero Kak
NepcneKkTUBHOIO JIEKAPCTBEHHOTO CbIpbA.

Martepuanbl u metoabl. Mnogbl 6uokonnekumn ®reHY BUJIAP. Ucnonb3oBanu BUHOKyAApPHYO ayny mapku MBC-10, mu-
Kpockon Axioplan 2 imaging Carl Zeiss. Mpobonoarotoeka cornacHo P PO XIV nsgaHma. AHaTOMUYECKME ANarHOCTUYecKue
NPU3HaKM M3y4aan B MOPOLLKE M HA MOMEPe’YHOM Cpese C OKpallMBaHMEM peakTMBaMW Ha MpucyTcTBME HeKoTopbix BAB.
KayecTBeHHble peakLMy NPOBOAUAN C BOAHBIM U CMMPTOBOAHbIM U3BAEYEHUAMU M3 NaogoB. OnpeaeneHve coaep’aHua
AMNUAHOro Komnaekca cornacHo ®C 2.5.0035.15.

Pe3synbtatbl. [JaHO onucaHWe BHELWHWX U ANArHOCTUYECKMX aHAaTOMMUYECKUX MPU3HAKOB, onpeAesieHbl OCHOBHbIE Fpymnmbl
BAB 1 cogeprkaHve TMNUAHOIO KOMMJIEKCa B BOSMOXHOM HOBOM Cbipbe — NJ10Abl KOTOBHMKA KOLLIAYbero.

3akntoueHune. YTOYHEHO OMMCaHWe BHELLHUX MPU3HAKOB N10A0B, BNEepBble OXapaKTepU30BaHbl U3Me/IbY4eHHbIEe M10Abl. YCTa-
HOBJ/IEHO, YTO B 3pE/IOM MAOAE /ly4lle BCEero CoOXpaHAeTca MOPPONOrnA KNETOK SHAOKAPNMA U 3apoapllla ceMeHn. ®Pusu-
KO-ONTUYECKME CBOMCTBA KNETOYHBIX CTPYKTYP U CMOCOBHOCTb K OCHOBHBIM MUKPOXMMUYECKMM PEAKLUAM COXPaHAIOTCA BO
BCEX 30HAX NepuKapnua u cemeHn. KayecTBEHHbIMM PEaKLMAMM NOKA3aHO Ha/MYME B NA0AaX: CAaNOHMHOB, GJ1aBOHOMAOB U
NIMNUAHOTO KoMneKca. M3yyeH amcnepcHbii coctaB. OnpeaeneH BbIXo4 AMNUAHOIO KOMMEKCa U ero BHeLWHu sua. MNao-
Obl MOTYT CNYXWUTb NEPCMNEKTUBHbIM CbipbeM AJ/1A MOJYYEHUA KMUPHOFO Macsia U NPenapaToB Ha ero ocHose. Pe3ynbTaTbl
nccnefoBaHMA MOryT 6bITb MCMONb30BaHbI NPY COCTaBAEHUMU NpoeKTa HI, Ha nepcneKkTUBHbIN BUA CbipbA «Fructus Nepetae
catariae — 104bl KOTOBHMKA KOLLAYbETOY.

KntoueBblie cnoBa. Nepeta cataria, nnogbl, BHELWHWE NPU3HAKK, MMNUAHBINA KOMMNAEKC, MUKPOCKONUSA, ANCNEPCHbIN aHanu3

CnUCOK coKpalueHmit: JIPC — nekapCTBEHHOE PacTUTesIbHOE Cbipbe, H, — HopMaTBHAA OKYMeHTaumaA

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

Tom 7, Beinyck 3, 2019

[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].

NN
9 O

According to the literature data, the fruits of Nepeta
cataria are rich in fatty oil, the content of which reaches
25%. The characteristic 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).

OH

O

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
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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 Il 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
AICL,, 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 (“Silybum marignum fruits”) of the Russian
State Pharmacopoeia (XIV edition). [21]. A 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
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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
wide, 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, thereis a
dark brown gap of 0.15-0.20 mm between them.

Areola

Figure 2. The adaxial side of Nepeta cataria fruit

Rounded edge

Figure 3. The abaxial side of Nepeta cataria fruit

Pericarp

Embryo

Figure 4. Lengthwise section of the erem
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o

Pericarp

Embryo

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.

Exocarp

Mesocarp

\

Endocarp

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-
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or became dark blue. This indicates the presence of
starch. As a result of histochemical reaction with Su-
dan Ill, 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).

Cotyledon fragments

\ Pericarp fragments

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).

Drops of fatty oil

—

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

When adding reagent Sudan lll, the drop of fatty oil turned orange (Fig. 10).
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\

Colored drop of fatty oil

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).

\ Cells with evident

thickenings of the walls

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
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essential oil glands on the epidermis of Nepeta cataria
leaf blade (Fig. 13) [25].
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Trichomes
< similar to essential oil glands

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-
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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°C. 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 InC=f(t). The value of determination coefficient is more than R?>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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Lienb. M3yunTb KUHETUKY rMAPOIM3a balikaMHa NPU ero sKCTPaKLMU U3 KOPHEN WaeMHWKa 6aiKanbcKoro.

Marepuanbl U metoabl. KOpHM WaemHMKa 6alikanbCcKoro ¢ pasmepom Yactuy 0,1-0,5 mm. Mcnonb3yembiii me-
TOZA, SKCTPAKLLMKN — MPOCTasA MaLepaLma B Te4eHMe 3a4aHHOT0 MPOMEXKYTKA BPEMEHM, NPU COOTHOLLEHWUU Cbipbe:
aKcTpareHT 1:10 m/o 1 Temnepatype 24+1°C. CogepskaHme balikannHa u 6alkanemHa aHaAn3MpoBaau C MOMO-
b0 06paTHO-$)a30BOM BbICOKO3IDDEKTUBHOM KUAKOCTHOM XpomaTorpadum (OD BIXKX) npu annHe BoaHbI 275
HM. DKCTpaAreHT: BOAHbIE PAacTBOpPbI 3TaHoMa 26, 43, 59, 72, 81, 97+1% 06. Bpema HacTaMBaHuaA oT 1 go 24 yacos.
Pe3ynbTaTtbl. IKCNEPUMEHTa/IbHbIE TOYKM 3aBUCMMOCTU KOHLEHTPaLUUmM 6alikannmHa B M3BEYEHUMN OT BPEMEHMU
HacTaMBaHWA O/1A 3TaHONA C KOHUeHTpauuen 43 n 72% 06., XOpoLLO annpOKCUMUPYIOTCA IMHENHBIM YpaBHe-
Huem B KoopamHatax InC=f(t). KoadduumeHt getepmuHaumm 6one R?>0,99. PaccumtaHo Bpems nosypacnaga
6aiKanMHa B 3TaHO/E C KOHLeHTpauuen 43% o06., kKotopoe coctaBuio 4,6+0,5 Yaca, B 3STaHO/E C KOHLEHTpaLumel
72% 06., paHHbIM NokasaTtenb paseH 42,3+1,8 yaca.

3aKknouyeHue. M3yyeHa KMHETUKA rMAaponm3a BaikaanHa Npu ero SKCTPAKLUMM U3 KOPHEN WaeMHUKa 6alikanb-
CKOTO C MOMOLLLbIO 3TAHO/A C KOHLeHTpaumen 43 n 72% o6. YctaHOBNEHO, YTO nNpoLecc rmaponnsa bakanmHa
XOPOLLIO OMUCbIBAETCA KUHETUYECKUM YPaBHEHWEM NepBOro nopaaKa. HalnaeHbl KOHCTAHTLI MpoLecca rMapoan-
3a 6alikaMHa BO BPeMsA ero SKCTPaKLMU U3 KOPHEN LWAeMHUKA 6aliKaIbCKOro C MOMOLLbO STaHONa Pa3IUYHOM
KOHLUeHTpaumu. [aHbl peKomeHAaLmMm No ONTUMMU3ALLMN TEXHONOTUM BblaeneHna 6arikanmHa unv bankanemHa
N3 KOpHEeM WnemHMKa 6alikanbCcKoro.

KnoueBble c10Ba: KOpeHb WAeMHUKa balikanbCKoro, 6akanuH, 6anMkanenH, rmaponmns, peakLma nepBoro no-

pAAKa, Bpemsa noaypacnaga

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-
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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 1X/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°C. 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°C (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 (Xl,z’ %) was calculated by the following
equation (1):

_C-M-100

X
Yomp )
where
C — baicalin or baicalein concentration, g/ml;
M — mass of the extract, g;
m — plant raw material, g;

p — 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

Pharmacopoeia

Parameter limitation [22] Baicalin Baicalein
Retention time (t.), min.* - 22,6+0,5 29,4+0,5
Asymmetry coefficient (T) 0,8-1,5 1,35 0,94
Separation coefficient (R) >1,5 1,58 1,62
RSD of peak’s area, % <2,0 1,6 1,5
LOD, g/ml = 2,9-10° 3,9-10°
LoQ, g/ml - 8,8-10° 1,2-10°
Determination coefficient, r? >0,98 0,9992 0,9999

Calibration linear equation,
C(g/ml)=f(S(mAU-s))

C=(2,520,10)-107-S C=(1,7810,01)-107-S

* Note. The mean value and its confidence interval (Mean+SEM) are calculated with repeat counts n=3 and significance level P=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”.
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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; | — baicalin; Il — baicalein.

As Fig.1 shows, baicalin (1) 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°C, 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
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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°C, 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 (X,), was
calculated equivalent to its hypothetical content in PRM
given that the total amount of baicalin (X ), transforms
into it (X,=X,+X -Mr_/Mr =1,89+14,8-270,2/446,4=10,9%
mass.). The repeat count is n=3, and the significance lev-
elis P=0.95.
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Figure 2 — Chromatogram of the extract from Scutellaria baicalensis Georgi roots
Note: analytical wavelength was 275 nm; | — baicalin; Il — baicalein
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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°C, 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)},

Tom 7, Beinyck 3, 2019

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

133



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

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 vyield 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 InC=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.

Maceration time, hours
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Figure 4 — Dependency of change in baicalin concentration in the extract on the maceration time
with ethanol 43 and 72% v/v in coordinates InC=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 R%>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
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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 -4.610.1
Initial concentration of baicalin, g/ml (C =exp[b]) 0.0082+0.0004 0.0101+0.0002
Half lifetime of baicalin, h (t, =In2/k) 4.610.5 42.3+1.8

As Table 2 shows, the values of the derivative pa-
rameter of the initial baicalin concentration in etha-
nol, 43 and 72% v/v, are close but statistically different
(0.008240.0004<0.0101+0.0002, g/ml). Moreover, the
values calculated are less than the ones determined ex-
perimentally for baicalin in PRM by 1.8 and 1.4 times,
respectively (0.0148+0.0007 g/ml). These inconsisten-
cies require additional experiments and theoretical in-
terpretation.

It should be pointed out that such a derivative pa-
rameter as half lifetime of baicalin in ethanol with the
concentration of 43% v/v is by about one order lower
than the one in ethanol with the concentration of 72%
v/v (4.6+0.5<<42.3+1.8, h).

The half lifetime baicalin values calculated show
that to obtain the extract with a maximum baicalin con-
tent and a minimum baicalein content, it is reasonable
to use the technology of rapid extraction (for 1-2 h) and
ethanol with the concentration of 70-80% v/v.

And if baicalein extraction is necessary, it is recom-
mended to use maceration for not less than 12 h and
ethanol with the concentration of 30-60% v/v.

In general, the results obtained give the possibility
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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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K.A. Miroshnichenko. Optimization of the method for obtaining nanocapsules, development of the methods of determining the degree of
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PacnpocTpaHeHHbIMW NATONOTUAMMU CEPAEYHO-COCYAUCTON CUCTEMBI ABAIOTCA LepebpoBacKyNspHble pPaccTPOMCTBa, NS
NIeYeHns KOTOPbIX Ha3HayaloT npenapaT UMHHapU3nH. PaspaboTaHa MHHOBALMOHHAA NMPOJIOHIMPOBAHHAA JIeKAapCTBEHHAs
dopma B BUAE HAHOKaMCy/ Ha ocHoBe Nonu-D,L-nakTua-ko-rankonung, (PLGA).

Lienbto nccienoBaHUA ABMIOCH COBEPLUEHCTBOBAHWE TEXHONOTMWU U pa3paboTka METOAMNKMN ONpeaesieHns YPOBHA BK/tOYe-
HUA LMHHapWU3MHa B HaHOKancybl. MccnepgoBatenbckan npobaema 3akatovanach B HaMYMM MHOXKECTBA 0COBEHHOCTEN UH-
Kancy/MpoBaHMA npenapaTa, a TaKKe pas/iMyHbIX GU3UKO-XMMUYECKUX CBOMCTB BELLECTB, KOTOPblE HEBO3MOXKHO YYecTb B
MMEIOLLIMXCA METOAMKaAxX onpeaesieHuns.

Matepuanbl U meToabl. B xoae nccnegosaHus 6biaM MCNOAb30BaHbl CybCcTaHUMA UMHHapU3KHa, PLGA (50:50), nosiMBuHM-
nosbit cnupt (MBC). OcTanbHble peakTUBbl U PAaCTBOPUTENN COOTBETCTBOBA/IM KaTeropmm x.4. [aa paspaboTkM MEeTOAMKM
KOJIMYECTBEHHOTO OnpeaeneHnn UMHHApM3MHA U ee BanaaLmm, UCNob30BaH CNEKTPOGOTOMETPUYECKUIA METOA, aHaNu3a.
BblIM NPUTOTOBNIEHBI MOAE/NbHbBIE CMECU, KOTOPbIE UCMO/Ib30BAIUCh KaK 0ObEKTbI UCCNeA0BaHMA. BannaaumMoHHYO OLEeHKY
METOAMKM MPOBOAU/IM MO TAaKMM MOKA3aTeNam, Kak cneunduyHocTb, TMHENHOCTb, Npeaen 0bHapyKeHUs, NOBTOPAEMOCTb,
BOCMPON3BOAMMOCTb.

Pe3ynbratbl. PazpabotaHa meToanKa cnekTpoPOTOMETPUYECKOTO ONpeseieHns CTENEeHN BKIYEHUA LMHHApMU3MHa. YcTa-
HOBJ/IEHO, YTO MHKancynauma coctasnset 63,74%. OcyLecTBNEHO BaAMAALMOHHOE TeCTUPOBaHME MeTOAMKMK. Pesyabrathbl
TAKUX UCMbITAHWUN, KaK cneumMdUyYHOCTb, IMHENHOCTb, Npeaen obHapyKeHUs, NOBTOPAEMOCTb, BOCMPOM3BOAMMOCTb COOT-
BETCTBYIOT 4OMYCTUMOMY MHTEPBAJYy 3HAYEHWUI, PerNameHTMPOBAHHbIX HOPMATUBHOM AOKYMeHTaumel. CKoppeKTUupoBaHa
TEXHONOMMA NONYYEHUA HAHOKAMCY/, B CBA3WU C HEBO3MOXKHOCTbIO ONpeaeNeHNs CTEMEeHN BKIOYEHUS LMHHAPU3MHA NPpU UC-
No/Ib30BaHMUM CTAHAAPTHOM METOAMKM MONYHEHUS.

3akntoueHune. ONTMMMU3MPOBAHA TEXHONOTUS U pa3paboTaHa MeTOAMKa, NO3BOAIOLLASA MPOBECTU AOCTOBEPHbIVM aHANN3 CTe-
NEHN BKIOYEHUA LMHHAPU3MHA B HAHOKAMCY/bl, C Y4ETOM OCOBEHHOCTEM MPOM3BOACTBA U GU3UKO-XMMUYECKUX CBOMCTB
KOMMOHeHTOB. OTHOCKTENIbHAA NOTrPELIHOCTb Pa3paboTaHHOMW MEeTOAUKM onpenesieHns He npesblwaeTt +2,67%. Ucxopa us
pe3ynbTaToB BaIMAALMOHON OLLEHKM, MO BCEM MOKasaTeIAM METOAMKA BalngHa.

Kntouesble cnoBa: LMHHAPU3WH, NoAU-D,L-NakTUa-KO-IUKONUA, MUKPOYACTULbI, CTEMEHb BKIOYEHUA, YD-cnekTpomeTpus

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
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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
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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 ina 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:

A XC  XW xW,
A, xaxV, (1),

X

where

A —optical density of the supernatant;
C_,,— CO concentration of cinnarizine, g/ml;
W,, W, —volume of volumetric flasks, ml;
A__—optical density CO cinnarizine;

a —amount of cinnarizine, g;

v, - aliquot volume, ml.

3.2 Validation of the methods of cinnarizine

guantitative 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-
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ture is prepared: 0.03 g of cinnarizine microparticles are
placed in a 100 ml volumetric flask, dissolved ina 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° g/ml, 1-10* g/
ml, 1-:10° 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.
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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.

X = 0,447-0,001-50-10
0,576-0,0107-1
By differences, the degree of cinnarizine inclusion

can be calculated:
100% — x = 100 — 36,26=63,74% (Tab. 1)

=36,26%

Table 1 — Data on the degree of encapsulation

Optical density ~ Amount of unbound

Sample No

A t of bound .
mount ot boun Metrological data

of solution cinnarizine, % cinnarizine, %

1 0.425 34.48 65.52

2 0.482 39.10 60.90

3 0.447 36.26 63.74 5=1.62
4 0.450 36.51 63.49 S =0.6635
5 0.430 34.88 65.12 £=42,67
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
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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
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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%.
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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 teristic absorption for cinnarizine will not be observed

The data obtained during the study are reflected in  at the wavelength of 253 nm. The detection limit of
Table 2. The developed method allows determining the  cinnarizine in microparticles has been established. It is
detection limit, the concentration at which the charac- 1-10%* g/ml.

Table 2 — Data on detection limit

Concentration

. L Optical densit
of cinnarizine in P y

solution, g/m| of solution
1-10° 0.4980
1-10* 0.0508
1-10° 0.0048
Determination of convergence should not exceed 2.0% [28]. The data on repeatability
Convergence is characterized by such param-  of the methodology are given in Table 3.
eters as repeatability and reproducibility of the The established coefficient of variation was 1.4%,
methods. which is within the range of acceptable values.
Repeatability is estimated by the indicator — coeffi- The test results, in terms of reproducibility, are

cient of variation, hereby its value at the request of ND  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
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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°C) 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®

For citation: A.V. Voronkov, A.D. Gerashchenko, D.l. Pozdnyakov, D.V. Khusainov. Effects of various aversive environments on oxygen consumption
of muscle and blood in mice under conditions of the “forced swimming” test. Pharmacy & Pharmacology. 2019;7(3): 148-157.DOI: 10.19163/2307-
9266-2019-7-3-148-157
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Lienb uccnepoBaHUA — OLEHWUTb BAUAHME PA3/IMYHON aBEPCUBHOM Cpeabl Ha NOTPeBAEHE KMCIOPOAA B MbILULIAX M KPOBU Y
MbILWEN B yCN0BUAX TeCTa «MPUHYAUTENBHOTO MIaBaHUAY.

Matepuanbl U meToabl. MiccneposaHue 6b110 BbINOAHEHO Ha 6ECNOPOAHbIX Mbllax-camuax. Mctowatowme dpusmyeckme Ha-
rPYy3KM MOAEMPOBaau B Tecte «MPUHYANUTENbHOTO NAaBaHMA» B Pa3NYHbIX aBEPCUBHbIX cpegax. MoTpebneHue Kuciopoaa
MbILIEYHOM TKaHbIO, @ TaKXKE KUC/IOPOAHYH0 EMKOCTb KPOBM OLEHMBAN C MOMOLLbIO MeToga pecnmpometpum (AKMM1-01/1
(Anbda bacceHc, Poccus)).

Pe3ynbTatbl. B X04e NpPOBEAEHHOTO IKCMEPUMEHTA/IbHOTO UCCAeA0BaHMA BbiI0 YCTAHOB/IEHO, YTO B FPYMMe KUBOTHbIX, Y
KOTOPbIX B Ka4ecTBe aBepPCUBHOW Cpeabl MCMoAb30Banach ropsadyan Boga (tTemnepatypa 41°C) CywecTBEHHOIO OTINYMA MO-
TpebneHns KUCN0POoaa MUTOXOHAPUAMM MOMEPEYHO-MO00CATON MYCKYIATyPbl U 3PUTPOLMUTAMM B CPABHEHWUM C MHTAKTHOM
rPYMMoM }XMBOTHbIX OTMEYEHO He 6b1/10. B TOXKe Bpems y rpynrbl MbllUei, [4e B Ka4yecTBe aBePCMBHOM cpeapbl MCMo/ib30Baau
X0n04Hyt0 Boay (Temnepatypa 15°C) Npofo/IKUTENbHOCTb N1aBaHUA (K KOHLY SKCMepumeHTa) 6blla CTaTUCTUYECKU HUKE MO
OTHOLUEHMIO K MHTAKTHOM TPYMMe }MWBOTHbIX, COMPOBOXKAAEMOE YMEHbLUEHUEM NOTPEGNEHNUA KMC/IOPOAA MUTOXOHAPUAMM
MbILULL, MPU HEM3MEHHOM YPOBHE OKCUreHaLMM KPOBW. B yC/I0BUAX UCTOWAOWMX GU3NYECKMX HArpPy30K, B rPYMMe KMBOT-
HbIX, Monyyaswas MeTtanpot®, 6b110 OTMEYEHO HapacTaHne paboTocnoco6HOCTM, KaK B ropAYen, Tak U B XONIOLHOW BOZeE.
Mocne NMKOBbIX AHE paboToCNOCOBHOCTH, B 06EMX IKCMEPMMEHTA/IbHbIX FPYNMnax Hab1to4an0Ch He3HaYMUTEIbHOE NajeHne
bu3nYecKom akTMBHOCTH. Mpyn 3TOM, HEOBXOAMMO OTMETUTD, YTO OKCUTEHALMA KPOBU M MbILLEYHOM TKaHM Ha GOHE ncToLa-
IOLLLMX HArpy30K B rpynne, noay4yasliein Metanpot®, He OT/IM4anach OT FPYMMbl MHTAKTHbIX XMBOTHbIX B PA3/IMYHbIX aBEPCHUB-
HbIX Cpesax.

3aktoueHmne. Takum 06pa3om, Ha OCHOBAHMM MOJYYEHHbIX AAHHBIX MOXHO MPEANO/IONKMUTb, YTO B YCIIOBUAX MPUHYAUTE b-
HOTO NaBaHMA C OTATOLEHUEM Y KMBOTHbIX Hanbonee ry6okme nsmeHeHUs GyHKLMIA NONepeYHO-NoI0CaToN MyCKyn1aTypbl
OTMeYatoTca B Xon04HOM Boge (15°C), BbicTynatowein B poav CTPECCOpa, YTO OTPAKAETCA B CHMMKEHUU dU3nyeckoi pabo-
TOCMOCOBHOCTH, @ TAKKE B CHUMXKEHUM NOTPEBNEHWSA KUC0POAA MbILEYHOW TKaHbto. MpumeHeHne npenaparta MetanpoT®
cnoco6CTBOBAIO KOPPEKTUPOBKE BO3HMKLLMX M3MEHEHWIA GU3MYECKO paboTOCMOCOBHOCTM MMBOTHbIX, YTO HALLJIO CBOE OT-
pakeHue B ee NoBblweHnn Ha 144,8% (p<0,05), B cpaBHEHUM C UCXOAHbLIM BPEMEHEM M1IaBaHMA AAHHOW rpynmbl, 6e3 nsme-
HeHWA NoTPebAeHNA KUCN0POAA SPUTPOLMTAMU Y MUTOXOHAPUSMM MOMEPEYHO-MON0CATbIX MbILUL,

KnioueBble cnosa: uctowlatolwme dpusnyeckmne Harpysku, notpebneHme KUCA0poaa, KMCI0POAHAA EMKOCTb KPOBU, PECTIMPO-

meTpus, MeTanpot®

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 0,and CO,, 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
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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 (IN , the water temperature of
15° C) (n = 30), a negative control group (NC, the water
temperature of 15°C) (n = 10) [8]; an intact group (IN,,
the water temperature of 41° C) (n = 30) and a nega-
tive control group (NC,, 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°C) 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.
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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 1* day) in the group of NC_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 NC_
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 IN_. 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 10" 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.
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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)); u — 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)); y — statistically significant relative to the initial
swimming time of the animals’ negative control group (Student’s t-test, (p <0.05)); 8 — statistically significant relative to the final
swimming time of the animals’ negative control group of (Student’s t-test, (p <0.05)); a — 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
IN, group of the animals. It should be noted that by the
10t 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 IN, group, the mice’s working capacity of
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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 1° to the 6™ 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 10*" 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)); u — statistically significant
relative to the peak day of swimming for this group (Student’s t-test, (p <0.05)); QO — statistically significant relative to the peak day
of swimming of the animals’ intact group (Student’s t-test, (p <0.05)); y — statistically significant relative to the initial swimming
time of the animals’ negative control group (Student’s t-test, (p <0.05)); 8 — statistically significant relative to the final swimming
time of the animals’ negative control group (Student’s t-test, (p <0.05)); a — statistically significant relative to the final swimming
time of the animals’ intact group (Student’s t-test, (p <0.05))

pared to the intact group, was not statistically and sig-
nificantly different in hot water.

As Fig. 3 shows, in the animals’ negative control
group, the oxygen consumption by erythrocytes com-
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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
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IN, 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).
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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 tion by muscle mitochondria by 2.4 times (p<0.05), rela-
water was used as an aversive environment, there wasa  tive to the intact group of the animals (Fig. 5, 6). Hereby,
statistically significant decrease in the oxygen consump-  the blood oxygenation level remained unaffected.
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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  animals, there were no statistically significant changes
the mitochondria of the striated muscles in the group  detected. It was also noted that against the background
that received Metaprot® was higher, compared to the  of “forced swimming” in cold water, in the group of the
group of the animals of the negative control, by 4.3times  mice that received Metaprot® as the reference drug,,
(p<0.05). As for the comparison with the group of intact  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-
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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 41°C) was
used as an aversive environment, a change in the working
capacity was observed: in mice, the peak of swimming
was the 4™ 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 5" 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 10
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
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The increase in the incidence of community-acquired pneumonia (CAP) 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 (CAP), patients, drug provision, model, pharmaceutical care (PhC), resource ap-
proach, Kabardino-Balkaria
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PocT 3aboneBaemocT BHe60IbHUYHOM NHEBMOHMEN (BI) ABaAeTcA KpynHOW Npobaemoit rocyaapCcTBEHHOTO U perMoHab-
HOro 3Ha4eHus. Ee papmakoTepanua 6asmpyeTcs Ha aKTUBHOM NMPUMEHEHUN aHTMBAKTEPUAbHbBIX MPENapaTos, YTo TpebyeT
0c060ro BHUMaHWA Bpaya M NaLMeHTa, MOMCKa BCE HOBbIX M COBEPLLEHHbIX JIeKapCTBEHHbIX cpeacTs (/1C).

Llenb uccnepoBaHma — 060CHOBaHME U pa3paboTka pernoHasibHON MOAENN IEKAaPCTBEHHOrO obecrneyeHns papmakoTepa-
nuu npu BI.

Martepuanbl u metoabl. MpoBepanacb NPUMEHUMOCTb PECYPCHOTO NOAX0AA U MeToAoN0rMKN GapmaLeBTMYECKON NOMOLLM
(M) ona dopmmnpoBaHUA COBPEMEHHON MOAENN SIeKapCTBEHHOrO obecneveHms. Mcnonb3oBaHbl OTMYECKUIM, PETPOCNEK-
TUBHBbIN, couumonornyeckne, GapmakosaKOHOMUYECKUE, MAapPKETUHIOBbIE, CTaTUCTUYECKME U ApYrMe aHaIMTUYECKUE MEeTOAbI.
Marepuanamu cnyKuau faHHble odULMANbHOM CTAaTUCTUKK, INTEPATYPHbIE CBEAEHMUA U Pe3ynbTaTbl COBCTBEHHBIX UcCae-
[0BaHUN.

Pe3ynbratbl. BbifiB/IEHO COCTOAHME U TEHAEHLMN Pa3BUTUA OPraHM3aLLMOHHOIO, KaAPoBOro, GUHAHCOBOrO (HaceneHne) U ne-
KapCTBEHHOTO PECYpPCOB Kak BHELHUX GpaKTopoB., BanaAowmx Ha P naumeHTam c BN 8 KabapanHo-Bankapckoi Pecnybivke
(KBP). OnpeneneHbl BHYyTpeHHUe dakTopbl P — HazHauYeHUA Bpayei, NOTPEOUTENbCKUIA CNPOC U CTOMMOCTb dapmaKkoTe-
panuun. CbopmmpoBaHa MoAE/b JIeKapCTBEHHOTO obecneyeHns nauneHTos ¢ Bl B perMoHe, HanpaBaeHHas Ha NOBbIWeHWE
3bPEKTUBHOCTM IeUeHMA C YYeTOM 3Tana NeyeHna 1 LeHOBOro GpakTopa.

3akntoueHue. B ycnoBuAX KOHKPETHOTO PerMoHa NpMMeHeHWe pecypcHoro noaxoaa u metogonorum ®rl nossonset bonee
TOYHO ONpeAeUTb NPOBAEMbI U PUCKM KaK JIEKapCTBEHHOrO obecneyeHus, Tak U GapmakoTepanuu uccaegyemon nonyns-
LM NauneHToB U chopmMMpOoBaTb aSEKBATHYIO PeasibHOCTU MOAE/Nb, BblIpaboTaTb peKoMeHAAUNU AA BCeX yHacTHUKoB PI1
— Bpaya, MaumeHTa 1 nposusopa (bapmauesTa).

KntoueBble cnosa: BHe60/IbHUYHAA NHEBMOHMSA, NALMEHTbI, IEKAPCTBEHHOE obecneyeHne, Moaenb, dapmaLeBTMyecKas no-

MOLLb, PEeCYPCHbIi noaxoa, KabapauHo-bankapus

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
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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 thatin medicaland 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.l.,, Korzhavikh E.A. [23-26], Spichak V.,
Glembotsky G.T., Zakharova O.V., Alexeev 1.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,
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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
guestionnaires), 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, min. 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 autonomouslnstitution (SAl),
State Budgetary Institution 37 9.69
(StateBudgetaryHealthcarelnstitution)
State Public Healthcare Institution (SPHI)
— federal Federal Public Institution, Federal PublicHealthcare 7 1.83
Institution
— municipal Municipal Unitary Enterprise (MUE), Municipal Unitary 5 1.31
Pharmaceutic Enterprise (MUPhE)
Private, including: 333 87.17
— individual self-employedentrepreneur (SEE) 171 44.76
— collective Closed Joint-Stock Company (CJSC),
Open Joint-Stock Corporation (0JSC) 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
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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.

40000 Number of pharmacy organizations, units
35000
30000
25000
20000
15000
10000

5000

0

2010 2011 2012

2013

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).
35420
23105

2015

2014r.

2016

B Pharmacies, pharmacy shops 1 Pharmacy kiosks, pharmacy points

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.
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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.

Thesources of baselineinformationare 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

Tom 7, Beinyck 3, 2019

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 lpratropium 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 (TN)

Number of producing
countries

Number of dosage forms
(DF)

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
mgom, B
Total: 18 INNs 322 TNs (100%) 42 non-recurring names . . !
of forms 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.
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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 PhCis 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,
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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

— 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

model consists of two parts: and price).

EXTERNAL FACTORS
The resource state of __ Risks Y Possible solutions to Impact on drug
the environment the problem provision
(problem)

INTERNAL FACTORS
Personal Resource Risks Organisational and Impact on
Problems of PhC methodical solutions pharmacotherapy

A4

Optimization of drug provision for CAP patients

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
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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.
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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 I1SO 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.

Keywords: quality management system, standard operating procedure, pharmaceutical services, pharmacy organization, the
subject of retail trade in pharmaceutical products
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Lienb. Lenbto nccnenoBaHmA NOCAYKUA0 TeopeTuyeckoe o6ocHoBaHWE M pa3paboTKa MexaHu3Ma BHEAPEHUA CUCTEM Me-
HeasKMeHTa KavecTBa (CMK) B feATenbHOCTU Cy6beKTOB PO3HUYHOM TOPTroBAN GpapMaLLeBTUHECKMMU TOBapaMM.
Matepuanbl u metoapl. MiccnefoBaHve NpoBeAeHO Ha OCHOBE AaHHbIX aHa/IM3a Hay4YHOM IMTepPaTypbl U HOPMATUBHBIX [0-
KYMEHTOB, PerlaMeHTUPYIOLLMX Pa3/inyHble acnekTbl dyHKuMoHMpoBaHua CMK B dapmaueBTUYeckux opraHmsaumax. Mpu
NpoBeAeHUM UCCNESO0BAHNUA MPUMEHAINCD METOAbI AOKYMEHTA/IbHOTO KOHTEHT-aHa/IM3a MeXAYHAPOAHbIX U HAaLMOHA/IbHbIX
cTaHgapToB ISO cepum 9000, NoNOXKEHHbIX B OCHOBY pa3paboTku v BHeapeHus CMK opraHusauumii He3aBMCMMO OT BMAA
OCYLLECTBNAEMOWN AeATENbHOCTY.

Pe3ynbraTthl. B X04€ nccneaoBaHUA M3yyeHa OpraHmn3aumna Npon3BoACTBEHHOMO NPoLLecca M NPOaHaNIM3UMPOBaHbl OCHOBHbIE
Npoun3BoACTBeHHble (BM3HeC-) onepaumm cemu CTPYKTYpPHbIX noapasgeneHuini 000 «Anteka-Anekc» r. AHrapcka. Manoxe-
Hbl OCHOBHbIE NMPUHLMNbI GYHKLMOHUPOBaHUA CMK v npeacTaBsieHa aBTOPCKaA MeToAMKa ee pa3paboTkn Ansa cybbeKToB
PO3HMYHOWN TOProBAN dapMaLLeBTUHYECKMMU TOBAPaMM C YH4ETOM CrneunduKn OpraHM3aLumMoHHOM CTPYKTYPbl U MPOU3BOA-
CTBEHHOW [eATEeNbHOCTU anTeyHbIX opraHu3aumii. O60CHOBAHbI U KOHKPETU3MPOBaHbl MeXaHU3Mbl M nociefoBaTe/lbHble
aTanbl BHeapeHua CMK. B cooTeeTcTBum ¢ TpebosaHuammn FOCT P UCO 9000:2015, gaHo onpeaeneHme U ocyLecTBieHa
KnaccuduKaLma OCHOBHbIX NPOU3BOACTBEHHbIX onepaunin (bMsHec-npoLeccos) nccaegyemobix antek. Kpome toro, chop-
MY/IMPOBaH NepeyeHb 0bA3aTeNbHbIX (OCHOBHbIX) M 6330BbiX CTaHAAPTHbIX ONepaLMOHHbIX Npoueayp (COM), peTannsmnpy-
IOLLMX OCHOBHbIE MPOWU3BOACTBEHHbIE (BU3HEC) NPOLECCHI, U3N0XKEH aNropuUTM paspaboTku u anpobaumm COI.
3akntoueHue. Pe3ynbTaTbl NPOBEAEHHOIO UCCe[0BaHMA NO3BOIMAN 060CHOBATb U NPEAJ/I0KUTL MO3TANHYI0 METOANKY BHE-
apeHuna CMK B paboty dapmaLeBTUUYECKUX OpraHU3aLmii pO3HUYHOTO 3BeHa. MepBble UTormM anpobauumn n NCnoNb3oBaHUA
pa3paboTaHHOM MEeTOAMKN CBUAETENbCTBYHOT O TOM, YTO OHa CMocobCTBYeT paLMoOHaIbHOMY NOCTPOEHUIO U GYHKLUMOHU-
poBaHuio CMK, B cooTBETCTBUM C TPeOOBaHUAMM AENCTBYIOLMX CTAHAAPTOB, @ TaKKe ONTMMMU3ALMU agMUHUCTPATUBHOIO
ynpas/iieHUs BCEMU NPOU3BOACTBEHHbIMM (BU3HEC-) MpoLieccamu.

KntoueBble cnoBa: cucteMa MeHeKMeHTa KayecTBa, CTaHAAPTHaA onepauMoHHas npoueaypa, dapmavleBTMyeckme yenyru,

anTeyHana opraHMsauumsa, Cy6'beKT pO3Hl/I"IHOI7I TOpros/sin d)apMaU,eBTMLIECKVIMVI TOBapamu

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
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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
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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 1SO
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 1SO, 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.
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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 I1SO 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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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).

PLAN
Establishing quality
objectives

\ 4

DO
Quality assurance

CHECK
Quality control

Y

Focus on achieving a
specific result

Focus on legal
requirements and

customer expectations

Focus on internal audit

results and customer
satisfaction

measurement

ACT
Improving quality and efficiency of organization

N

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.
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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 | 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.
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Level 2 Operations:
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Analysis of quality criteria for goods
and services sold

Output

<~

Level 5 Operations:
Measuring customers’ satisfaction

~ >

Performance analysis, continuous improvement of QMS

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
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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
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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.

Identification of processes that require the development of SOPS

< -

Studyof a specific process

m

Establishing

o Establishing
objectives

resources

Establishing
check-points

Establishing
responsibility

< = ~ -

< - < =

Documentationprocess (creating SOP)

-

Training personnel to work with SOP

v

SOP testing at the enterprise, identifying discrepancies, making adjustments

s

Approval, implementation, distributionofSOPs

.

SOP actualization, accounting of current and archived SOPs

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.
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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
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