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The aim of this work is to review and analyze the data published in the modern scientific literature obtained in pharmacological, pharmacog-
nostic and pharmacotechnological studies of various types of raw materials obtained from members of the family Lamiaceae L., which were
sources of biologically active substances, pharmaceutical substances, total extracts and the drugs — with a neurotropic activity.

Materials and methods. For the review, we used the information of scientific literature from open and accessible sources of the last twenty
years, located in the scientific and technical libraries of institutions, as well as in electronic databases: Elibrary, PubMed, Scopus, Cyberlen-
inka, GoogleAcademy, J-Stage. The search inquiries were: the species of the family Lamiaceae (Russian and Latin), the samples of medicinal
plant materials based on them as well as the names of the drugs and biologically active substances obtained from these raw materials.
Results. When working with the sources of scientific information, the main attention was paid to pharmacologic tests performed during the
studies on laboratory animals and proving the presence of neurotropic activity in the studied objects — essential oils and extracts from plant
raw materials: aqueous, aqueous alcoholic, and methanol ones. It has been established that the potential of the therapeutic and preventive
application of pharmaceutical substances and drugs based on the medicinal plant materials obtained from 30 genera members of the Lami-
aceae family, remains unrealized despite the close attention of various researchers.

Conclusion. This review comprised 71 species from 30 genera. Despite the significant level of the previous study presented in the analysis
of this publication, an enormous potential of this family’s species remains unexplored. In the future, they can be of both — pharmacognostic
and practical interest, in particular, in creation of new medicinal preparations of the neurotropic action based on them.

Keywords: Literature review, Lamiaceae L., herbal medicine, medicinal plant materials, extract, herbal formulation ¢utonpenapat, medicinal
preparation, pharmacognosy, pharmacology, stress, neurotropic activity, anxiolytic effect, sedative action, antidepressant action, GABA-a-re-
ceptors, benzodiazepine receptors
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Kaibova, T.A. Ibragimov. Members of the family Lamiaceae Lindl. as sources of medicinal plant raw materials to obtain neurotropic drugs. Phar-
macy & Pharmacology. 2020;8(1):4-28. DOI: 10.19163/2307-9266-2020-8-1-4-28
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Lienb pa6oTbl — 0630p 1 aHanM3 ony6IMKOBaHHbIX B COBPEMEHHOM HayYHOW NTEPATYPE AAHHbIX, MONYYEHHbIX B XO4E GapMaKONOrMYECKMX,
bapmaKorHOCTUYECKMX U HapPMaKO-TEXHONOTMYECKMX UCCNeA0BaHNI 06pa3L0B NEKAPCTBEHHOIO PACcTUTENbHOTO CbipbaA (/IPC), 3aroTasnu-
BaeMOro OT pas3/IMyHbIX NpeacTasuTeneit cem. Lamiaceae Lindl. (AcCHOTKOBbIE), M3 KOTOPbIX MNOAYYeHbl BUONOTMYECKMN aKTUBHbIE BELLECTBa
(BAB), dbapmaueBTMUECKME CyBCTaHUMM, CYMMapHbIE M3B/IEYEHUA U IEKAPCTBEHHbIE npenapathbl, o6aagatolwme HEMPOTPONHOM aKTUBHO-
CTbO.

Martepuanbl u metoabl. [na 0630pa MCNONb30BaAN CBEAEHUA HAayYHOW IMTEPATYPbI U3 OTKPbITbIX U AOCTYMHbIX UCTOYHMKOB MOCAEAHUX
OBaALATU NET, Pa3MELLEHHbIX B HAYYHO-TEXHUYECKMX BUBANOTEKAX YUPEKAEHUM, @ TaKIKE B 3/IEKTPOHHbIX 6a3ax gaHHbIx: Elibrary, PubMed,
Scopus, KnbepneHuHka, Google-akagemus, J-stage. MoncKoBble 3anpocbl — Ha3BaHWA BUAOB PacTEHUIA ceM. Lamiaceae (pycckue u naTuH-
CKMe), 3aroTaB/MBaeMbIX OT HMX 06pa3uoB JIPC, a TakKe HanmeHoBaHWUA GapmaLeBTUYECKUX CyBCTaHLMI, 1eKapCTBEHHbIX MPenapaTos u
BAB.

Pesynbtatbl. [py paboTe ¢ UCTOUHMKAMM Hay4YHON MHOOPMALMM OCHOBHOE BHYMAaHUWE yaeneHo GpapMaKoNorMyeckum Tectam, npoBeaeH-
HbIM B XOZ€ Creunann3npoBaHHbIX UCCAeL0BaHMI Ha 1a60PATOPHbIX KMBOTHbIX, MOATBEPHKAAOLMM HAZIMYME HEMPOTPOMHOM aKTUBHOCTH Y
ncenepyemblix 06 beKToB — 3pUpPHbIX Macen v nssnedeHnii us JIPC (BOAHbIX, BOAHO-CNMPTOBbIX, METAHO/bHbIX). YCTAaHOB/IEHO, YTO NOTEHL AN
Nie4ebHoro 1 nevyebHo-NPodUNAKTUYECKOTO NPUMEHEHUA GapMaLLEBTUYECKMX CYOCTaHLMIN U NEKAPCTBEHHbIX MPENapaTos, NOAy4aeMbIX U3
JNIPC npeacTasuTeneit 30 poaos cemeicTsa Lamiaceae, ocTaeTca Hepeann3oBaHHbIM, HECMOTPA Ha NPUCTaNbHOE BHUMaHWe uccneposare-
new.

3akntoueHue. JaHHbiit 0630p oxeatva 71 Bua u3 30 poaos. Mpy 3HAYUTENBHOM YPOBHE U3YYEHHOCTU, KOTOPbIN MOXKHO OTMETUTb NPY aHa-
iM3e AaHHOM Ny6AnKaLMmM, OCTaeTcs He 3aTPOHYTbIM OFPOMHbII MAACT PECYPCHbIX BUAOB AaHHOMO ceMelncTsa. B gasbHenwem oHn moryT
npeacTaBnaTb GapMaKOrHOCTUYECKUI MHTEPEC U MMETb MPAKTUYECKOE UCMO/b30BaHME, B YaCTHOCTU, AA CO34aHMA HA MX OCHOBE HOBbIX
JIEKAPCTBEHHBIX MPenapaToB HEMPOTPOMHOro AeNCTBUA.

Kniouesble cnoBa: 0630p AntepaTypbl, ACHOTKOBbIE, Lamiaceae, uUToTEPanus, NEKapCTBEHHOE pacTUTesibHoe cbipbe (/IPC), aKCTpaKT, du-
Tonpenapar, eKapCTBEHHbIN Npenapat, bapmaKkorHosums, GapmaKonorus, CTPecc, HeMPOTPOMHan akKTUBHOCTb, aHKCUOAUTUYECKUIN 3bdEKT,
cepaTMBHOE AeNCTBUe, aHTUAeNpeccuBHoe aeicteune, TAMK-a-pelenTopbl, 6eH304Ma3enMHOBbIE PELEnTopbI

INTRODUCTION

In the modern world, in conditions of excessive in-
tense and inadequately prolonged stressful effects of
various external factors, a human body needs therapeu-
tic and preventive agents that have a protective neu-
rotropic, or neuroprotective, effect. Stress, especially
chronic, is justifiably considered one of the main factors
causing the development of a lot of pathologies [1-3].
Psychoemotional stress and constant overwork lead to
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the appearance of various symptoms, urging a human
being to seek treatment. In the stressful situation, adap-
tive changes are observed on the physiological, mental
and behavioral levels. In particular, a Canadian scientist
Hans Selye described a triad of changes characteristic
for ef any severe stress: adrenal cortical hypertrophy,
thymus involution, ulceration in the gastrointestinal
tract [4]. Stress is characterized by an extreme com-
plexity associated, interalia, with the individual char-
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acteristics of a person, and can only be corrected by
combining etiotropic treatment with prolonged phar-
macotherapy with herbal formulations. All types of
stress, which is considered a combination of exogenous
and endogenous negative factors that create tension in
the human body, are characterized by unspecific reac-
tions of the hypothalamic-pituitary-adrenocortical sys-
tem runotanamo-rnnodm3apHo-aLpPeHOKOPTUKANbHOM
cuctembl and disorders of vegetal functions HapyweHun
BeretTaTuMBHbIX PpyHKUMi of the cardiovascular and he-
matopoietic systems. In the modern world, an increase
in the level of the emotional tension combined with
conyTcTByloWMMHK negative factors (strokes, myocardial
infarction, atherosclerotic cardiosclerosis, and others),
has brought cardiovascular diseases to the first place
among the causes of mortality. According to the World
Health Organization, every year 17.5 million people die
of diseases of the cardiovascular system [5]. Medicines
correcting a person’s perception of exogenous factors,
as well as having a regulatory effect on endogenous
stress mechanisms, can help overcome the devastating
consequences. The advantage of herbal drugs created
on the basis of modern scientific achievements, is the
presence of a wide range of biologically active sub-
stances with multi-directional therapeutic and preven-
tive agents in their composition. In most cases, these
properties are combined with safety and the possibility
of a long-term use. Extractive (total) drugs, biologically
active food additives, separate fractions of biologically
active substances and standardized medicinal prepara-
tions obtained from the medicinal plant materials of the
members of the family Valerianaceae (rhizomes with
valerian roots), Paeoniaceae (Paednia anomala herb,
rhizomes and roots), Hypericaceae (Hypericum perfor-
atum herb), Passifloraceae (Passiflora incarnata herb),
Polemoniaceae (Polemonium coeruleum rhizomes with
roots), Lamiaceae (Leonurum cardiaca herb), which
have pronounced neurotropic, mainly sedative, activi-
ties, are widely known [6]. Meanwhile, the analysis of
the results of numerous scientific studies of medicinal
plant materials carried out in order to expand the range
of drugs with sedative and anxiolytic activites, shows
that the greatest attention is paid to the members of
the family Lamiaceae. The possibilities of creating new
drugs and biologically active additives, therapeutic
and prophylactic agents containing biologically active
substances from raw materials of plant species of the
family Lamiaceae, remain unrealized and need further
comprehensive researches.

THE AIM of this work is to review and analyze the
data published in the modern scientific literature ob-
tained during pharmacological, pharmacognostic and
pharmacotechnological studies of various types of raw
materials obtained from members of the family Lamia-
ceae, which were sources of biologically active substanc-
es, pharmaceutical substances, total extracts and the
drugs with a neurotropic activity.
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MATERIALS AND METHODS

For the review, we used the information of the
scientific literature from open and accessible sources
of the last twenty years, located in the scientific and
technical libraries of institutions, as well as in electron-
ic databases: Elibrary, PubMed, Scopus, Cyberleninka,
GoogleAcademy, J-Stage. The search inquiries were: the
samples of medicinal plant materials based on them as
well as the names of the drugs and biologically active
substances obtained from these raw materials.

RESULTS AND DISCUSSION

The analysis of the publications on plant raw mate-
rials obtained from members of the family Lamiaceae,
extracts or separate classes of biologically active sub-
stances, makes it possible to conclude that they com-
prise about 30 genera.

The data of pharmacological tests on the presence
of the neurotropic effect of medicinal plant materials of
the family Lamiaceae species obtained by researchers
mainly in the process of the study of essential oils, their
components, aqueous and aqueous-alcohol extracts
using the following tests: “The open field”, “Light-dark
chamber”, “Elevated plus maze”, “Staircase», “The tail
suspension test”, “The forced swim test”, “The hole-
board test”, “The rotarod test” [7-10].

In addition to conducting standard tests, the loco-
motor activity of the animals and the duration of the
barbiturates’ effect against the background of taking
the investigated pharmaceutical substances, extracts,
medicinal preparations, etc., have been studied. During
these studies, neurotropic effects in varying degrees
have been experimentally found out: anxiolytic, seda-
tive, antidepressant, hypnotic, or the property of sleep
prolongation. It has been established, that the drugs
obtained from the medicinal plant materials from the
members of the family Lamiaceae L. and having a neu-
rotropic effect, enhance the affinity of gamma-aminobu-
tyric acid (GABA) for GABA-receptors in the subcortical
formations, primarily in the reticular formation, weak-
ening its stimulating effect onto the cerebral cortex [11].

In the course of tests for the presence of the neu-
tropic activity, the objects of the investigation were not
only the crude total extracts, separate classes of biolog-
ically active substances, but also compounds isolated
Bblae/ieHHble B yncTom Buge and obtained by synthetic
and semi-synthetic methods. Flavonoids, triterpenic ac-
ids (ursolic and oleanolic), phenylpropanoids (rosmarinic
and caffeic acids), terpenoids and aromatic compounds
as components of the essential oil (linalool, linalyl ac-
etate, thymol, carvacrol, etc.), alkaloids, alkaloid-like
compounds and iridoids, are most often studied in this
context.

Flavonoids, in most cases flavones, are able to inter-
act with different zones of the GABA-a-receptors and,
due to this, affect their functioning.

Neurotropic properties, expressed to a vary-
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ing degree, were found out in the following fla-

vones: hispidulin (5,7,4’-trihydroxy-6-methoxy-
flavone), apigenin (5,7,4’-trihydroxyflavone),
chrysoeriol (5,7,4’-trihydroxy-3’-methoxyflavone),
luteolin  (5,7,3',4’-tetrahydroxyflavone), scutellarein

(5,6,7,4’-tetrahydroxyflavone), baicalin (7-O-glucuron-
ide 5,6,7-trihydroxyflavone), baicalein (5,6,7-trihydroxy-
flavone), etc.

Flavones interact with the GABA-a receptors, as
well as benzodiazepines; these are ones of the most
commonly used drugs. It is known that when interacting
with allosteric sites of GABA-a, also so-called benzodia-
zepine sites, the influx of chloride ions into the cytoplasm
increases, the inhibitory postsynaptic potential increas-
es, and the excitability of neurons decreases. According
to this mechanism, benzodiazepines and flavones act as
anticonvulsants, providing sedative, hypnotic and anxio-
lytic effects [12].

In the experiments on Wistar rats, caffeic acid
(3,4-dihydroxycinnamic acid) at the doses of 0.5 and
1.0 mg/kg, has an anxiolytic effect without changes in
the locomotor activity in “The open field” and «Elevated
plus maze» tests. It has also a protective effect in cases
of the damage to the brain tissue by hydrogen peroxide
[13].

Rosmarinic acid (caffeic acid dimer) at the doses of
2-4 mg/kg, has an anxiolytic effect, which, when the
dose is increased to 8 mg/kg, is replaced by a stimulating
effect. No effects on long-term and short-term kinds of
memory, have been found out [14].

A neurochemical study showed that caffeic and
rosmarinic acids did not affect the absorption of mono-
amines or the activity of monoamine oxidase; but none
of the studies have revealed the possibility of these
compounds to alter the transmission of monoamines on
their receptor directly [15].

A neurotropic activity has also been established for
essential oils components. When administered intraper-
itoneally, citral has a sedative (100 and 200 mg/kg) and
muscle relaxant (200 mg/kg) effects at the doses of 100
and 200 mg/kg and increases the duration of barbitu-
rate sleep [16]. In the experiment on mice, cineol has an
anti-anxiety (400 mg/kg), antidepressant effect (200 and
400 mg/kg), does not affect the motor activity and re-
duces the latency of sleep caused by the administration
of pentobarbital [17].

Overview of genera and species —

sources of medicinal plant materials

with neurotropic properties

Genus Agastache J.Clayton ex Gronov

The genus Agastache ). Clayton ex Gronov. compris-
es 22 species of perennial medicinal aromatic plants [18]
that live mainly in the North America [19]. Some of these
species are used as spicy aromatic, ornamental and nec-
tareous plants, others are used as raw materials for ob-
taining essential oils and drugs [20].
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In the aerial part of Agastache mexicana (Kunth.
Link.et Epling), the fllowing substances were found
out: malic acid, 7-O-B-D-glucoside, luteolin flavo-
noids,  7-O-B-D-luteolin (6"-O-malonyl)-glucoside,
7-0-B-D-glucoside diosmethine, 7-0-B-D-(6"-O-malo-
nyl)-glucoside diosmetin, 7-O-B-D-glucoside acacetin,
7-0-B acacetin-D-(6"-O-malonyl)-glucoside, acacetin
7-0-B-glucoside-D-(2"-acetyl-6"-malonyl), acacetin, di-
osmetin, gardenin, 5,6,7,8,3-pentahydroxy-4-methoxy-
flavone, 8-hydroxy-salvigenin [21].

An aqueous extract from A. mexicana leaves of ex-
hibits the antidepressant activity [22]. The results of
three different tests (“Elevated plus maze”, “The forced
swim test”, and “The open field”) showed an anxio-
gen-like activity. In the “Elevated plus maze” test, the
extract reduced the time spent by animals in the open
sleeves. The results of “The forced swim test» did not
show any antidepressant effect of the extraction (at the
dose of 12.0 mg/kg) in comparison with the results ob-
tained when using pentylenetetrazole (at the dose of
15 mg/kg) and desipramine (at the dose of 32 mg/kg) as
reference substances. The extract enhanced the antide-
pressant effect of desipramine similarly to the effect of
the sumaltenious administration of pentylenetetrazole
and desipramine. “The open field test” did not reveal
any sedative effect of the aqueous extraction from A.
mexicana leaves in the used doses [23].

Genus Ajuga Benth L.

Genus Ajuga Benth. comprises ca. 80 species of an-
nual and perennial herbaceous plants, common mainly
in temperate zones [18].

Ajuga reptans L. and A. remota Benth. — syn.
A. integrifolia Buch.-Ham, are also of great interest
to researchers. In the aqueous-alcohol extract from
A. remota aerial parts, the following substances were
found out: iridoids (harpagide, 8-O-acetylgarpagide,
2,3-diacetylgarpagide, 6,8-acetylgarpagid-0-2,3-dia-
cetylglycoside, 6-ramnosyl-garpagide, 6-halogen-7,8
dehydrogarpagide) and steroids (ciasterone, ergo-
sterone-5.8-endoperoxide) [24].

The presence of the anxiolytic effect was established
for cisteron steroids and ergosterone-5.8-endoperoxide
from the roots of A. remota [25].

The oral administration of cisterone and ergos-
terone-5,8-endoperoxide (at the doses of 5 mg/kg) iso-
lated from methanol extracts of the underground parts
of A. remota, led to an increase in the duration of the
study in the open sleeves by the animals in the «Elevat-
ed plus maze» test, and in the number of head dives in
«The hole-board test» (P<0.05) compared with the con-
trol group. The same compounds (at the doses of 25
and 50 mg/kg, respectively) showed a dose-dependent
increase (P<0.01) in the number and duration of immer-
sion of the head in the holes, which is comparable to the
anxiolytic effect of diazepam and indicates a potential
use for relief of anxiety [24].
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Genus Anisomeles L.

Anisomeles L. .is a genus of herbaceous plants that
are outwardly similar to the members of the genus
Nepeta L., growing mainly in the countries of Southeast
Asia, in particular, China, India, New Guinea, Australia,
etc.

Anisomeles indica (L.) Kuntze. (syn. Indian catnip,
Indian catnip) is of the greatest interest for researches.
Its chemical composition is represented by the following
compounds: pedalitin, apigenin, methyl gallate, 3,4-di-
hydroxybenzoic acid, calceolarioside, betonioside A,
campneoside Il, acteoside, isoacteoside and terniflorin
[25].

The methanol extract obtained from A. indica aerial
part, was tested on Swiss albino mice for sedative prop-
erties in “The open field” and “The hole-board” tests,
and anxiolytic properties - in the «Elevated plus maze»
test. In “The open field” and “The hole-board” tests, a
dose-dependent decrease in the locomotor activity was
notified. In the «Elevated plus maze» test, the animals
under the influence of the investigated extract showed
an increase in the percentage of time spent in the open
sleeves. The studied extract potentiated thiopental sleep
to a lesser extent than diazepam [25].

Genus Ballota L.

The members of the genus Ballota L. (about 30
species) are perennial herbaceous plants found mainly
in the Mediterranean region [26]. The most studied of
them is Ballota nigra L., common in the European part of
Russia. Flavonoids (rutin, dihydroquercetin), phenylpro-
panoids (verbascoside, forsitoside B, arenarioside, bal-
lotetroside, isoferulic, ferulic, chicoric, cinnamic, caffeic,
chlorogenic acids), coumarins and tannins (epicatechin,
epigallocatechin gallate, catechin, gallic acid) were found
in the composition of the aqueous-alcohol extracts from
B. nigra herb. [27-30]. The herb B. nigra is officinal and
is included in the pharmacopoeias of Britain, France, and
Europe [31].

The antidepressant activity of the aqueous alcohol
extract from B. nigra aerial parts is is associated with
phenylpropanoids [29]. A mixture of phenylpropanoid
glycosides significantly prolonged the sleep induced by
pentobarbital; reduced the locomotor activity in mice
and produced a slowing-down of the electroencepha-
lographic trace [32]. The antidepressant activity of the
extracts from B. nigra aerial parts has been proven by
behavioral tests on albinos rats: «The forced swim» and
«Elevated plus maze») [33]. Affinity tests with rat stri-
ates, the whole brain and the receptor-rich drugs, were
used in order to study the ability of phenylpropanoids
obtained from the aqueous-alcoholic extract of B. nigra
aerial parts, to bind to cBasbiBaTbcA ¢ benzodiazepine,
dopaminergic and morphine receptors. The results
showed that four out of five phenylpropanoids identified
(verbascoside, forsitoside B, arenarioside, ballotetroside
and caffeic acid) are able to bind to the studied receptors
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having a neurosedative effect at the doses from 0.4 to
4.7 mg/ml [29].

Phenylpropanoid derivatives isolated from B. nigra
subsp. Anatolica aerial parts, are of a therapeutic inter-
est as having also an antioxidant activity [34, 35].

Neurosedative properties of aqueous and aque-
ous-alcoholic extracts from aerial parts of B. saxatilis
Sieber ex C. Presl. Species, are widely used in European
medicine [36].

The aqueous extract from the aerial part of B. lar-
endana Boiss. et Heldr., administered intraperitoneally
to albino male rats, showed its anxiolytic activity, and its
antidepressant activity was comparable to amitriptyline
and Passiflora incarnate L. extract [33].

Genus Clerodendrum L.

The genus of plants is the subfamily Ajugoide, fam.
Lamiaceae, comprising approx. 300 species — deciduous
shrubs, small trees, sometimes vines, which grow in the
tropics and subtropics, mainly in Africa, Central America,
Southeast Asia. Some species are grown as ornamental
plants [37].

The ethanol extract from Clerodendrum serratum L.
leaves has an antidepressant effect, without reducing a
motor activity, in an acute stress and an induced depres-
sive behavior in mice.

The antidepressant and anxiolytic activity of the ex-
tract was investigated in “The forced swim” and «The
tail suspension» test. The oxidative effects of the acute
stress and biochemical changes in the brain tissue, were
also evaluated. A preliminary use of the extract for 7
days, can reduce the damaging oxidative effect of the
acute stress and quickly restore the level of norepineph-
rine and 5-hydroxytryptamine in the brain tissue. Flavo-
noids, apigenin and luteolin derivatives, were found out
by HPLC in the butanol and ethyl acetate fractions of the
extract from C. serratum leaves of [37].

Genus Clinopodium L.

Clinopodium L., the genus of herbaceous plants up
to 100 cm high, has about 150 species. The scientific
literature mentions Clinopodium mexicanum Benth Go-
vaerts (Mexican fragrance). Its medicinal raw material is
used as anesthetic and sedative remedies in the tradi-
tional medicine of Mexico [38].

Flavone glycoside  2S-neopincirin  [(2S)-5-hy-
droxy-4’'methoxyflavonone-7-0-{B-glucopyrano-
syl-(1->6)-B-ramnoside}] was found out in aqueous and
methanol extracts from C. mexicanum leaves. In the ex-
periments on mice, it had an anxiolytic effect associated
with an effect on GABA receptors [38].

Genus Dracocephalum L.

The genus of herbaceous plants Dracocephalum L.
has about 60 species occuring in the temperate climatic
zone of the northern hemisphere [39]. The most studied
one is Dracocephalum moldavica L., which is a promising
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medicinal plant. The species grows everywhere in the
Black Sea region, the European part of Russia, in Siberia,
Central Asia, the Far East, China, Mongolia, etc. It was
introduced into the culture as a spicy-aromatic, orna-
mental and medicinal plant. The aerial part of the plant
accumulates up to 0.15% essential oil, which contains up
to 70% citral, as well as geraniol, thymol, nerol [40].

The aqueous extract from D. moldavica aerial part,
dose-dependently reduced a number of transitions in
the avoidance test. This effect can be considered anxio-
lytic; however, the same doses also induced a significant
reduction in the total activity of the mice in “The open
field” test compared to the control group. This behavior
cannot be considered an anxiogenic effect, since it is a
consequence of a decrease in the activity of the animals
due to the sedative effect of the drug. The obtained
results are similar to those observed at a high dose of
diazepam; in them, diazepam also induced a decrease
in the number of transitions between the light and dark
compartments in the avoidance test and overall activity
in “The open field” test.

The aqueous extract from D. moldavica aerial part,
has sedative and muscle relaxant activities, reduces a
locomotor activity and leads to the general inhibition
of the neuron activity in the central nervous system of
the experimental animals. Most likely, flavone glycosides
present in the extraction, contribute to the sedative ef-
fect [41].

Genus Eremostachys Bunge (Phlomoides Bunge)

The genus of Eremostachys Bunge herbaceous
plants includes about 140 species, growing mainly in
Central Asia. The most studied species is Eremostachys
laciniata (L) Bunge —syn. Phlomoides laciniata (L.) Ka-
melin & Makhm. Pronounced sedative properties were
found out in its aqueous-alcoholic extraction from the
aerial part, in which flavonoids were identified (luteolin,
apigenin, 5,8-dihydroxy-6,7-dimethoxyflavone, 5,7-dihy-
droxy-6,8-dimethoxyflavone, luteolin 7- O-B-glucoside)
[42].

In «The forced swim test», the aqueous extract from
E. laciniata aerial parts in vivo at the low doses showed
an antidepressant effect, and at the higher doses - a de-
pressive one.

The authors of the study consider that the antide-
pressant property is associated with the presence of
apigenin derivatives in the extraction of flavonoids. And
a depressive property, expressed in an increase in the
duration of immobility and observed at higher doses of
the extraction, is due to the sedative effect of luteolin.
E. laciniata medicinal raw material can be a potential
source for obtaining antidepressant medicinal prepara-
tions [42].

Genus Hyptis Jacq.

Members of the numerous genus Hyptis Jacq. (up
to 300 species) are represented by annual and perenni-
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al herbs, shrubs and small trees prevalent mainly in the
tropical and temperate zones of North and South Amer-
ica [43]

The aqueous extract from Hyptis spisigera Lam.
leaves has a sedative effect, increases the duration of
sleep induced by diazepam. The sedative activity can be
associated with the presence of components that poten-
tiate benzodiazepine and / or activate GABA receptors
[43].

Genus Hyssopus L.

The genus Hyssopus L. has at least 7 species of pe-
rennial plants, among which there are herbs and shrubs
growing in the Mediterranean, Asia Minor, Middle Asia,
the Caucasus, southern Siberia [40]. Some members
were introduced into the culture as sources of spicy aro-
matic raw materials and essential oils. The most studied
is Hyssopus officinalis L. (Hyssop officinalis), shrub up to
80 cm tall, growing mainly in Africa, Western Asia. It is
cultivated as an essential oil and spicy aromatic plant.
The herb contains an essential oil (up to 2%), flavonoids
(hesperidin, hyssopine, etc.), triterpene acids, bitter sub-
stances, etc. [40].

H. officinalis is official in several European countries.
For a long time, the extracts and essential oil have been
used in diseases of the upper respiratory tract and gas-
trointestinal tract, as well as an antiseptic. Currently, H.
officinalis is the subject of numerous pharmacological
studies. It was established, in particular, that the extract
from the herb obtained by the extraction with 70% alco-
hol in the intragastric administration to white rats, leads
to a significant increase in sleep duration — by 55% rela-
tive to the control (nembutal) and by 52% relative to the
comparison object (alcohol + nembutal) [40].

Genus Lagochilus Bunge

A member of this genus is Lagochilus inebrians
Bunge — a medicinal plant well-known in folk and official
medicine. L. inebrians is a shrub growing in Central Asia,
its areal is very limited. L. inebrians flowers and leaves
contain a typical tetrahydric alcohol lagohillin, tannins
(up to 14%), vitamins, organic acids, essential oil (about
0.03%), etc. L. inebrians aqueous extracts have adapto-
genic, hypotensive and sedative activities, an anticon-
vulsant property, they reduce pain sensitivity, have an
antispasmodic effect. Its infusion and tincture enhance
blood coagulation [45].

The use of medicinal preparations from L. inebri-
ans herbal raw materials gave positive results when ob-
tained in the treatment of neuroses. It was determined
that they normalize the balance between inhibition and
excitation in the nervous system, inhibit the vestibular
analyzer, which has been successfully used in the treat-
ment of Meniere’s disease. Thanks to the sedative effect
of L. inebrians, reduce blood pressure [45]. Previously,
L. inebrians medicinal preparations were used in medi-
cal practice; nowadays the State Register of the Russian
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Federation does not include these drugs from L. inebri-
ans medicinal plant materials [6].

Genus Lallemantia L.

The genus Lallemantia L. comprises several species;
the most famous of them are: Lallemantia iberica F. et
M., L. royleana (Benth. In Wall.) Benth. (l. Royle) and L.
canescens L. (l. grayish) [46].

Asia Minor, Transcaucasia, Iran and the mountain-
ous regions of Turkmenistan are considered the habitats
of Lallemantia where it has long been widespread as a
wild-growing and a weed-field plant, most often in flax
crops. In the wildlife species, B gukom Buae Lallemantia
is found in Syria, Mesopotamia, Afghanistan, as well as
in the Crimea, in the south of Ukraine, along the eastern
coast of the Caspian Sea and in the North Caucasus [46].
Lallemantia fruits contain fatty oil, therefore /. Iberian’s
oilseed is cultivated in the countries of the Middle East.

Sugars (mannitol 14.78%, saccharose caxaposa
9.36%), fatty oil and fatty acids, essential oil, coumarins,
flavonoids, alkaloids were found in the aqueous-metha-
nol extract from L. royleana fruits [47]. Fatty oil contains
the following acids: linoleic (up to 26%), palmitic (up to
10%), oleic (up to 60%), stearic (about 3%), etc. Aqueous
and aqueous-alcohol extracts from fruits are used with
insomnia, increased nervous excitement, as well as dis-
eases of the gastrointestinal tract [47].

In the study by Hyder et al., the anxiolytic and sed-
ative effects of the aqueous-methanol extract from L.
royleana fruits were studied (after the removal of the
extractant) in mice. To test the anxiolytic activity, the fol-
lowing tests were used: “The open field test», “The hole-
board test”, “Elevated plus maze”, “Light-dark chamber”
and “Stairscase”, the reference drug was diazepam. The
results showed that the test extract has an anxiolytic ef-
fect, maximally expressed at the dose of 250 mg/kg [47].

Genus Lavandula L.

The genus Lavandula L. is represented by perennials,
mainly semi-shrubs, has about 50 species, distributed
mainly in the Mediterranean [48].

The most common and actively studied species is
Lavandula angustifolia Mill., syn. L. officinalis Chaix. This
is a perennial, evergreen, highly branched shrub, 60-70
cm high, widely grown as an aromatic and medicinal
crop. Shoots, leaves and inflorescences contain essential
oil up to 2%, in the composition of which linalool (up to
80%) and its esters, linalyl acetate, terpinen-4-ol, laven-
derulol acetate, octimene, cineole have been found out;
anthocyanins, phytosterols, tannins have been detect-
ed in the aqueous-alcoholic extract [48]. L. angustifolia
extracts from flowers and essential oil are used in the
traditional medicine for migraines, neurasthenia, as an
anticonvulsant and a sedative drug. In the study carried
out on pigs, the anxiolytic activity has been confirmed.
A significant decrease in the motion sickness and stress
in the animals during transportation (measured by the
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concentration of cortisol in saliva) was observed in the
animals when the floor of the vehicle was covered by
lavender (L. angustifolia) [49].

Aqueous and aqueous-alcoholic extracts from L. an-
gustifolia aerial parts (at the doses of 100-400 mg/kg),
which were studied in comparison with fluoxetine, had
an antidepressant effect. In the mice, the duration of im-
mobility was significantly reduced in «The forced swim
test» and «The tail suspension test». The inhalation of
L. angustifolia flowers essential oil, induced an increase
in the level of serotonin and its metabolites in pregnant
women’s plasma during childbirth [50].

Clinical trials on the study of the hypnotic proper-
ties of L. angustifolia flowers essential oil have shown
an increase in sleep time with its use. A clinical study of
a group of 245 people was conducted. 72% of patients
inhaling lavender oil, experienced a healthy sleep, unlike
11% in the control group. About 80% of the study partic-
ipants reported overall well-being, in contrast to 25% of
those in the control group [49].

Besides L. angustifolia, L. spica L. (syn. L. latifolia Me-
dik.) extracts from the aerial parts are also widely used
in traditional medicine for the treatment of asthenia and
depression. L. spica flowers contain essential oil with a
higher content of camphor and cineole, in comparison
to the content of L. angustifolia flowers essential oil. A
liquid extract obtained from L. spica flowers (the extract-
ant was 40% ethyl alcohol), has an established sedative
activity. It was notifed that the activity of the extract is
associated with the presence of lavenderoside phenyl-
propanoid (4-0-B-D-glucopyranoside 4-hydroxy-3-me-
thoxy cinnamic acid) in its composition. In addition to
these substances, flavonoids cinaroside and cosmosiin
were also found in L. spica flowers [51-53].

Another species studied as a promising medicinal
plant is L. stoechas L., which is common and cultivated
in the Mediterranean countries. A sedative and hypnotic
effect was established in water-methanol extraction (af-
ter removal of the extractant) from L. stoechas flowers
— it contributed to an increase in the duration of pent-
abarbital sleep in mice by analogy with diazepam [54].

Genus Leonotis L.

This genus of perennial herbaceous plants amounts
to 9 species, most of which grows in tropics, mainly in
South Africa [55]. The most studied species is Leonotis
nepetifolia L., which is common in tropical Africa and
South India. Extracts from its stems are used in tradition-
al medicine as a sedative drug. Methanol extract (after
removal of the extractant) obtained from L. nepetifolia
stems, in intraperitoneal administrationat to the mice at
the doses of 37.5 mg/kg, 75 mg/kg and 150 mg/kg was
studied. It was established that the mass content of LD_,
is 3.8 g/kg. The results showed that in all the studied
doses, the extract did not have a noticeable effect on the
research activity and coordination of the animals’ move-
ments. However, at a dose of 150 mg/kg, it induced a
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significant decrease in the number of collected grains
in the “Staircase” test, which was also observed with
the administrationat of an anxiolytic dose of diazepam,
and also significantly increased the duration of sleep in-
duced by diazepam. Preliminary phytochemical analysis
showed the presence of alkaloids, saponins, glycosides
and triterpenoids in the extract. The results obtained
indicate that the crude methanol extract from L. nepeti-
folia stems has an anxiolytic activity, which explains the
traditional use of the decoction of this plant as a seda-
tive and tranquilizing agent [55].

Genus Leonurus L.

The Leonurus L. genus of perennial, or biennial plants,
includes about 25 species growing around the world: in
Europe, Asia, Africa and America; 13 species are found
in Russia [56]. The most famous European members of
the genus are Leonurus cardiaca L. and L. quinquelobatus
Gilib., and in East Asia it is L. japonicus Houtt.

For a long time, the drugs obtained from the herbs
of these species, have been widely used in traditional
and official medicine for anxiety, neurosis, insomnia, as a
sedative remedy, for epilepsy, and for the treatment and
prevention of cardiovascular diseases [57]. In Leonurus
L. agueous-alcohol extracts, iridoids responsible for sed-
ative and hypnotic properties were discovered: mono-
terpene compounds with partially hydrated cyclopenta /
s / pyran system (ayugol, ayugozid, harpagide, harpagide
acetate), phenylpropanoids (coffee, ferricoric acids),
flavonoids (rutin, hyperoside, quercetrin), nitrogenous
bases (leonurine and stachidrin or leonuricardin), tan-
nins [58-60].

The State Register of Medicines of Russia includes
Leonurus L. medicinal plant material for the preparation
of the following infusions and medicines: Leonurus L.
tincture, Leonurus L. extract, Lily of the valley- Leonurus
L. t drops, Corvalol Neo (diphenhydramine + peppermint
oil, oil + Leonurus L. tincture + ethyl bromisovalerianate),
«Corvalol Fito» (peppermint leaf oil + Leonurus L. tinc-
ture + ethyl bromizovalerianate), «Leonurus L. Forte
Evalar» (Leonurus L. + [magnesium asparaginate + pyr-
idoxine]), «Calming collection No. 3» (Valerianae offic-
inalis rhizomata cum radicibus+meliloti herba+Origani
vulgaris herba+leonuri herba+Thymi serpyllum herba)
[6]. Medicinal plant preparations obtained from L. quin-
quelobatus, have sedative properties, regulate the func-
tional state of the central nervous system, lower blood
pressure, slow down the rhythm and increase heart rate
[61]. The mechanism of neurological action of L. cardi-
aca and L. japonicus extracts is based on the interac-
tion with the GABA-a receptor [62]. Neuromodulating
and neuroprotective effects of L. japonicus extract are
associated with the presence of (leonurine, stachydrin)
and triterpenoids (leonuruzoleanolide A) in their com-
position, and a sedative effect is associated with iridoids
(stegioside). L. japonicus tincture also inhibits 5-HT3A
receptors, the antagonist of which is Leonurin with an
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IC50 of 2.17 + 0.15 mM. Since this receptor is involved
in gastrointestinal motility disorder, L. Japonicas medi-
cations can be used to treat vomiting and nausea. [63].

Due to the ability to reduce mental stress, L. Japo-
nicas drugs are used as sedative remedies for increased
nervous excitability, in the early stages of hypertension
and sleep disorders. Like other sedatives, they are able
to facilitate the onset of natural sleep.

The neuroprotective effect of the synthesized alka-
loid-like nitrogenous base of leonurin on nerve cells in
the model of an ischemic stroke in rats, is mainly due to
a decrease in the formation of the active oxygen forms,
which supports a correct functioning of mitochondria
and, therefore, apoptosis is inhibited. It is supposed
that leonurin can be used to prevent and treat ischemic
strokes due to its antioxidant properties and participa-
tion in the mechanism of apoptosis [64].

L. quinquelobatus drugs have not only a sedative but
also antidepressant effect [61, 65]. In the experiments
on rabbits and mice, the sedative effect of L. Japonicas
tinctures was confirmed. Phenolpropanoid lavandulifoli-
oside was isolated from L. cardiaca var. vulgaris Briquet
butanol fraction. It has a pronounced negative chrono-
tropic activity (reduces heart rate), the ability to change
the parameters of the electrocardiogram (ECG), namely,
to extend the intervals of the P-Q and Q-T QRS complex
(ventricular complex) and reduce blood pressure. In his
study, it was also established that it was not responsible
for the sedative effect, since even at the doses of 800
and 1600 mg/kg only slightly reduced the mobility of
mice [64]. Unlike the total butanol extract, lavandulifo-
lioside does not reduce spontaneous locomotor activity,
therefore its properties do not reflect all the pharma-
cological effects of L. cardiaca drugs [66]. Significant
sedative effect was observed under the influence of L.
cardiaca extract obtained with 30% ethanol. In the «EI-
evated plus maze» test, the extract increased the time
spent by mice in open sleeves by 4 times, decreased a
spontaneous activity twice, and increased the duration
of sleep induced by barbiturates by 3 times. Similar-
ly, the aqueous extraction of L. cardiaca was studied,
which, when administered intraperitoneally, induced a
decrease in motor activity in mice [64]. In the study [67],
the authors compared the sedative activity of mother-
wort and valerian tinctures on rabbits with electrodes
on their hind legs.

The values of the direct current intensity required
to contract flexor muscles after the administration of
tinctures were measured. It was found out that under
the influence of the motherwort tincture there is an in-
crease in the measured values to a greater extent than
under the influence of the valerian tincture, which is as-
sociated with its strong inhibitory effect on the central
nervous system [67].

The Iridol oil extract was worked out from L. cardia-
ca, L. quinquelobatus, then standardized by the content
of iridoids in it and packaged in soft gelatin capsules.
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In the experiments on the outbred male rats, the
anxiolytic activity of Iridol was established, comparable
with the effect of diazepam. During clinical observations
it was found out that the studied drug increases the ef-
fectiveness of complex therapy in the treatment of ar-
terial hypertension accompanied by psychoemotional
disorders, reduces the dose of antihypertensive drugs,
while the activity of the new drug exceeds that of L. car-
diaca, L. quinquelobatus tincture [59].

L. cardiaca oleoresin was administered to 50 pa-
tients (300 mg 4 times a day for 28 days) with the first
(22 patients) and second (28 patients) degrees of hyper-
tension and symptoms such as anxiety and sleep distur-
bances.

In the patients with the first degree of hypertension,
a reduction in symptoms of anxiety, emotional instabili-
ty, headaches and sleep disturbances was achieved. Af-
ter 21 days, there was a significant decrease in the level
of blood pressure and its normalization (from 145/96 to
130/87), the patients’ state of health and mood were
improved, their activity increased and the fatigue de-
creased. A decrease in heart rate (from 81.7 to 75.4)
was not statistically significant. A significant lowering
of blood pressure (from 153/103 to 142/92) in patients
with the second degree of hypertension, occurred a
week later than in the first group. The psycho-emotion-
al state of patients (anxiety, emotional pain, headaches
and sleep disturbances) improved seven days before
lowering blood pressure. Antihypertensive, anxiolytic
and soothing effects could be induced by Leonurus car-
diaca iridoid extracts [64].

Clinical researches. Arushanyan et al. studied the
effect of Leonurus L. tincture and benzodiazepine anxio-
lytic grandaxin on anxiety and light perception in clinical
trials in 26 volunteers with increased anxiety. The vol-
unteers were divided into three groups, and a control
group consisted of 12 patients without emotional dis-
orders. It was established that in its activity, grandaxin
slightly exceeded Leonurus L. tincture [68].

In randomized clinical trials, the sedative effect of
Leonurus L. drugs was established. It was expressed in
improving the quality of sleep, reducing the frequency
of awakenings and nightmares, as well as in the general
psycho-emotional state. Neurotropic effects were ac-
companied by a decrease in blood pressure [64].

In a double-blind randomised clinical trial, the seda-
tive effects of tablets containing Leonurus L. (50 mg), va-
lerian rhizomes with roots (170 mg), menuccei balm lem-
on leaves (50 mg) and hop fruit systems (50 mg) were
compared with a placebo. The study group consisted
of 50 males (the average age was 45.6 years) suffering
from alcohol withdrawal syndrome with sleep disorders
(from mild to severe insomnia), anxiety and irritabili-
ty. The patients, divided into two groups, received the
preparation an hour before bedtime, once a day, and the
next day they were given a placebo. Compared with the
placebo, a significant improvement in sleep quality and
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a decrease in the frequency of awakenings and night-
mares proved a mild sedative effect of the product used;
however, it caused drowsiness the following day. Moth-
erwort could, therefore, be helpful, to some extent, in
disorders associated with alcohol abstinence.

A study to determine if the administration of seda-
tives, including Leonurus L. tincture, decreases the lim-
itation of the retina ability to distinguish colours caused
by the state of anxiety, was also carried out. The exper-
iment involved 26 healthy volunteers with a diagnosed
state of nervous anxiety. They were divided into three
groups, and a control group consisting of 12 patients
without emotional disorders. A decrease in anxiety and
an improved ability to distinguish colours, both after the
application of tofizopam (benzodiazepine derivative) (for
10 days) and Leonurus L. tincture, were registered, yet
the anxiolytic effect of tofizopam persisted longer (up to
one month after cessation) in comparison with the tinc-
ture. The positive effect of the treatment on vision, may
have resulted from an impact on the GABAergic system
in the retina and the brain structures connected with it.

In another experiment, 21 young patients (divided
into three groups) with mild symptoms of anxiety and
depression, were given melatonin, Leonurus L. tincture
or placebo for 10 days (the control group was made up
of 10 healthy volunteers). The quality of sleep and the
emotional state of the patients, as well as the function
of their retina, i. e., the threshold of excitability of light
stimuli and the time of the sensorimotor reaction of the
vision process, were evaluated before and after the use
of the drugs. The administration of melatonin led to the
increased sensitivity of the retina to light and an accel-
erated sensorimotor reaction. The effect of Leonurus L.
tincture on the vision process after the administration of
Leonurus L., was statistically insignificant, and the sleep
quality improved only in some patients. The anxiolytic
activity of Leonurus L. tincture was confirmed, but it was
weaker compared to melatonin.

Genus Leucas L.

The genus Leucas L. has more than 130 species of her-
baceous plants that are widely distributed in Africa, South
and East Asia, India, China, Japan, and the islands of the
Indian Ocean. In the scientific literature, studies of Leucas
lavandulifolia Sm. methanol extract in mice and rats using
models of psychopharmacological profiles, are referred to.
The extract contains alkaloids, flavonoids, phenols, tannins,
carbohydrates, proteins and amino acids, and in the exper-
iments it showed a decrease in the animals’ spontaneous
motor, search and muscle kinds of activity, as well as poten-
tiation of pentabarbital sleep in the mice [69].

Genus Lycopus L.

The genus Lycopus L. has 21 species of perenni-
al herbaceous plants. The most famous and studied of
them is Lycopus europaeus L., which is found throughout
Europe, the European part of Russia and Siberia [70].
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In “The hole-board test” the methanol extract from
L. europaeus aerial parts (after the removal of the ex-
tractant) containing flavonoids, terpenes, saponins, has
a pronounced sedative effect at the doses of 200, 400
and 600 mg/kg (p.o.). In that extract, diazepam was used
as a reference drug. At the doses of 800 and 1000 mg/kg,
the extract increases the duration of thiopental sleep.
Thus, it was found out that methanol extract has pro-
nounced sedative and hypnotic effects, which confirms
the possibility of its therapeutic use for insomnia [70].

Genus Melissa L.

The genus Melissa L. includes, according to various
authors, from 2 to 10 species [71, 72]. The greatest ap-
plication as a spicy aromatic, food and medicinal culture
is Melissa officinalis L. The place of M. officinalis origin
is the eastern Mediterranean region, where it is found in
wild nature [73-76]. It is also cultivated in many coun-
tries of the world, where it is included in the registers
of pharmacopoeial and aromatic plants [73, 77-80]. In
Russia, it is officially included in the State Pharmacopoe-
ia (14-th ed.) [81].

In medicine, M. officinalis aqueous extracts have
been used for thousands of years as they have sedative,
anxiolytic, antidepressant, antispasmodic, immunomod-
ulating, antiviral, antimicrobial, antioxidant and antial-
lergic properties [82, 83].

M. officinalis aerial part contains essential oil (0.02—
0.20%). Its main components are: citral, geranial, citro-
nellal, neral, geraniol [85]. In addition to the essential oil,
the aerial part of the plant contains phenylpropanoids
(rosmarinic and caffeic acids, etc.), flavonoids (apigenin,
cosmociin, luteolin, cinaroside, etc.), tannins and cou-
marins [72, 75, 86-92].

In the experiments on mice, the sedative effect of
M. officinalis extract of the aerial parts, was discovered
by French scientists in 1889 [92]. The total crude extract
obtained from M. officinalis extract induced sleep when
a prehypnotic dose of pentobarbital was administered,
and lengthened sleep after a hypnotic dose of pento-
barbital [78, 79, 93]. In Lin et al [94], the antidepressant
activity of M. officinalis aqueous extract was established
by its effect on the behavior of rats under the conditions
of «The forced swim test».

The behavioral effects, activ and subactive, p.o. ad-
ministration of M. officinalis ethanol extract (after the
removal of the extractant), were evaluated in Wistar
male rats in the «Elevated plus maze», «The forced swim
« and «The open field» tests. Diazepam and fluoxetine
were used as reference preparations. As a result, it was
established that the psychoactive properties of M. offic-
inalis extracts can provide a unique pharmacological al-
ternative for the treatment of certain mental disorders;
however, the efficacy appears to depend on both gender
and duration of the administration [95].

In a double-blind, randomized, placebo-controlled
clinical trial, the efficacy and safety of lyophilized dried
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aqueous extract from M. officinalis leaves in adults suf-
fering from mild tachycardia, were evaluated. The re-
sults showed that a 14-day course of treatment with the
study drug, reduces heart rate and significantly reduces
anxiety in patients, compared with placebo. It has been
established that a continuous use of such an extract
relieves stress. In addition, it does not have any pro-
nounced side effects [96].

In another study, the effect of a continuous admin-
istration of the same extract was studied. Hereby, with
moderate stress factors, the presence of an anxiolytic
effect not changing the level of activity, was established
[97].

In a double-blind, placebo-controlled, randomized
study, the ability of M. officinalis total extract in a single
dose of 600 mg to alleviate symptoms of laboratory-in-
duced stress in healthy individuals, was found out. The
most likely mechanism of M. officinalis drug action, is
inhibition of the acetylcholinesterase in the central ner-
vous system and a decrease in the activity of nicotinic
and muscarinic receptors in the cerebral cortex [98].

Genus Mentha L.

The genus Mentha L. includes 25 species of peren-
nial herbaceous plants [19]. The aerial part of the mem-
bers of the genus is characterized by a high essential oil
content, in the composition of which menthol, its esters
and related compounds, as well as a-pinene, limonene,
cineole, dipentene, pulegon, B-fellandren, etc. were
found out [99, 100].

Flavonoids (naringenin, hesperidin), tannins, organ-
ic acids, carotenoids, and other biologically active sub-
stances were found out in the aerial parts and in Mentha
L. aqueous extracts [101, 102]. The plants of this genus
are widespread throughout the world, they are used in
cooking and food industry as a spicy aromatic culture.
The most studied and widely cultivated is Mentha piper-
ita L. (peppermint) — a pharmacopeia species obtained
by hybridization and consisting of many varieties.

M. piperita leaves serve a source of the essential
oil and menthol. M. piperita infusion of leaves and col-
lections containing leaves, has sedative, antispasmodic,
choleretic, antiseptic and anti-inflammatory properties.
The administration of M. piperita leaves extract to lab-
oratory animals for 5 weeks, eliminates the effect of
stress on plasma corticosterone and the metabolism of
serotonin and dopamine in the brain, and the reduction
in the animals’ anxiety was also registered. The results
are consistent with the anti-stress effect of M. piperita
and suggest the role of cerebral serotonin and dopamine
[104].

Mentha arvensis L., characterized by polymorphism,
is of the greatest interest of the wild species of mint. It
is very widespread in Russia and neighboring states in
the temperate climate zone. M. arvensis infusion is used
in traditional medicine as a sedative and appetite en-
hancer.
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M. arvensis chemical composition is represented
by essential oil (monoterpenoids and sesquiterpenoids:
menthol, isomenthol, pinene, myrcene, linalool, gerani-
al, camphene, sabinene, limonene), flavonoids (linarin),
higher fatty acids (linolenic, linoleic, oleinic) [60].

It was notified that M. arvensis methanol extract
from the leaves, potentiates pentabarbital-induced
sleep [104].

Another member of this genus, investigated for the
presence of neurotropic activity, is M. aquatica L., which
grows in moist soil or along streams, and is widespread
in Europe, Northwest Africa, central Russia and Asia.

Naringenin (5,7,4’-trihydroxyflavanone), isolated
from M. aquatica aerial parts, has a pronounced anxi-
olytic effect. Intraperitoneally administered at the dose
of 100 mg/kg, naringenin led to a significant decrease
in basic and fine motor skills (P<0.05). The combination
of naringenin (100 mg/kg) with midazolam (1.5 mg/kg)
led to more significant anxiolysis compared to naringen-
in (100 mg/kg) with flumazenil at the dose of 3 mg/kg
(P<0.05) [105].

Genus Nepeta L.

The genus of annual and perennial Nepeta L herbs,
has about 250 species found in the temperate climatic
zone of Europe, in Asia, North Africa, in the mountains of
tropical Africa, etc. [72]. The main attention of research-
ers is drawn to Nepeta cataria L. (catnip), a perennial
herbaceous plant found in the wild and also introduced
into the culture. The aerial part of N. cataria contains
up to 3.0% of essential oil containing more than 70% of
nepetalactone, as well as terpineol, borneol, menthol,
isomenolit, pinene, citral, linalool, geranial, camphene,
sabinen, limonene. Tannins, flavonoids, phenylpro-
panoids, iridoids (nepetalactone, epinepeta-lactone,
methylnepetonate), terpenoids, saponins were found in
N. cataria aqueous-alcohol extract [60, 106]. Grown as a
spicy aromatic culture, the infusion of Nepeta L herbs is
used in folk medicine.

In addition to N. cataria, N. grandiflora Bieb and
N. persica Boiss are of interest, too. Aqueous-alcohol
extracts with an anxiolytic activity were obtained from
their aerial parts [107]. N. persica also contains essen-
tial oil in which ne-petalactones and linalool were found
out [108, 109]. Nepetalactones contained in essential oil
from herb of representatives of the genus Nepeta L. pos-
sess anxiolytic, sedative and hypnotic activity [108, 109].

In Rabbani et al. (107), the effect of the aqueous—
alcohol extract from N. persica aerial parts on the be-
havior of the laboratory animals in the «Elevated Plus
Maze» test was investigated. When intraperitoneally
administered to male NMRI mice, the studied extract at
the dose of 50 mg/kg significantly increased the number
of entries and the time spent in the open sleeve. This
dose did not affect the locomotor activity of the animals
and the duration of their sleep induced by ketamine. At
the dose of 100 mg/kg, the extract increased the loco-
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motor activity. Thus, it was established that the extract
from N. persica aerial parts at the dose of 50 mg/kg, has
an anxiolytic effect with less pronounced sedative and
hypnotic effects than diazepam, and induces non-specif-
ic stimulation at the dose of 100 mg/kg [107].

N. cataria essential oil and nepetalic acid, signifi-
cantly increased sleep induced by hexobarbital [110].

N. cataria aqueous—alcohol extracts showed two-
phase effects on chick behavior: low and moderate dose
levels (25-1800 mg/kg) led to an increase in the number
of chicks falling asleep, while high dose levels caused a
decrease in their number [111].

In Formisano et al. [112], the object of the research
was N. sibthorpii Benth, a perennial herbaceous plant
distributed in Greece, southern Albania and in south-
eastern part of former Yugoslavia (now Northern Mace-
donia). In the experiments on rodents for the presence
of a neuropharmacological activity, the preparations ob-
tained from the herb were studied — the methanol ex-
tract (after the removal of the extractant), essential oil
and the essential oil fraction containing epinepetalac-
tone. All the drugs made changes in the general picture
of behavior and potentiation of sleep induced by sodium
pentobarbital. CNS depression is most likely associated
with GABA-mediated effects of epinepetalactone. A sed-
ative activity of ursolic acid isolated from N. sibthorpii
herb, was also evaluated in mice. When administered
orally at the dose of 2.3 mg/kg, ursolic acid had a signif-
icant depressant effect on the central nervous system. It
was manifested in a decrease in the spontaneous motor
activity [113].

N. sibthorpii ursolic acid isolated from the herb, has
sedative and anticonvulsant effects [113]. The ursolic acid
activity can be mediated through the GABA-energy system
because it increases the waiting time for attacks induced
by pentylenetetrazole (PTZ), a GABA-a receptor antago-
nist. In addition, ursolic acid exhibits a moderate affinity
for the GABA-a receptor benzodiazepine site [112].

The paper presents data from a study of extracts
from herb N. glomerulosa Boiss. — the total extract and
its fractions — water, ethyl acetate and butanol. Studies
were conducted in mice, it was found that all studied ex-
tracts at a dose of 50200 mg/kg increased the duration
of sleep induced by diazepam [113].

In Hosseini et al. [113], the data on the study of N.
glomerulosa Boiss. (K. glomerular) extracts — the total
extraction and its fractions (aqueous, ethyl acetate and
butanol) are given. The studies were conducted on mice.
It was found out that all the studied extracts at the dose
of 50-200 mg/kg increased the duration of sleep in-
duced by diazepam.

Clinical study. N. menthoides lyophilized aqueous
extract was used in the treatment of depression. Twen-
ty-two patients participated in a double-blind, random-
ized, controlled trial between April and September
2015. The patients were from two psychiatric clinics at
Shiraz Medical University (Republic of Iran). Based on
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the structured clinical survey, as defined in the Diagnos-
tic and Statistical Manual of Mental Disorders (5th ed.),
the patients met the basic criteria for depression. They
were randomly grouped to take N. menthoides extract or
sertraline for 4 weeks. Compared to the control group, in
the group receiving N. menthoides extract, the average
values of the Beck questionnaire for detecting depres-
sion were significantly higher. In this group, which was
examined within 2 weeks after the intervention, a lower
relapse rate was detected. As a herbal formulation, the
extract can be successfully used to normalize mood in
patients with severe depression, since it was established
that N. menthoides lyophilized aqueous extract has an
antidepressant effect and prevents the relapse of de-
pression [114].

Genus Ocimum L.

The members of the genus Ocimum L. are annual,
less frequently short-living perennial herbaceous plants,
sometimes sub-shrubs that grow wild in South America,
Iran, China, the south of European Russia, the Caucasus,
Central Asia and the Far East. Ocimum L. is cultivated in
Western Europe, Asia, Africa, America. The genus has
about 70 species. The greatest attention of researchers
is drawn to Ocimum basilicum L., O. sanctum L. — syn. O.
tenuiflorum L. (Tulsi) and O. gratissimum L. [115].

0. basilicum flowering aerial part (herb) contains
1.0-1.5% of essential oil, the main components of which
are monoterpenes of a phenolic nature, anthocyanins,
as well as phenolic glycosides, organic acids, vitamins,
etc. [115]. The neurotropic properties of O. basilicum
aerial part are associated with phenolic compounds and
the essential oil containing methylchavicol (42.8%), ger-
anial (13.0%), neral (12.2%) and B-caryophyllene (7.2%)
[117]. O. basilicum is widely grown to obtain spices, its
aqueous extract is used in folk medicine.

In the experiments on animals, anxiolytic, sedative,
antidepressant, antistress effects of Ocimum L. essential
oil and extracts from herbal raw materials of the species
of the genus were established.

In experiments on the anxiolytic and sedative ac-
tivities, the male Syrian mice were injected intraperito-
neally with O. basilicum aqueous-alcohol extract at the
doses of 100, 150 and 200 mg/kg and essential oil at the
dose of 200 mg/kg 30 minutes before the test. It was
found out that anxiolytic and sedative effects of the es-
sential oil are higher than those of the aqueous-alcohol
extract with the same doses. The extraction at the doses
of 150 and 200 mg/kg and the essential oil at the dose of
200 mg/kg significantly increased the time spent by the
mice in the open sleeves compared to the control group.
None of the doses had a significant effect on the number
of entries in the open sleeves. The aqueous-alcohol ex-
tracts, like the essential oil, reduced a locomotion of the
mice compared to the control group [116].

An aqueous-alcohol extraction from O. basilicum
leaves (in the author’s designation “Sent-Ocim”) pre-
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vents a depressive behavior in the rats sensitized with
ovalbumin [117]. The animals were divided into three
groups: the first was control, its animals were injected
with saline, the second one was sensitized with ovalbu-
min, hereby, the extract was not used. The third group
was divided into three subgroups, which were injected
with hydroalcoholic extracts at the doses of 50, 100
and 200 mg/kg (Sent-Ocim 50, Sent-Ocim 100 and Sent-
Ocim 200) against the background of sensitization with
ovalbumin. In the «The open field» test, the number
of intersections of the central zone was observed, the
avoidance of which was directly associated with depres-
sion. The number of intersections of the central zone by
the sensitized group animals was lower, and the number
of intersections in the peripheral zone was higher than
in the control group (P<0.05-P<0.01). The influence of
Sent-Ocim 200 extraction significantly increased the
number of intersections of the central zone (P<0,05),
and in the subgroups with Sent-Ocim 50, Sent-Ocim 100
and Sent-Ocim 200, the number of intersections in the
peripheral zone was lower than in the sensitized group
(P<0.01-P<0.001). In the «The forced swim test», the
immobility time in sensitized rats was higher, and the
swimming and climbing times were lower than in the
control group (P<0.05-P<0.001). In the animals of Sent-
Ocim 200 group, the mobility was higher, just as the du-
ration of swimming and climbing compared to the sensi-
tized animals (P<0.01-P<0.001) [117].

0. gratissimum is an aromatic medicinal plant found
in wild nature or cultivated throughout the tropics and
subtropics. Hybrid O. gratissimum and O. menthifolium
Hochst is known as b. eugenolic, which is a medicinal
and spicy aromatic culture. It is used in official and tra-
ditional kinds of medicine. B. eugenol fresh leaves and
inflorescences contains up to 0,6% of the essential oil. Its
main component is eugenol and its esters [118].

A study on male albino mice showed that the meth-
anol fraction of the extract obtained from O. gratis-
simum fresh leaves, has anxiolytic properties [118]. In
order to detect sedative, anxiolytic, antidepressant and
motility-coordinating effects of the influence of O. gra-
tissimum essential oil on mice, the tests were performed
using the “The open field», “Light-dark chamber”, “The
rotarod” and “The tail suspension” tests. The essential
oil demonstrated calming, anxiolytic and antidepressant
effects in mice and did not cause harmful effects on their
motor coordination, which attributed by the authors to
the synergistic effect of the components of O. gratissi-
mum essential oil [119].

A spontaneous sedative effect was found in O. gra-
tissimum essential oil of the thymol chemotype, which
was rich in thymol and p-cymone and did not contain
eugenol or 1,8-cineole. The authors also associate the
observed effect with the synergistic interaction of the
essential oil components [120].

0. sanctum is widely-spread in India as a spicy aro-
matic culture. In Ayurvedic medicine, drugs are obtained
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from its aerial part. Flavonoids (circilineol, cirsimaritin,
isotimusin, apigenin), phenylpropanoids (rosmarinic
acid) were found out in the aqueous-alcohol extraction
from the aerial part. Eugenol was found out in the com-
position of the essential oil [117].

0. sanctum extract from the leaves, induced a de-
crease in the duration of the state of immobility in ro-
dents. This effect was enhanced under the influence of
bromocriptine, an agonist of the dopamine D2 receptor,
and was blocked by haloperidol and sulpiride, antago-
nists of the dopamine D2 receptor, which indicates that
the antidepressant activity of the studied extract is as-
sociated with the involvement of the dopamine system
and weakening of stress-induced changes associated
with stress reduction serotonin in the brain in rodents
[121].

0. sanctum extract obtained with 70% ethyl alcohol,
showed the anti-stress activity in rats exposed to noise.
In this study, Wistar albino rats were exposed to 100 dB
broadband white noise 4 hours a day for 15 days. The
analysis of norepinephrine, adrenaline, dopamine and
serotonin contents in discrete regions of the rats’ brain,
performed by high-performance liquid chromatography
(HPLC), indicates that a 15-day exposure to the noise
stress can change the concentration of biogenic brain
amines. The administration of O. sanctum extract had
a normalizing effect on the discrete areas of the brain,
controlled the change in neurotransmitter levels result-
ing from noise stress, thereby confirming the presence
of the antistress activity in the extract [122].

The methanol extract from O. sanctum roots (after
the removal of the extractant), was studied using «The
forced swim» model. The intraperitoneal administra-
tion of the extract at the dose of 400 mg / kg increased
the duration of swimming, which is associated with the
antistress activity of the extract, while the effect was
comparable to that of deschipramine, an antidepressant
[123].

In the in vitro experiment it was established that
the antistress activity of O. sanctum herbal raw material
extracts is associated with inhibition of cortisol release,
blocking of the CRHR1 receptor, and inhibition of the
activity of type 11B-hydroxysteroid dehydrogenase and
catechol-O-methyl transferase [124].

Genus Origanum L.

The genus Origanum L. has about 40 species and 18
hybrids, most of which are perennial herbaceous plants
and shrubs, common in the eastern Mediterranean re-
gion [125].

Medicinal preparations based on Origanum vulgare
L., are most widely used in folk and official medicine.
In the aerial part, collected in the blossom period, the
essential oil was found. It contained aromatic com-
pounds (thymol, carvacrol, thymyl acetate, eugenol,
trans-anethole thymol and carvacrol), monoterpenoids
and sesquiterpenoids (terpineol, borneol, menthol, iso-
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mentol, pinene, citral, linalool, geranial, camphene, sa-
binene, limonene), triterpenoids (squalene, ursolic and
oleanolic acids), steroids (sitosterol, daukasterin), carbo-
hydrates (stachyose, raffinose), lignans (origalignanol),
phenolpropanoids (rosmarinic ferulic, caffeic, protocat-
echuic), flavonoids (luteolin, apigenin, quercetin, nar-
ingenin, galangin, taxifolin), higher fatty acids [60]. The
medicinal preparations obtained from O. vulgare herb,
have a calming effect on the central nervous system, and
are used for neurosis, insomnia, and hypertension.

The intraperitoneal administration of O. vulgare
aqueous extract to the mice at the dose of 200 mg/kg
had anxiolytic as well as sedative effects. In the «The
open field testy, it increased the number of exits to the
open fields (p<0.05) and the duration of the time spent
on them (p<0.001) compared with the animals that were
administrated with saline. In addition, the extract re-
duced the locomotor activity of the mice (p<0.05), but,
unlike diazepam, did not cause the muscle relaxant ac-
tion [126].

Rezaie et al. provide an assessment of the anxiolyt-
ic effect of O. majorana extract on male rats, compared
to diazepam. The extract was administered to the rats
intraperitoneally 30 minutes before the experiment un-
der the conditions of the «Elevated plus maze» test. The
results showed a significant increase in the time spent
by the animals in the open sleeves when the extract was
administered at the doses of 200 mg/kg and 400 mg/kg.
In addition, it was found out that the extract increases
the duration of sleep induced by ketamine. It was found
out that 0. majorana extract at the dose of 200 mg/kg
exhibits sedative and anxiolytic effects in the excess of
those of diazepam at the dose of 1,2 mg/kg [127].

Genus Perilla L.

Perilla L. is a monotypic genus, the only member of
which is Perilla frutescens (L.) Britton. It has two variet-
ies: P. frutescens var. crispa (Thunb.) H. Deane and Perilla
frutescens var. hirtella (Nakai) Makino [18].

Perilla is an annual herbaceous plant grown as an
oilseed and food crop, initially in China and the countries
of the Far East, then around the world, for a long time.
Perilla L. is used in folk medicine. Rosmarinic and caffeic
acids were found out in its aqueus-alcohol extract [128].

P. frutescens leaves are commonly found in tradi-
tional eastern collections, aqueous extracts which are
mainly used to treat depression and anxiety disorders.
Behavioral studies and chemical analyses showed that
P. frutescens extracts, which exerted an antidepressant
effect in «The forced swim test» contained rosmarinic
acid. It was established that isolated rosmarinic and caf-
feic acids cause an antidepressant effect and exhibit an
anxiolytic activity in a stress test. Neurochemical stud-
ies have shown that neither rosmarinic nor caffeic acids
affect the absorption of monoamines or the activity of
monoamine oxidase, which underlies the therapeutic
value of existing clinically effective antidepressants.
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It was previously discovered that caffeic acid pro-
duces antidepressant and anxiolytic effects by modulat-
ing signals mediated by alpha-1-adrenergic receptors,
and also weakens the downregulation of BDNF protein
transcription (Brain-Derived Neurotrophyc Factor),
which occurs as a result of forced swimming. These re-
sults indicate that rosmarinic and caffeic acids can have
antidepressant and anxiolytic effects by a mechanism
different from the mechanism of the action of the drugs
currently used in clinical practice [128].

Genus Rosmarinus L.

The genus Rosmarinus L. has five species of ever-
green shrubs. The most famous of them is Rosmarinus
officinalis L. (medicinal (ordinary) rosemary) — a shrub or
sub-shrub, with petiolate, evergreen leaves, the shape
of the leaf blade is linear, the leaf is induplicate. R. offici-
nalis place of origine is the western part of the Mediter-
ranean. It is cultivated widely around the world: in Italy,
France, Spain, Asia Minor, it is also grown on the south-
ern coast of Crimea, the Black Sea coast of the Caucasus,
in Azerbaijan and Central Asia. R. officinalis is one of the
oldest medicinal plants, the leaves of which are used for
food, as well as for obtaining drugs and performing ritu-
als [129, 130].

In R. officinalis aerial part, there is up to 1.2% of the
essential oil, in which a-pinene, 1,8-cineole, camphor,
borneol, bornyl acetate are found, aqueous -alcohol ex-
tracts from the leaves contains diterpen carnosol, car-
nosolic and rosmarinic acids, salvigenin, rosmanol and
cirsimaritin, flavonoids (apigenin), triterpenes and tan-
nins [131].

For a long time, infusions from R. officinalis leaves,
have been used in medicine as a means of improving di-
gestion, choleretic, tonic, relieving stress, as well as in
the post-stroke period, due to the ability to improve ce-
rebral circulation.

R. officinalis aqueous-alcoholic leaves extract in-
creases dose-dependently the number of entries and
the time spent by the mice in the open sleeves. At the
high doses its effect is similar to the effect of diazepam.
In this case, the extract does not significantly affect the
locomotor activity. The complex of flavonoids from R. of-
ficinalis leaves, especially apigenin, is able to penetrate
the blood-brain barrier and, as a positive and allosteric
regulator, enhance the effect of GABA on GABA recep-
tors. Luteolin has sedative and anxiolytic effects, inter-
acting directly with GABA receptors [132].

The substances isolated from R. officinalis leaves (di-
terpen rosmanol, flavonoids salvigenin and cirsimaritin),
were examined in mice for acute toxicity, antinociceptive
and antidepressant effects (in “The tail suspension” and
“The forced swim” tests), effects on anxiety (“Elevated
plus maze” and “Light-dark chamber” tests).

The studies revealed antinociceptive, antidepres-
sant and anxiolytic properties of the compounds under
study, realized by two-phase modulation of GABAA re-
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ceptors. The anxiolytic activity of all three compounds
did not increase under the influence of the antagonist
of the benzodiazepine receptors of flumazenil, but was
inhibited under the influence of the analeptic of pety-
lenetetrazole (corazole), which indicates a mechanism
of action through the GABAA receptors at the binding
site, which is different from the site possessing affinity
for benzodiazepine. It was also established that the iso-
lated compounds do not cause signs of acute toxicity at
the doses of 50 to 200 mg/kg [132].

Other studies have shown that total extract from R.
officinalis leaves, favorably affects memory, eliminates
anxiety, depression, and insomnia. The improvement in
memory, is explained by inhibition of acetylcholinester-
ase in the brain, the remaining properties of the extract
are associated with its effect on GABA receptors [130,
134].

Genus Salvia L.

One of the largest genera of the Lamiaceae fam-
ily, including about 900 species, which are mainly rep-
resented by perennial herbaceous plants, shrubs and
sub-shrubs [134]. All members of the genus are essen-
tial-oil-bearing. The most studied medicinal plant is Sal-
via officinalis L. Aqueous and aqueous-alcohol extracts
from leaves, as well as essential oil, have been used in
medicine for a long time. This is a perennial herb or sub-
shrub, well-spread in wild nature in the countries of the
Mediterranean and the Balkan Peninsula. This ubiqui-
tous species is grown as a medicinal and spicy aromatic
culture. S. officinalis leaves contain essential oil (up to
2.5%), as well as di- and triterpenes, phenylpropanoids,
and derivatives of caffeic acid, including rosmarinic and
lithospermic acids, flavonoids, tannins, etc. [135] The
drugs based on S. officinalis leaves, have a disinfectant,
anti-inflammatory, astringent, hemostatic, emollient
and diuretic effect, and reduce perspiration. Leaves de-
coction has a stress-protective activity.

Carnosole and carnosolic acid isolated from S. offici-
nalis leaves, inhibit binding of tert-butylbicyclofluoro
[35S] thionate to the chloride channel of the GABA-ben-
zodiazepine receptor complex in the brain tissue (at IC_,
values of 57+4 uM and 33+ 3uM, respectively), but have
no effect on binding of [3H]-muscimol, [3H]-diazepam
or [3H]-flunitrazepam. Therefore, the site of action of
these compounds, apparently, is located directly on the
chloride channel and differs from miltiron [136]. In an-
other study, three flavones and two abitan diterpenes,
functioning as active benzodiazepine receptors, were
identified by fractionating a methanol extract from S.
officinalis leaves. Some flavones, such as apigenin [137],
luteolin [93], linarin [138] and hispidulin, exhibit anxio-
lytic effects through the GABAergic mechanism similar
to benzodiazepines [139].

Apigenin, Hispidulin, and cirsimaritin competitively
inhibit binding of 3H-flumazenil to the benzodiazepine
receptor with IC, values of 30, 1.3, and 350 mM, respec-
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tively. The IC_ values of abietane diterpenes, 7-methox-
ysmanol and haldosol consist of 7.2 and 0.8 mM, respec-
tively [140]. In addition to the official form, S. aethiopis
L., S. sclarea L., S. pleberia R. Brown, S. daghestanica
Sosn., S. elegans Vahl. and etc are also of scientific in-
terest [60, 141].

In the aqueous-alcohol extract from S. elegans
leaves, ursolic acid and flavonoid 5-O-(6-rhamnosylglu-
coside)-7-hydroxy-4’-methoxyflavonone were detected
and isolated [142]. They showed antidepressant activity
in mice [143]. Herrera-Ruiz et al. estimated the anxiolyt-
ic and antidepressant activities of the aqueous-alcohol
extracts (the extractant was 60% ethyl alcohol) obtained
from S. elegans flowers and leaves, in mice. The extract,
administered orally, increased the time the mice spent
on the light side in the “Light-dark chamber” test and
the time of the animals’ immobility subjected to forced
swim. The administration of the extract also increased
the animals’ time, spent in the open sleeve, and the en-
trances to the open sleeves in the “Elevated plus maze”
test. The same extract could not modify the sponta-
neous locomotor activity measured in “The open field
test” [144].

The aqueous-alcoholic extract from S. reuterana
leaves (100 mg/kg) had an anxiolytic effect in mice in the
“Elevated plus maze” test [145].

According to Javdan et al [146], neuropharmacolog-
ical effects of S. hypoleuca leaves extract administrated
to Wistar line rats at the dose of 150 mg/kg/day for 10
days, potentiated pentobarbital-induced sleep, reduced
the number of animals in the open sleeves outputs. S. /e-
riifolia aqueous leaf extract increased the sleep induced
by pentobarbital, at the doses of 1.15 and 1.57 g/kg, but
the effects were weaker than that of diazepam [147].

S. sclarea essential oil significantly increased the
hexobarbital anesthetic effects (drug “Evipan”) at the
doses less than 20% LD, (520 mg/kg in male mice), but
had no significant effect on the spontaneous locomotor
activity and statokinetic reflexes [148].

The biologically active substances of S. triloba es-
sential oil, prolong sleep induced by hexobarbital in rats.
S. triloba ethanol extract showed moderate affinity for
the benzodiazepine GABA, receptor site [149].

S. guaranitica is an officinal medicinal plant in Latin
America. Its herbal raw materials are used to produce
sedative drugs. It was proved that circyliol (5,3',4'-tri-
hydroxy-6,7-dimethoxyflavone) and caffeic ethyl ester,
which are part of the plant’s ethanol extract, are ligands
with a competitively low affinity for benzodiazepine
receptors [150]. In another study, circiliol exhibited a
dose-dependent hypnotic effect in a sleep induced by
pentobarbital. Circiliol was found to be stronger in bind-
ing 3H-zolpidem (Ki = 20 uM) than in binding 3H-fluni-
trazepam (Ki = 200 uM) to rats’ benzodiazepine recep-
tors. Consequently, circiliol has sedative and hypnotic
properties, probably acting on the so-called benzodiaze-
pine receptor type | [151].
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S. haematodes (syn.S. pratensissubsp. haematodes
(L.) Arcang.) ethanol extract from the aerial part, has an
antidepressant activity in mice. It significantly increased
pentobarbital-induced sleep and decreased the rats’
excitation induced by amphetamine. Sedation is also
apparent from the results that indicated an increase in
hypoxic survival time in mice [152, 153].

S. miltiorrhiza root is widely used in China to pro-
duce drugs for the treatment of neurasthenic insomnia
[154]. From the extract obtained by diethyl ether from
the roots of this plant, ten diterpenic quinones were
isolated. In the carried out radioligant studies, they in-
hibit binding of [3H] -flunitrazepam to central benzodi-
azepine receptors with an IC_  of 0.3 to 36.2 uM. Among
the isolated compounds, the highest activity (IC50 =
0.3 uM) was demonstrated by miltiron, which showed
an increase in the affinity in the presence of 100 uM
GABA. Miltiron induced muscle relaxation, sedation, de-
pendence, and withdrawal symptoms in mice at the dos-
es of 10-60 mg/kg, which were effective in a behavioral
test. Consequently, miltironderivatives may represent a
new class of plant-derived tranquilizers [155].

The aqueous-alcohol extract from S. pleberia aerial
part, contains flavonoids (Hispidulin, homoplantoginin,
nepetin, nepetrin, 6-hydroxyluteolin, apigenin, luteolin)
and rosmarinic acid [155].

Johnston et al. [156] conducted animal experiments
using compounds isolated from S. pleberia. Ethyl acetate
fractions obtained from S. pleberia aerial part, are more
active than methanol ones due to the content of rosma-
rinic acid, which is active at 10 mg/kg in the model of
pentobarbital-induced sleep in mice.

Flavone Hispidulin (5,7,4’-trihydroxy-3’-methoxyfla-
vone) isolated from S. pleberia, has agonistic GABA re-
ceptor activity.

Genus Satureja L.

The genus Satureja L. has up to 50 species repre-
sented by annual plants, shrubs and sub-shrubs, which
are distributed mainly in the countries of Asia, the Mid-
dle East and the Mediterranean [157].

Medicinal preparations based on Satureja horten-
sis L., are widespread in folk and official medicine. Sa-
tureja hortensis L. is an annual herb that grows and is
cultivated in southern Europe, Central Asia, Turkey, and
the Caucasus. Aqueous extracts and essential oil from
Satureja hortensis L. aerial part, have insecticidal, anti-
bacterial and anthelmintic activity, and used for diseas-
es of the gastrointestinal tract, headaches, dizziness,
tachycardia, etc. The chemical composition of the essen-
tial oil is represented mainly by terpenes and aromatic
compounds (carvacrol, thymol, p-tsimen, g-terpinene,
a- and B-pinene, sabinene, limonene, carvone, caryo-
phyllene oxide). Aqueous-alcohol extracts contain phen-
ylpropanoids (rosmarinic, caffeic, isoferulic, chlorogenic
acids), flavonoids (naringenin, quercetin, apigenin, kae-
mpferol, luteolin and their glycosides) [157].
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S. hortensis aqueous-alcohol extract was examined
for the antidepressant activity in the “Elevated plus
maze”, “Force swim” and “Forced immobilization” tests
on Wistar rats. It was found out that the studied extract
reduces depression in the test animals at the dose of
400 mg/kg [158].

Carvacrol, which is present in S. hortensis essential
oil, was administered to the mice p.o. at the doses of
12.5, 25 and 50 mg/kg. It exhibited an anxiolytic effect
in the «Elevated plus maze» test, which was leveled out
under the influence of flumazenil, the antagonist of the
benzodiazepine receptors. However, carvacrol did not
show sedative or muscle relaxant properties and did not
affect the motor activity [159].

Genus Schizonepeta (L.) Briq.

Genus Schizonepeta (L.) Brig. consists of 3 species of
annual or perennial herbaceous plants, growing mainly
in Siberia, Primorye and Northern China [160].

The most studied species is Schizonepeta multifida
(L.) Brig., a perennial herbaceous plant growing in the
herbage of meadow steppes, stepped and forested upland
meadows in southern Siberia, Yakutia, the Far East, Cen-
tral Asia and Mongolia. The aerial part of the plant con-
tains up to 1.6 S. multifida dry extract in the dose range of
50-300 mg/kg, increases the number of water intakes in
the conflict methodology according to Vogel. Thereby, the
effectiveness of the extract (in the dose range of 100—300
mg/kg), in a number of parameters, exceeded that of the
drugs of rhizomes with valerian roots [161].

S. multifida dry extract in the dose range of 50—
200 mg/kg, has pronounced anxiolytic, antidepressant,
nootropic and anticonvulsant activities, and at the dose
of 300 mg/kg — moderate sedative properties. The anx-
iolytic effect is realized to a greater extent due to the
essential oil and luteolin-7-O-glucoside included in its
composition, to a lesser extent - due to ursolic acid. In
an experimental therapeutic dose, S. multifida extract
provides pronounced pharmacotherapeutic efficacy in
chronic stressful situations, reduces the feeling of fear
and anxiety, restores emotional status, helps maintain a
memorable trace, limits the severity of stress changes
in the internal organs of animals, as well as the forma-
tion of regressive forms of neurons in brain structures.
The main pharmacological mechanisms that determine
anxiolytic, antidepressant and neuroprotective effects
of S. multifida dry extract are: restriction of hyperacti-
vation of the sympatho-adrenal and hypothalamic-pitu-
itary-adrenal systems, inhibition of free radical process-
es, activation of the antioxidant system of the body and
GABA-energy metabolic normalization with its ability to
provide antioxidant, membrane-stabilizing, stress-pro-
tective and antihypoxic drugs action [160].

Genus Scutellaria L.
Scutellaria L. is one of the largest genera, uniting

about 350 species, widely-spread in temperate subtrop-
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ical and tropical zones including Europe, North America
and East Asia [162]. Most of them are perennial, rarely
annual, herbaceous plants, less commonly shrubs and
sub-shrubs. Unlike most members of the genus Lami-
aceae, which are essential-oil-bearing and belong to
the subfamily Nepetoideae. The members of the genus
Scutellaria form the subfamily Scutellarioideae and are
among the dyeing plants. The most famous member of
the genus is Scutellaria baicalensis Georgi, a perennial
herbaceous plant. Its areal comprises the Russian Baikal
region, Amur region, PrimorskyTerritory, as well as Mon-
golia, China, and Korea.

The roots of S. baicalensis contain flavonoids (baika-
lin, scutellarin, baikalein, apigenin, luteolin, etc.), chal-
cones, isoflavones, biflavones, lignoflavonoids, phen-
ylpropanoids, phytosterols, saponins, etc. This species
is among the most popular medicinal plants in China,
Mongolia and the Far East. Drugs from its roots have a
pronounced sedative and antiepileptic effects [163].

Baikalin and vogonin are commonly considered the
main active components of S. baicalensis flavonoids.

In the experiments on rats and mice (7.5—
30 mg/kg), Baikalin (5,6,7-trihydroxyflavone 7-O-glucu-
ronide) had an anxiolytic effect, but did not affect the
motor activity of the mice [169]. Baikalin interacts pref-
erably with subtypes of GABA-a receptors containing
subunits of a-2 and a-3, in contrast to benzoadepins that
do not have such a specificity [12].

Vogonin is the main S. baicalensis component, induc-
ing anxiolysis in male mice at the dose of 7.5-30 mg/kg
in the “Elevated plus maze” test [164]. Vogonin exhib-
its neuroprotective and anxiolytic effects. Having a pro-
nounced affinity for the active benzodiazepine centers
of GABAergic ergic receptors, it inhibits the activation of
microglia [165, 166].

In European medicine, the aerial part of S. lateri-
flora has been widely used for more than 200 years to
obtain drugs — a mild relaxant and agent for treating
anxiety, nervous tension and seizures [167]. Flavonoids
baikalin and baikalein, are considered the main active
compounds in S. lateriflora herb. Baikalein is defined as
a ligand of the benzodiazepine receptor (with a weak af-
finity) and has shown sedative and anxiolytic effects that
occurs through the GABA-a-nonbenzodiazepine sites
[168].

S. lateriflora aqueous-alcoholic extract was studied
in rats in vivo behavioral tests. The extract (after the re-
moval of ethanol) a mixture with milk was introduced: in
the test group, 100 mg of the amount of extractives in 1
ml of milk was administered; in the control group it was
only 1 ml of milk. It was found out that the rats receiving
the extract, showed a more risky and less anxious behav-
ior than the rats in the control group [169].

Genus Stachys L.
The genus Stachys L. consists of more than 270 spe-

cies distributed throughout the world. These are: peren-
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nial, rarely annual herbaceous plants or shrubs [170].
Among them there are: Stachys officinalis (L.) Trevis. —
syn.: Betonica officinalis L., S. palustris L., S. lavanduli-
folia Vahl., S. tibetica Vatke., S. betoniciflora Rupr.— syn.
Betonica foliosa Rupr., S. sylvatica L. et al.

Flavonoids (luteolin, apigenin, scutellarine, stachy-
flaside, vitexin), quinones, iridoids (harpagide, harpago-
side, acetylgarparide, ajugol, and ajugoside), phenolic
acids, diterpenoids (stachysic acid, abietatriene, annu-
anone, stachylone) were detected in aqueous-alcohol
extracts from various Stachys species. In the compo-
sition of essential oil, D-germacrene, B-fellandren, a-
and B-pinenes, myrcene were detected [60, 170, 171].
Flavonoid glycoside apigenin-7-glucoside is present in
S. tibetica aqueous-alcohol extracts, acipylene (66.4%),
fenchyl alcohol (8.9%), a-pinene (8.2%) caryophyllene
oxide (4.7%), menthol (1.7%) and geraniol (1.3%) are in
the essential oil [172]. S. betoniciflora aerial parts con-
tain flavonoids, apigenin derivatives, stachidrin nitrogen
base, iridoids, essential oil [173].

For a long time, Stachys extracts from herbs of vari-
ous types have been used in folk medicine, in particular,
in cases of gynecological bleeding. S. sylvatica hydroal-
coholic extract has pronounced hypotensive and seda-
tive effects, the latter being superior to Leonurus L. tinc-
ture [173, 174].

The fractions obtained from S. lavandulifolia aeri-
al part extraction with petroleum ether, ethyl acetate,
butanol and water, were tested for a spontaneous loco-
motor activity and the behavior of mice in the “Elevated
plus maze” model. The test samples (after the removal
of organic solvents) were administered intraperitoneally
to the male mice in various doses for 30 minutes before
assessing their behavior. The aqueous-alcohol extract
(50 mg/kg), the fractions obtained with petroleum ether
(25 and 50 mg/kg), ethyl acetate (25 and 50 mg/kg) and
water (50 mg/kg) significantly increased the time and
number of entrances in the open sleeves. The butanol
fraction up to 50 mg/kg did not significantly affect any
of the measured parameters. A spontaneous locomotor
activity was significantly reduced in the animals injected
with each fraction, compared to saline. The ethyl acetate
and water fractions showed the smallest and maximum
decreases in activity, respectively. The anxiolytic effects
of ethyl acetate, petroleum ether and water fractions
may be associated with the content of flavonoids, phen-
ylpropanoids or terpenoids [174].

S. lavandulifolia aqueous-alcoholic extract and its
essential oil were administered intraperitoneally to the
male mice in various doses 30 minutes before the be-
havior assessment. S. lavandulifolia extract at the dose
of 100 mg/kg increased the period of time spent, spent
by the animals in the open sleeves; and it decreased
the number of entries in the open sleeves. Besides, it
decreased the period of time, spent by the animals in
the closed sleeves. The extract at the doses below 100
mg/kg, did not significantly affect any of the parameters
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measured on the «Elevated plus maze» model. This dose
of the extract prolonged ketamine-induced sleep time
and decreased a locomotor activity in mice. S. lavan-
dulifolia extract has an anxiolytic effect with a relatively
lower sedative activity than diazepam. S. lavandulifolia
essential oil in the doses up to 100 mg/kg did not signifi-
cantly affect the behavior of the mice [175].

Methanol extracts obtained from S. tibeticaat roots
and herbs at the doses of 200 and 400 mg/kg signifi-
cantly increased the time and number of entries into the
open sleeves (P<0.01), but reduced the time and num-
ber of entries into closed sleeves. At the same time, the
extracts reduced the time spent by the animals in the
center of the maze (latency) [176].

Kumar et al. isolated flavonoids from S. tibetica and
evaluated their anxiolytic activity in Wistar rats. The
number of entries and the percentage of entries in the
open sleeves increased, while the number of entries
and the duration of time spent in the closed sleeves,
decreased in the group receiving apigenin-7-glucoside.
Apigenin-7-glucoside significantly reduced the number
of head dives in the «Elevated plus maze» test. Apigen-
in-7-glucoside showed anxiolytic potential comparable
to the reference drugs apigenin and diazepam [177].

In the test on the social interaction, apigenin-7-glu-
coside at the doses of 25 and 50 mg/kg, decreased the
aggressive behavior of albino rats, while the time of social
interaction significantly increased in bright light, in famil-
iar and unfamiliar conditions. In «The hole-board test»,
S. tibetica essential oil significantly increased the num-
ber of head dives in the holes, the number of entrances
and the time spent in the open sleeves of the “Elevated
plus maze” test, while in the “Light-dark chamber” test it
showed an increase in the number of transitions and the
time spent on the bright side. The results indicate that S.
tibetica essential oil has an anxiolytic effect [177].

The effect of methanol extracts from four Balkan
endemic taxa — Stachys: S. anisochila Vis. et Pancic,
S. beckeana Dorfl. et Hayek, S. plumosa Griseb. and
S. alpina (L.) subsp. dinarica - administered intraperito-
neally in the range of 100-400 mg/kg, on the behavioral
activity, was studied on the adult male Wistar rats in the
“Elevated plus maze test”, during the observation of the
spontaneous locomotor activity, in the tests on strength
and compression, mainly predicting anxiolytic, sedative
and muscle relaxant actions. As a result, it was estab-
lished that the studied Stachys extracts do not have any
anxiolytic or muscle relaxant activity, and S. beckeana at
400 mg/kg has an anxiogen-like effect. The study using
B-carboline-3-carboxylate-tert-butyl ether, a selective
antagonist of benzodiazepine receptors, showed that
the sedative effect of the methanol extract of S. alpina
subsp. dinarica was partially mediated by GABA-a recep-
tors containing the a-1 subunit. The behavioral effects
of S. anisochila and S. plumosa extracts did not differ.
Chlorogenic acid and verbascoside were identified in all
the extracts. S. anisochila, S. beckeana and S. alpina sub-
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sp. dinarica flavonoid fraction consisted of isoscutellarin
and hypoalectin glycosides, whereas in S. plumosa frac-
tion had chrysoriol and apigenin glycosides. The results
show a psychotropic potential of the flavonoids of four
Stachys endemic taxa. S. alpine subsp. dinarica turned
out to be the most promising for the preparation of a
sedative drug [178].

Genus Thymus L.

The genus Thymus L. is one of the largest in the
family Lamiaceae, it includes several hundred species,
distributed mainly in Eurasia and North Africa. On the
territory of Russia and neighboring countries, there are
about 170 species [56]. The members of the genus are
low-growing shrubs and sub-shrubs belonging to essen-
tial-oil-bearing plants.

In the composition of the essential oil from vari-
ous plant raw material samples of species of the ge-
nus Thymus, the following substances were detected:
thymol (12-61%), carvacrol (0.4-20.6%), 1,8-cineole
(0.2-14.2%), p-cimen (9.1-22.0%), linalool (2.2—-4.8%),
borneol (0.6-7.5%), a-pinene (0.9-6.6%), camphor (up
to 7.3%), etc. [180]. The most studied are T. vulgaris L.
and T. serpillum L., the latter is more common in nature.
The herb of both types is used to obtain drugs, which are
widely used in medicine.

F. Komaki et al. showed an anxiolytic effect of the
aqueous-alcoholic extract from T. vulgaris leaves when
weekly administrated p.o. to the male rats of the Wistar
strain in the “Elevated plus maze” model [180].

Thymol (monoterpene phenol —2-isopropyl-5-meth-
ylphenol) is the dominant essential oil component of
T. vulgaris, at the dose of 20 mg/kg, it significantly in-
creases the time spent by Swiss albino mice in the open
sleeves in the «Elevated plus maze» test [181].

Methanol extracts and T. fallax Fisch essential oil
from the aerial parts of & C.A. Mey., T. kotschyanus
Boiss. & Hohen., T. pubescens Boiss during “The forced
swim” test significantly reduced the period of immo-
bility of the animals, compared with the control, and

showed a dose-dependent antidepressant activity. The
test results showed that T. fallax extracts and essential
oil have a greater antidepressant activity than those
from T. kotschyanus and T. pubescens [182].

CONCLUSION

The review presents some of the results of the sci-
entific research on the pharmacological activity of vari-
ous fractions of biologically active substances, essential
oils and individual compounds obtained mainly from the
aerial parts of plants of Lamiaceae family members.

Most of the plant species considered play an import-
ant role in traditional medicine of different countries
and have a therapeutic and prophylactic value in the
stress-correction-therapy. Many of them, being pharma-
copoeial, are sources of medicinal plant raw materials in
modern pharmacy and medicine.

The members of the Lamiaceae family often become
objects of the scientific invesigation, where a search for
new sedative, anxiolytic and neuroprotective agents is
carried on. A lot of attention is paid to both - relatively
well-studied plant species (for example, from the genera
Salvia, Stachys, Thymus) and insufficiently explored gen-
era, including tropical and subtropical ones, which are
not represented in the flora of Russia (Agastache, Clero-
dendrum, Clinopodium, Eremostachys, Leucas, ets.).

This review has comprised 71 species from 30 gen-
era of the family. In spite of a fairly significant level of a
previous study which can be notified in the analysis of
this publication, a large number of potentially resource
species remain unexplored. In the future, they may be of
pharmacognostic interest and have a practical applica-
tion, in particular, in the field of creating new drugs with
neurotropic effects.

The carried out analytical review makes it possible to
assess the current level of knowledge of the neurotropic
activity of various substances obtained from the plant
raw materials from the Lamiaceae Linddl. family and to
establish promising areas of the scientific research for
the creation of new drugs.
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This article presents results of the chemical composition study of the seeds oils lipid complex of Nigella Sativa L. grown under various geo-
graphic conditions. The task of the comprehensive study of the chemical composition of the plant and its individual parts remains relevant
due to the wide spectrum of its pharmacological activity.

The aim of this work is a comparative study of the fatty acid composition, a non-saponifiable fraction and the composition of essential oils
of Nigella Sativa L. seeds grown in different regions of the world.

Materials and methods. The combination of chromatography-mass spectrometry and 1H-NMR spectroscopy methods made it possible to
study the qualitative and quantitative composition of Nigella Sativa L. lipid complex seeds. All the experiments were carried out in accor-
dance with the requirements of the State Pharmacopoeia, 14th Ed, given in the corresponding general pharmacopeial monographs.
Results. Profiles have been established and the content of fatty acids, sterines, triterpene alcohols, essential oils and thymoquinone found
out in the lipid complex, has been estimated. The saponifiable portion of the complex is represented by triglycerides (81.7-95.3%), di-
(3.9-15.2%) and monoglycerides (0.7-4.1%). They mainly contain linoleic (55.8—60.6%), oleic (21.8—-24.6%), palmitic (10.0-12.8%), stearic
(2.4-3.2 %) and cis-11.14-eicosadiene (2.3-2.6%) acids. In the lipid complex, the contents of sterines and triterpene alcohols were 0.4-0.7%;
up to 70% of the fraction was represented by B-sitosterol (22.5-29.2%), cycloartenol (20.1-36.6%) and 24 methylenecycloartanol (9.5-19.9%).
In the trace amounts (up to 1.0%), cholesterol has been detected in all the samples. In the lipid complexes, the content of thymoquinone ranged
from 0.7 to 2.6%.

Conclusion. A comparative study of the seeds lipid complex of Nigella Sativa L. grown under various geographic conditions, has been carried
out. The marker compounds as well as their content standards for determining the authenticity of raw materials (thymoquinone, para-ci-
men, cis-11.14-eicosadienic acid), have been identified.

Keywords: Nigella sativa L., fatty oil, essential oil, chromatography-mass spectrometry, NMR spectroscopy
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B faHHOM CTaTbe NPeaCcTaBNeHbl Pe3y/bTaTbl UCCAEA0BAHUA XMMUYECKOrO COCTaBa IMNMUAHOTO KOMMJIEKCA U3 CEMAH YePHOro TMUHA, Bbipa-
LLEHHOTO B Pa3/IMYHbIX reorpaduyeckmx ycnosuax. AKTyanbHOM OCTaeTcA 3a4a4a BCECTOPOHHETO M3yYeHUA XMMUYECKOTO COCTaBa pacTeHUsA
1 ero oTAe/IbHbIX YacTei, 06yCc/0BNEHHAsA LMPOKMM CMEKTPOM ero GapmaKoNorMyeckoin akTUBHOCTHU.

Lienb faHHOM paboTbl — CPAaBHUTENIbHOE UCCNEA0BAHUE KUPHOKUCIOTHOTO COCTaBa, HEOMbINAEMOW dpaKLMmM 1 cocTaBa aGUPHbIX Macen
CEMAH YEPHOro TMUHA, BbIPALLEHHOTO B PA3/IMYHbIX PErMoHax Mmpa.

Martepuanbl u metoabl. COBOKYMHOCTbIO METOA0B XPOMATO-MACC-CNEKTPOMETPUMN U cneKkTpockonuu AMP 'H M3yyeH KayecTBeHHbI U Ko-
JINYECTBEHHbI COCTaB IMMUAHOTO KOMIMIEKCA CEMAH YEPHOTO TMUHA. Bce aKCNepMMeHTbl NPOBOAUAN B COOTBETCTBMU C TpeboBaHMAMM
locypapcTtBeHHOM dapmakonen XIV nsgaHus, NnpuBeseHHbIMU B COOTBETCTBYIOLLMX 06LWMX dapMaKoNenHbIX CTaTbAX.

Pe3ynbratbl. YcTaHOBAEHbI MPOdUAN U OLLEHEHO cofepyKaHWe KUPHbIX KUCNOT, CTEPUHOB, TPUTEPNEHOBbIX CMUPTOB, 3GUPHbLIX Macen u Tu-
MOXWHOHA, 06HAPYYKEHHbIX B IMNUAHOM KoMrieKkce. OMblasemMasn YacTb KOMMIEKCa NpeacTaBaeHa Tpurmnuepugamm (81,7-95,3%), npucyT-
cTBYIOT Au- (3,9-15,2%) n moHornmuepuapl (0,7—4,1%). OHM cogep:KaT B COCTaBe NPeUMYLLECTBEHHO IMHONEBYIO (55,8—-60,6%), onenHosyto
(21,8-24,6%), nanbmuTnHoByto (10,0-12,8%), cteapuHoByto (2,4-3,2%) u yuc-11,14-3iKko3agmeHoByto (2,3-2,6%) Kucnotbl. CopgepKaHue
CTEPUHOB U TPUTEPMEHOBBIX CMUPTOB B IMNUAHOM Komniekce coctasuno 0,4-0,7%, no 70% dpakummn npeactaBaeHo B-CUTOCTEPUHOM
(22,5-29,2%), umknoapteHonom (20,1-36,6%) n 24-meTuneHumknoaptaHonom (9,5-19,9%). B cnegosbix Konmyectsax (4o 1,0%) Bo Bcex
0b6pasuax bbin 06HapyKeH xonectepuH. CogepikaHne TUMOXMHOHA B IMNUAHBIX KOMMEKcax BapbupoBanock B npegenax 0,7-2,6%.
3akntoueHue. MpoBeseHO CPAaBHUTENBHOE U3yYEHUE NMUAHOTO KOMMNIEKCA U3 CEMAH YEPHOTO TMUHA, BbIPALLEHHOTO B PA3/IMYHbIX reorpa-
dUYECKUX YCNOBUAX, BbIABAEHbI COEAUHEHUA-MAPKEPDI, @ TAKXKE HOPMbI UX COAEPMKaHUA AR ONpeAeneHUs NogAUHHOCTM CbipbA (TMMOXM-
HOH, Napa-uMmeH, yuc-11,14-31Ko3aaMeHoBas KMCoTa).

Kntouesble cnoBa: 4épHbiii TMuH, Nigella sativa L., s)kupHoe macno, adupHOe Macsio, XpOMaTO-Macc-CNeKTPOMeTpus, cnekTpockonusa AMP

INTRODUCTION

Since classical times, Nigella sativa L. has been cul-
tivated in the Mediterranean, North Africa, Central Asia,
India, and the Middle East. On the territory of Russia, it
can grow and ripe in the North Caucasus, in Tatarstan
[1-4].

Nigella sativa L. seeds are used as a spice (nigella) and
oily raw materials. They can contain up to 70% oil [5].

Nigella sativa L. oil has a wide range of pharma-
cological activities and therefore is widely used in folk
medicine of the East. Today, there is a great number of
scientific papers devoted to the study of the pharmaco-
logical activity of this plant material [6—11].

Nigella sativa L. fatty seed oil is richer in palmitic
acid and relatively rare fatty acids of C20 group than
sunflower oil. Compared to palm oil, it is much richer
in polyunsaturated fatty acids and also contains a lot of
palmitic acid [5, 12, 13].

The unsaponifiable components of Nigella sativa L.
seed oils are represented by a complex of sterines,
monoterpenes, diterpenes and triterpenes. In its turn,
Nigella sativa L. is a valuable resource of the essential
oil, which consists of terpenes and products of their ox-
idation, condensation and cyclization — phenols, thymo-
hydroquinone and thymoquinone. The total content of
the essential oil in Nigella sativa L. seeds is from 0.5 to
3% of air dried raw materials [3, 14, 15].

Modern instrumental methods including gas chro-
matography and high-performance liquid chromatog-
raphy with various types of detection, and a nuclear
magnetic resonance method, were used to study the
phytochemical composition of Nigella sativa L. seeds
[14-21].

The composition of Nigella sativa L. essential oil
contains a rather high content of thymoquinone. It is
due to the fact that thymoquinone is the final oxidation
product in this chain of terpenes, therefore, it is most
accumulated in the oil.

30

Thymoquinone can undergo further transforma-
tions, for example, in the light it dimerizes, forming dith-
ymogquinone, which indicates its photosensitivity. As a
product of thymoquinone dimerization, dithoquinone
is less studied and presumably, like thymoquinone, may
have an antitumor effect [22—-25].

Currently, information on the comparative chemical
composition of Nigella sativa L. seeds according to the
growth region, is not registered in the available litera-
ture. In this regard, it seems relevant to carry out this
kind of research.

THE AIM of this work was a comparative study of
the fatty acid composition, the unsaponifiable fraction
and the composition of essential oils of Nigella sativa L.
grown in different regions of the world.

MATERIALS AND METHODS

The samples of Nigella sativa L. seeds were obtained
from 7 different eco-economic regions of the globe: Ye-
men, the Russian Federation (Republic of Tatarstan), In-
dia, Tajikistan, Ethiopia, Egypt, Israel in the period within
2017-2018. The authenticity of the raw materials was
checked by a microscopic method in accordance with
the requirements of the State Pharmacopoeia (14th
Ed.), general pharmacopeial monograph 1.5.3.0003.15
“Technique of microscopic and microchemical studies
of medicinal plant materials and herbal medicines” and
general pharmacopeial monograph 1.2.1.0009.15 “Op-
tical microscopy”. The studied oils had been obtained
from Nigella sativa L. seeds in Soxhlet’s apparatus by
method of circulating extraction. The seeds had been
pre-crushed to a particle size passing through a 0.5 mm
sieve. The test samples in the amount of 50.0 g were
placed into a cartridge and loaded into Soxhlet’s appara-
tus. The extraction was carried out with n-hexane. After
the extraction, the extractant was distilled off on a rota-
ry evaporator IR-1MZ at the temperature of 40°C.

By this method of obtaining oils, both the lipid com-
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plex of Nigella sativa L. seeds and the essential compo-
nent of the oil had been extracted [26]. Then the lipid
complex was saponified and converted into a mixture of
methyl esters.

Study of fatty acid oils composition by gas chroma-
tography

The operating mode of Agilent6890N Chromatograph
(Agilent Technologies, USA) was the following: capillary
column VF-23 ms (Agilent Technologies, USA, 30 m length,
0.32 mm internal diameter, 0.25 um phase thickness), the
carrier gas was helium, the velocity of the carrier gas was
1.5 ml/min, the injector temperature was 280°C, the ini-
tial temperature of the chromatograph furnace was 50°C,
then there was isotherm for 2 min; after that it was heat-
ed at the speed of 10°C/min up to 180°C, held up for 5
minutes, then heated up to 240°C at the rate of 5°C/min.

The total analysis time was 32 minutes. The sample
was injected in a flow split mode (1:10). The fatty acids
were identified by comparing the retention times of the
peaks in the chromatograms of the test samples with
the retention times of the peaks in the chromatogram
of a standard sample — a mixture of 37 fatty acid methyl
esters (Supelco® 37 component FAME mix, 10 mg/ml,
methylene chloride, Cat. No CRM47885, Sigma-Aldrich,
USA). Each sample was analyzed three times.

Sample preparation: fatty acid methyl esters were
obtained by transesterification of glycerides. A sample
weighed quantity of about 10.0 mg was placed in a 7.0
ml glass vial with a screw cap, then 1.0 ml of methanol
and 100.0 pl of acetyl chloride were added.

The vial was closed and placed in a laboratory heat-
er for 60 min at 80°C. After cooling the reaction mixture,
3.0 ml of double-distilled water was added to the vial,
followed by 1.0 ml of n-hexane, and shaken. 1 pul of the
upper layer of n-hexane was injected into a gas chro-
matograph.

The composition of unsaponifiable components of
Nigella sativa L. seeds oils was studied by chromatogra-
phy-mass spectrometry.

The operating mode of Agilent6890N Chromatograph
(Agilent Technologies, USA) was the following: capillary
column VF-23 ms (Agilent Technologies, USA, 30 m length,
0.25 mm internal diameter, 0.25 um phase thickness), the
carrier gas was helium, the velocity of the carrier gas was
1.5 ml/min, the injector temperature was 280°C, the ini-
tial temperature of the chromatograph furnace was 60°C,
then there was isotherm for 3 min; after that it was heat-
ed at the speed of 10°C/min up to 290°C and held up for
20 minutes. The total analysis time was 46 minutes. The
mass spectra recording mode was the following: mag-
netic sector mass detector JMSG C Mate Il (JEOL, Japan),
ionization energy of 70 eV, the source temperature of
270°C, scanning in the range of 40—-400 Da at the speed of
2 scans/sec. The volume of the injected sample was 1 pl.

For the identification, standard samples of individ-
ual compounds and the NIST 14 mass spectral database
were used; in case of the absence of mass spectra of
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the detected components in it, the structure was estab-
lished on the basis of characteristic fragmentation pro-
cesses and the data on the chromatographic properties
of the studied compounds.

To calculate the retention indices, an analysis of
the mixture of normal hydrocarbons (C6—C35) was per-
formed under the selected chromatographic conditions.
When determining the relative percentage of the com-
ponents of essential oils in terms of their total content,
the ionization coefficients were equalized. When deter-
mining the quantitative content of sterols and triterpene
alcohols in terms of the internal standard, their ioniza-
tion coefficients were equalized.

Sample preparation: using an automatic pipette dis-
penser, 10 ul of the essential oil was taken and placed
in a 2.0 ml glass vial for chromatography, 1 ml of chlo-
roform was added, and the vial was vigorously shaken.
Then 1 pl of the solution was injected into GC-MS.

To isolate the unsaponifiable fraction, 100.0 mg of
the sample was placed in a 5 ml glass vial, then 1 ml of
potassium hydroxide solution, 2M, and 20 ul of an in-
ternal standard solution (cholestanol, 10.0 mg/ml) were
added. Then the samples were kept for an hour at the
temperature of 80°C and after cooling the reaction mass,
3 ml of bidistilled water was added. The unsaponifiable
fraction was extracted in three portions of 1 ml of diethyl
ester, the extracts were combined, passed through a car-
tridge with sodium sulfate, blown dry under the nitro-
gen current, and silicated before the analysis. To do this,
300 pl of BSTFA: acetonitrile (1:2) mixture was added to
the dry residue and kept for 30 minutes at 80°C, then
1 ul of the solution was injected into the GC-MS device.

Study of oils composition by NMR spectroscopy

Quantitative NMR spectra of Nigella sativa L. seeds
lipid complexes were recorded and processed using the
Delta program (JEOL, Japan), which provides an instru-
ment control, data collection and analysis.

The 1H-NMR spectra were recorded under quantita-
tive conditions (32K points per spectrum, 16 accumula-
tions, 90° pulse, 40 with a delay between pulses). For the
guantitative determination, the integral signal intensity of
chloroform was taken as 1. The content of thymoquinone
in the sample was determined by the following formula:

m(T) = n(CHCL,) * I(T) *M(T),

where:

m (T) is the mass of thymoquinone in the sample,

n (CHCI3) is the content of the residual proton-con-
taining deuterochloroform isotopomer in moles,

I (T) is the integrated signal intensity of thymoqui-
none at 6.51 or 6.57 ppm,

M (T) is the molecular weight of thymoquinone,
equal to 166 Da.

RESULTS AND DISCUSSION

Physico-chemical properties of the obtained Nigella
sativa L. seeds lipid complexes are presented in Table. 1.

The content of Nigella sativa L. seeds lipid complex-
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es in terms of absolute dry raw materials amounted to
about 30.4-37.8%. The highest yield was observed for
the seeds from Russia (Tatarstan). The smallest yield was
observed for the seeds from Ethiopia.

Figure 1 shows typical chromatograms of fatty acid
methyl esters obtained from Nigella sativa L. seeds lipid
complexes and methyl esters of Supelco® 37 component
FAME mix by transesterification of triglycerides.

As Figure 1 shows, 5 main components have been
revealed in the samples, which constitute a total of
98.7-98.9% of the fatty acids content; the remaining
components have been detected in the trace amounts.
The content of the predominant unsaturated acids (lin-
oleic C18: 2 and oleic C18: 1) in the samples amounts
to a total from 80.4% to 83.9%. The content of ichtrans
isomers (elaidic — C18: 1n9t and linoleidic — C18: 2n6t
acids) is very insignificant and does not exceed 0.05%.
In its fatty acid composition, Nigella sativa L. seeds oil is
close to sunflower oil, but contains much more palmit-
ic acid. According to this indicator, it exceeds palm oil
twice (Table 2). Cis-11.14-eicosadiene acid has also been
detected in lipid complexes; in the samples, its content
varied within 2.3-2.6%. This component can be consid-
ered one of the markers of the authenticity of Nigella
sativa L. seeds.

Table 2 shows the results of the study of fatty acids
compositions of seven Nigella sativa L. seeds samples
from different regions of the world.

The results presented in Table 2, indicate the pres-
ence of comparable amounts of fatty acids in all the
studied samples. A noticeable difference is observed
only in the case of palmitic acid — up to 3.0%.

The results of the study of the unsaponifiable frac-
tion of the Nigella sativa L. seeds lipid complexes by
GC-MS, are presented in Table 3.

The above data shows that the content of sterols
and triterpene alcohols depends on the country of or-
igin of the seeds, however, a characteristic profile is
preserved in all oil samples. The total content of sterols
and triterpene alcohols was 400.3-719.7 ug/100.0 mg
(0.4-0.7%). It has been found out that B-sitosterol is the
main component of the fraction, its content was about
22.5-29.2%, campesterol and stigmasterol were detect-
ed in the amounts of 4.8-6.0% and 7.7-9.6%, respec-
tively. Cycloartenol (20.1-36.0%) and 24-methylenecy-
cloartanol (9.5-19.9%) are the dominant triterpene
alcohols found in the lipid complexes of Nigella sativa L.
seeds. In the trace amounts (up to 1.0%), cholesterol has
also been detected in all the samples.

The low molecular weight fraction of unsaponifiable
substances is represented by a set of mono-terpenes and
their oxidation products: pinenes, limonene, r-cimol,
carvacol, thymoquinone, trace amounts of free fatty ac-
ids — palmitic, stearic, linoleic, oleic and cis-11.14-eico-
sadiene. Free fatty acids indicate the residual activity of
the lipase enzyme present in Nigella sativa L. seeds; this
enzyme causes hydrolysis of acylglycerides.
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A typical chromatogram of Nigella sativa L. essential
oil is shown in Figure 3, and the composition of the es-
sential oils of the seeds grown in various regions of the
world, is shown in Table 4.

The composition of the essential oils includes more
than 40 compounds, however up to 99.0% are represent-
ed by 16 compounds. The most common component of
the essential oils of all the samples is para-cymol. Its
content is 38.2-52.0%. A significant part (16.2-23.9%)
is represented by monoterpenes - hydrocarbons formed
by the combination of two isoprene fragments with the
general molecular formula C, H, A C10H16 (136 Da). Thy-
mol, which is a hydroxy derivative of para-cimol, has
been detected in 2.5-4.9%. The proportion of thymoqui-
none in essential oils ranged from 10.1 to 22.9%.

A typical 1H NMR spectrum of Nigella sativa L. oil is
shown in Figure 4. Unlike peaks in GC or HPLC chromato-
grams, where the signals correspond, as a rule, to indi-
vidual components, the signals in the NMR spectra are
associated with the presence of certain functional groups
in the compounds. The 1H NMR spectra of vegetable oils
contain, as a rule, 9 main signals corresponding to the
functional groups of fatty acids that make them up: -CH,
(0.82-0.94 ppm), -(CH,) - (1.20-1.43 ppm), -OCO-CH,-CH,
(1.55-1.69 ppm), -CH -CH=CH- (1.93-2.13 ppm), -OCO-
CH,- (2.25-2.36 ppm), =CH-CH,-CH= (2.73-2.87 ppm), -CH
= CH- (5.29-5.43 ppm), as well as methylene and methine
protons of the glycerol fragment -CH,OCOR (4.10-
4.35 ppm) and CHOCOR (5.23-5.29 ppm). If the experi-
ment is performed correctly, a strict linear relationship
between the signal areas and the content of the molecule
fragments responsible for these signals in the sample un-
der study is observed; it is based on the physical principle
of NMR spectroscopy. By reference to the relationships
between the signal areas, the content of various oil com-
ponents can be calculated. The composition of Nigella sa-
tiva L. seeds lipid complexes determined by the 1H NMR
method, is shown in Table. 5.

The results on the fatty acids composition obtained
by the 1H NMR method, are quite close to the results ob-
tained by the GC-FID method. There are also slight varia-
tions in the fatty acids compositions of oils from different
regions of the world. The registration of 1H NMR spectrum
of a thymoquinone standard sample, made it possible to
identify characteristic signals in the spectrum that do not
overlap with the main signals of fatty acids and glycerol
functional groups. There are three different signals locat-
ed at 6.57, 6.51 and 3.01 m. d., respectively, suitable to
identify thymoquinone in the oils (Fig. 4). For the purpose
of the quantitative assessment of the thymoquinone con-
tent, two signals located about 6.5 m. d., were selected.
NMR spectroscopy is a direct method of the quantitative
analysis that does not require any use of standard sam-
ples of the compounds being determined to assess their
content in the objects of different Genesis. The results of
1H NMR show that the content of thymoquinone in the
samples varies within the range of 0.7-2.6%.
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Figure 1 — Chromatogram of FA methyl esters from the lipid complex obtained from Nigella sativa L. seeds (A);
chromatogram of methyl esters obtained from Supelco® 37 component FAME mix (B)

BC

Intensity, abs. units

Time, min.

Figure 2 — A typical chromatogram for the total ion current of the Nigella sativa L. unsaponifiable fraction
(the output region of sterols and triterpene alcohols)
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Figure 3 — Typical chromatogram of the total ion current of Nigella sativa L. essential oil

Figure 4 — Typical quantitative 1H NMR spectrum of Nigella sativa L. oil
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Table 1 — Physico-chemical properties of the obtained Nigella sativa L. seeds lipid complexes

Oil characteristics

Countr .
No . .y Oil content, % Viscosity, - Density,

of origin Ps Refraction index mg/cm® Appearance
1 Yemen 35.8 39.3 1.4688 906.592 Yellow orange
2 Tatarstan 37.8 40.8 1.4654 908.924 viscous
3 India 34.8 41.1 1.4675 903.945 opalescent

— liquid with an
4 Tajikistan 37.2 39.2 1.4644 892.137 aromatic odor
5 Ethiopia 30.4 37.0 1.4638 897.590 and a bitter
6 Egypt 35.5 38.2 1.4677 908.304 s.picy
7  lIsrael 32.4 37.5 1.4687 907.865 acrid taste

Table 2 - Fatty acids composition of Nigella sativa L. seeds lipid complexes according to the results of GC-FID

Sanple, growth region, relative content of FA in the lipid complex, %

©
z
No Acid name £ S o ©
& g E © Z 8- k= o
£ 3 5 =, = = &
L © £ e i & a
1 Palmitic C16:0 12.1 10.0 12.2 12.8 2.3 12.4 12.3
2 Stearin C18:0 2.6 2.4 2.7 3.2 3.1 2.8 2.9
3 Oleic C18:1 33 23,3 24.4 24.6 4.7 21.8 22.2
4 Linoleic C18:2 8.3 60.6 57.1 55.8 6.3 59.4 59.0
5) Cis-11,14-eicosadiene C20:2 2.6 2.5 2.3 2.3 2.3 2.4 2.5
6 Other fatty acids 1.1 1.2 1.3 1.3 1.3 1.2 1.1
7 Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

* The table shows average values of three parallel detections

Table 3 - Sterols and triterpene alcohols found in Nigella sativa L.

seeds lipid complexes according to the results of GC-MS

No on

Sample, growth region, content, mcg / 100 mg

chromatogram Compound § S ©
(Fig. 2) 5 28 o 2 ) 8 El
1S 2% 5 = = > ©
L x = < i fivd vy ©
BC Cholestanol 200.0 200.0 200.0 200.0 200.0 200.0 200.0
1 Cholesterol 2.6 1.4 2.7 3.7 9.0 4.3 2.5
2 Campesterol 34.7 30.9 25.4 26.6 31.3 25.7 21.0
3 Stigmasterol 57.6 49.4 37.1 37.0 45.2 39.1 38.3
4 Cleosterol 3.6 5.8 4.1 2.4 1.3 33 2.6
5 E::Z?:gr)tlnr(traces) 165.6 1437 1084 1173 1199 1292  116.9
6 A5-Avenasterol + sitostanol (traces) 44.1 41.9 28.6 37.5 35.1 39.5 20.3
7 B-amyrin 13.6 12.6 9.3 0.0 5.6 6.9 7.4
8 Otusifoliol 7.6 8.0 6.6 4.4 5.3 3.9 58
9 Gramisterin 13.3 16.4 11.2 4.5 5.1 6.6 7.6
10 Cycloartenol + A7-Avenasterin 210.7 190.8 120.9 164.6 188.8 89.9 95.1
11 24-methylenecycloartanol 126.1 106.3 69.5 54.6 49.9 89.1 73.0
12 Erythrodiol 10.6 8.8 6.4 2.5 2.0 3.7 3.9
13 Cytrostadienol 14.8 121 7.2 5.3 4.0 3.4 3.9
14 Uvaol 14.8 11.0 3.8 17.7 21.2 2.9 1.9
Total 719.7 639.1 441.2 478.1 523.9 447.5 400.3

* The table shows the average values of three parallel detections
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Table 4 — Compounds found in Nigella sativa L. essential oils seeds, according to the results of GC-MS

Sample, growth region, relative content of component in essential oil, %

No. on

chromatogram Compound g S @

e 3 SN S A
g Ze E g & B 5

1 alpha-Thujene 8.8 7.9 12.9 121 7.6 9.3 8.6
2 alpha Pinene 0.6 1.9 33 3.2 1.7 1.8 1.8
3 Sabinene 1.3 0.8 0.9 1.7 0.7 0.9 1.2
4 beta-Pinene 3.2 2.2 3.3 3.4 29 2.5 3.7
5 beta-Myrcene 0.3 0.4 0.2 0.6 0.1 0.2 0.5
6 para-Cymene 44.6 38.2 47.9 46.6 49.2 52.0 49.9
7 Limonene 2.0 34 1.8 2.9 23 1.9 1.6
8 Cis-methoxythujene 0.8 1.0 1.0 1.2 1.3 0.9 13
9 Trans-methoxythujene 4.4 5.3 13 6.4 5.3 5.3 4.7
10 Unidentified compound 0.3 0.2 0.3 0.3 0.1 0.1 0.2
11 Terpenine -4-ol 1.2 0.8 0.8 1.5 1.5 0.9 1.4
12 Camphor 0.9 0.6 11 0.8 0.8 0.7 1.1
13 Thymoquinone 19.8 229 14.5 10.1 17.9 13.5 12.7
14 Thymolum 4.3 4.9 2.9 3.8 2.5 2.7 3.4
15 alpha-Longipinene 0.7 1.7 2.7 0.7 0.9 0.8 0.5
16 alpha-Longifolene 6.0 6.8 43 3.6 45 5.6 6.3
Other compounds 0.8 11 0.8 0.9 0.7 0.9 1.1

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

* The table shows the average values of three parallel detections

Table 5 — Composition of Nigella sativa L. seeds oil lipid complexes from different regions
of the world according to the results of quantitative 1H NMR spectroscopy

Sample, growth region, content, %

Compound E E ©

S o B = 2 - —

E 48 5 = 2 s 3

9 g £ © 5 & 5
Palmitic +Stearic acids 15.2 16.3 16.0 15.9 14.3 15.6 14.7
Oleic 28.4 26.2 28.0 27.3 30.2 26.3 27.1
Linoleic 56.4 57.5 56.0 56.9 55.5 58.1 58.2
Linolenic 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum of acids 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Triacyglycerides 87.3 86.4 95.3 94.5 85.1 84.1 81.7
1,2-Diacylglycerides 4.7 5.7 1.7 1.9 5.5 5.6 7.2
1,3-Diacylglycerides 6.4 6.0 2.2 2.9 5.3 6.6 8.0
1-Monoacylglycerides 1.4 1.9 0.7 0.7 2.0 2.1 2.5
2-Monoacylglycerides 0.2 0.0 0.1 0.0 2.1 1.6 0.6
Sum of glycerides 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Thymoquinone 15 0.7 1.0 2.6 2.2 2.4 2.5

* The table shows the average values of three parallel detections

36 Volume VI, Issue 1, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-1-29-39

The chemical composition data show that linole-
ic acid is the dominant fatty acid in the lipid complex,
which may indicate the potential prospects of this plant
material for creating drugs that affect lipid metabolism.

The results of the comparative analysis of Nigella
sativa L. lipid complex have been obtained for the first
time, the data of similar studies in the available litera-
ture have not been identified.

CONCLUSION

Thus, the profiles and the contents of fatty acids,
sterols, triterpene alcohols, essential oils and thymoqui-
none found in Nigella sativa L. seeds lipid complexes,
have been established and estimated. The component
composition of the lipid complexes obtained from raw
materials grown in different regions of the world, is
very similar, their saponified portion is represented by

triglycerides (81.7-95.3%), di- (3.9-15.2%) and mono-
glycerides (0.7-4.1%).

They mainly contain linoleic (55.8-60.6%), oleic
(21.8-24.6%), palmitic (10.0-12.8%), stearic (2.4-3.2%)
and cis-11.14-eicosadiene (2.3-2.6%) acids. The content
of sterols and triterpene alcohols in the lipid complex was
0.4-0.7%; up to 70% of the fraction was represented by
B-sitosterol (22.5-29.2%), cycloartenol (20.1-36.6%) and
24-methylenecycloartanol (9.5-19.9%). The content of thy-
moquinone in lipid complexes ranged from 0.7 to 2.6%.

The chemical composition of Nigella sativa L. seeds
makes it possible to recommend this plant material as a
source of essential fatty acids, thymoquinone and essen-
tial oils with a multivalent pharmacological target. This
determines the need for further in-depth research of Ni-
gella sativa L. from the standpoint of pharmacology and
pharmaceutical development.

ACKNOWLEDGMENT
The publication has been prepared with the support of the PFUR “5-100” Program.

AUTHORS  CONTRIBUTION
All authors equally contributed to the research work.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

1. Isakova AL, Prokhorov VN. Posevnye kachestva semyan ni-
gelly [Sowing qualities of nigella seeds]. Modern technol-
ogies of agricultural production: a collection of scientific
articles based on the materials of the XVIIl modern scien-
tific and practical conferences. Grodno: Publishing house
of the GGAU;2015. P. 46-8. Russian.

2. Lebedeva AF. Lekarstvennye rasteniya [Medicinal plants].
M.: Publishing house AST-Press Book;2004. 790 p. Rus-
sian.

3. Nurmagomedova PM, Omarieva MG. Obzor statej. Svo-
jstva chernushki posevnoj (Nigella sativa) [Review of ar-
ticles. Properties of sowing nigella (Nigella sativa)]. Med-
icine and Health Care: Materials of the Il Intern. scientific
conf. Ufa: Publishing House Summer;2014. P. 62-5.

4. Korableva O. Celitel’nica chernushka [Healer chernushkal].
Gardener. 2008;8:10-2. Russian.

5. Garipova AF, Leont’eva MA, Nasrutdinova RA, Yamashev
TA, Reshetnik OA. Primenenie pryanosti Nigella sativa v
tekhnologii hlebobulochnyh izdelij iz pshenichnoj muki
[The use of spices Nigella sativa in the technology of bak-
ery products from wheat flour]. Bulletin of Kazan Techno-
logical University. 2014;22:241-3. Russian.

6. Sabira Sultana Nigella sativa: Monograph. Journal of
Pharmacognosy and Phytochemistry. 2015;4(4):103-6.

7. Halil Ibrahim Tuna, Burcu Babadag, Ayse Ozkaraman, Gul-
er Balci Alparslan. Investigation of the effect of black cum-
in oil on pain in osteoarthritis geriatric individuals. Com-
plementary Therapies in Clinical Practice. 2018;31:290-4.
DOI: 10.1016/j.ctcp.2018.03.013

8. Ahmad Khonche, Hasan Fallah Huseini, Mahdi Ghola-
mian, Reza Mohtashami, Farzaneh Nabati, Saeed Kian-
bakht. Standardized Nigella sativa seed oil ameliorates
hepatic steatosis, aminotransferase and lipid levels in

Tom 8, Beinyck 1, 2020

non-alcoholic fatty liver disease: A randomized, dou-
ble-blind and placebo-controlled clinical trial. Journal of
Ethnopharmacology. 2019;234:106—11. DOI: 10.1016/j.
jep.2019.01.009

9. Mina Darand, Zahra Darabi, Zahra Yari, Saeedeh Saada-
ti, Mehdi Hedayati, Ahmad Khoncheh, Behnam Hossei-
ni-Ahangar, Seyed moayyed Alavian, Azita Hekmatdoost.
Nigella sativa and inflammatory biomarkers in patients
with non-alcoholic fatty liver disease: Results from a ran-
domized, double-blind, placebo-controlled, clinical trial.
Complementary Therapies in Medicine. 2019;44:204-9.
DOI: 10.1016/j.ctim.2019.04.014

10. Bahareh Amin, Hossein Hosseinzadeh. Black Cumin (Ni-
gella sativa) and Its Active Constituent, Thymoquinone:
An Overview on the Analgesic and Anti-inflammatory
Effects. Planta Medica. 2016;82:8-16. DOI: 10.1055/s-
0035-1557838

11. Wesam Kooti, Zahra Hasanzadeh-Noohi, Naim Shara-
fi-Ahvazi, Majid Asadi-Samani, Damoon Ashtary-Larky.
Phytochemistry, pharmacology, and therapeutic uses of
black seed (Nigella sativa). Chinese Journal of Natural
Medicines. 2016;14(10):732—-45. DOIl: 10.1016/S1875-
5364(16)30088-7

12. Said Gharby, Hicham Harhar, Dominique Guillaume, Aziza
Roudani, Samira Boulbaroud, Mohamed Ibrahimi, Mush-
tag Ahmad, Shazia Sultana, Taibi Ben Hadda, Imane Chaf-
chaouni-Moussaoui, Zoubida Charrouf. Chemical investi-
gation of Nigella sativa L. seed oil produced in Morocco.
Journal of the Saudi Society of Agricultural Sciences.
2015;14(2):172-7. DOI: 10.1016/j.jssas.2013.12.001

13. Gogue DO, Sidorov RA, Tsydendambaev VD, Kholodova
VP, Kuznetsov VIV. ZHirnokislotnyj sostav lipidov vegeta-
tivnyh organov chernushki pri raznom urovne zasoleniya
sredy [The fatty acid composition of lipids of the vegeta-

37



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

tive organs of chernushka at different levels of saliniza-
tion of the medium]. Izvestiya RAS. A series of biological.
2014,3:264-70. Russian.

14. Davitanyan NA, Rud NK, Yakub YuF, Sampiev AM. Raz-
rabotka metodiki kolichestvennogo opredeleniya timohi-
nona v semenah chernushki posevnoj [Development of a
method for the quantitative determination of thymoqui-
none in the seeds of sowing Chernushka]. Kuban Medical
Scientific Bulletin. 2015;2:56—62. Russian.

15. Feskova EV, Ignatovets OS, Tychina IN, Savich IM, Svityash-
chuk DS. Opredelenie komponentnogo sostava semyan
chernushki posevnoj (Nigella sativa) [Determination of the
component composition of the seeds of black sowing (Ni-
gella sativa)]. Proceedings of BSTU. 2018;2:167—70. Russian.

16. Eman Shawky, Nihal M EI Newehy, Amira M Beltagy, Mo-
hammad M Abd-Alhaseeb, Gamal A. Omran, Fathallah M.
Harraz Fingerprint profile and efficacy-associated markers
of Nigella sativa oil for geographical origin determination
using targeted and untargeted HPTLC-multivariate analy-
sis. Journal of Chromatography B. 2018;1087-1088:108—
17.DOI: 10.1016/j.jchromb.2018.04.042

17. Hadad GM, Salam RA, Soliman PM, Mesbah MK. High
performance liquid chromatography quantification of
principal antioxidants in black seed (Nigella Sativa L.) phy-
topharmaceuticals. J. AOAC. 2012;95(4):1043-7.

18. Delphine Margout, Mary T Kelly, Sylvie Meunier, Doris
Auinger, Yves Pelissier, Michel Larroque. Morphological,
microscopic and chemical comparison between Nigella sa-
tiva L. cv (black cumin) and Nigella damascena L. cv. Journal
of Food, Agriculture & Environment. 2013;11:165-71.

19. Mohamed A Farag, Haidy A Gad, Andreas G Heiss, Ludger
A. Wessjohann. Metabolomics driven analysis of six Nigel-
la species seeds via UPLC-qTOF-MS and GC-MS coupled
to chemometrics. Food Chemistry. 2014;151:333-42.
DOI: 10.1016/j.foodchem. 2013.11.032

20. Aftab AK. Gas chromatography coupled mass spectro-
scopic study of fatty acids composicion of Nigella sativa L.

(Kalonji) commercially available in Pakistan. International
Food Research Journal. 2014;21(4):1533-7.

21. Skakovsky ED, Tychinskaya LYu, Shish SN, Shutova AG, La-
motkin SA. YAMR-analiz hloroformennyh ekstraktov se-
myan chernushki [NMR analysis of chloroform extracts of
chernushka seeds]. Proceedings of BSTU. 2015;4:234-9.
Russian.

22. Yehualashet Belete, Ermias Dagne. HPTLC assay of thy-
mogquinone in black seed and black seed oil (Nigella Sa-
tiva Linn.) and identification of thymoquinone conversion
with Uv-Vis. Journal of drug delivery & Therapeutics.
2014;4:1-5. DOI: 10.22270/jddt.v4i4.895

23. Abou-Basha L, Rashed MS, Aboul-Enein HY. Thin layer
chromatographic assay of thymoquinone in black seed
oil and identification of dithymoquinone and thymol.
Journal of liquid chromatography. 1995;18:105-15. DOI:
10.1080/10826079508009224

24. Herman Lutterodt, Marla Luther, Margaret Slavin, Jun-Jie
Yin, John Parry, Jin-Ming Gao, Liangli (Lucy) Yu. Fatty acid
profile, thymoquinone content, oxidative stability, and
antioxidant properties of cold-pressed black cumin seed
oils. LWT — Food Science and Technology. 2010;43:1409—-
13. DOI: 10.1016/j.lwt.2010.04.009

25. Maulidiani M, Bassem Y Sheikh, Ahmed Mediani, Leong
Sze Wei, Intan Safinar Ismail, Faridah Abas, Nordin H La-
jis. Differentiation of Nigella sativa seeds from four dif-
ferent origins and their bioactivity correlations based on
NMR-metabolomics approach. Phytochemistry Letters.
2015;13:308-18. DOI: 10.1016/j.phytol.2015.07.012

26. Bakureza G, Khromov AV, Abramovich RA, Potanina OG, Go-
ryainov SV. lzuchenie metodov polucheniya razlichnyh frak-
cij masel iz semyan chernushki posevnoj Nigella Sativa [The
study of methods for obtaining various fractions of oils from
the seeds of black cigar Nigella Sativa). Harmonization of
approaches to pharmaceutical development: a collection of
abstracts of an international scientific and practical confer-
ence. M.: Publishing House of RUDN;2018. P. 55—7. Russian.

AUTHORS

Sergey V. Goryainov — head of the laboratory
for high-resolution mass spectrometry and NMR
spectroscopy of the Center for Precision Instrumental
Methods of Analysis (PRIMA), the Shared Research
and Education Center (REC), Federal State Autonomous
Educational Institution of Higher  Education,
Peoples’ Friendship University of Russia. ORCID:
0000-0002-7625-9110. E-mail: goryainovs@list.ru

Arkady V. Khromov - Candidate of Technical
Sciences, Director of the Center for Social Security
and Safety, the Shared Research and Education Center
(REC), Federal State Autonomous Educational Institution
of Higher Education, Peoples’ Friendship University
of Russia. ORCID: 0000-0002-6355-5615. E-mail:
arkadiyl8@ya.ru

Gohara Bakureza — post-graduate student, Federal
State Autonomous Educational Institution of Higher
Education, Peoples’ Friendship University of Russia.
E-mail: gwohara2016@gmail.com

Cesar Esparsa — Candidate of Sciences (Chemistry),
Engineer of the Laboratory for High Resolution Mass
Spectrometry and NMR Spectroscopy of the Center for

38

Precision Instrumental Analysis Methods (PRIMA), the
Shared Research and Education Center (REC), Federal
State Autonomous Educational Institution of Higher
Education, Peoples’ Friendship University of Russia.
ORCID 0000-0002-8200-6208. E-mail: cesaug@yandex.
ru

Vasily A. Ivlev — Engineer of the Laboratory for High
Resolution Mass Spectrometry and NMR Spectroscopy of
the Center for Precision Instrumental Analysis Methods
(PRIMA), the Shared Research and Education Center
(REC), (REC), Federal State Autonomous Educational
Institution of Higher Education, Peoples’ Friendship
University of Russia. ORCID: 0000-0001-9664-9506.
E-mail: chemistron@mail.ru

Alexander N. Vorobyev — Candidate of Sciences
(Pharmacy), Head of the Laboratory of Industrial
Pharmaceutical Technology, the Center for Precision
Instrumental Analysis Methods (PRIMA), the Shared
Research and Education Center (REC), Federal State
Autonomous Educational Institution of Higher Education,
Peoples’ Friendship University of Russia. ORCID: 0000-
0002-7182-9911. E-mail: alek_san2007 @mail.ru

Volume VI, Issue 1, 2020



Hay4HO-npakTu4eckuin xypHan

OPUTUHAJIbHAA CTATbA

(DAPMAL“/IH n DOI: 10.19163/2307-9266-2020-8-1-29-39
OAPMAKOJIOIMA

Rimma A. Abramovich — Doctor of Sciences Center (REC), Federal State Autonomous Educational

(Pharmacy), Associate Professor, Director of the Institution of Higher Education, Peoples’ Friendship

Shared Research and Education Center, Federal
State Autonomous Educational Institution of Higher
Education, Peoples’ Friendship University of Russia.
ORCID: 0000-0003-1784-881X. E-mail: abr-rimma@
yandex.ru

Olga G. Potanina — Doctor of Sciences (Pharmacy),
Head of the Department of Pharmaceutical Chemistry
and Pharmacognosy, the Shared Research and Education

Tom 8, Beinyck 1, 2020

University of Russia. ORCID: 0000-0002-0284-419X.
E-mail: microly@mail.ru

Oleg 0. Novikov — Doctor of Sciences (Pharmacy),
Professor, Director of CLKKLSIMI, the Shared Research
and Education Center (REC), Federal State Autonomous
Educational Institution of Higher Education, Peoples’
Friendship University of Russia. ORCID: 0000-0003-
3145-6783. E-mail: novikov_oo@rudn.university

39



RESEARCH ARTICLE Scientific and Practical Journal

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

HPLC METHODS OF FEXOFENADINE QUANTITATIVE ANALYSIS
IN RABBITS’ LIVER

P.Yu. Mylnikov, I.V. Chernykh, A.V. Shchulkin, N.M. Popova, E.N. Yakusheva

Ryazan State Medical University n. a. Acad. Pavlov
9, Vysokovoltnaya St., Ryazan, Russia, 390026

E-mail: p34-66@yandex.ru

Received 19 November 2019 Review (1) 2 December 2019 Review (2) 20 December 2019 Accepted 30 December 2019

The investigation of pharmacokinetics of marker substrates of carrier protein P-glycoprotein (Pgp, ABCB1-protein) including fexofenadine, is
one of the methods of its functional activity evaluation.

The aim of the study was to work out the HPLC methods of the quantitative determination of fexofenadine in rabbits’ liver.

Materials and methods. The quantitative determination of fexofenadine was performed using Stayer chromatographic system (Akvilon, Rus-
sia) with UVV 104 ultraviolet detector. Reverse-phased chromatographic column Luna €18 100A (250*4.6) was used with 5 pm granulation
at 45°C. The concentration of fexofenadine was determined by methods of absolute peak area calibration.

Results. The work was conducted in the isocratic mode. The composition of the mobile phase consisted of deionized water, acetonitrile and
glacial acetic acid at the ratio of 267.4:120:4.33 brought to pH=6.7 with triethylamine.

The sample processing was in the form of homogenization of 500 mg of ground liver in 500 pl of purified water with the subsequent centrifu-
gation (1750 g) and selection of the supernatant. The proteins were precipitated by acetonitrile (2.5 ml) acidified with 375 pl of hydrochloric
acid by shaking at 500 rev/min.

The supernatant was transported into a separate test tube, where methylene chloride, diethyl ether and ethyl acetate were added (2 ml
each). Then the solution was again shaken for 10 minutes (500 rev/min). After that, the solution was centrifuged (1750 g) and the superna-
tant was evaporated on a rotor-vacuum evaporator at 50°C. 300 pul of the mobile phase was added to the dry residue, and 100 pl was injected
into the chromatograph.

The method was validated in the linear range from 3 to 60 pg/g of fexofenadine with the acceptable intra- and intercycle accuracy, precision
and stability. The method was tested on rabbits after the intravenous administration of fexofenadine at the dose of 11 mg/kg.

Conclusion. The HPLC methods of fexofenadine quantitative determination in the hepatic tissue of rabbits has been worked out. It can be
used for the evaluation of the functional activity of Pgp in preclinical studies.

Keywords: P-glycoprotein, ABCB1-protein, fexofenadine, chromatography, pharmacokinetics, rabbits, liver

Abbreviations: Pgp — P-glycoprotein, HPLC — high performance liquid chromatography, rev/min — revolutions per minute
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UccnepoBaHne dpapmaKoKMHETUKM MapKepHbIX cybcTpaToB 6enka-TpaHcnopTepa rmnkonpotenHa-P (Pgp, ABCB1-6enka), K KOTOpbIM OTHO-
cutes dekcopeHauH, ABNAETCA OAHUM U3 CMOCOB0B OLLEHKM €ro GYHKLMOHANbHON aKTUBHOCTMY.

Lienb. PazpaboTka BIXKX-mMeToaMKM KonnyecTBeHHOro onpeaeneHms dekcopeHagmHa B ne4eHU KPOIMKOB.

Matepuansl n metogbl. KonnyectseHHoe onpeaeneHve GekcopeHaamHa OCyLLECTBAAAN C UCTI0Nb30BAHNEM XPOMATOrpadUYecKom CUcTeMbl
Stayer («AkBuIOH», Poccus) ¢ YO aetektopom UVV 104. MpumeHanm obpalueHHO-da3Hyo xpomaTtorpadpuyeckyto KonoHKy Luna C18 100A
(250*4,6) c 3epHeHUem 5 MKM npu TemnepaTtype 45°C. OnpeaeneHne KOHUEHTPaLMK dekcodeHaamnHa NpoBOAUAM METOAOM abCoNtOTHOM
KasIMBPOBKM NO NAOLLAAMN NUKOB.

Pesynbratbl. MccnesoBaHne NpoBOAMAN B M30KPATUYECKOM pexkume. CocTaB NoaBUXKHOW dasbl: BOAA AEUMOHU3NPOBAHHASA, aLLETOHUTPUA
M NeasHasn yKCycHas KMC/oTa B COOTHOWeEHUK 267,4:120:4,33, poBeaeHHble TpUaTUAaMmmnHom Ao pH=6,7. Mpo6onoarotosKa 3aknto4anach B
romoreHmsauum 500 mMr n3menbyeHHo neveHr 8 500 MK BOAbI OYMLLEHHOW C nocneayrowmm ueHtpudyruposaHmem (1750 g) n otbopom
HaA0Caf04HOM KuaKocTU. OcaxaeHune beska ocyLecTBAANOCh aLETOHUTPUAOM (2,5 MA), NOAKUCAEHHbBIM 375 MK/ KUCNOTbI X/I0PUCTOBOO-
poAHOI NMyTeM BCTpAXMBaHWUA Ha npubope Shaker (500 06./muH). HagocagouHbI cnoi nepeHocan B OTAENbHY0 NPo6bUpKy, 406aBAsM NO
2 M1 METU/IEHA X/IOPUCTOTO, 3bUpa AN3TUIOBOIO M 3TUNALLETaTa M NOBTOPHO BCTPAXMBaiM 10 muH (npu 500 06./muH). 3aTem ueHTpudyrupo-
Banu (1750 g) 1 ynapvBanu cynepHaTaHT Ha POTOPHO-BakyymMmHoM ucnaputene npu 50°C. K cyxomy octatky aobasnsanv 300 MKA NOABUMKHOMN
dasbl 1 100 MK/ MHKEKTUPOBaAKU B xpomatorpad. MeToz 6bi1 BaMaMposaH B IMHeHOM AuanasoHe ot 3 go 60 MKr/r dekcodbeHaamHa ¢
NPMEMIEMON BHYTPU- U MEXLIMKIOBOM TOYHOCTbIO, MPELIM3NOHHOCTBIO U CTabuabHOCTbIO. MeToamnKa 6bl1a anpobupoBaHa Ha KposnKax
noc/ie BHYTPMBEHHOTO BBeAEHMA UM dekcodeHaamHa B gose 11 mr/Kr maccbl.

3akntoueHue. PaspaboTtaHa BIKX-meToamKa KOMYECTBEHHOTO onpeaeneHna dekcopeHamHa B TKaHU NEYEHU KPOIMKOB, KOTOPAA MOMXKET

MCMO0/Ib30BaTbCA AR OLEHKN GYHKLMOHANbHOM aKTUBHOCTM PEp B AOKNNHUYECKUX UCCNeA0BAHUAX.
Kntouesble cnosa: rmvkonpotenH-P, ABCB1-6enok, dekcodeHagmH, xpomatorpaduma, GapmMaKkoOKMHETUKA, KPOMKK, NEYEHb
CrMCcoK CoKpaLeHuit: Pgp — mukonpoTenH-P, BIMKX — BbicOKoadbeKTUBHAA MMUAKOCTHAsA XpomaTorpadus, 06./M1UH — 060pOTOB B MUHYTY

INTRODUCTION

P-glycoprotein (Pgp, ABCB1-protein) is an efflux
ATP-dependent membrane carrier protein that removes
exogenous and endogenous substances of the lipophilic
nature from cells into the intercellular space [1, 2]. Pgp
possesses a wide substrate specificity and transports a
range of medical substances: cardiac glycosides, hypo-
tensive, antiarrhythmic, antiepileptic drugs, anticoagu-
lants, cytostatics and other groups of drugs [3].

Being localized on the apical surface of enterocytes
of small and large intestines, this transporter prevents
absorption of the substrates in the endothelial cells of
histohematic barriers.

It prevents their penetration into the barrier organs,
on the biliary surface of hepatocytes and on the apical
surface of epitheliocytes of renal tubules. Pgp promotes
excretion of the substrates into bile and urine, respec-
tively [1, 4]. Thus, Pgp plays an important role in phar-
macokinetics of the drugs, which are its substrates: con-
trols their absorption, distribution and excretion.

Functioning of Pgp can differ under the influence of
many factors (hypoxic influences, hormonal level, drugs
consumption), which may induce the development of
undesired medical reactions in case of inhibition of the
transporter, or reduction of effectiveness of the conduct-
ed pharmaceutical therapy if its activity increases [5, 6].

A study of Pgp functional activity will permit to
optimize a medicinal treatment and to predict interac-
tions between medical drugs [7]. One of the evaluation
methods of Pgp functioning in vivo, is the examination of
pharmacokinetics of its marker substrates in dynamics
[6, 8]. A marker substrate is a substance, its pharmaco-
kinetics (absorption, distribution and excretion) is de-
termined by the tested carrier protein [6]. As a marker
substrate of Pgp, H -histaminolytic drug of the 3 gener-
ation — fexofenadine —is used.
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An HPLC method with UV detection is a universal
method of the quantitative analysis available at any lab-
oratory, in contrast to the method of mass-spectropho-
tometric detection. There are known HPLC methods of
fexofenadine concentration determination in blood plas-
ma and in the homogenate of the brain that are used
for testing a functional activity of Pgp at the level of the
whole organism and in the blood-brain barrier [9-13].
However, in the studied literature, no HPLC methods
of quantitative analysis of fexofenadine in the liver that
could make it possible to evaluate the activity of the
transporter of this localization and its role in the inter-
actions between drugs at the stage of excretion, have
been found.

THE AIM of the study was to develop the HPLC
methods for the quantitative analysis of the Pgp marker
substrate — fexofenadine —in the liver of rabbits.

MATERIALS AND METHODS

Animals

In the study, male rabbits of the Chinchilla breed
weighing 3200-3500 g were used. The animals had been
taken from the Kasimov-miacro breeding nursery (Ka-
simov, Ryazan region) and had the required veterinary
certificates. After delivery from the nursery, the animals
were examined by a veterinarian, kept in quarantine for
14 days, and after that they were placed to the convec-
tion vivarium of Ryazan State Medical University [14].

Each rabbit was kept in an individual cage on a lit-
ter for laboratory animals by lamplight with 12 daylight
hours. The temperature in the room was maintained at
22+1°C, the relative air humidity was 45—-65% [14]. The
animals were fed in correspondence with State Standard
P 50258-92. All the experiments with the animals were
conducted in compliance with the international rules
(Directive 86/609/EEC) and with the rules of Good Labo-
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ratory Practice (Order of Health Ministry of RF No.199H
dated 01.04.16).

The study protocol was considered and approved at
the meeting of Commission for control of management
and use of laboratory animals No.11 dated 28.01.2018.

The animals were euthanized by the overdose of zo-
letil (Zoletil 100, Virbac C.A., France) at the dose of 30
mg/kg. After that a sample of liver was taken. As a bio-
logical matrix, a homogenate of intact animals’ liver was
used, obtained from 6 different animals.

To test the used methods, the liver was extracted
i 5, 10, 15, 30, 60 minutes after the administration of a
fexofenadine solution (10 mg/ml) into the marginal vein
of ear in the quantity of 1.1 ml/kg (n=3 for each time
point). The preparation of the fexofenadine solution had
been described in detail before [11]. The liver samples
were kept in the frost chamber at —29°C.

Equipment

A quantitative determination of fexofenadine in the
liver homogenate was carried out using Stayer chro-
matographic system (Akvilon, Russia) with ultraviolet
spectrophotometric detector UVV 104 equipped with
a 100 pl loop injector PEEK and an autosampler 7725i
(Rheodyne, USA) with a 220 nm wavelength. A re-
versed-phase chromatographic column Luna C18 100A
(250*4.6) was used with 5 um graining at 45°C. The sam-
ples were injected to the chromatograph loop with Mi-
crosyringes (Germany).

In the work, the following auxiliary equipment was
used: Diax 9000 tissue grinder (Heidolph, Germany),
Elmi CM 6M centrifuge (Elmi, Latvia), Vodolei D301 de-
ionizer (Akvilon, Russia), VV-Micro rotor-vacuum evap-
orator (Heidolph, Germany), a device for shaking test
tubes Shaker S 3.01 (Elmi, Latvia), Vortex laboratory
medical shaker (Elmi, Latvia).

Materials

As a standard substance, fexofenadine hydrochlo-
ride was used (Sigma, Lot: RO32HO, USA having the qual-
ity certificate ensuring 99.2% content of fexofenadine
hydrochloride).

For the extraction of fexofenadine from the liver
gomogenate and preparation of the mobile phase, the
following reagents were used: acetonitrile “for HPLC”
(Merck, Germany), CP hydrochloric acid (Ekos-1, Rus-
sia), CP glacial acetic acid (Ekos-1, Russia), triethylamine
“for HPLC” (Lab-Skan, Poland), methylene chloride “for
HPLC” (Lab-Skan, Poland), ethyl acetate (Lab-Skan, Po-
land), diethyl ether (Lab-Skan, Poland), deionized water
obtained using Vodolei D301 deionizer (Akvilon, Russia).

Validation of Chromatographic Methods

Bioanalytical methods was validated according to
the guidelines for the expertise of medicine remedies,
the rules of medical drugs’ bioequivalence study within
the Eurasian Economic Union, EMA Guidelines on bio-
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analytical method validation, 2011 and FDA Guidance
for Industry: Bioanalytical method of validation (draft
guidance). U.S. Department of Health and Human Ser-
vices, Food and Drug Administration, Center for Drug
Evolution and Research (CDER). U.S. Government Print-
ing Office: Washington, DC, 2013, against the following
parameters: selectivity, a calibration curve (linearity),
accuracy, precision, the lower limit of the quantitative
determination, a sample transfer, stability of fexofena-
dine in the liver homogenate [15-17].

The content of fexofenadine in the homogenate of
rabbits’ liver was determined by a method of a peak
area absolute calibration. Calibration solutions were
prepared by adding the standard solution (100 pl) of the
substance to the mixture of 400 pl of water and 500 pg
(before homogenization) of the ground organ for obtain-
ing the samples with concentrations of 15, 60, 120, 180,
240 1 300 ul and, further on, with final concentrations of
3,12, 24, 36, 48 and 60 ug/g of the organ, respectively.

RESULTS AND DISCUSSION

Conditions of Chromatography

The study was conducted in the isocratic mode. The
composition of the mobile phase was the following: a
mixture of deionized water, acetonitrile and glacial ace-
tic acid at the rate of 267.4:120:4.33, brought to pH=6.7
with triethylamine. In these conditions, the flow rate
was 1.0 ml/min. and the retention time of fexofenadine
was 17.14+0.79 min.

Sample Processing

In the process of working out the HPLC methods of
guantitative analyses of the substances in the organs, it
was rather problematic to achieve a high degree of their
extraction from the cells, and the sample purity. It is very
important since a high content of ballast compounds
may lead to the contamination of the chromatograph-
ic column and considerably reduce the life of the pre-
column filter.

In the work, the sample processing used for ex-
traction of fexofenadine from the brain tissue of rats
[11] based on precipitation of bioorganic molecules in
the homogenate of the organ by addition of acetonitrile,
has been conducted right from the beginning. Despite
a high degree of the fexofenadine extraction from the
liver cells, the visual evaluation of the obtained sample
revealed a considerable turbidity of the solution, which
evidenced the presence of compounds of a high mole-
cular weight.

The methods of fexofenadine extraction from blood
plasma [10], which consisted in adding a mixture of
equal amounts of diethyl ether, methylene chloride
and ethyl acetate to the acidified plasma, also led to
obtaining a contaminated sample. Therefore, after the
attempts to purify it by centrifuging, a stage of precipita-
tion of proteins with acetonitrile had been added before
the extraction.
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In the course of the work, the extent of the fex-
ofenadine extraction from the liver homogenate, was
checked in conditions of acidic, neutral and alkaline
reactions of the medium. The most reproducible data
were obtained when the extraction of fexofenadine was
conducted from the acidified water-acetonitrile extract
with the use of the mixture of diethyl ether, ethyl ace-
tate and methylene chloride.

Further on, the extractability of fexofenadine from
the water-acetonitrile extract was tested with different
volumes of organic phases. The increase in the volume
to 6 ml, led to an insignificant increase in the extent of
fexofenadine extraction, therefore, a further increase
in the amount of the extracting agents, was irrational.
As a result, the following conditions of sample process-
ing appeared the most optimal ones. Homogenization
of 500 mg of the liver ground up with scissors, was con-
ducted in 500 pl of purified water at 26 000 rev/min on
Diax 9000 homogenizer within 1 min with subsequent
centrifuging at 1750 g and separation of the superna-
tant. Precipitation of proteins was carried out with ace-
tonitrile (2.5 ml) acidified with 375 ul of hydrochloric
acid by shaking it on a Shaker device at 500 rev/min
for 10 min.

The supernatant was transferred to a separate tube,
where 2 ml of methylene chloride, diethyl ether and eth-
yl acetate were added, with re-shaking of the solution
at 500 rev/min for 10 min. Then the solution was cen-
trifuged at 1750 g for 10 min and the supernatant was
evaporated on a rotary-vacuum evaporator at 50°C. The
extraction coefficient of fexofenadine was 42.4%. 300 pl
of the mobile phase was added to the dry residue, and
100 pl was injected into the chromatograph.

These conditions of sample processing permitted
to achieve a reproducible coefficient of fexofenadine
extraction, sufficient for the construction of calibration
curves and calculation of the main validation character-
istics of the methods.

Parameters of applicability

of chromatographic system

The number of theoretical plates were more than
3100, the peak asymmetry coefficient was not more
than 1.2.

Selectivity of chromatographic methods

The successive analysis of the sample with the con-
centration of fexofenadine equal to 60 pg/g and that of
the pure liver homogenate sample after the sample pro-
cessing, showed no peaks on the chromatogram of the
intact homogenate corresponding to the peaks of the
target substance by the retention time. The samples of
the obtained chromatograms are presented in Figure 1.
The coefficient of separation (resolution) of the fexofen-
adine peak and of the nearest peak of the coextractive
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substances, was calculated as the difference between
the retention times of the mentioned peaks divided by
the sum of their widths at half heights. The parameter
was more than 2.

Calibration curve

To construct calibration curves, 6 standard fexofen-
adine solutions in the rabbits’ liver homogenate of the
following concentrations were prepared: 3, 12, 24, 36,
48 and 60 pg/g.

They were analyzed with the calibration graph con-
struction showing the dependence of the concentration
of a substance on the area of its chromatographic peak
(Fig. 2).

This procedure was conducted 3 times — before
each following stage of chromatography, which was
necessary, according to the recommendations [15-17].
The following regression equations were obtained:
y = 0.0086 + 1.425, R* = 0.9981; y = 0.0095 + 1.3598,
R?=0.9989; y =0.0092 + 1.1568, R* = 0.9995. Calibration
curves with their respective regression equations were
used for calculation of accuracy and precision between
the cycles in the given methods.

The correlation coefficients were more than 0.99.
The deviations of the concentrations of calibration sam-
ples from nominal values calculated using three levels of
linear dependence, are presented in Table 1.

Accuracy and Precision

Accuracy and precision were evaluated by the anal-
ysis of the samples of intact rabbits’ liver homogenate
with adding a standard fexofenadine solution to obtain
the concentrations of 3, 12, 24 and 48 ug/g.

The precision values (relative to the standard devi-
ation) and the accuracy values (a relative error) corre-
sponded to the accepted norms (not more than 20% for
the lower limit of the quantitative determination and
not more than 15% for other points) [15-17] (Table 2).

Lower Limit of Quantitative

Determination

The lower limit of the quantitative determination of
the methods was evaluated on the basis of linearity, ac-
curacy and precision. The lower limit of the quantitative
determination was assumed the minimal fexofenadine
concentration in the liver homogenate within the range
of linear dependence in which the substance can be
determined with accuracy and precision not more than
20%. The lower limit of the quantitative determination
of fexofenadine by this methods was 3 ug/g.

The signal/noise ratio based on the fexofenadine
peaks at the level of the lower limit, was not less than
10. The limit of fexofenadine detection by this method
was about 1.6 pg/g. The signal/noise ratio was about 3
[18].
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A B

Figure 1 — Chromatogram of liver homogenate sample
Note: A —intact homogenate of liver; B - with addition of fexofenadine standard up to the concentration of 3 ug/g
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Figure 2 — Calibration curve of interdependence in fexofenadine concentration in the liver homogenate
and its chromatographic peak area
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Figure 3 — Concentration of fexofenadine in the liver after its intravenous administration
at the dose of 11 mg/kg (n=3 for each time point, M£SD)
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Table 1 — Deviations of concentrations of fexofenadine calibration samples from nominal values calculated
by equations of linear dependences

. Graph 1 Graph 2 Graph 3
Nominal
. Calculated Calculated Calculated
concentration, R . .
ug/g concentration, Accuracy,% concentration, Accuracy, % concentration, Accuracy,%
He/s Hg/s Hg/s
3 3.56 18.57 3.53 17.53 3.41 13.65
12 10.63 11.46 11.50 4.13 11.28 6.03
24 24.06 0.26 23.23 3.20 24.53 2.20
36 37.25 3.48 36.51 1.42 36.02 0.07
48 47.57 0.90 48.86 1.79 48.68 1.41
60 59.21 1.31 59.27 1.22 60.02 0.03

Table 2 — Accuracy and precision of methods of fexofenadine quantitative determination in rabbits’ liver
homogenate within and between cycles

Con'\::zrr:lllg?c:on, Mean Concentration, Mean Auccuracy, D Precuision,

ug/g ug/g % %
Within cycles

3 3.52 17.20 0.053 1.52

12 10.85 9.60 0.23 2.16

24 23.80 5.35 1.45 6.09

48 44.92 6.42 0.94 2.10
Between cycles

3 3.37 12.35 0.14 4,02

12 10.82 9.81 0.44 4.07

24 25.29 5.38 1.16 4.57

48 48.99 4.17 2.35 4.79

Stability Approbation of Methods

The stability of standard fexofenadine solutions
was evaluated by their three-fold chromatography after
three frost/defrost cycles and dilution to the concen-
tration of 10 pg/ml. Each frost cycle lasted 24 hours at
—29°C in the frost chamber followed by defrost at the
room temperature for 2 hours. No reliable differences
were found out between the fexofenadine concentra-
tions before and after the described manipulations.

To evaluate the stability of fexofenadine in rabbits’
liver homogenate kept in the frozen state, the samples
were prepared in the concentration of 48 pg/g. Half of
the samples were analyzed immediately after the prepa-
ration, and the rest of them were prepared after storage
in the frozen condition within 60 days. 3 independent
samples from each party were examined. The mean
concentration was 46.44 ug/g, the mean accuracy was
3.26%.

Sample Transfer

In the successive analysis of the sample with the fex-
ofenadine concentration of 48 ug/g and the sample of
the blank liver homogenate, no peaks were present in
the chromatogram of the pure (intact) liver homogenate
corresponding to the fexofenadine peak by the retention
time, which evidenced the absence of the sample trans-
fer.

Tom 8, Beinyck 1, 2020

A study of pharmacokinetics of Pgp marker substrates,
is a leading method in the investigation of functioning of
the protein carrier in vivo [14]. The concentration deter-
mination of the marker substrate in blood after its single
peroral administration, characterizes the functional activ-
ity of Pgp at the level of the whole organism [6]. However,
a more complete and tissue-specific evaluation of func-
tioning of Pgp, requires the use of methods permitting to
study the functional activity of the transporter locally in
the organs responsible for absorption, distribution and
excretion of substances. This is done by a quantitative de-
termination of the concentration of marker substrates in
different organs and tissues [11, 19].

As a marker substrate, fexofenadine possesses a
number of advantages: it does not undergo biotransfor-
mation, does not cumulate in an organism, it possesses
a wide range of therapeutic effects, rarely causes side
effects, it is available in price and can be bought from
pharmacies without prescription [6, 9, 10]. This drug
is primarily excreted with bile (80%) [20], therefore a
method of its quantitative distribution in the liver per-
mits evaluation of the functional activity of the trans-
porter in this organ. An increase in the concentration of
fexofenadine in the liver, indicates inhibition of the func-
tional activity of Pgp, the reduction of its level evidences
the induction of the activity of this transporter.
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Rabbits are recommended as a test system for the in-
vestigation of functioning Pgp in vivo since these animals
have the highest homology between amino acid sequences
with the transporter of a human being [21]. Pgp of rabbits
and humans is coded by one mdrl gene, and not by two
(mdr1 and mdr2) like in other rodents (mice and rats) [22—
24]. Besides, the mechanisms of regulation of the trans-
porter are similar in a human being and a rabbit [21, 25].

To test the developed methods, the concentration
of fexofenadine in the rabbits’ liver was analyzed 5, 10,
15, 30, 60 minutes after its intravenous administration at
the dose of 11 mg/kg.

Concentrations of fexofenadine in the liver ho-
mogenate were 30.4+0.88, 26.3+3.17, 17.5+2.90,

19.54+1.49 ug/g, respectively (Fig. 3). It confirms the pos-
sibility of using the developed methods for the determi-
nation of concentrations of the substance under study
in the rabbits’ liver and for the subsequent analysis of
functioning of the carrier protein Pgp.

CONCLUSION

Thus, HPLC methods was for quantitative determi-
nation of fexofenadine in the hepatic tissue of rabbits
has been worked out. It is characterized by efficiency,
sensitivity, specificity, high resolution, reproducibility
and linearity in the range of the concentrations that can
be used for the evaluation of the functional activity of
Pgp in preclinical trials.
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The aim of the study is to determine the effectiveness of betamethasone in the treatment of local post-tattoo complications, depending on
the mode of administration.

Materials and methods. The work was carried out on 90 male rats which had been tattooed (n = 30 — a negative control group; n =30 —a
comparison group: a subcutaneous administration of 1 ml of a betamethasone solution; n = 30 — an experimental group: an administration
of 1 ml of a betamethasone solution using a tattoo machine), 15 — intact rats. Withdrawal from the experiment took place on the 3rd, 10*"
and 21st days. The skin samples were fixed in 10% formalin, followed by histological posting and manufacturing of micropreparations, then
staining with hematoxylin and eosin, according to Van Gieson. A morphometric study included determination of the volume fraction (VF) of
the epidermis; dermal fibers; pigment; inflammatory cells; macrophages (%), as well as the pigment depth (um) and the severity of edema.
Results. The study found out that in the process of the betamethasone administration using a tattoo machine, the drug was uniformly ad-
ministrated over the entire area of the tattoo; hereby, the phenomena of edema and inflammatory infiltration were insignificant. The dermal
fibers were located in each layer with no signs of edema and with single cells of inflammation, respectively. The data of the histological pro-
cessing were completely consistent with the results of morphometry: it was found out that in the experimental group, edema significantly
decreased, the volume fraction of the pigment and macrophages decreased, and the volume fraction of the dermal fibers increased. The
estimation of the inflammatory reaction was carried out according to the morphometric parameters of the volume fraction of inflammatory
cells and had significant differences in all the experimental groups, decreasing in the following series: the negative control group> the com-
parison group> the experimental group> the group of intact animals (p <0.05).

Conclusion. Based on the data obtained, the effectiveness of betamethasone in the treatment of local post-tattoo complications has been
proved. In this case, the treatment of choice is the administration of this drug not traditionally subcutaneously, but using a tattoo machine
that enables the targeted delivery of the substance to the area of the pathological process.

Keywords: betamethasone, tattoo, morphometry, tattoo pigment, macrophages

Abbreviations: NC — negative control, VF — volume fraction
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3MNATUropckuii Meanko-bapmaueBTUYECKUN UHCTUTYT — puanan degepanbHOro rocyaapcTBEHHONO
610AXKETHOTIO yUpeXKaeHuMa Bbicliero obpasoBaHmns «Bosirorpaackunii rocyaapcTBeHHbIN MeanLMHCKUR
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Lienb. Onpenenvtb 3GPeKTUBHOCTL MPUMEHeHUA beTameTasoHa B IeYEHUN MECTHbIX MOCTTAaTyaXKHbIX OC/IOXKHEHWIA B 3aBUCMMOCTU OT CMo-
coba BBegeHuUA.

Martepuanbi u metogbl. Pabota BbinosHeHa Ha 90 Kpblcax-camLiax, KOTOPbIM HAHOCU/IN TaTyMPOBKK (N=30 — HeraTUBHbIV KOHTPONb; N=30 —
rpynna cpaBHeHWA: NOAKOXHOe BBeAeHue 1 ma pactBopa beTametaszoHa; n=30 — onbITHaA rpynna: BBegeHne 1 ma pactBopa betameTasoHa
C NMOMOLLbIO TaTy-MaLIMHKK), 15 — MHTAKTHbIE KpbiCbl. BbiBeaeHWe 13 akcnepumeHTa Ha 3, 10, 21 cyt. O6pasubl KoK PpuKcuposanmn B 10%
dopmanvHe c nocneaytoLLel TMCTONOMMYECKON NMPOBOAKON U M3rOTOBNEHMEM MUKPOMPENapaToB, OKPACKOW reMaTOKCUMHOM U S03UHOM,
no BaH MM3oHy. MoppomeTpuryeckoe nccneaoBaHue BkAOYaNo onpegeneHve obbemHol gonv (Of) snmaepmuca; BOSIOKOH AePMbl; MTUIMEH-
Ta; KNIETOK BOCMA/IMTE/IbHOIO PAAa; Makpodaros (%), a TakKe rybuHy 3aneraHna NUrmeHTa (MKM) 1 BbIpaXKeHHOCTb OTeKa.

PesynbTathbl. B xofe nccnenoBaHWA YCTaHOBAEHO, YTO BBeAEHWe HeTameTasoHa C NOMOLLbIO TaTy-MalIMHKK NpenapaTt paBHOMEPHO BBO-
AWNCA Ha BCIO NOLLAAb TaTYMPOBKU, B CBA3M C 3TUM, ABJIEHUA OTEKA M BOCNANUTENbHON MHGUABTPALMK BbINKN He3HaUUTENbHbIMU. BonoKHa
AepPMbl pacnonarasnucb COOTBETCTBEHHO KaXXAOMy €/10t0 6€3 NPU3HAKOB OTeKa U C eAMHUYHBIMU KNeTKaMKu BocnaneHua. [laHHble rmcTono-
rMYeCKOro UccaefoBaHWA NOHOCTLIO COMIACOBbLIBAINCL C pe3ynbTaTaMu MOpdOMeETpUM, B pesysibTaTe KOTOPOK BblNo YCTaHOB/IEHO, YTO B
OMbITHOW rpymnne JOCTOBEPHO YMEHbLUAICA OTEK, CHUXKaNacb 0b6beMHan AoNA NUIMeHTa U Makpodaros, yBesmunBanacb obbemHas fons
BOJIOKOH AiepMbl. OLieHKa BOCMaiuTeNbHOW peaKkLum NpoBoauaack no Moppometpuyeckum napamerpam Of] KNeTOK BOCNasUTENbHOO paja
1N UMeN AOCTOBEPHbIE Pas/INuMA BO BCEX SKCMEPUMEHTAIbHBIX FPYMMax, YMeHbLAACh B PAAY: FPynna HeraTMBHOrO KOHTPOAA > rpynna cpas-
HeHWA > OMbITHAA rPYNNa >rpynmna MHTAKTHbIX XMUBOTHbIX (p<0,05).

3aknoueHue. Ha 0CHOBaHWUM NOYYEHHDbIX AaHHbIX A0Ka3aHa 3GPEeKTUBHOCTb NPMMeEHEHUA beTameTasoHa NPU SIeYeHUM MECTHbIX MNOCTTa-
TYaXKHbIX OCNOXKHEHWIA. Mpy 3TOM Hanbonee NpeaNoYTUTENbHBIM ABNAETCA BBEAEHME AAHHOrO nNpenapaTa He TPaAULMOHHO NOAKOXKHO, a €

MpuHAaTa K neyatn 25.12.2019

MCMO/Nb30BaHWEM TaTy-MaLUMHKK, AaloLLell BO3MOYXKHOCTb aZpecHO AOCTaBKM BELLECTBa B 30HY NaTO/IOTMYECKOro npoLiecca.
KntoueBble cnoBa: 6eTameTasoH, TaTyax, MoppomeTpus, TaTyMpPOBOUHbIV MUTMEHT, Makpodaru

CokpauwieHua: HK — HeraTuBHbI KOHTpoAb, Ol — 06bemHan fons

INTRODUCTION

The search for the development and implementa-
tion of treatment regimens for patients with post-tattoo
complications is an urgent problem of modern medicine
in general, and dermatology in particular. In modern
society, having tattoos is no longer associated with a
certain social status of its owners, however, due to the
appearance of numerous tattoo parlors, the number of
complications resulting from tattooing is steadily grow-
ing [1].

On the basis of a multicenter clinical trial, a classi-
fication of complications arising from the tattoo proce-
dure has been presented [2]. One of the most common
post-tattoo local complications is contact dermatitis and
the formation of keloid scars [3, 4].

Tom 8, Beinyck 1, 2020

The attempts to treat inflammation in the tattoo
area using local non-steroidal and steroidal anti-inflam-
matory drugs, are single [5], and the data obtained are
contradictory. These factors determine the relevance of
this study.

THE AIM of the study is to determine the effec-
tiveness of betamethasone in the treatment of local
post-tattoo complications, depending on the mode of
administration.

MATERIALS AND METHODS

Experimental animals

The experiment was performed on 105 nonlinear
sexually mature male rats (stock), weighing 280-300 g.
The rats were kept under standard vivarium conditions,
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with a natural change in the daily cycle, a free access to
extruded food and water. The contents and manipula-
tions were carried out in accordance with order No. 755
of the USSR Ministry of Health dated 08/12/1977, and
the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scientific
Purposes (Strasbourg, March 18, 1986) [6, 7].

Study design

The design of the experiment is shown in Fig. 1.

At the first stage of the experiment, after anesthesia
(injected intraperitoneally with chloral hydrate 350 mg/kg)
and preoperative showering 06paboTk1 onepaLoHHOro
nons (the dorsal area obnactb cnuHbl), 90 rats were in-
tradermally tattooed with a black pigment (Corona Colors
Inc., USA), 2 cm? in area, using a Long Time Liner tattoo
machine of a rotary type. A characteristic feature of this
device is its operation in a gentle mode, providing a pene-
tration depth of 0.5 mm into the tissue. The control group
was represented by 15 intact animals.

At the second stage, the rats were divided into 3
groups: a negative control group (without pharmacolog-
ical correction, n = 30), a comparison group (with a tra-
ditional subcutaneous administration of 1 ml of a beta-
methasone solution, n = 30), an experimental group (an
administration of 1 ml of a betamethasone solution using
a tattoo apparatus, n = 30). Betamethasone is a glucocor-
ticosteroid, its trade name is Diprospan® suspension for
injection 7 mg/ml (2 mg + 5 mg/ml); 1 ml ampoule, blis-
ter pack 1, cardboard pack 1; EAN Code: 4602210000038;
No. P N013528 / 01, 2008-07-04 from MSD Pharmaceu-
ticals LLC (Russia); manufacturer: Schering-Plough Labo
N.V. (Belgium) ATX HO2ABO1 Betamethasone. Betameth-
asone (Diprospan) is a drug of choice in dermatovenerol-
ogy in the local treatment of dermatitis, eczema, psoriasis
and other skin diseases.

The animals were withdrawn from the experiment
on the 3, 10" and 21 days.

Histological processing

180 fragments of the skin with tattoos were taken;
30 fragments of the skin of intact animals were taken as
a control. After fixing the material in a 10% neutral for-
malin solution (the exposition time was 24 h), a standard
histological posting was performed by keeping the fixed
material in ethyl alcohol in the ascending concentration
(from 70° to 100°) and chloroform. After pouring into
paraffin and manufacturing blocks, serial histological
sections were obtained, followed by staining with he-
matoxylin and eosin, according to Van Gieson (for deter-
mining the connective tissue).

The microphotographs were taken using a “Leica
DM 100” microscope with a digital camera, magnifica-
tion x100, x200.

Morphometric research
The morphometric research was carried out in ac-

50

cordance with the established principles of quantitative
morphological studies, according to which measure-
ments are made on microphotograms obtained by pho-
tographic documentation of serial sections (and deter-
mining the number of objects on at least 10 glasses in 10
fields of view) [8].

Using the program “Video test Morpho”, the follow-
ing data were determined: the volume fraction of epi-
dermis (%); the volume fraction of dermal fibers (%); the
volume fraction of the pigment (%); the volume fraction
of inflammatory cells (%); the volume fraction of macro-
phages (%), as well as the depth of the pigment (um) and
the severity of edema.

Statistical processing of results

The gained results were processed using the STSTIS-
TICA 7.0 application software package (StatSoft, USA).
The following data were determined: M + SEM, non-
parametric Wilcoxon’s test, Student’s t-test and confi-
dence indices (p). The results were considered reliable
at p <0.05.

RESULTS

Effectiveness of betamethasone during

the tattooing process depending on

the mode of administration according

to the results of histological processing

When performing the histological block of the study
of the rats’ skin samples, it was found out that on the 3rd
day, in the rats of the intact group, the skin was repre-
sented by two layers: epidermis and derma. The epider-
mis included horny, prickle-cell and basal layers adjacent
to the basement membrane; the derma consisted of
papillary and reticular layers (Fig. 2).

In all the skin samples in the groups with tattooing,
the signs of the traumatic damage were reported in tat-
tooing with a black pigment and an inflammatory reac-
tion in response to this damage. When assessing the skin
layers in the negative control group, the epidermis was
characterized by preserving all its layers, where the ep-
ithelium was represented by a basal layer that was fair-
ly tightly adjacent to the basement membrane without
signs of damage.

The remaining layers of the epidermis (prickle-cell,
granular, horny) were preserved and clearly visualized
when stained with hematoxylin and eosin. In the papillary
and reticular layers of the derma, an accumulation of the
black pigment was reported. It was located both diffusely
and perivascularly, which was accompanied by a reaction
of the vascular bed and the development of a pronounced
inflammatory reaction. So, in the early period, there was a
slight perivascular edema and the presence of neutrophils
mainly in the reticular layer of the derma. The boundary
between the reticular and papillary dermal layers was not
clearly detected due to the edema and inflammatory infil-
tration. The dermal fibers were more loose compared to
the skin samples of the intact animals (Fig. 3).
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Figure 1 — Design of the experiment
Note: NC — a negative control group (without pharmacological correction); a comparison group — subcutaneous administration of betameth-
asone; an experimental group — a betamethasone administration using a tattoo machine

Figure 2 — Histological structure of the skin of the Figure — 3. Histological structure of the skin of the nega-
positive control group rats (intact animals) on the 3rd tive control group rats (the skin of the tattoo area with-
day of the experiment. Stained with hematokilin and out treatment) on the 3rd day of the experiment. Stained

eosin. A 100 x magnification with hematokilin and eosin. A 100 x magnification
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Figure 4 — Histological structure of the skin of
the comparison group animals (intradermal
betamethasone administration) on the 3rd day of the
experiment. Stained with hematokilin and eosin. A
100 x magnification

Figure 6 — Histological structure of the skin of the
positive control group rats (intact animals) on the 21st
day of the experiment. Stained with hematokilin and
eosin. A 100 x magnification

Figure 8 — Histological structure of the skin of the
comparison group animals (intradermal betamethasone
administration) on the 21st day of the experiment. Stained
with hematokilin and eosin. A 100 x magnification
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Figure 5 — Histological structure of the skin of
the experimental group rats (betamethasone
administration using a tattoo machine) on the 3rd
day of the experiment. Stained with hematokilin and
eosin. A 100 x magnification

Figure 7 — Histological structure of the skin of the negative
control group rats (skin of the tattoo area without
treatment) on the 21st day of the experiment. Stained
with hematokilin and eosin. A 100 x magnification

Figure 9 — Histological structure of the skin of the
experimental group rats (betamethasone administration
using a tattoo machine) on the 21st day of the experiment.
Stained with hematokilin and eosin. A 100 x maghnification
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In the comparison group (with intradermal beta-
methasone administration into the tattoo area), the ede-
ma of the derma was less pronounced, the fibers were
located more densely to each other, and the papillary
and reticular layers of the derma were visualized. The
sites of inflammatory infiltration represented by neutro-
phils and lymphocytes were reported, while the cellular
reaction was less pronounced and manifested uneven-
ly, persisting mainly in the deep layers of the derma.
Inflammatory infiltrates located perivascularly, as well
as around the appendages of the skin, were detected.
The structure of the epidermis had no significant differ-
ences from the structure of the skin of the intact group
animals: the basal, prickle-cell, granular and horny layers
were visualized (Fig. 4).

In the skin samples of the experimental group (with
intradermal betamethasone administration using a tat-
too machine), the drug was uniformly injected over the
entire tattoo area, in this regard, the phenomena of ede-
ma and inflammatory infiltration were insignificant. So,
the papillary layer was represented by a loose, unformed
connective tissue, the fibers were tightly attached to the
basement membrane of the epidermis. A clear bound-
ary between the papillary and reticular layers, where the
latter was represented by a dense unformed tissue, with
the inclusion of skin appendages, was visualized. Single
lymphocytes and neutrophils around the blood vessels
and appendages of the skin, were determined. The der-
mal fibers were located in each layer without signs of
edema, respectively (Fig. 5).

On the 10th day of the experiment, the skin samples
of the intact animals had a typical histological structure
that did not differ from that on the 3rd day of the exper-
iment. In the negative control group, on the 10th day
of the experiment, the epidermis had a typical structure
that did not differ from that in the group of intact an-
imals, the cells were tightly attached to the basement
membrane. Morphological changes concerned the pap-
illary and reticular layers of derma. In this case, there
were phenomena of edema, visually manifested in a
connective tissue shedding. An inflammatory infiltrate
was determined, and in this model, its severity slightly
decreased compared to the 3rd day of the experiment.
According to the cellular composition, single neutro-
phils, lymphocytes, and plasmocytes were detected.
It should be noted that at this time of the experiment,
macrophages absorbing the black pigment, were iden-
tified; they were located predominantly perivascularly
and were characterized by incomplete phagocytosis. An
insignificant reaction of connective tissue cells was also
reported. There fibroblasts and fibrocytes with random-
ly located fibers which can lead to the formation of scar
tissue or keloid scar, were determined.

In the comparison group, on the 10th day, there was
a decrease in edema and inflammatory response. His-
tologically, all the skin layers represented by epidermis,
derma and hypoderma, were determined. The basal
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cells were located on the membrane, in a tight contact
with the prickle-cell layer adjacent to the granular one
and the subsequent horny layer. The papillary dermal
layer tightly adhered to the basement membrane of the
epidermis, the fibers of the loose tissue were located
somewhat randomly. Single lymphocytes, neutrophils
and plasma cells were detected. A black pigment with
a diffuse arrangement of granules was revealed in both
reticular and papillary layers, and in single macrophages.
In the reticular layer there were appendages of the skin,
represented by intact hair follicles, sweat and sebaceous
glands.

A histological processing of the animal skin samples
of the experimental group on the 10t day, did not show
significant differences from the skin fragments in the
comparison group. All the layers of the epidermis, the
structure of the basement membrane were preserved,
a clear boundary was determined between the papillary
and reticular layers of the derma. The black pigment was
located both in the papillary and reticular layers, in the
form of small clusters located mainly perivascularly. A
small number of macrophages with black pigment inclu-
sions was determined. Single lymphocytes and neutro-
phils were observed only in the deep layers of the derma
near the hair follicles and sebaceous glands.

On the 21st day of the experiment, the structure of
the skin samples of the intact rats corresponded to the
histological norm (Fig. 6).

On the 21 day, in the negative control group, the
skin samples from the tattoo area showed morpholog-
ical changes from the derma, while the epidermis was
fully consistent with the intact rats’ skin structure. It
should be notified that in the derma, there were cells of
the lymphocytic series, represented by single groups of
lymphocytes and plasmocytes, which are the basis for
the development of granulomatous complications with
the formation of nonspecific intradermal granulomas.
Such pathological manifestations of the skin reaction to
an alien pigment, lead to visual changes in the skin to-
pography, and are the most common reason for patients
to contact a dermatologist with complaints of a violation
of the aesthetic appearance of the tattoo.

On the 10th day of the experiment, the pigment vol-
ume decreased slightly due to the presence of both res-
ident macrophages and free phagocytes. The number of
cells of the fibroblastic series increased significantly, and
single fibrocytes were reported. These factors were as-
sociated with the presence of a severe inflammation at
the early stages, and secondary tissue damage. In some
cases, a thickening of the connective tissue fibers was
observed. It was due to hyalinosis resulting in the forma-
tion of scars. According to the morphological structure,
these scars were similar to keloid ones (Fig. 7).

When studying the skin samples of the comparison
group on the 21st day of the experiment, a complete
absence of cellular elements was revealed. It indicates
an inflammatory process due to the peculiarities of the
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pathological process at the earlier stage of the experi-
ment. In this regard, secondary tissue damage, as well
as chemo-induced fibroblast migration, was reduced,
which did not cause a pronounced synthesis of the con-
nective tissue fibers resulting in the formation of scars.
So, the papillary layer of the derma which was closely
adjacent to the basement membrane of the epidermis,
as well as the reticular layer in which the appendages of
the skin were located, were determined. The pigment
distribution was shaped relatively nonuniformly as small
clusters in both reticular and papillary layers (Fig. 8).

The greatest effect in reducing the inflammatory re-
sponse and prevention of complications was achieved
in the experimental group. In the study carried out on
the 21st day, it was found out that the skin structure
corresponded to the histological norm with visualiza-
tion of the main layers: epidermis, derma, hypoderma
(Fig. 9).

The presence of the black pigment in the reticular
derma, was reported in the form of small clusters caused
by the presence of histiocytes in the connective tissue.
The dermal fibers were arranged according to its layers
and had a characteristic structure.

Morphometric evaluation of betamethasone effec-
tiveness in tattoo dynamics depending on the mode of
administration

The results of the morphometric study of the skin
samples in the tattoo area in the rats of the studied
groups in the dynamics of the experiment, are present-
ed in Table 1.

During the experiment, the volume fraction (VF) of
the epidermis had no significant differences from the
VF of the epidermis in the group of intact animals and
averaged 16.49+1.19% (p> 0.05) in all the experimental
groups.

When determining the VF of the dermal fibers, it
was found out that in the tattooed animals, there was a
significant decrease in this indicator compared to the in-
tact rats. The most pronounced decrease in this morpho-
metric indicator, was determined in the negative control
group on the 3rd day of the experiment (60.02+4.02%),
p <0.05. As the duration of the experiment increased,
the VF of the dermal fibers increased, too, and on the
10th day, in the animals of the comparison and exper-
imental groups, there were no significant differences
from the VF in the intact group.

The maximum VF values of the tattoo pigment were
determined in all the experimental groups on the 3rd
day and significantly decreased as the duration of the
experiment increased. At the same time, there was an
increase in the VF of macrophages; however, this indi-
cator significantly decreased in the dynamics of the ex-
periment. Thus, the macrophage VF was minimal in the
negative control group, varying from 1.74 + 0.11% (on
the 3rd day) to 0.6 + 0.05% (on the 21st day), p <0.05.

The assessment of the inflammatory response was
carried out according to the morphometric parameters
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of the VF of the inflammatory series cells (neutrophils,
lymphocytes, monocytes). This indicator had significant
differences in all the experimental groups, decreasing
in the series in the following way: the negative control
group> the comparison group> the experimental group>
the group of intact animals (p <0.05).

The greatest betamethasone effectiveness in mor-
phometry was determined when evaluating an intersti-
tial edema, which had significantly reduced by the 10th
day of the experiment as a result of intradermal admin-
istration of the drug, and completely leveled when intro-
duced using a tattoo machine (p <0.05).

When studying the depth of the tattoo pigment, it
was found out that in the dynamics of the experiment, in
the negative control rats an increase of this indicator by
1.97 times was recorded in all the animals; in the com-
parison group — by 1.75 times and in the experiment — by
1.82 times (p <0.05).

DISCUSSION

The intact animals’ skin had a typical structure,
which corresponded to the histological norm. In all the
experimental groups, the main pathomorphological
changes were registered in the derma. The accumulation
of the black pigment was registered in the papillary and
reticular layers; it was located both diffusely and perivas-
cularly. The pigment accumulation was accompanied by
a reaction of the vascular bed and the development of a
pronounced inflammatory reaction.

In the negative control group in the early period, the
border between the reticular and papillary layers of der-
ma was not clearly defined due to edema and inflamma-
tory infiltration. The dermal fibers were looser compared
to the skin samples of the intact animals. In the reticu-
lar layer of the derma and hypoderma, skin appendag-
es were determined; there was neutrophilic infiltration
and an admixture of lymphocytes around the sebaceous
glands and hair follicles, which can become a source of
purulent complications. The results obtained are consis-
tent with the data of foreign authors, who point out a
risk of post-tattoo complications, mainly when using a
black tattoo pigment [9, 10].

By the end of the experiment, the border between
the papillary and reticular layers had become fuzzy, due
to the development of a fibroblastic reaction and an
increased production of connective tissue fibers; it re-
sembled the picture of a “young” scar in the process of
formation. The data obtained do not contradict the liter-
ature data on the possibility of the formation of keloid
scars in the tattoo area, regarded as a local procedure
complication [11].

In the comparison group (with intradermal beta-
methasone administration into the tattoo area), the
edema of the derma was less pronounced, the fibers
were located more densely to each other, and the pap-
illary and reticular cetuatbiii layers of the derma were
visualized.
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Table 1 — Morphometric parameters of the skin in the tattoo area of the rats in the studied groups
in the experiment dynamics (M + m)

Experiment duration

Groups of Animals

The 3" day The 10th day The 21st day
VF of epidermis,%
Intact 16.21+0.81 17.01+0.85 15.99+0.79
Negative control 16.82+1.51 16.77+£1.84 16.014£1.12
Comparison group 16.74+1.17 16.59+1.49 16.33+1.31
Experimental group 16.43+£1.31 16.68+£1.01 16.29+1.14
VF of dermal fibers,%
Intact 83.79+4.18 82.7+4.13 84.01+4.20
Negative control 60.02+4.02* 69.82+4.19* 78.65+5.51*#
Comparison group 66.0+4.62* 75.23+6.77 79.43+5.56
Experimental group 67.39+4.87* 74.8+4.49 79.5146.36
Pigment depth, um
Intact 0 0 0
Negative control 42.0+£2.13* 67.9+4.75** 82.77+6.62*#
Comparison group 40.53+2.43* 70.6+4.23*# 71.0£4.97**
Experimental group 40.2142.81* 61.33+3.68** 73.22+5.85**

VF of pigment, %

Intact 0 0 0

Negative control 8.77+0.61* 5.11+0.46*" 4.43+0.49*"
Comparison group 9.58+0.86* 4.98+0.34*" 3.9740.19*
Experimental group 9.33+0.65* 5.52+0.39*" 3.99+0.23*#

VF of inflammatory series cells, %

Intact 0 0 0
Negative control 12.65+1.01* 7.5%0.82*# 0.31+0.02
Comparison group 6.35+0.45* 3.140.21*# 0.174#0.01
Experimental group 5.7+0.39* 2.9+0.23*# 0.11+0.01
VF of macrophages, %
Intact 0 0 0
Negative control 1.74+0.11%* 0.8+0.07* 0.6+0.05*#
Comparison group 1.33+0.11* 0.1+0.008* 0.1+0.007
Experimental group 1.15+0.10%* 0.1+0.011% 0.1+0.005
Severity of edema (+++)
Intact = = =
Negative control +++* 4% —
Comparison group ++* +*# —#
Experimental group ++* —*# -

Note: * —significant differences with the group of intact animals (p <0.05); # — significant differences compared with the previous period (p <0.05)

The inflammatory reaction was less pronounced and
nonuniformly manifested, persisting mainly in the deep
layers of the derma and dynamically decreasing as the
duration of the experiment increased. On the 21st day
of the experiment, secondary tissue damage was report-
ed, herewith the chemically induced migration of fibro-
blasts was reduced, which did not cause a pronounced
synthesis of the connective tissue fibers resulting in the
formation of scars.

The greatest effect in relation to the inflammato-
ry reaction and the prevention of complications, was
achieved in the experimental group. In the skin samples
of the experimental group (with intradermal betameth-
asone administration using a tattoo machine), the drug
was uniformly injected over the entire area of the tat-
too; in this regard, the phenomena of edema and inflam-
matory infiltration were insignificant. The dermal fibers
were located in each layer, respectively, with no signs of
edema and with single cells of inflammation. The car-
ried out histological research was fully consistent with
the results of morphometry. It was found out that in the
betamethasone administration using a tattoo machine,
edema significantly decreased, the VF of the pigment,
macrophages and inflammatory cells decreased, too,
and the number of dermal fibers increased (p <0.05).
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The data obtained are extremely relevant, which is
confirmed by foreign authors’ publications. They indi-
cate an increase in post-tattoo complications and the
development of skin diseases, such as atopic dermati-
tis, allergic reactions provoked by the tattoo procedure
[12-15]. Granulomatous diseases, up to skin sarcoid-
osis, are recorded somewhat less frequently [16]; the
prerequisites for its occurrence were identified during
the histological research. Thus, the inflammatory na-
ture of the skin diseases, against the background of
tattooing and the location of the tattoo pigment in the
deep layers of the derma, determine the consistency of
using betamethasone as the drug of choice and explain
the effectiveness of its administration using a tattoo
machine.

CONCLUSION

As a result of the carried out experimental study,
the effectiveness of betamethasone in the treatment
of local post-tattoo complications has been proved. In
this case, the treatment of choice is the administration
of this drug not traditionally subcutaneously, but using
a tattoo machine. That enables the targeted delivery of
the substance to the area of the pathological process,
and can be recommended for clinical trials.
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A widespread use of B-lactam antibiotics such as penicillins in practical medicine, and its authorized use in special categories of patients (e.g.
children, pregnant and lactating women, the elderly) requires a critical investigation of their safety as well as the obligatory risk assessment
before conducting antibacterial pharmacotherapy.

The aim of the work was the conduction of a retrospective study of adverse reactions cases, the identification and analysis of drug-related
problems (DRP) associated with the use of penicillin family antibiotics.

Materials and methods. The objects of the study were adverse drug reactions (ADR) associated with the use of penicillin family antibiotics in
inpatient and outpatient facilities, as well as the cases of self-treatment, which were recorded in the official ADR reports and then inputted in
the regional (Republic of Crimea) database of spontaneous reports called ARCADe (Adverse Reactions in Crimea, Autonomic Database). The
covered period is 2009—-2018. The analysis of DRP was carried out using the 9.0 version of the qualification system DRP PCNE (Pharmaceutical
Care Network Europe Foundation).

Results. The data analysis of ADR reporting forms has revealed that Amoxicillin clavulanate and Amoxicillin were the most frequent cause of
ADR. A high incidence of penicillins ADR in pediatric patients (from 0 to 18 years) — 142 cases — has been found. The clinical manifestations
of reactions included drug hypersensitivity reactions (309 cases), dyspeptic disorders (28 cases) and disorders of the central nervous system
(5 cases). The incidence of serious ADR was 113 cases (33% of the total number of ADR in the study), which indicates a rather high risk of
developing severe ADR for penicillins, resulted in a significant decrease in the quality of patients’ lives.

Conclusion. The detection of DRP using the PCNE V9.0 approach is a useful and promising tool important to improve the quality of pharma-
cotherapy and their adherence to treatment. The highest DRP values which were observed for Amoxicillin clavulanate and Amoxicillin, may
indicate a high frequency of irrational use of these drugs.

Keywords: penicillins, adverse reactions, drug-related problems, DRP, Amoxicillin clavulanate, Amoxicillin

List of abbreviations: DRP — drug related problems; ADR — adverse drug reactions; INN — international non-patented name
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LLinpokoe ncnonb3osaHue B-NaKTaMHbIX aHTUOMOTUKOB FPYNIbl NEHULMAIMHOB B NPAKTUYECKON MeauLMHE, 0dULMANBHO JOMYCTUMOE UX
HasHayeHne 0cobbiM KaTeropuam NaLMeHToB (4eTh, 6epemMeHHble U TAKTUPYIOLLME KEHLLMHBI, IMLLA NMOXKMIOTo BO3pacTa) TpebyeT cepbes-
HOrO OTHOLLEHUA K U3y4yeHUto 6e30MacHOCTM 1 OLLEHKE PUCKOB NpU NpoBeAeHUN aHTMBaKTepuanbHo dapmakoTepanuu.

Lienbto paboTbl 66110 PETPOCMEKTUBHOE M3YUYEHUE CIYHAEB HEXKENATENbHBIX Peakumii (HP), a TakKe BbiaBNEHUE U aHaNU3 Npobaem, CBA3AH-
HbIX C MPYMEHEHMEM IeKapCTBEHHbIX Npenapatos (Drug-related problems, DRP) rpynnbl NEHULMANIMHOB.

Martepuanbl U metogbl. O6bekTaMmn UCCAef0BAHWUA NOCNYKUAN Caydaun pasBuTva HP Npu npUMEHEHUW rpynmnbl NEHULUANNHOB B CTaLMO-
HapHbIX, aMByNaTOPHbIX YUPEKAEHUAX, @ TAKKE MPU UCTIONb30BAHUM MPEMNAPATOB B BUAE CAMO/IEYEHMS, T.€. KapTbl-u3BeLleHus o HP, 3ape-
r'MCTPUpOBaHHbIe B perroHanbHol (Pecnybauka Kpbim) 6ase cnoHTaHHbIx coobuieHuii ARCADe (Adverse Reactions in Crimea, Autonomic
Database) 3a nepunog 2009-2018 rr. U3yyeHue n aHanm3 DRP, npoBoanAUCH C UCNONb30BaHWEM 0OHOBAEHHOW BEPCUM KBaNUDUKALMOHHOWM
cuctembl DRP PCNE (Pharmaceutical Care Network Europe Foundation) V9.0.

PesynbTathl aHanM3a KapT-u3BeLleHuit o HP No3Bo/MAM BbIABUTL, YTO NpenapaTaMmu-«anaepammn» no Yactote passutna HP aBaaoTca amok-
CULMANMHA KNABYIAHAT M aMOKCULMAAUH. CTOUT OTMETUTb BbICOKYIO YacToTy pa3BuTua HP Ha doHe npvMeHEeHNA NEHULMAIMHOB Y NaLMeH-
TOB AeTckoro BospacTa (ot 0 go 18 net) — 142 cayyaa. KnnHnyeckumm npoasaeHmamu HP Ha aHTMBMOTUKIM NpeacTaBAeHHOM rpynnbl 6b11m
PeaKkLmMmn NeKapcTBeHHOM rmnepdyscTBuTesibHocTH (309 cayyaes), AMCNEncUYEcKMe PaccTPoMcTBa (28 ciyyaes) M HApPyLIEHUA CO CTOPOHbI
LLeHTPaIbHOW HepBHOW cucTemsbl (5 cayyaes). YactoTa cepbesHbix HP coctasuna 113 cayyaes (33% ot obuwiero konndectsa HP), yto ceuae-
TeNIbCTBYET O AOCTAaTOYHO BbICOKOM PUCKe pPasBUTUA TAXenblx HP npu npumeHeHUn nNeHULMANNHOB, COMPOBOXAAIOLLMXCA 3HAYNTEIbHBIM
CHUXKEHMEM KauyecTBa XKM3HWU NaLMUEeHTOB.

3akntoueHue. BoissneHne DRP npu nomowm metoga PCNE V9.0 ABnfeTcA BaXKHbIM U MepCnekTMBHbIM MHCTPYMEHTOM, HeobxoAMMbIM ANs
NOBbILEHNA Ka4yecTBa papMaKoTepanuu NaLMEHTOB U YYYLLEHWUA UX MPUBEPKEHHOCTU K NieveHmnto. Hanbonee BbICOKME NOKasaTeNn 3Ha-
YeHunit DRP Habnopanncb npu NnpuMeHeHW aMOKCULMANIMHA KaBynaHaTa U aMOKCULM/IMHA, YTO CBUAETENbCTBYET O BbICOKOM YacToTe
HepaLuMOoHaNbHOrO Ha3HaYeHUA JaHHbIX MpenapaTos.

Kntouesble cnoBa: NeHULUANIVHDI, HEXeNaTeNbHble peakLuum, Npobaembl, CBA3aHHbIE C IEKAPCTBEHHbIMK Npenapatamu, DRP, amokeuumn-
JINHA KNaBy/NaHaT, aMOKCULMNAVH

Cnucok cokpaweHuii: DRP — npobaembl, CBA3aHHbIE C NEKAPCTBEHHbIMM NpenapaTtamu; JIC — nekapcTBeHHble cpeacTsa; MHH — mexayHa-

poAHOe HenaTeHTOBaHHOEe Ha3BaHue; HP — HexxenaTenbHble peakuuu; nce - NPUYNHHO-CNeaCTBEHHAA CBA3b

INTRODUCTION

The history of the penicillin clinical use began in
1940 after the first experimental study of penicillin in
mice, which confirmed a high antibacterial activity of
this drug against staphylococci [1]. Currently, penicillin
medicines are the basis of modern antibacterial chemo-
therapy and have an important place in the treatment of
various infectious diseases [2].

A widespread use of B-lactam antibiotics in practical
medicine, their officially authorized prescription for spe-
cial categories of patients (children, pregnant and lactat-
ing women, the elderly) requires a serious attention to
safety studies and risk assessment [3, 4]. A study of ad-
verse drug reactions (ADR) of antibacterial drugs by Jung
LY. et al. in South Korea, confirms the high frequency of
ADR associated with the use of penicillins (16% of the to-
tal number of cases for chemotherapeutic agents). The
main manifestations were allergic reactions and gastro-
intestinal disorders [5]. Numerous studies on the safety
of the penicillin group also have been conducted on the
territory of the Russian Federation [6, 7]. They made it
possible to identify a high incidence of penicillin ADR,
most often associated with ignoring patients’ allergic an-
amneses, overdosage, and the non-compliance with the
recommended frequency of administration.

THE AIM of the work was a retrospective study of
ADR cases, as well as the identification and analyses of
the drugs (penicillins) related problems (DRP) using the
DRP PCNE V9.0 qualification system.

MATERIALS AND METHODS

The objects of the study were ADR developed after
the use of penicillin medicines in inpatient or outpatient
facilities, as well as the ones related to the use of the
drugs for self-treatment. The ADR reporting forms re-
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corded in the regional (Republic of Crimea) database of
spontaneous reports called ARCADe (Adverse Reactions
in Crimea, Autonomic Database) received in 2009-2018
period, were analyzed.

The detection of the cases of interest was carried
out by the codes of the Anatomical and Therapeutic
Chemical (ATC) classification of drugs proposed by World
Health Organization [8].

During the analyses, the instructions for medical use
of the State Drug Registers of the Russian Federation and
Ukraine (for the cases registered before 2014 when the
Republic of Crimea became the part of Russian Federa-
tion) were checked. In accordance with the ATC classifi-
cation, penicillins are assigned the JO1C — beta-lactam
antibiotics, penicillins.

The seriousness of ADR was established in accor-
dance with the definition given in paragraph 51 of Arti-
cle 4 of Federal Law No. 61-FZ dated April 12, 2010 “On
the Circulation of Medicines” [9].

The assessment of the causal relationship was car-
ried out in accordance with the recommendations of
the WHO Uppsala monitoring center [10]. According
to this classification, 6 degrees of a causal relationship
are distinguished, and only the first 3 degrees (certain,
probable, possible) refer to a high degree of causality
and allow to interpret adverse events as “adverse drug
reactions”.

Drug-related problems (DRP) are defined as “any
circumstance or event related to drug therapy that ac-
tually or potentially prevents the patient from receiving
the intended benefits of the pharmacotherapy” [11-19].
The study and analysis of DRP were carried out using the
updated (9*) version of the DRP PCNE (Pharmaceutical
Care Network Europe Foundation) qualification system,
adopted on June 1, 2019 [20]. The appearance of a new
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classification category “Intervention Acceptance”, as
well as the update of the standard categories (P — prob-
lems, C — causes, | — interventions and O — the status of
the problem or outcomes), is one of the characteristic
features of this version of the PCNE system. Thus, Cat-
egory “P” is divided into three groups: P1-effectiveness,
P2 — safety, P3 — other. The causes of DRP, standardized
by code “C”, are classified as follows:

e (C1-Drug selection

e (C2-Drugform

e (C3-Dose selection

e C4-Treatment duration

e (C5-Dispensing

e (C6—Drug use process

e (7 - Patient related

e (8- Patient transfer related

e (C9-Other.

In Section | (planned interventions) interventions
are divided into 4 classes: |1 — interventions at pre-
scriber level; 12 — interventions at patient level; 13 —in-
terventions at drug level; 14 — other interventions and
activities. Options for the outcome of the intervention
(code “A” — Acceptance) are as follows: the intervention
is accepted (A1), the intervention is not accepted (A2)
and there is lack of information about the acceptance of
certain interventions (A3). Among the outcomes of DRP
(code “Q”), there are 3 main alternatives: the DRP prob-
lem is solved, partially solved or not solved.

The evaluation of the DRP analysis results was car-
ried out by Matveev AV, Krasheninnikov AE, Egorova
EA. Each case of ADR was evaluated by two research-
ers independently of one another, and in case of dis-
agreement, the third opinion was taken into account
(Koniaeva El). Such an analysis makes it possible to
identify the most likely causes of the development of
ADR in each case [21]. The minimum amount of DRP
characterizes a high degree of safety of pharmacother-
apy, and high DRP values, on the contrary, indicate a
significant risk of potential complications when pre-
scribing the drug.

Clopper-Pearson method was used to calculate lim-
its of confidence intervals.

RESULTS AND DISCUSSION

In order to study the ADR of the penicillin group drugs
(JO1C), 342 reports (2009-2018) were selected in the re-
gional database ARCADe. It amounted to 5.01% (95% ClI:
4.5-5.6%) of the total number of adverse reactions record-
ed during the covered period (6825 reports). Among all
cases of ADR development due to the use of antimicrobial
agents for systemic use (1771 cases), the frequency of ADR
associated with the use of penicillins was 19.3% (17.5—
21.3%), which indicates a high risk of adverse effects.

The analysis of 342 ADR reports of the pharmaco-
logical group “JO1C” by the frequency in the context of
its representatives, is of practical interest is (Table 1).

A significant predominance of amoxicillin ADR is
most likely due to the high frequency of prescriptions of
these drugs by doctors in outpatient and inpatient set-
tings [22]. It is worth noting that European (2017) and
WHO guidelines (2017) recommend the use of Amoxi-
cillin and Amoxicillin-clavulanate as first-line drugs for
infections of the lower and upper respiratory tract (mild
and moderate severity), infections of the skin and soft
tissues, as well as for infection of urinary system [23].

The analysis the patients’ age categories with re-
corded ADR caused by penicillin family antibiotics, is
also of scientific interest. In 142 cases (41.52% with
95%Cl 36.2-46.9), ADR were observed in pediatric pa-
tients (from 0 to 18 years). The distribution analysis
of ADR in children was carried out in accordance with
Geppe NA’ classification with the following results:
0-28 days old — 14 cases (4.1%; 2.3-6.8%); 29 days
— 12 months old — 40 cases (11.7%; 8.5-15.6%); 1-3
years old — 34 cases (10; 7-13.6%); 4—7 years old — 19
cases (5.6%; 3.4-5.6%); 8—10 years old — 7 cases (2%;
0.8-4.2%) and 11-18 years old — 28 cases (8.2%; 5.5—
11.6%). 200 records contained information about the
development of adverse effects after penicillins admin-
istration in patients over 18 years old. The frequency
of cases in this age group with subgroups is presented
in Figure 1. A study of gender characteristics made it
possible to determine that the majority of ADR were
observed in female patients (196 cases, 57.3% with
95% Cl 51.9-62.6%).

Table 1 - Frequency of ADR reporting forms on penicillins

INN TC-code

Amount of reporting
forms, abs. value

Percentage of reporting forms in the
total amount of ADR cases (95% Cl)

Monocomponent drugs

Amoxicillin JO1CAO04 111 32.5(27.5-37.7)

Ampicillin JO1CAO1 14 4.1(2.3-6.8)

Benzylpenicillin JO1CEO1 11 3.2 (1.6-5.7)

Benzathine benzylpenicillin JO1CEO8 2 0.6 (0.1-2.1)
Combinations

Amoxicilline clavulanate JO1CR0O2 186 54.4 (48.9-59.8)

Amoxicilline sulbactam JO1CRO1 18 5.3(3.1-8.2)
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Figure 1 — The frequency of penicillins ADR in age categories of adult patients
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Figure 2 — The distribution of penicillin family antibiotics ADR according to their clinical manifestations
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Figure 4 — Distribution of ADR cases by the quantity of total DRP value

Table 2 — Median (max:min) indices, DRP values in cases of ADR in the administration of penicillin family
antibiotics according to standard qualification grades

INN Benzathine - -
Amoxicillin  Ampicillin Ber.mz'yl.- benzyl- Amoxicilline-  Amoxicilline-
DRP subcategory penicillin penicillin clavulanate sulbactam
Category P — Problems
P1. Effectiveness 0 (0:0) 0(0:0) 0(0:0) 0 (0:0) 0(0:0) 0(0:0)
P2. Safety 1(1:1) 1(1:1) 1(1:1) 1(1:1) 1(0:1) 1(1:1)
P3. Other 0(0:2) 0(0:2) 0(0:0) 0 (0:0) 0(0:2) 0(0:1)
Category C — Causes |
C1. Drug selection 0(0:3) 0(0:1) 0(0:2) 0 (0:0) 0(0:3) 0(0:1)
C2. Drug form 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:1) 0 (0:0)
C3. Dose selection 0(0:2) 0(0:2) 0 (0:0) 0,5 (0:1) 0(0:3) 0(0:2)
C4. Treatment duration 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:0)
C5. Dispensing 0(0:2) 0 (0:0) 0(0:0) 0,5 (0:1) 0(0:1) 0(0:0)
C6. Drug use process 0(0:1) 0(0:1) 0 (0:0) 0 (0:0) 0(0:2) 0(0:1)
C7. Patient related problems 0(0:1) 0(0:1) 0(0:0) 0(0:0) 0(0:1) 0(0:1)
C8. Patient transfer related problems 0(0:1) 0(0:1) 0(0:1) 0(0:1) 0(0:1) 0(0:1)
9. Other 1(0:1) 1(0:1) 1(1:1) 1(1:1) 1(0:1) 1(1:1)
Category | — Interventions
I11. Interventions at prescriber level 2 (0:2) 2 (1:2) 2(1:2) 2(2:2) 2 (0:2) 2(2:2)
12. Interventions at patient level 1(0:2) 1(1:2) 1(0:2) 1,5(1:2) 1(0:2) 1(1:1)
13. Interventions at drug level 1(0:1) 1(1:1) 1(1:1) 1(1:1) 1(0:1) 1(1:1)
14. Other interventions and activities 1(0:1) 1(1:1) 1(1:2) 1(1:1) 1(0:1) 1(1:1)
Category A — Acceptance
Al. Intervention is accepted 1(0:2) 1(1:1) 1(1:1) 1(1:1) 1(0:1) 1(1:1)
A2. Intervention is not accepted 0 (0:0) 0 (0:0) 0(0:0) 0 (0:0) 0(0:1) 0(0:0)
A3. Other 0(0:1) 0 (0:0) 0 (0:0) 0 (0:0) 0(0:1) 0 (0:0)
Category O — Outcomes

O. Status of problem 0(0:1) 0(0:1) 0(0:1) 0,5 (0:1) 0(0:1) 0(0:1)
01. Solved 1(0:1) 1(0:1) 1(0:1) 0,5 (0:1) 1(0:1) 1(0:1)
02. Partially solved 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:0) 0 (0:0)
03. Not solved 0(0:1) 0(0:1) 0(0:1) 0,5 (0:1) 0(0:2) 0(0:1)
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Table 3 — Total Median (Max:min) values in cases of ADR caused by individual members of penicillin family
antibiotics according to standard qualification grades

INN Category «P»  Category «C» Category «I» Category «A»  Category «O» Sur:achfEZRP
Amoxicillin 1(1:3) 2 (1:6) 5(2:6) 1(1:2) 1(0:2) 10 (8:16)
Ampicillin 1(1:3) 2 (2:5) 5 (4:6) 1(1:1) 1(1:2) 10 (10:15)
Benzylpenicillin 1(1:1) 2 (2:4) 5(3:6) 1(1:1) 1(1:2) 10 (10:11)
Benzathine
benzylpenicillin 1(1:2) 3(2:4) 5,5 (5:6) 1(1:1) 1,5(1:2) 11 (10:14)
Amoxicilline-
clavulanate 1(1:3) 2 (1:9) 5(2:6) 1(0:2) 1(0:2) 10 (6:19)
Amoxicilline-sulbactam 1(1:2) 2 (2:5) 5 (5:5) 1(1:1) 1(1:2) 10 (10:14)

The development of penicillin ADR most often oc-
curred after the oral administration (265 cases, 77.5%
with 95%CI 72.7-81.8%) and less often after the paren-
teral administration (intravenously — 52 cases, 15.2%
(11.6-19.5%); intramuscularly — 25 cases, 7.3% (4.8—
10.6%)).

A study of the clinical manifestations of adverse re-
actions that occur in patients against the background
of the administration of penicillin family antibiotics, re-
vealed an absolute predominance of drug hypersensitiv-
ity reactions of varying severity (urticaria, pruritus, skin
hyperemia — 298 cases (87.1%; 83.1-90.5%), angioede-
ma — 9 cases (2.6%; 1.2-4.9%), anaphylactic shock — 2
cases (0.6%; 0.1-2.1%)). The distribution of the remain-
ing cases of ADR by their clinical manifestations is pre-
sented in Figure 2. In 28 cases (8.2%; 5.5—11.6%) against
the background of the administration of penicillin family
antibiotics, the patients had various dyspeptic disorders
(nausea, bloating, diarrhea, spastic pains). Disorders of
the central nervous system (5 cases; 1.5% 95%Cl 0.5—
3.4%) were manifested in the forms of dizziness, darken-
ing in the eyes, weakness and tinnitus.

An important step in the drug safety analysis, is
the identification and assessment of the cases of seri-
ous ADR that require the doctor to timely withdraw the
drug, hospitalize the patient and / or conduct emergen-
cy pharmacotherapy. In the case of the studied group
of drugs, the frequency of serious reactions was 113
cases (33%; 28.1-38.3%), which indicates a rather high
risk of developing severe ADR, accompanied by a signif-
icant decrease in the quality of patients’ lives The dis-
tribution of such cases in accordance with the criteria
of their severity, was presented by the following results:
death — 1 case (0.3%; 0-1.6%), threat to patient’s life —
8 cases(2.3%; 1-4.6%), temporary disability — 50 cases
(14.6%; 11-18.8%), hospitalization or extension of its
term — 54 cases (15.8%; 12.1-20%). The patient’s death
(1 y.0.) occurred as a result of the development of an
anaphylactic shock (face cyanosis, respiratory and cardi-
ac arrest) against the background of the administration
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of Amoxicillin-clavulanate suspension for an acute respi-
ratory disease. It is worth notifying that, simultaneous-
ly with the suspected drug, the child was prescribed a
syrup containing Phenylephrine, Salbutamol and Brom-
hexine, as well as Hephenadine tablets (5 mg). In most
cases, the development of angioneurotic oedema posed
a threat to the lives of patients and required emergency
pharmacotherapy with glucocorticoid and anti-allergic
drugs.

The analysis of drug correction cases to stop ADR
clinical manifestations is of further interest. Despite a
high incidence of non-serious events, the administration
of drugs to relief ADR was necessary in the absolute ma-
jority of cases — 293 (85.7%; 81.5-89.2%). In remaining
49 cases (14.3%; 10.8-18.5%), ADR did not require ad-
ditional pharmacotherapy. Among the pharmacological
groups prescribed for the correction of ADR, antiallergic
agents for oral and external use, glucocorticoids (Dexa-
methasone, Prednisolone) and sorbents prevailed.

An important step in safety assessing when using
drugs, is to determine the causality between the ADR
manifestations and the clinical and pharmacological
characteristics of the drug [10]. One of the algorithms
for determining the causal relationship is the WHO-UMC
algorithm proposed by specialists of the WHO Center for
Drug Safety Monitoring (Uppsala, Sweden).

The results obtained for causality, make it possible
for doctors to correctly assess the current clinical situ-
ation and timely take the necessary treatment and pre-
ventive measures. The results of the causality analysis
are presented in Figure 3. It is worth paying attention to
the predominance of a certain and probable type, which
indicates a high risk of developing adverse reactions due
to the use of penicillins.

The second stage of the reporting forms analysis,
was aimed at studying the problems related to the use
of drugs (DRP). The calculation of the total DRP values
for the cases of ADR, yielded the following results: DRP
values between 5-8 were found in 2 cases (6 DRP — 1
case of HP, 8 DRP — 1 case), in 21 reporting cards the
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total number of DRP amounted to 9, and in 199 cases —
10 DRP. In the remaining 120 cases of ADR, the DRP val-
ues were higher than 10 (the minimum was 11 DRP, the
maximum — 19 DRP), which may indicate the likelihood
of an irrational choice of the drug, interaction of penicil-
lins with other drugs, errors in the selection of individual
doses or the frequency of administration. The frequency
distribution of individual DRP values for penicillin family
antibiotics is shown in Fig. 4. The calculation of the total
number of DRP for all cases of ADR (3712 DRP) made it
possible to determine the average number of DRP, which
amounted to 10.85 per 1 patient.

A quantitative analysis of the problems associated
with the use of various members of penicillin family an-
tibiotics according to the main classification categories,
is also of interest. The indicators of the minimum, maxi-
mum values and the DRP median for each of the drugs,
are presented in Table 2.

The study of individual categories of the DRP system
revealed the fact that for all the drugs under study, the
maximum number of the drugs associated problems,
was recorded in section “I” (Intervention). High DRP val-
ues, in this case, are due to the interventions performed
by the doctor in the form of withdrawn the suspected
drug and prescribing drugs for the ADR correction.

A detailed study of the results of DRP calculating ac-
cording to the qualification category “C” (ADR causes)
revealed the fact that the main reasons for the devel-
opment of drug related problems, are various violations
of the dosage regimen (low drug dose / low frequency,
high drug dose / high frequency, unclear or incorrect
recommendations on the dose regimen and frequency
of administration). In accordance with the classification
of DRP PCNE V9.0, the information on drug dosing vio-
lations is presented in section C3 — dose selection. The
results of this section analysis of the classification, can
be presented as follows: the dose of the suspected drugs
was exceeded in 9 cases (2.6% of the total number of
cases of penicillins ADR; 1.2—4.9%), the use of low doses
of the drugs (below the minimum therapeutic doses) —
in 6 cases (1.75%; 0.6—3.8%), the absence of indications
of a dosage regimen or unclear instructions for use (for
example, “1 tablet” without indicating the strength of
the action) —in 19 cases (5.6% of cases; 3.4-8.5%). The
main reasons for the development of penicillin related

problems were individual hypersensitivity reactions, the
manifestations of which were allergic reactions of vary-
ing severity.

The analysis of the final DRP values for individual
members of penicillin family antibiotics showed that the
maximum DRP value was observed in the administration
of Amoxicillin-clavulanate (19 problems) and Amoxicillin
monopreparations (16 problems) (Table 3). A study of
these cases confirmed the irrational use of antibacterial
drugs in acute respiratory viral infections with a violation
of the dose regimen, which led to such high rates of DRP.
The minimum DRP values (6 and 8 problems) were ob-
served with the use of the same drugs. The correspond-
ing cases of ADR have been associated with the devel-
opment of allergic reactions against the background of
their rational use.

Calculation of the median DRP showed the high-
est values for Benzathine benzylpenicillin, for the other
drugs the median values were identical and amounted
to 10 DRP / case, while the largest diapason between
the minimum and maximum values of DRP was found for
Amoxicillin-clavulanate (max: min —6:19), and the small-
est — for Benzylpenicillin (max: min —10:11).

CONCLUSION

The results of the analysis of the ADR reporting
forms revealed the fact that Amoxicillin-clavulanate and
Amoxicillin are the “leaders” in the frequency of ADR de-
velopment in the penicillin family antibiotics.

It is worth notifying that a high frequency of ADR
against the background of penicillins administration in
pediatric patients (from 0 to 18 years) is represented by
142 cases. The clinical manifestations of the antibiotics
ADR were drug hypersensitivity reactions (309 cases),
dyspeptic disorders (28 cases) and disorders of the cen-
tral nervous system (5 cases). The frequency of serious
adverse reactions was 113 cases (33% of the total num-
ber of ADR), which indicates a rather high risk of devel-
oping severe penicillins complications accompanied by a
significant decrease in the quality of patients’ lives.

The highest DRP values were observed against
the background of Amoxicillin-clavulanate and Amox-
icillin administration, the minimum DRP values were
observed against the background of Benzylpenicillin
preparations.
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The aim of the study is to study the regional hypolipidemic drugs market, external and internal factors affecting their level of consumption,
including the information awareness of the final customers about this pharmacotherapeutic group and the adherence to treatment with
these drugs.

Materials and methods. The study was carried out using the methods of SWOT and STEP-analyses to assess the factors affecting the con-
sumption of the studied group of drugs, as well as the questionnaire method of final customers and assessing their compliance using the
Morisky-Green questionnaire.

Results. The influence of environmental and internal factors on the level and structure of the consumption of hypolipidemic drugs has been
studied, hereby, the problems of the group and ways to solve them have been outlined, and an increase or decrease in the need for hypolipi-
demic drugs at the regional level, have been predicted. The assessment of the information awareness and preferences of the final customers
of hypolipidemic drugs has been carried out, and insufficient awareness of patients about the drugs under study, has been revealed. The
compliance of the final customers has been studied. A low level of the compliance of the patients to the prescribed hypolipidemic therapy
has been established.

Conclusion. Modern advances in the treatment of cardiovascular diseases, based on fundamental achievements of science and practice,
have created a high evidence base for the choice of strategies for pharmacotherapy with hypolipidemic drugs. The main ways to increase
information awareness and compliance of the final customers are: development and intensification of educational programs to increase
the level of knowledge and information awareness of doctors and pharmaceutical professionals, establishing the Doctor-Patient partnering
relationships, increasing the trust level to the doctor and, as a result, the level of the patient compliance yposeHb; the development of ma-
terials for increasing the information awareness among the final customers about hypolipidemic drugs and hypolipidemic therapy in general.
Keywords: hypolipidemic drugs, statins, pharmaceutical provision, SWOT-analysis, information awareness, compliance
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Lienb. M3yyeHne perMoHanbHOro pbiHKA runoavnuaemuyeckux npenapatos (M1M), BHEWHMX M BHYTPEHHMX HAKTOPOB, BAMAIOWMX Ha
YypOBeHb UX notpebneHuns, B Tom Yncie, MHPOPMUPOBAHHOCTU KOHEYHbIX NOTpebuTesnein o AaHHON dapmaKoTepaneBTUYECKoi rpynne u
NPUBEPKEHHOCTM IeYEHMIO NPenapaTaMmmn 4aHHOW rpynnbl.

Martepwuanbl 1 meTtoapl. MiccnegoBaHne npoBeseHo ¢ ucnonb3oaHnem metonos SWOT u STEP-aHanun3a ana oueHKM GaKkTopos, BAUAIOLLMNX
Ha noTpebaeHne uccaeayemon rpynnbl NPenapaTtos, a TakKe METOA0M aHKETUPOBAHMA KOHEYHbIX MOTPebUTENEN U OLEHKU X KOMMNAAEHT-
HOCTM C UCNONb30BAHMEM ONPOCHUKA MopUCKK-TprHa.

Pe3ynbratbl. M3yyeHo BaMAHUE GAKTOPOB BHELUHEN U BHYTPEeHHeW cpeabl Ha YPOBEHb U CTPYKTYPY NOTpPebaeHus rpynnbl runoaMnuaemm-
YeCcKuX MpenapaTos, YTO MO3BOANAO HAMETUTb NPOBAEMbI FPYMMbl U NYTU UX PELIeHWUs, NPOrHO3MPOBaTh YBENIMYEHME WU YMEHbLUEHWE
noTpebHOCTU B rMNONMNUAEMUYECKMX NpernapaTax Ha permMoHanbHOM ypoBHe. MposeaeHa oueHKa MHGOPMUPOBAHHOCTM U NpeanoYTeHUN
KOHEYHbIX NoTpebuTenei rmnoaMnuaeM1MYecKkmMx NpenapaTos, BbiABNEHA HEAOCTAaTOMHAA MHOPMMPOBAHHOCTL 6O/IbHBIX O Npenapartax uc-
cneayemoi rpynnbl. M3yyeHa KOMNIAeHTHOCTb KOHEeYHbIX noTpebuTeneil. YcTaHOBNEH HU3KUIN YPOBEHb KOMMIAEHTHOCTU BO/IbHbBIX, KOTO-
pbIM Ha3zHaYyeHa rmnoMnNuAeMuYecKkas Tepanus.

3akntoueHne. CoBpeEMEHHbIE SOCTUNKEHUA B JIEHEHWUMN CEPAEYHO-COCYANCTbIX 3a601eBaHUI, basupyowmecs Ha GyHAAMEHTaNbHbIX AOCTU-
YKEHUAX HAYKM U MPaAKTUKK, CO34a/M BbICOKYIO A0Ka3aTe/lbHYyo 6a3y ans Bbibopa cTpaTernin papmakotepanvu runoamnuaeMmyeckumm npe-
napatamu. OCHOBHbIMM NYTAMM MOBbILIEHUSA YPOBHA OCBEAOMIEHHOCTU U KOMMIAEHTHOCTM KOHEYHbIX NoTpebuTenei agaatoTca: paspabor-
Ka 1 ycuneHnme obpasoBaTeNibHbIX MPOrPaMM C Lie/Iblo NMOBbILEHWUA YPOBHA 3HAHUWA U MHPOPMUPOBAHHOCTM Bpayel U dapmaLeBTUYECKUX
pPaboTHMKOB; YCTaHOBNEHME MAPTHEPCKMX OTHOLUIEHUI MeXKay BPayoM U NauMeHTOM, NOBbIWAOWMX YPOBEHb AOBEpPUA levallemy Bpayy,
W, KaK CNneacTeue, ypoBeHb KOMMNIAEHTHOCTU 60/IbHOTO; pPa3paboTKa MaTEPUANOB, MOBbLILIAKLWMX YPOBEHb OCBEAOMIEHHOCTU KOHEYHbIX
notpebuteneii o MMM 1 runonMNUAEMUYECKOM Tepanuu B LLeJIOM.

KntoueBble cnoBa: runoannuaeMmyeckme npenaparbl, CTaTUHbI, IekapcTBeHHoe obecneyeHne, SWOT-aHanus, MHGOPMUPOBAHHOCTb, KOM-

NNAaeHTHOCTb

INTRODUCTION

A high level of cardiovascular morbidity in Russia,
makes the problem of optimization the drug supply of
patients with this pathology paramount. Atherosclerosis
is one of the main pathogenetic factors underlying the
development of coronary heart diseases, cerebrovas-
cular diseases, hypertension, macro- and microvascular
complications of diabetes, which remain the main caus-
es of untimely deaths and early disability of the popu-
lation [1, 2]. According to the latest recommendations,
hypolipidemic drugs and, first of all, statins, are import-
ant parts of the basic therapy of cardiovascular diseases.
The demand for drugs of this group is constantly grow-
ing, which is dictated by the results of recent studies,
significantly expanding proposed clinical uses in both
— diseases of the circulatory system, and in non-cardiac
pathologies [3]. The importance and relevance of hypo-
lipidemic therapy in the complex treatment of patients
with cardiovascular diseases, diabetes mellitus, and
obesity, has been established [4].

In recent years, dozens of clinical studies of statins
have been carried out. They showed a significant decrease
in the risk of developing myocardial infarctions and sud-
den coronary deaths while taking them [5-7]. In addition,
statins, due to their pleiotropic effects, are widely used in
rheumatology, gastroenterology, pulmonology (Table 1).

The success of a clinical use of hypolipidemic drugs
(HLD) is determined by many factors: the individual se-
lection of the drug, based on its special class-specific
properties, its availability, information awareness of inter-
mediate and final customers about special warnings and
precautions for use of the drug prescribed by the doctor,
patient adherence to treatment, and many others [25].

The analysis of the structure of hypolipidemic drug
consumption shows that it can differ from the average
Russian ones in different regions and even within the
same city. This is of fundamental importance for assess-
ing the rational justification and population consump-
tion of specialty drugs [26].

The formation of a complete idea about of the pro-
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cesses taking place in regional markets is impossible
without assessing the influence of external factors on
the consumption level of a particular group of drugs.

Russian medical practice is characterized by a low
degree of adherence to hypolipidemic therapy:

— according to various data sources, up to 70% of pa-
tients completely stop taking statins within 6 months after
the start of treatment. It blocks solving the medical prob-
lem and causes the development of complications [27];

— short term treatment, which is common in Russia,
is a fundamentally incorrect approach, since hypolipid-
emic therapy is effective only if the appropriate drugs
are taken constantly;

—in Russia, a serious problem is a prescription of low,
often ineffective, doses of hypolipidemic drugs, which is
associated with their lower costs, as well as with unreason-
able fears of side effects and unawareness of the need for
treatment with higher doses. It has been established that if
the patients have to partially pay for statin treatment, their
adherence decreases by 5%; herewith, the adherence de-
creases even more in low-income patients [28].

In this regard, for the patients who are not able to
purchase the original hypolipidemic drugs, it is import-
ant to recommend generics from well-known manufac-
turers that have proven bioequivalence and an optimal
quality-to-price ratio.

Thus, the main reasons why Russian patients inter-
rupt the prescribed therapy, can be the following ones:
the lack of a quick and noticeable improvement in health
during the treatment (the lack of confidence in the need
for therapy due to the lack of pronounced symptoms of
hypolipidemic and, accordingly, the lack of a pronounced
improvement in well-being); fears about side effects, al-
though they arise only in 1-5% of cases and, most often,
decrease or completely disappear within a few weeks
from the start of treatment; high costs of original hypo-
lipidemic drugs and some generics; the lack of adequate
explanatory work on the part of doctors and pharmaceu-
tical professionals and the lack of patient awareness of
the benefits and advisability of hypolipidemic therapy.
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Table 1 — Spectrum of clinical statin uses

Proposed clinical uses due to hypolipidemic statin effects

Proposed clinical uses due to pleiotropic statin effects

Primary hypercholesterolemia (types lla, llb)*

Ventricular arrhythmia [14]

Homozygous familial hypercholesterolemia *

Hyperuricemia [15]

Hypertriglyceridemia (Fredriksson, type IV)*

Chronic obstructive lung disease [16]

Complex hypercholesteremia and hypertriglyceridemia *

Rheumatoid arthritis and vasculitides [17]

Primary dysbetalipoproteinemia (hyperlipidemia, Type Ill)

Choledocholithiasis, pancreatitis [18]

Primary prevention of basic cardiovasculare complicating diseases
(apoplectic attack, infarction, arterial revascularization)**

Osteoporosis [19]

Ischemic heart disease (secondary prevention) [8]***

Gastric and duodenal ulcers [20]

Acute coronary syndrome [9, 10]

Chronic kidney disease [21]

Chronic heart failure [11]

Glomerulonephritis [22]

Diabetes mellitus type Il [12]

Non-alcoholic fatty liver disease [23]

Cardiometabolic syndrome, obesity [13]

Diffuse scleroderma [24]

Note:* —as a supplement to the diet and when other non-drug treatment methods are ineffective; ** —in adult patients without clinical signs
of ischemic heart disease but with an increased risk of its development; *** —in order to reduce overall mortality, prevent myocardial infarction,
reduce the risk of apoplectic attacks and transient ischaemic attacks, slow down atherosclerotic vascular disease progression

Table 2 — Results of SWOT analysis of hypolipidemic drug group
on the Volgograd region pharmaceutical market

S (Strengths)

O (Opportunities)

— Presence of unique pharmacotherapeutic properties
in hypolipidemic drug group;

— Availability of a wide range of hypolipidemic drugs on
the pharmaceutical market of the region;

— A wide range of hypolipidemic drug applications in
dyslipidemia, various diseases of atherosclerotic ori-
gin, as well as non — cardiac pathologies;

— Availability of a large number of generic drugs with
proven effectiveness, which makes the group accessi-
ble to diverse communities;

— Availability of hypolipidemic drugs of imported and
domestic origin, satisfying the needs of different
groups of patients (older people often prefer domes-
tic drugs);

— Continuous expansion of the evidence base for hypo-
lipidemic drugs, confirming their high effectiveness.

— Health situation in the region, preventive orienta-
tion of health services;

— High level of CVD in the country and in the region;

— Demographic structure in the region (percentage
growth of elderly population in need for hypolip-
idemic therapy);

— Scientific and technological progress in the phar-
maceutical industry;

— Environmental deterioration of the region;

— Development of market relations in economics;

—Increase in sales on pharmaceutical market, a
wide range of medicines and related products;

— Availability of customers’ target segments (with
real and potential customers);

— Availability of various companies — distributors
with a wide range of hypolipidemic drugs;

— Appearance of new hypolipidemic drugs.

W(Weaknesses)

T (Threats)

— Need to consult a doctor for hypolipidemic drugs pre-
scription;

— High costs of a number of drugs;

— Possibility of expressed side effects and a wide range
of complications;

— Insufficient information awareness of doctors and
pharmaceutical professionals concerning this drug
group.

— Low solvency of the population;

— Low pension costs;

— Unstable financial position of customers;

— Fluxions of inflation rate, exchange rates, prices
for hypolipidemic drugs;

— High customs duties taxes for imported hypolipid-
emic drugs.
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THE AIM of the study is to study the regional hy-
polipidemic drugs market, external and internal factors
affecting their level of consumption, including the in-
formation awareness of the final customers about this
pharmacotherapeutic group and the adherence to treat-
ment with these drugs.

MATERIALS AND METHODS

The study included three stages.

At the first stage, SWOT and STEP analyses of the
factors affecting the consumption of hypolipidemic
drugs were performed. The STEP analysis was used to
study the influence of environmental factors on the mar-
ket of hypolipidemic drugs in the Russian Federation and
the Volgograd region. The STEP analysis made it possible
to assess the impact of social, technological, economic
and political factors affecting the market and the con-
sumption of hypolipidemic drugs from the perspective
of the possibility to reflect them in the “Opportunities”
and “Threats” sections of the SWOT analysis.

At the same time, the analysis of internal factors af-
fecting the consumption of hypolipidemic drugs in the
region was carried out. Subsequently, the data were re-
flected in the “Strengths” and “Weaknesses” sections of
the SWOT analysis.

At the second stage, an assessment of the infor-
mation awareness and preferences of final customers
who had applied to the pharmacy with hypolipidemic
drug prescriptions, was carried out. To determine the
information awareness and preferences of the patients
applying with prescriptions for hypolipidemic drugs, a
survey was conducted. The authors worked out ques-
tionnaires, including a block of sociological questions, as
well as questions regarding the Doctor-Patient interac-
tion when prescribing hypolipidemic drugs. The factors
affecting buying and regular intake of prescribed hypo-
lipidemic drugs, the sources of information on these
drugs, knowledge of their trade names, were taken into
consideration. The questionnaire did not include ques-
tions regarding the final customers’ compliance.

In order to assess the information awareness and
preferences of the final customers, 390 visitors were sur-
veyed at 20 pharmacies in the Volgograd Region, which
made it possible to study this market segment and ob-
tain the required information.

At the third stage of the study, the compliance of
final customers with hypolipidemic therapy was studied.
To assess the level of adherence to hypolipidemic ther-
apy in the patients of the Volgograd region, the Moris-
ki-Green questionnaire (the Moriski-Green Medication
Adherence Scale) proposed by Morisky D.E. and Green
LW. in 1985, was used. The questionnaire contained
4 questions regarding the administration of drugs, the
rates ranged from 0 point in the positive answer (“Yes”)
and to 1 point in the negative answer (“No”):
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1. Have you ever forgotten to take your drugs?
(“Yes” =0, “No” - 1);

2. Can you sometimes be inattentive to the hours of
medication? (“Yes” — 0, “No” — 1);

3. Do you skip taking medications if you feel good?
(“Yes” -0, “No” — 1);

4. If you feel unwell after taking your medicine, do
you skip the next dose? (“Yes” — 0, “No” — 1).

According to the questionnaire, the patients with 4
gained points were considered compliant. The patients
whose score was 2 points or less, were considered non-
compliant. The patients whose score was 3 points, were
considered not quite compliant and referred to the risk
group for developing noncompliance. The study was
conducted on the basis of the same 20 pharmacies in
the Volgograd region, but other visitors not included in
the previous sample, also participated in it. This group of
respondents were not offered the questionnaires used
at the second stage of the study.

The pharmaceutical professionals turned to the indi-
viduals purchasing a hypolipidemic drug with a request
to fill in only the Moriski-Green questionnaire. Thus, 125
visitors were interviewed. Further on, they were distrib-
uted by age and gender. In total, 68 (54.4%) men and 57
women (45.6%) took part in the study.

RESULTS AND DISCUSSION

At the first stage of the study, the influence of envi-
ronmental factors referring to the hypolipidemic drugs
from the perspective of their traceability in the “Oppor-
tunities” and “Threats” sections of the SWOT analysis,
has been studied.

The influence of social factors. At the regional lev-
el, the range of social services can vary significantly. The
necessity for patients to purchase modern and more ef-
fective hypolipidemic drugs for money, the absence of
these drugs in preferential programs, are social factors
that directly affect the level of consumption of these
drugs and, as a result, the effectiveness of hypolipidemic
therapy.

In recent years, the dynamics of the ageing coef-
ficient has indicated a significant shift in the popula-
tion structure to older ages [29]. On the one hand, an
increase in the number of elderly people leads to an
increase in the number of the people who need hypo-
lipidemic therapy, which increases the need for hypolip-
idemic drugs in the region (the “Opportunities” section).
On the other hand, retirement-age people belong to the
category of disadvantaged population and, due to their
low solvency, demonstrate a lower level of adherence
to hypolipidemic therapy than the working population
[30]. This, of course, will be traced in the “Threats” sec-
tion of the SWOT analysis. The increase in cardiovascu-
lar morbidity and the presence of a large number of risk
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factors for their development, lead to the following. A
lot of economically active population also require hypo-
lipidemic therapy in spite of their higher solvency than
pensioners, and are well-aware of the need for hypolip-
idemic therapy as a preventive measure. In the SWOT
analysis, it will be traced in the “Features” section.

The influence of technological factors. Scientific
and technological progress is reflected in new technolo-
gies for the prevention and treatment of cardiovascular
diseases, in new treatment standards, the use of inno-
vative, highly effective drugs. These factors are reflected
in the pharmaceutical industry (the “Opportunities” sec-
tion). In addition, scientific and technological progress
promote the introduction of new on- and off-line tools
(programs) in pharmacies that can optimize the system
for providing the population and medical institutions
with medicines, minimizing the risk of both overstocking
and defects (the “Opportunities” section). At the same
time, scientific and technological progress leads to the
deterioration of the ecological state of the environment.
It negatively affects the health status of the population,
with the risk of developing cardiovascular diseases. On
the whole, these factors lead to an increase in the need
for appropriate medications and can also be attributed
to the “Opportunities” section.

The influence of economic factors. Unstable ex-
change rates, unfavorable economic conditions on the
world market, high customs duties taxes on imported
hypolipidemic drugs and inflation, lead to an increase
in the costs of hypolipidemic drugs. In the SWOT anal-
ysis, all of the above-listed factors can be reflected as
“Threats”. A high level of unemployment, low solvency,
and, as a result, the instability of the financial situation
of the region’s population, lead to spending the money
primarily on necessities of life (food, communal public
services), which will be reflected in the “Threats” section
in the SWOT analysis. It is obvious that with an increase
in the purchasing power of the residents of the region,
patients get the opportunity to purchase more expen-
sive and often more effective modern hypolipidemic
drugs with their own money.

With a decrease in this indicator, the emphasis shifts
towards cheap non-branded generics, which undoubt-
edly affects the effectiveness of hypolipidemic therapy
and, as a consequence, the course of the primary dis-
ease in connection with which no nosoay kotoporo the
drugs are used.

The influence of political factors. The state support
in the form of creating a scientifically-based social policy
to reduce mortality from diseases of the circulatory sys-
tem depends to a great extent on the provision of the
population with hypolipidemic drugs, and their rational
use through the system of pharmaceutical benefits. In
recent years, the policy of the state as a whole and the
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region, in particular, has been aimed at the financial sup-
port of the low-income population, and at purchasing
hypolipidemic drugs for them. It has also been proved by
world practice that in addition to preventive measures,
periodic health examination is of great importance. The
above can be reflected in the SWOT analysis in the “Op-
portunities” section. The regional administrations’ pol-
icy regarding price determination and pharmaceutical
benefits, significantly affects the region’s pharmaceuti-
cal market.

The analysis of the internal environment showed
that the “Strengths” section, i.e., the opportunities in-
creasing the intake of hypolipidemic drugs, can be at-
tributed to their unique pharmacotherapeutic proper-
ties. A high demand of the population for these drugs
in conditions of a high level of cardiovascular morbidi-
ty in the Volgograd region can also be attributed there
[31]. The factors increasing the intake of hypolipidemic
drugs include the expansion of the range of proposed
clinical uses of this drug group, as well as the presence
of a wide range of the drugs of domestic and foreign pro-
duction (the “Strengths” section in the SWOT analysis).
The “Weaknesses” section of this drug group includes
the need for the dispensation of the prescription drugs,
insufficient information awareness of doctors about the
characteristics of this group, low information awareness
of pharmaceutical specialists and final customers [32]
(Table 2).

The study resulted in establishing the fact that using
the SWOT analysis made it possible to predict trends in
relation to an increase or decrease in the demand for
hypolipidemic drugs under the influence of a number of
external and internal factors. This type of analysis opti-
mizes outlining the problems of this drug group and the
ways to solve them, predicting an increase or decrease
in the need for certain drug groups, and also developing
ways to provide the population of the region with hypo-
lipidemic drugs.

At the second stage of the study, an assessment of the
information awareness and preferences of the final cus-
tomers who applied to the pharmacy with hypolipidemic
drug prescriptions, were detected. The carried out survey
made it possible to obtain the results presented below.

The set of sociological issues presented in the ques-
tionnaires, made it possible to distribute respondents
(390 people) by gender and age, place of residence,
occupation, education, by the level of monthly income
per family member. By gender: 251 (64.3%) people
were men and 139 (35.7%) — women. According to the
WHO classification, the respondents were distributed
according to their age as follows: the persons aged 25—
44 years old — 5 people (1.3%); 45-59 years old — 160
people (40.9%); 60 — 74 years old — 185 people (47.5%);
75 years old and older — 40 people (10.3%). By place of
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residence: 264 respondents (67.8%) lived in the city of
Volgograd; 126 respondents (32.2%) were residents of
the Volgograd region. By occupation: 142 people (36.3%)
were employees, workers; 109 (28.0%) were different
level principals; 123 (31.6%) — old age pensioners (un-
employed); 16 (4.1%) — housewives, unemployed. By
the level of monthly income per family member: up to
10,000 rubles — there were 73 respondents (18.6%);
from 11,000 to 20,000 rubles — 147 (37.8%); from 21,000
to 30,000 rubles — 119 (30.5%); from 31,000 to 40,000
rubles — 36 (9.3%); over 40,000 rubles — 15 (3.8%).

Since hypolipidemic medicines belong to the group
of prescription drugs, the vast majority of respondents
(all 390 of them) pointed out that they receive infor-
mation about the prescribed drugs from the attending
physician or another specialist. Thus, it is such interme-
diate consumers as doctors that are the main segment
affecting the demand and structure of the hypolipidem-
ic drugs intake. When initially contacting a pharmacy,
a patient has a doctor’s prescription for hypolipidemic
drugs. However, hypolipidemic drugs are often sold over
the counter to the patients who have already been un-
dergoing hypolipidemic therapy for some time and who
have repeatedly applied for the drug. The all — Russian
tendency to self — medication or treatment on the rec-
ommendation of people without specialized knowledge
in relation to the study group is less evident, except for
the customers’ requests for various biologically active
additives with hypolipidemic actioss, the effectiveness
of which is very doubtful.

The hypolipidemic drugs prescribed by the doctor
are often / always purchased by 322 surveyed patients
(82.6%), which indicates a high initial motivation of fi-
nal customers to obtain prescribed hypolipidemic drugs.
When choosing a hypolipidemic drug (if the doctor pro-
vides such an opportunity) for 247 (63.4%) final custom-
ers, its cost is of decisive importance not only for unem-
ployed pensioners, for whom the price of the drug plays a
leading role, but also for the people with the income from
31,000 to 40,000 rubles and more). And high efficiency
is of decisive importance only for 143 (36.6%) of the re-
spondents. The safety and the absence of side effects in
hypolipidemic drugs, are important for 176 (45.1%) of the
respondents. It should be notified that the second and
third possible answers were indicated by the employees
with an average monthly income per family member of
20,000 rubles and more. For unemployed pensioners, the
price of the drug remains a decisive factor.

When asked about the preferences for the drugs,
the majority of the respondents (328 people, i.e. 84.1%)
answered that the manufacturer of the drug does not
matter to them, since the medicine prescribed by the
doctor must be effective regardless of the country of
production. Further, the respondents were asked to in-
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dicate the names of the hypolipidemic drugs they were
familiar with. The most recognizable were Atorvastatin
(37.6%), Simvastatin (34.2%), Nicotinic acid (28.3%),
Atoris (21.6%), Torvakard (18.7%) and Krestor (14.8%).
Some of the proposed drugs (for example, rosuvastatin
generics) were familiar to none of the respondents.

The last point of the questionnaire made it possible to
clear up what information about the drug prescribed by the
doctor is transmitted to the patient and in what form.

The questionnaire showed that only 51.3% of the
final customers learn about the multiplicity and dosage
regimen of taking hypolipidemic drugs from the signature
in the prescription. Only 19.4% of these receive written
information about the time of taking medicines and the
duration of the treatment course. Thus, about 80% of pa-
tients are not aware that hypolipidemic therapy should be
long — term (from several years to a lifelong period).

The remaining 48.7% of respondents either receive
the required information (about the dosage regimen, side
effects and undesirable drug combinations) from the doc-
tor orally (76%), or simply get free — floating prescriptions
without any comments from the specialist (26%). In the
latter case the patients either have to turn to a pharmacy
for help, or independently find the required information
in electronic and printed directories. Thus, almost half
of the final customers do not have enough information
about hypolipidemic drugs, which reduces the adherence
to hypolipidemic therapy and adversely affects the treat-
ment of the underlying disease, worsening the prognosis.

At the third stage of the research, the compliance of
the final customers was studied (Table 3).

The results of the Morisk — Green test in all age
groups, demonstrate a low level of patients’ adherence
to the prescribed hypolipidemic therapy.

Table 1 shows that the leading indicator of a low ad-
herence in all the age groups, is skipping the drug due
to the patients’ forgetfulness. Among the respondents,
only 1 person scored 4 points, i.e., he was completely
adherent to the carried out therapy. The highest average
score is observed in the age group of 45-59 years old
(2.5 in males, 2.3 in females). In the age groups of 60—-74
years old and 75 years old and older, the average score is
a little lower (2.3 in men and 2.2 in women). These data
correlate with the results of the studies indicating a low-
er level of compliance in the patients of the retirement
age. In all age groups, the women showed a little lower
levels of adherence to the treatment.

CONCLUSION

Modern advances in the treatment of cardiovascu-
lar diseases, based on the fundamental achievements of
science and practice, have created a high evidence base
for the choice of pharmacotherapy strategies with hypo-
lipidemic drugs.
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Table 3 — Results of patients’ taking hypolipidemic drugs depending on their age and gender
(according to the Morisk — Green test)

Age group Age group Age group
45-59 years old 60-74 years old 75 years old and older
. . (middle age)™ (elderly / old age) (senile age)
Question naire Men Women Men Women Men Women
n=27 n=23 n=34 n=28 n=7 n=6
Yes No Yes No Yes No Yes No Yes No Yes No
Have you ever forgotten 26" 1 23 = 34 = 28 = 7 = 6 =
to take your drugs? 96% 4% 100% 100% 100% 100% 100%
Can you sometimes be 10 17 8 15 16 18 14 14 3 4 3 3
inattentive to the hours
of medication? 37% 63% 35% 65% 47% 53% 50% 50% 43% 57% 50% 50%
Do you skip taking medi- 3 24 4 19 7 27 5 23 2 5 1 5
cations if you feel good?  11% 89% 16% 74% 21% 79% 18% 82% 29% 71% 17%  83%
If you feel unwell after 1 26 4 19 2 32 3 25 - 7 1 5
taking the medicine, do
you skip the next dose? 4% 96% 17% 83% 6% 94% 11% 89% 100% 17%  83%
Average score 2.5+0.24 2.3+0.23 2.3+0.21 2.2+0.21 2.3+0.17 2.2+0.18

Note: * — absolute number; ** — distribution by age categories, carried out in accordance with the WHO classification

A wide range of proposed clinical use, due, inter alia,
to the presence of pleiotropic effects, determines a high
demand of the population for hypolipidemic drugs. Ac-
cording to Russian and international recommendations,
statins are the first choice drugs in the treatment of dys-
lipidemia. The factors contributing to an increase in the
consumption of drugs of the studied group include: a
continuously expanding evidence base confirming their
effectiveness, unique pharmacotherapeutic proper-
ties of modern hypolipidemic drugs, their wide range,
a great choice of generics with an optimal quality — to
— price ratio. The factors that prevent the optimal con-
sumption include: insufficient information awareness of
intermediate and final customers about the assortment
and pharmacotherapeutic properties of the drugs under
study, the need for medical prescriptions, and high costs
of original drugs. The lack of information awareness
of final customers that occurs in the Volgograd region,
leads to the fact that, despite a high level of trust in the
attending physician, the patients demonstrate a low
level of adherence to the treatment and an insufficient
level of knowledge about hypolipidemic drugs, pecu-
liarities of their administration, the expected safety and
effectiveness. All the above mentioned factors lead to a
decrease in the effectiveness of hypolipidemic therapy.

The development of measures to optimize the con-
sumption of hypolipidemic drugs involves, first of all,
providing patients with effective and safe drugs with a
high tolerability profile. The main ways to increase the
level of information awareness and compliance of the
final customers of the Volgograd region are:

— development and intensification of educational
programs in order to increase the level of proficiency
and information awareness of doctors and pharma-
ceutical professionals regarding modern hypolipidemic
therapy strategies, new drugs, their nomenclature, char-
acteristic features of pharmacotherapeutic effects, side
effects and drug interactions;

— establishing the Doctor — Patient partnering rela-
tionships, increasing the level of trust in the attending
physician and, as a result, the level of patients’ compli-
ance;

— development of the materials that increase the
level of information awareness of final customers about
hypolipidemic drugs and hypolipidemic therapy in gen-
eral, and ensuring their availability in pharmacies.

Thus, improving the quality of the drug supply that
meets the needs of all market participants, and the ra-
tional use of drugs at the regional level, is a priority for
Russian healthcare.
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