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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.
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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



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

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].

Volume VI, Issue 1, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-1-4-28

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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