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RESUMO

Os alcaloides beta-carbolina mostram uma ampla gama de efeitos psicofarmacol6gicos (por exemplo,
alguns alcaloides beta-carbolina facilitam a transmissdo dopaminérgica e interagem com 0s receptores
dopaminérgicos D1 e D2 no corpo estriado). Este artigo apresenta dados sobre os efeitos neuroprotetores de
compostos alcaloides usando métodos de simulacdo em computador, triagem virtual baseada em docking e
farmacologia experimental. O objetivo do estudo foi investigar a acdo neuroprotetora / protetora contra o estresse
de novos derivados de compostos alcaloides usando os métodos de simulacdo computacional, triagem virtual
baseada em docking e farmacologia experimental. Com o auxilio dos os programas ChemDraw e MGLTools,
foram utilizados os métodos de modelagem computacional das moléculas de derivados alcaloides, triagem virtual
baseada em docking, receptor DRD2 e modelos tridimensionais das moléculas de ligantes. A energia de ligacao
de uma conformacgéo individual foi usada como resultado final, 0 que mostra a forga da intera¢é@o entre o ligante
e a molécula alvo. Foram estudados 22 compostos de alcaloides e seus derivados. A modelagem virtual de
moléculas foi realizada para compostos e receptores, a ligagcdo da molécula "ligante-alvo" foi realizada e os
compostos candidatos foram selecionados. Estudos experimentais in vivo dos efeitos neuroprotetores desses
compostos foram conduzidos no modelo de estresse emocional. Foram estudados os efeitos dos alcaloides
harmina, norharmane e guanina no tempo de imobilidade no teste de natacdo forcada em camundongos, um
modelo de depresséo em animais. Um teste de natag&o forcada e um labirinto positivo elevado foram utilizados
para determinar os efeitos antidepressivos e ansioliticos da harmina em ratos. De acordo com os resultados do
docking, as moléculas apresentadas de compostos alcaloides apresentaram interacdes com o receptor de
dopamina D2. Os resultados obtidos no teste "Elevated Plus Maze (labirinto positivo elevado)" mostraram que 0s
animais tratados com 9-metoxi-2-fenil-11H-indolisino [8,7-B] indol, lappaconitina e citisina na dose de 5 mg/kg,
comparados em ratos do grupo controle, experimentaram uma ac¢do ansiolitica (anti-ansiedade) no estresse
emocional experimental.

Palavras-chave: beta-carbolina, teste de natagdo forcada, triagem virtual baseada em docking, atividade
neurotrépica.

ABSTRACT

Beta-carboline alkaloids show a wide range of psychopharmacological effects (for example, some beta-
carboline alkaloids facilitate dopaminergic transmission and interact with dopaminergic receptors D1 and D2 in
the striatum). This article presents data on neuroprotective effects of alkaloid compounds using computer
simulation methods, docking-based virtual screening, and experimental pharmacology. The purpose of the study
was to investigate the neuroprotective/stress-protective action of new derivatives of alkaloid compounds using
the methods of computer simulation, docking-based virtual screening, and experimental pharmacology. Through
ChemDraw, MGLTools programs, they have used computer modeling of the molecules of alkaloid derivatives,
docking-based virtual screening, DRD2 receptor, and three-dimensional models of the ligand molecules. The
binding energy of an individual conformation was used as a final result, which shows the strength of the interaction
between the ligand and the target molecule. 22 compounds of alkaloids and their derivatives were studied. Virtual
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molecule modeling was performed for compounds and receptors, “ligand-target” molecule docking was carried
out, and candidate compounds were selected. In vivo experimental studies of the neuroprotective effects of these
compounds were conducted in the emotional stress model. The effects of harmine, norharmane, and guanine
alkaloids on immobility time in the forced swimming test in mice, a model of depression in animals, were studied.
A forced swimming test and an elevated plus-maze were used to determine the antidepressant and anxiolytic
effects of harmine in rats. According to the docking results, the presented molecules of alkaloid compounds
showed interactions with dopamine receptorD2. The results obtained in the “Elevated Plus Maze” test showed
that the animals treated with 9-methoxy-2-phenyl-11H-indolisino[8,7-Blindole, lappaconitine and cytisine at a dose
of 5 mg/kg, compared to rats in the control group, experienced an anxiolytic (anti-anxiety) actionin the
experimental emotional stress.

Keywords: beta-carboline, forced swimming test, docking-based virtual screening, neurotropic activity.

AHHOTALUA

BeTta-kapbonunHoBble ankanouabl NPOSABASIOT LUMPOKUIM CNEKTp ncuxodapmMakonorndyeckmx adpekton
(Hanpumep, HekoTopble ankanouabl 6eTa-kapbonuHa obnerdalT godaMuvHepruyeckyo nepegady wu
B3aMMOJEWNCTBYIOT C AodamuHeprmyecknmmn peuentopamn D1 n D2 B nonocatom Tene). B atom cratbe
npeacTaBneHbl AaHHble O HEeWponpOTEKTOPHOM AENCTBUM ankanomgHbIX COEeOUHEHUR C WMCMONb30BaHWEM
METOA0B KOMMbIOTEPHOrO MOAENMPOBaHUSA, BUPTYaNbHOIO CKPMHUHIA HA OCHOBE AOKWMHIa U SKCNepUMEHTanbHOM
dapmakonorun. Lienb nccnegosaHns — nsyveHve HEMPONpPOTEKTOPHOIO/CTPECC-NPOTEKTOPHOMO AENCTBMSA HOBbIX
NPOU3BOAHbLIX ankanonaHblX COEAMHEHWN C MPUMEHEHMeM METOOOB KOMMbIOTEPHOTO MOAENUPOBaHUS,
BMPTyanbHOro [OOKWMHra W 3KcrnepumeHTansHon dapmakonornm. B xoge uccnenosaHMs MCNONb3oBarnuvchb
crnepylowmne MeToabl: KOMMbIOTEPHOE MOAENVPOBaHME MOJSIEKYN NPOU3BOAHLIX arkanouaos, BUPTyanbHbIV
CKPVHWHI Ha ocHoBe AokuHra, peuentop DRD2, TpexmepHble mMoaenu MOMeKyn nuraHaoB, KOTopble Obinu
CKOHCTPYMpPOBaHbI C MCnonb3oBaHnem nporpammel ChemDraw ¢ ncnonb3oBaHvem Habopa nporpamm. Autodock
(Wceneposatenbckun nHeTUTYT Ckpunnca, CLUA), MGLTools (UccnegoBaTtensckuin uHctutyT Ckpunnca, CLUA).
B kayecTtBe KoHe4HOro pesynbrata Obina MCMONb30BaHa 3HEPrUs CBA3M WHAMBMAYarNbHOW KOHopmauuw,
KOTOpasi MokasbiBaeT CUMy B3auMOLEWCTBUSA MEXAY NMraHaoM W MOMeKynon-muweHblo. bbino mnsyyeHo 22
COeOuHeHUs ankanougos M WX MNPou3BOAHbIX. MogenvpoBaHue BMPTyanbHbIX MOMEKYM BbIMOMAHANW ANS
COEOUHEHUA U peuenTopoB, NPOBOOUNN CTLIKOBKY MOMEKYN «NUraHg-mMulleHb» 1 oTohupanu coeanHeHus -
KaHaMaaTbl. JOKCnepuMeHTasnbHble WCCMeaoBaHWsA HEeWpONpPOTEKTOPHbIX 3EEKTOB 3TUX COEAUHEHWUA B
€CTEeCTBEHHbIX YCIOBMAX MPOBOAUNNCL B MOAENU 3MOUMOHanNbHOro crpecca. KMccneposaHo BnusiHue
ankanowaoB ryapeHa, HopxapMaHa M ryaHmHa Ha BpeMsi HENOABWKHOCTU B TECTE MPUHYANTENBLHOMO NiasaHus
Ha MblLlax, MOAeNnn Aenpeccumn Ha XMBOTHbIX. TECT Ha NPUHYANTENbHOE NaBaHne u NabupWHT C NOBbILEHHBLIM
YPOBHEM MI0C ObINW UCMONb30BaHbl AN onpefeneHnst aHTMOAenPeCcCBHOMO Y aHKCMONUTUYECKOTO AeNCTBUS
ryammHa y kpbic. 1o pesynbTatam nNpoBefeHHOro AOKWHra YCTaHOBMEHO, YTO NpefcTaBrieHHble MOSeKynbl
ankanouaHbIX COeAMHEHNI NPOSBMIM B3aumModencTaune ¢ peuentopom godammH D2. PesdynbTaTbl, NONyYeHHbIe
B Tecte «[punogHaTbIi KpecToobpasHbii NabupuHT», nokasanu, YTO B TPYMMNE >XUBOTHbIX, MOMyYaBLUNX
BewecTtBa 9-Metokcu-2-dpeHun-11H-nngonnsmHo [8,7-B] nHAoN, NannakoHUTUH U UMTU3WMH B Jo3e 5 Mr/kr no
CPaBHEHWIO C KpbICaMW KOHTPOMBHOW rPyMMbl B YCNOBUSAX 3KCMEPUMEHTANbHOIO 3MOLIMOHANbHOrO cTpecca,
NPOSBASANOCH aHKCUONMTUYEcKoe (MPOTUBOTPEBOXHOE) AENCTBME.

KnioueBble cnoBa: 6ema-Kap6OJ7UH, mecm npUHydumeanoao rjiagaHusl, eupmyaanb/E/ CKPUHUHe Ha OCHoee
OOKUHea, HeUpomponHa,q aKmueHoCmeb.

1. INTRODUCTION: al.,, 2017; Liu et al.,, 2019). Most beta-carboline
alkaloids are known to be potent inhibitors that
metabolize  catecholamine  neurotransmitters

(Yonezawa et al., 2011; Taborskaya et al., 2017;

Beta-carboline alkaloids show a wide
range of psychopharmacological effects through

binding to benzodiazepine, imidazoline, serotonin
and opiate receptors, as well as monoamine
oxidase (MAO) inhibition (Herraiz et al., 2010; Liu
et al., 2017; Xiong et al., 2018; Costanzi et al.,
2019). Neurochemical and behavioral studies
have shown that some beta-carboline alkaloids
facilitate dopaminergic transmission and interact
with dopaminergic receptors D1 and D2 in the
striatum (Farzin et al., 2011; Li et al., 2017; Ye et

Axen et al., 2017; Moore et al., 2018). Harmine, an
indole alkaloid, shows antidepressant activity,
interacting with MAO-A and several cell surface
receptors, including serotonin 2A receptor (5-
hydroxytryptamine receptor 2A, 5-HT2A) (Réus et
al., 2010; Nasehi et al., 2018; Kwon et al., 2018; Li
et al., 2018; Long et al., 2019; Sun et al., 2019).

The effects of harmine, norharmane, and
guanine alkaloids on immobility time in the forced
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swimming test (FST) in mice, a model of
depression in animals, were studied. It was
concluded that harmine, norharmane and guanine
shorten immobility time in this test, suggesting an
antidepressant effect, due to the inverse agonistic
mechanism located in benzodiazepine receptors
(Farzin and Mansouri, 2006; Dai et al., 2018; Xi et
al., 2018). A forced swimming test (FST) and an
elevated plus maze (EPM) were used to determine
the antidepressant and anxiolytic effects of
harmine in rats compared to a known
antidepressant, imipramine (30 mg/kg ip).
Administration of harmine resulted in a dose-
dependent reduction of the immobility time in the
FST and increased the time spent in the open
arms in the EPM, compared to the group which
received saline (dos Santos and Hallak, 2017;
Herraiz and Guillén, 2018). Therefore, as an
endogenous substance, it has anti-anxiety and
anti-depressant effects (Aricioglu and Altunbas,
2003; Chen et al., 2017; Wang et al., 2018; Ferraz
et al., 2019).

Several potential molecular targets that
have been identified for the central
pharmacological effects of harmine include zinc-
dependent kinases CDK (CDK1, 2 and 5), MAO-
A, 5-HT2A sites, and imidazoline receptors |11 and
2. Harmine is a potent, double specific tyrosine
phosphorylation inhibitor regulated by kinase
(DYRK) (Song et al., 2004; Egusa et al., 2011,
Ueda et al., 2019). Harmine has been reported to
show antidepressant effects in rodents (Réus et
al.,, 2012; Deng et al., 2017; Zhang et al., 2019).
Harmine has anxiolytic, behavioral effects and
antitumor potential both in vitro and in vivo (Hamsa
and Kuttan, 2011; Cui et al., 2019a). Harmine has
a high inhibitory affinity to the kinase activity of
DYRKZ1A, which indicates that harmine can modify
tau phosphorylation (Frost et al., 2011; Zhao et al.,
2019). Harmine also has a dual effect on the
upstream potential of the atrial muscle
(Carpentier, 1982). Also, a cytotoxic activity
against human tumor cell lines has been reported
in humans (Cao et al., 2005; Freire et al., 2018).

At the International Research and
Production Holding “Phytochemistry” (Karaganda,
Kazakhstan), a phytochemical study of an
individual compound obtained from the roots of
harmel peganum (Peganum harmala L.) growing
in the southern regions of the Republic of
Kazakhstan was carried out. Harmine, an indole
alkaloid, was isolated and processed, and a water-
soluble form, harmine hydrochloride, was
synthesized. Studies of harmine hydrochloride
pharmacological activity show edits potential
antiparkinsonian activity (Turmukhambetov, 2009;

Turmukhambetov et al, 2009). Further
toxicological studies showed that harmine
hydrochloride had no toxic effects on the internal
organs or brain in a chronic three-month
experiment in rats at the studied doses of 2.5 and
5 mg/kg (Lou et al., 2017; Zhanaidarova et al.,
2019; Cui et al., 2019b; Kriizselyi et al., 2019).

The antiparkinsonian effects of harmine
hydrochloride were studied in the experiments. To
achieve this goal, the authors used haloperidol-
induced catalepsy and MPTP-induced Parkinson’s
disease. It was found that harmine hydrochloride
at a dose of 2.5 mg/kg eliminated haloperidol-
induced catalepsy in rats and reduced hypokinesia
and rigidity in the test for parkinsonism in C57BL/6
mice (Nurmaganbetov et al., 2019). Based on the
results, the search for new harmine derivatives
with neuroprotective activity was continued.

The purpose of the study was to investigate
the neuroprotective/stress-protective action of
new derivatives of alkaloid compounds using the
methods of computer simulation, docking-based
virtual screening, and experimental
pharmacology.

2. MATERIALS AND METHODS:

The following compounds were presented
for the study: harmine N-oxide, 6-bromoharmine;
8-bromoharmine; 6,8-dibromoharmine; 6-
iodoharmine; 6,8-dichloroharmine; 9-methoxy-2-
phenyl-11H-indolisino[8,7-Glindole; 9-methoxy-2-
(4-methoxyphenyl)-11H-indolisino[8,7-B]indole; 2-
(3,4-dichlorophenyl)-9-methoxy-11H-
indolisino[8,7-B]indole; 2-(4-methoxy-phenyl)-
3,10-bis-formyl-11H-indolisino[8,7-B]indole; 3-
acetyl-9-methoxy-2-phenyl-11H-indolisino[8,7-
Blindole; 8-acetylharmine; 8-formylharmine;
chalcone derivative of harmine; pyrazoline
derivative of harmine; 4-methoxychalcone
derivative of harmine; 4-methoxy-pyrazoline
derivative of harmine; 2,4-dimethoxy-chalcone
derivative of harmine; 2,4-dimethoxy-pyrazoline
derivative of harmine; 2,3,4-trimethoxy-chalcone
derivative of harmine; 2,3,4-trimethoxy-pyrazoline
derivative of harmine; 2-F-chalcone derivative of
harmine; 2-F-pyrazoline derivative of harmine.

Computer modeling of the molecules of
alkaloid derivatives and docking-based virtual
screening with an estimated biological target,
DRD2 receptor, one of the five known types of
dopamine receptors belonging to the class of D;-
like receptors which inhibit adenylate cyclase,
were performed (Aricioglu and Altunbas, 2003).
Three-dimensional models of the ligand molecules
were constructed using the ChemDraw program,
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using a set of programs Autodock (The Scripps
Research Institute, USA), MGLTools (The Scripps
Research Institute, USA). The binding energy of
an individual conformation was used as a final
result, which shows the strength of the interaction
between the ligand and the target molecule.

The experimental part was carried out
following the “Rules of the European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes”
(European Convention..., 1986) and under the
requirements for the studies of new
pharmacological substances in sexually mature
rats (60 animals), equal amounts of females and
males, with initial body weight of 240-370 g. The
animals were kept in standard vivarium conditions
on a regular diet and free access to water and
food. Besides, general conditions of the animals
were evaluated: changes in the animal’s body
weight, motor activity, appetite and reaction to
external stimuli.

Emotional stress was modeled by placing
the rats in tight plastic cylinders with their
subsequent immersion in water to the neck level
(20-22°C) for 2 hours daily for four days (Razueva
et al., 2014). The studied substances were
administered to the animals at doses of 5 mg/kg
for seven days before modeling emotional stress
followed by a daily administration 1 hour before
placing the animals in the plastic cylinders.
Piracetam (JSC "BZMP", Republic of Belarus) was
used as a reference drug, which was administered
to the animals according to a similar scheme. All
drugs were administered daily orally in the form of
an aqueous solution at a dose of 1 ml/kg. The
animals of the control and intact groups received
purified water in the same volume.

On the fourth day after emotional stress
modeling, the behavioral effects of the studied
compounds were assessed using generally
accepted methods in the following tests: “Open
Field” and “Elevated Plus Maze” (Koplik et al.,
1995). Statistical processing of the results was
carried out using the “Statistica 8.0” software
package. The results are presented as “mean
values * standard error of the mean”. The
differences were considered significant at a
significance level of p<0.05.

3. RESULTS AND DISCUSSION:

According to the docking results, the
presented molecules of alkaloid compounds
showed interactions with dopamine receptorD2.
According to the docking results, the following
alkaloid derivatives showed the maximum binding

to dopamine receptor D2: 9-methoxy-2-phenyl-
11H-indolisino[8,7-Blindole (BE = -11.6); 2-(3,4-
dichlorophenyl)-9-methoxy-11H-indolisino[8,7-
Blindole (BE = -10.7); 2-F-chalcone derivative of
harmine (BE = -10.7) (Table 1). The spatial
structures of the ligands and a schematic
representation of the ligand-target interactions are
presented in Figures 1-3.

During the experiment to assess an in vivo
neurotrophic activity, it was noted that body weight
data in the rats from all groups remained within
baseline parameters; there were no significant
changes in body weight gain in the animals from
all groups (Table 2).

Administration of the studied compounds,
harmine,  8-acetylharmine, delcosine and
lappaconitine, to rats reduced the number of
entries into the closed arms; administration of 8-
acetylharmine and lappaconitine increased the
number of peeps. The number of leaning
overincreased in the 8-acetylharmine and
delcosine groups. The number of defecations and
urinations decreased in the groups of 8-
acetylharmine,  ((E)-1-(7-methoxy-1-methyl-9H-
pyrido [3,4-b]indole-8-yl)-3-(2,4
dimethoxyphenyl)prop-2-en-1-on, (E)-1-(7-
methoxy-1-methyl-9H-pyrido[3,4-blindole-8-yl)-3-
(2 fluorophenyl)prop-2-en-1-on and echinopsine
(Tables 3, 4).

According to the docking results, the
following alkaloid derivatives showed the
maximum binding to dopamine receptor D2: 9-
methoxy-2-phenyl-11H-indolisino[8,7-Blindole (BE
= -11.6); 2-(3,4-dichlorophenyl)-9-methoxy-11H-
indolisino[8,7-B]indole (BE = -10.7); 2-F-chalcone
derivative of harmine (BE = -10.7). This
experimental study showed that indole alkaloids, 8-
acetylharmine, 9-methoxy-2-phenyl-11H-
indolisino[8,7-Blindole, diterpene alkaloid
lappaconitine and cytisine at a dose of 5 mg/kg
exhibit neurotropic effects, increase the levels of
orientation and research activity, normalize
emotional state and decrease anxiety and fear
levels in animals.

4. CONCLUSIONS:

The results obtained in the “Elevated Plus
Maze” test showed that the animals treated with 9-
methoxy-2-phenyl-11H-indolisino[8,7-Blindole,
lappaconitine and cytisine at a dose of 5 mg/kg,
compared to rats in the control group, experienced
an anxiolytic (anti-anxiety) actionin  the
experimental emotional stress.

In particular, the time spent in the closed
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arms was reduced by 23.9%in the lappaconitine
group, by 12.5% in the 9-methoxy-2-phenyl-11H-
indolisino[8,7-Blindole group, by 12.4%, in the 8-
acetylgarmine group and by 5.6% in the cytisine
group, compared to the control group. The time
spent by the animals in the open arms increased
by 78% in the 9-Methoxy-2-phenyl-11H-
indolisino[8,7-B]indole group, by 76.4% in the
lappaconitine group, by 76.1% in the 8-
acetylharmine group and by 64.1% in the cytisine
group, compared to the control group. The time
spent on the central site increased by 37.8% in the
lappaconitine group, compared to the control

group.

Therefore, 9-methoxy-2-phenyl-11H-
indolisino[8,7-Blindole, which had the highest
binding energy during ligand-target docking, is a
candidate substance as a stress-protective agent
for further in-depth studies, as well as indole
alkaloids,8-acetylharmine, 9-methoxy-2-phenyl-
11H-indolisino[8,7-B]indole, and diterpene alkaloid
lappaconitine, which showed an anxiolytic effect in
the stress test.
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Figure 1. Interaction between 9-methoxy-2-phenyl-11H-indolisino[8,7-B]indole (Gar-13) and DRD2
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and DRD2 receptor; BE = -10.7 kcal/mol™

ASP
A:114

PHE
A:389

TYR
A:408 0

TRP

i A:100

A:412
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BE =-10.5 kcal/mol™
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Table 1. The results of the interaction between the molecules of alkaloid compounds and DRD2
receptor

Binding
Position Name Code Chemical formula Energy -
kcal/mol*

9-methoxy-2-phenyl-11H-
1 indolisino[8,7-B]indole Gar-13
C21H16N20

-11.6

2-(3,4-dichlorophenyl)-9-
methoxy-11H-
indolisino[8,7-B]indole
C21H14CI2N20

Gar-17 -10.7

2-F-chalcone derivative of
3 harmine Gar-116
C22H17FN202

-10.5

9-methoxy-2-(4-
methoxyphenyl)-11H-
indolisino[8,7-Blindole
C22H18N202

Gar-15 -10.4

Chalcone derivative of
5 harmine Gar-105
C22H18N202

-10.3

4-methoxychalcone
6 derivative of harmine Gar-107
Ca3H20N203

-10.3

2-F-pyrazoline derivative
7 of harmine Gar-117
C24H21FN4O2

-10.3

3-acetyl-9-methoxy-2-
phenyl-11H-

indolisino[8,7-Blindole
C23H1sN20:

Gar-24 -10.2

4-methoxy-pyrazoline
9 derivative of harmine Gar-108
C25H24N403

-10.2

2,4-dimethoxy-chalcone
10 derivative of harmine Gar-113
C24H22N204

-10.2
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11

Pyrazoline derivative of
harmine Gar-106
C24H22N402

-9.9

12

2,4-dimethoxy-pyrazoline
derivative of harmine Gar-115
Ca6H26N404

-9.6

13

2,3,4-trimethoxy-chalcone
derivative of harmine Gar-110
C25H24N205

-9.4

14

2,3,4-trimethoxy-
pyrazoline derivative of
harmine
C27H28N40s

Gar-111

15

2-(4-methoxy-phenyl)-
3,10-bis-formyl-11H-
indolisino[8,7-Blindole
C24H18N204

Gar-23

-8.5

16

Harmine N-oxide H.CO “ 1\ JN=o
Gar-N-O : &
Ci3H12N20- \

17

HyCO

8-Formylharmine 8-FGar

-7.5

18

8-Acetylharmine
Ci15H1aN202

HyCO

8-AcGar

7.4

19

6,8-Dichloroharmine

C13H10CI2N20O Gar-6,8Cl

-7.4

20

6,8-Dibromoharmine Gar-
Ci13H10Br2N2O 6,8Br

-7.3
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6-lodoharmine

21 CisHuIN,O Gar-6l -7.2
8-Bromoharmine
22 C13H11BrN2O Gar-8Br 7.2
6-Bromoharmine
23 C13H11BrN20O Gar-6Br -l
Table 2. Weight gain in rats
Weight, g

Group Before After
Intact rats, n=6 296.3 + 20.3* 297.0 £ 20.8
Control (no treatment) n=6 367.8+£8.5 373.3+£10.2
Reference group (Piracetam) n=6 328.0+12.0 3245 +22.7
Harmine (Gar),n=6 303.3 £ 53.0* 307.3 + 49.6*
8-Acetylharminen=6 287.5+18.6 291.3+24.3
9-Methoxy-2-phenyl-11H-indolisino[8,7-B]indole 243.0+ 10.2 241.8 + 6.0*
(E)—1—(7—Methoxy—1—methyl—9H—pyr|d0[3,4—b]Tdole—8—yl)—3— 287 5 + 18.6 2580 + 32.3

(2-fluorophenylprop-2-en-1-onn=6

Delcosinen=6 295.3+£45.5 298.0+ 47.6
Lappaconitinen=6 298.0+ 6.5 301.0+7.7
Cytisinen=6 245.0 £ 8.4* 243.3+ 6.7*
Echinopsinen=6 264.3+ 26.2 262.3 £ 27.9

Note: * — p <0.05 compared to the control group, n — number of animals in the group.

Table 3. Effects of the studied compounds on behavior of the rats in the "Elevated Plus Maze" test

Time spent Time spent Number of Number of
€SP in the entries entries Number
in the : .
Group open into the into the of peeps,
closed
arms, closed closed (n)
arms, (sec.)
(sec.) arms, (n) arms, (n)
Intact rats, n=6 59.5+11.8* 77.3£19.3 3.3x1.9 1.5+1.3 3.0£2.4
Control (no treatment) n=6 161.0+£15.6 8.0+1.2 1.5+0.6 2.0£1.4 2.0£2.3
Reference group 152.0£32.0  20.5+9.8 0.8+1.0 1.5+0.6 5.0£2.2
(Piracetam) n=6
Harmine (Gar), n=6 167.0£8.7* 13.0£8.7 1.5£0.6 1.5£0.6 0.3£0.5
8-Acetylharmine n=6 141.3+40.1 33.5£15.4 1.0+0.8 1.3x0.5 3.0£3.2
9-Methoxy-2-phenyl-11H- 4 /5 135 3¢ 36.3+17.9  1.5+0.6 2012  1.8+10
indolisino[8,7-Blindole
(E)-1-(7- Methoxy-1-methyl-
dH-pyrido[3,4-blindole-8-y)- 15 556 9539 1.0£0.0 1.3t05  0.8%1.0
3-(2-fluorophenyl)prop-2-en-
1-on n=6
Delcosinen=6 164.5+11.5 9.8+4.2 1.3£0.5 1.3£1.0 1.8£2.4
Lappaconitinen=6 125.5£80.4 35.4+£10.8 1.3x0.5 1.5+1.0 2.5+1.3
Cytisinen=6 152.0+£23.6* 22.3£6.3 1.3x0.5 2.0+£0.8 1.3x0.5
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Echinopsinen=6 167.3+£12.2* 12.0£2.0 0.8+0.5 1.3+0.5 0.5+0.6
Note: * — p <0.05 compared to the animals in the control group, n — number of animals in the group.

Table 4. Effects of the studied compounds on behavior of the rats in the "Elevated Plus Maze" test

Number Time spent

Group Nllér;:)iig)f ofd on tlhe_ dNLmebe_r of Nu_mbgr of
over, (n) stands, central site, efecations  urinations
(n) (sec.)
Intact rats, n=6 9.0+2.1 2.5+1.3 34.5+12.1 1.3+0.5* 0.5+0.6
Control (rr‘]ozgeatme”t) 25+2.1 0 11.5+8.3 3.3+1.2 0.30.6
Reference group 25+¢1.0  0.3+0.5 6.3+2.3 0 0.3+0.5
(Piracetam) n=6
Harmine (Gar), n=6 1.8+1.7 8.0+3.2 0.5+1.0 0.320.5 0.320.5
8-Acetylharmine n=6 4.3£15 0 3.5¢1.9 0 0.3+0.5
9-Methoxy-2-phenyl-11H-
indolisino[8,7-BJindole 1.0+0.2 0 5.0+£3.1 0 0.3x0.5
(E)-1-(7- Methoxy-1-
methyl-9H-pyrido[3,4-
blindole-8-yl)-3-(2- 0.8+0.5 0 3.0+£1.6 0 0
fluorophenyl)prop-2-en-1-
on n=6
Delcosinen=6 3.0+£2.2 0 5.3+2.2 0.8+0.5 0.5+0.6
Lappaconitinen=6 2.841.5 0 18.5+£9.7 0.3+0.5 0.3+0.5
Cytisinen=6 2.5+1.7 0 1.3+£0.10 0.3+0.5 0.3+0.5
Echinopsinen=6 3.3+1.8 0 0.8+0.10 0 0.3+0.5

Note: * — p <0.05 compared to the animals of the control group, n — number of animals in the group.
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