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THE STUDY OF NEUROTROPIC ACTION OF ALKALOIDS
AND THEIR DERIVATIVES

Abstract. The article presents the results of a study of the neurotropic action of alkaloids and their derivatives.
It was established that the studied compounds 8-acetylharmine, ((E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-bJindol-
8-y1)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one, lappaconitine and cytisine at a dose of 5 mg/kg have a neurotropic
effect, increasing the level of the orienting reaction of animals in the «Open field» test; they also normalize the
emotional state, reducing the level of anxiety and fear of animals in the test "Elevated plus maze".

Keywords: alkaloids, neurotropic action, emotional stress, alkaloid derivatives.

Introduction. Currently in the world there is an increase in the number of neurological patients, an
increase in the morbidity of the nervous system. Among the main causes of the spread of diseases of the
central nervous system can be called stress, psycho-emotional stress, which results in anxiety, depression,
develop of addictions [2]. In this regard, there is a significant interest of researchers to neurotropic drugs
[1]. Among the promising in the study of the neurotropic action of natural compounds alkaloid
compounds and their derivatives should be noted.

Alkaloids are a group of natural organic compounds that are synthesized by plants [3]. Alkaloids can
affect the central nervous system, including the nerve cells of the brain and spinal cord, which control
many of the functions of the human body and its behavior [4,5]. Experimental evidence has been obtained
that alkaloids have a broad spectrum of pharmacological properties, including neurotropic effects and can
selectively bind to receptors of nerve cells [4-11].

The most interesting in their chemical structure are the indole, isoquinoline, diterpene and pyrrolidine
alkaloids, among which there are substances with various combinations of methoxy, hydroxy, amino,
carboxy and heterocycles, as well as conformational and optical isomers, which can serve as a source for
obtaining various drugs, including neurotropic drugs.

Thus, the indole alkaloid, harmine, has an effect on the central nervous system (CNS), showing its
effect in neurological diseases [12, 13]. Diterpene alkaloids have a broad spectrum of biological activity,
which allows them to be considered as a source of promising pharmacological compounds [14, 15].

Objective: to study the neurotropic action of alkaloid compounds and their derivatives on experi-
mental stress models.

Material and Methods: The following compounds were presented for the study: harmine (1), 8-
acetylharmine  (2),  (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphe-
nyl)prop-2-en-1-one  (3), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b] indole-8-yl)-3-(2-fluoro-
phenyl)prop-2-en-1-one (4), delkozin (5), lappaconitine (6), cytisine (7), echinopsine (8).

Previously a computer simulation of the molecules of the substances and virtual docking with the
proposed biological target dopamine receptor D2 were carried out. The ligand-target interaction strength
was evaluated by the binding energy index.
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The experimental part was carried out in accordance with the “Rules of the European Convention for
the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes” and according
to the requirements for the study of new pharmacological substances in adult rats (60 animals) equally
males and females, the initial body weight is 240 - 370g. Rats are from own vivarium of International
research and production holding "Phytochemistry" (Karaganda). The animals were in standard vivarium
conditions on the usual diet and free access to water and food. In addition, observations of the general
state of the animals were made: changes in the body weight of animals, motor activity, appetite and
response to external stimuli.

Emotional stress was modeled by placing the rats in tight plastic cylinders with their subsequent
immersion in water up to the neck level (20-22°C) for 2 hours daily for four days [16]. The test substances
at a dose of 5 mg/kg were injected to animals for seven days before emotional stress modeling and then
daily 1 hour before placing the animals in plastic cylinders. As the comparison drug, the drug “Piracetam”
(OJSC “Borisov Medical Preparations Plant” Republic of Belarus) [17] was used, which was administered
to animals in a similar pattern. All drugs were injected daily by mouth as an aqueous solution in a volume
of 1 ml/kg. The animals of the control and intact groups received purified water in an appropriate volume.

On the fourth day after emotional stress modeling, the behavioral effect of the studied compounds
was assessed using standard methods in the following tests: “Open field” [18] and “Elevated plus-maze”
[19].

The “Open Field” test represents a field with a diameter of 100 cm, bounded by 40 cm high sides.
The pad is laid out on 16 squares. The animal was placed in the center of the field and within two minutes
the number of stances (vertical locomotor activity) and locomotion (horizontal locomotor activity), as
well as grooming and the number of defecation (bolus) and urination were visually recorded. The mea-
surements were carried out in silence and under the light of a lamp.

As it is well known, emotional stress is characterized by a manifestation of fear and anxiety, there-
fore, the assessment of neurotropic activity was performed using the “Elevated plus-maze” test (anxiolytic
activity). The test method "Elevated plus maze" allows to identify the anxiolytic activity of drugs. It is
based on the ability of animals under the action of drugs to overcome the natural fear of falling from a
height and open areas [2]. The rat was placed in the center of the installation, which consisted of 4 arms,
crosswise diverging from the central platform at a right angle, 45 cm long and 10 cm wide (wall height of
closed arms is 10 cm): two opposite open, without walls, and two closed, dark. In the center of the laby-
rinth's criss-cross arms there is an open area measuring 10 by 10 cm. Experiments were carried out under
normal lighting for 3 minutes. The test allows to assess the level of anxiety of animals under the influence
of pharmacological agents. During the experiment, the time spent by animals in open and closed arms, the
number of entries in open and closed arms, the number of hanging and peeping from an open rm, the
number of stances, grooming, time spent on the central site, the latent period of the first entry into an open
arm, urination and defecation number were obtained.

Statistical processing of the results was carried out using the “Statistica 8.0” software package. The
results are presented as “mean =+ standard error of the mean”. Intergroup differences were assessed by the
non-parametric Mann-Whitney U-test. For pairwise related groups, the nonparametric Wilcoxon test was
used.

The results of the study. During the experiment, it was noted that the body weight of the rats in all
groups remained within the limits of the initial data; no significant changes in the weight gain of the
animals of all groups were observed (table 1).

Investigation of the effects of the studied compounds on the orienting-exploratory behavior of
animals using the “Elevated plus maze” method. According to a study it was found that emotional stress
increases a sense of fear and anxiety in animals. Thus, when checking the behavioral reactions in the
“Elevated plus maze” test, it was revealed that the rats of the control group had lower number of entries
into open arms and the time spent in them than those of animals of the intact group by 54.5% and 89.7%,
respectively . An increase in the number of entries into the labyrinth's closed arms in the control group of
animals by 25% also indicated a low emotional level. A decrease in the number of peekings and the
number of hanging of the control group rats compared with the indices of animals in the intact group was
recorded. The number of stances of the control group rats was absent.
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Table 1 — Data on weight gain of rats

Weight, g
Group
Before After
Intact rats n=6 296.3 £20.3* 297.0 £20.8
Control (without treatment) n=6 367.8+8.5 373.3+£10.2
The comparison group (Piracetam) n=6 328.0+12.0 3245+22.7
Harmine (Gar) (1),n=6 303,3 +£53,0% | 307,3 +49,6%
8-acetylharmine (2) n=6 287.5+18.6 291.3+24.3
;l?g;{i(_z)ﬁzer(tél)()zzél -methyl-9H-pyrido[3,4-b]indole-8-yl) -3-(2,4-dimethoxyphenyl)prop- 24304 10.2 241.8 + 6.0%
E)];le- }‘-‘()7I;136ethoxy-l-methyl-9H-pyrido[3,4- b] indole-8-yl)-3-(2-fluorophenyl)prop-2-en-1- 2875+ 18.6 258.0 + 323
Delkozin (5) n=6 295.3+£455 298.0+47.6
Lappaconitine (6) n=6 298.0+ 6.5 301.0+7.7
Cytisine (7) n=6 245.0 £ 8.4* 2433+ 6.7*
Echinopsine (8) n=6 264.3+26.2 262.3+£279
*p <0.05 compared with the values of the control group, n is the number of animals in the group.

In the group of animals treated with 8-acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido|[3,4-
bJindole-8-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3), lappaconitine (6) and cytisine (7) at a dose of
5 mg/kg compared with the rats of the control group under conditions of experimental emotional stress
showed an anxiolytic (anti-anxiety) effect.

In particular, the time spent in a closed arm in groups of animals using lappaconitine (6) decreased by
23.9%, (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-
one (3) by 12.5%, cytisine (7) by 5.6% compared with the control group. The time spent by animals in
open arms in groups using (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxy-
phenyl)prop-2-en-1-one (3) increased by 78%, lappaconitine (6) by 76.4%, 8-acetylharmine (2) by 76.1%,
cytisine (7) by 64.1% compared to control. Time of staying on the central platform in the group of
animals that used lappaconitine (6) increased by 37.8% compared with the control. The administration of
the harmine (1), 8-acetylharmine (2), delkozin (5), lappaconitine (6) to rats reduced the number of closed
arms, as well as with the introduction of 8-acetylharmine (2) and lappaconitine (6), increased the number
of peekings. The number of hanging in groups of animals with the use of 8-acetylharmine (2) and
delkozin (5) increased. The number of defecation and urenations decreased in groups of animals using 8-
acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphenyl)-
prop-2-en-1-one (3), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b] indole-8-yl)-3-(2-fluorophenyl)prop-
2-en-1-one (4) and echinopsine (8) (table 2).

Investigation of the effects of the studied compounds on the orientational-exploratory behavior of
animals using «The open field» method. As a result of «The open field» test, it was found that animals
from groups using 8-acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl) -3-(2,4-
dimethoxyphenyl)prop-2-en-1-one (3), lappaconitine (6), cytisine (7) and echinopsine (8) at a dose of 5
mg/kg demonstrated a higher level of orientation reaction in «the open field» test, since the number of
horizontal and vertical movements is greater than the result of control group and is close to the value of
the reference drug group. In animal groups using 8-acetylharmine (2), lappaconitine (6) , cytisine (7) and
echinopsine (8) at a dose of 5 mg/kg, the number of urination and defecation is lower than in the control
group, the latency of exit from the center of the “open field” is higher (table 4).
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Table 2 — The effect of the studied compounds
on the behavior of rats in the test "Elevated plus maze"

Time spent Time Number of | Number of Number of
in a closed spent in a entries in entries in peekings,
Group .
arm, (s) open arm, | openarms, | closed arms, (times)
(s) (times) (times)
Intact rats n=6 59.5£11.8*% | 77.3£19.3 3.3+1.9 1.5¢1.3 3.0+2.4
Control (without treatment) n=6 161.0+15.6 8.0+1.2 1.5+0.6 2.0+£1.4 2.0£2.3
The comparison group (Piracetam) n=6 152.0£32.0 20.5£9.8 0.8£1.0 1.5+0.6 5.042.2
Harmine (Gar) (1),n=6 167,0+£8,7* 13,0+8,7 1,5+0,6 1,5+0,6 0,3+0,5
8-acetylharmine (2) n=6 141.3440.1 | 33.5£154 1.0+0.8 1.3+£0.5 3.0+£3.2
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-
bJindole-8-yl) -3-(2,4-dimethoxyphenyl)prop-2- 140.8+£32.3* | 36.3+17.9 1.5+0.6 2.0£1.2 1.8£1.0
en-1-one (3) n=6
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b]
indole-8-yl1)-3-(2-fluorophenyl)prop-2-en-1-one 167.5+5.6* 9.543.9 1.0+0.0 1.3+0.5 0.8+1.0
(4) n=6
Delkozin (5) n=6 164.5+11.5 9.8+4.2 1.3+0.5 1.3£1.0 1.8+2.4
Lappaconitine (6) n=6 125.5¢80.4 | 35.4£10.8 1.3+0.5 1.5+1.0 2.5+1.3
Cytisine (7) n=6 152.0+£23.6% | 22.3+6.3 1.3£0.5 2.0+0.8 1.3+0.5
Echinopsine (8) n=6 167.3+£12.2*% | 12.0+£2.0 0.8+0.5 1.3+£0.5 0.5+0.6
*p <0.05 compared with values of the control group animals, n is the number of animals in the group.
Table 3 — The effect of the studied compounds
on the behavior of rats in the test "Elevated plus maze"
Number of | Number Time spent in Number Number
Group hangings, | of stances, the central of of
(times) (times) platform, (s) | defecation | urination
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 (without treatment) n=6 2.5+£2.1 0 11.548.3 3.3+1.2 0.3£0.6
The comparison group (Piracetam) n=6 2.5+1.0 0.3+0.5 6.3+2.3 0 0.3+0.5
Harmine (Gar) (1),n=6 1,8+1,7 8,0+3,2 0,5+1,0 0,3+0,5 0,3+0,5
8-acetylharmine (2) n=6 4.3+1.5 0 3.5+1.9 0 0.3+0.5
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-
8-yl) -3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3) 1.0+0.2 0 5.0+£3.1 0 0.3+0.5
n=6
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b] indole-
8-y1)-3-(2-fluorophenyl)prop-2-en-1-one (4) n=6 0.8+0.5 0 3.0£1.6 0 0
Delkozin (5) n=6 3.0+£2.2 0 5.3+2.2 0.8+0.5 0.5+0.6
Lappaconitine (6) n=6 2.8+1.5 0 18.5+9.7 0.3+0.5 0.3+0.5
Cytisine (7) n=6 2.5+1.7 0 1.3+0.10 0.3+0.5 0.3+0.5
Echinopsine (8) n=6 3.3+1.8 0 0.8+0.10 0 0.3+0.5

*p <0.05 compared with values of the control group animals, n is the number of animals in the group.
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Table 4 — The effect of the studied compounds on the behavior of rats in the test "Open field"

Spectrum of indicative Spectrum
research activity of anxiety
Grou, i
P Number of Vertical Grooming | Number of | Number of
horizontal | movement . .
s defecation urination
movements activity
Intact rats n=6 21.0+2.7 6.8+1.3 1.51.3 1.3£2.5 0.5+0.6
Control (without treatment) n=6 5.3+5.3 4.8£1.0 2.0+0.8 2.8+2.1 1.0+0.8
The comparison group (Piracetam) n=6 13.0+4.5% 6.8+2.9 1.0+0.8 2.5¢1.9 0.5+0.6
Harmine (Gar) (1),n=6 8,0+3,2 5,842,1 3,8+1,7 2,7+1,4 0,240,5
8-acetylharmine (2) n=6 17.0£5.9 4.542.5 1.0£0.8 0.3+0.5 0.34£0.5
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-
bJindole-8-yl) -3-(2,4-dimethoxyphenyl)prop-2-en- 13.8+6.3 9.0+£2.9 1.5+£1.7 2.2+0.9 0.0£0.0
1-one (3) n=6
(E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4- b]
indole-8-yl)-3-(2-fluorophenyl)prop-2-en-1-one (4) 9.54+2.6* 5.3+1.0 0.75+0.9 3.0+1.4 0.3+0.5
n=6
Delkozin (5) n=6 8.9+4.9* 4.842.8 4.0+0.8* 4.0+£3.2 0.5+0.6
Lappaconitine (6) n=6 13.3+£3.5%* 4.0+£2.2 2.3+1.3 0.3+0.5 0.3+0.5
Cytisine (7) n=6 24.8+7.0 7.8+£2.9 1.25+0.50 0.0+£0.0%* 0.3+0.5
Echinopsine (8) n=6 31.842.5 11.0£2.6 2.5%1.3 0.0+0.0* 0.3+0.5
*p <0.05 compared with values of the control group animals, n is the number of animals in the group.

Findings. As a result of the experiments, it was found that the alkaloids of the indole series 8-
acetylharmine (2), (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-bJindole-8-yl) -3-(2,4-dimethoxyphe-
nyl)prop-2-en-1-one (3), diterpenic alkaloid lappaconitine (6), and also cytisine (7) at a dose of 5 mg/kg
show a neurotropic effect, increasing the level of the orienting reaction, normalize the emotional state,
lowering the level of anxiety and fear in animals.

According to the results of molecular docking, it was established that the studied molecules of the
alkaloid compounds of the indole series interact with the dopamine receptor D2. According to the results
of docking, the maximum indicators of binding are: (E)-1-(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-
8-yl) -3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3) (G-score = -10.2), 8-acetylharmine (2) (G-score =
= -7.5), which indicates a good ability of these compounds to bind to the dopamine receptor D2.

Thus, it was established that alkaloid compounds 8-acetylharmine (2), (E)-1-(7-methoxy-1-methyl-
9H-pyrido[3,4-b]indole-8-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one (3) have a comparatively strong
bond with the dopamine receptor D2. The prospects for the development of new neurotropic drugs based
on alkaloid compounds have been identified.

Source of research funding. The work was performed under the grant project NeAP05134907
“Molecular docking and bio-screening of new natural compounds” with the financial support of the
Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan.
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AJIKAJIOMATAP MEH OJIAPJIbIH TYBIH/IBIJIAPBIHbBIH
HEUPOTPOIITBIK OCEPIH 3EPTTEY

AHHOTanusi. Makanaaa ankajiouITap MEH OJapIblH TYbIHIbUIAPBIHBIH HEUPOTPOITHIK dCEPiH 3ePTTey HOTH-
JKeJlepl YCBIHBUIAABL. 5 MI/Kr no3agarsl 8-amermirapmud, ((E)-1-(7-Metokcu-1-mermn-9H-tmmpuno[3,4-bunmnon-8-
nin)-3-(2,4-nuMeToKCu(EHNIT) TPOM-2-€H-1-0H, JANIMaKOHUTUH JKOHE IWTU3WH KOCBUIBICTAPhl «AIIBIK alaHy
TECTIH/IE JKaHyapiapblH Oarjapiay peakUUsICHIHBIH JCHIeiiH KOTEepeTiH HEWPOTPONTHIK dcepre Ue eKeHJIr )KoHe
«KeTepiHKi KpecT Topi3ai JaOUPUHT» TECTIHIE OJIAPIbIH MA3achI3bIK ICHICil MEH KOPKBIHBIII CE3IMiH TOMCHIETII,
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AO «MexayHapOaHBIA HAYYHO-ITPOM3BOACTBEHHBIN X0 IuHr «Puroxumus», Kaparanga

N3YYEHUE HEHPOTPOITHOI'O TEMCTBUS AJTKAJIOUIOB
U UX MPOU3BOJHBIX

AnHOTanms. B cratbe npescraBiieHbl pe3ysIbTaThl HCCIIEI0BAHUS HEHPOTPOITHOTO JEHCTBHS AJIKAIOUIOB U X
MIPOM3BOJIHBIX. Y CTAHOBJIEHO, YTO M3y4aeMble coeAnHeHus §-anerwirapmut, ((£)-1-(7-Merokcu-1-metnn-9H-nupu-
1o[3,4-burnon-8-mn)-3-(2,4-TMMEe TOKCU(PEHIIT ) [TPON-2-€H- | -OH,JIANTTAKO-HUTHHY [IUTH3HH B JI03¢ 5 MI/KT 00Ja-
JIAf0T HEMPOTPOITHBIM JICHCTBHEM, MOBBIIIAsT YPOBEHb OPHEHTUPOBOYHON PEaKIMU >KUBOTHBIX B TecTe «OTKpBITOE
0JIe», TAK)KE€ HOPMAIN3YIOT SMOLMOHAIBHOE COCTOSTHHE, TIOHWXAsi yPOBEHb TPEBOXKHOCTH U UyBCTBA CTpaxa y >KH-
BOTHEIX B TecTe «IIpUIOIHSTEIN KPEeCTOOOpa3HBIN JTAOMPHUHT.
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JIOB.
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