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Synthesis of new acetylharmine derivatives and their neurotropic activity

Abstract: Alkaloids containing a β-carboline fragment are of significant interest as potential new 
physiologically active agents for the treatment of central nervous system disorders. The roots of Peganum 
harmala L. (family Zygophyllaceae) are a promising and readily available raw material for the production 
of active pharmaceutical substances. The β-carboline alkaloid harmine is a promising compound for the 
development of novel, original neurotropic drugs based on these alkaloids. The article considers the ways 
of synthesizing new compounds based on the alkaloid harmine and, simultaneously, studies the neurotropic 
activity of new harmine derivatives containing various substituents at the C-8 position. Harmine was 
selectively acetylated at the 8-position using acetyl chloride and tin tetrachloride, yielding 8-acetylharmine. 
This intermediate was then used to synthesize a series of novel harmine derivatives, including 8-{Z}-1-
{Z}-(1-(arylidene)hydrazono)ethyl and 8-cinnamoyl analogs. The evaluation of the neurotropic action of 
samples of C-8 harmine derivatives was carried out on models of experimental stress using the “Open 
Field” and “Elevated Plus Maze” tests. Several compounds exhibited marked antidepressant activity with 
sedative effects comparable to those of amitriptyline. It was demonstrated that structural modifications at 
the C-8 position of harmine contribute to the generation of new pharmacophores capable of crossing the 
blood-brain barrier and modulating behavioral responses. In particular, the compounds 8-acetylharmine 
(2) and {(Z)-1-[(Z)-(2-arylidene)hydrazono]ethyl}-harmines (4–5), at a dose of 10 mg/kg, demonstrated 
behavioral features indicative of reduced anxiety levels in animals. These findings highlight the potential of 
β-carboline-based harmine derivatives for the development of novel neurotropic agents.
Key words: β-carbolines, harmine, 8-acetylharmine, (Z)-hydrazono-8-acetylharmine, chalcone derivatives 
of harmine, neurotropic activity.

Introduction

According to epidemiological data, one in four 
individuals worldwide will face a neurodegenerative 
disease during their life, and there is a steady increase 
in the number of these diseases [1]. Neurodegenerative 
disorders are multifactorial in origin and have been 
linked to genetic predispositions, disruptions in 
cellular signaling pathways, programmed neuronal 
cell death (apoptosis), inflammatory mechanisms, 
accumulation of misfolded protein aggregates, 
mitochondrial impairment, oxidative damage, aging 
processes, sex-specific factors, genetic mutations, 
ethnic background, environmental influences, and 
potentially climate-related conditions [2-4].

There is a broad spectrum of neurotropic 
(neuroprotective) drugs that reduce anxiety and 
enhance stress resilience. Modern neuroprotectors are 
compounds with potential effects on different parts of 
the nervous system in cases of impaired blood supply 
and myocardial function disorders: AMPA-receptor 
antagonists (Zonanpanel, Japan), serotonin agonists 
(Repinotan, Piclozotan), membrane modulators 
(Ceraxon, Spain), and others [5].

Plant alkaloids are widely known as a consistent 
source of drugs for the treatment of chronic diseases, 
and possessing properties of polypharmacological 
modulation, they are potentially useful for the 
further development of targeted drug agents [6-8]. 
Harmine (1), an alkaloid belonging to the group 
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of biologically active compounds, exhibits a wide 
range of pharmacological properties, including 
vasodilatory, anti-inflammatory, analgesic, 
antimicrobial, antioxidant, cholinesterase-inhibiting, 
antiparkinsonian, antitumor, anti-addictive, and 
antidepressant activities. These diverse effects have 
been summarized in several systematic reviews 
[9–13]. Despite its broad spectrum of established 
biological activities, the molecular mechanisms 
underlying harmine’s pharmacological actions remain 
insufficiently elucidated. Recent findings indicate 
that harmine may exert its pharmacological effects by 
interacting with a variety of molecular targets, such 
as monoamine oxidases A and B, benzodiazepine 
receptors, GABA-A receptors, serotonin receptors 
of the 5-HT2A/C subtypes, glutamatergic receptors 
including NMDA and GLT-1, imidazoline receptors 
(I1 and I2), as well as by modulating the expression 
and activity of neurotrophic factors [14–20]. 
Moreover, harmine (1) has been reported to suppress 
Tau protein phosphorylation through the inhibition of 
DYRK1A kinase activity, a mechanism that correlates 
with enhanced memory, spatial learning, and overall 
cognitive performance in APP/PS1 transgenic mice, 
as well as in rodent models of scopolamine-induced 
cognitive deficits [21, 22]. Interestingly, in the late 
1920s and early 1930s, harmine hydrochloride was 
used to treat symptoms of Parkinson’s disease such 
as muscle rigidity, depression, memory deficits, 
apathy, phobias, fatigue, and attention problems [23]. 
With respect to its therapeutic potential in the central 
nervous system (CNS), recent preclinical research has 
validated the antidepressant properties of harmine (1) 
[14,18]. More basic and clinical research is needed to 
elucidate the neurochemical mechanisms underlying 
these effects.

We have previously studied the pharmacological 
properties of harmine hydrochloride and established 
its antidepressant activity [24-27]. The alkaloid 
harmine (1) is an available metabolite of Peganum 
harmala L., which is widespread in the territory of 
South Kazakhstan, where its industrial reserves are 
available [28].

The availability of domestic raw materials for the 
isolation of the β-carboline alkaloid harmine (1), its 
high biological activity, and the presence of reaction 
centers in the molecule make it promising for further 
targeted chemical modifications. To study the effect 
of various substituents in the indole fragment of the 
alkaloid on the pharmacological activity, we carried 
out a chemical modification with the introduction of 
various substituents in the C-8 position of the alkaloid 
harmine (1).

Materials and methods

Reagents and chemicals
All used chemicals (analytical grade) were 

purchased from E. Merck (Darmstadt, Germany) 
and Sigma Chemical Co. (Sigma-Aldrich Chemie 
Gmbh, Steinheim, Germany) and were used 
without further purification. These chemicals are 
as follows: ethanol (C2H5OH≥96%), methanol 
(CH3OH≥99.8%), tin (IV) chloride (SnCl4≥98%), 
acetyl chloride (CH3COCl), methylene chloride 
(), hydrazine hydrate (NH2NH2·H2O, 50 v/v 
%), anisaldehyde (CH3OC6H4CHO≥96%), 
2-fluorobenzaldehyde (FC6H4CHO≥97%), sodium 
hydroxide (NaOH≥98%), hydrochloric acid 
(HCl≥36%), ethyl acetate (CH3COOC2H5≥99.5%), 
2 , 4 - d i m e t h o x y b e n z a l d e h y d e 
( 2 . 4 - ( C H 3 O ) 2 C 6 H 3 C H O ≥ 9 7 % ) , 
2 , 3 . 4 - t r i m e t h o x y b e n z a l d e h y d e 
(CH3O)3C6H2CHO≥97%). 

The IR spectrum was recorded on the Avatar 
360 ESP device from Thermo Nicolet (Madison, WI, 
USA) in pellets with KBr.

UV spectra were obtained on a Cary 60 UV-Vis 
spectrometer in EtOH solutions (10-4 mol/L).

HPLC was performed on an Agilent 1100 
Series liquid chromatograph (USA) equipped with 
a QuatPump G1311A pump, a Rheodyne injection 
valve with a 20 µl loop, a G1322A column holder, and 
a G1314A UV detector. For all analyses, a 15 cm × 
0.46 cm Zorbax SB-C18 column with 5 µm particles 
(Agilent, Santa Clara, CA, USA) and the following 
solvents were used: methanol, acetonitrile, and water 
(analytical reagents with a purity of at least 99.9% 
obtained from Sigma-Aldrich (Merck-Millipore, St. 
Louis, MO, USA). 

1H NMR and 13C NMR spectra were recorded 
by using JEOL JNM-ECZR 500 MHz (500.16 
(1H), 125.76 MHz (13C)). The 19F NMR spectrum 
of compound 5 was recorded on a JEOL JNM-
ECZR 500 MHz spectrometer (282 MHz) in 
CDCl3. 

Silufol TLCP-AI A-UF TLC plates manufactured 
by Imid (Krasnodar, Russia) were used for thin layer 
chromatography. The compounds were visualized 
by developing plates through spraying them with a 
saturated KMnO₄ solution.

Column chromatography was performed on Al2O3 
(II degrees, Acros, The pore diameter is between 
0.035 and 0.070 mm and is 6 nm) using a sum of 
substances-to-sorbent ratio of 1:20. The purity of the 
synthesized compounds was controlled by thin-layer 
chromatography (TLC) and HPLC data.
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Plant material
The object of the study was the roots of 

Peganum harmala L., collected in the surroundings 
of the village of Akshi, Almaty region, Republic of 
Kazakhstan. Herbarium samples were stored in the 
herbarium fund of “Research and Production Center 
“Phytochemistry” (Karaganda, Kazakhstan). Raw 
materials of the roots of Peganum harmala L. were 
dried by the air-shadow method and ground. The 
grinding particle size is 2.5 mm. 

Air-dried crushed roots of Peganum harmala L. 
after alkalization, were extracted with 96% ethanol on 
a P-250 percolator (manufactured by Artlife, Tomsk, 
Russia) for 3 hours with stirring. Liquid extracts 
were combined and evaporated on a Pilotvap-50 
rotary evaporator (Genser Scientific Instruments, 
Germany). 

In this study were investigated various process 
parameters influencing the yield of extractive 
substances. The following variables were considered: 
the ratio of plant material to solvent (X₁), extraction 
duration per cycle, number of extraction cycles (X₃), 
extraction temperature (X₂), particle size of the raw 
material (X₄), and the presence or absence of pre-
alkalization (X₅). Based on theoretical principles 
of equilibrium extraction, the experimental ranges 
were established as follows: X₁ – from 1:10 to 1:20; 
X₂ – from 55 to 65 °C; X₃ – from 1 to 3; X₄ – from 
2 to 10 mm; X₅ – with or without pre-alkalization. 
These ranges were determined based on preliminary 
experimental data. The optimization criterion (Y) 
was the total yield of extractive compounds.

The quantification of harmine in the extracts 
was performed using high-performance liquid 
chromatography (HPLC) on an Agilent 1100 system 
(Agilent Technologies, USA). This system offers a 
high level of sensitivity and precision when analyzing 
complex plant-derived compounds. Chromatographic 
separation of components was performed using a 
Zorbax SB-C18 column (geometric parameters: 4.6 
× 150 mm) packed with a sorbent with a particle size 
of 5 µm. The mobile phase, consisting of acetonitrile 
and 0.1 M aqueous ammonia solution in a volume 
ratio of 1:1, was eluted at a flow rate of 0.5 mL/min. 
Analytical signals were recorded at a wavelength of 
301 nm. During analysis, the column was maintained 
at ambient (room) temperature. The injection volume 
was 20 µL.

Each determination was carried out in triplicate. 
The resulting set of quantitative data was subjected 
to statistical analysis. To assess the statistical 
significance of the observed differences between the 
study groups, Student’s t-test was applied; differences 

were considered significant at p ≤ 0.05. Data 
collection, processing, and graphical representation 
were carried out using Microsoft Excel.

Synthesis of 8-acetylharmine (2). We cooled the 
solution of harmine (1) (14.5 mmol) to 0 °C, and 
then we added acetyl chloride (29 mmol) dropwise 
under stirring to the cooled solution of harmine. We 
followed this with the gradual addition of tin (IV) 
chloride (9.5 mmol). So, we left the reaction mixture 
for 16 hours at room temperature, giving it a good stir 
every now and then. Once it was finished, the blend 
was thinned with 100 µL of methylene chloride, 
rinsed successively with H₂O (3 × 20 µL), and 
desiccated over anhydrous magnesium sulfate. So, we 
took the crude product and purified it using column 
chromatography on aluminium oxide, and we used 
chloroform as the eluent. A white microcrystalline 
powder with a melting point of 152–153°C was 
obtained by recrystallizing the purified compound 
from ethyl acetate. The yield was 2.21 g (85%). 

Synthesis of Z-hydrazono-8-acetylharmine (3). 
A solution of compound 2 (0.5 g, 1.96 mmol) in 
25 mL ethanol was treated with excess hydrazine 
hydrate (2.94 g, 0.06 mol) under stirring. The 
reaction mixture was heated to 60 °C and stirred 
for 7–8 h. The resulting precipitate was filtered and 
recrystallized from ethanol. Yield: 69%, yellow 
microcrystalline powder, mp 207–209 °C. Molecular 
formula 8-acetylharmine – C15H16N4O.

General procedure for the preparation of azines 
(Z,Z) of configuration (4,5). A methanolic solution 
of hydrazone (3) (0.37 mmol) was combined with 
the corresponding aromatic aldehyde (anisaldehyde 
or 2-fluorobenzaldehyde). The reaction mixture was 
stirred at 60–65°C for four hours. Upon completion, 
the resulting product was purified by recrystallisation 
from ethanol. Yields of the target compounds ranged 
from 56% to 82%. 

General procedure for the synthesis of 3-(aryl)-
1-(1-methyl-7-methoxy-9H-β-carbolin-8 yl)
prop-2-en-1-ones (6,7). A solution of 2 mmol of 
compound (2) and 2.1 mmol of the corresponding 
aromatic aldehyde (2,4-dimethoxybenzaldehyde, 
2,3.4-trimethoxybenzaldehyde) in approximately 
15µL of ethanol was treated with 5µL of 25% aqueous 
NaOH at room temperature. The reaction mixture 
was stirred for 3 hours at a constant temperature 
of 25°C. The reaction mixture was subjected to 
agitation for a period of three hours at a temperature 
of 25°C, followed by a subsequent hour of agitation 
at 60°C. Then, after it had cooled, we neutralized 
the mixture with concentrated hydrochloric acid. 
The resulting solid was then recrystallized using 
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ethyl acetate. When obtaining chalcones (6, 7), the 
precipitate formed after neutralization is separated 
and chromatographed on silica gel using chloroform 
as the eluent. The part of the substance that we were 
looking for was separated again from a liquid called 
ethyl acetate.

Model of neurotropic action
Emotional stress was modelled by placing rats 

in tight plastic cylinders and immersing them up 
to their necks in water at 20–22 °C for two hours 
a day for four days. [29]. The studied substances 
(1,2,4,5,6) at a dose of 10 mg/kg were administered 
intragastrically through a tube to the animals for 
seven days before modeling emotional stress, and 
then daily, 1 hour before placing the animals in the 
plastic cylinders. The use of amitriptyline (10 mg/
kg, p.o.) as a reference drug was according to the 
same regimen. All compounds were administered as 
aqueous solutions. The volume was 1 mL/kg body 
weight. The reference drug was administered in 
the same way. Four days after the start of the stress 
protocol, the behavior of the animals was evaluated 
using the Open Field Test (OFT) and the Elevated 
Plus Maze (EPM). These are both widely recognized 
behavioral assays, as described in the literature [30–
36]. Experiments were conducted on 80 adult male 
outbred white rats weighing 240–380 g, randomly 
divided into 8 groups (n = 10 per group).

Statistical Analysis
All calculations were carried out using Statistica 

8.0. Results were presented as mean±standard error 

of the mean (SEM). Differences between groups were 
evaluated with the nonparametric Mann–Whitney U 
test [37].

Ethical approvals
The study adhered to the European Convention 

for the Protection of Animals Used for Experimental 
and Other Scientific Purposes, as well as institutional 
and national regulations governing research with 
new pharmaceuticals. There is a conclusion from the 
ethical committee of the NJSC “Karaganda Medical 
University” № 13, Protocol No. 2 dated 05/08/19. 
Experimental animals were obtained from the animal 
facility of the Research and Production Center 
“Phytochemistry” and maintained under standard 
conditions with ad libitum access to food and water. 

Results and discussion

Previously, the extraction of alkaloids from 
Peganum harmala L. for the production of harmine 
(1) was primarily carried out using maceration. 
However, this method presents several limitations, 
the most significant of which is the extended 
duration of the process. [38-40]. To enhance the 
efficiency of alkaloid extraction, we designed an 
experimental matrix incorporating variation of the 
key extraction parameters (Table 1). The selection 
of factor ranges for the extraction process was based 
on preliminary experimental data. The optimization 
criterion (Y) was defined as the total yield of 
extractive substances.

Table 1 – Planning matrix and experimental part

№ X1 X2 X3 X4 X5 Ymean, % (n=3)
1 1:10 65 1 2-3

Treatment with 
5% Na2CO3 

solution 

10.25
2 1:15 65 1 7-8 10.6
3 1:20 65 1 7-8 11.0
4 1:20 65 1 2-3 12.0
5 1:10 65 2 7-8 12.9
6 1:20 65 2 7-8

No treatment
9.55

7 1:20 60 2 7-8 7.27
8 1:20 55 3 7-8 7.22

As shown in Table 1, pretreatment of the plant 
material with a saturated sodium carbonate solution 
significantly improved the extraction efficiency. This 
step facilitates the conversion of target alkaloids 
into their free base forms, thereby enhancing their 
solubility in the extraction solvent. Even under 

otherwise optimized conditions (e.g., solvent-to-
material ratio of 3:1), the total yield of extractive 
substances did not exceed 9.55% in the absence of 
pretreatment. Furthermore, due to the dense structure 
of Peganum harmala L. roots, the degree of material 
pulverization was identified as another critical 
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parameter affecting extraction efficiency. When the 
raw material was milled to a particle size of 2–3 mm, 
the overall yield of extractive substances reached 
12.9% (in relation to the air-dried plant mass).

Using the experimental data, three mathematical 
models were developed based on second-order 
polynomial equations to represent the effects of the 
chosen variables on extraction efficiency:

Y= -11.03+0.74X1 +0.456X2 -133.8X3 +
+0.7375X4+2.995X5 -0.255*Х1 *Х4 (1)

Y= -21.6975+2.051X1 +0.456X2 -36.6X3 +
+ 0.7375X4 +3.905X5 -12.96*Х1*Х3 -

-0.225*X1*X4 (2)

Y= -8.7375+0.755X1 +0.456X2 -166.2Х3 +
+ 2.5025Х4 +3.905Х5 -0.225*Х 1*Х 4+

+32.4*Х3*Х4 (3)

The experimental and calculated data were 
compared based on the calculated models 
(Table 2).

As can be seen from Table 2, models 2 and 3 show 
the greatest convergence with the experimental data, 
compared with model 1 (Figure 1). This improved 
agreement is attributed to the inclusion of additional 
interaction terms: +k·X1·X3 in Model 2 and +k·X3·X4 
in Model 3, which enhance the models’ predictive 
accuracy by accounting for synergistic effects 
between the respective variables.

Table 2 – Comparison of experimental and calculated data on the yield of total extractive substances from Peganum harmala L.

№ of experiment Experimental
values, %

Mathematical model 
1, %

Mathematical model 
2, %

Mathematical model 
3, %

1 10.25 10.25 10.25 10.25
2 10.6 10.6 10.6 10.6
3 11.0 10.925 11.0 11.0
4 12.9 12.825 12.9 12.9
5 12.9 15.06 12.9 12.9
6 9.55 9.395 9.55 9.55
7 7.27 7.115 7.27 7.27
8 7.22 7.065 7.22 7.22

Figure 1 – Comparison of calculated and experimental data
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It can therefore be concluded that the optimal 
extraction mode was represented by the conditions of 
Experiments № 4 and № 5 (Figure 2).

As can be seen from the data presented in Figure 
2, the quantitative extraction of harmine (1) (up to 
97% of the content in air-dried raw materials), as 

well as the number of extractive substances from 
the roots of Peganum harmala L., is observed with 
double percolation at a temperature of 65°C for 3 
hours; the degree of grinding of the raw material is 
2-3 mm, the ratio of raw material to extractant is 1:10 
(experiment No. 5). 

Figure 2 – Relationship between the extraction method and both the yield of harmine (1)  
and the quantity of extractive substances

Harmine (1) is a widely used renewable material 
– a substrate for the synthesis of new biologically 
active compounds [41-42].

β-Carboline alkaloid harmine (1) is easily 
acylated with acetyl chloride in the presence of SnCl4 
to form 8-acetylharmine (2) (yield 81%), which was 
used as a starting compound for the synthesis of 
derivatives (3-7).

We have studied the interaction of 
8-acetylharmine (2) with hydrazine hydrate. 
Hydrazinolysis of 8-acetylharmine (2) in an alcohol 
medium at a reaction mixture temperature of 60oC 
proceeds stereoselectively with the formation of (Z)-
8-(1-hydrazono)ethylharmine (3) (yield 69%). It has 
been shown that (Z)-8-(1-hydrazono)ethylharmine 
(3) readily enters into a condensation reaction with 
aromatic aldehydes (2-fluorobenzaldehyde and 
anisaldehyde) with the formation of the corresponding 
unsymmetrical disubstituted hydrazines (Z,Z) of the 
(4,5) configuration (yield 56 and 82%, respectively) 
(Figure 3).

The structure of all compounds was established 
based on elemental analysis and spectral data (UV, 
IR, 1H, 13C, 19F NMR- spectrum).

The 1H NMR spectrum has shown a singlet signal 
for the acetyl group protons (CH3CO) at around 2.42 
ppm. The 13C NMR spectrum of compound (2) has 
shown the signals of the carbon atom of the C=O 
group at δ 200.5 ppm and the methyl group CH3CO 
at 20.4 ppm, which are characteristic of the specified 
substituent.

The characteristic signals of the NH2 group of 
(Z)-8-(1-hydrazono)ethylharmine (3) were observed 
in a weak field in the region of δ 8.03 and 8.05 ppm 
as a singlet. The signals of the carbon atoms of (Z)-
8-(1-hydrazono)ethylharmine (3), belonging to the 
CH3C=N, -CH3, -OCH3 groups, appear in the region 
of δ 18.51, 21.94, 55.55 as quartets, the carbon atom 
C=N was represented by a singlet at δ 145.95 ppm. The 
structures of azine derivatives (4, 5) were assigned as 
(Z,Z)-configured isomers based on analysis of their 
PMR and 13C-NMR spectra. A notable high-field shift 
of the benzylidene proton signal in the PMR spectra 
(δ = 8.43–8.73 ppm) supported the assignment of 
an asymmetric 2,3-diazine structure in the (Z,Z) 
configuration. In contrast, the corresponding (Z,E)-
isomers typically exhibit this proton signal at δ ≈ 9.26 
ppm, further corroborating the (Z,Z) configuration of 
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compounds 4 and 5. The doublet of the carbon atom 
CH=N was located at δ 150.43-157.20 ppm, the 
singlet of the -C=N group in the substituent at the 

C-8 atom is shifted downfield relative to the location 
in the spectrum of hydrazone (3) and was detected at 
δ 163.59-167.68 ppm.

AcCl,  SnCl4

 (1) (2)

N

N
H3CO

H CH3

N

N

H

H3CO

CH3OH3C
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Figure 3 – Chemical modification scheme of (Z)-8-(1-hydrazono) ethylharmine  
and its (Z,Z)-disubstituted hydrazines

The synthesis of the corresponding chalcones – (E)-
arylacryloylharmines or cinnamoyl-substituted harmine 
derivatives (6-7) – the synthesis (yield 90–95%) was 

performed via the Claisen–Schmidt condensation of 
compound 2 with aromatic aldehydes in ethanol, using 
an aqueous NaOH solution (Figure 4).

N
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Figure 4 – Synthesis of new 8-arylacryloyl derivatives of harmine
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The signals characteristic of the protons of 
the trans-substituted double bond (CH=CH) were 
observed as two doublets in the region of 7.42–7.96 
and 7.87–8.17 ppm and overlap with the signals of the 
protons of the aromatic system, the chemical shifts of 
which are observed in the region of 6.90–8.32 ppm. 
The values of the spin-spin interaction constants of 
the protons belonging to the 2`, 3` multiple bond in 
the PMR spectrum (JHα-Hβ = 15–16 Hz) indicated 
that the chalcones were formed in the form of 
geometrically pure trans isomers.

Consequently, in terms of searching for new 
pharmacologically active compounds based on the 
β-carboline alkaloid harmine, a synthesis of harmine 
derivatives containing various substituents at position 
C-8 was carried out.

The neurotropic activity of newly synthesized 
harmine derivatives was evaluated in vivo. 
Experimental groups 1–5 received harmine (1), 
8-acetylharmine (2), {(Z)-1-[(Z)-(2-arylidene)
hydrazono]ethyl}-7-methoxy-1-methyl-9H-
pyrido[3,4-b]indoles (4, 5), and (E)-3-aryl-1-(1-

methyl-7-methoxy-9H-β-carbolin-8-yl)prop-2-en-1-
one (6), each at a dose of 10 mg/kg. Group 6 served 
as the comparison group and received the reference 
drug amitriptyline at 10 mg/kg under the same 
administration schedule, 7 control group – animals 
that received the solvent, and Group 8 included 
intact animals maintained on a standard diet without 
experimental intervention. All substances, including 
the reference drug, were administered orally as 
aqueous solutions. 

The animals were kept in standard vivarium 
conditions, with free access to food and water, and 
fed a normal diet. In addition, the general condition 
of the animals was observed, including changes in 
body weight, motor activity, appetite and response to 
external stimuli [29–36].

Throughout the experiment, the animals’ general 
condition, behavioral characteristics, motor activity 
intensity and nature, hair and mucous membrane 
condition, and food and water consumption were 
regularly recorded. Table 3 shows the dynamics of the 
increase in body weight of the animals in all groups.

Table 3 – Variability in rat weight gain during for seven days

Group Number of animals
Weight, g

Before After
Intact rats 10 262.9 ± 33.2 275.9±34.8
Control (No treatment) 10 260.8 ± 29.7 278.8±29.7
Comparison group (amitriptyline) 10 252.5 ± 62.8 265.5±61.8
(1) 10 303.3 ± 53.0* 307.3±49.6*
(2) 10 287.5±18.6 291.3±24.3
(4) 10 355.3±24.2 365.3±34.2
(5) 10 382.5±36.5 371.5±46.1
(6) 10 371.8±50.6 379.8±49.6
Note: * indicates statistically significant differences (p<0.05) compared with the control group

No significant deviations in weight gain were 
observed across the experimental groups, indicating 
that the tested compounds did not induce adverse 
systemic effects or metabolic disturbances.

Changes in behavioral responses in the “Open 
Field” test.

It was found that the animals that received 
compounds (1-6) had changes in the indices of 
motor activity (horizontal and vertical movements). 
At the same time, the motor activity of animals that 
received harmine (1) significantly decreased in both 
tests compared to the control group of animals, 

the group of intact rats and the group that received 
amitriptyline. The orientation-exploratory activity 
of compounds containing arylidenehydrazone 
substituents (5,6) remained at the level of the 
amitriptyline group. For 8-acetylharmine (2) and its 
chalcone (6), a reliable (3-fold) decrease in vertical 
motor activity was observed while maintaining 
activity in horizontal movement. In animals 
receiving amitriptyline and compounds containing 
an arylidenehydrazone substituent at position C-8 
of harmine, the anxiety level in terms of grooming 
episodes (number of washings) decreased, however, 
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in terms of the number of acts of bowel movements 
and urination, the anxiety level indicator was at 
the level of the control group animals. A reliable 
change in the anxiety level was observed for animals 
receiving the chalcone derivative of harmine (6); 
the number of grooming episodes significantly 

increased by an order of magnitude, compared with 
the group of animals receiving amitriptyline and 
4 times compared with the control group), which 
can serve as an indirect criterion for an increase 
in anxiety in the group of animals receiving the 
chalcone derivative of harmine (6) (Table 4).

Table 4 – Effect of the test compounds on rat behavior in the Open Field test

Group Number of 
animals

Spectrum of exploratory and research 
activity The spectrum of anxiety

Number of 
horizontal 

movements

Vertical motor 
activity

Number of 
grooming 
episodes

Number 
of bowel 

movements

Number of 
urinations

Intact rats 10 28.3±6.58* 10.7±3.1 1.8±1.6 0.8±0.8 0.6±0.8
Control (no treatment) 10 19.7±4.66* 12.3±3.65* 1.5±1.2 0.3±0.7 0.4±0.5*
Comparison group 
(amitriptyline) 10 22.6±3.1 14.0±3.0 0.4±0.7* 0.9±1.4 0.5±0.7

(1) 10 8.0±3.2 5.8±2.1 3.8±1.7 2.7±1.4 0.2±0.5
(2) 10 17.0±5.9 4.5±2.5 1.0±0.8 0.3±0.5 0.3±0.5
(4) 10 25.0±11.6* 11.3±3.9 0.3±0.5* 2.0±1.7 1.3±1.3
(5) 10 24.0±6.5* 9.0±3.9 0.0±0.0 0.8±1.5 1.0±1.2
(6) 10 17.8±5.1 4,3±3.3* 5.3±1.3* 2.5±1.6 0.5±0.6
Note: * p<0.05 compared to values in animals of the control group

Assessment of Exploratory Behavior Using the 
Elevated Plus Maze Test

To further evaluate the exploratory behavior and 
anxiety-related responses of rats, the elevated plus 
maze (EPM) test was employed. We recorded how 
long the rats spent in the open and closed arms, how 
long they spent on the middle platform, how many 
times they went into the open and closed arms, how 
many times they moved their heads up and down, 
how many times they stretched (rose up on their 
backs), and how many times they pooed and peed. 
The results are summarized in Table 5.

As per the statistics displayed, creatures 
administered harmine (1) demonstrated a 
considerably elevated quantity of entries into the 
closed arms (p>0.05) in comparison to the time spent 
in the open arms. In addition, the number of head dips 
and the duration of time spent on the central platform 
were markedly reduced. A statistically significant 
threefold increase was observed in the time spent 
in the closed arms, indicating enhanced anxiety-

like behavior in this group. Thus, the introduction 
of harmine (1) contributed to a significant increase 
in the anxiety of animals, compared with the 
animals of the intact group. The introduction of an 
acetyl, 4-fluorobenzylidenehydrazone substituent 
(compounds 2, 4) at the C-8 position of harmine 
significantly reduced the anxiety activity of 
animals and significantly increased their activity by 
increasing the time spent in the open arms and on 
the central platform. It should also be noted that 
the orientation-exploratory activity of animals 
receiving 8-substituted harmine derivatives 
(time spent in the closed and open sleeve and on 
the central platform, number of defecations and 
urinations) was at the level of activity of animals 
receiving amitriptyline. However, the activity of 
experimental animals was lower than that of intact 
animals, and significantly depended on the nature 
of the substituent in the hydrazone and chalcone 
fragments (comparison of groups receiving 
compounds 4 and 5 or 6).
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The anxiolytic activity of the samples in the 
experimental rat groups was evaluated based on 
the data presented in Table 5. The anxiety index 
calculation formula was used to assess the anxiolytic 
effect. The anxiety index values range from 0 to 1, 
with an increase in the index indicating increased 
anxiety-like behavior [27]. 

An anxiolytic effect was demonstrated in the 
group of animals that received substances (1), 
(2), (4), (5) and (6) at a dose of 10 mg/kg, when 
compared with the control group, under conditions of 
experimental emotional stress.

In particular, the time spent in the closed arm 
in group (2) decreased by 12.4%, in group (5) by 
17.3%, in group (4) by 12.4% compared to the control 
group. Administration of the studied compounds, 
harmine (1) and (2), to rats reduced the number of 
entries into the closed arms. Introducing compound 
(2) also increased the number of peeks. The number 
of hangings increased in group 2. The number of 
defecations and urinations decreased in group 2.

The average time that the animals spent in the 
open arms of the apparatus in group 5 was 51.5 ± 
18.0 seconds, in group 2 was 33.5±15.4 seconds. 
The number of entries into the open arms in group 
5 was slightly higher than in the control group. 
Administering the studied compounds (4), (5) and (6) 
to the animals reduced entries into the closed arms 
by 41.9%, 69.8% and 41.9% respectively. Group (5) 
spent an average of 18.5±8.5 seconds on the central 
platform. For the other groups using the studied 
compounds, the indicators were lower.

Conclusions

This study implemented an integrated approach 
encompassing extraction optimization, synthetic 
development, and pharmacological evaluation to 
design and investigate novel neurotropic agents 
derived from the β-carboline alkaloid harmine. 
A second-order polynomial model effectively 
optimized the extraction conditions from Peganum 
harmala L. roots, with the best yield (up to 97%) 
achieved using double percolation at 65 °C for 3 
hours, a 1:10 solvent-to-material ratio, and a particle 
size of 2–3 mm. 

The β-carboline alkaloid harmine served as 
a versatile scaffold for the synthesis of novel C-8-
substituted derivatives, including 8-acetylharmine, 
(Z)-hydrazono analogs, and cinnamoyl derivatives, 
with high yields and structural clarity confirmed 
through spectroscopic. 

In vivo pharmacological testing revealed that 
compounds 2, 4, 5 and 6 exhibited significant 
anxiolytic and antidepressant activity at a dose of 
10 mg/kg. In the Open Field Test, these compounds 
reduced anxiety-related behaviors, such as vertical 
activity, grooming, defecation and urination, 
while encouraging horizontal exploration. In the 
Elevated Plus Maze, compounds 2 and 4 notably 
increased the time spent in the open arms and on the 
central platform, which are markers of anxiolytic 
efficacy comparable to the reference antidepressant 
amitriptyline.

Of the compounds tested, 8-{(Z)-1-[(Z)-(2-
arylidene)hydrazono]ethyl}harmine (compound 4) 
exhibited the most pronounced anxiolytic properties 
and was well tolerated. These findings emphasize 
the important role that C-8 substitution plays in 
modulating the neuropharmacological activity of 
harmine, and demonstrate the potential of β-carboline 
derivatives in the development of multi-target CNS 
therapeutics.

Consequently, Peganum harmala L. should 
be regarded not only as a renewable source of the 
biologically active compound harmine, but also as a 
valuable foundation for designing new neurotropic 
agents to treat anxiety and depressive disorders.
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