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Abstract

Introduction: Previous studies have examined the anxiolytic properties of compounds
containing mutually annulated systems of 5H-2,3-benzodiazepine and [1,2,4]triazole, namely
7H-[1,2,4]triazolo[3,4-a][2,3 |benzodiazepine derivatives. In the present work, another group of
5H-2,3-benzodiazepine and 5H-[1,2,5]triazepine derivatives was examined for psychotropic
activity.

Materials and Methods: For in silico assay the PASS online test system and ADMET analysis
were used. Compounds under study were also tested in vivo in Elevated Plus Maze, Open Field
and Rotarod tests.

Results and Discussion: Of note is that the presence of a 3,4-dimethoxyphenyl substituent at
position 4 of the diazepine ring (RD-1, RD-7) leads to a decrease in anxiolytic activity compared
to 4-methoxyphenyl derivatives (RD-6, RD-9). Among the derivatives of condensed 5H-
[1,2,5]triazepines, a more pronounced anti-anxiety effect was exerted by compound RD-8 with
an annelated benzimidazole bicycle compared to its analog RD-15 with a pyrrole cycle. The high
anxiolytic activity of the compounds is facilitated by the presence of slightly branched (RD-6,
RD-9) or unbranched (RD-8) substituents in position 4 of the diazepine or triazepine cycle. In
the Rotarod test, it was noted that 4-(3,4-dimethoxyphenyl)-1-hydrazino-5H-2,3-benzodiazepine
(RD-1) and 4-hydrazino-7,8,9-trimethyl-1-phenyl-5H-pyrrolo[2,1-d][1,2,5]triazepine (RD-15)
have a negative effect on muscle tone in mice due to the presence of a hydrazino group in their
composition. According to ADMET analysis, compounds RD-6, RD-8 and RD-9 are low toxic;
however, a specific toxicity study among these derivatives is recommended.

Conclusion: The most active and safe compound for further studies among the studied
derivatives with a single administration is 1,4-diphenyl-5SH-[1,2,5]triazepino[5,4-
a]benzimidazole (RD-8) at a dose of 1.3 mg/kg.
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Introduction

Polycyclic derivatives of diazepine and triazepine have been of interest for their psychotropic
properties for many decades (Stefancich et al. 1991). The well-known 2,3-benzodiazepine
derivative tofisopam has the prominent anxiolytic effect without classic benzodiazepine side
effects such as movement impairment, cognitive deficit, and addiction (Ugel et al. 2020).
According to the literature, hydrogenated derivatives of 2,3-benzodiazepine, such as 4-(4-
methoxyphenyl)-2,3,4,5-tetrahydro-2,3-benzodiazepin-1-one  (compound VBZ102), exert
anxiolytic effects at various doses (Amaghnouje et al. 2021). In the pharmacological screening,
2-thioxo-1H-2,3,4,5-tetrahydropyrido[2,3-¢]-1,3,4-triazepin-5-ones and 2-thioxo-1H-2,3,4,-5-
tetrahydro-1,3,4-benzotriazepin-5-ones showed an antianxiety activity in the four plate test. The
replacement of the benzene ring by the pyridine one in triazepines is accompanied by the
enhancement of anxiolytic activity as well as toxicity (Nawrocka et al. 1994). Among the central
effects, the triazepine ring in the form of pyridazino[1,2-a]1,2,5-triazepine has been studied for
sedative properties (Groszkowski et al. 1978), and in the form of benzo[f][1,3,5]triazepine the
structure is characterized by antipsychotic properties (Abu-Hashem et al. 2024).

We have previously published a study on the anxiolytic properties of new compounds with a
similar structure, based on mutually annulated systems of 5H-2,3-benzodiazepine and
[1,2,4]triazole, 7H-[1,2,4]triazolo[3,4-a][2,3]benzodiazepines (Skripka et al. 2021).

The aim of this study was to investigate another group of new derivatives of condensed
systems based on 5H-2,3-benzodiazepine and SH-[1,2,5]triazepine for the presence of
psychotropic activity.

Materials and Methods

Experimental animals

The experiments were conducted on 54 white outbred male mice m=20+2 g (n=6). The animals
were kept in the vivarium of the Department of Pharmacology and Bioinformatics of the
Scientific Center of Drug Research of Volgograd State Medical University, Russia, with a
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natural light regimen at a relative air humidity of 40-50% and a temperature of 22-24°C on a
standard complete diet for laboratory animals (GOST R 50258-92). All studies were approved
for implementation by the Biomedical Ethics Committee of Volgograd State Medical University
IRB 00005839 IORG 0004900 (OHRP) No. 2023/191 dated June 2, 2023.

Drugs and treatment

Synthesis of 5H-2,3-benzodiazepine derivatives RD-6 (1-(3,5-dimethyl-1H-pyrazol-1-yl)-4-(4-
methoxyphenyl)-5H-2,3-benzodiazepine), RD-7 (1-[4-(3,4-dimethoxyphenyl)-5H-2,3-
benzodiazepin-1-yl]-3-ethyl-4-methyl-1H-pyrazol-5-amine) and RD-9 (1-hydrazino-4-(4-
methoxyphenyl)-5H-2,3-benzodiazepine) was described by Khabarov et al. (2009). Synthesis of
S5H-[1,2,5]triazepine derivatives RD-8 (1,4-diphenyl-5H-[1,2,5]triazepino[5,4-a]benzimidazole)
and RD-15 (4-hydrazino-7,8,9-trimethyl-1-phenyl-5H-pyrrolo[2,1-d][1,2,5]triazepine) was also
described previously (Kharaneko 2017; Kharaneko 2019). Diazepam (Relanium™, Polfa,
Poland, 1 mg/kg) and tofisopam (Grandaxin™, EGIS ZAO Pharmaceutical Factory, Russia, 2
mg/kg) were selected as comparison drugs based on their structural and qualitative
characteristics. The compounds were tested at a dose equimolar to diazepam (1 mg/kg). All
substances were administered to animals per os using an atraumatic probe 30 minutes before
testing. The control group was administered an equivalent volume of solvent (distilled water).

Experimental design

The present study is aimed at the investigation of 5/H-2,3-benzodiazepine derivatives RD-6, RD-
7, RD-9 and 5H-[1,2,5]triazepine derivatives RD-8 and RD-15. At the first stage of the study,
possible types of psychotropic activity and mechanisms of its implementation among these
derivatives were assessed in silico, using the PASS online test system (Rudik et al. 2019). Since,
according to the prediction, the compounds are characterized by anxiolytic activity, at the second
stage, the specified compounds were screened in vivo under the conditions of the Elevated Plus
Maze test. At the third stage, the effect of substances on the behavior of rodents in the Open
Field test was observed, and the muscle relaxant potential characteristic of diazepine derivatives
was assessed in the Rotarod test. At the fourth stage, the structural-functional relationships
among the studied substances were analyzed. At the last stage, the toxicological properties of the
most active substances were assessed using ADMET analysis. As a result of the study,
compounds with anxiolytic action were identified, pharmacophores responsible for the
manifestation of the effect were isolated, and their safety for further studies was preliminarily
assessed.

Elevated plus maze

The EPM technique is based on the natural preference of rodents for dark burrows, as well as
their fear of being in open areas and falling from a height (Kraeuter et al. 2019). Animals were
placed in the center of the setup, and the time the mice spent in the open arm (s) and the number
of exits into the open arm were recorded for 5 min.

Open field

The Open Field setup was a circular arena with a radius of 40 cm and sides of 30 cm. The central
area of the arena was illuminated with white fluorescent light, the floor was divided into squares,
at the junctions of which there were holes for counting acts of search activity (da Silva et al.
2018). The mouse was placed on the central area, and for 5 minutes of observation, the main
parameters, such as number of quadrants crossed and rearings score, as well as search activity,
were counted.

Rotarod

The Rotarod is a 2.5 cm diameter rod rotating at a constant speed of 10 rpm (Lubrich et al. 2022).
The animal was placed on the rod, after which the time spent on it was recorded for 30 s. Each
animal was given no more than three attempts to complete the test, with the best result recorded.

Assessment of the prospects for studying SH-2,3-benzodiazepine and SH-[1,2,5]triazepine
derivatives in the ADMET prediction system

For the most active derivatives of 5H-2,3-benzodiazepine and SH-[1,2,5]triazepine, in silico
prediction of their general toxicological, pharmacokinetic, and metabolic properties was
performed using ADMET analysis using the ProTox-III (Alwaili et al. 2024), SwissADME
(Daina et al. 2017), pkCSM (Pires et al. 2015), admetSAR (Yang et al. 2019), and ADMETlab
(Dong et al. 2017) Internet services.
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Statistical analysis

Statistical processing of the obtained results was performed in the GraphPad Prism 8.0 program
using the Kolmogorov-Smirnov test to assess the normality of data distribution, as well as using
one-way ANOVA and post-processing with Dunnett’s test for parametric distribution in multiple
comparisons. The data are presented in the mean + standard error of the mean (M+SEM) format.
Values of p<0.05 were considered statistically significant.

Results and Discussion

Predictive assessment of compound activity in the PASS online program

At the first stage of the study, possible types of pharmacological activity and mechanisms of its
implementation among the specified derivatives were assessed in silico using the PASS online
test system. Indicators with Pa of at least 0.3 for at least one compound were selected as the
threshold activity. Among the psychotropic types of activity, anxiolytic and
antineurodegenerative properties are most characteristic of the compounds. Since the presence
of anxiolytic properties had a stronger correlation with the chemical structure, it was decided to
evaluate the compounds for this type of activity in vivo. According to the forecast, the most
probable mechanisms of action for the specified groups of compounds are inhibition of MAO 4
and MAP;Ks, agonistic interaction with the GABA 4 receptor, and activation of calcium channels
(Table 1). However, the most likely mechanism of action for the 5H-2,3-benzodiazepines
remains GABAergic due to their diazepine structure. More targeted studies are needed to clarify
this.

Table 1. Results of the predictive assessment of psychotropic activity and mechanisms of action of the studied derivatives
of 5H-2,3-benzodiazepine and 5H-[1,2,5]triazepine

Type of activity/mechanism Code of compound

of nction RD-1 RD-6 RD-7 RD-$ RD-9 RD-15
Pa/Pi Pa/Pi Pa/Pi Pa/Pi Pa/Pi Pa/Pi
Anxiolytic activity 0.344/0.205 - - 0.652/0.011  0.362/0.190 0.664/0.010
Treatment of 0.266/0.194  0.316/0.123 - 0.623/0.014  0.304/0.137 -

neurodegenerative diseases

Inhibitor MAO, 0.291/0.004 - - - 0.326/0.004  0.137/0.012

Inhibitor MAP;Ks - 0.461/0.010 0.3350.067 0.287/0.117 y 0.248/0.175

Agonist GABA, - . - 0.427/0.005 . 0.128/0.097

Calcium channel activator 0.235/0.097  0.300/0.043 0.255/0.075 0.243/0.089  0.227/0.107  0.322/0.273

Results of testing substances in the Elevated Plus Maze, Open Field, and Rotarod devices

At the second stage, the anti-anxiety properties of the compounds were studied in the Elevated
Plus Maze test. The most active in absolute values was compound 1-(3,5-dimethyl-1H-pyrazol-
1-yl)-4-(4-methoxyphenyl)-5H-2,3-benzodiazepine (RD-6), high anxiolytic activity was also
observed under the influence of 1,4-diphenyl-5H-[1,2,5]triazepino[5,4-a]benzimidazole (RD-8)
and 1-hydrazino-4-(4-methoxyphenyl)-5H-2,3-benzodiazepine (RD-9). It can be noted that the
indicated substances belong to different chemical groups: 1-hydrazino-5H-2,3-benzodiazepines,
1-(1H-pyrazol-1-yl)-5H-2,3-benzodiazepines, and SH-[1,2,5]triazepines (Table 2).

At the third stage, the effect of the studied compounds on the behavior of mice in the Open
Field test was studied. It was noted that the compounds did not change the profile of spontaneous
motor activity of mice, reflecting a combination of the number of quadrants crossed and rearings
score, compared to the control group. Under the influence of 1-(3,5-dimethyl-1H-pyrazol-1-yl)-
4-(4-methoxyphenyl)-5H-2,3-benzodiazepine (RD-6), a statistically significant (p<0.05)
increase in the search activity of rodents was recorded compared to the control (Fig. 1).

When studying the muscle relaxant potential of 5H-2,3-benzodiazepine and SH-
[1,2,5]triazepine derivatives in the Rotarod test, it was noted that 4-(3,4-dimethoxyphenyl)-1-
hydrazino-5H-2,3-benzodiazepine (RD-1, p<0.05) and 4-hydrazino-7,8,9-trimethyl-1-phenyl-
S5H-pyrrolo[2,1-d][1,2,5]triazepine (RD-15, p<0.001) had a negative effect on the muscle tone
of mice. The test results are presented in Figure 2.
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Table 2. Anxiolytic effect of 5H-2,3-benzodiazepine and 5H-[1,2,5]triazepine derivatives in the Elevated Plus Maze test compared with diazepam (1 mg/kg)

and tofisopam (2 mg/kg), mice, per os, M+SEM
Compound Structure Time spent in open arms of EPM (s)

Vehicle - 12.34+3.24

Diazepam 94.8+15.24*

Tofisopam 102.2+£3.62%%**
Ry
1-hydrazino-5H-2,3-benzodiazepine derivatives
Time spent in open arms of
Compound R, HX EPM (s)
o _—CH,
O—CH,
RD-1 (1.21 mg/kg)
4-(3,4-dimethoxyphenyl)- HC1 36.2+£2.94
1-hydrazino-5H-2,3-
benzodiazepine
3,4- dimethoxyphenyl
o _~CH;
RD-9 (1.1 mg/kg)
1-hydrazino-4-(4- HCI 75.2+£14.96**

methoxyphenyl)-5H-2,3-
benzodiazepine

4-methoxyphenyl

1-(1H-pyrazol-1-yl)-5H-2,3-benzodiazepine derivatives
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Number of entries to open
arms

1.8+0.47

4.8+0.60*

5.3+0.49*

Number of entries to open
arms

3.5+0.88

2.3£0.95
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Compound R,

CH
s i

RD-6 (1.34 mg/kg)

1-(3,5-dimethyl-1H-
pyrazol-1-yl)-4-(4-

methoxyphenyl)-5H-
2,3-benzodiazepine

4- methoxyphenyl

. CH
RD-7 (1.55 mg/kg) o— %

1-[4-(3,4- pre=ctl,
dimethoxyphenyl)-
5H-2,3-
benzodiazepin-1-yl]-
3-ethyl-4-methyl-1H-
pyrazol-5-amine
3,4- dimethoxyphenyl

Compound

RD-8
(1.3 mg/kg)

1,4-diphenyl-5H-
[1,2,5]triazepino[5,4-
a]benzimidazole

RD-15 (1.11 mg/kg) H,C / \
4-hydrazino-7,8,9-trimethyl-1-

phenyl-5H-pyrrolo[2,1-
d][1,2,5]triazepine

H,C,

H,N—N

o
gl
CH,
o
N

Rz R&
th
methyl H
CIL—C}b— C}L
ethyl methyl

HN/N
./
]

SH-[1,2,5]triazepine derivatives

Structure

>_/
N
H

C}h
methyl

NH,
amine

HX

HCI

HCI

Time spent
in open
arms of
EPM (s)

HX

116.8+13.83

kokeokk

HCl1

49.5+

HCI 14.43

Time spent in open arms
of EPM (s)

99.5+19.90%***

31.7£7.34

end of the table 2

Number of
entries to open
arms

4.3+1.02

3.8+0.90

Number of
entries to open
arms

3.3+£0.76

1.0+£0.44

Note: data are significant in relation to the control group, one-way ANOVA with Dunnett’s posttest, * — p<0.05, ** — p<0.01, **** — p<0.0001.
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Figure 1. Study of the effect of 5/-2,3-benzodiazepine and SH-[1,2,5]triazepine derivatives on the behavior of mice in
the Open Field test in comparison with diazepam (1 mg/kg) and tofisopam (2 mg/kg), per os, M£SEM. A — number of
quadrants crossed, B — rearings score, C — exploratory (search) activity. Note: data are reliable in relation to the control
group, one-way ANOVA with Dunnett’s posttest, * — p<0.05.

Vehicle - |
Diazepam = -
Tofisopam - —3—
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RD-9
RD-15- e ***
| I N I Y N BN BN B BN BN BN B B B |

0 2 46 81012141618202224262830
Retention time on a rotating rod, s
Figure 2. Retention time of mice treated with 5/7-2,3-benzodiazepine and SH-[1,2,5]triazepine derivatives in the Rotarod

test compared to diazepam (1 mg/kg) and tofisopam (2 mg/kg), per os, M+SEM. Note: data are significant relative to
the control group, one-way ANOVA with Dunnett’s posttest, * — p<0.05, *** — p<0.001.
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Structure-activity relationship analysis among the studied compounds

The presented compounds can be divided into several groups by chemical structure (Table 2),
including derivatives of 1-hydrazino-5H-2,3-benzodiazepine (RD-1, RD-9), 1-(1H-pyrazol-1-
yl)-5H-2,3-benzodiazepine (RD-6, RD-7), and some derivatives of SH-[1,2,5]triazepine (RD-8,
RD-15). In the first group of substances, anxiolytic action equal to that of the reference drugs
diazepam and tofisopam was noted under the influence of substance RD-9, which contains a 4-
methoxyphenyl substituent at position 4 of the benzodiazepine system. When switching to its
3,4-dimethoxyphenyl analogue (compound RD-1), the anxiolytic activity was significantly
reduced, almost to the level of control values. A similar pattern was noted in the structural
analysis of the number of 1-(1H-pyrazol-1-yl)-5H-2,3-benzodiazepine derivatives, among which
the RD-6 compound, also containing a 4-methoxyphenyl group in position 4 of the
benzodiazepine scaffold, was more active than the RD-7 compound with a 3,4-dimethoxyphenyl
radical. When examining the bicyclic SH-[1,2,5]triazepine derivatives RD-8 and RD-15, it can
be noted that the condensed triazepinobenzimidazole derivative (RD-8), according to the tests,
has a significantly higher anxiolytic activity compared to that of the pyrrolodiazepine compound
(RD-15).

Thus, the results of the study of new derivatives of condensed systems based on 5H-2,3-
benzodiazepine and 5H-[1,2,5]triazepine indicate a pronounced difference in the effect on the
anxiolytic activity of two structurally related substituents, 4-methoxyphenyl and 3.,4-
dimethoxyphenyl, in position 4 of the diazepine ring: positive — for the first of them (RD-6, RD-
9) and negative — for the second (RD-1, RD-7). Among the derivatives of 5H-[1,2,5]triazepine,
its condensed derivative with benzimidazole (RD-8) had a more pronounced anti-anxiety effect
compared to that of pyrrole (RD-15). The low degree of branching of the substituents in position
4 of the diazepine and triazepine cycles (RD-6, RD-9) or the absence thereof (RD-8) contributes
to the high anxiolytic activity of the corresponding compounds.

Assessment of general toxicological properties of compounds with high anxiolytic potential
using ADMET analysis

Based on the results of the predictive assessment of compounds with high anxiolytic activity, it
was noted that all three compounds are characterized by a high degree of permeability through
the blood-brain barrier (BBB), good absorption in the gastrointestinal tract, slow clearance, and
do not have cardiotoxicity.

The compound 1-(3,5-dimethyl-1H-pyrazol-1-yl)-4-(4-methoxyphenyl)-5H-2,3-
benzodiazepine (RD-6) is characterized by an LDso value of 2000-2500 mg/kg, which allows
classifying the substance as toxicity class 5. The compound does not have nephro-,
immunotoxicity, or AMES mutagenicity. According to the forecast, the substance may be
characterized by hepatotoxicity and respiratory toxicity, which requires additional studies of
specific toxicity. Metabolic pathways of RD-6 may involve cytochromes CYP1A2, CYP2C19,
and CYP3A4.

The substance 1,4-diphenyl-5H-[1,2,5]triazepino[5,4-a]benzimidazole (RD-8) can be
classified as toxicity class 4 with an LDsy value of 880-1000 mg/kg. According to the data
obtained, the compound is not characterized by organotoxicity. During metabolism, the
substance inhibits cytochromes CYP1A2, CYP2C19, CYP2C9 and is a substrate for CYP3A4.

1-Hydrazino-4-(4-methoxyphenyl)-5H-2,3-benzodiazepine (RD-9) is low toxic, despite the
presence of a hydrazino group in the molecule, and the calculated LDs value is 725-825 mg/kg.
The substance is not characterized by hepato-, nephro-, immuno- and respiratory toxicity. At the
same time, AMES mutagenicity has been demonstrated for the substance, which must be
confirmed by experimental specific toxicity data. The compound must have the properties of a
CYP1A2 and CYP2D6 inhibitor, and a CYP2D6 substrate.

Conclusion

Six compounds, derivatives of 5H-2,3-benzodiazepine and 5H-[1,2,5]triazepine, were studied
with a single administration. Among the derivatives, 1-(3,5-dimethyl-1H-pyrazol-1-yl)-4-(4-
methoxyphenyl)-5H-2,3-benzodiazepine (RD-6, 1.34 mg/kg), 1,4-diphenyl-5H-
[1,2,5]triazepino[5,4-a]benzimidazole  (RD-8, 1.3 mgkg), and 1-hydrazino-4-(4-
methoxyphenyl)-5H-2,3-benzodiazepine (RD-9, 1.1 mg/kg), belonging to different chemical
classes, exerted high anxiolytic activity. It is noted that the presence of a 3,4-dimethoxyphenyl
substituent at position 4 of the diazepine ring (RD-1, RD-7) leads to reduced anxiolytic activity
compared to 4-methoxyphenyl derivatives (RD-6, RD-9). The presence of less branched (RD-6,
RD-9) or unbranched (RD-8) substituents at position 4 of the diazepine and triazepine rings leads
to high anxiolytic activity of the corresponding compounds. It is noted that the compounds do
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not change the profile of spontaneous motor activity of mice compared to that of the control
group in the Open Field. When studying the muscle relaxant potential of compounds in the
Rotarod test, it was noted that 4-(3,4-dimethoxyphenyl)-1-hydrazino-5H-2,3-benzodiazepine
(RD-1) and 4-hydrazino-7,8,9-trimethyl-1-phenyl-5H-pyrrolo[2,1-d][1,2,5]triazepine (RD-15)
had a negative effect on the muscle tone of mice. According to ADMET analysis, compounds
RD-6, RD-8 and RD-9 are low-toxic, but a further study of specific toxicity among these
derivatives is recommended to confirm or exclude data on mutagenicity and hepatotoxicity.
Based on the totality of the obtained results, the most active and safe compound for further
research among the studied derivatives is 1,4-diphenyl-5H-[1,2,5]triazepino[5,4-
albenzimidazole (RD-8).
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