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Abstract
Introduction: Searching for new compounds with anti-anxiety activity resulting from the combination of privileged 
scaffolds is a promising direction in medicinal chemistry and in the development of new drugs. Anxiolytic potential and 
cytotoxic properties of previously synthesized molecules, containing fragments of 2,3-benzodiazepine and 1,2,4-tri-
azole – 6-(4-methoxyphenyl)-7H-[1,2,4]triazolo[3,4-A][2,3]benzodiazepines under the generic code RD were studied.

Materials and methods: Screening for anxiolytic activity was performed on elevated plus maze (EPM) and open field 
(OF) test models. Structural and functional analysis of the anti-anxiety activity of the studied substances was carried 
out. A degree of muscle relaxant effect of the substances was assessed in the tests Grid, Wire, and Rotarod. A cytotox-
icity study of RD compounds was carried out using an MTT assay on human hepatocellular carcinoma cells HepG2.

Results and discussion: For a number of novel triazolo[3,4-a][2,3]benzodiazepine derivatives, a prominent anxiolytic 
activity was manifested in terms of EPM test. The results of OF test were consistent with the obtained data and con-
firmed the presence of the sought activity in the leading compounds. There was no significant effect on muscle tone for 
the compounds under study. It was observed that RD compounds possessed no cytotoxic properties and were safe for 
further studies in vivo.

Conclusion: Among the new derivatives of 6-(4-methoxyphenyl)-7H-[1,2,4]triazolo[3,4-a][2,3]benzodiazepine under 
the code RD, substances (RD-4, 12, 13) with a high anxiolytic activity comparable to diazepam and tofisopam were 
found. The most promising compound is RD-4 due to its pronounced anxiolytic and low cytotoxic properties.
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Introduction
Anxiety disorders, such as panic attacks/agorapho-
bia, generalized anxiety disorder, and social phobia are 
the most common mental disorders (Bandelow 2020). 
Anxiety-depressive diseases are among the main causes 
of disability in the world and contribute significantly to 
the global burden of diseases (World Health Organizati-
on, 2020). According to the data obtained by Wang et al. 
(2020), 53.8 of respondents in China rated the psycho-
logical impact of the COVID-19 outbreak as moderate 
or severe, 16.5% reported moderate to severe depression 
symptoms, and 28.8% reported moderate to severe anxie-
ty symptoms (Sher 2020). During the pandemic, the risk 
of developing pathological anxiety (Ornell et al. 2020), 
depression (Shigemura et al. 2020), sleep disturbances 
(Xiao et al. 2020), and suicidal behavior (Lai et al. 2020) 
increased significantly. For the treatment of these social-
ly significant diseases, psycho- and pharmacotherapy are 
used in various combinations. Despite high efficiency and 
widespread clinical use of classical benzodiazepine de-
rivatives (diazepam, lorazepam), these drugs are not the 
drugs of choice for the treatment of anxiety disorders at 
the present stage due to their powerful addictive poten-
tial (Balon and Starcevic 2020). The known side effects 
of benzodiazepine drugs also include unwanted sedation 
and muscle relaxation, which limit the use of this class of 
drugs in patients whose profession is associated with in-
creased concentration of attention (Platt et al. 2016). As a 
result of the development of pharmacotherapy, “daytime” 
sedatives were created, devoid of these side effects (fabo-
motizol, phenibut, mebicar, etc.). However, the effective-
ness of these drugs is not expressed in all patients with 
phobic disorders, and the onset of the anxiolytic action is 
often delayed and is noted only a few weeks after starting 
the drug (Uyanaev and Fisenko 2006). Daytime sedatives 
– the products of benzodiazepine scaffold optimization, 
such as tofisopam, – are characterized by a pronounced 
anxiolytic effect, but also by the rapid development of 
tolerance to their action, as well as an increase in aggres-
siveness and psychomotor agitation. Currently, there is 
an active search for new compounds with a short latency 
period and mitigated side effects, as well as more pron-
ounced anxiolytic properties (Miroshnikov et al. 2020).

In previous studies, the products of the combination 
of a diazepine scaffold with benzimidazole moiety were 
studied – 2,3,4,5-tetrahydro[1,3]diazepino[1,2-a]ben-
zimidazole hydrochlorides under the general code DAB 
(Spasov et al. 2018). For various representatives of this 
series of compounds, a wide range of neurotropic effects 
have been noted – anxiolytic, antidepressant, anticon-
vulsant, hypnotic, and some others (Miroshnikov et al. 
2020, Spasov et al. 2020a); however, no adverse drug 
reactions of the benzodiazepine group were noted for 
them. Further search for effective anxiolytics among the 
combinations of the benzodiazepine core structure with 
the hit structures of various chemical classes seems prom-
ising: in the present study, the products of the combina-

tion of 1,2,4-triazole and 2,3-benzodiazepine, derivatives 
of 6-(4-methoxyphenyl)-7H-[1,2,4]triazolo[3,4-A][2,3]
benzodiazepine under the general laboratory code RD 
were investigated.

Materials and methods
Experimental animals

For the study, 360 white outbred two-month-old male 
mice weighing 20±2 g were used, obtained from Rappo-
lovo Nursery, Leningrad region. The animals were kept in 
a vivarium with a natural light regimen on a standard diet 
of laboratory animals, with access to food and water ad 
libitum. The keeping of the animals corresponded to the 
rules of Good Laboratory Practice during preclinical rese-
arch in the Russian Federation (GOST 351.000.3-96 and 
51000.4-96), the Order of the Ministry of Health of the 
Russian Federation dated August 23, 2010 No. 708n ”On 
the Approval of the Rules of Laboratory Practice”. The 
experimental procedures on the animals were carried out 
in accordance with the Local Ethics Committee of Volg-
ograd State Medical University, Volgograd, Russia (Pro-
tocol No. IRB 00005839 IORG 0004900 (OHRP)). The 
mice were randomly assigned to 60 experimental groups 
– 12 groups for each test (n = 6).

Cell cultures

Human hepatocellular carcinoma cells, HepG2 (CLS Cell 
Lines Service), were used for assessment of the cytotoxic 
properties of the compounds. Cells were cultured in Gib-
co F-12 medium containing 10% fetal calf serum (Gibco), 
1% penicillin-streptomycin (Gibco), 1% essential amino 
acids (NEAA, Sigma-Aldrich), and 2 mM sodium pyru-
vate (Sigma-Aldrich) in a CO2 incubator at 37 °C in an 
atmosphere of 5% CO2.

Drugs and treatment

Synthesis of compounds – derivatives of 6-(4-methoxyp-
henyl)-7H-[1,2,4]triazolo[3,4-a][2,3]benzodiazepine un-
der the code RD-2, 13 (Khabarov et al. 2009), RD-3, 4, 5, 
10, 11, 12, 14 (Kharaneko et al. 2013) – was carried out 
according to the methods described in these works. Com-
parison drugs were ones with a known anxiolytic effect, 
structural analogues of the studied substances – diazepam 
[7-chloro-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzo-
diazepin-2-one] (RelaniumTM, Polfa, Poland, 1 mg/kg) 
and tofisopam [1-(3,4-dimethoxy-phenyl)-4-methyl-5-et-
hyl-7,8-dimethoxy-5H-2,3-benzodiazepine] (Gran-
daxinTM, EGIS CJSC Pharmaceutical Plant, Russia, 
2 mg/kg (Skripka et al. 2018).

For the evaluation of cytotoxicity properties, 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT; Sigma-Aldrich) and dimethyl sulfoxide (DMSO; 
Helicon; used as a solubilizer) were used. The substanc-
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es were tested over a concentration range from 0.001 to 
10 μM. Doxorubicin (Sigma-Aldrich) was used at equal 
concentrations as a positive control drug.

Experimental design

At the first stage of the study, the safety of the new com-
pounds was assessed using an MTT assay on human he-
patocellular carcinoma cells HepG2. Further, to study the 
anxiolytic activity of the compounds under the code RD, 
the methods of Elevated plus maze (EPM) and Open field 
(OF) were applied; to assess the development of muscle 
relaxation under the influence of these substances, a batte-
ry of tests was used: Rotarod, Grid, and Wire. The studied 
substances were injected into mice with an atraumatic me-
tal probe intragastrically 30 minutes prior to a test, at doses 
equimolar to diazepam (Taran et al. 2017). The animals of 
the control group were injected with a solvent (distilled 
water) in a volume of 0.1 ml per 10 g of animal’s weight.

Cytotoxicity assessment

Evaluation of cytotoxic properties of a new series of com-
pounds was carried out according to the technique des-
cribed earlier (Yakovlev et al. 2020, Maltsev et al. 2021). 
The cell suspension was seeded into a 96-well plate, and 
incubated for 24 h to allow the cells to adhere to the bot-
tom of the plate. Thereafter, the compound under study 
or the positive control drug, doxorubicin, was added to 
the wells in the concentration range from 0.001 to 10 μM. 
The control wells were filled with an equivalent volume 
of solvent. The exposure to the compounds was carried 
out within 48 h. The medium was subsequently removed, 
and DMSO was added to dissolve the formazan crystals 
that were formed. The absorbance was measured using 
a CLARIOstar microplate reader (BMG Labtech) at 
555 nm (reference λ = 650 nm), reflecting the quantitative 
assessment of the MTT reagent converted into formazan 
by mitochondrial and cytoplasmic reductases.

Behavioral tests

Elevated plus maze

The EPM technique is based on the rodents’ natural pre-
ference for dark burrows, as well as on the fear of being 
in open areas and falling from a height (Kraeuter et al. 
2019). The animals were placed in the center of the unit 
and, for 5 min, the following were recorded: the time 
spent in the open arm (s), the number of entrances into 
the open arm, the total number of transitions between the 
arms, as well as the detailing of the transitions between 
the dark and light arms.

Open field test and spontaneous locomotor activity 
assessment
The OF test was used to assess the behavioral patterns of 
the animals. Within 5 minutes of the test, the number of 

transitions between the quadrants (horizontal locomotor 
activity), the number of rearings (vertical locomotor ac-
tivity), the number of holes examined (exploratory acti-
vity), and the number of entries to the center of the unit 
were recorded. In addition to the behavioral activity of 
the animals, the OF technique also made it possible to 
assess the nonspecific muscle relaxant capacity of new 
compounds (Maltsev et al. 2020). A battery of muscle re-
laxation tests – Rotarod, Grid, and Wire – were described 
previously (Spasov et al. 2020b).

Statistical analysis
For cytotoxicity study, statistical data processing was car-
ried out using MARS Data Analysis Software, Microsoft 
Office Excel 16 and GraphPad Prism v.8.0 and using non-
linear regression analysis methods. For behavioral expe-
riments, the results were statistically processed by means 
of GraphPad Prism 8.0 software, using the Kruskal-Wallis 
test and post-processing with the Dunn’s test. The data are 
presented as mean ± standard error of mean (M±SEM). The 
p ≤ 0.05 values were considered statistically significant.

Results and discussion

During the cytotoxicity study of compounds RD-2, 3, 
4, 5, 10, 11, 12, 13, 14, the absorption values were ob-
tained at 555 nm (reference λ = 650 nm), reflecting the 
quantitative assessment of the MTT reagent (bromide 
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazoli-
um, Sigma-Aldrich) converted into formazan (dimethyl 
sulfoxide, Helicon, was used as a solubilizer) by mi-
tochondrial and cytoplasmic reductases. For compounds 
RD-10, 11, 12, 13, 14, the LC50 value (the concentration 
that suppresses the vital activity of cells by 50% relative 
to the intact control) lies within the range 0.12–9.96 nM. 
For compounds RD-2, 3, 4, 5, the LC50 value is more 
than 10 μM and is outside the maximum investigated 
concentrations. Thus, at the maximum studied con-
centration of 10 μM, cell survival for compound RD-2 
was – 74.3±2.19%; for RD-3 – 80.7±0.67%; for RD-4 
– 79.0±3.06%; and for RD-5 – 69.3±4.67%. For doxoru-
bicin, this indicator was 25.2±2.12%. The obtained data 
indicate a low level of cytotoxicity of the studied com-
pounds in comparison with the reference cytostatic agent 
doxorubicin (LC50 = 5.7 μM), which makes it possible to 
view these substances as promising for further study of 
their anxiolytic properties.

At the second stage of the study, the anxiolytic activity 
of new benzodiazepine derivatives in the EPM test was 
screened. In the row {[6-(4-methoxyphenyl)-7H-[1,2,4]
triazolo[3,4-a][2,3]benzodiazepin-3-yl]methyl}amine 
(RD-14) – {2-[6-(4-methoxyphenyl)-7H-[1,2,4]tri-
azolo[3,4-a][2,3]benzodiazepin-3-yl]ethyl}amine (RD-3) 
– 3-[6-(4-methoxyphenyl)-7H-[1,2,4]triazolo[3,4-a][2,3]
benzodiazepin-3-yl]propyl}amine (RD-11), the level of 
anti-anxiety activity was visibly reduced. Thereby, under 
the influence of RD-11, the mice spent in the open arm of 
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Table 1. Anxiolytic Effect of Benzodiazepine Derivatives in Elevated Plus Maze test (M± SEM)

Compound Chemical structure Time spent in open arms (s) Number of entries to open arms
Control – 36.8±10.04 2.8±0.60
Diazepam (1 mg/kg) 94.8±15.24* 3.2±0.68

Tofisopam (2 mg/kg) 102.2±3.62* 5.3±0.49*

7H-[1,2,4]triazolo[3,4-a][2,3]benzodiazepine with R1 = 6-(4-methoxyphenyl)
Compound R2 Time spent in open arms (s) Number of entries to open arms
RD-2# 56.17±4.91* 2.0±0.37

RD-3# 61.0±16.34 2.7±0.56

RD-4# 97.0±7.22* 5.8±0.65*

RD-5# 44.8±6.86 1.7±0.33

RD-10# 34.0±7.42 1.7±0.42

RD-11# 54.5±18.8 2.2±0.70

RD-12# 113.2±19.68* 5.7±0.99*

RD-13# -CH3 106.3±26.96* 5.8±1.58*
RD-14# 76.7±7.53* 3.5±0.92

Note: * – differences are significant compared to control (р ≤ 0.05, Kruskal-Wallis test, Dunn’s post hoc test); # – doses are equimolar to diazepam at a dose of 1 mg/kg.

Figure 1. Influence of Diazepam (1 mg/kg), Tofisopam (2 mg/kg) 
and RD Compounds# on Locomotor Activity of Mice in Elevated 
Plus Maze test (M±SEM). Note: * – differences are significant 
compared to control (р ≤ 0.05, Kruskal-Wallis test, Dunn’s post 
hoc test); # – doses are equimolar to diazepam at a dose of 1 mg/kg.

EPM, on average, 12% less time than in the RD-3 group, 
and 30% less time compared to the RD-14 group. A simi-
lar relationship was noted in terms of the number of enter-
ances into the open arm. Thus, lengthening the side chain 
by increasing the number of methyl groups preceding the 
amino group negatively affects the anti-anxiety effect of 
the new compounds (Table 1).

The introduction of a propionic acid residue (RD-5) 
or a phenyl substituent (RD-10) into position 3 of the tri-
azole ring did not result in the manifestation of anxiolyt-
ic properties of the substances: their effect corresponded 
to the control values. At the same time, the presence of 
2-furyl (RD-4) in the same position led to a significant 
increase in the sought effect, both in time and in the num-
ber of entrances into open arms, at a level comparable 
to diazepam at a dose of 1 mg/kg (p ≤ 0.05). The most 
active compounds of the studied series were 3-(2-fu-
ril)-6-(4- methoxyphenyl)-7H-[1,2,4]triazolo[3,4-a][2,3]
benzodiazepine (RD-4), 3-(1,3-dimethyl-1H-pyrazol-
5-yl)-6-(4-methoxyphenyl)-7H-[1,2,4]triazolo[3,4-a]
[2,3]benzodiazepine (RD-12) and 6-(4-methoxyphe-
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nyl)-3-methyl-7H-[1,2,4]triazolo[3,4-a][2,3]benzodiaze-
pine (RD-13). It was noted that the introduction of the 
pyrrole cycle at position 3 (RD-12) had practically no ef-
fect on the value of the anti-anxiety effect of the substanc-
es. However, lengthening the side chain of RD-13 by only 
one methyl group (RD-2) led to a decrease in the desired 
activity by almost 2–3 times (p ≤ 0.05). It can be noted 
that the synthesized RD compounds are structurally clos-
er to tofisopam than to diazepam, and the core structure of 
2,3-benzodiazepine leads to the manifestation of a slight-
ly higher anti-phobic effect than 1,4-benzodiazepine. The 
total number of the mice’s transitions in the EPM test was 
not significantly reduced in comparison with controls 
in any experimental group, which may indicate the ab-
sence of a significant muscle relaxant effect of the RD 
compounds. For the leading compounds RD-4, 12, 13, the 
number of transitions between the light and dark arms of 

the EPM was at the level of tofisopam (p ≤ 0.05), which 
confirms the presence of an anti-anxiety effect in them.

At the third stage, the behavioral activity of the ani-
mals was assessed in OF test. The profile of the locomotor 
activity of the animals under the influence of the experi-
mental compounds was not significantly changed, which 
is consistent with the results of EPM test (Fig. 2). Under 
the influence of RD compounds, the profile of locomotor 
activity is more similar to such of tofisopam than to that 
of diazepam, which can be explained by a high degree 
of resemblance between molecules of tofisopam and the 
compounds under study.

The level of exploratory (search) activity of the ani-
mals was the highest when compounds RD-4, 11, 14 
were administered to the animals. For compounds RD-12 
and 13, the search activity was higher than in the con-
trol GROUP; however, it did not reach the values of the 
comparison groups. The number of entrances to the center 
of OF for the leading compounds RD-4, 12, 13 does not 
differ significantly from the values of the diazepam group, 
being at its level (p ≤ 0.05). The results of Grid and Wire 
tests are at the level of the control values  for the entire 
range of the RD compounds, and in Rotarod test only the 
RD-2, 4, 11, 12, 13 values do not deviate from the control 
values (Fig. 3).

The obtained data are consistent with the previous stud-
ies (Spasov et al. 2018) on the combination of benzodiaz-
epine and benzimidazole scaffolds, which also resulted in 
obtaining the compounds – diazepino[1,2-a]benzimida-
zoles – with a pronounced neurotropic activity due to the 
native diazepine fragment, and mitigated undesirable ef-
fects due to the presence of the benzimidazole group. Ac-
cording to the data, the acute toxicity of diazepam when 
administered orally to the mice is 48 mg/kg (Vinogradova 
et al. 1983). For 1,2,4-triazole derivatives, the LD50 is at 
the level of 1250–2000 mg/kg, which makes it possible 
to classify this class of compounds as low-toxic (Ovsyan-
nikova et al. 2017). 1,2,4-triazoles are also characterized 
by antimicrobial, antifungal, anti-inflammatory, analge-

Figure 2. Influence of Diazepam, Tofisopam and RD compounds# on Locomotor Activity of Mice in Open Field test (M±SEM). 
Note: * – differences are significant compared to control (р ≤ 0.05, Kruskal-Wallis test, Dunn’s post hoc test); # – doses are equim-
olar to diazepam at a dose of 1 mg/kg.

Figure 3. Muscle Relaxant Properties of Diazepam, Tofisopam 
and RD compounds# in Rotarod test (M±SEM). Note: * – dif-
ferences are significant compared to control (р ≤ 0.05, 
Kruskal-Wallis test, Dunn’s post hoc test); # – doses are 
equimolar to diazepam at a dose of 1 mg/kg.
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sic, antidepressant, antiplatelet, and antioxidant activities 
(Klyon et al. 2008), which suggests the pleiotropic action 
of this heterocycle, as well as the presence of psychotrop-
ic properties in triazole derivatives. Thus, by combining 
the diazepine and triazole fragments, it is possible to ob-
tain novel, less toxic drugs with a pronounced neurotropic 
activity and reduced adverse reactions relative to classical 
benzodiazepines, which is confirmed by the results of the 
conducted study.

Conclusion

Thus, the search for compounds with anxiolytic activity 
among derivatives of 6-(4-methoxyphenyl)-7H-[1,2,4]tria-
zolo[3,4-a][2,3]benzodiazepine (RD) on the elevated plus 
maze model made it possible to identify the compounds 
with a pronounced anti-anxiety activity. The leading com-
pounds were 3-(2-furyl)-6-(4-methoxyphenyl)-7H-[1,2,4]
triazolo[3,4-a][2,3]benzodiazepine (RD-4), 3-(1,3-dime-
thyl-1H-pyrazol-5-yl)-6-(4-methoxyphenyl)-7H-[1,2,4]
triazolo[3,4-a][2,3] benzodiazepine (RD-12), and 

6-(4-methoxyphenyl)-3-methyl-7H-[1,2,4]triazolo[3,4-a]
[2,3]benzodiazepine (RD-13). Elongation the side chain at 
position 3 of the main molecular fragment led to a decre-
ase in the anti-anxiety effect of the compounds. The in-
troduction of the pyrrole ring in the same position did not 
affect the magnitude of the desired effect, and the 2-furyl 
fragment increased a level of the antifhobic action of the 
compounds. Unlike diazepam, the RD compounds are not 
characterized by muscle relaxant and sedative effects. The 
most promising compound is RD-4 due to its pronounced 
anxiolytic and low cytotoxic properties.
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