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The study of antidepressant properties of new 1,2,3-triazolo-1,4-
benzodiazepine derivatives

Anxiety-depressive disorders are among the most common mental health conditions and often cause significant
functional impairment, affecting a person’s quality of life. Research conducted in recent years indicate the importance
of studying and searching for new substances based on benzodiazepines, in particular triazolobenzodiazepines, for
the treatment of anxiety states and disorders, as well as determining the presence of other biological activities of these
compounds.

Aim. To study the antidepressant activity of new derivatives of 1,2,3-triazolo-1,4-benzodiazepines in the Porsolt
forced swim and tail suspension tests.

Materials and methods. The antidepressant activity of new 1,2,3-triazolo-1,4-benzodiazepine derivatives under
the code MA-252, MA-253, MA-254, MA-255 and MA-261 was studied in the Porsolt forced swim and tail suspension
tests. The following behavioral reactions, such as the latent period of the first immobility (more than 5 seconds), the
total duration of immobility (staying in a stationary state), the number of immobile episodes, were recorded.

Results and discussion. During the study, a decrease in the total duration of immobility, the main indicator of
“despair” of animals, and an increase in the latent period of the first immobility were monitored. It may indicate the
manifestation of antidepressant properties of new 1,2,3-triazolo-1,4-benzodiazepine derivatives. The indicator of the
antidepressant activity in groups of animals administered MA-253, MA-254 and MA-255 derivatives in all doses was
higher among the groups studied. The depression index was the lowest when MA-253 and MA-254 derivatives were
used in the dose of 1 mg/kg, and was not statistically significantly different from that in the group receiving imipramine
in the dose of 25 mg/kg. According to the results of the tail suspension test, 1,2,3-triazolo-1,4-benzodiazepine deriva-
tives MA-253, MA-254 and MA-255 showed a significant decrease in the total duration of immobilization by 69.4 %,
47.1 % and 33.1 %, respectively, in relation to the control group (p<0.05), as well as an increase in the latent period of
the onset of the first immobility episode by several times.

Conclusions. A decrease in the duration of immobility in mice injected with 1,2,3-triazolo-1,4-benzodiazepine
derivatives gives grounds to draw a conclusion that animals develop a state of “behavioral despair’ and exhibit anti-
depressant properties.
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" HauioHanbHuin dhapmaLeBTUYHUI YHiBepcuTeT MiHiCTepcTBa OXOPOHM 340POB’st YKpaiHu

2 AHY HTK «lHcTnTyT MOHOKpUcTanis» HAH Ykpainu

DdocnigxeHHs aHTUOEeNpPeCUBHUX BracTUBOCTEN HOBUX noxigHux 1,2,3-Tpuasono-1,4-
OeH3opiaseniHiB

TPUBOXHO-AENPECUBHI po3nagn € OOHUMW 3 HaUMOLUMPEHILLNX CTaHIB MCUXIYHOTO 340POB’S | YaCcTO BUKIMKAKOTb
3HaYHi PYHKLOHamNbHI MOPYLUEHHS, BMMMBAKOYM Ha SKICTb XUTTSA NMIOAMHW. [OCnimKEeHHA OCTaHHIX POKIB CBig4aTb Npo
BaXXNMBICTb BUBYEHHSA Ta MOLLYKY HOBMX PEYOBMH Ha OCHOBI 6eH3oaiaseniHiB, 3okpema TprasonobeHsoniaseniHia, ons
NiKyBaHHA TPUBOXHWUX CTaHIB Ta po3nagis, a TAaKOX BUABMEHHS iHLUNX 6i0NOriYHNX akTUBHOCTEN LINX CMONYK.

MeToto poboTtu Byno JocniguTi aHTUAENPECUMBHY aKTUBHICTL HOBMX noXigHux 1,2,3-Tpuasono-1,4-6eH3oniaseniHis
y TecTax NpMMyCcoBOro nraBaHHA 3a [lopconTom Ta «nigBillyBaHHS 3a XBICT».

Martepianu Ta meToau. AHTMAENPECUBHY aKTUBHICTb HOBUX NoXigHux 1,2,3-Tpuasono-1,4-6eH3opiaseniHis nig
wucppom MA-252, MA-253, MA-254, MA-255 ta MA-261 gocnigyBanu B TecTax NpMMyCOBOrO nriaBaHHs 3a [MopconT
Ta «MiaBilLlyBaHHSA 3a XBiCT». PeecTpyBanu Taki NOBEAIHKOBI peakuii, AK: NaTeHTHWI nepiog NepLuoro 3aB1caHHs (no-
Hag 5 cekyHA), 3aranbHa TpuBanicTb immobinisauii (nepebyBaHHsA B HEPYXOMOMY CTaHi), KifbKiCTb 3aBUCaHb.

Pe3ynbraTtu Ta ix o6roBopeHHs. [ig Yac gocnigXeHHs BiACTeXyBanu 3MeHLUEHHS 3aranbHOI TpUBanocTi 3a-
BMWpPaHHSI, OCHOBHOTO MOKa3HUKa «Big4at» TBApWH, Ta 30iNbLUEHHS NaTEHTHOrO Nepiody NepLloro 3aBUCaHHS, L0
MOXe CBigUMUTK NPO NPOSIB aHTUAENPECUBHMUX BNACTUBOCTEN HOBUX NoxiaHux 1,2,3-Tpmnasono-1,4-6eH3odiaseniHis.
lMoka3HWK aHTMOENPEeCHBHOI aKTUBHOCTI B rpynax TBapwH, skum Beognnu MA-253, MA-254 ta MA-255 B ycix gocni-
OXKyBaHuX gosax, OyB BN cepen AoChiaXyBaHuX rpyn. IHAeKC AenpecrBHOCTI ByB HaMHWKYMIA 3a 3aCTOCYBaHHS
noxigHux MA-253 ta MA-254 B 0o3i 1 Mr/kr Ta CTaTUCTUYHO 3HaYyLle He BiOPi3HABCS BiJ Takoro B rpyni, TBApUMHU AKOT
OTpyvMyBanu iminpamiH B 403i 25 mr/kr. 3a pesynbratammn TeCTy «MiaBillyBaHHA 3a XBiCT» noxigHi 1,2,3-tpnasono-1,4-
6eH3opiaseniHie MA-253, MA-254 ta MA-255 npogeMoHCTpyBanu NoMiTHe 3MEHLLEHHS 3aranbHOi Tp1BanocTi iMMobi-
nisauii Ha 69,4 %, 47,1 % T1a 33,1 % BigNoBiAQHO, SKLLO NOpPiBHIOBAaTK 3 rpynoto KoHTponto (p<0,05), a Takox 36inbLueH-
HS NTAaTEHTHOro Nepiofy HaCTaHHSA MepLIOro 3aBMUPaHHS B AeKinbka pasis.
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BucHOBKW. 3MeHLLEHHS TpUBanocTi iMMobinisauii B MULLIEN, sikum BBOAMNM NnoxigHi 1,2,3-Tpuasono-1,4-6eH3ogiaseniHis,
[ae nigcraBy BUCHYBaTW NMPO 3MEHLLUEHHSI PO3BUTKY y TBapWH CTaHy «MOBEAIHKOBOrO BiAYyal» Ta NposiB aHTMAenpe-

CUBHWUX BMNACTMBOCTEN.

Knrovoei cnoea: noxidHi mpuasonobeHsodia3erniHy; mecm rnpuMyco8020 rniasaHHs; mecm «nidsiwysaHHs 3a

xgicmy»; aHmudenpecusHa akmueHicmb

Introduction. Anxiety-depressive disorders are among
the most common mental health conditions and often
cause significant functional impairment, affecting a per-
son’s quality of life [1]. Over the past four years, the
COVID-19 pandemic has had a strong impact on mental
health around the world due, for example, to social isola-
tion, economic uncertainty and health problems, which
may have exacerbated anxiety symptoms in many people
and triggered mental health problems [2]. The full-scale
war in Ukraine combined with the post-Covid situation
creates the conditions for a growing burden of men-
tal disorders in the healthcare sector. According to the
WHO, every fifth person affected by the war is at risk
of developing a mental illness, which means that there
are about 8.5 million such people in Ukraine today [3].

Benzodiazepines, such as diazepam, clonazepam,
chlordiazepoxide, flumazenil, alprazolam, and others, are
a well-known therapeutic class of diazepines commonly
used in clinical practice to relieve symptoms of anxiety
and depression, as well as analgesics, anticonvulsants,
and hypnotics [4]. Patients diagnosed with depression
are often prescribed benzodiazepines for the short pe-
riod (not exceeding 4 weeks) to reduce the manifesta-
tion of anxiety and insomnia [5, 6]. In contrast to the
majority of antidepressants, benzodiazepines exhibit
a much quicker onset of the therapeutic action though
with a shorter duration of the effect [7]. The clinical use
of benzodiazepine derivatives is restricted due to the
prevalence of adverse effects, including central nervous
system depression, along with the potential impairment
of cognitive functions [8]. Research conducted in recent
years indicates the importance of studying and finding
new substances based on benzodiazepines, in particular
triazolobenzodiazepines, due to their effectiveness for
the treatment of anxiety states and disorders with lower
application risks, as well as establishing the presence of
other biological activities of these compounds [9-11].

In individuals diagnosed with depression, the most
common symptoms include feelings of hopelessness or
helplessness, often accompanied by a loss of motivation
and anhedonia, which is the lack of pleasure or interest
in activities that were once enjoyable [12]. The Porsolt
forced swim test and the tail suspension test are com-
monly are commonly used in experiments to evaluate
predictive models of depressive-like behavior in mice.
These behavioral tests are designed to assess the respon-
se of mice to stressful situations and are frequently uti-
lized in preclinical research to study depressive-like sym-
ptoms and potential interventions. In these tests, the du-
ration of immobility or passive behavior is often mea-
sured, and the increased immobility time is considered
indicative of a depressive-like state in rodents [13, 14].

The preliminary studies of the pharmacological ac-
tivity of new 1,2,3-triazolo-1,4-benzodiazepine deriva-

tives showed a pronounced anxiolytic activity in the el-
evated plus maze and dark-light chamber tests, with the
absence of a negative effect on coordination of move-
ments and a slight muscle relaxant effect indicating a
promising further study of their effects [15, 16].

The aim of this work was to study the antidepressant
activity of new derivatives of 1,2,3-triazolo-1,4-benzo-
diazepines in the Porsolt forced swim and tail suspen-
sion tests.

Materials and methods. New 1,2 3-triazolo-1,4-
benzodiazepine derivatives under the code MA-252,
MA-253, MA-254, MA-255 and MA-261 were synthe-
sized under the supervision of Prof. V. A. Chebanov [17].
The benzodiazepine derivatives studied were mixed
(triturated) with lactose in a ratio of 1:1000 for the pre-
liminary study of the pharmacological activity.

The study was conducted on random-bred albino mice
(weighting 20-40 g), they were kept in the vivarium of
the Central Research Laboratory of the Educational and
Scientific Institute of Applied Pharmacy of the National
University of Pharmacy. Rodents were kept in a well-
ventilated room with a 12-hour light/dark cycle and
free access to food and water. Mice were randomly di-
vided into groups of 6 animals each: the control group,
which received the corresponding volume of distilled
water; 15 experimental groups that were administered
an aqueous solution of a 1,2,3-triazolo-1,4-benzodia-
zepine derivative in the doses of 0.5 mg/kg, 0.75 mg/kg
and 1 mg/kg; as well as a comparison group, its animals
were given the classic antidepressant imipramine in the
dose of 25 mg/kg. The interval between the drug ad-
ministration and the beginning of the study was 1 hour
for each mouse.

The experiments were carried out in accordance with
the “Directive 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the pro-
tection of animals used for scientific purposes” (Council
Directive 2010/63/EU, 2010), and the study was appro-
ved by the Bioethics Commission of the National Uni-
versity of Pharmacy (protocol No. 4 from 02.10.2020)
[18, 19].

The antidepressant activity were studied using the
“despair” behavioral test designed to create a stressful
state in experimental animals by the Porsolt forced swim
test [13, 20, 21]. Mice were placed one by one in a nar-
row cylinder with a diameter of 10 cm and a height of
about 25 cm, filled for 1/3 with water with a temperature
of 20-24 C, so that the animal did not touch the bottom
with its hind legs. The animal was observed for 5 min-
utes, during which behavioral reactions, such as the la-
tent period of the first immobility (more than 5 seconds),
the total duration of immobility (staying in a stationary
state) interpreted as manifestation of depression were
recorded. The depression index was calculated as the
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ratio of the number of immobility episodes to the num-
ber of active swimming periods [22]. The antidepressant
activity was determined by the formula:
AA, % =218 o 100 9 (1)
Te

where Tc — is the average value of the duration of
immobility of animals from the control group; Te — is
the average value of the duration of immobilization of
experimental animals.

The tail suspension test is a “dry”” analog of the Por-
solt forced swim test and as a model of despair beha-
vior is used to study the antidepressant activity [13, 23].
Usually, to reduce the risk of injury to animals in the
test, mice are used, which are lighter in body weight
than rats. The rodents were fixed by the tip of the tail to
the tripod with the help of a patch so that the distance
from the surface of the table to the nose of the animal
was about 10 cm. The duration of immobility character-
ized by motionless hanging of the animal, and the latent
period of the first immobility (the time interval from the
beginning of the experiment when the animal actively
tries to escape, to the transition to a stationary position)
were recorded for 5 min. In addition, the number of epi-
sodes of immobility was counted. An increase in the to-
tal duration of immobility and the duration of the onset
of the first immobility episode indicates the presence of
antidepressant properties in the compound studied.

The results were presented as a mean value with stan-
dard deviation. The difference between groups was ana-
lyzed using Student’s test (in case of normal distribu-
tion). Changes at p<0.05 were considered statistically
significant.

Results and discussion. The Porsolt forced swim
test is the most common and most frequently used in pre-
clinical studies of depression. It is based on the animal’s
desire to avoid a stressful situation, which is manifested
by a decrease in the time spent in a stationary position
in a cylinder filled with water. Moreover, this test is ca-
pable of detecting the antidepressant effect of APIs under
conditions of acute administration, which allows for a
quick assessment of their effectiveness [14, 24].

The results obtained in the forced swim test are shown
in Table 1. In general, during the study, a decrease in the
total duration of immobility, the main indicator of “de-
spair” of animals, and an increase in the latent period of
the first immobility episode were monitored. This may
indicate the manifestation of antidepressant properties
of new 1,2,3-triazolo-1,4-benzodiazepine derivatives.
The indicator of the antidepressant activity determined by
formula (1) in groups of animals administered MA-253,
MA-254 and MA-255 in all doses was higher among the
groups studied. With an increase in the dose, the growth
of the effect was monitored, and at the maximum dose it
was 73 % (MA-253), 71 % (MA-254) and 74 % (MA-255)
in relation to the control group (p < 0.05). The use of
the classic antidepressant imipramine prolonged the la-
tent period of the onset of the first immobility of the
animal and significantly reduced the total duration of
immobility (p < 0.05).

The depression index (Fig.) determined by the ratio
of the number of immobility episodes to the number of
active swimming periods was the lowest when MA-253
and MA-254 derivatives were used in the dose of 1 mg/kg,
and was not statistically significantly different from that
in the group receiving imipramine in the dose of 25 mg/kg.

Table 1

The effect of the derivatives studied on the parameters of the Porsolt forced swim test (M + m, n=6)

nimal group | Dose,markg | T SO ERC e | immoblles AR %
Control - 795+1.6 199.3+2.6 -

0.5 90.2+14% 168.7 £ 2.2 *# 15 %

MA-252 0.75 89.2+1.6" 153.3 £3.9*# 23 %

1.0 943+ 1.1% 119.7 £ 1.3 %# 40 %

0.5 940+ 1.1% 88.7 +2.5*# 56 %

MA-253 0.75 125.7 £ 1.2 *# 65.2 +2.3*# 67 %

1.0 126.2 +£ 1.2 *# 547+23* 73 %

0.5 107.7+14* 77.7 £3.5%* 61 %

MA-254 0.75 111.8+1.2*# 66.2 + 0.8 ** 67 %

1.0 119.7 £ 1.5*# 525+30* 71 %

0.5 117.5+1.2%# 60.7 £2.5% 70 %

MA-255 0.75 1223 +1.1*# 533+13* 73 %

1.0 125.0 £ 0.9 *# 515+36* 74 %

0.5 86.2+1.3" 117.8£3.0** 41 %

MA-261 0.75 86.7+1.6" 65.7 + 1.3 *# 67 %

1.0 783+1.3% 75.5+24 % 62 %

Imipramine 25.0 101.3+13% 47.8+0.9* 76 %

* Significant at p < 0.05 compared to the control group; # Significant at p < 0.05 compared to the group treated with imipramine.
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Notes: The drug dose used was (a) 0.5 mg/kg, (b) 0.75 mg/kg, and (c) T mg/kg.
* Significant at p < 0.05 compared to the control group; # Significant at p < 0.05 compared to the group treated with imipramine.

Cryan and the authors systematized data from studies
of various antidepressants and other classes of psycho-
tropic compounds in the Porsolt forced swim test where
they noted that, for example, diazepam in various doses
under conditions of acute administration did not affect
the duration of immobility, moreover, in certain doses,
it even prolonged it [14]. The absence of the antidepres-
sant effect of diazepam in the dose of 22 mg/kg was
observed by Methuku and colleagues, however, in the
presence of B-carboline-3-carboxylate-tert-butyl ester, dia-
zepam significantly reduced immobility time like the tri-
cyclic antidepressant imipramine [25]. Studies by El Zahaf

and Elhwuegi showed that imipramine caused a signifi-
cant dose-dependent reduction in duration by 56.3 %
in relation to the control group. In turn, administration
of doses of diazepam, vigabatrin, and zolpidem signifi-
cantly increased the duration of immobility, and alpra-
zolam in the dose of 5 mg/kg statistically significantly
reduced the duration of immobility (74.9 % of the con-
trol group) [26]. Cardenas and authors investigated the
anxiolytic- and antidepressant-like effects of an aqueous
extract of Tanacetum parthenium L. Schultz-Bip in mice
where they compared it with alprazolam in the doses of
0.03 and 0.062 mg/kg and showed that this benzodiazepine

Table 2

The effect of the derivatives studied on the behavior of animals in the tail suspension test (M + m, n=6)

Animal group Dose, mg/kg Thg latent .p.eriod_of the : The mee.r of Duration of immobility, s
firstimmobility episode, s| immobility episodes
Control - 105+ 1.2 11.8+0.4 195.2 £ 2.1
0.5 28.7 £ 0.6 ** 78+03% 183.7+19%
MA-252 0.75 483 £2.7 *# 9.0+0.3* 179.8+46%
1.0 29.2 +0.9 *# 11.0+04*% 175.8+ 1.0 *#
0.5 29.8+1.4** 10.5+04*% 151.8 +4.3*#
MA-253 0.75 473 +22%* 82+03* 111.2+29*#
1.0 55.5+ 0.9 *# 6.2+0.6* 508+3.7*%
0.5 248 +1.9*# 16.8 £ 0.5 *# 123.7 +1.8*#
MA-254 0.75 29.8 +2.1*# 11.5+0.6"* 104.8 + 1.4 *#
1.0 49.0+£1.5*# 8.0+04* 103.2+ 1.4 *#
0.5 3902 +22%* 150+0.7*% 136.8 + 2.4 **#
MA-255 0.75 248 + 0.4 ** 15.7 £0.3 *# 135.5+3.0**
1.0 37.2+14%* 16.5 £ 0.6 *# 1325+ 1.1**
0.5 16.0+0.6* 133+04* 148.8 + 1.2 *#
MA-261 0.75 213+ 0.5** 225+ 0.7 ** 181.0+2.7%
1.0 20.5+0.7 *# 26.3 +0.8 ** 176.8 +2.2**#
Imipramine 25.0 742+ 13*% 63+04* 453+ 1.1*

* Significant at p < 0.05 compared to the control group; # Significant at p < 0.05 compared to the group treated with imipramine.
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derivative significantly reduced the immobility time during
the forced swim test compared to the control group [27].

The tail suspension test confirms the hypothesis that
an animal in an intractable situation exhibits two types
of behavior: anxiety and immobility, i.e. search behav-
ior characterized by the intense motor activity and en-
ergy expenditure, and the expectant behavior with im-
mobility and energy conservation. Antidepressants are
thought to shift the balance between these behaviors in
favor of seeking [28]. The main aspect of the test is the
behavioral assessment of feelings of hopelessness or
helplessness regarding the loss of motivation to avoid
an aversive situation, which corresponds to a depressed
state in a person [12].

According to the results of the tail suspension test
(Table 2), the 1,2,3-triazolo-1,4-benzodiazepine deriva-
tives — MA-253, MA-254 and MA-255 demonstrated a
noticeable decrease in the total duration of immobility
by 69.4 %, 47.1 % and 33.1 %, respectively, in relation
to the control group (p<0.05), as well as an increase in
the latent period of the onset of the first immobility epi-
sode by several times. The introduction of imipramine
in the dose of 25 mg/kg, in turn, led to a reduction in the
period of immobility by 77.7 % compared to the indica-
tor of the group of control animals (p<0.05).

Hal et al. synthesized new derivatives of 2,3-dihyd-
ro-1H-1,5-benzodiazepines and studied their antidepres-
sant potential where compounds 2 and 5 with chloro-
and nitro-substituents showed a significant reduction in
the immobility time of animals as assessed by the forced
swim and tail suspension tests [4]. The administration
of diazepam (0.1 mg/kg) and agmatine (0.0001 mg/kg)
showed a synergistic antidepressant effect affecting the
duration of immobility in rats, while the administration

of diazepam alone had no effect [29]. The behavior of
animals treated with imipramine in the dose of 15 mg/kg
did not differ from the control group. The coadministra-
tion of 3,7-dimethyl-1-propargylxanthine, a caffeine ana-
log, in the dose of 3 mg/kg with imipramine caused a
reduction in immobility time in both behavioral tests [9].

The GABAergic system is involved in the patho-
physiology of depression and anxiety. The reduction in
the duration of immobilization in the forced swim and tail
suspension tests may be explained by a possible action
on a2-adrenergic receptors, which leads to an increase
in the release of 5-HT, causing the antidepressant effect
[26, 30]. Thus, substances that can have a positive al-
losteric effect on the GABAergic system can be useful
in the treatment of anxiety-depressive conditions [31].

Conclusions and prospects for further research.
A decrease in the duration of immobility in mice injected
with 1,2,3-triazolo-1,4-benzodiazepine derivatives gives
grounds to draw a conclusion that animals develop a sta-
te of “behavioral despair” and exhibit antidepressant pro-
perties. In particular, during the Porsolt forced swim test,
it was found that MA-253, MA-254 and MA-255 deri-
vatives in the doses of 1 mg/kg reduced the total dura-
tion of immobility and had a low depression index.
A similar trend was observed in the tail suspension test
where the above-mentioned compounds reliably prolon-
ged the latent period of the first suspension and shorte-
ned the total period of the immobile state.

Therefore, it is advisable to further study the phar-
macological effects of new 1.2.3-triazolo-1.4-benzodi-
azepine derivatives and determine their mechanisms of
action.

Conflict of interests: authors have no conflict of
interests to declare.
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