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Abstract

Introduction: The aim of the study was to assess the involvement of the monoaminergic system in the antidepressant
effect of a new 3-substituted thietane-1,1-dioxide derivative (N-199/1) using tests with several pharmacological antag-
onists and agonists.

Materials and methods: We conducted 3 sets of experiments in white outbred male mice. In Experiment 1, we as-
sessed the antidepressant effect of N-199/1 in the forced swimming test (FST) and tail suspension test (TST) when
administered repeatedly for 2 weeks intraperitoneally (i.p.). In Experiment 2, we evaluated the antidepressant effect of
N-199/1 in FST and TST when co-administered with SHT1A- (WAY 100635, 0.1 mg/kg), SHT2A/2C- (ketanserin, 5
mg/kg), SHT3- (ondansetron, 1 mg/kg) serotonergic and a2-adrenergic (yohimbine, 1 mg/kg) receptors antagonists. In
Experiment 3, we assessed the effect of N-199/1 on the hypothermia induced by i.p. injection of a2-adrenergic recep-
tors agonist clonidine (0.3 mg/kg).

Results and discussion: N-199/1 reduced immobility time (IT) and index of depression (ID) in FST, and did not affect
IT in TST, either when administered repeatedly in Experiment 1, or acutely in Experiment 2. In Experiment 2, ketanse-
rin enhanced the effect of N-199/1, decreasing ID by 36%, while WAY 100635 and yohimbine antagonized it, increasing
ID by 27% and IT by 115%, respectively, in comparison with N-199/1. N-199/1 attenuated the effect of ondansetron,
increasing IT by 36%. In Experiment, 3 N-199/1 reduced clonidine-induced hypothermia 1 h after the injection of
clonidine. N-199/1 exhibited pronounced antidepressant properties in FST, an agonism to SHT1A-receptors and an
antagonism to SHT2A/2C- and a2-receptors in tests of neuropharmacological interaction, which indicates an atypical
mechanism of its antidepressant action.

Conclusion: The antidepressant effect of N-199/1 is due to the stimulation of SHT1A-receptors and blockade of
SHT2A/2C- and a2-receptors.

Copyright Nikitina IL, Gaisina GG. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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The antidepressant effect of N-199/1 is due to the stimulation
of 5SHT1A-receptors and blockade of 5SHT2A/2C- and a2-receptors
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Introduction

Depression is among the most common mental disorders,
affecting about 6% of global population annually (Malhi
and Mann 2018) and the second leading cause of disabi-
lity worldwide (Bauer et al. 2019). The economic burden

of depression is rising steadily and is estimated at USD
210.5 billion per year, with about half of the economic
costs attributed to the workplace and the remainder to di-
rect medical costs (Maurer et al. 2018). It is important to
note that during the COVID-19 pandemic the prevalence
rate of depression has significantly increased: according
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to the results of a systematic review, 53.2 million additio-
nal cases of depression are associated with the COVID-19
pandemic, which is a 27.6% increase (Santomauro et al.
2021). Therefore, there is an increasing need for the deve-
lopment of novel treatments for depression. Antidepres-
sants are the main treatment option for depressive disor-
ders. Antidepressants differ markedly in their side effect
profile and potential for drug-drug interactions. The cur-
rent antidepressants of the second (for example, bupropi-
on, maprotiline, mianserin, trazodone) and third generati-
ons (for example, selective serotonin reuptake inhibitors
(SSRIs), selective serotonin and norepinephrine reuptake
inhibitors, mirtazapine) are generally better tolerated than
tricyclic antidepressants (TCAs, first generation), which
improves a treatment compliance (Bauer et al. 2013). Still
there is no evidence of greater effectiveness or faster on-
set of action of any particular class of antidepressants, alt-
hough certain advantages of classical TCAs over SSRIs
for the treatment of severe depression have been shown
(van den Broek et al. 2004). Therefore, when developing
new antidepressants, their effect on the monoaminergic
system of the brain is usually assessed.

Systematic studies carried out at the Department of
Pharmacology with a course of Clinical Pharmacology
of Bashkir State Medical University (BSMU, Ufa) have
revealed a promising low-toxic compound — 3-ethoxy-
thietane-1,1-dioxide (laboratory code N-199/1) which
exhibits a pronounced antidepressant activity (Gaisina
and Nikitina 2020; Khaliullin et al. 2020). The study of
the mechanism of action of N-199/1 in tests of neurophar-
macological interaction suggested that the antidepressant
effect of the molecule may be due to its serotonin-posi-
tive properties, and probably the blockade of serotonin
SHT2A/2C receptors and/or a2-adrenergic receptors (Ni-
kitina and Gaisina 2021). Therefore, in the present study
we evaluated the effect of N-199/1 on the monoaminergic
system in tests with antagonists and agonists of serotoner-
gic and adrenergic receptors.

Materials and methods

Experimental animals

The experiments were performed on white outbred male
mice weighing 18-23 g in accordance with the require-
ments of The European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (ETS No.123, 1986) and The Rules
of Good Laboratory Practice of the Eurasian Econo-
mic Union in the Field of Drugs (Decision No. 81 of the
Council of the Eurasian Economic Commission dated
November 3, 2016 ”On Approval of Rules of Good La-
boratory Practice of the Eurasian Economic Union in the
Sphere of Circulation of Medicines”). The animals were
kept in a 12-hour light regime (08:00-20:00) on a balan-
ced diet (GOST R 50258-92, LLC “GROUP-SPETS-
KOM?”, Moscow, Russia). The study was carried out in
accordance with the BSMU research plan on the problem

of Drug Discovery and Development, and is approved by
the Expert Council on biomedical ethics in theoretical dis-
ciplines of BSMU (Minutes No. 9, 2013).

Drugs and treatment

3-ethoxythietane-1,1-dioxide (N-199/1) was synthesi-
zed at the Department of Pharmaceutical Chemistry with
courses of Analytical and Toxicological Chemistry of
BSMU (Head of the Department — Elena E. Klen, Profes-
sor, Doctor of Pharmaceutical Sciences). N-199/1 (2 mg/
kg) was suspended with Tween-80 (Panreac Quimica
S.A.U., Spain), diluted in saline and injected intraperito-
neally (i.p.) in accordance with the Experimental design
at the rate of 0.2 m1/20 g of animal body weight. The refe-
rence drugs fluoxetine (Apo-Fluoxetine, capsules 20 mg,
Apotex INC, Canada) and amitriptyline (Amitriptyline,
solution for intravenous and intramuscular administrati-
on 10 mg/ml, Federal State Unitary Enterprise “Moscow
Endocrine Plant”, Russia) were diluted in saline with
Tween-80 and injected i.p. at a dose of 10 mg/kg similarly
to the compound. In tests of neuropharmacological inter-
action, we used SHT1A- antagonist WAY 100635 (0.1 mg/
kg, WAY 100635, Toronto Research Chemicals, Canada),
SHT2A/2C-antagonist ketanserin (5 mg/kg, Ketanse-
rin tartrate, Thermo Fisher, Germany), SHT3-antagonist
ondansetron (1 mg/kg, Latran, solution for intravenous
and intramuscular administration 2 mg/ml, Federal State
Unitary Enterprise SPC “Pharmzashchita” of FMBA of
Russia), a2-antagonist yohimbine (1 mg/kg, Yohimbine
hydrochloride, Thermo Fisher, Germany) and o2-agonist
clonidine (0.3 mg/kg, Clophelin, solution for intravenous
administration 0.1 mg/ml, J.S.C. “Organica”, Russia). All
the antagonists and the agonists were also diluted in saline
with 1-2 drops of Tween-80 and injected i.p. The con-
trol group received an equivalent volume of saline with
Tween-80.

Behavioral tests

To assess the antidepressant activity of N-199/1, forced
swimming test (FST) according to Porsolt (1979) in the
modification by Shchetinin et al. (1989), tail suspension test
(TST) according to Steru et al. (1985) and open field test
(OFT) (Val’dman and Poshivalov 1984) were performed.

The behavior of the animals was recorded on camera
(Panasonic V760), and the following parameters were
assessed, using the BrainTest software (Gabidullin et
al. 2008):

* TST: immobility time (IT), s;

e FST: IT and index of depression (ID) which was
calculated as the ratio of short cycles (less than
6 s) of immobility to the number of active swim-
ming cycles;

e OFT: the number of behavioral patterns “movement”,
“sniffing”, “vertical rearing”, “supported rearing”,
“hole peeking”, “grooming”, “movement in place”,
“sitting”, and the calculated indicators “orientation-ex-
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ploratory activity” (the sum of the patterns “move-
ment”, “sniffing” and “hole peeking”) and “emotional
anxiety” (the sum of the patterns “vertical rearing”,

“supported rearing” and “movement in place”).

Experimental design

Experiment 1 (antidepressant activity assessment)

The antidepressant effect of N-199/1 was assessed using
FST, TST and OFT when administered i.p. repeatedly.
The animals (n=47) were divided into 4 groups: Group
1 (control) received saline, i.p.; Group 2 — amitriptyline
(10 mg/kg), i.p.; Group 3 — fluoxetine (10 mg/kg), i.p.;
and Group 4 — N-199/1 (2 mg/kg), i.p. N-199/1 and refe-
rence drugs were administered once a day i.p. for 14 days;
on the Day 15, TST, FST and OFT were performed.

Experiment 2 (the effect of pharmacological antago-
nists on the activity of N-199/1)

The effect of SHTIA- (WAY100635, 0.1 mg/kg),
SHT2A/2C- (ketanserin, 5 mg/kg), SHT3- (ondansetron,
1 mg/kg) serotonergic and o2-adrenergic (yohimbine, 1 mg/
kg) receptors antagonists on the activity of N-199/1 in FST
and TST was studied according to the methods described
in Colla et al. (2012) and Karim et al. (2018). The animals
(n=96) were divided into the following experimental groups:

Group 1 — saline (control group);

Group 2 — N-199/1 (2 mg/kg);

Group 3 — WAY 100635 (0.1 mg/kg);

Group 4 —N-199/1 (2 mg/kg) + WAY 100635 (0.1 mg kg);
Group 5 — ketanserin 5 mg/kg;

Group 6 — ketanserin 5 mg/kg + N-199/1 (2 mg/kg);
Group 7 — ondansetron (1 mg/kg);

Group 8 — ondansetron (1 mg/kg) + N-199/1 (2 mg/kg);
Group 9 — yohimbine 1 mg/kg;

Group 10 — yohimbine 1 mg/kg + N-199/1 (2 mg/kg).

N-199/1 was administered once i.p. 30 min after a
single i.p. injection of antagonists of SHT2A/2C- (ke-
tanserin)/SHT3- (ondansetron)/a2- (yohimbine) recep-
tors or 30 min before the injection of SHT1A-antagonist
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(WAY 100635). Thirty minutes after the administration of
N-199/1 / WAY 100635, FST and TST were performed
according to the method described in the design of Expe-
riment 1. The design of Experiment 2 is shown in Fig. 1.

Experiment 3 (clonidine-induced hypothermia)

N-199/1 was administered once i.p. 30 min before a single
i.p. injection of clonidine, and the severity of the developed
hypothermia was assessed every 30 min over 2 h (Fig. 2).
The animals of Group 1 (n=8) received 2 injections of sali-
ne, i.p.; Group 2 (n=8) — saline and clonidine (0.3 mg/kg),
i.p.; and Group 3 (n=8) — N-199/1 (2 mg/kg) and clonidine
(0.3 mg/kg), i.p. Rectal temperature was measured 0, 30, 60,
90, 120, 150 min after the administration of N-199/1 using a
TW2-193 electrothermometer (Braintree Scientific, USA).

Statistical analysis

The statistical analysis was performed using the STA-
TISTICA 13.3 software (TIBCO Software Inc., USA).
Descriptive statistics (the normality of distribution, me-
dian [Me], interquartile range [IQR]) and nonparametrics
(Kruskell-Wallis, Mann-Whitney, Friedman, Wilcoxon
tests) were calculated (White 2019). Graphical repre-
sentation of the data obtained was carried out using the
GraphPad Prism 8.0.1 program (GraphPad Software,
USA). The results were considered statistically signifi-
cant at a p-level<0.05.

Results
Experiment 1

N-199/1 caused a significant antidepressant effect in
FST, reducing IT FST by 62% (p=0.035) and ID by 33%
(p<0.001), compared with the control group (Fig. 3). The
effect of N-199/1 in FST was similar to the effects of the
reference drugs (p>0.05 compared to both amitriptyline
and fluoxetine). N-199/1, as well as the reference drugs,
caused a trend to decrease IT by 44% (p=0.150, Fig. 3) in
TST and produced no effect in OFT.
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Figure 1. Design of the tests with pharmacological antagonists (Experiment 2). Note: TST — tail suspension test, FST — forced

swimming test.


https://pubchem.ncbi.nlm.nih.gov/compound/Amitriptyline
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine
https://pubchem.ncbi.nlm.nih.gov/compound/Ketanserin
https://pubchem.ncbi.nlm.nih.gov/compound/Ondansetron
https://pubchem.ncbi.nlm.nih.gov/compound/Yohimbine
https://pubchem.ncbi.nlm.nih.gov/compound/Ketanserin
https://pubchem.ncbi.nlm.nih.gov/compound/Ketanserin
https://pubchem.ncbi.nlm.nih.gov/compound/Ondansetron
https://pubchem.ncbi.nlm.nih.gov/compound/Ondansetron
https://pubchem.ncbi.nlm.nih.gov/compound/Yohimbine
https://pubchem.ncbi.nlm.nih.gov/compound/Yohimbine
https://pubchem.ncbi.nlm.nih.gov/compound/Ketanserin
https://pubchem.ncbi.nlm.nih.gov/compound/Ketanserin
https://pubchem.ncbi.nlm.nih.gov/compound/Ondansetron
https://pubchem.ncbi.nlm.nih.gov/compound/Yohimbine
https://pubchem.ncbi.nlm.nih.gov/compound/Clonidine
https://pubchem.ncbi.nlm.nih.gov/compound/Clonidine
https://pubchem.ncbi.nlm.nih.gov/compound/Clonidine
https://pubchem.ncbi.nlm.nih.gov/compound/Amitriptyline
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine

Research Results in Pharmacology 8(2): 87-94 91
hypothermia assessment

L I 1 1 1

¥ ] 1 T 1 >

o 30 60’ 90’ 1200 150

time, min
N-199/1
Figure 2. Design of the test of clonidine-induced hypothermia (Experiment 3).
e 1 1680 - ]
) T e 7
£ 150 = i & 1.08 # .
o 915 101.5 040 ) IO‘F.S g e = . 042 0
.§ 100 i T E 100 § D.F9 J_ T
= l - 7
z z l £ 0s i
= 5 ) =
© 5] e
E E 3]
E o E o E 00
é& @ i@e qq\\ \& @é& ‘&e @Q‘ &\\
49 & N & 48 4 N
w A » C

Figure 3. Effect of N-199/1 on immobility time in the tail suspension test (A), immobility time (B) and index of depression (C) in
the forced swimming test, when administered repeatedly (for 2 weeks) intraperitoneally to male mice. Note: graphs show group
medians and interquartile range; * — p<0.05 for the Mann-Whitney test compared to the control group.

Experiment 2

N-199/1 did not affect IT in TST, which is consistent with
the results obtained in single (Khaliullin et al. 2020) and
repeated administrations (Experiment 1) and is typical for
many antidepressants (Cryan et al. 2005b).

In FST, N-199/1 showed antidepressant properties, re-
ducing IT by 49% (p=0.001) and ID by 25% (p<0.001) in
comparison with the control group (Fig. 4).

All the antagonists significantly decreased ID FST: on-
dansetron — by 45%, yohimbine — by 33%, WAY 100635
— by 11%, and ketanserin — by 27% (p<0.05) compared to
the control group (Fig. 4). Ondansetron decreased IT FST
by 55% as well (p=0.008).

WAY 100635 (SHT1A-antagonist) reversed the antide-
pressant effect of N-199/1: the effect of the combination
of N-199/1 and the antagonist on the ID was comparable
to the effect of the control group (p=0.284), while the ID
was 27% (p=0.001) higher than in the only-N-199/1-tre-
ated group (Fig. 4).

The  combined treatment  with  ketanserin
(SHT2A/2C-antagonist) and N-199/1 caused a more pro-
nounced reduction of ID than in the N-199/1 group (by
36%, p=0.037) or ketanserin group (by 34%, p=0.036),
and did not affect IT FST (Fig. 4).

The pre-treatment with ondansetron (5HT3-antago-
nist) did not change the effect of N-199/1 in the FST: IT
and ID in the group “ondansetron + N-199/1” were com-
parable to the N-199/1 group (p>0.05). At the same time,

the ID of the combination was significantly higher than in
the ondansetron group (p=0.002, Fig. 4).

The combination of N-199/1 and yohimbine (02-an-
tagonist) increased I'T FST twice compared to the N-199/1
group (p=0.014, Fig. 4) and caused an effect, similar to
that in the yohimbine group.

Experiment 3

Clonidine (0.3 mg/kg) reduced the rectal temperature of
animals by 1.5-2.4 °C 30-90 min after its administrati-
on (p<0.05 for the Mann-Whitney test compared with the
control group, p<0.05 for the Wilcoxon test compared
with the base level of 0 min) (Fig. 5). N-199/1 counterac-
ted clonidine-induced hypothermia: the body temperature
of animals in the group N-199/1 + clonidine did not differ
from the control group throughout the experiment, and, at
the time point of 60 min, it was significantly higher than
in the clonidine group (by 0.7 °C, p=0.042, Fig. 5).

Discussion

We had previously shown that N-199/1 exhibits signifi-
cant antidepressant properties after a single i.p. adminis-
tration to male mice (Khaliullin et al. 2020), and the mi-
nimum dose that has a pronounced antidepressant effect
in FST is a dose of 2 mg/kg (Gaisina and Nikitina 2020),
which we used in this study.
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Immobility time, s

Figure 4. Effect of the combined treatment with N-199/1 and pharmacological antagonists on immobility time (A) and index of de-
pression (B) in the forced swimming test when singly administered intraperitoneally to male mice. Note: graphs show group medi-
ans and interquartile range; * — p<0.05 for the Mann-Whitney test compared to the control group; #— p<0.05 for the Mann-Whitney

test compared to N-199/1; $ — p<0.05 for the Mann-Whitney test compared to the corresponding antagonist.

It is known that most antidepressants have a delayed
onset of action, and their clinical effect develops only in
2-4 weeks (Czéh et al. 2016). According to the World Fe-
deration of Societies of Biological Psychiatry (WFSBP)
Guidelines for Biological Treatment of Unipolar Depres-
sive Disorders, response to antidepressant therapy should
be assessed after 2 weeks of treatment, and achievement
of symptoms reduction may require at least 8—10 weeks
(Bauer et al. 2013). To assess how the activity of N-199/1
changes during chronic treatment, we evaluated the effect
of the molecule in TST, FST and OFT, when administered
repeatedly for 2 weeks (Experiment 1).

Similarly to our previous results obtained in a single
administration, N-199/1 exhibited pronounced antide-
pressant properties in FST and did not cause any signi-
ficant effect in TST, which is characteristic to atypical
antidepressants (Cryan et al. 2005b) and suggests that
N-199/1 has an atypical mechanism of action. In addition,
we have found that an increase in the duration of the tre-
atment course leads to a more pronounced antidepressant
effect of N-199/1: in the FST, a significant decrease in
both ID and IT was observed (by 33% u 62%, respecti-
vely compared to the control group, p<0.05). It should
also be noted that the effect of N-199/1 was similar to the
effects of the reference drugs amitriptyline and fluoxetine.

The basic tests for studying the mechanism of action of
molecules with antidepressant activity are tests of neuro-
pharmacological interaction (Habriev 2005). To study the
mechanism of the antidepressant action of N-199/1 in
FST (Experiment 2), we assessed its activity when co-ad-
ministered with the antagonists of serotonergic SHT1A-
(WAY'100635), SHT2A/2C- (ketanserin), SHT3-receptors
(ondansetron), and a2-adrenergic receptors (yohimbine).
The antagonists were selected based on the results of a
reserpine test (Nikitina and Gaisina 2021), which showed
that the mechanism of action of N-199/1 is associated with
its serotonin-positive properties and, probably, blockade
of SHT2A/2C receptors and a2-adrenergic receptors.

In tests with antagonists, N-199/1 exhibited antidepres-
sant properties in FST, reducing IT and ID, which is con-
sistent with the results obtained when it was administered

repeatedly in Experiment 1, or singly in our previous stu-
dies (Khaliullin et al. 2020).

All the antagonists significantly reduced ID FST, and
ondansetron (SHT3-antagonist) decreased IT FST as well,
causing an antidepressant-like effect in FST in agreement
with many in vivo studies. It has been shown that SHT2A,
SHT2C and 5HT3-antagonists demonstrate antidepres-
sant-like properties in behavioral tests and animal models
of depression in rodents (Carr and Lucki 2011).

The agonists of SHT 1 A-receptors have shown to produ-
ce antidepressant-like effect as well, while the antagonists
have no activity in FST (Cryan et al. 2005a; Carr and Luc-
ki 2011). However, in our experiment, SHT 1 A-antagonist
WAY 100635 decreased ID FST, which may be associated
with the blockade of not only postsynaptic receptors, but
presynaptic SHT1A receptors as well, which are negative
feedback receptors (Cryan et al. 2005a). WAY 100635
reversed the ID decrease caused by N-199/1, suggesting
that the mechanism of antidepressant effect of N-199/1 is
due to stimulation of SHT1A-receptors.

The combination of the SHT2A/2C antagonist ketan-
serin and N-199/1 potentiated the effects of both the an-
tagonist and the molecule on the ID. This suggests that
N-199/1 produces its antidepressant effect due to blocka-
de of SHT2A/2C receptors similar to ketanserin (which
is consistent with the data obtained in the reserpine test),
or, more likely, via other mechanisms, for example, by
stimulating SHT1A receptors.

The effect of the combination of the SHT3-antago-
nist ondansetron and N-199/1 was similar to the effect of
N-199/1 itself, so it can be concluded that the compound
does not affect SHT3 receptors. The significant difference
between the ondansetron + N-199/1 combination and the
ondansetron group by ID is probably related to the seroto-
nin-positive properties of N-199/1.

Yohimbine (a2-antagonist) attenuated the antidepressant
effect of N-199/1 on IT FST. An additional test with the
a2-agonist clonidine (Experiment 3) allowed us to conclude
that the observed findings are due to the blockade of 02-adr-
energic receptors, which is consistent with the results of the
test of neuropharmacological interaction with reserpine.
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Figure 5. Effect of N-199/1 on clonidine-induced hypothermia. Note: clonidine was administered 30 min after N-199/1 at the time
point of 0 min. The graph shows group medians; * — p<0.05 for the Mann-Whitney test compared to the control group, # — p<0.05

for the Mann-Whitney test compared to the clonidine group.

Conclusion

N-199/1 exhibits a pronounced antidepressant activity
when administered i.p. to male mice singly or repeatedly.
The mechanism of action of N-199/1 is probably associ-
ated with the stimulation of serotonergic SHT1A-recep-
tors, blockade of SHT2A/2C-receptors and a2-adrenergic
receptors, since the SHT1A-antagonist WAY 100635 and

References

B Bauer M, Rush AJ, Ricken R, Pilhatsch M, Adli M (2019)
Algorithms for treatment of major depressive disorder: efficacy and
cost-effectiveness. Pharmacopsychiatry 52(3): 117-125. https://doi.
org/10.1055/a-0643-4830 [PubMed]

B Bauer M, Pfennig A, Severus E, Whybrow PC, Angst J, Méller H-J
(2013) World Federation of Societies of Biological Psychiatry (WFSBP)
Guidelines for biological treatment of unipolar depressive disorders,
part 1: Update 2013 on the acute and continuation treatment of unipolar
depressive disorders. The World Journal of Biological Psychiatry 14(5):
334-385. https://doi.org/10.3109/15622975.2013.804195 [PubMed]

B van den Brock WW, Birkenhdger TK, Mulder PGH, Bruijn
JA, Moleman P (2004) A double-blind
comparing imipramine with fluvoxamine in depressed inpatients.
Psychopharmacology 175(4): 481-486. https://doi.org/10.1007/
$00213-004-1853-3 [PubMed]

B Carr GV, Lucki I (2011) The role of serotonin receptor subtypes in

randomized study

treating depression: a review of animal studies. Psychopharmacology
213(2-3):  265-287. https://doi.org/10.1007/s00213-010-2097-z
[PubMed] [PMC]

B Colla ARS, Machado DG, Bettio LEB, Colla G, Magina MDA,
Brighente IMC, Rodrigues ALS (2012) Involvement of monoami-
nergic systems in the antidepressant-like effect of Eugenia brasil-
iensis Lam. (Myrtaceae) in the tail suspension test in mice. Journal
of Ethnopharmacology 143(2): 720-731. https://doi.org/10.1016/].
jep.2012.07.038 [PubMed]

B Cryan JF, Valentino RJ, Lucki I (2005a) Assessing substrates under-
lying the behavioral effects of antidepressants using the modified rat

the a2-antagonist yohimbine counteracted the antidepres-
sant effect of N-199/1 in FST, the SHT2A/2C-antagonist
ketanserin enhanced it, and N-199/1 reversed the hypo-
thermic effect of the a2 agonist clonidine.

Conflict of interest

The authors declare no conflict of interests.

forced swimming test. Neuroscience and Biobehavioral Reviews 29:
547-569. https://doi.org/10.1016/j.neubiorev.2005.03.008 [PubMed]

B Cryan JF, Mombereau C, Vassout A (2005b) The tail suspension
test as a model for assessing antidepressant activity: review of
pharmacological and genetic studies in mice. Neuroscience and
Biobehavioral Reviews 29(4-5): 571-625. https://doi.org/10.1016/j.
neubiorev.2005.03.009 [PubMed]

B Cz¢h B, Fuchs E, Wiborg O, Simon M (2016) Animal models of ma-
jor depression and their clinical implications. Progress in Neuro-Psy-
chopharmacology & Biological Psychiatry 64: 293-310. https://doi.
org/10.1016/j.pnpbp.2015.04.004 [PubMed]

B Gabidullin RA, Ivanova OA, Nikitina IL, Alekhin EK (2008) State
Registration Certificate for Computer Program No. 2008610170
“Brain Test”, Moscow.

B Gaisina GG, Nikitina IL (2020) Study of the range of effective doses
of a new 3-substituted thietane-1,1-dioxide derivative. Bashkorto-
stan Medical Journal [Meditsinskii Vestnik Bashkortostana] 15(6):
48-50. [in Russian]

B Habriev RU (2005) Guidelines for the experimental (preclinical)
study of new pharmacological substances. JSC Publishing House
“Medicine”, Moscow, 832 pp. [in Russian]

B Karim N, Khan I, Abdelhalim A, Khan A, Halim SA (2018)
Antidepressant potential of novel flavonoids derivatives from
sweet violet (Viola odorata L): Pharmacological, biochemical and
computational evidences for possible involvement of serotonergic
mechanism. Fitoterapia 128: 148-161. https://doi.org/10.1016/].
fitote.2018.05.016 [PubMed]


https://pubchem.ncbi.nlm.nih.gov/compound/Yohimbine
https://pubchem.ncbi.nlm.nih.gov/compound/Clonidine
https://doi.org/10.1055/a-0643-4830
https://doi.org/10.1055/a-0643-4830
https://pubmed.ncbi.nlm.nih.gov/29986372/
https://doi.org/10.3109/15622975.2013.804195
https://pubmed.ncbi.nlm.nih.gov/23879318/
https://doi.org/10.1007/s00213-004-1853-3
https://doi.org/10.1007/s00213-004-1853-3
https://pubmed.ncbi.nlm.nih.gov/15243735/
https://doi.org/10.1007/s00213-010-2097-z
https://pubmed.ncbi.nlm.nih.gov/21107537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3374933/
https://doi.org/10.1016/j.jep.2012.07.038
https://doi.org/10.1016/j.jep.2012.07.038
https://pubmed.ncbi.nlm.nih.gov/22884868/
https://doi.org/10.1016/j.neubiorev.2005.03.008
https://pubmed.ncbi.nlm.nih.gov/15893822/
https://doi.org/10.1016/j.neubiorev.2005.03.009
https://doi.org/10.1016/j.neubiorev.2005.03.009
https://pubmed.ncbi.nlm.nih.gov/15890404/
https://doi.org/10.1016/j.pnpbp.2015.04.004
https://doi.org/10.1016/j.pnpbp.2015.04.004
https://pubmed.ncbi.nlm.nih.gov/25891248/
https://doi.org/10.1016/j.fitote.2018.05.016
https://doi.org/10.1016/j.fitote.2018.05.016
https://pubmed.ncbi.nlm.nih.gov/29775777/
https://pubchem.ncbi.nlm.nih.gov/compound/Clonidine

Nikitina IL, Gaisina GG: Involvement of monoaminergic system in the effect of thietanedioxides

Khaliullin FA, Nikitina IL, Klen EE, Gaisina GG, Makarova NN (2020)
Synthesis, antidepressant activity, and prediction of toxic risks of
3-Alkoxy(Sulfanyl)Thietane-1,1-Dioxides. Pharmaceutical Chemistry
Journal 53: 1106-1112. https://doi.org/10.1007/s11094-020-02131-z
Malhi GS, Mann JJ (2018) Depression. Lancet 392(10161): 2299—
2312. https://doi.org/10.1016/S0140-6736(18)31948-2 [PubMed]
Maurer DM, Raymond TJ, Davis BN (2018) Depression: screen-
ing and diagnosis. American Family Physician 98(8): 508-515.
[PubMed]

Nikitina IL, Gaisina GG (2021) Neuropharmacological
characteristics of antidepressant action of a new 3-substituted
thietane-1,1-dioxide derivative. Research Results in Pharmacology
7(3): 63—71. https://doi.org/10.3897/rrpharmacology.7.68560
Porsolt RD (1979) Animal model of depression. Biomedicine 30(3):
139-140. [PubMed]

Santomauro DF, Herrera AMM, Shadid J, Zheng P, Ashbaugh C, Pig-
ott DM, Abbafati C, Adolph C, Amlag JO, Aravkin AY, Bang-Jensen
BL, Bertolacci GJ, Bloom SS, Castellano R, Castro E, Chakrabar-
ti S, Chattopadhyay J, Cogen RM, Collins JK, Dai X, Dangel WJ,
Dapper C, Deen A, Erickson M, Ewald SB, Flaxman AD, Frostad
JJ, Fullman N, Giles JR, Giref AZ, Guo G, He J, Helak M, Hul-
land EN, Idrisov B, Lindstrom A, Linebarger E, Lotufo PA, Lozano

Author contributions

R, Magistro B, Malta DC, Mansson JC, Marinho F, Mokdad AH,
Monasta L, Naik P, Nomura S, O’Halloran JK, Ostroff SM, Pasovic
M, Penberthy L, Jr RCR, Reinke G, Ribeiro ALP, Sholokhov A, So-
rensen RJD, Varavikova E, Vo AT, Walcott R, Watson S, Wiysonge
CS, Zigler B, Hay SI, Vos T, Murray CJL, Whiteford HA, Ferrari AJ
(2021) Global prevalence and burden of depressive and anxiety dis-
orders in 204 countries and territories in 2020 due to the COVID-19
pandemic. Lancet 398(10312): 1700-1712. https://doi.org/10.1016/
S0140-6736(21)02143-7 [PubMed] [PMC]

Shchetinin EV, Baturin VA, Arushanyan EB, Ovanesov KB, Popov
AV (1989) A biorhythmologic approach to evaluating forced
swimming as an experimental model of a “depressive” state.
[Zhurnal Vysshei Nervnoi Deiatelnosti Imeni I P Pavlova] 39(5):
958-964. [PubMed] [in Russian]

Steru L, Chermat R, Thierry B, Simon P (1985) The tail suspension
test: a new method for screening antidepressants in mice.
Psychopharmacology 85(3): 367-370. https://doi.org/10.1007/
BF00428203 [PubMed]

Val’dman AV, Poshivalov VP (1984) Pharmacologic regulation of
intraspecific behavior. Meditsina, Leningrad, 208 pp. [in Russian]
White S (2019) Basic and clinical biostatistics: Fifth edition.
McGraw-Hill Education, 368 pp.

B Irina L. Nikitina, M.D., PhD, Professor of Department of Pharmacology with a course of Clinical Pharmacology,

Bashkir State Medical University; head of Llaboratory of Neuropharmacology, Bashkir State Medical University.
e-mail: irennixleo@gmail.com, ORCID ID https://orcid.org/0000-0002-6283-5762. The author developed the
idea, concept and design of the study, supervised the planning and conducting of research activities, analyzed the

results and edited the final version of the article.

Gulnara G. Gaisina, post-graduate student, Assistant of Department of Pharmacology with a course of Clinical
Pharmacology, Bashkir State Medical University. e-mail: gugaisy@gmail.com, ORCID ID https://orcid.org/0000-
0002-1936-3720. The author took part in experimental work, performed statistical analysis and prepared the final

version of the article.


https://doi.org/10.1007/s11094-020-02131-z
https://doi.org/10.1016/S0140-6736(18)31948-2
https://pubmed.ncbi.nlm.nih.gov/30396512/
https://pubmed.ncbi.nlm.nih.gov/30277728/
https://doi.org/10.3897/rrpharmacology.7.68560
https://pubmed.ncbi.nlm.nih.gov/573643/
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1016/S0140-6736(21)02143-7
https://pubmed.ncbi.nlm.nih.gov/34634250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8500697/
https://pubmed.ncbi.nlm.nih.gov/2603564/
https://doi.org/10.1007/BF00428203
https://doi.org/10.1007/BF00428203
https://pubmed.ncbi.nlm.nih.gov/3923523/
mailto:irennixleo@gmail.com
https://orcid.org/0000-0002-6283-5762
mailto:gugaisy@gmail.com
https://orcid.org/0000-0002-1936-3720
https://orcid.org/0000-0002-1936-3720

	Involvement of monoaminergic system in the antidepressant effect of 3-substituted thietane-1,1-dioxide derivative
	Abstract
	Introduction
	Materials and methods
	Experimental animals
	Drugs and treatment
	Behavioral tests
	Experimental design
	Statistical analysis

	Results
	Experiment 1
	Experiment 2
	Experiment 3

	Discussion
	Conclusion
	Conflict of interest
	References
	Author contributions

