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Abstract
Introduction: Due to severe burden of depressive disorders and a low rate of remission in patients receiving antide-
pressant therapy, there is an urgent need for developing novel agents with antidepressant action and a fundamentally 
new mechanism of action. 3-ethoxythietane-1,1-dioxide (N-199/1) is a new molecule that showed significant antide-
pressant properties when administered intraperitoneally once or repeatedly. The aim of the present study was to inves-
tigate the mechanism of action of N-199/1, using reserpine test.

Materials and methods: N-199/1 (2 mg/kg and 4.86 mg/kg) and the reference drugs (imipramine and fluoxetine) were 
administered once intraperitoneally to outbred male mice 4 h (Experiment 1) and 18 h (Experiment 2) after a single 
intraperitoneal injection of reserpine (2.5 mg/kg). The severity of reserpine-induced symptoms (hypothermia, ptosis 
and akinesia) was assessed.

Results and discussion: N-199/1 potentiated reserpine-induced hypothermia at both doses and reduced ptosis at a dose 
of 2 mg/kg when administered 4 h after reserpine. N-199/1 increased the duration of reserpine akinesia at a dose of 
2 mg/kg when administered 18 h after reserpine and at a dose of 4.86 mg/kg when administered 4 h after reserpine. The 
effect of N-199/1 resembled the effect of fluoxetine and was dose-dependent.

Conclusion: Based on the results obtained, it can be assumed that the antidepressant action of N-199/1 is due to its 
serotonin-positive properties, and probably the blockade of serotonin 5HT2A/2C receptors and/or α2-adrenergic recep-
tors. The effect of N-199/1 is dose-dependent and resembles the effect of fluoxetine.
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Introduction

According to the World Health Organization (2017), de-
pressive disorders affect more than 300 million people 
worldwide and are among the leading causes of disabi-
lity and suicide. Although there are effective treatments 
for depression, about 30% of patients receiving antide-
pressant therapy do not achieve full remission (Sanches 
et al. 2021); therefore, the development of new antide-
pressants with a fundamentally new mechanism of acti-
on is needed.

3-substituted thietane-1,1-dioxides are a new promi-
sing chemical class synthesized at the Department of 
Pharmaceutical Chemistry with courses of Analytical and 
Toxicological Chemistry of Bashkir State Medical Uni-
versity (BSMU, Head of the Department – Elena E. Klen, 
Professor, Doctor of Pharmaceutical Sciences). Amongst 
thietane dioxide derivatives, compounds with antidepres-
sant action have been already found (Ivanova et al. 2011a, 
2011b; Klen et al. 2017), such as 3-ethoxythietane-1,1-di-
oxide (laboratory code N-199/1). N-199/1 showed signi-
ficant antidepressant properties after single (Khaliullin et 
al. 2020) and repeated intraperitoneal (i.p.) administration 
to outbred male mice in a wide range of doses (Mavlyu-
tov and Gaisina 2020) in the forced swimming test and in 
the tail suspension test, and is of interest for studying its 
mechanism of action.

There is still neither single unifying theory that could 
explain the heterogeneity of depression symptoms, nor 
universal animal models that make it possible to replicate 
them (Czéh et al. 2016). In recent years, the involvement 
of the hypothalamic-pituitary-adrenal axis, glutama-
tergic system, neuroplasticity and inflammatory reacti-
ons in the pathogenesis of depression has been shown. 
Nevertheless, the first developed theory of depression 
– monoaminergic – remains the most widely accepted 
and valid in the development of novel antidepressants. 
All current antidepressants either way affect monoamine 
release; therefore the development of novel antidepres-
sants should include studying their effect on the central 
monoaminergic system. A commonly used method for 
screening antidepressant agents is the reserpine test, 
which evaluates the effect of the test compounds on 
noradrenergic, dopaminergic, and serotonergic neurot-
ransmission by their ability to reverse reserpine-induced 
symptoms (hypothermia, ptosis, akinesia) (Czéh et al. 
2016; Raupp-Barcaro et al. 2018). In the present study, 
we investigated the mechanism of the antidepressant 
action of N-199/1 in the test of neuropharmacological 
interaction with reserpine.

Materials and methods
Experimental animals

The present study is a part of the BSMU research project 
”Study of the biological activity of thietanes” and was ap-
proved by the Local Ethics Committee of BSMU (Minutes 
No. 9, 2013). All the animal procedures were carried out in 
accordance with the Rules of Good Laboratory Practice of 
the Eurasian Economic Union in the field of drugs (Decision 
No. 81 of the Council of the Eurasian Economic Commissi-
on dated November 3, 2016 ”On Approval of Rules of Good 
Laboratory Practice of the Eurasian Economic Union in the 
Sphere of Medicine Circulation”) and the International Re-
commendations of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and other 
Scientific Purposes (ETS No.123, 1986). The experiments 
were performed on white outbred male mice (18–25 g). The 
animals were maintained in a 12-h light regime (08:00–
20:00) with free access to water and food.

Drugs and treatment

N-199/1 was synthesized at the Department of Pharma-
ceutical Chemistry with courses of Analytical and Toxi-
cological Chemistry of BSMU. Reserpine was purchased 
from Sigma Aldrich, USA. Fluoxetine (Apo-Fluoxetine, 
capsules 20 mg, Apotex INC, Canada) and imipramine 
(Melipramine, tablets 25 mg, Egis Pharmaceuticals PLC, 
Hungary) were used as the reference drugs. Reserpine, 
N-199/1 and the reference drugs were suspended with 1–2 
drops of Tween-80 (Panreac Quimica S.A.U., Spain) and 
diluted in saline (0.2 ml per 20 g of body weight). The 
control group received an equivalent volume of saline.

Experimental design

The animals were divided into 6 experimental groups (6 
in each group): Group 1 (control) received two injections 
of saline, i.p., Group 2 – reserpine (2.5 mg/kg) and sali-
ne, i.p., Groups 3 – reserpine (2.5 mg/kg) and imipramine 
(10 mg/kg), i.p., Group 4 – reserpine (2.5 mg/kg) and flu-
oxetine (10 mg/kg), i.p., Group 5 – reserpine (2.5 mg/kg) 
and N-199/1 (2 mg/kg), i.p., and Group 6 – reserpine 
(2.5 mg/kg) and N-199/1 (4.86 mg/kg), i.p.

Experiment 1 (according to Wang et al. (2014))

Reserpine was injected i.p. to Groups 2–6 at a dose of 
2.5 mg/kg while Group 1 received saline. Four hours later, 
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mice were treated with saline (Groups 1–2), imipramine 
at a dose of 10 mg/kg (Group 3), fluoxetine at a dose of 
10 mg/kg (Group 4) and N-199/1 at doses of 2 mg/kg 
(Group 5) and 4.86 mg/kg (Group 6). Reserpine-induced 
symptoms were assessed 4, 4.5, 5, 5.5, 6, 12, 22, and 24 h 
after reserpine administration (Fig. 1).

Experiment 2 (according to Bourin (1990))

Saline (Groups 1–2), imipramine at a dose of 10 mg/kg 
(Group 3), fluoxetine at a dose of 10 mg/kg (Group 4), and 
N-199/1 at doses of 2 mg/kg (Group 5) and 4.86 mg/kg 
(Group 6) were administered i.p. to mice 18 h after the 
reserpine injection (2.5 mg/kg). Reserpine-induced hypo-
thermia, ptosis and akinesia were measured 18, 18.5, 19, 
19.5, and 20 h after the administration of reserpine (Fig. 2).

Assessment of reserpine-induced symptoms (hypo-
thermia, ptosis and akinesia)

Rectal temperature was measured using a TW2-193 elec-
trothermometer (Braintree Scientific, USA) and then del-
tas (Δt) were calculated using the formula Δt = t(t)-t(0), 

where t(t) is the body temperature at a given point in time, 
and t(0) is the rectal temperature at the time point of 0 h.

Ptosis was assessed in points (0–4) according to the 
scale of B. Rubin:

• 4 – eyes open
• 3 – eyes 3/4 open
• 2 – eyes 1/2 open
• 1 – eyes 1/4 open
• 0 – eyes closed

The duration of akinesia was measured in s for 1 min. 
The animals were placed in the center of a black circle 
(7.5 cm in diameter), and the total time during which 
the mice remained within the circle was measured 
(Wang et al. 2014).

Statistical analysis

The statistical analysis was performed using the STATIS-
TICA 10.0 software (StatSoft, USA). The normality of 
distribution was assessed, and descriptive statistics, such 
as median [Me], interquartile range [IQR], and standard 

Figure 1. Design of Experiment 1.

Figure 2. Design of Experiment 2.
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deviation were calculated. Since the data distribution was 
abnormal, nonparametric tests were used to compare the 
samples, such as Kruskell-Wallis, Mann-Whitney (p1), 
Friedman, Wilcoxon (p2). The results were considered 
statically significant at a p-level < 0.05.

Results
Experiment 1

Reserpine significantly reduced the rectal temperature of 
animals by 1.3–5.0 °C (p1 = 0.004) compared with the 
control group and by 0.9–6.2 °C (p2 = 0.028) compared 
with the base level Δt0-4. Hypothermia was observed 
throughout the experiment and reached its maximum va-
lue 22 h after reserpine administration (Fig. 3).

N-199/1 at doses of 2 mg/kg and 4.86 mg/kg poten-
tiated the reserpine-induced hypothermia throughout the 
experiment by 1.7–3.05 °C and 1.2–4.35 °C, respective-
ly, compared with the reserpine group (p1 < 0.05). The 
rectal temperature decreased in dynamics as well by 

1.35–6.8 °C in Group 5 and by 1.3–8.4 °C in Group 6 
(p2 < 0.05) compared with the base level (Fig. 3).

Imipramine did not change the value of reserpine-in-
duced hypothermia compared with the reserpine group. 
In dynamics, the rectal temperature of the animals decre-
ased, starting from the timepoint of 12 h, by 3.0–5.6 °C 
(p2 = 0.028) in relation to the base level (Fig. 3).

Fluoxetine potentiated the effect of reserpine throughout 
the experiment, reducing the body temperature of the ani-
mals by 1.75–2.55 °C compared with the reserpine group 
(p1 < 0.05). Compared with the base level, the rectal tem-
perature decreased by 1.35–7.35 °C (p2 = 0.028, Fig. 3).

Reserpine-induced ptosis was 0–2 points during the 
experiment, reaching the maximum value (0 points) 22 h 
after reserpine administration (Fig. 4).

N-199/1 reduced a degree of reserpine ptosis by 0.5 
points (5 h, p1 = 0.045) at a dose of 2 mg/kg and did not 
change it at a dose of 4.86 mg/kg compared with the re-
serpine group. The effects of two doses were statistically 
different 5 h after reserpine injection (p1 = 0.020). In dyna-
mics, the value of ptosis did not change in Group 5, where-
as increased by 1–1.5 points in Group 6 (p2 < 0.05, Fig. 4).

Figure 3. Effect of N-199/1 on reserpine-induced hypothermia when administered 4 h after reserpine. Note: * – p < 0.05 for the 
Mann-Whitney test compared with the reserpine group (Group 2).

Figure 4. Effect of N-199/1 on reserpine-induced ptosis when administered 4 h after reserpine. Note: * – p < 0.05 for the Mann-Whit-
ney test compared with the reserpine group (Group 2).
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Imipramine reduced a degree of ptosis by 2–3 points 
compared with Group 2 (p1 < 0.05) and by 1.5–2.5 points 
compared with the initial timepoint of 4 h (p2 = 0.028) 
4.5–5.5 h after reserpine administration (Fig. 4).

Fluoxetine did not affect the value of ptosis throughout 
the experiment compared with Group 2. In dynamics, 
the ptosis score increased by 1 point 24 h after reserpine 
administration in comparison with the timepoint of 4 h 
(p2 = 0.028, Fig. 4).

Four hours after reserpine administration, the animals 
developed akinesia, the duration of which sequential-
ly increased from 27 s to the maximum of 60 s (22 h, 
p2 = 0.028, Fig. 5).

N-199/1 did not affect reserpine-induced akinesia 
throughout the experiment at a dose of 2 mg/kg.

At a dose of 4.86 mg/kg, N-199/1 significantly increased 
the duration of akinesia by 23.5 s half an hour after its ad-
ministration (4.5 h; p2 = 0.028). At the timepoint of 5 h, the 
duration of akinesia reached its maximum value and persis-
ted until the end of the experiment (Fig. 5). Compared with 

Group 2, the duration of akinesia in Group 6 was significant-
ly increased by 12.5 s at the timepoint of 4.5 h (p1 = 0.020).

Imipramine did not affect the duration of akinesia com-
pared with Group 2, but reduced it in dynamics by 12.5 s 
half an hour after its administration (4.5 h, p2 = 0.043) 
compared with the base level.

The effect of fluoxetine was comparable to the effect of 
reserpine at all timepoints (p1 > 0.05, Fig. 5).

Experiment 2

Reserpine caused the development of hypothermia of 
-9.5 °C (p1 = 0.002 compared with Group 1), which gra-
dually decreased to -4.6 °C by 20 h after reserpine admi-
nistration (p1 = 0.004, p2 = 0.028, Fig. 6).

Hypothermia decreased by 1.8–5.1 °C 18.5–20 h after 
reserpine injection compared with the base level (Δt0-18) 
in Group 6 (p2 = 0.028) and did not change in Group 5. 
There was no significant difference between the groups 
which had received N-199/1 (2 mg/kg or 4.86 mg/kg) and 

Figure 5. Effect of N-199/1 on reserpine-induced akinesia when administered 4 h after reserpine. Note: * – p < 0.05 for the 
Mann-Whitney test compared with the reserpine group (Group 2).

Figure 6. Effect of N-199/1 on reserpine-induced hypothermia when administered 18 h after reserpine. Note: * – p < 0.05 for the 
Mann-Whitney test compared with the reserpine group (Group 2).
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reserpine group at all time points (p1 > 0.05), while in 
Group 5 (N-199/1, 2 mg/kg), hypothermia was more pro-
nounced than in Group 3 (imipramine, p1 < 0.05 19–20 h 
after reserpine injection, Fig. 6).

Imipramine reduced reserpine hypothermia in dyna-
mics by 3.4–5.0 °C compared with the base level ∆t0-18 
(p2 = 0.028), and, statistically insignificantly (by 1.4–
3.6 °C) compared with Group 2 (p1 > 0.05) at all time 
points after reserpine administration (Fig. 6).

In Group 4, the body temperature of the animals re-
mained at the same level (p2 > 0.05) throughout the ex-
periment and was lower than in the reserpine group by 
2.8–5.4 °C, but statistically insignificantly (Fig. 6). At the 
same time, the effect of fluoxetine significantly differed 
from the effect of imipramine 18.5 h (p1 = 0.045) and 
20 h (p1 = 0.045) after reserpine administration.

Reserpine induced ptosis, which was 0–1 points at all time 
points (18–20 h after its administration) (p1 < 0.05, Fig. 7).

Neither N-199/1, nor imipramine affected ptosis.

Fluoxetine reduced reserpine ptosis by 2 points compa-
red with Group 2 at the timepoint of 18.5 h (p1 = 0.036) 
and by 1–2 points compared with the timepoint of 18 h 
(p2 = 0.043, Fig. 7).

18 h after the administration of reserpine, the animals 
developed akinesia lasting 60 s (p1 = 0.001), the duration 
of which gradually decreased and by the end of the expe-
riment (20 h) was 41.5 s (p2 = 0.046, Fig. 8).

N-199/1 (2 mg/kg) counteracted a decrease in akinesia 
compared with Group 2 (20 h, p1 = 0.010), maintaining 
it constant throughout the experiment (p2 > 0.05). At a 
dose of 4.86 mg/kg, N-199/1 did not affect the duration of 
reserpine-induced akinesia (Fig. 8).

In Group 3, reserpine akinesia was less pronounced 
than in Group 2 by 12–22 s (18–19 h, p1 < 0.05) and 
did not change when compared to the 18 h timepoint 
(p2 > 0.05, Fig. 8).

Fluoxetine increased the duration of reserpine-induced 
akinesia 20 h after reserpine administration compared 

Figure 7. Effect of N-199/1 on reserpine-induced ptosis when administered 18 h after reserpine. Note: * – p < 0.05 for the 
Mann-Whitney test compared with the reserpine group (Group 2).

Figure 8. Effect of N-199/1 on reserpine-induced akinesia when administered 18 h after reserpine. Note: * – p < 0.05 for the 
Mann-Whitney test compared with the reserpine group (Group 2).
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with Group 2 (p1 = 0.006) and did not change it in dyna-
mics (Fig. 8).

Discussion

All known antidepressants cause their therapeutic effect 
through the involvement of the central monoaminergic 
system. We studied the effect of N-199/1 on central no-
radrenergic, serotoninergic and dopaminergic neurotrans-
missions in the test of neuropharmacological interaction 
with reserpine. Considering that the activity of antide-
pressants in the reserpine test may depend not only on 
their mechanism of action, but also on the dosing schedu-
le in relation to reserpine, we conducted 2 experiments: in 
the first experiment the compound and the reference drugs 
were administered 4 h after reserpine (according to Wang 
et al. (2014)), in the second –18 h afterwards (according 
to Bourin (1990)).

The non-selective monoamine reuptake inhibitor imi-
pramine (a tricyclic antidepressant) and the selective 
serotonin reuptake inhibitor fluoxetine were used as refe-
rence drugs (Mashkovsky et al. 1983).

4 h after administration, reserpine caused the develop-
ment of hypothermia, which gradually increased throug-
hout the experiment and was maximum 22 h after admi-
nistration (30.1 °C).

It was shown that the drugs increasing the monoamine 
concentration in the synaptic cleft and/or stimulate β-adr-
energic receptors, including tricyclic antidepressants, 
have the ability to reverse reserpine-induced hypothermia 
(Mashkovsky et al. 1983; Bourin 1990). Mianserin, which 
acts on α2-adrenergic receptors, does not antagonize re-
serpine effects, or enhances them due to the strong cen-
tral antagonistic action against serotonin (Mashkovsky et 
al. 1983). The ability to potentiate reserpine hypothermia 
was also shown for clomipramine, prazosin, propranolol, 
and yohimbine (Bourin 1990).

N-199/1 at both doses exacerbated reserpine hypother-
mia when administered 4 h after reserpine, causing an 
effect similar to that of fluoxetine. It is known that norepi-
nephrine plays an important role in the effect of fluoxetine 
(Cryan et al. 2004), which is realized not only by inhibi-
ting serotonin reuptake, but also by blocking 5HT2A/2C 
receptors, leading to an increase in the extracellular le-
vels of other catecholamines (dopamine, norepinephrine) 
(Koch et al. 2002). In our experiment, fluoxetine enhan-
ced the effect of reserpine when administered 4 h later, 
probably increasing norepinephrine and dopamine release 
and thus worsening the depletion of central catecholami-
ne stores, which may be associated with the blockade of 
5HT2A/2C receptors, rather than inhibition of the seroto-
nin transporter protein.

Thus, N-199/1, as well as fluoxetine, can block neu-
ronal reuptake of serotonin and/or 5HT2A/2C receptors, 
or, like other multimodal antidepressants, inhibit other 
central receptors (α2-adrenergic receptors) involved into 
monoaminergic neurotransmission regulation.

Imipramine counteracted reserpine hypothermia du-
ring the first 2 h after its administration (at the timepoints 
of 4.5–6 h), maintaining the body temperature of the ani-
mals at 35.1–34.5 °C (p2 > 0.05), which is consistent with 
the results obtained by Bourin (1990).

When administered 18 h after reserpine, neither 
N-199/1 nor the reference drugs significantly changed the 
severity of reserpine hypothermia. However, it was found 
that the effects of imipramine and fluoxetine were oppo-
sitely directed, which indicates that antidepressants with 
different mechanisms of action have different effect on 
reserpine hypothermia when administered both 4 and 18 
hours after reserpine. N-199/1 acted in a dose-dependent 
manner, counteracting the reversal of reserpine hypother-
mia over time at a dose of 2 mg/kg like fluoxetine, and 
insignificantly decreasing reserpine hypothermia at a dose 
of 4.86 mg/kg similar to imipramine, which suggests that 
the mechanism of action of N-199/1 depends on a dose.

Reserpine-induced ptosis can be antagonised by agents 
with serotonergic/α-adrenomimetic activity, including tri-
cyclic antidepressants (Bourin 1990). The most pronoun-
ced antagonism of reserpine effects is produced by mo-
noamine oxidase (MAO) inhibitors, whereas multimodal 
antidepressants that act on receptors (such as mianserin) 
either do not reverse reserpine symptoms or reduce them 
insignificantly, or enhance the effect of reserpine (Mashk-
ovsky et al. 1983; Bourin 1990).

N-199/1 slightly reduced reserpine ptosis at a dose of 
2 mg/kg, had no effect at a dose of 4.86 mg/kg when ad-
ministered 4 h after reserpine, and at neither doses when 
administered 18 h after reserpine. The effect of N-199/1 
was less pronounced compared with the both reference 
drugs (p1 < 0.05). This might suggest that N-199/1 in-
creases monoamines levels not by inhibiting reuptake 
or MAO, but by blocking α-adrenergic receptors and/or 
other receptors involved in the regulation of monoami-
nergic neurotransmission.

Moreover, in both experiments, 1 h after the adminis-
tration of N-199/1 (at the point +5 h/+19 h), there was a 
statistically significant difference between the groups ha-
ving received N-199/1 at a dose of 2 mg/kg and 4.86 mg/
kg, which indicates that N-199/1 acts in a dose-depen-
dent manner.

The development of akinesia under the influence of re-
serpine is associated with reduced activity of the dopami-
nergic neurons (de Freitas et al. 2016); accordingly, drugs 
with dopaminergic activity can decrease the duration of 
reserpine-induced akinesia (Bourin 1990).

N-199/1 worsened reserpine-induced akinesia at a dose 
of 2 mg/kg when administered 18 h after reserpine and at a 
dose of 4.86 mg/kg when administered 4 h after reserpine. 
There was a significant difference between the two doses 
19–20 h after reserpine injection (Experiment 2), which 
indicates that the effect of the molecule is dose-dependent.

The action of N-199/1 on reserpine akinesia was similar 
to the action of fluoxetine: fluoxetine did not change the 
duration of akinesia when administered 4 h after reserpine 
and increased it when administered 18 h after reserpine (at 
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the timepoints of 19–20 h, statistically significant at 20 h). 
An increase in the duration of akinesia indicates reserpi-
ne-induced depletion of neuronal storage in dopaminergic 
terminals due to the combined impairment of vesicular 
dopamine uptake (de Freitas et al. 2016) and an increase 
in dopamine release caused by the blockade of 5HT2A/2C 
receptors (Stahl 2013) under the influence of fluoxetine.

The duration of akinesia in the imipramine group was 
twice longer than in the reserpine group at the timepoint 
of 4 h (before imipramine administration) and did not 
differ from it at the timepoints of 4.5–24 h. At the same 
time, 0.5 h after administration (at the timepoint of 4.5 h) 
imipramine insignificantly reduced akinesia. Thus, imi-
pramine counteracted reserpine akinesia 4.5 h after re-
serpine administration. 18 h after administration of reser-
pine (Experiment 2), there was also an initial significant 
difference between the reserpine and imipramine groups. 
Nonetheless, imipramine did not affect the duration of re-
serpine-induced akinesia.

Conclusion

The results obtained in the test of neuropharmacological 
interaction with reserpine showed that antidepressants 
with different mechanisms of action (imipramine and flu-
oxetine) have different effects on reserpine-induced hy-
pothermia, ptosis and akinesia when administered both 4 
and 18 h after reserpine.

N-199/1, like fluoxetine, potentiated the severity of 
reserpine-induced hypothermia (at both doses when ad-
ministered 4 h after reserpine) and akinesia (at a dose of 
2 mg/kg when administered 18 h after reserpine and at a 
dose of 4.86 mg/kg when administered 4 h after reserpine). 
N-199/1 also reduced ptosis at a dose of 2 mg/kg when ad-
ministered 4 h after reserpine, like imipramine. The results 

obtained suggest that the mechanism of antidepressant ac-
tion of N-199/1 may be associated with direct blockade 
of receptors (probably 5HT2A/2C or α2-adrenergic recep-
tors) rather than monoamine reuptake inhibition.

There was a statistically significant difference bet-
ween the effects of N-199/1 at a dose of 2 mg/kg and 
4.86 mg/kg in tests of reserpine-induced hypothermia, 
ptosis and akinesia, which indicates that N-199/1 acts 
in a dose-dependent manner. Thus, the resemblance to 
fluoxetine was observed in the group of animals that had 
received N-199/1 at a dose of 2 mg/kg. This suggests 
that different doses of N-199/1 cause the effect through 
different mechanisms.

The results obtained in the study of N-199/1 mecha-
nism of action when administered once intraperitoneally 
at doses of 2 mg/kg and equimolar 10 mg/kg of amitrip-
tyline (4.86 mg/kg) allow us to conclude that the antide-
pressant-like action of N-199/1 is due to its serotonin-po-
sitive properties, and probably the blockade of serotonin 
5HT2A/2C receptors and/or α2-adrenergic receptors. The 
effect of N-199/1 is dose-dependent and resembles the ef-
fect of fluoxetine (at a dose of 2 mg/kg).

Conflict of interests

The authors declare no conflict of interests.

Funding

This study was funded by The Foundation for As-
sistance to Small Innovative Enterprises, Russian Fe-
deration (Participant of the Youth Scientific Innovation 
Contest “UMNIK” program grant, number of contract 
7123GU/2015).

References
 � Bourin M (1990) Is it possible to predict the activity of a new an-

tidepressant in animals with simple psychopharmacological tests? 
Fundamental & Clinical Pharmacology 4(1): 49–64. https://doi.
org/10.1111/j.1472-8206.1990.tb01016.x [PubMed] [PMC]

 � Cryan JF, O’Leary OF, Jin S-H, Friedland JC, Ouyang M, Hirsch 
BR, Page ME, Dalvi A, Thomas SA, Lucki I (2004) Norepineph-
rine-deficient mice lack responses to antidepressant drugs, in-
cluding selective serotonin reuptake inhibitors. Proceedings of 
the National Academy of Sciences of the United States of Amer-
ica 101(21): 8186–8191. https://doi.org/10.1073/pnas.0401080101 
[PubMed] [PMC]

 � Czéh 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] [PMC]

 � de Freitas CM, Busanello A, Schaffer LF, Peroza LR, Krum BN, 
Leal CQ, Ceretta APC, da Rocha JBT, Fachinetto R (2016) Be-
havioral and neurochemical effects induced by reserpine in mice. 

Psychopharmacology 233(3): 457–467. https://doi.org/10.1007/
s00213-015-4118-4 [PubMed]

 � Ivanova OA, Nikitina IL, Gabidullin RA, Alekhin EK, Klen 
EE, Makarova NN, Khaliullin FA (2011a) Method of correcting 
depressive disorders by thietan-1,1-dioxide derivatives in experiment. 
[in Russian]

 � Ivanova OA, Nikitina IL, Gabidullin RA, Alekhin EK, Klen EE, Ma-
karova NN, Khaliullin FA (2011b) Study of antidepressive activity 
and safety profile of new thietan-1,1-dioxyde derivatives. Siberian 
Medical Journal (Tomsk) 26: 127–131. [in Russian]

 � Khaliullin FA, Nikitina IL, Klen EÉ, 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

 � Klen E, Nikitina IL, Makarova NN, Miftakhova AF, Ivanova OA, 
Khaliullin FA, Alekhin EK (2017) 3-substituted thietane-1,1-diox-
ides: Synthesis, antidepressant activity, and in silico prediction of 

https://pubchem.ncbi.nlm.nih.gov/compound/Dopamine
https://pubchem.ncbi.nlm.nih.gov/compound/Dopamine
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Reserpine
https://pubchem.ncbi.nlm.nih.gov/compound/Imipramine
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine
https://pubchem.ncbi.nlm.nih.gov/compound/Fluoxetine
https://doi.org/10.1111/j.1472-8206.1990.tb01016.x
https://doi.org/10.1111/j.1472-8206.1990.tb01016.x
https://pubmed.ncbi.nlm.nih.gov/2187784/
https://doi.org/10.1073/pnas.0401080101
https://pubmed.ncbi.nlm.nih.gov/15148402/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC419578/
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/10.1007/s00213-015-4118-4
https://doi.org/10.1007/s00213-015-4118-4
https://pubmed.ncbi.nlm.nih.gov/26514557/
https://doi.org/10.1007/s11094-020-02131-z
https://doi.org/10.1007/s11094-020-02131-z


Research Results in Pharmacology 7(3): 63–71 71

their pharmacokinetic and toxicological properties. Pharmaceutical 
Chemistry Journal 50: 642–648. https://doi.org/10.1007/s11094-
017-1506-6

 � Koch S, Perry KW, Nelson DL, Conway RG, Threlkeld PG, Bymas-
ter FP (2002) R-fluoxetine increases extracellular DA, NE, as well 
as 5-HT in rat prefrontal cortex and hypothalamus: an in vivo mi-
crodialysis and receptor binding study. Neuropsychopharmacology 
27(6): 949–959. https://doi.org/10.1016/S0893-133X(02)00377-9 
[PubMed]

 � Mashkovsky MD, Andrejeva NI, Poleshajeva AI (1983) The Pharma-
cology of Antidepressants. Meditsina, Moscow, 240 pp. [in Russian]

 � Mavlyutov AA, Gaisina GG (2020) Study of the therapeutic margin 
of a new 3-substituted thietane-1,1-dioxide derivative. In: XXIII In-
ternational Medical and Biological Scientific Conference of Young 
Researchers “Fundamental Science and Clinical Medicine. Human 
and Health”, St. Petersburg (Russia), September 2020. Limited Lia-
bility Company Publishing House “Scientia”, 240–241. https://www.
elibrary.ru/item.asp?id=44013831 [March 17, 2021] [in Russian]

 � Raupp-Barcaro IF, Vital MA, Galduróz JC, Andreatini R (2018) 
Potential antidepressant effect of amantadine: a review of pre-

clinical studies and clinical trials. Brazilian Journal of Psychiatry 
40(4): 449–458. https://doi.org/10.1590/1516-4446-2017-2393 
[PubMed] [PMC]

 � Sanches M, Quevedo J, Soares JC (2021) New agents and perspec-
tives in the pharmacological treatment of major depressive disor-
der. Progress in Neuro-Psychopharmacology & Biological Psy-
chiatry 106: 110157. https://doi.org/10.1016/j.pnpbp.2020.110157 
[PubMed]

 � Stahl SM (2013) Stahl’s Essential Psychopharmacology: Neurosci-
entific Basis and Practical Application. 4th edn. Cambridge Univer-
sity Press, 628 pp.

 � Wang J, Cui Y, Feng W, Zhang Y, Wang G, Wang X, Zhou G (2014) 
Involvement of the central monoaminergic system in the antidepres-
sant-like effect of catalpol in mice. BioScience Trends 8(5): 248–
252. https://doi.org/10.5582/bst.2014.01029

 � World Health Organization (2017) Depression and Other Com-
mon Mental Disorders: Global Health Estimates. In: Licence: CC 
BY-NC-SA 3.0 IGO, Geneva. http://www.who.int/mental_health/
management/depression/prevalence_global_health_estimates/en/ 
[November 14, 2019]

Author contributions
 � Irina L. Nikitina, Doctor Habil. of Medicine, PhD, Professor of Department of Pharmacology with a course of 

Clinical Pharmacology, Bashkir State Medical University; head of Laboratory 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 conduct of research activi-
ties, 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/s11094-017-1506-6
https://doi.org/10.1007/s11094-017-1506-6
https://doi.org/10.1016/S0893-133X(02)00377-9
https://pubmed.ncbi.nlm.nih.gov/12464452/
https://www.elibrary.ru/item.asp?id=44013831
https://www.elibrary.ru/item.asp?id=44013831
https://doi.org/10.1590/1516-4446-2017-2393
https://pubmed.ncbi.nlm.nih.gov/29898194/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6899375/
https://doi.org/10.1016/j.pnpbp.2020.110157
https://pubmed.ncbi.nlm.nih.gov/33159975/
https://doi.org/10.5582/bst.2014.01029
http://www.who.int/mental_health/management/depression/prevalence_global_health_estimates/en/
http://www.who.int/mental_health/management/depression/prevalence_global_health_estimates/en/
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

	Neuropharmacological characteristics of antidepressant action of a new 3-substituted thietane-1,1-dioxide derivative
	Abstract
	Introduction
	Materials and methods
	Experimental animals
	Drugs and treatment
	Experimental design
	Experiment 1 (according to Wang et al. (2014))
	Experiment 2 (according to Bourin (1990))
	Assessment of reserpine-induced symptoms (hypothermia, ptosis and akinesia)
	Statistical analysis

	Results
	Experiment 1
	Experiment 2

	Discussion
	Conclusion
	Conflict of interests
	Funding
	References
	Author Contributions

