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Abstract: L-17 is a thiadiazine derivative with putative anti-inflammatory, neuroprotective, and
antidepressant-like properties. In this study, we applied combined in silico and in vivo
electrophysiology techniques to reveal the potential mechanism of action of L-17. PASS 10.4
Professional Extended software suggested that L-17 might have pro-cognitive, antidepressant, and
antipsychotic effects. Docking energy assessment with AutoDockVina predicted that the binding
affinities of L-17 to the serotonin transporter (SERT) and serotonin receptors 3 and 1A (5-HTs and 5-
HT1a) are compatible to the selective serotonin reuptake inhibitor (SSRI) fluoxetine and selective
antagonists of 5-HTs and 5-HTia receptors, granisetron and WAY100135, respectively. However,
while the binding mechanisms of L-17 to the SERT and 5-HTia receptor were similar to fluoxetine
and WAY100135, its interacting with 5-HTs receptor might be substantially different from this of
granisetron. Acute administration of L-17 led to dose-dependent inhibition of firing activity of 5-HT
neurons of the dorsal raphe nucleus. This inhibition was partially reversed by subsequent
administration of WAY100135. Based on both in silico and in vivo electrophysiology assessments, we
suggest that L-17 is a potent 5-HT reuptake inhibitor and a putative partial agonist of 5-HTia
receptors. As such, L-17 in particular and thiadiazine derivatives, in general, might be a
representative of a new class of antidepressant drugs. Since L-17 also possesses neuro- and
cardioprotective properties, it can be useful in affective illness developing due to the general
medical condition, such as post-stroke and post-myocardial infarction (MI) depression.

Keywords: thiadiazines; serotonin transporter (SERT); serotonin receptors 3 and 1A (5-HTs and 5-
HT1a), docking energy, binding affinity, binding mechanisms, electrophysiology in vivo

1. Introduction

L-17 (2-morpholino-5-phenyl-6H-1,3,4-thiadiazine, hydrobromide; Fig. 1) is a thiadiazine
derivative, synthesized by cyclocondensation of «a-bromoacetophenone with the original

morpholine-4-carbothionic acid hydrazide [1]:

© 2021 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Structural chemical formulas of 2-morpholino-5-phenyl-6H-1,3,4-thiadiazine,
hydrobromide (I) (L-17), Fluoxetine (II), Granisetron (III) and WAY100135 (IV).

In our previous studies, L-17 showed a putative therapeutic effect in animal models of
myocardial infarction (MI) [2, 3] and pancreatitis [4]. L-17 was also reported to attenuate the immune
system response to the immobilization stress in rats, suggesting an immunostimulatory effect of this
compound during the stress copying [5]. Neuroprotective [1] and antidepressant-like [6] effects of L-

17 in rats were demonstrated as well.

Serotonin (5-HT) is a brain neurotransmitter that is fundamental in the pathophysiology of
depression and antidepressant response. The central anti-neuroinflammatory and neuroprotective
effects of 5-HT are well established as well. There are also studies reporting the peripheral anti-
inflammatory effect of 5-HT in MI [7] and pancreatitis [8]. It is therefore likely that the 5-HT system
is a target of L-17 [6].

As in our previous study [9], we used a combination of in silico and in vivo experimental
techniques to test the hypothesis that the anti-inflammatory, neuroprotective, and antidepressant-
like effect of L-17 is mediated, at least in part, via the targeting of the 5-HT system. The 3-D model of
L-17 was constructed, and its interaction with different 5-HT targets, such as serotonin transporter
(SERT) and 5-HT receptors 3 and 1A (5-HT3/5-HT1a) was examined, used in silico calculation of the
minimum binding energy. Finally, the real-time in vivo effect of L-17 administration on the excitability
of 5-HT neurons of the rat dorsal raphe nucleus (DRN) was examined using extracellular single-unit

electrophysiology under chloral hydrate anesthesia.
2.1. In silico predictions

The following pharmacological activities were predicted for L-17 by the PASS 10.4 Professional
Extended [10]: Cognition disorders treatment (Pa = 0.489, Pa/Pi = 27.17), Phobic disorders treatment
(Pa=0.703, Pa/Pi = 9.37), Psychotropic (Pa = 0.258, P /Pi = 1.74), Immunostimulant (Pa = 0.191, Pa/Pi
=1.39), and Antidepressant (Pa =0.162, Pa/Pi=1.14) one. According to joint predictive evaluations in
PASS and experimental data [1, 6], the most likely targeted activities corresponding to the
serotoninergic effects of compound L-17 were suggested: 5-HTsantagonism (Pa = 0.139, Pa/Pi=1.17),
5-HT release inhibition (Pa = 0.225, Pa/Pi=1.01), and 5-HTreuptake blockade (Pa = 0.470, Pa/Pi=6.35).
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While L-17 compound manifests itself as an atypical mild antipsychotic and antidepressant [1],
for the subsequent analysis of its multitarget mechanism of action the serotonin transporter (SERT),
the serotonin receptor type 3A (5-HT3A), and the serotonin receptor type 1A (5-HT1A) were chosen
as target proteins. Table 1 summarizes the docking energy (AE), binding affinity (pK), and relative
affinity (RA; L-17%pK as a percent of pK of the corresponding binding compound) of L-17, fluoxetine,
granisetron, and WAY100135 with the SERT and 5-HTs and 5-HT1a receptors, assessed with the
AutoDockVina 1.1.2 software [11]:

Table 1. Docking energy, binding affinity, and relevant affinity of L-17 to the SERT and 5-HT3 and5-

HT1a receptors, compared with the reference compounds: fluoxetine, granisetron, and WAY100135.

Target SERT 5-HTs 5-HT1a
AE, AE, AE,
Molecule RA RA pK RA
kcal/mol kcal/mol kcal/mol

L-17 -8.1 590 0.87 -6.6 481 094 -7.9 5.78 0.85
Fluoxetine 9.3 6.78 — — — — — — —
Granisetron — — — -7.0 5.10 — — — —
WAY100135 — — — — — — 9.3 6.78 —

Figure 2 illustrates the binging mechanisms of L-17, fluoxetine, granisetron, and WAY100135
with the SERT and 5-HTsand 5-HT1areceptors, predicted using the LigandScout 4.2.1 software [12]:
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Figure 2. Binging mechanisms of L-17, fluoxetine, granisetron, and WAY100135 with the SERT and 5-
HTs and 5-HT1a receptors

The morpholine cycle nitrogen atom of L-17 is engaged in a p-1t exchange with PHE269 of
SERT. If protonated, this nitrogen forms a region of undirected electrostatic interaction. Two
more structural elements of L-17 participate in five nonspecific hybrid interactions with TYR23,
ALA97, ILE100, ALA101, TYR104 of the SERT. Fluoxetine is being banded to the SERT via the
electrostatic interaction of protonated NH2 group. Three additional groups of L-17 form five
hydrogen bonds with TYR23, ALA24, ASP26, SER367x. Three more structural elements
participate in six nonspecific hybrid interactions with ILE100, ALA101, TYR104, PHE269,
LEU371, VALA429.

L-17 might bind to the 5-HTs receptor by stacking with PHE97. Two structural elements of
L-17 participate in four nonspecific hybrid interactions withLEU93, PHE97, VAL100, LEU123.
No stacking is observed in granisetron binding to a 5-HTs receptor. Fixation is exerted by three
nonspecific hydrophobic interactions with ILE38, TRP57, TYR120.

The morpholine cycle oxygen atom of L-17 forms a hydrogen bond with TYR366 of the
binding site of the 5-HTs receptor. Two structural elements of L-17 form three nonspecific
hydrophobic links with TRP78, PHES88, and ILE89 of the binding site of5-HTs receptor. The
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protonated nitrogen atom of the morpholine cycle of WAY100135 exerts electrostatic interaction
with TYR366. Two WAY100135 molecule fragments participate in three nonspecific hydrophobic
interactions with ALA69, TYR72, TRP78, ILE89, VAL93, ILE165, ALA179, PHE338, LEU357 of
the binding site of the 5-HTs receptor.

Figure 3 illustrates the poses of L-17, fluoxetine, granisetron, and WAY100135 with the
binding sites of SERT and 5-HTs and 5-HT1a receptor:
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Figure 3. Poses of L-17, fluoxetine, granisetron, and WAY100135 with the binding sites of SERT and
5-HTs and 5-HT1a receptor

The pose of L-17 within the SERT binding site is remarkably close to this of fluoxetine. There
is also a partial similarity between L-17 and WAY100134 poses within the binding site of the 5-
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HT1a receptor. The poses of L-17 and granisetron within the binding site of the 5-HT3 receptor

are remarkably different.
2.2. In vivo electrophysiology

The mean basal firing activity was 3.46+0.83 Hz. L-17 (0.1-12 mg/kg, i.v.) significantly and dose-
dependently (Fss3=4.84, p<0.001, ANOVA for repeated measured) inhibited the firing activity of 5-HT
neurons, reaching the maximal 90%-inhibition at 12 mg/kg. WAY100135 partially reversed the L-17-
induced inhibition of 5-HT neurons (Fig 3):
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Figure 4: L-17 significantly and dose-dependently inhibited the firing activity of 5-HT neurons. A:
representative recording from a 5-HT neuron during L-17 (12 mg/kg) and WAY100135 (0.3 mg/kg)
administration. B: Summary effect of L-17 (0.1-12 mg/kg) and WAY100135 (0.3 mg/kg) on the
spontaneous firing activity of 5-HT neurons of the DRN(data from 8 neurons from 7 rats).

3. Discussion

In this study, we performed a complex in silico assessment of pharmacotherapeutic properties of
L-17, as well as in vivo electrophysiological assessment of the effect of this compound on the firing
activity of 5-HT neurons of the rat DRN. PASS 10.4 Professional Extended[10] software predicted
antidepressant-like properties of L-17. This prediction is consistent with the previously reported
antidepressant-like effect of L-17 in rats [6]. PASS 10.4 Professional Extended had also predicted that
the antidepressant-like effect of L-17 can be explained, at least in part, via its 5-HT reuptake inhibition

property.

AutoDockVina 1.1.2 [11] docking energy assessment predicted that L-17 has an affinity to the
SERT comparable with this of fluoxetine,5-HTs binding affinity similar to this of granisetron, and 5-
HTia binding affinity comparable to WAY100135. The prediction of the molecular interactions
between L-17 and the binding sites of SERT and 5-HTs and 5-HT1a receptors with LigandScout 4.2.1
software [12] revealed that the mechanisms of L-17 binding to the SERT and 5-HT1a receptor are
similar to these of fluoxetine and WAY100135, respectively. On the other hand, L-17 binding to 5-HTs
receptors is completely different from this of granisetron. Consistently, the topographic poses of L-
17 within SERT and 5-HT1a receptor binding sites are remarkably similar to these of fluoxetine and
WAY100135, respectively. The prospective pose of L-17 within the binding site of the 5-HTs receptor

is fundamentally different from this of granisetron. It is thus possible that L-17 is a potent blocker of
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the SERT and an antagonist or a partial agonist of 5-HT1a receptors. Further investigations should be

performed to assess the functional character of L-17 interaction with 5-HTs receptors.

We found that acute intravenous administration of L-17 significantly and dose-dependently
inhibited the firing activity of 5-HT neurons of the DRN. Similar inhibitory effects on 5-HT neuronal
firing activity were observed with other SSRIs, such as citalopram [13], escitalopram [13, 14], Wf-516
[15], or paroxetine [16]. Similar to what was observed with other SSRIs, the L-17-induced inhibition
of 5-HT neuronal firing activity was reversed by WAY100135. It is this likely that L-17 is acting as a
potent SERT blocker. Inhibition of the SERT by acute L-17 leads to an increase in extracellular 5-HT
levels, activation of 5-HTia autoreceptors, and reduction of firing activity of 5-HT neurons. The

subsequent blockade of 5-HT1a autoreceptors reverses the inhibition of 5-HT neurons.

On the other hand, unlike escitalopram-induced suppression of 5-HT neuronal firing activity,
which was completely reversed by 0.1 mg/kg of WAY100135 [13, 14], the L-17-induced inhibition of
5-HT neurons was reversed by WAY100135 only partially, even though WAY100135 was
administered at 0.3 mg/kg. It is thus possible that L-17 interacts with a molecular target(s) other than
SERTs. One of these targets predicted by in silico tests is 5-HT receptors. It is possible that L-17 acts,
in addition to its function as a SERT blocker, as a partial agonist of 5-HT1a receptors. The competition
between L-17 and WAY100135 on 5-HTia receptors putatively prevents complete WAY100135-
mediated recovery of firing activity of 5-HT neurons. Another possibility might be, however, a direct

interaction of L-17 with ai-adrenoceptors[17].

Summarizing, the antidepressant-like properties of L-17, reported in previous studies, can be
explained, at least in part, by the ability of this compound to modulate central 5-HT
neurotransmission. The L-17-induced modulation of 5-HT transmission is likely to be mediated, at
least in part, via the inhibition of 5-HT reuptake and partial antagonism to 5-HT1a receptors. We
cannot however exclude the interaction of L-17 with receptors modulation the excitability of 5-HT
neurons, such as 5-HT14,5-HT3 and/or auz-adrenergic receptors. It is also possible that L-17 directly
interacts with other neurotransmitter systems, such as norepinephrine, dopamine, and/or histamine.
Further electrophysiological and receptor binding studies should be performed to tests these
hypotheses. The previously antidepressant-like properties of L-17 and its modulatory effect on the 5-
HT system, reported in this study, suggest that L-17 might be an effective antidepressant drug. Since
L-17 also possesses neuro- and cardioprotective properties, it can be useful in affective illness

developing due to the general medical condition, such as post-stroke and post-MI depression.
4. Materials and Methods
4.1. In silico predictions

Using the PASS 10.4 Professional Extended software [10], the presence(Pa) or absence (Pi)
probability of 480 systemic types of pharmacotherapeutic activity was calculated. Promising activities
were those with Pa 20.1 and Pa/Pi 21.0.

Further, for a comparative evaluation of the L-17 compound’s affinity to the selected biotargets,
the docking of the compound to the specific binding sites of these proteins was performed. Five
experimental X-ray 3D models of SERT were obtained from Protein Data Bank in Europe[18]. Among

these five models, the longest one (PDB code 516X), with the maximum resolution including an
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inhibitor, was chosen to allow the unambiguous determination of the binding site position [19]. The
experimental 3D models for 5-HTs and 5-HTiareceptors were not available in Protein Data Bank in
Europe, therefore a search for the best theoretical 3D models from the Database of Comparative
Protein Structure Models [20]was conducted. Among the available models, the longest ones, with the

highest statistical significance, were selected for 5-HTs[21]and 5-HT1a[22]receptors.

The 3D models of L-17 and reference molecules were constructed using the molecular mechanics'
methods in the MarvinSketch15.6.15software [23], followed by optimization with the semi-empirical
quantum chemical method PM7 in the MOPAC2016 software [24]. The docking was performed using
AutoDockVina 1.1.2 [11], five times for each compound into each target and then the spectrum of
energies were used to determine the minimum binding energies. To reveal the mechanisms of
serotoninergic action of the compound L-17, an analysis of its affinity spectrum in comparison with
the affinity spectra of reference compounds was performed. The primary information about reference
compounds for target proteins was obtained from the UniProtKB base [25]. For each reference
compound found in the UniProtKB, the mechanism of its action was clarified using the
DrugBank[26]. In the case of the information in UniProtKB and DrugBank datasets was not sufficient,
the search for references was performed in the database of pharmacologically relevant proteins and
their ligands IUPHAR [27]. The SSRI fluoxetine and the selective antagonists of 5-HT3(granisetron)
and 5-HT1a(WAY100135) receptors were used as reference molecules. Using the obtained energy

spectra of AE, the pK values were calculated using the formula:

K = -1g e MERT

where R is a universal gas constant (8.314 Jxmol'xK7) and T is a temperature, set as 300 K. The
molecular binging mechanism of L-17, granisetron, and WAT100135 with SERT and with 5-HTs and
5-HTiareceptors was furtherly evaluated using the LigandScout 4.2.1 software [12]. The data on
binding sites were found in the available literature. For SERT, the key amino acids of the binding site
were Gly94, Ala96, Val97, Asnl01, Ser336, Asn368, Leu434, Asp437, Ser438 [19]. For 5-HTsreceptor,
the key amino acids of the binding site were Tyr229, Phe221, Asn123, Trp85, Trp178, Tyr148, Arg87,
GIn146, Tyr138 [21]. For 5HT1areceptor, the key amino acids of the binding site were Tyr56, GIn57,
Asp76, Val77, Ser159, Trp318, Phe321, Phe322, Thr339, Gly342, Ala343, Ile345, Asn346 [22].

4.2 In vivo electrophysiology

In vivo electrophysiological assessment of the excitability of 5-HT neurons of the DRN was
performed as previously described[9, 28-30]. Adult male Wistar rats, weighing 300-350 g, were
ordered from the Animal Breeding Facility of The Institute of Experimental Pharmacology and
Toxicology, Center of Experimental Medicine, Slovak Academy of Sciences in DobraVoda, Slovakia.
Rats were anesthetized with chloral hydrate (Lambda Life s.r.o., Bratislava, Slovakia; 0.4 g/kg,
intraperitoneally: i.p.) and maintained in a stereotaxic frame (David Kopf Instruments, Tujunga, CA).
Rat body temperature was maintained between 36 and 37°C with a heating pad (Gaymor
Instruments, Orchard Park, NY, USA). The scalp was opened, and a 3 mm hole was drilled in the
skull for insertion of electrodes. Glass-pipettes were pulled with a DMZ-Universal Puller (Zeitz-
Instruments GmbH, Martinsried, Germany) to a fine tip approximately 1 pm in diameter and filled
with 2M NaCl solution. Electrode impedance ranged from 4 to 6 MQ. The pipettes were lowered into
the DRN (7.8-8.3 mm posterior to bregma and 4.5-7.0 mm ventral to brain surface) [31] by David Kopf
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Instruments hydraulic micro-positioner. The action potentials generated by 5-HT neurons were
recorded using the AD Instruments Extracellular Recording System (Dunedin, New Zealand). The 5-
HT neurons were identified by bi- or tri-phasic action potentials with a rising phase of long duration

and regular firing rate of 0.5-5.0 Hz [32].
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Abbreviations
5-HT 5-hydroxytryptamine (serotonin)
ANOVA  Analysis of variance
DRN Dorsal raphe nucleus
L-17 2-morpholino-5-phenyl-6H-1,3,4-thiadiazine, hydrobromide
LC Locus coeruleus
SERT Serotonin transporter
SSRI Selective serotonin reuptake inhibitor
VTA Ventral tegmental area
References
1. Sarapultsev, A. P.; Chupakhin, O. N.; Sarapultsev, P. A.; Sidorova, L. P.; Tseitler, T. A., Pharmacologic

Evaluation of Antidepressant Activity and Synthesis of 2-Morpholino-5-phenyl-6H-1,3,4-thiadiazine
Hydrobromide. Pharmaceuticals (Basel) 2016, 9, (2).

2. Sarapultsev, A.P.; Vassiliev, P.M.; Sarapultsev, P.A.; Chupakhin, O.N,; Ianalieva, L.R.; Sidorova, L.P.
Immunomodulatory Action of Substituted 1,3,4-Thiadiazines on the Course of Myocardial Infarction.
Molecules 2018, 23, d0i:10.3390/molecules23071611.

3. Sarapultsev, A. P.; Chupakhin, O. N.; Sarapultsev, P. A.; Rantsev, M. A.; Medvedeva, S. U.; Sidorova,
L. P., Effect of a new class of compounds of the group of substituted 5R1, 6H2-1,3,4-thiadiazine-2-
amines on the inflammatory and cytokine response in experimental myocardial infarction. Curr Vasc
Pharmacol 2015, 13, (1), 43-53.

4. Sarapultsev, A.; Chupakhin, O.; Rantsev, M.; Sarapultsev, P.; Danilova, I.; Medvedeva, S.; Sidorova, L.; Tseitler,
T.; Brilliant, S.; Tseilikman, V., Effects of 1,3,4-thiadiazine compound with antidepressant properties in ligation
model of acute pancreatitis. General physiology and biophysics 2018, 37, (5), 549-562.

5. Sarapultsev, P.A.; Chupakhin, O.N.; Medvedeva, S.U.; Mukhlynina, E.A.; Brilliant, S.A.; Sidorova, L.P.;
Danilova, 1.G.; Sarapultsev, A.P. The Impact of Immunomodulator Compound from the Group of

Substituted Thiadiazines on the Course of Stress Reaction. Int Inmunopharmacol 2015, 25, 440-449


https://doi.org/10.20944/preprints202102.0589.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2021 d0i:10.20944/preprints202102.0589.v1

6. Shevelev, O. B.; Illarionova, N. B.; Petrovski, D. V.; Sarapultsev, A. P.; Chupakhin, O. N.; Moshkin, M.
P., Effects of a compound from the group of substituted thiadiazines with hypothermia inducing
properties on brain metabolism in rats, a study in vivo and in vitro. PloS one 2017, 12, (7), €0180739.

7. Nezafati, M. H.; Eshraghi, A.; Vojdanparast, M.; Abtahi, S.; Nezafati, P., Selective serotonin reuptake
inhibitors and cardiovascular events: A systematic review. ] Res Med Sci 2016, 21, 66.

8. Tsukamoto, A.; Sugimoto, T.; Onuki, Y.; Shinoda, H.; Mihara, T.; Hori, M.; Inomata, T., The 5-HT(3)
Receptor Antagonist Ondansetron Attenuates Pancreatic Injury in Cerulein-Induced Acute Pancreatitis
Model. Inflammation 2017, 40, (4), 1409-1415.

9. Koprdova, R.; Csatlosova, K.; Durisova, B.; Bogi, E.; Majekova, M.; Dremencov, E.; Mach, M.,
Electrophysiology and Behavioral Assessment of the New Molecule SMelEC2M3 as a Representative
of the Future Class of Triple Reuptake Inhibitors. Molecules 2019, 24, (23), 14.

10. Filimonov, D. A.; Lagunin, A. A.; Gloriozova, T. A.; Rudik, A. V.; Druzhilovskii, D. S.; Pogodin, P. V.;
Poroikov, V. V., Prediction of the Biological Activity Spectra of Organic Compounds Using the Pass
Online Web Resource. Chemistry of Heterocyclic Compounds 2014, 50, (3), 444-457.

11. Trott, O.; Olson, A.J., AutoDock Vina: improving the speed and accuracy of docking with a new scoring
function, efficient optimization, and multithreading. | Comput Chem 2010, 31, (2), 455-61.

12. Inte:Ligand: Your partner for in silico drug discovery. http://www.inteligand.com/

13. El Mansari, M.; Sanchez, C.; Chouvet, G.; Renaud, B.; Haddjeri, N., Effects of acute and long-term
administration of escitalopram and citalopram on serotonin neurotransmission: an in vivo
electrophysiological study in rat brain. Neuropsychopharmacology 2005, 30, (7), 1269-77.

14. Dremencov, E.; Csatlosova, K.; Durisova, B.; Moravcikova, L.; Lacinova, L.; Jezova, D., Effect of Physical
Exercise and Acute Escitalopram on the Excitability of Brain Monoamine Neurons: In Vivo
Electrophysiological Study in Rats. Int | Neuropsychopharmacol 2017, 20, (7), 585-592.

15. El Mansari, M.; Blier, P., In vivo electrophysiological assessment of the putative antidepressant Wf-516
in the rat raphe dorsalis, locus coeruleus and hippocampus. Naunyn-Schmiedebergs Archives of
Pharmacology 2008, 376, (5), 351-361.

16. Pifieyro, G.; Blier, P.; Dennis, T.; de Montigny, C., Desensitization of the neuronal 5-HT carrier
following its long-term blockade. The Journal of neuroscience : the official journal of the Society for
Neuroscience 1994, 14, (5 Pt 2), 3036-47.

17. Dremencov, E.; El Mansari, M.; Blier, P., Distinct electrophysiological effects of paliperidone and
risperidone on the firing activity of rat serotonin and norepinephrine neurons. Psychopharmacology (Berl)
2007, 194, (1), 63-72.

18. PDBe logo Protein Data Bank in Europe. https://www.ebi.ac.uk/pdbe/

19. Coleman, J. A; Green, E. M.; Gouaux, E., X-ray structures and mechanism of the human serotonin
transporter. Nature 2016, 532, (7599), 334-9.
20. ModBase: Database of Comparative Protein Structure Models.

https://modbase.compbio.ucsf.edu/modbase-cgi/index.cgi

21. Price, K. L,; Lillestol, R. K,; Ulens, C.; Lummis, S. C. R., Palonosetron-5-HT3 Receptor Interactions As
Shown by a Binding Protein Cocrystal Structure. ACS Chemical Neuroscience 2016, 7, (12), 1641-1646.
22. Jaskowska, J.; Zareba, P.; Sliwa, P.; Pindelska, E.; Satata, G.; Majka, Z., Microwave-Assisted Synthesis

of Trazodone and Its Derivatives as New 5-HT(1A) Ligands: Binding and Docking Studies. Molecules
2019, 24, (8).

23. MarvinSketch - Create and Design. https://chemaxon.com/products/marvin

24. Stewart Computational Chemistry. http://openmopac.net/



https://doi.org/10.20944/preprints202102.0589.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2021 d0i:10.20944/preprints202102.0589.v1

25. UniProtKB. https://www.uniprot.org/help/uniprotkb

26. DrugBank Online. https://go.drugbank.com/

27. IUPHAR/BPS Guide to PHARMACOLOGY. https://www.guidetopharmacology.org/

28. Csatlosova, K.; Bogi, E.; Durisova, B.; Grinchii, D.; Paliokha, R.; Moravcikova, L.; Lacinova, L.; Jezova,

D.; Dremencov, E., Maternal immune activation in rats attenuates the excitability of monoamine-
secreting neurons in adult offspring in a sex-specific way. Eur Neuropsychopharmacol 2020.

29. Dremencov, E.; Csatlosova, K.; Durisova, B.; Lapinova, L.; Lacinova, L.; Jezova, D., Effect of physical
exercise and acute escitalopram on the excitability of brain monoamine neurons: in vivo
electrophysiological study in rats. Int | Neuropsychopharmacol 2017.

30. Grinchii, D.; Paliokha, R.; Tseilikman, V.; Dremencov, E., Inhibition of cytochrome P450 by proadifen
diminishes the excitability of brain serotonin neurons in rats. General physiology and biophysics 2018, 37,
(6), 711-713.

31. Paxinos, G.; Watson, C., Paxino’s and Watson's The rat brain in stereotaxic coordinates. Seventh edition. ed.;
Elsevier/AP, Academic Press is an imprint of Elsevier: Amsterdam ; Boston, 2014; p 1 volume
(unpaged).

32. Vandermaelen, C. P.; Aghajanian, G. K., Electrophysiological and pharmacological characterization of
serotonergic dorsal raphe neurons recorded extracellularly and intracellularly in rat brain slices. Brain

Res 1983, 289, (1-2), 109-19.


https://doi.org/10.20944/preprints202102.0589.v1

