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The effects of amitriptyline (10 mg/kg), melipramine (10 mg/kg), and fluoxetine
(5 mg/kg) on the acquisition of conditioned active avoidance responses and their
spatial alteration in rats were studied. During the acquisition of avoidance, a
passage in the partition was open, adjacent to the rear wall of the shuttle
chamber. On the 5th experimental day after the end of the training, this distal
opening was closed and the proximal one was opened, after which avoidance
performance under changed conditions was tested for 20 trials. Melipramine and
amitriptyline accelerated the acquisition of avoidance responses. Changing the
location of the opening disrupted the learned skill, especially in the control
animals. Melipramine and fluoxetine statistically significantly (in contrast to
amitriptyline) accelerated the recovery of the level of avoidance. The positive
effect of melipramine and fluoxetine is explained by a psychostimulating
component in their spectrum. The inability of amitriptyline to produce a
significant effect in this model is due to its psychosedative properties. The data
obtained allow us to conclude that the acquisition of the active conditioned
avoidance responses and their spatial modification can be used to analyze the
antidepressant activity of pharmacological agents.
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INTRODUCTION

Depression is one of the most common
affective disorders, and the development of
antidepressants is one of the most rapidly
developing areas of psychopharmacology.
Success in studying the mechanisms of

depression and the development of new
antidepressants  significantly  depend on
experimental models that provide the possibility
of extrapolation of results obtained on the model
to the modulated process, for which it needs to
be similar to the original in some respects. In
relation to depression, this means, in particular,


https://doi.org/10.59883/ajp.53
mailto:a_inozemtsev@mail.ru
mailto:ulduz.hashimova@physiology.science.az
mailto:lovat@mail.ru
mailto:karpukhina.msu@yandex.ru
mailto:ismailovakh@gmail.com
mailto:farkhadrust@gmail.com
mailto:Sovet2001humbetov@gmail.com
https://orcid.org/0000-0002-5059-3241
https://orcid.org/0000-0002-4642-8366
https://orcid.org/0000-0002-7740-0972
https://orcid.org/0000-0003-0926-0688
https://orcid.org/0000-0002-7949-7974

Comparison of the effects of amitriptyline, melipramine and fluoxetine on acquisition

that the factors determining the occurrence of
clinical depression with the corresponding
behavioral disorders should be similar to the
factors that cause similar violations of animal
behavior in a model experiment. It is the essence
of the requirement of validity criteria reflecting
the etiology, genesis, and symptoms of
depression [7, 9, 25, 26].

The etiology of clinical depression is
heterogeneous, but one of the most important
causes is stress. There are several tests based on
a single exposure to stressors such as forced
swimming, learned helplessness, and hanging
by the tail that are used to identify the
antidepressant activity of pharmacological
agents [1]. However, these models and the
results achieved with their help have recently
been the subject of critical analysis [10, 11, 13,
18]. In particular, the short duration of the action
of stressors, not fully meeting the above criteria
for validity, and the non-selectivity of models in
providing the antidepressant effect of drugs are
noted.

Considering the fact that depression
occurs as a result of repeated, long-term
exposure to stressors, new models have been
proposed. In particular, a model was developed
based on the alternation of ultrasonic waves, one
of which, in rodents, serves as a danger signal
while others are associated with food behavior
[6]. The conflict between these motivations
creates a stressful situation that is the basis for
the development of depression.

It should be noted that stressors are of a
purely physical nature in all models used. At the
same time, stress and subsequent depression in
the person for whom antidepressants are
eventually developed are caused not only by
physical but also by emotional factors. Taking
this factor into account, experimental models of
reversible functional disorders of learning and
memory have been developed based on an
emergency change in unambiguous cause-and-
effect and spatial relationships in the
experimental environment. It has been shown
that these disorders cause a dramatic drop in the
level of avoidance and an increase in emotional
stress. Models have been successfully used to
analyze the effects of nootropics and anxiolytics

on learning and memory in rats under emotional
stress [14].

One of the significant indicators
characterizing depression is the impairment of
learning and memory [22]. However, it did not
become an indicator, the provision of which was
pursued when creating models, as was the case,
for example, with anhedonia. To study
depression-induced impairment in learning and
memory following the induction of depression-
like behavior, researchers are forced to turn to
other models, such as passive or active
avoidance conditioning. Works in this area are
few and contradictory. Thus, a positive effect of
fluoxetine on the development of active
avoidance in rats under normal conditions and
under conditions of neurotoxic oppression from
lead has been shown [4, 5]. The suppression of
this reaction in rats by fluoxetine, imipramine,
amitriptyline, and other antidepressants has also
been described [17, 23, 24]. Inhibition of the
passive avoidance-conditioned reflex by
tricyclic antidepressants has also been shown [8,
12, 19-21].

The goal of this work is to compare the
effects of tricyclic antidepressants (melipramine
and amitriptyline) and the selective serotonin
reuptake inhibitor fluoxetine on the formation of
the avoidance reaction in rats as a model of
learning and memory, as well as on its spatial
alteration as a model of emotional stress caused
by an emergency change in spatial relationships
in an experimental environment and associated
with the need to learn a modified skill.

MATERIALS AND METHODS

The work was performed on 26 male
Wistar rats weighing 180-200 g. In rats, a
conditioned active avoidance response was
trained for 5 days (20 exposures daily) in a
shuttle box equipped with a partition with two
openings. During training, the opening at the
distal end of the partition was open. The
experiment proceeded as follows: in the box in
which the animal was at the moment, a
conditioned stimulus (sound) was turned on. If
the rat moved to the other half of the box within
10 s, the sound was switched off; otherwise, the
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electric current was switched on. The animal's
transition to the other half of the chamber turned
off both stimuli, after which an intersignal
period of 30 s set in. On the 5th experimental
day after the end of the training, the distal
opening was closed and the proximal one was
opened, after which the performance of the
avoidance response under changed conditions
was tested for 20 trials.

Animals were divided into control (n=6)
and three experimental groups. Two
experimental groups, 7 animals per group, were
injected with 3-cyclic antidepressants -
melipramine and amitriptyline, at a dose of 10
mg/kg. The third experimental group (n=6)
received the selective serotonin reuptake
inhibitor -~ fluoxetine (5 mg/kg).
Antidepressants ~ were  administered  to
experimental animals and distilled water to
control animals intraperitoneally for 40 minutes
before every experiment.

The experiments were carried out in
accordance with the provisions of the
international convention on the rules for
working with experimental animals "European
Communities Council Directives, November
24, 1986, 86/609/EEC".

RESULTS AND DISCUSSION

Melipramine and amitriptyline, starting
from the 2" experiment, accelerated the
formation of a conditioned reaction of active
avoidance, as shown in Fig. 1. Amitriptyline had
the greatest effect on acceleration. Thus, in the
second experiment, the number of avoidance
reactions under its effect was 3.4 times higher
than the control value. Data on the effect of
these antidepressants are not consistent with the
previously described suppression of active
avoidance [17]. Fluoxetine did not have a
statistically significant effect on the acquisition
of avoidance, which is not consistent with either
the data on the suppression of the avoidance
responses [17] or the data on its positive effect
[4, 5].

In the course of the experiment, the
difference between the level of avoidance in
experimental and control animals decreased.

The latter is explained by the fact that the
number of avoidance responses in control
animals approaches its maximum as learning
progresses, just as it does in experimental rats.
In particular, in the last 5 trials, both control and
experimental animals performed avoidance
responses without error (Fig. 2).
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Figure 1. The effects of antidepressants on the
avoidance response acquisinion.

The x-axis shows the days of experiments; the y-
axis shows the rate of avoidance responses in %
compared to the control.

* - p <0.05 compared to the control.
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Figure 2. The effects of antidepressants on the
spatial alteration of the avoidance response.
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The x-axis shows blocks of trials; the y-axis shows
the rate of avoidance responses in % compared to
the number of trials.

* - p <0.05 compared to the control

A change in the location of the opening,
forcing the animal to relearn avoidance of the
electric pain effect, caused a decrease in the
number of avoidance reactions, which was
especially pronounced in control animals, in
which it decreased by half after the alteration
(Fig. 2). In the course of the experiments, a
recovery in the level of avoidance was observed,
which occurred faster under the effects of
antidepressants. At the same time, the increase
in the number of avoidance reactions compared
to the control that occurred under the effects of
amitriptyline did not reach a statistically
significant level, unlike the other two drugs.

The noted difference in the effects of
antidepressants was due to the peculiarities of
their  pharmacological activity and the
characteristics of the experimental model used.
Earlier [14], it was shown that a change in the
location of the opening caused by a sudden
change in the experimental environment causes
stress and reversible impairments of cognitive
and mnestic processes. Nootropics, which have
an activating effect on the central nervous
system, stimulate the assimilation of a new skill.
In contrast, the reduction of the fear caused by
the electric current with the help of anxiolytics
accelerated the development of the avoidance
reaction but did not contribute to the spatial
alteration of the skill [3].

The peculiarities of the pharmacological
activity of the antidepressants used are that
melipramine and fluoxetine, in addition to the
antidepressant, have a psychostimulating
property, which, in our opinion, stimulates the
assimilation of a new skill, just as it happened
under the effects of the activating effect of
nootropics (see above). Amitriptyline does not
have this effect, and its psychosedative effect,
which, like anxiolytics, promotes the
development of avoidance, does not provide its
spatial alteration since, in addition to reducing
stress, it is necessary to master a new skill.

So, the obtained results on the effect of
antidepressants on the acquisition of the

avoidance response are ambiguous. Together
with the known data on the suppression of active
and passive avoidance [8, 12, 17, 19-21, 23, 24],
this casts doubt on the possibility of using this
experimental model to assess the effect of
antidepressants on learning and memory.

Fortunately, however, there are some
counterarguments.
Firstly, such ambiguity has been

repeatedly described, not only with respect to
antidepressants, which did not prevent the use of
this model in experimental
psychopharmacology. So, nootropics improved
learning and memory in some experiments, but
in others they had no effect. To identify their
positive effect, they resorted to additional
influences, such as sleep deprivation according
to Jouvet, maximum shock, etc. [2]. The same
goal is served by the spatial alteration of the
developed habit [14], which established the
positive effect of fluoxetine in this work.

Secondly, the conclusion that
antidepressants inhibit passive avoidance cannot
preclude the use of active avoidance reactions to
analyze their effect on learning and memory.
This conclusion is based on a decrease in the
latent period of entry into the dark compartment
after an electric shock there the day before. This
conclusion is vulnerable to criticism since this
decrease may be the result of not only amnestic
effects but also a decrease in fear [15]. Thus, the
antioxidant mexidol reduced the latent period
but increased the choice of a safe compartment
(in a 3-chamber setup), in which the rats were
not subjected to electric shock the day before.
This indicates the formation of a memory trace
about the place of electric shock application
under the effects of mexidol [16].

CONCLUSION

Thus, the multidirectional effect of
antidepressants on the acquisition of the
avoidance response and overcoming its
violation after spatial alteration was established.
Both tricyclic antidepressants accelerated the
formation of avoidance, but only melipramine,
which has a psychostimulant effect, was
effective in the spatial alteration of the acquired



Inozemtsev A.N., Hashimova U.F., Lovat M.L. et al.

skill. Fluoxetine did not accelerate the
development of the reaction but contributed to
its spatial alteration. An analysis of the results
obtained allows us to conclude that the
acquisition of a conditioned active avoidance
response and its spatial alteration can be used to
identify the antidepressant activity of
pharmacological agents.
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W3zyueno BiusHue amurpuntiianaa (10 mr/kr), menmunpamuna (10 mr/kr) u gpayokceruna (5
MI/KT) Ha BBIpA0OTKY YCIIOBHOM peakIMM1 aKTUBHOTO H30eraHus U e€ NpOCTPAHCTBEHHYIO MEPEIENKY
y Kkpbic. [Ipu BeipaboTke n30eranust OTKPHITHIM ObLIT MPOXO/1 B IEPETOPOJIKE, MPUIIETAIOLINH K 33 HEH
CTEHKE 4YeIHOYHOH kamepbl. Ha 5-if ONBITHBIM A€Hb MO OKOHYAaHUM OOyuYEHHs 3aKpbIBAJM 3TO
JUCTAIbHOE OTBEPCTHE M OTKPBIBAJIM MPOKCUMAIbHOE, TIOCIE Yero MEJIUIPaMUH U aMUTPUINITUIMH
yckopuiu (hopMupoBaHHe peakiuu uzderanus. Ilepemena MecTONONOKEHHUsI OTBEPCTUS HApyIIUIa
BBIPa0OTaHHBIM HaBBIK, OCOOEHHO Y KOHTPOJbHBIX XUBOTHBIX. MenUnpaMuH U (IIyOKCETHH
CTaTUCTMYECKH 3HAYMMO (B OTJIMYME OT AaMHUTPUNTUIMHA) YCKOPHJIM BOCCTAHOBJICHHE YPOBHS
n30eranus. I[lonoxutenvHblii 3QdexT MenunpamuHa U (GIIyOKCETHHA OOBICHSETCS HaTUYHEM
MICUX0AKTUBHOI'O KOMIIOHEHTA B UX criekTpe. HecrmocoOHOCTh aMUTPUNTHIIMHA BbI3BAaTh 3HAUUMBIi
3¢ eKT B yCIOBHUIX 3TOI Mo/ienu 00yCIOBIICHA €ro IMCUX0CeaTUBHBIMU CBOMCTBaMU. [lomydyeHnHbIe
JaHHBIE TIO3BOJIAIOT 3aKJIIOYUTh, YTO BBIPAOOTKA YCIOBHOW peakluu aKTUBHOTO M30eraHus u eé
IIPOCTPAHCTBEHHAs NEPEIENKA MOT'YT UCIIOIb30BaThCS IS aHAJIN3a AHTUAETIPECCUBHON aKTUBHOCTH
(hapMaKOJIOTUYECKHUX areHTOB.

KiaroueBble cj10Ba: KPBICBI, aMUTPUIITUIINH, MCIIUIIPAMHUH, (bHYOKCGTI/IH, n3beranue
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Comparison of the effects of amitriptyline, melipramine and fluoxetine on acquisition

AMITRIPTILIN, MELIPRAMIN VO FLUOKSETININ SICOVULLARDA QACINMA
REAKSIYASININ YARANMASINA VO MOKAN DOYISIKLiYINO TOSIRININ
MUQAYIiSoSI

Anatoli Nikolayevi¢ Inozemtsev !, Ulduz Fayizi qiz1 Hasimova 2, Maksim Lvovi¢ Lovat !, Olga
Vyageslavovna Karpuxina !, Xadics Yusif qiz1 Ismayilova 2, Farhad Elxan oglu Riistamov 2,
Izzat Sovet oglu Hiimbotov

1 M.V. Lomonosov adina Moskva Dovlat Universiteti, Moskva, Rusiya
2 Akademik Abdulla Qarayev adina Fiziologiya Institutu, Azarbaycan Respublikast Elm va Tahsil
Nazirliyi, Baki, Azarbaycan

Amitriptilin (10 mg/kq), melipramin (10 ma/kq) ve fluoksetinin (5 mag/kq) sigovullarda sorti
aktiv gaginma reaksiyasinin yaranmasina Vo onun mokan doyisikliyina tesiri 6yronilmisdir. Qagisin
oyranilmasi zamani arakasmods mokik kamerasinin arxa divarina bitisik bir kegid agiq idi. Talim
oldugdan sonra 5-ci tocriiba giinds bu distal ke¢id baglanirdi vo proksimal agildi, bundan sonra, 20
togdimat zamani doyisdirilmis soraitdo gqaginma reproduksiyast sinaqdan kegirildi. Melipramin va
amitriptilin gaginma reaksiyasini stiratlondirdi. Kegidin  yerini doyisdirmok, xiisuson nozarat
heyvanlarinda 6yranilon bacariglari pozdu. Melipramin va fluoksetin statistik shomiyyastli doracado
(amitriptilindon forgli olaraq) gaginma Soviyyasinin barpasini siiratlondirdi. Melipramin vo
fluoksetinin miisbat tosiri onlarin spektrindo psixoaktiv komponentin olmasi ilo izah olunur.
Amitriptilinin bu modelds shamiyyatli tasir gostora bilmamasi onun psixosedativ xiisusiyyatlori ilo
baglidir.

Oldo edilon molumatlar, aktiv qaginma sorti reaksiyasinin yaradilmasi vo onun makan
modifikasiyasinin farmakoloji agentlorin antidepressant foalligini tohlil etmok igiin istifado edilo
bilacayi gonastina galmaya imkan verir.

Acar sozlar: sicovullar, amitriptilin, melipramin, fluoksetin, qaginma

Capa toqdim etmisdir: Nozakat Naib qiz1 Oliyeva, b.ii.f.d., dosent
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