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The present paper explores the effects of the psychopharmacological agent - fluoxetine - on mnestic
processes, using a model of passive avoidance on male Wistar rats with different nervous system
phenotypes and different activity ratios of the monoaminergic systems of the brains. In the re-test
session under administration of fluoxetine, the seizure-tolerant rats compared to the seizure-sensitive
rats were characterized by a more pronounced fear response to the ""'unsafe’ compartment and en-
hanced anxiety facilitating the retention of memory trace. The individual sensitivity of the animals
to the action of fluoxetine and the direction of its effects on mnestic processes are supposed to be
determined by different primary activity ratios of the monoaminergic systems of the brain.
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INTRODUCTION

In recent years, increasing attention has been
paid to the study of the functional specificity of the
central nervous system (CNS), determined by both
genetic (different strains of rats) and individual
(differences within one strain) peculiarities of be-
havior, memory, learning, adaptation and plasti-
city. It is known, that the individual reactivity of
organism to the action of different stress-factors
are associated with the innate difference in activi-
ties of the monoaminergic (MA) systems of the
brain, involved in the neurochemical organization
of various types of innate and learned behaviors
(Ismayilova et al., 2007). In this regard, the most
significant neurotransmitter is serotonin (5-HT)
being an important biochemical factor forming mi-
xed anxiety-depressive disorders and disturbing
cognitive functions (Handley and Mcblune, 1993).
In particular, deficiency of 5-HT leads to a distur-
bance of synaptic transmission in the CNS and
forms depressive states. Therefore, most psychot-
ropic medications applied in medical practice are
targeted at enhancing serotonin neurotransmission.
Among the medications that affect intra-synaptic
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serotonin metabolism, the selective serotonin reup-
take inhibitors, such as fluoxetine, play a key role
(Wong et al., 2005). The medication binds to the
specific protein — serotonin transporter — selecti-
vely blocking serotonin reuptake in the presynaptic
ending, which leads to increase in concentration of
the neurotransmitter in the synaptic cleft and to en-
hancing its action on the postsynaptic receptors.

A lot of scientific papers are dedicated to the
comparative study of the effects of acute and chro-
nic administration of fluoxetine on behavior in va-
rious models of rats and mice of different strains
(Kovalenko et al., 2007; Sarkisova and Folomkina,
2010). In addition, they contain the information
about the variety of the neuro-psychotropic medi-
cations, that depends on the animal genotype, na-
ture of the test conditions (Griebel et al., 2000) and
the baseline psycho-emotional state of the indivi-
duals (Ben Porath and Taylor, 2002).

Based on the aforementioned, of particular in-
terest is to study the effects of 5-HT excess caused
by fluoxetine on the mnestic processes, using a mo-
del of passive avoidance (PA) on male Wistar rats
with different nervous system phenotypes and dif-
ferent activity ratios of the catecholaminergic and
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5-HT-ergic systems of the brain. Passive avoidance
test is one of the main techniques of testing neuro-
psychotropic medications' effects and, moreover, it
is especially popular in studying mnestic process
patterns (\Voronina and Seredenin, 1998).

MATERIALS AND METHODS

The study was carried out on male Wistar rats
(body mass of 180-220 g) under chronic conditi-
ons. The rats were preliminarily tested for toleran-
ce to acoustic startle stimulus. For that purpose,
each animal was exposed to the sound of an electric
bell (90-120 dB) for 2 min in the soundproof box.
The indicator of sensitivity was the intensity of sei-
zure in the rats. The difference in the responses to
acoustic stimulus allowed dividing the animals into
2 groups: seizure-sensitive (SS — prone to seizures)
and seizure-tolerant (ST — without motor excitati-
on) rats.

From the total number (121) of the rats, 29 ST
and 27 SS rats were selected. Both types of the ani-
mals were divided into the experimental and cont-
rol animals. 1 h prior to the experiment, the expe-
rimental animals (ST (n=15), SS (n=14)) were int-
raperitoneally injected with fluoxetine (Pharmasci-
ence, Montreal, Canada) at a dose of 25mg/kg. The
control rats (ST (n=14), SS (n=13)) were adminis-
tered with the diluent - distilled water - in the equal
volume. During 2 days prior to the main experi-
ments, the animals were handled for 5 min per day
in order to equalize their responses to this stimulus.

PA-elaboration was carried out according to
the common technique in the light-dark box. The
rats were placed in the light compartment with their
tails to the guillotine door between the light and
dark compartments. The latency to enter the dark
compartment was recorded (unconditioned "mink"
reflex). When the animal entered the dark compart-
ment, the guillotine door was closed and a mild
electric foot shock (0.5 mA; 2 sec) was delivered
through the grid floor. Then the animals were qu-
ickly removed. The stability of the formed respon-
se was characterized by the degree of its retention
in the re-test session on the 2" day, which allowed
identifying the peculiarities of the memory traces
retention. The time spent by the animals in the light
"safe" compartment was recorded for 300 sec. The

behavioral (search movements, rearing, grooming)
and vegetative (number of fecal boluses) indices
registered in PA re-test session were also analyzed.

While processing the experimental material,
we have considered the total time spent by the rats
in the light compartment and the number of rats
that retained the formed PA response, as well as
analyzed the range of behavioral (search move-
ments, rearing, grooming) and vegetative (number
of fecal boluses) indices in PA re-test session.

All the experimental procedures were carried
out in accordance with the international and na-
tional standards for the care and use of laboratory
animals and approved by the appropriate commit-
tee of the Institute of Physiology, ANAS. The re-
sults of the study were processed with application
of a nonparametric Mann-Whitney U test and
Student's t-test. Mathematical calculations were
performed using an analytics software package —
STATISTICA.

RESULTS AND DISCUSSION

The comparative analysis of learning in the ani-
mals with different proneness to seizures identified
the peculiarities of PA response retention in the re-
test session on the 2™ day after training. It has been
found that the control ST rats compared to the SS
ones had lower rate of PA response retention (17.8
and 22.4 % respectively, p<0.05). However, under
administration of fluoxetine, the lower rate of res-
ponse retention was observed in the SS rats compa-
red to the ST ones (12.9 % and 53.2% respectively,
p<0.01) (Table 1). The number of entries to the dark
compartment was larger in the SS rats compared to
the ST ones. Thus, one part of the SS rats entered
and left the dark compartment for several times,
while the other part entered immediately the dark
compartment and stayed there until the end of the
experiment, demonstrating an impairment of reten-
tion of the formed response.

The total time spent in the "safe" compartment
on the 2™ day after training in the control ST rats
made up 189.2+0.6 sec on average, which was sig-
nificantly lower (p<0.01) than the total time spent
by the SS rats in the light compartment — 283.6+0.9
sec (Table 2).
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Table 1. Retention of PA response (%) under
administration of fluoxetine in the rats with different
levels of proneness to seizures

Groups Control Experimental
ST rats 17.8 53.2*
SS rats 22.4 1297

*p <0.05; **p <0.01.

Table 2. The total time (sec) spent in the "safe"
compartment on the 2™ day after PA response
elaboration under administration of fluoxetine in the
rats with different levels of proneness to seizures

Groups Control Experimental

ST rats 189.2 230.5

SS rats 283.6 12227
**p <0.01

However, acute administration of fluoxetine
led to the opposite effects on memory traces retrie-
val in the experimental animals of both types. Un-
der administration of the medication, high rate of
retention of the formed PA response in the re-test
session on the 2™ day was identified in the ST rats
compared to the control ones. That was manifested
in increase in the total time spent in the light com-
partment —230.5+0.7 sec, while in the SS rats, the-
re was significant decrease in the mentioned para-
meter — 122.2+0.6 sec (p<01).

Under administration of the medication, the
differences in PA response retention capacity of
the rats of both types were more pronounced in the
context of the number of animals that retained the
formed response. Thus, on the 2™ day after trai-
ning, the share of the control SS rats that retained
the response made up 83%, while in the ST rats it
was 43%. However, under administration of fluo-
xetine, that parameter made up 40% in the SS rats
and 60% in the ST ones.

The analysis of the range of behavioral and
vegetative indices accompanying the PA response
in the re-test session on the 2™ day showed the be-
havioral differences between 2 experimental gro-
ups of the animals administered with fluoxetine
(Fig. 1). There were enhanced search activity and
low level of the vegetative indices in the control SS
rats, whose time spent in the light compartment
was longer in comparison to the ST rats. Under ad-
ministration of the medication, high rate of PA res-
ponse retention was observed in the ST rats, mani-
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fested in increase in the total time spent by the ani-
mals in the "safe" compartment, enhanced search
activity and low level of the vegetative index. In
the SS rats compared to the control ones, those pa-
rameters were lower. However, under the effects of
fluoxetine there was a completely opposite pattern
of memory traces retrieval in the experimental gro-
up of both animal types. Under administration of
the medication, high rate of PA response retention
on all days of testing were identified in the ST rats.
That was manifested in increase in the total time
spent by the animals in the "safe" compartment and
the level of search activity. In the SS rats compared
to the control, there was decrease in the mentioned
parameters.

1 2

Fig. 1. Range of the behavioral and vegetative indices
revealed in PA re-test session on the 2" day after
training in the rats with tolerance (1) and sensitivity (2)
to acoustic startle under administration of fluoxetine. A
— control group; B — experimental group. Numbers on
the sectors of the circles indicate the manifestation
degree (%) of some behavior's components: 1 — search
activity; 2 - grooming; 3 - rearing; 4 — fecal boluses.

Thus, under the effects of administration of the
medication, the ST rats compared to the SS rats are
characterized by a more pronounced fear response to
the "unsafe" compartment and enhanced anxiety fa-
cilitating the formation of long-term memory traces
and showing individual sensitivity of the animals to
the action of fluoxetine on mnestic processes. The
differences in the processes of memory traces retrie-
val under the effects of fluoxetine in the animals of
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different phenotypes are apparently supposed to be
due to the impact of the medication on metabolism of
monoamines, which changes an innate activity ratio
of the noradrenaline (NA)-, dopamine (DA)- and se-
rotonin (5-HT)-ergic systems of the brain. The mani-
festation degree of the effects of the medication de-
pends on both the individual specificity of the CNS
and the specific brain area. Thus, acute administrati-
on of fluoxetine identified the response peculiarities
of the MA-ergic systems of various brain areas to its
effects (Ismayilova et al., 2016). In particular, after
administration of the medication, there was signifi-
cant decrease in 5-HT level in the hypothalami of the
SSrats, as well as significant increase in NA level,
which led to PA response extinction. The aforemen-
tioned is substantiated by the data that Wistar rats
with different phenotypic peculiarities of the nervous
system, whose activity ratio of the MA-ergic systems
shifted toward the predominance of the 5-HT-ergic
system of the brain, have the best ability to retain PA
response (Semenova, 1992). However, under the ef-
fects of fluoxetine, in the ST rats, there was signifi-
cant increase in 5-HT level in the frontal cortex ac-
companied by decrease in NA level and significant
decrease in DA level, which led to PA response reco-
very. The obtained data is consistent with the opinion
of R.1. Kruglikov (5) on increasing time spent in the
"safe" compartment during reducing NA in the brain
by disulfiram. In addition, our data is corroborated by
the works of many investigators (Hervas et al., 2001),
indicating increase in 5-HT level in the frontal cortex
after administration of fluoxetine at a dose of 3-154
mg/kg, as well as an inhibitory effect of increased 5-
HT level on the DA-ergic system (Fletcher et
al.,1999).

Thus, extinction of mnestic processes, obser-
ved in our studies, under the effects of the medica-
tion in the SS rats is probably associated with wea-
kening genetically determined activity of the 5-
HT-ergic system of the hypothalami while a better
retention of memory traces in the ST rats is corre-
lated with increased 5-HT- ergic and decreased
NA-ergic systems' activity of the frontal cortex.

The individual sensitivity of the animals to the
action of the psychopharmacological agent — fluo-
xetine — and the direction of its effects on mnestic
processes are supposed to be determined by diffe-
rent primary activity ratios of the MA-ergic
systems of the brain.
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Miixtolif fenotipli sinir sistemi vo beynin biogen monoaminlarinin saviyyasinin miixtalifliyi ilo
farqlanan sicovullarda fluoksetinin yaddas proseslorinda effektlari

M.B. Macidi
AMEA-nn Akademik Abdulla Qarayev adina Fiziologiya Institutu

Miixtalif fenotipli sinir sistemi vo beyinde monoaminergik (MA) sistemlorinin nisbatinin miixtslifliyi ilo
forglonan sigovullarda passiv xilasolma sorti refleksi modelindon istifado etmokla, fluoksetinin mnestik
proseslors tosiri Oyronilmisdir. Psixofizioloji preparatin yeridilmasi fonunda sorti reflektor reaksiyanin test
edilmosinin ikinci giiniindo alinan natico stressa-tolerant sigovullarin stressa-hassas sicovullardan forqli
olaraq, “tohliikali” bolma garsisinda koskin qorxu hissi kecirilmasi va yiiksok hayoacanli olmasi yaddas izi-
nin saxlanildiginin tosdiqi ola bilor. Psixofarmakoloji preparat olan fluoksetinin tosirine qarst heyvanin
fordi hossasligi vo mnestik proseslorda onlarin yaratdigi effektin istigamotinin beynin miixtolif struktur-
larinda MA-ergik sistemlorin miixtalif ilkin nisbati ilo slagodar oldugu giiman edilir.

Acar sizlar: Stresa qarsi qicolma-tolerant va qicolma-hassas sicovullar, passiv xilasolma sarti refleksi,
fluoksetin, serotonin, dofamin, noradrenalin

¢ dexTnl PayokceTHHA B Mpoleccax MaAaMATH Yy KPBIC ¢ Pa3IHYHbIM (PeHOTHIIOM HEPBHOM
CHCTEeMBbI M Pa3HbIM YPOBHeM OMOTeHHbIX MOHOAMHHOB M0O3Ta

M.B. Magxuan
Unemumym guszuonoeuu umenu axademuxa A60yanst I apaesa HAH Azepbatioocana

C ucnonp30BaHHEM MOJIEIH YCIOBHOIO pediiekca MacCHBHOTO M30eraHus, y KpbIC-CaMIIOB JTMHUU Bucrap
C Pa3NUUHBIM (PEHOTHIIOM HEPBHOUM CHCTEMBI M Pa3IMYHbIM COOTHOIIEHHEM aKTUBHOCTH MOHOAMHHEPTH-
yecknx (MA) cucreM Mo3ra m3ydyajloch BIHMAHHE (PIyOKCETHHAa Ha MPOLECCH MaMsATH. B oTnuuume ot
CYJIOPOKHO-9YBCTBHUTEIILHBIX KpBIC, CYIOPOKHO-TOJIEPAHTHBIE K CTpPECCy KpBICHI Ha ()OHE BBEICHUS
ncuxo(apMakoJIOTHYECKOT0 IpenapaTa XxapakTepr30BalIuch 0oiiee BRIPAKEHHOH peakiuel cTpaxa nepen
"omacHBIM" OTCEKOM M MOBBIIIEHHOH TPEBOXKHOCTHIO Ha BTOPOH JIEHb TECTUPOBAHUSA YCIOBHOPEQIIEKTOP-
HOHW peakLuH, YTO MOXKET YKa3bIBaTh Ha COXpaHEHME cieaa naMatu. [Ipeanonaraercs, YTo MHIAUBHUYalb-
Hasl YyBCTBHTEIBHOCTD JKUBOTHOTO K JIEHCTBUIO MCUXO(AapPMaKOIOTHIECKOro Ipenapara GIyoKCeTHHA H
HalpaBJICHHOCTh BBI3BIBAEMBIX UM 3((EKTOB B MHECTHYECKHX Mpoleccax OOYCIOBIEHBI Pa3IMYHBIM
UCXOAHBIM COOTHOLLIEHNEM aKTUBHOCTH MA-CHCTEM Pa3INYHBIX CTPYKTYp MO3ra.

Knrouesvre cnosa: CyooposicHo-mojiepanmuvie U CYOOPOAICHO-HYECMBUMENbHbIE K CMPECccy KpblChl,
VCA06HBIU peiekc naccusHo2o uzbe2anust, (ryoKcemun, cepomonut, 00pamun, HOpaopPeHaIuH
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