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the expression of genes encoding the proteins of Ca” * -dependent CI' channels
{bestrophin 3 and TMEM 16A). According to real-time PCR. data, the expression
level of bestrophin 3 was 16 times higher, and TMEM16A was |.6 times higher
in the arteries of 1-2 week old rats compared to adults.

These data suggest that C17 1s more important for the regulation of arte-
rial tone in the early postnatal period. Thus, during maturation of the organism
both in the CNS and in the vascular system the depolanzing effect of CI” de-
creases, which can ensure optimal functioning of these systems at each stage of
postnatal ontogenesis and should be taken into account when pharmacologically
correcting cellular dysfunctions.

This work was supported by the Russian Foundation for Basic Research
{Grant No. 18-015-00216-a).
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BbIPABOTHKA YCJIOBHOI'O OBOPOHHTEIBHOIO PEMIEKCA
HA OBCTAHOBKY ¥ BHHOIMPAJJHOM YJIHTKH BbI3bIBAET
YBEJIHYEHHE BO3BYJHMOCTH KAK KOMAH/IHBIX HEIIPOHOB,
TAK H CEPOTOHHHCOJEPAALIUX HEHPOHOB
NEJAJIBHOIO TAHT.THA
XL Faiinyraunos', B.B, Anapunanos', T.X. Borogsna',
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'Huemumym dyndavenmansuon veduyunes u Guozoeun Kasanerozo
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Haywenne ponm semMOpaHHLIX XapakTepHCTHE HEHPOHOB W MAPAMETPOR
CHHANMTHYCCKON NEepelaul B MeXaHniMax ofyueHms, NpeacTarnaeT Donsmoi Hi-
Tepec [1]. Peus maer o memOpaHHEIX CHCTCMAX KNETKH, 9TO OOPEAEASETCH, BO=
NEPBEIX, KMOUERDH PONEID HEHPOHA B HATETPETHEHON AENTEARHOCTH MO3IE, 8 BO=
BTOPLIX, TEM, YTO B OCHOBE KISTOWHRIX MEXaHWIMOB 00YICHHA W TaMSTH JIEHKAT
Duodmanyeckne H GHOXHMHYECKHE XAPAKTEPHCTHENY HEPBHEIX KISTOK, ZTH Xa-
PEAKTEPHCTHEH JAH0T BAKHOE IBSHO UM NEPEX0]A KPATROBPEMEHHEIX TLIaCcTHYE-
CKHX F3MEHEHHI B A0NToBpeMenHuie. B nenoM, BRIEns0T Q82 OCHOBHEIC cTpaTe-
THH HCCHEJOBAHMH KNETOUHEX MeXannimoB: |) npoecnenne obyucHHE B o3aTem
AHATHI HA KIETOYHOM YPOBHE, 1) HCNOALE30RAHIE KISTOUHLIX HATOTOE 00yIeHNA,
KOTZA IKCOCPHMEHTRE MPOBOASTCH HA HIOMHPOBAHHOM HAH DOMYHHTAKTHOM [pe-
TApATe, 8 TAKKE B AHCCOTHHPOEIHHON KISTOUHOH KyneType. JannLe THTepaTypu
TIOKAILIBAIOT, YTO BLEHYIO POME B MEXAHHIMAX ACCOLMATHEHOTO OOVICHHSE, BR-
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NOIHEHHOTD KAK HA MPenaparax o0yueH kX MHBOTHLIX, TAK H B KISTOUHEIX 2Ha-
norax obydeHHA MIpanT memOpandnie npoueccu [1, 2], Harepecnoil monensio
ARMACTCA YCNOBHEG ODOPOHHTENLHLIN pefimexc Ha oOCTAHOBKY Y BHHOTPATHOH
ymurkn [3, 4]. C onnoil cTopoHiL, 3T0T YenoeHEE peduexe spmmerca oboponn-
TENLHLIM, T.2. B HEM 3a0eHCTBOBAHLI CHCTEME OGOPOHHTEILHOID NoBeneHHa [4,
5]. C gpyroii croponid, B 310T peiiekc BEIIOUSHA MOIYIAIHA CEPOTOHHHOM, KO-
TOPLI BRIACNMETCH W3 CEPOTOHHH-COAEPKAITHY HEHPOHOB NEJATEHOID TAHTITHA
[3]. Hozromy B nauxoi paboTe M NPORETH CPARHHTENRHOE HCCIEIOEIHHE HIME=
HEHHH IICKTPHHMECKIY XaPAKTEPHCTHE KoManansix Heidponor LPa3 u RPa3 suno-
TpaaHei YIHTKH, 3 TAKHKS CEPOTOHHHCOISHRAIIHY HEHPOHOE NEIJANLHOTO TARTITHA
Pd4 u Pd2, kotopuic 3aneficTROBAHE B MOAYIATOPHOM BLIDPOCE CEpOTOHHNA MPH
ipopautpoBanny gannoro pedmerca [3).

Y EMBOTHEIX BLIpa0aTHIBATH VCIOBHENT OOCTAaHOBOWHLIN pednexc no
KOHTEKCTYANEHOH MapagurMe «Ha Wapey» B CHTYALMHH, KOrga #WHBOTHRE D
WECTKO 3aKpelicHnl 3 paxoBnuy. O0yucHHE 3aKmouanock B NPeILAEACHHE
De3yCI0BHOTO CTHMYTA (INCKTPHYECKOS Pa3ApakeHHe) NpH HAXOMISHHH YIHT-
KH B ONpeJeicHHOM KOHTEKCTE = Ha mape. JKHBOTHEIX Ka&IMH JEHE Ha MPOTH=
HEHHH 5 JHCH DOMEIUATH B JIKCHEPHMEHTAALHYW) 0DCTAROBEY (Ha map) ®
NpPeTBEABIANH [0 5 WMeKTpHYeCcKHX payapasennil B aenk (1-2 mA, 1 ¢, 50 Tu)
NPHEOCHOBEHHEM ABYX MaKpOWIEKTPOI0E — K A0P3IANLHOH Nepeinel YacTH HOrH
n g xgocTy [53]. o navana supaborTn yonoBHoro peiiekca H NOCNE NPOUETYPhI
obyUeHHA NPOROIWIN TECTHPOBAHHE YPOBHA ODOPOHHTENLHOH PeakKLUHH Kiak
nokaiatens chopMupoBanyoi JonroepeMennoil namatn. [na storo wismepann
AMIUIHTYIY ETATHRAHMA OMMATOdOPOE B OTBET HA TAKTHIRHYIO CTHMYISLIHID
nepeanei uacTH HOTH B npouenTax. [Ipm 3TOM MEKCHMANLHOE BTATHEAHHE
oMmmarodopor nprarsani 3 100% n 3anuckIBATH, KAk CHILHO YIWUTER OTISp-
rugana ommatodopst (ma 0%, 10%, 25%, 500, 75%, 90% unn 100%%). Tectnpo-
BAHHE MPOBOINIHN B ABYX 0OCTAHOBKAX — MPH CEOOOIHOM NON3AHHH HHBOTHEIX
Ha OIOCKOH NOBEPXHOCTH (CTCKIAHHAS KPHINKA AKBAPHYMA), 8 TAKHKE B CHTYa-
uHH oOCcTanoBEH oby4yenns (Ha mape). B npenapartax ofydeHHRIX YIHTOE HIME-
PHITH 3MEKTPHYECKNE XapakTEPHCTHEN KOMANIHEX Hefponos 000POHHTENLHOTO
nosegenmn LPa3 u RPa3, a taxse cepoToORHHCOIEPAININY HEAPOHOR MeaLHO-
ro ranrmua Pdd4 w Pd2. brino wafineno, uyro nocne obyuyenns meMOpanHLi mo-
TEHUMAT CHHAACTCH, 3 MOPOTORLIT MOTCHUHAN, Hao0OpoT, YREITHYHBACTCE W, B
WTOTE, MPOHCKOANT AOCTOBCPHOES CHHMECHHE KPHTHYESCKOTD YPOBHA JenoispH-
sammn weiiponoe Pdd n Pd2. B xomanonex weiiponax LPa3 u RPa3 npogemon-
CTPHPOBAHO JOCTOBEPHOE CHHACHHE MEMOPAHHOIO M NOPOTOROTO NOTEHIHANOE,
Taxms obpaioM, NOKasaHo, YTO NOCHE BRMPabOTEE YCIOEHOMD OOCTAHOBOMHOTO
pefinckca MPOHCXOANT NOBLILICHHE BOI0YAHMOCTH HCCISA0BAHHEIY HEHPOHOR.
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ELABORATION OF CONDITIONED DEFENSIVE REFLEX
TO THE ENVIRONMENT IN THE TERRESTRIAL SNAIL CAUSES
AN INCREASE IN EXCITABILITY AS OF COMMAND NEURONS
AND SEROTONINERGIC NEURONS OF THE PEDAL GANGLION
Kh.L. Gainutdinov', V.V. Andrianov', T.Kh. Bogodvid",
LB. Deryabina', L.N. Muranova', D.L Silantyeva'
'Institute of fundamental medicine and biology, Kazan Federal University,
Kazan, Kremlevskava str., I8,
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The study of the role of membrane charactenistics of neurons and parame-
ters of synaptic transmission in learming mechanisms causes the great interest [1].
We are talking about the membrane systems of the cell, which is determined, first-
ly, by the key role of the neuron in the integrative activity of the brain, and second-
Iy, by the fact that the biophysical and biochemical characteristics of nerve cells lie
in the bases of cellular mechanisms of leamning and memory. These characteristics
provide an important link for the transition of short-term plastic changes in the
long-term. In general, there are two main strategies for the study of cellular mech-
anisms: 1) raming and then analysis at the cellular level, 2) the use of cellular ana-
logues of leaming, when experiments are conducted on an isolated or semi-intact
drug, as well as in dissociated cell culture. The literature data show that membrane
processes play an important role in the mechanisms of associative leaming per-
formed both on the preparations of trained animals and of cellular analogues of
learning [1, 2]. An interesting model is a conditioned defensive reflex on the envi-
ronment in the terrestrial snail [3, 4]. On the one hand, this conditioned reflex is
defensive, ie. it involves systems of defensive behavior [4, 5]. On the other hand,
this reflex mecludes modulation by serotonin, which i1s released from serotonin-
containing neurons of the pedal ganglia [3]. Therefore, in this paper we conducted
a comparative study of changes in the electrical charactenstics of the command
neurons LPa3 and RPa3 of terrestrial snails, as well as serotonin=containing neu-
rons of the pedal ganglion Pd4 and Pd2, which are involved in the modulatory re-
lease of serotonin during formation of this reflex [3].

The conditioned situation reflex in contextual paradigm "on the ball" was
developed in a situation when the animals were rigidly fixed through their shells.
In so doing it was preserved the freedom of movement of snails over the surface of
a ball floating i the water and the snails was completely elongated out of the shell.
The tramning consisted in the presentation of the unconditioned stimulus (elecirical
stimulation) when the snails were placed in a different context, such as on the ball.
The 5 electrical stimulations per day (1-2 mA, | s, 50 Hz) were presented to snails
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within 5 days at their location on a ball for contextual leaming by touching of two
macroelectrodes: dorsally to the front of the foot and to the tail [5]. Before the start
of elaboration of the conditioned situation reflex and after leamning the testing of
the level of defensive reaction as an indicator of formed long-term memory was
performed. To do this, the amplitude of retraction of ommatophores in response to
tactile stimulation of the anterior part of foot in percentage was measured. The
maximum retraction of ommatophores was taken as 100% and 1t was recorded how
much the snail withdraw ommatophore (0%, 10%, 25%, 50%, 75%, 90% or
100%). Testing was carmed out iIn two contexts: during the free crawling of ani-
mals on a flat surface (glass cover of the aquarium) and in the sination of leamning
context (on the ball). In preparations of learned animals it were measured the elec-
trical charactenstics of command neurons of defensive behavior LPa3 and RPa3,
as well as the serotonin-containing neurons of the pedal ganglion Pd4 and Pd2. It
was shown that after this training the membrane potential decreases, and the
threshold potential, on the contrary, increases and, as a result, there is a significant
decrease in the cnitical level of depolanization of neurons Pdd » Pd2. It was also
found that the command neurons LPa3 and RPa3 significantly reduced membrane
and threshold potentials. It is concluded that after the development of a conditioned
reflex on the situation there is an increase in the excitability of the studied newrons.
Thus, it 1s shown that after the elaboration of a conditioned environmental reflex,
the excitability of the studied neurons increases.
Supported by RFBR (Grant No. 18-015-00274).
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CYIIECTBYET JIH JIBOHHASN CIIHPATb AKTHHA? HOBASA
MOIETE YVEJIAJKH MOHOMEPOB AKTHHA B PHEPHILIE
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AKTHH SBISETCH CAMBIM PACHPOCTPAHEHHEIM DEIKOM B OPraHHIMe 3yKa-
puot. B KneTke aKTHH MOMNET CYMECTEOBATE B ABYX topmax: rnobynapnoit (G-
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