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MNaTTepHbl aKTUBaLMIA cy6peruouos
rUNNoKamra B CUTyaLusiX aBepCMBHOro
M HeaBEepPCUBHOIo Hay4yeHus

A.H. Bynasa, ¥O.B. I purnuenxo

% WUccnenosaHbl NaTTepHbl aKTUBaLIMUiA cybpernoHOB rUnnokaMra B CUTYaLmsix
ABEPCUBHOMO 1 HEaBEPCUBHOMO HayueHus. B kauecTse KMeToYHOro Mapkepa
HeVipoHa/IbHOW aKTUBHOCTU Gbifl MCMO/b30BaH TPaHCKPUMLIMOHHLIN (akTop
(T®) c-Fos. BoisiBneH pasbpoc B pacnpefeneHun FOs-rnosuTUBHBIX KIIETOK
cpenw CTpykTyp runnokamna: B rosie CAl obHapy)XeHo CHWKEHUE YPOBHS
skeripeccuu TO c-Fos B rpyrine obyueHus akTUBHOMY vsberaHuio no cpas-
HeHWo ¢ rpynnoii nuienoboisaTensHore noseaeHus. 06e rpynibl 0byqe-
HUS KaK aBEpPCUMBHOMO, Tak M HEeaBepCMBHOrO AEMOHCTPUPYIOT 3HauuMoe
MOBbILIEHUE YPOBHS aKTUBaLIMK BCEX UCCE[0BaHHbBIX CTPYKTYP rvnrokamra
110 CpaBHEHUIO C FPYNMOI UHTAKTHOrO KOHTPOJIS.

Knrovesbie cnoBa: c-F0s, CTPECC, HAYYEeHNE, TMITITOKAaMIT,

< In this work we studied patterns of neural activity during active avoidance task.
Transcription factor c-Fos was using as a cellular marker of learning-related neuronal
activity. We have found different involvement of hippocampal fields CA1 and CA3.

Decrease in the number of c-Fos positive neurons was found in the hippocampal field
CA1 during more stressful active avoidance learning as compared to operant learning.

Keywords: c-Fos, stress, learning, hippocampus.

BaxxHyto poib B GOpMHpOBaHUY GU3HOTOTHYECKHX aJalTaluii B CTpecco-
FEHHBIX YCIOBHAX OTBOIAT TMIIOTANAMO-THNO(H3apHO-HAIIIOYEYHHKOBOU
CHCTEME M TIIFOKOKOPTHKOWAHBIM ropMoHaM [6]. B rummokamme o6Hapy-
JKEHO camoe GOoNBIIOe YKCIo HU3Koah(GUHHBIX NIIOKOKOPTUKOMAHEIX (I'P)
¥ BBICOKOaQ(GHHHBIX MHHEPATOKOPTHKOUIHBIX penenTopos (MP), moka-
IU30BaHHBIX, B ocHOBHOM, B nongx CAl u CA3. Benepcteue 3Toro rum-
MOKAaMII OTHOCST K HaATWIOTaTaMHUYeCKUM LEHTpaM PEryJsaiuyl aKTHBHO-
CTH TMHOTAIAMO-THIO(PU3APHO-HANNOUYEIHHKOBOTO Mexanusma [3]. B
MHOFOYMCIEHHBIX paboTax, TeMOHCTPHPYIOIMX BAXKHYIO POJb THIIIOKaM-
ma B ()OpMHPOBAHUH HABBIKOB M30eraHMA M afalTalii K CTPeCCOreHHBIM
BO3IEHUCTBHSM, aBTOPHI IPEIIONaraloT, 4TO BOBIEYEHHME THUIIIIOKaMIIA B
(opMupoBanue aBepCHBHBIX (HOPM NOBEIEHHS CBA3aHO C (uKcanued 06-
CTaHOBOYHBIX CTHMYJIOB [9]. TIpu 3TOM yKasbiBaeTcs HEOOXOAMMOCTD He-
OIIHOBPEMEHHOTO TIPEIbABIICHHS YCIOBHOTO M G€3yCIOBHOIO pasipaxuTe-
neii [5]. B Takux paGoTax, Kax MpaBUIIO, MOJETMPYIOT OCTPHIA CTpecc B
3a7a4ax [ACCUBHOTO WIM aKTHBHOrO M3beranus. KOHTponbHOM Ipymmoi B
GONBLIMHCTBE W3 HUX BBICTYIAET WHTAKTHBIH KOHTPOIb WM IPYMNa «II0-
Kosi». Jipyroit «GIok» SKCIEePHMEHTANIBHBIX paboT YKa3bIBAET Ha BAXKHYIO
pOJIL TUIMINOKAaMIIa B MEXaHU3MaX MaMATH ¥ Hay4eHus B 1esoM. B omix pa-
60Tax HCIONB3YIOT Pa3IMYHbIE HEABEPCHBHbIE MOJIETH 00YUYEHHs 1 TakKe
CpPaBHMBAIOT UX C IPYNIIAMH MHTAKTHOTO KOHTPOJISA.

© Amropsy, 2017
© 000 Haparenserso «PagHoTexauKkay, 2017

Anexcanopa Hzopeena
bynasa —

ML Hay4. compyoHuK, nabopamopus
neuxogusuonozuu um. B.B. Illseiprosa,
Hncmumym ncuxonoeuu Poccutickoil
axademuu nayk (Mockea)

E-mail: ai.bulava@mail.ru

FOpuii Bacunveguy
Ipunuenxo —

K.M.H., CH. HAY4. COMPYOHUK, 1abopamopus
neuxogpusuonozuu um. B.b. Illeviprosa,
Hucmumym ncuxonoeuu Poccutickoit
arademuu nayk (Mockea)

E-mail: nyugrink@psychol.ras.ru




Ilenrs paGoThH — CpaBHEHHE
MAaTTEPHOB aKTHBAIMH CyOpEernoHOB THII-
I0KAMIA B CUTYAIUAX aBEPCHUBHOTO U He-
aBEPCUBHOIO HAyYEHU.

MeToabl, MATEPHAILI, 00CYKIEeHHE

B xauecTBe KJIETOYHOTO Mapkepa HeHpoHaIbHOM aK-
TUBHOCTH OBLI HCIIONB30BAH TPAaHCKPHILIMOHHBIN
daxtop (TD) c-Fos. Kpsic Long-Evans o6yuanu us-
CTPYMEHTATLHOMY IHIIEN00BIBATEIEHOMY IOBELE-
HMIO, 3aTEM WX Pa3deliad Ha JBe I'PYMNIbL: OJHUX
00yJai aKTUBHOMY M30€TaHHIO 3JIEKTPHIECKOrO
Toka (Stress Learning, n=4) [8], mpyrux — nmiuie-
noGrIBaTenbHOMY ToBeneHuio (Appetitive Learning,
n=15), OTIMYHOMY OT 00Imero s 06eux rpymni Ha-
BBIKa, IIOJIyYE€HHOTO B Hadaje 3KcnepumeHra. JKu-
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7/

BOTHBIE Tpymmbl MHTaKTHOro KoHTpons (Control,
n=5) OBUTH B3ATHI W3 JOMAIIHEH KIETKU HEMOCPe-
CcTBeHHO mepen nekamuranueil. C Mosra Kaxmoro
JKUBOTHOTO ObUTIO mosydeHO o 20 (poHTaNbHBIX
KPUOCTATHBIX Ccpe3oB TonmuHOH 20 MM Ha 20 Ko-
OpAMHATHBIX YpOBHAX — oT —1,72 mo —4,44 MM OT
Bpermsl. Cpesbl HccenyeMsix obnacreil Mosra G6pa-
JIM B COOTBETCTBHM C JaHHBIMHU CTEPEOTaKCUYECKOTO
aTmaca Mosra Kpbicel [10]. Fos-nO3HTUBHEIE KIETKH
BBISIBISUIA MMMYHOTHCTOXMMHMYECKUM METOLOM B

COOTBETCTBHH CO CTAHOAPTHBIM CTPENTaBUIMH-
OMOTHH-TIEPOKCHIA3HBIM IIPOTOKOJIOM, HCIIONIB3Ys
NepBUYHbIE TOJIUKIOHAIBHBIE KPOIWYBHM AHTHUTENA
(1:2500, Ab-5, «Calbiochemy, USA). Jij1s1 XJI€TOUHOM
BU3yaJM3alliM HCIIONB30Balach CBETOBAA MHUKPOCKO-
nvs ¢ mocienyromeit oruppoBKoi Npu 4-KpaTHOM
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Cxema Mo3Ta KpHICHL, UCCenyeMbie 306l runmokamma: CAl, CA2, CA3 [10] (a); penpeseHTaTrBHAS MUKPO(OTOrpa-
ust cpesa MO3ra SKCIEPUMEHTANBHOIO KHUBOTHOrO Ha ypoBHE —2,76 MM ot Bpermer. Scale Bar =200 pum (6); uncio
FOS-TI03MTHBHBIX KIeTOK B 1 MM” B 30max rummokamma CA1/CA2/CA3 y )UBOTHBIX 3KCIIEPHMEHTAIBHBIX ¥ HHTAKTHOH
rpynm. *Mann—Whitney U test z=-2,327; p = 0,019; Effect size r = 0,77 (¢)

BHOMEAHUHHECKAs PAIHOIACKTPONMEA, 2017 r., No 2




yBenuueHny Ha Mukpockone Olympus BX-50 ¢ mo-
Moo Bricokopaspematomedt CCD-kamepst (Nikon
DMX-1200) (pucyHok, a). KonBepTupoBaHHBIE B
yepHo-Oenbiit 8-OuTHBIN (PopMat uzobpaxenus (pu-
CYHOK, 6) aHAaIM3UpOBaIud B MopdomeTpudeckont
nporpamme Image Pro Plus 3.0. (Media Cybernetics
Inc., USA). Onpenensny 94cio u Tonorpaduio pac-
npeneneHus FOS-MO3UTHBHBIX KJIETOK B IOJSX
CA1/CA2/CA3 runnoxammna. Bce craTucTudeckue
MpoLiefypbl ObLIM BBIIONHEHBI C MOMOUIBIO NAKETa
nporpamm Statistica 10 (StatSoft, USA).

B pesynbTaTe BRIABIEH pa3bpoc B pacmpenene-
UM FOS-TIO3UTHUBHEIX KIETOK CPENM CTPYKTYp THUII-
nokamra (pucyHoOK, 8): B mone CA1 GbU10 BHIABIEHO
cHIKeHHMe YpoBHA dKkcnpeccud T® c-Fos B rpymme
o0ydueHys akTHBHOMY HM30€raHuUIO IO CpaBHEHMIO C
Ipynnoi mumeno6sIBaTENBHOTO IIOBENeHHUs; o00e
SKCTIEPUMEHTAIBHbIE TPYMIIbl 3HAYUMO OTIHYAIOTCS
OT TpyImsl WHTAKTHOro KoHTpons (Mann—Whitney
U test z=-2,327; p = 0,019; Effect size r = 0,77).

TIcHX03MOIMOHANBHBIN CTPECC HeCTaOMITM3IPYET
KOTHHTHBHBIE TIPOLIECCHI, TaKWe KaK HaydeHHE M Ta-
MSATb, ¥ MOXET NPUBOIUTH K HEWpOmeTeHepaTUBHBIM
usmenenuaM [4]. Hanpumep, npu uccienosasuy 3¢-
(DEKTOB XPOHUYECKOTO CTPECCa BBIABICHO YMEHBIIIE-
HEe o0Imero pasMepa Irurmokammna [2, 7], 9To B CBOIO
ouepenpb ABNACTCA ONHHM W3 DAHHUX IWArHOCTHYE-
CKUX TIPU3HAKOB IIpy 60m€e3HM AbLreiiMepa.

OKCIepUMEHTANbHO OBUIO YCTaHOBJIEHO, 4YTO
akTHBaimsi MP CONMpOBOXKAAEeTCA yBEIUYEHHEM aK-
THBHOCTH KaJbLIUEBbIX KaHANOB B HeWpoHaX MONA

CAl, Ho nmomonHuTeNbHas akTuBaiusa [P, (S
XapakTepHas IJisi OCTPOro CTpecca, MOAaB-
nsiet aktusHocTh nona CAl [1]. Oro coot-
BETCTBYET MOJIyYEHHOMY B HalleM 3KCIIEpHMEHTe
CHIDKEHHIO YPOBHS SKcmpeccuu c-Fos B rpymme
o0y4eHus akTHBHOMY H30€raHuio, HO TOIBKO IO
CPaBHEHHUIO C TPYIIIOH MUIEHA00RBATENBHOIO MTOBE-
IEHYS.

® (OGe rpymnmsl 00y4yenus (KaKk aBepCHBHOTO, TaK
¥ HEaBEPCHUBHOTO) JEMOHCTPUDPYIOT 3HAYNMOE
TIOBBIICHWE YPOBHS aKTUBAIMK BCEX HCCIENO-
BAHHBIX CTPYKTYp TUIIOKaMIIa IO CPaBHEHHMIO
¢ rpymnmnoi WHTakTHOro KoHTpoy. Ilomyuen-
HbIE TATTEPHBl aKTHBHOCTH CTPYKTYp IMIIIO-
KaMIa IpeIuoNiaraloT AajbHEeHdIliee H3ydeHHe
y4YacTHs TUMIMOKamIa B GOPMHPOBAHUH HOBBIX
TOBENEHYECKUX afanTanni, TaloKe UCIONb3ys
MOJIEIM aBEPCUBHOIO U HEaBEPCHBHOIO Hayde-
HHS B PaMKaX OJHOTO DKCIIEPUMEHTA.
Vzyuenue ocobeHHOCTEH HaydeHMs, IPOTEKa-
IOLIETO B CTPECCOTEHHBIX YCIOBHAX, HEIAeT
BO3MOXKHBIM MOHUMAHHE KOPKOBO-IIOJKOPKO-
BBIX B3aUMOJEHCTBUH, ONpPERCIAIOMMK HUHIM-
BUIyallbHbIE OPTaHM3MEHHBIE ¥ IIOBEIEHYEC-
KU€ K3MEHEHUs B YCIOBHAX ICHXO3MOLHO-
HaNBHOTO CTpecca.

PaGora BbIMOTHeHa Npy (HUHAHCOBOH mNoONIEpKKe
PODU (mpoexta Ne 15-06-99697) B pamMkax Mccieno-
BaTeNbcKkoil mporpammel Benymiedl HayYHOW HIKOJIBI
P® (HILI-9808.2016.6).
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Psycho-emotional stress disturbs cognitive processes such as learning and memory, and leads to neurodegenerative changes [4].
It is widely accepted that the hypothalamic-pituitary-adrenal system plays a critical role in the stress response [6]. Action of corti-
costerone in the brain are mediated by glucocorticoid receptors (GR) and mineralocorticoid receptors (MR). The highest MR ex-
pression was found in the hippocampal fields CA1 and CA3. Activation of MR in the hippocampal CA1 area results in considerable
excitatory hippocampal output. Activation of GR, after acute stress, generally depresses the CA1 hippocampal output [1]. Chronic
stress negatively correlated with the hippocampal volume [2; 7]. In this work, we studied patterns of neural activity during active
avoidance task. At the beginning, we trained animals (Long-Evans rats) to perform food-acquisition operant behavior. Then we
trained rats in two different ways: an active avoidance task or an operant bar-pressing task. Fos protein served as a cellular
marker of neuronal activity during the second learning. Immunohistochemical detection of Fos-positive neurons was performed in
accordance to streptavidin-biotin-peroxidase protocol. Distribution and number of Fos-positive neurons of hippocampal fields
(CA1/CA2/CA3) was analysed. The number of Fos-positive neurons was higher in both experimental groups than in intact rats.
We have found different involvement of hippocampal fields CA1 and CA3. Decrease in the number of c-Fos positive neurons was
found in the hippocampal field CA1 during more stressful active avoidance learning as compared to operant learning (Mann—
Whitney U test z=-2.327; p=0.019; Effect size r=0.77).

This study was supported by RFBR (grant # 15-06-99697) and is performed within the research programme of
one of the Leading Scientific Schools of Russian Federation (9808.2016.6).
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