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B wuacrogmee BpeMd HCCIENOBAHHE HayYEHHS
OCYIIECTRIAETCA HA CAMEIX PailIHYHBIX YPOBHAX,
BEJIHOHMAA TAKHE, KAK HeHpOHHBIA H MONEKVIAPHO-
Ouonoruvyeckui. MiHTErpanns jaHHBIX, MONY4YeHHBIX
Hi 3THX [BYX YPOBHSX, MO¥eT cnoco0CTBOBATE pas-
pabOTKe MENOCTHRIX MPEACTABIEHHH O TPOLECCax,
IPOHCXOAAIINX B MOJOBHOM MO3Tre IPH Hay4eHHH.

JlaHHBIE, TONYYEHHBIE HEHPODHIHOIOrHIECKHMH
METOIaMH, CBHIETEILCTBYIOT B NONB3Y TOTO, YTO Ha-
y4eHHe OCYINecTBIseTCd 3a CUET mpolecca “ToBe-
JEHYECKON CHemHanu3anun’ MOMYAIMY HeHpOHOB
samaca [1, 3, 5, 7]. CornacHo cHCTEMHO-CENEKITHOH-
HOH TeopHH (pOPMHPOBaHHE HOBOTO MOBEeHYECKO-
ro 4KTa NpH Hay4eHWH BKAKYAeT (PopMHpOBAHHE
HOBOH (hYHKIIHOHANEHOH CHCTEMBI — CHCTEMOTEHES,
Ha HeHpPOHHOM YPOBHE 3TOMY IPOINECCY COOTBETCT-
ByeT OpMHpPOBAHAE CIENHATHIANNI HEHPOHOB OT-
HOCHTENRHD 3ToH cucTeMel [7]. CienHann3anng Heli-
POHOB MPOABIACTCA B BOIHAKHOBEHHH Y paHee “MO-
Yaliix ' HEHPOHOB AKTHBALMA, HEHIMEHHO NOABIANO-
LMXCA TIPH OCYLIECTBIEHHH C(hOPMHPOBAHHOTO MOBE-
JEHYECKOrD AKTA.

HeomHokpaTHo ORINO MOKa3aHO, YTO Pa3IHIHEIE
CTPYETYPhl MO3TA XaPaKTEPHIYIOTCH Pa3iHYHbIMH
DATTEPHAMY NOBeJeHYeCcKHX ClelHanH3aliil Helpo-
HoB [1]. Tak, B MOTOpPHOR KOpe NPEBANHPYIOT HelH-
POHEL, CHEIHMATHINDOBAHHBIE OTHOCHTEIBHO CHCTEM,
ctpopMEPOBAHHEIX Ha PaHHHX 3TaNax HHIHBHIYAIb-
HOTO pa3sBHTHA: TAK HaskIBAaeMbIE HEHPOHBI CTAPBIX
CHCTEM, HATIPHMEP HelpOHE! “[BIKEHHS HIH “3a-
xpaTa maun”. B uuaryagaproil Kope npeodaagaroT
HelpOHBI, CIIEIHAIA3APORAHAEIE OTHOCHTENRHO HO-
BBIX CHCTEM, CHOPMHPOBAHHBIX NPH O0YYeHHH XH-
BOTHLIX B 3ECHEePHMEHTANLHON KNETEE, HaNpHMED
HeHpOHE! “HaXkaTHsa Ha nefans” [4]. CpapHeHue naT-
TEPHOB CHEUMANH3AUHHA B PETPOCIVIEHHANBHOH 00-
JMACTH UHHTYIAPHON KOpPhl H B aHTEpPONaTEPAlLHOH
0BIaCcTH MOTODHOH KOPLl KPONHKOB ITOEA3BIBAET,
YTO YHCIO “HOBBIX  HEHPOHOR B MEPBOH H3 HHX HA
NOPHAOK BEIIIE, ¥eM BO BTOpOoH. BELTo Takxke noka-
38HO, YTO MaTTEPHBI CIEIHATH3AINE B HUHTYISPHOR
KOpE CXO[IHEI ¥ KPOIIHKORB H Y KpPBIC: “HOBELIE™ HEHpO-
HBI NPEBATHDYIOT ¥V EHBOTHBIX 000HX BHAOB [3].
HOaneneimee mccnenosanne B.B. Taspunosa u mp.

ERIARIAET CXOACTBO MEXAY HMATTepPHAMH CIEIHATH-
3AIMI H 715 MOTOPHOH KOPBI KPEIC H KPONMHKOE. Ta-
KuM 00pazoM, cOOTHOIIEHHE NATTEPHOR CHENHATH-
3AMMI HeAPOHOR ¥ KPBIC 0KA3BIBAETCA TAKOE JKE, Kak
¥ KPOITHEOR,

ITo-BHgEMOMY, HpOLECCE] (hOPMHEPOBAHHSA CIIELHA-
mu3anuil HeHPOHOB 0O0ECTIeYHBAIOTCS [OITOBPEMEH-
HBIMH H3IMeHeHIAMH B (DYHEIHOHAPOEAHHH KIETKH H
KJAETOYHBIX CBAIAX, YTO [O/IZKHO TpeloBaTh aKTHBA-
IMH IKCIpeccHH reHok. Brimo mokazano, uro obyde-
HHE HHAYIHMPYET KACKAkl MOMEKYIAPHLIX epecTpo-
&K B HEHPOHAX H YTO 3KCHPeCcCHA HENOCPeICTReHHBIX
PaHHHX IeHOB ABJIACTCH OMHHM H3 KPHTHYECKHX 3J1E-
MEHTOB Takux momudukanmii [2]. IIpr dopmuposa-
HHH HOBOTO MOBeJeHHs HHIYKIHA reHa c-fos — oHo-
I'0 H3 OCHOBHBIX 4Y/IEHOB CEMEMNCTBA HENOCPEICTBEH-
HEIX paHHHX N€HOE — BAPRHPYET B PA3HEIX CTPYKTYPAX
Mo3ra. B paGote K.O. Xy ¢ coast. [9] Gbl0 YCTAHOB-
JeHO, 9To HaGOp AKTHEHPYIOLIMXCH CTPYETYP Tolo-
BHOTO MO3TA KPBIC, O0HADYHeHHBI METONOM HMMYH-
HOTHCTOXHMHYECKOrD KapTHPOBAHHA, COBOAfAET ¢
HabOpOM aKTHBHPYIONIHACA CTPYKTYP, BBIABIAEMbIM
MpH PETHCTPAINH HeHPOHHOH AKTHBHOCTH, BO BpeMd
NpPENBABTEHHA 3HAKOMEIX HIH HE3HAKOMBIX 00BEK-
ToBE. Bre CKAazaHHOE BBILIE OO3IBOMSIET TPEITON0-
HHTE, 9TO MEXKCTPYKTYDHBIE Pas/IH4dis YPOBHEN 3KC-
NpecCHH reHOB MOryT OBITE CBAZAHBI C PasTHYHEM
BENAJIOB COMOCTABIAEMBIX CTPYKTYP MO3rd B IIpolece
CHOENHATH3AIAA HeHPOHOE NpH Hayuenuu. [lns Toro
YTO0RI MPOBEPHTE 3TO IPEANOIOKEHHE I TEM CAMBIM
NpHONTHIATECA K MOHHMAHHK) MONeKyIsApHO-0HOIO0-
THYECKHX OCHOB (hOPMHPOBaHHA clelHaTH3a i Hell-
POHOB, HeoOXOAHMO ObLIO COMOCTABHTE YHCIO HE-
POHOB, 3JKCHPECCHPYIOIIHY PaHHHE T€Hbl B JaHHOH
CTPYKTYPe MO3ra IIpH HayYeHHH, CO CTENEHbIO €€ BO-
BIEYEHHOCTH B (DOPMHPOBaHHE HOBRIX CHElHAIN3a-
i, HacKonmeKO HAM H3BECTHO, TAKME COMOCTABIEHHAS
paHee He MPOBOIHIIHCE. Sapgaya HACTOAIMETO HCCTEmD-
BAHHA 3aETHYANACE B TOM, gT00B] COMOCTAENTE MAT-
TEPHEI TOBEJEHYECKHX CNeIHANH3aUHI HeHpOHOB B
AHTEPOJIATEPANEHOH H IHHTYISPHONH KOPe C HHAYKIH-
el 3KCIpeccHl TpaHCKpHIHoHHOTO thakTopa c-Fos B
9THX ODJIACTAX NPH HAYICHHN.
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Pue. 2. ConocTasnende DATTEPHOR MOBEIEHMECKHY CHISHATHIAMHI Heliponos (1) B THATYIAPHON (A) B aHTepONTaTEpATEHON
kope (B [1, 3] ¢ oTHocHTENEHEIME fomAME Fos-nonosnreastex seitponos (11) B stux ofnacrax. [: TeMERIH cekTOp — DpoLnesT
HEAPOHOE, TPHHATNCHALNY K HOBLIM CHCTEMAM] CEKTOP CO IITPHIOBKON — IPHHATICAANTHT K CTAPBIM CHCTCMAM; CEBETILIN
CEETOPN — HE BOBIEKAKNIMXCH B faHaoe nosenenne, [I: TeMHRI ceXTOp — NPONEHT HelpOoHOE, SECOpeccapyomm: ¢-Fos; ceer-

NI CEKTOP — HE SKCOPECCHPYIONY £-Fos,

JuHaMHKa TOBENEHHSA XKHBOTHBIX 3IKCHEPHMEH-
TANLHOH IPYINEI B TeUeHHe nocneguero 30-MAHYT-
HOTO ceaHca oOy4eHus Owina cnepyromei. [eppad
TPeThH BpeMEeHH B JKCIEPHMEHTANBHOH KIeTKe GblIa
npefcTaRleHa B OCHOBHOM aKTAMU NOAXOOA K Nefa-
1, HE TNPHBONAIIMMHA K MOJa4Ye KOPMYLIKH, OpHEH-
THP'DEDT-IHD—HCC.]]EI[GBETEJTI:CKHM MOBCICHHEM W e1H-
HHYHbIMH aAKTaMH HaxaTHA. B manwHelmem npomc-
EOIANG YBeIHYHeHHE “HCIA HaMAaTHH Ha negalne H
YMEHBINEHAE TPOABICHH OPHEHTHPOBOMHO-HCCTE-
[OBaTENBLCKOrO NoBefleHus. B nocneguen tpetn fo-
crurancs Kpatrepwi 10 HaxkaTHil DOpAL, nocne KoTo-
pOro nopeieHMecKHi AKT HAXKATHA Ha MeTallk COHTAI-
ci cthOpMHPOBAHHBIM.

AHamH3 HMMYHOIHCTOXMMHYECKH OKpPAIIEHHEIX
CPEe30B TOJIOBHOTO MO3Ta KHBOTHLIX ACCHBHOTO KOH-
TPONA BRIABHIL, 9TO 3KCOPECCH TPaHCKPHIMITHOHHOTO
thaxTopa c-Fos B HecneNyeMbIx 0DNACTAX ¥ 3THX KPBIC
HAXOIMTCH Ha HA3KOM ypoeHe (puc. 1, I). [TnoTHOCTE
Fos-nonosuTeNEHEIX KIETOK B HHHTYIAPHON KOpe co-
crapina 30 = 9 Heitponos Ha 1 M7, a B aHTEpONAaTE-
panmeroii — 18 £ 8 mefiponos ua 1 wmv®. JancHeiimmmii
AHANH3 TIOKA3al, YTO YPOBHH 3Kcrpeccrn ¢-Fos atux
ABYX 00IACTEN AOCTOBEPHO HE PAZIHYATCH: IPOLEHT
Fos-nonoxuTensHBIX HEHPOHOE OT O0IIETO YHCA KITe-
TOK Ha cpese B KaXJoil 06/1acTH OKa3acs paBeH cooT-

XKYPHAT BEICIIEW HEPBHOH NEATENLHOCTH

BeTCTBEHHO 3.7 W 3. AHaAH3 AMMYHOTHCTOXHMITYECKH
UKPG-].T.T.IEHI—E:I.K CPe30E TOMOBHOID MO3IrMA FHHBOTHBIX,
cthOpMHPOBABILIHX HOBOE NOBEIEHHE, BLISBHI YBEIHE-
HHE VPOBHA sKEcnpeccHd c-Fos B IHATYISpHON Kope o
CPABHEHHIO ¢ KOHTPOJIBHBIME XHBOTHRIME (prc. 1, II).
Dxcnpeccrs HaOMIONANACE W B HHTYIAPHOIN, H B AHTE-
ponarepansHoil kope. [TnotHocTe Fos-monosmTens-
HbIX KNETOK B IMHTYISPHOH Kope cocraemna 258 + 69
Heliporos Ha 1 Mm%, a B anTeponarepancHol — 29 + 6
HefiporoR Ha 1 mv?, TTponenT Fos-nonoxnreN LK Heli-
POHOB OT HX 0DIIET0 YHCIA Ha cpese B IHHTYIAPHOH Kope
cocrasun 30.1, uro ObUIO HocToBEpHO BRIE (p < (.03
no T-xpurepmio BHnKOKcOHA), 9eM E aHTEpONAaTe-
pankHOi Kope, rie npoueHT Fos-nonoxuTensHeIX Hell-
POHOB OKA3AICH PABHBIM 3.6,

Tagmm o0pazoM, CONOCTABIEHAE HHIVEIMH SKC-
MpeccHH TpaHCKpHIUHORHOrC hakTopa c-Fos npH Ha-
VHIEHHH C PaHEE BRIAETEHHEIM MATTEPHOM MOBEIEHIEC-
KMX CIIELHAIH3ANNE HeHPOHOB NOKA3AII0, YTO TaHHLIH
red c-fos skenpeccHpyeTea MIaBHBIM OOpPa30M B LHHTY-
JMAPHOH KOpe, YA HeAPOHOB HOBLIX CIIelHATH3AIIi
KOTOPOH MpeBBIIAeT YHCI0 TAKOBBIN B aHTEpOIaTe-
pansHOI KOpPE Ha mopsfok (puc. 2). IMopsagok pasns-
YA MEXAY fonel Fos-MomoKHTeNbHBIX HEHPOHOE B
UUHTYIApHO# Kope M pgonell Fos-monoXuTenbHBIX
HeApOHOB B AHTEPOIATEPATLHON KOpe OKA34JICH aHa-
Ni 6
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Pue. 2, ConocrasmcHie NATTEPHOR NOBEIEHTECKHY CHELHATRIAMNI Heiporos (1) & URAryTApHOH (A) B AHTEPOIATEPATBHON
kope (B) [1, 3] ¢ orrocuTensieive nonayE Fos-nonoxmrensHeix neiiponos (I1) B sTux ofnactax. [ TeMuLIH ceXTOp — NPOLEHT
HEHPOHOB, MPHHANIERANTHE K HOBBIM CHCTCMAM; CEKTOP CO MITPHEOBKON — NPHHANISMANINK K CTAPLIM CHCTEMAM; CRETILI
COETOP — He BOBIESKAIINNCA B JaHHOS nosenerne. [ TemMuknl cexTop — NpoleHT HellpoHoE, skenpeccupyommx c-Fos; ceeT-

JIBIH CERTOP — HE IKCOPECCHPYIONINE c-Fos.

JHHAMHEA NOBENESHHA XHEOTHRIX 3KCIHEpHMEH-
TANBHON IPYINE] B Te4eHHe nocaegHero 30-MHHYT-
HOTO ceaHca oOy4eHHs Obina cnepyiomei. Ilepeas
TPETh BPEMEHH B 3KCIIEPHMEHTALHON KneTke Obima
NpPeNCTaRIeHa B OCHOBHOM aKTaMH MOJX0la K mefa-
TH, He NPHBONSNIMME K TOfate KOPMYIIKH, OpHeH-
THPOBOYHO-HCCAEOBATEILCKHM NOBETIEHHEM H e[TH-
HHYHBIMH 8KTaMH Haxatua. B ganerefimmem npomc-
XOOUNIO YEeNMHYCHHE YHCNAa HAXKATHH HA Nefjalk H
VMEHBIIEHHE TNPOABRIEHAN OpHEHTHPOBOYHO-HCCTE-
OOBATENbLCKOrO MoBefeHHA. B mocnenned Tpetn mo-
cTHrasncs Kparepuit 10 HaxaTHil nofpsn, nocne KoTo-
POTO NOBENEHYECKHI AKT HAXKATHA HA NeNalh CIHTAN-
¢ chOPMHPOBAHHBIM.

AHAMA3Z  AMMYHOTHCTOXHMWYECKH OKpPalleHHBIX
CPe30B NOMOBHOTO MO3TA JKHBOTHBIX MACCHBHOIO KOH-
TPOJIS BHISBHIL, 9TO SKCIPECCHA TPAHCKPHINHOHHOIO
thakTopa ¢-Fos B HecnenyeMEIx 06MacTax ¥ 3THX KpbIC
HAXOMHTCA HA HA3KOM yposHe (puc. 1, I). [TnorHOCTE
Fos-monosmTe IbHBIX KIeTOK B LIMHTYIAPHOI KOpE co-
craeuna 30 + 9 meliponos Ha 1 MM?, a B aHTeponate-
pansHoi — 18 + § meiiporos Ha 1 MM [Tancueimmnmi
AHANTH3 [OKa3an, 9TO YPOBHH 3IKchpeccHH c-Fos aTmx
IBYX 00NacTelt JOCTOBEPHO HE PA3THYAKITCA: POIEHT
Fos-monoEHTeNbHbIX HEAPOHOE OT 06IIETD YHcIa Kiie-
TOK Ha Cpe3e B KakIoll o6nacTn oKasancs pageH cooT-

AKYPHAI BRICIIEW HEPBHOH NEATENLEHOCTH

BeTCTBEHHO 3.7 W 3. AHanu3: HMMYHOTHCTOMHMIYeCK
OKpAIIEHHEIX CPe30E TOMOBHOTO MO3TA KHBOTHBIX,
CthOpMHPOBABIITHX HOBOE NIOBE/IEHAE, BRIABHIT VECITHYE-
HHE YpOBHA 3Kcnpeccun ¢-Fos B muHrymspHOi kope mo
CPABHEHHIO C KOHTPOABHBIMHA HHBOTHLIME (puc. 1, IT).
Sxcnpeccra HAGMIONANAck H B IHHTYISAPHOI, H B aHTe-
ponarepaneHoi Kope, ITnotHocTs Fos-monoxmdrens-
HLIX KNETOK B OMHTYIAPHON Kope coCTapmna 258 & 69
HelpoHOB Ha 1 MM, a B aHTeponaTepansHoil — 29 6
HefipoHoB Ha 1 M7, TTponent Fos-nonoxuTensHEX Hefl-
POHOE OT HX O0IIEro 9HCTA Ha Cpese B IHHIYIIHPHOH Kope
cocrasun 30.1, yro GbIIO AOCTOBEpHO BhIE (p < 0.05
no T-xpurepuio BunakokcoHa), ueM B aHTeponare-
pansHol Kope, rie npoueHT Fos-NomoKHTeNEHEIX Hel-
POHOB OKA3ANCH PaBHBIM 3.6,

TakuM 00pasoM, CONMOCTABICHHE HMHIYKIMH 3IKC-
NPECCHH TPaHCKPHIMHOHHOTO (hakTopa c-Fos npu Ha-
YVHCHHH C PAHEE BRIABICHHRIM NMaTTERHOM MOBEICHYCC-
KIX CTIEIHAIH3AMNI Hel{POHOR TMOKa3amo, IT0 TAHHEIT
reH c-fos sKenpeccHpyeTes IABHEIM OOPAa30M B IHHTY-
JISPHOH KOPe, YHCI0 HEAPOHOB HOBLIX CHSI[HATH3ALTHH
KD‘TD])DfI MPEBRINAET YHCIO TAKOELIX B aHTSpOIATS-
paneHO Kope Ha nopAnok (puc. 2). [opsgok pasia-
A MEXAY foned Fos-MomoEHTeNEHEIX HEHPOHOE B
DHHCYAAPHOA KOpe H goneil Fos-MonoXKATeNRHBIX
HEHPOHOE B AHTEPOIATEPAIBEHOH KOPE OKA3AICH aHa-

ToM 31 M & 2001



PACITPEJENEHHE ITOBEJEHYECKH CITEIIMAJIM3UPOBAHHLIX HEMPOHOB

norugHbM. [lonyueHHBIE JaHHbIE CBHJIETEILCTBYIOT
B IOJIE3Y BLICKA3AHHOTO NPEANONOKEHHS O TOM, YTO
IKCIPECCH TPaHCKPHIIHOHHOro ¢hakropa c-Fos
CBA3aHa ¢ (hOPMHPOBAHHEM HOBBIX CIEHHAIH3AINI
HEHPOHOE NPH Hay4YeHHH.

B Hacrosmee BpeMs IpolEcchl CNEIHATHIAIHH
HEpoHa MOTYT OBITH ONHCAHBI JIHIL THIOTETHYEC-
KH. M3BecTho, uTo npH HayueHHR HaGIIONAKOTCA Be
(ha3bl reHETHYECKHX NPOLECCOB: CHAYANA AKTHEHPY-
eTcd JKCNpeccHs PaHHHX TeHOE, A 3aTeM 3KCIPeccHs
PETYIHPYVEMBIX HMH redHobB-mumenei [2], Moxnao
NPeAnoIoKnTh, 9T0 TaKad IByRasHoCTs OTpakacT
CTa[HH NpOIecca CHelUaH3alul HellpOHA OTHOCH-
TENLHO CHCTEMEI MOBEJEHYECKOr0 akTa. Brime ObI-
710 OTMEYEHO, YTO CHELHATHIANNA HEeHPOHOB MPOHC-
XOOHT 33 CHET MOIYalllHX HelpOHOB WIH HEHPOHOR
“sanaca”. [laHHele THTEpaTYpRI MoKazeBaloT [4, 8],
4TO ONpefeieHHbIe Bo3IedcTBIS, H3MeHAIOTHE MH-
Kpocpeny HeApoHOB (HoHODOpPE:, 3MeKTpHYSCKas
CTHMYISALHSA), IPHBOIAT K MOABIESHHI) AKTHBALNHH ¥
paHee MOMHAIIHK KTeTok. B To Xe BpeMst HiMeHe-
HHS MHEpOCpelbl HelpoHAa, MMEIOIIHE MECTO NpPH
HIEMHH, TEMIEPATYPHOM IMOKE, BBEIeHHH CYIO-
POXKHEIX AT€HTOB, 4 TAKXKe NPH HAYYIeHHA NPHBOIAT
K aKTHBAIMH JECIPECCHH PaHHUY rewos [2, 6]. Cne-
TOBATENEHO, MOEHO OpeEnmOIMEH T, IT0 HIMECHEHIH
MHKPOCPENBI MOMYALIEro HelpoHa IpH HAYYEHHH, C
OJIHOH CTOPOHEL, CEA3AHEI C IOABICHAEM ¥ HHX AKTH-
BaLHIl, & C Jpyroi — ¢ 3KclpeccHell paHHHX TEHOR,
KOTODas ABIAETCA NEPRBIM 3TANOM KAacKaa mpolec-
COB, BEIVIIHY K ClelHATH3AIHH.

PaGora BeImosTHEHA MpH nopgepxkke Poccuiicko-
ro oHna dyHIaAMERTATRHEIX HCCTEIOBAHHN (IpaH-
Tel Mo 99-04-49303 1 00-15-98838) u Poccuiickoro
I'}"MgHHTapHDFD HayuHoro cgonga (rpant Ne 99-06-
00169)
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Distribution of Behaviorally Specialized Neurons and Expression of Transcription
Factor c-Fos in Rat Brain Cortex during Learning

0. E. Svarnik, K. V. Anokhin, Yu. I. Alexandrov

Institute of Psychology, Russian Academy of Sciences, Anokhin Institute of Normal Physiology,
Russian Academy of Medical Sciences, Moscow

In order to investigate the relation between the immediate early gene induction in neurons and neuronal spe-
cialization in respect to functional systems of newly formed behavior, the neuronal expression of Fos transerip-
tion factor in rat brain was studied in animals of leamning group and home cage control group. Animals of the
learning group acquired a new behavior of pressing a pedal. Fos-positive neurons were counted in the retros-

plenial area of cingulate cortex and anterolateral area of motor cortex, i.e., the two brain regions that differ in

the number of neurons showing specific activity during this behavior. In the home cage control animals the
number of Fos-positive neurons was low and no difference was found between the two brain regions. In the
animals of the learning group the number of Fos-positive neurons was significantly higher in the cingulate cor-
tex characterized by the greater number of neurons specialized in relation to the system of new behavior. These
findings suggest that the c-Fox expression can indicate the processes of neuronal specialization.
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