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TeTa-oCcHWIISALIMY TUTIIIOKAMIIA SIBJISIIOTCSI KITIOYEBBIM CETEBBIM MATTEPHOM aKTUBHOCTH, BOBJICUEHHBIM B pe-
a3anunio Takux QYHKIINI, KaK TPOCTpaHCTBEHHAsI HABUTALIUS, OOYYEHHE U TTaMSITh. Y XKMBOTHBIX iX Vivo Te-
Ta-OCUWUISILMM TUIIITOKAaMITa IEMOHCTPUPYIOT OMaTepaibHYI0 CMHXpOHU3alui. OCHUUISIIUY B TeTa-4a-
CTOTHOM Jyana3oHe TakKe ObLTM OIMMCAaHbl B MHTAKTHBIX MpeTaparax ruImoKamIia in vitro. OmHaKo ocTaeTcs
HESICHBIM, KaKUM 00pa3oM TeTa-OCUWLUISILIUM CUHXPOHU3UPYIOTCSI MEXITY JIEBBIM U MTPABbIM T'MIIITIOKAMITAMU.
JIna viccnenoBaHUs 3TOTO BOIIpoca ObUT MCITOIB30BaH IperapaT WHTAKTHBIX TUIITOKAMIIOB, COSTMHEHHBIX
BEHTpPaJIbHBIMU TUITIOKAMITAJIbHBIMU KOMUCCYPaMM ix Vitro, MOTYYEHHbBIX OT IOBEHWIbHBIX U B3POCIIBIX KPBIC
WK Mbireit. JlokaabHbIe TTOJIeBbIe TTOTEHIIMAIBI M CITaiKoBasi aKTUBHOCTh HEAPOHOB PEeTMCTPUPOBAIUCH C
TMOMOIIIBIO BHEKJIETOUHBIX JIEKTPOJOB U3 CJI0sI MUPAMUIHBIX KJIeTOK U stratum radiatum CA1 obaacTu ieBOro
M TIPAaBOTO TrUITnoKamIra. beuto o6HapyXeHo, YTO aKTUBHOCTb HEMPOHHOM CETH B JICBOM U ITPABOM TUTIITOKaAM-
e OpraHM30BaHa B TETa-OCUWUISILIUM, KOTOPble MOMYJUPYIOT CHaiikoBylo akTUBHOCTb CAl HelipOHOB.
Kaxk craitkoBast akTuBHOCTb CA1 HEMPOHOB, TaK U MOJIEBbIE TeTa-OCIHWUISIIMU IEMOHCTPUPOBAIN BBICOKUI
YPOBEHb JBYCTOPOHHE CUHXpPOHU3ALIMU B JIEBOM U MpaBOM TUITIOKamMITax. [Tocyie xupypruueckoro pacceve-
HUsI BEHTPAJIbHON KOMUCCYPHI TeTa-OCHUJUISILIMY COXPAHSUTUCh C 00EHX CTOPOH, HO MX ABYCTOPOHHSISI CUH-
XPOHM3AlIMsI TOJTHOCTBIO yCTpaHsiach. TakuM oOpa3oM, TeTa-OCUWLISLIMM CUHXPOHU3UPOBAHbBI B JIEBOM U
MpaBOM TUITIIOKaMIIaX in Vitro, N OviaTepajibHasi CMHXPpOHU3AIIMs TeTa-OCUMILIAIN in vitro obecrieanBaeTCs
MEXTUITIIOKAMITAJIbHBIMUA KOMUCCYPaJTbHBIMU CBSI3SIMU.
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BBEAEHWE

MexnonyurapHast (OuiarepajibHasi) CUHXpOHU3a-
LM SIBJISIETCS BaXXHBIM CBOMCTBOM HEMPOHHOM CETe-
BOIi aKTMBHOCTHM B TUIINOKaMIajibHOI cucteme. On-
HOBpPEMEHHAasl PerucTpalysi akTMUBHOCTU B MMPaBOM U
JIEBOM TMIIIIOKaMIIax IMO3BOJIMJIa BbISBUTb BbICOKWIA
YPOBEHb CHUHXPOHU3ALMU PAJIUYHBIX TATTEPHOB
9JIEKTPUYECKONM aKTMBHOCTU B 3TUX CTPYKTypax [1—
12]. BunarepanbHass CUMHXpOHM3AMs HeipOHaIbHOMI
aKTUBHOCTH SIBJISIETCSl XapaKTEPHBIM CBOMCTBOM TaK-
K€ Y TeTa-OCUWJUISILAN B TUIIITOKAMIOAJbHOI CUCTEME
in vivo [3]. TeTa-ocHWUISIIMKA BO3HUKAIOT B THIIIO-
KaMmIle BO BpeMsl IBUXEHUS XKMBOTHOTO (a TakXXe BO
BpeMsI OBICTPOTO CHA) U SIBJISTIOTCSI UHCTPYMEHTOM TSI
CBSI3bIBAaHUS HEMPOHAILHBIX aHcaMOJieil rTumnmnokamIia
(Tak Ha3bIBaGMBIX “KJIETOK MecTa”) IpU HaBUTAlIMHU B
npocTtpaHcTBe [13—16]. Ilpenmonaraercs, 4To 3TOT

§ B pasnoii cmenenu ynacmeyrougue agmopoL.

IIPOILEeCC OCHOBAH Ha CPaBHEHUM CEHCOPHOII MH(OP-
Maluy, MOCTYHAMOIIECH B TUMIIOKAMII U3 SHTOPUHAJIb-
HOI1 KOpbl, 1 BHYTPEHHUX MOJEIEH, 3aKOAUPOBAHHbIX
B HEMPOHHBIX CETSIX CaMOro TUMIIMOKaMIla, B KaxKIOM
LUKJIE TeTa-OCUWUISALMI. YJYWThIBasi KOHTpajaTe-
paJbHYIO OpraHu3alnio CEHCOPHBIX TIOTOKOB, OMIaTe-
pajbHasi CUHXPOHM3AIUSI TeTa-aKTUBHOCTU B TUIIIO-
KaMITAJIbHOM CHUCTeME SIBJISIETCSI HEOOXOMUMBIM yCIIO-
BUEM [JIsI X MHTErpalliyd B XOJ€ MPOCTPAHCTBEHHOM
HaBuraluu. beUlo Mpeanoa0XeHo, YTO 3TO MOXKET 10~
CTUTaThCSl CUHXPOHHBIM BXOJOM M3 DHTOPUHAJIbHOU
KOpHI, a TaKKe B pe3yjibTraTe OMIaTepaJIbHOM CHHXPO-
HU3allMA B SHTOPUHAJIBHON KOpPE ITOCPEICTBOM MEXK-
KOPKOBBIX cBs13eit [9, 17—19]. beuto Takke mpenmnosio-
XKEHO, 4TO OwmiaTepajibHas CUMHXPOHM3alMsl BHYTPEH-
HHUX MOJEJIe MOXET, B CBOIO OYepeb, OCYIIECTBIISITHCS
nocpeactBoM CA3-CA3 u CA3-CAl GunarepaibHbIX
CBSI3€i B cOCTaBe TMNIOKaMIaIbHOI Komuccypsl [20].
OnmHaKo MeXaHU3MBbI OMIaTepaTbHOM CUHXPOHMU3AIINT
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TETa-OCHWJUISIIANA OO CUX TIOP OCTAIOTCS JIMIIb TUTO-
TETUYECKMMU U TPeOYIOT MPSIMOI 3KCIIepUMEHTaIb-
HOI TIPOBEPKM.

Panee OBLJIO TTOKa3aHO, YTO B in Vitro Tipemnapare
M30JIMPOBAHHOTO T'MIIIOKAMIIA IOBEHWILHBIX U B3pOC-
JIBIX MBI BO3HMKAIOT aBTOHOMHEIC CIIOHTaHHEIC
OCLHWIISIIIUY B YaCTOTHOM Jualia3oHe, OJIM3KOM K 4Ya-
CTOTEe TETa-OCLWUISILINI, HabIogaeMbIX in vivo [21—
24]. MBI npeanojIoXuin, 9To 0oJiee KOMIUIEKCHAs MO-
JIeJb TMNNOKAMIAJIbHOM CUCTEMBI in Vitro, KOTOpas
BKJII0YaeT B ce0s1 00a M30JIMPOBAHHBIX MHTAKTHBIX
TUIIIOKaMIIa, COeAMHEHHBIX BEHTPaJIbHOM KOMUCCYpPOIt
[25—28], MoOXeT OBITh MCITOJb30BaHA IJISI MCCJIEIOBa-
HUSI MEXTUITITOKAMIIAJIBHON CUHXPOHU3AUM TETAa-0C-
UL TTOCPEICTBOM KOMUCCYPaIbHBIX CBSI3€it, 4TO
U ObLJIO peajin30BaHO B HACTOSIIIIEM UCCJIETOBaHUM.

METOObI UCCIIEJOBAHHWA

OKcnepuMEeHTHl TPOBOAUIN Ha TpernapaTax LebIX
TUIIIOKAMIIOB, COEAMHEHHBIX BEHTPaJIbHOM TUIIIIO-
KaMIlaJIbHOM KOMUCCYPOIi, BbIAEIEHHBIX Y KPBIC TOPO-
bl Buctap B Bo3pacte ot P13 no P15 (n = 4; P — Bo3-
pacT B IHSX IIOCIAE POXIEHUS) M MBbIIIeil JIMHUU
C57BL B Bo3pacte P22, P57 u 1 ron (n = 3). [Ipoueny-
bl IPUTOTOBJICHUS MpernapaTa rMIIoKaMIoB NoAPo0-
HO omucaHbl paHee [26]. [lociae mexanuTauuy MOM
n30(MIIOpaHOBBIM HAPKO30M MO3T XXUBOTHBIX OBICTPO
WU3BJIEKAJIM U TIOTpYXaau JIeAsSHON OKCUTeHUPOBaH-
=1 (95% O,/5% CO,) pacTBOp NCKYCCTBEHHOI 1Iepe-
opocnuHanbHOM kmakoctu (MIICXK) cuemyromero
coctaBa (B MM): NaCl — 126; KCI — 3.5; CaCl, — 2.0;
MgCl, — 1.3; NaHCO; — 25; NaH,PO, — 1.2; rmoko3a —
11 (pH — 7.4). Ilocne ymaneHusT Mo3kKedKa 1 JTOOHBIX
JIOJIEM KOMIUIEKC, BKIIIOUAIOIIUNA ABa B3aMMOCBSI3aH-
HBbIX KOMMCCYPOM TUIIIIOKaMMa, W30JUPOBAJICS OT
OKPYKaIOIINX CTPYKTYP C IIOMOIIBIO CJIeAYIOIIei IIpo-
LEeayphl: CTBOJI MO3Ta, CPEIHMI MO3T U IT0JI0CATOE TEIO
aKKypaTHO OTIECJISIIUCH OT TUIIIOKAMII AByMSI IIITIaTe-
MU, 3aTeM HEOKOPTEKC OTCeKasICs IIyTeM CKOJIbXKe-
HUSI BAOJIb MO30JIMCTOrO Teja BAOJb JOPCaJbHOI IO-
BEPXHOCTHM THUMIIOKAMIIa M TIePErOpOIKHM ITaTesieM,
BCTaBJICHHBIM B 00KOBOI1 Xeymouek. [laee mpenapar
JIIBOMHOIO TUIIIOKAMIIa BBIACIISICS U3 CEITO-TUIIIIO-
KaMIaJbHOTO KOMIUIeKca. B mpenapare coxpaHsUIUCh
HeOoJblIre (pparMeHThI OKpYKalolleil TKaH! JIJIST Me-
XaHUYECKOH (puKcalluy B KaMepe C THOM, IIOKPHIThIM
CUJIbrapaoM, C HCIIOJb30BAaHUEM SHTOMOJIOTMYECKUX
uri. [TonHas rpoueaypa U3BJIeUeHUS IIpelapara ITum-
nokamnoB 3aHmMana 8—10 mmH. 3areM Tpemnapar
OCTOPOXHO TMepeHoCuIu U BbiaepxkuBaau B MILICXK
npu KoMHaTHO#l Temmeparype (20—22°C) He MeHee
OIHOTIO Yaca Iepen perucrpauueii. s perucrpauuu
npenapar romeliaim B clielMaabHyI0 KaMepy ¢ THOM
13 HEMJIOHOBOM CETKU 1 HEIIPEPBIBHO NepPy3rpOBaIIN
NI CX co ckopocTtbio ~15 mia/MuH. BHekeTouHyio
PETUCTPALIMIO JIOKAIBHBIX TIOJIEBBIX MOTEHIIMATOB
(JIIIIT [local field potentials, LFP]) u MHOXXeCTBEeHHBIX
noTeHnuaaoB aeiictBusl HeiiponoB (MIIH [multiple
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unit activity, MUA]) IpoBoIMJIN C IIOMOIIIBIO 3JI€KTPO-
JIOB, U3TOTOBJICHHBIX M3 BOJb(MPaMOBOI IPOBOJIOKHU
(muameTp 50 mxm, California Fine Wire, Grover Beach,
CA, CIIIA), pacnonaraeMbIX B 30HE HHUPAMHIHOIO
cjiost unm B stratum radiatum CA1 30HbI TUIIIIOKAMIIOB.
Perucrpupyrolnye 371eKTpoabl pacnojaraaich B Cpe-
HEM 9aCTH TUIIIOKAMIIOB Ha PaBHOM yIAJICHUH OT Cell-
TAJILHOTO MOJI0Ca. YCUJICHUE U OLIM(POBKY PErUCTpr-
PYEMBIX CUTHAJIOB OCYIIECTBIISUIM C TIOMOIIBIO YCUIH-
terrst DAM—8A (x1000, B mronoce 0.1 I'm — 3 xlo) u
aHayoro-1umngpoBoro npeodpaszopares Digidata 1440A
(Molecular Devices, CA, CIIIA) c yacroroit 10 xItI.
Hcxomnbie naHHbBIe OBUIN MIpEeaIBapUTEILHO 00paboTa-
HBI C TIOMOIIBIO pa3padoTaHHBIX HAaMU (PYHKIIMI Ha
OCHOBEe makeTa nporpaMm Matlab. MicxonHbIi1 curHat
ObLT TIpopexeH a0 1 kI 1 B majabHeieM NCIoab30-
Basics o1t aHanm3a JITII. s neTeKumy moTeHIIUaIoB
IEMCTBUS MCXOMHBIA CUTHAJ ObLI IIPOIIyLIEH 4Yepe3
¢unbTp HU3KUX 9acToT (mopor mnponyckanus 200 Ii),
U OTpULIATEIbHbBIE COOBITUS C aMILIMTYHOM, TIPEBHIIIIA -
olIeil 3 craHmapTHBIE ACBHMAUMU, NPUHUMAJINCh 3a
noteHuuansl geiicrsud. JITIIT m MI1JI apami3mupoBa-
JIVCh C TIOMOIIbBIO pa3paboTaHHBIX HaMU (PYHKIIMI Ha
OCHOBe Tmakera mnporpamMMm Matlab (MathWorks,
CIHA). [Jna ompeneneHus ¢ha3bl TeTa-OCLMLISIINIA
npuMeHsInuch ciaenyoniue onepauuu. JITIT packia-
IBIBaJICS Ha peajbHYIO0 U BOOOpaXkaeMylo 4acTh 4e-
pe3 npeodpaszoBanue [unpbepra. 3aTeM, YTOOHI ITO-
JIVYUTH YTOJ B pagvaHax B MHTepBaje [—T, ], Haxg
MOJIyYeHHBIMU peaIbHOI M BOOOpakacMoOIi 4YacThIO
MIpYMeEHsUIach OIlepaliis YeThIpeX-KBaIpaHTHOIO apK-
TaHreHca. /s aHaau3a (pa3oBO MOIYISIIUNA YACTOTHI
MII/ TeTa-ocUWIISLMSIMU UCIIOAb30Bajics TecT Pe-
JIess u3 makerta ¢pyHKuUuMii mast Matlab — circular statis-
tics. AMIuuTyna pe3yiabTUpyIOlero BekTtopa Peres
MMOKa3bIBaeT CTeNIeHb MOAYJISILIM yacToThl MI1/] TeTa-
OCUWUISILIASIMH, a €TI0 YIoJl — (pa3y TeTa-oCUMIISIIINN,
Ha KOTOPOI pacnoJiaraetcs pe3yJIbTUPYIOLIU BEKTOP
Penes. I'pymmioBele JaHHBIE IIpeICTaBJICHBI KaK Me-
muaHa (Ql — Q3). I cpaBHeHUsI TeTa-4acTOT OO0 U
Mocjie mepepe3ku KOMUCCYpPaJIbHBIX CBSI3€i mpuMe-
HSIJICSI TECT YMJIKOKCOHA JJIsl CBSI3HBIX BbIOOpOK. Cra-
TUCTUYECKYIO OLICHKY pa3jINIuii B CpaBHUBAEMBbIX BbI-
0opKax OLIeHUBAIU 15T 5% -HOTO YPOBHS 3HAYMMOCTH.

PE3VIIBTATHI NCCIIEJOBAHWA

CnoHTaHHAasI aKTUBHOCTh B M30JIMPOBAHHOM THII-
MoKaMmIe KpbIC M MbIllIeii B Bo3pacTe cTraplie 2 Hel Xa-
paKTepu30Bajach OCHWUISIIUIMU B TETa-4aCTOTHOM
Juarna3oHe ¢ HUKJIndecKuMu usmMeHeHusimu JITIIT ¢
MaKCUMaJIbHOM aMIUTMTyIou B stratum radiatum CAl
(puc. 1). I1o pe3ynbTaTam aHanIM3a C UCIIOJIb30BAHUEM
GhIcTporo mpenobpaszoBaHust Pypbe MUKOBLIC 3HAYE-
Hug MomHocTtH 1.8 (0.6 — 8.0) MxB?/I1 TeTa-ocLIs -
it Habmoganuck Ha yactote 2.0 (1.5 — 2.4) Tu (n =7,
MuHUMYM 1.5 1 MmakcumyM 8.1 T'xy). CraiikoBast akTUB-
HOCTb B mupaMugHoM cioe CAl 3HAYMTEIILHO MOIY-
JIMpOBajach TETA-OCHWUISILIUIMU, YTO XapaKTepu30-
Ne 3
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Puc. 1. Tera-ocunIsiLiMy B U30JIMPOBAHHOM TUITIIOKaMIIE in vitro. (a) — Cxema pacIiojioXXKeHUs 3JIeKTPOIOB B MHTAKTHOM THIIIO-
Kawmrre in vitro. (b) — I1puMepbl omHOBpeMeHHoM peructpatmu JITITT u MIT B mupamugHoM ciioe u stratum radiatum CAl rum-
nokammna. MITJI 0603HauYeHbI BEpTUKAIBHBIMU CEPbIMU JIMHUSIMHU. ¥ — MUKU TeTa-ocuisiuuii. [1ox 3anuckio JITIIT B stratum ra-
diatum ciioe pencrasieH pe3yabrar nmpeoopasoBanust [misdepta JITITI-curnana B dassl TeTa-ocuwuisiimu. (¢) — [paduk ciek-
Tpa MoiuHocTH JITTIT B stratum radiatum CAl. (d) — BpemenHnast kpocc-koppensiuuv MI1[ B CAl nupaMUIHOM CJIO€ C TTUKOM
JITII TeTa-ocumuisiumii, 3alIMcaHHBIX B stratum radiatum. (e) — LlupkynasipHasi ructorpamma yactoTel MIT/l oTHOCHUTENBHO (ha3bl

TE€TAa-OCHUJIJIALIVUHN. BCKTOp Penest o603HaYeH YCPHBIM IIBETOM.

BaJlOCh BBICOKMMM 3HAY€HUSIMU KPOCC-KOPPETSILUU
mexxany MITJ u JITIIT tera-ocumiuissuuii (puc. 1d).
B cooTBeTCTBUM C 3TUMU HAOIIOAEHUSIMU, HUPKYJISIP-
HbIA CTAaTUCTUYECKUMN aHAIU3 AaKTUBHOCTU HEMPOHOB
BBEISIBUJI, UTO aMIUIMTyOa 3HadeHWiT BekTopa Peies
(0.075 (0.054 — 0.112)) mocTuraercs HEMMOCPEACTBEHHO
mnepen IMMKOM TeTa-OCUWUIsIuii (yron Bekropa Penest
—32.8 (—35.7 — —5.1) rpanycoB) (n = 7) (puc. le).

Jisg uccnenoBaHus OujiaTepajibHOM OpraHu3aluu
TeTa-oCUWJIIALIMKA Oblla TIpOBEIEHAa OJHOBpPEMEHHas
peructpaims akTUBHOCTU B JIEBOM M MPaBOM TUIIMO-
KaMIiax ¢ COXpaHEeHHbIMU KOMUCCYpPaJbHBIMU CBSI3sI-
mu (puc. 2). bputo 00HapyXeHO, UTO TeTa-OCUWUISIIINN
BBICOKO CMHXPOHU3MPOBAHBI MEXIY OOOMMM THIIIO-
KamIlaMu, O YeM CBUAETEJIbCTBOBAJI BbICOKUII YPOBEHb
Kpocc-koppesssuuu mexxay JITITT B iByx rummmokamMmax,
3HayeHus kotopoit nocturanu 0.77 (0.55 —0.93), ¢ Bpe-
MeHHOI 3amepxkKoit 4.4 (—10.3 — 6.6) MC TTMKOBBIX
3HAYEHUI KPOCC-KOPPESIMU MeXIy TNpaBbiM U Jie-
BBIM rurmiokamiioM (n = 7). Takke 0 BBICOKOM YpOBHE
OwIaTepaibHOM CHMHXPOHU3ALMU TeTa-OCLUJIISLIMNIA
CBUIIETEJILCTBOBAJIa BBICOKAS KOPPEISLUS MEXIY
MI1/I B mpaBOM 1 JIEBOM THUTIITOKaMIIaX, JOCTATAOIIIAST
3HaueHuit 0.15 (0.12 — 0.18) ¢ BpeMeHHOM 3aAepKKOi
2.9 (—43.7 — 19.8) MC TMKOBBIX 3HAYEHUI KPOCC-KOP-
pexssuyun MITI MeXny mpaBbiM 1 JIEBBIM TMIIIOKAM-
namu (n = 5). B pasnuyHBIX 3KCIIepMMEHTaX Ha0II0-
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IaJoch Ipeodiiamatoliee JUINPOBAHUE JINOO JIEBO-
ro, JubO MpaBoOro TUIITOKAaMIa, HO AOCTOBEPHOIO
JININPOBAHUS OTHOMN U3 CTOPOH B TeHEPaIlUM TeTa-0C-
MWUTSIAN Ha TPYTIITIOBOM YPOBHE HE BBISBIISLIOCH.

Ilepepeska KOMHUCCYpaIbHEBIX CBSI3CH IIPUBOIMIIA K
MOJIHOM J€CUHXPOHU3ALUN TETA-OCUWLISILIMI B Jie-
BOM U IIPaBOM TUITITOKaMIIaX, O YeM CBUIETEILCTBOBA -
JIO MCYE3HOBEHME JOCTOBEPHON OMJIaTEpaIbHOM KOp-
pensauun Mexny Konebanusvu JITIIT u MITI (n = 4;
puc. 3). YacTtoTa TeTa-oCHWUISILIMIA MOcJie Iepepe3Ku
KOMHUCCYPaJIbHEIX CBSI3€i JOCTOBEPHO HE M3MEHSIIACh
HM B IpaBOM, HM B JieBOM rumnmokamiiax (p = 0.93;
n=4).

OBCYXIEHHWE PE3YJIIbTATOB

OCHOBHBIMU pe3yIbTaTaMM HACTOSIIETO MCCIIeI0-
BaHUS SBJISIOTCS NEMOHCTpALS BBICOKOIO YPOBHS
CUHXPOHU3ALUU TeTa-OCHUJUISILIAIA B IIperiapare JIEBO-
ro ¥ MPaBOTO T'MIIIIOKAMITIOB IOBEHUJIBHBIX U B3POCIBIX
KpBIC M MBILIEN in Vifro, 1 0OKA3aTeJbCTBO TOTO, YTO
OusaTepajgbHasi CHHXpOHM3ALMs 3TUX TeTa-OCLUILIS -
Ml obecnedyrBaeTCs KOMUCCYpPaJbHBIMU CBSI3SIMU
MEXIY TUIIITOKAMITaMU.

Monenb THIIIIOKAaMIAIIBHOI CUCTEMBI in Vitro, KO-
TOopast BKITIOYaeT B ce0sT 06a M30IMPOBAHHBIX MHTAKT -
HBIX TUIINIOKAMIa, COEIUWHEHHBIX BEHTPaJIbHOM KO-
Ne 3
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Puc. 2. bunatepanbHasi CHHXpOHU3ALMS TeTa-OCUUUISILIMU B CBA3aHHBIX KOMUCCYPOil MPaBOM U JIEBOM TMIIIIOKaMIMax in vitro.
(a) — CxeMa pacIoJjioxKeHUsI JIEKTPOIOB B MpenapaTe CBSI3aHHBIX KOMUCCYPOM THIIIIOKaMIOB ix vitro. (b) — [IpuMepsl omHOBpe-
meHHoI peructpaunu JIITIT n MIT B mupamugaoM citoe CAl teBoro u mpaBoro runmnokamiioB. MIT o603HauYeHBI BEpTUKaAIb-
HBIMU cepbIMU JIMHUSIMU. CripaBa — rpacduk Kpocc-kKoppessiuun MITJ1 B CAl nupaMuaHOM clioe JIEBOTrO U MPaBOro rMImoKaM-
noB. (¢) — Cxema pacIoyIoXXeHUsI DJIEKTPOAOB B IIpernaparte CBI3aHHbIX KOMUCCYPOU TMIIIOKAMIIOB in vitro ajisi peructpanyuy JITTIT.
(d) — lIpumepst onHOBpemeHHo peructpatuu JITTI B stratum radiatum CA 1 neBoro u ripaBoro runmokamIioB. CripaBa — rpaguk

kpocc-koppessiiuu JITITT B 1eBoM 1 mpaBoM TUIIITOKaMIax.
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Puc. 3. INepepeska runmokaMnaabHON KOMUCCYPHI yCTPAHSIET OMaTepaTbHYI0 CHHXPOHM3AIIMIO TeTa-OoCWLIAIniA. (a) — Cxema
pacnoyioeHus! 3JIeKTPOIOB B IIperapare IByX TMITIIOKAMIIOB i Vitro TIOCHIE TMOJHOM Mepepe3Ku BEHTPaJIbHOM U 10PCaIbHOMN KO-
muccyp. (b) — IIpumepbl onHoBpeMeHHoM peructparyu JITIIT v MIT B nupamunHoM ciioe CAl JIeBOro 1 IIpaBoro rufiioKaMIioB.
MIIA o603HaYeHBI BEPTUKAILHBIMU cepbIiMU TUHUAMU. CripaBa — rpaduk kKpocc-kKoppeasiunu MITJ1 B CAl mupaMuIHOM cioe
JICBOTO U IPABOTO TUIIIOKAMIIOB JIO U TTOCJIE IIEpepe3Kr BEHTPaTbHOM KoMUCCyphI. (¢) — [IprMepbl oTHOBpEeMEHHO perucTpalnu
JIIIIT B stratum radiatum CA1 neBoro u npasoro rumniokamiioB. Cnpaba — rpaduk Kpocc-koppedsiiuu JITTII B ieBoM 1 mpaBom

TUIIIIOKaMIIax 10 U ITOCJIC NMMEPEPE3KU BeHTpaJII)HOfI KOMUCCYPDI.

Mmuccypoim [25—28], Ob1a m3HaAYaJbHO pa3paboTaHa
IIJIST OHTOTEHETUYECKUX MCCIIeToBaHUi. DTa Moaesb
MO3BOJIMIIA OXapaKTepU30BaTh OUIaTepalbHYIO CUH-
XPOHU3ALUIO TTOCPEICTBOM KOMUCCYPAJILHBIX CBSI3Ei
BO BpeM$ TMTAaHTCKMX ACTOSIPU3YIOIINUX ITOTeHIUA-
0B [28], a TakxKe IpHM pacIIpOCTpaHEHUM TMapOKCHU3-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

MaJIbHBIX pa3psiaoB [25, 27, 29—31] B pa3BuBaloleics
TUIIOKAMITAJILHOM CHUCTeMe KphIC M Mblleii. M3Ha-
YaJIbHO IIPEAIloIarajaoch, YTO JaHHAS MOAEIb MMEET
BO3paCTHBIE OrPaHUYEHMSI Y MOXKET OBITh MCIIOIb30Ba-
Ha JIMIIb B IIOCTHATAJIbHOM IIeproe (OO0 ITOCTHATAIb-
Horo gHs P10) B ¢BsI3u ¢ yBeIMUESHUEM TOMIIIUHBI THII-
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HoKaMIla M CYXEHHUS BHEKJIETOYHOIO IIPOCTPAHCTBA,
4YTO yXy[IIaeT IIPOHUKHOBEHNE META0OJIUTOB U3 OMbI-
BaIOILIETO pacTBOpa BIIyOb IIperapara 1o Mepe B3poc-
JIEHMsI, a TaKXXe B CBSI3U C BO3PACTHBIM yBEJIMUYEHUEM
sHepronoTpebaeHus [26]. OgHaKo ONTUMUA3ALIMS OKC-
MIepUMEHTAIbHBIX YCIOBUIA, B MEPBYIO ouepelb, 3Ha-
YUTEIbHOE YBEJIUUYEHUE CKOPOCTHU TPOTOKA OMbIBAIO-
IIIero MpenapaT pacTBopa MO3BOJIWIN TOOUTHCS yCIO-
BUii, IpPU KOTOPBIX COXPaHSIOTCSI MeMOpaHHBII
OOTEeHIMAaJl HEMPOHOB, (PYHKIMOHAIbLHEIC CUHAIITU-
YeCKMe CBSI3M U CETEeBbIE B3aMMOJCIICTBUSI B MHTAKT-
HBIX TUIIIIOKaMIIaX JaXke B3POCJIBIX XXMBOTHBIX [21].
OO0OHapyXWJIOCh, YTO B 3TUX YCIOBUSIX B U30JIMPOBaH-
HOM TUIIIOKAaMII€ IOBEHUJIBHBIX M B3POCJIBIX MBIIIEH
BO3HUKAIOT aBTOHOMHBIE CIIOHTAHHbIE OCLHWLISIIUY B
YaCTOTHOM JiMaria3oHe, OJM3KOM K 4acTOoTe TeTa-o0C-
WUISIIMI, HaOJIrogaeMbIX in vivo. JlaHHass MOJeJb Te-
Ta-OCUWJUISIUMIA TI03BOWJIA TIOJYyYUTh BaXKHbIE 3Ha-
HUSI O KJIETOUYHBIX, CUHANTUUYECKUX U CETEeBbIX MeXa-
HU3Max TeTa-ocuwisauuii [21—24]. O4eBUIHO, YTO
JTaHHasI MOJEIb UMEET OTpaHUYEHUSI, CBI3aHHbBIC C OT-
CYTCTBHUEM Psifia KIIFOYEBBIX KOPKOBBIX U ITIOJKOPKOBBIX
CTPYKTYp, KOTOpBIE IPUHUMAIOT Y4acTHE B TeTa-TeHe-
3¢ in vivo, HO TIPY 3TOM SIBJISIETCSI BIIOJIHE aJIeKBAaTHOM
IUIST UCCIEAOBAaHMSI MHTPAruImOKaMITaIbHOTO KOMIIO-
HEHTa TeTa-OCULUISIINA.

Tera-ocuMISILMM B M30JMPOBAHHBIX TUIIIOKAM-
nax in vitro, KOTOPbIE OMUCHIBAIOTCS B HACTOSILIEM UC-
CJIeIOBAaHWUM, TEHEPUPYIOTCSI B HEHPOHAJBHBIX CETSX
CaMUX TUTIOKAMIIOB, MOCKOJIbKY SHTOPUHAIbHAS KO-
pa B 3TOM TIpenapare OTCYTCTBYeT. TakuMm oOpazoMm,
TETa-OCHWUISIMUA ~ W30JIMPOBAHHBIX TUITITOKAMIIOB
MOTYT ObITb pejieBAHTHBIMU KOMITIOHEHTY “BHYTpEH-
HUX MOJIeJIeit” TeTa-OCUMILISLINM in Vivo U TaKXKe COOT-
BETCTBOBATh, HarIpumep, reHepupyeMbIiM B CA3 ceTsax
TETa-OCUWJUISILIUASIM Y XUBOTHBIX, HAXOISLINUXCS IO
ypEeTaHOBbIM HApKO30M WM TMOcje OunaTrepalbHOM
pe3eKluMn dHTOopUHaIbHOU Kophl [32—34]. CooTBeT-
CTBEHHO OwJiaTepajbHasi CUHXPOHM3AlLMs TeTa-0C-
MWUSIHUI B TIperapare IBYX TMMIOKAMIIOB in Vitro,
KoTopas ObLIa OOHapyKeHAa B HACTOSIIIEM KCCIIEN0BA-
HUW, MOXET CBUAETEIILCTBOBATh O HAJIMUYNU MEXaHU3-
Ma MHTerpaluuy “BHYTPEHHUX MOJeJIeii” ImyTeM Onia-
TEPAIBHOU CHUHXPOHU3ALUU HEUPOHAIBbHBIX CETEU
TUTMTOKAMIIOB B T€Ta-OCHWIISLIMUA TTOCPENCTBOM TIPSI-
MBIX CBSI3€1, OPTAHU30BAHHBIX B BEHTPAIBHOW TUIIITO-
KaMmInajibHOI koMuccype. 1151 Toro, 4ToObl YCTAHOBUTH
3HAUMMOCTh KOMUCCYPaJIbHbBIX CBSI3€il B OujaTepasib-
HOI CMHXPOHM3ALIMU (PU3NOIOTMYECKUX TE€Ta-OCLIUI-
JSAUUA in vivo, B JAJbHEUILNUX UCCIEAOBAHUSX MPEI-
CTaBJISIET MHTEpPEC MPOBEPUTH 3h(DEKT Mepepe3Ku Ko-
MUCCYPAJIbHBIX CBsI3€il Ha OwWiIaTepajlbHYlO TeTa-
CUXPOHU3AIUIO B UHTAKTHOM XM BOTHOM.

COBJIIOJEHUE 5TUYECKHUX CTAHIAPTOB

Bce mpoienypbl, IpOBOANMBIE C UCITOJIb30BAHUEM XK1~
BOTHBIX, COOTBETCTBOBAJIM 3TUYECKUM CTaHIapTaM, YTBEp-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

JKIEeHHBIM 3aKOHOHaTeIbHbIMU akTamu Poccuiickoit dene-
paiuu, mpuHIMIIaM basenbckoil AeKyiapaii U peKOMeH-
mammsMm  Jupexktusel  2010/63/EU  mo  mpoBeneHUIO
SKCIEPUMEHTOB Ha XXMBOTHBIX, BCE TTPOTOKOJIBI TTO UCITOJb-
30BaHUIO XXUBOTHBIX ObUTM 0100peHbl HallmoHanbHBIM UH-
CTUTYTOM 3IpaBOOXPaHEHUSI U MEIULMHCKUX MCCJIeI0Ba-
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JIOKaJIbHBIM 3TU4YeCKUM KomuTeToM KazaHckoro denepaib-
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BILATERAL SYNCHRONIZATION
OF HIPPOCAMPAL THETA-OSCILLATIONS IN VITRO

I. Khalilov*?, A. Gainutdinov’, and R. Khazipov**
?Aix-Marseille University, INMED, INSERM, Marseille, France
bLaboratory of Neurobiology, Kazan Federal University, Kazan, Russia
#e-mail: roustem.khazipov@inserm.fi

Hippocampal theta oscillations are pivotal for hippocampal functions of spatial navigation, learning and mem-
ory. In the behaving animals in vivo, hippocampal theta oscillations display bilateral synchronization. Internally
generated oscillations in the theta frequency range have also been described in the intact hippocampus prepara-
tion in vitro. How theta oscillations are synchronized between the left and right hippocampi remains elusive,
however. We used preparation of the intact hippocampi interconnected by the ventral hippocampal commissure
prepared from juvenile and adult mice and rats in vitro. Local field potentials and multiunit activity were recorded
using extracellular electrodes from the pyramidal cell layer and stratum radiatum of the left and right hippocam-
pi. Neuronal network activity in the left and right hippocampi was organized in theta oscillations, which strongly
modulated neuronal firing of CA1 neurons. Both neuronal activity and field potential theta oscillations showed
high levels of bilateral synchronization. Theta oscillations persisted on both sides, but their bilateral synchroni-
zation was eliminated after surgical cut of the ventral hippocampal commissure. Thus, theta oscillations are syn-
chronized in the left and right hippocampi in vitro, and their bilateral synchronization is provided by the ventral
commissural connections.

Keywords: hippocampus, theta oscillations, bilateral, synchronization, ventral hippocampal commissure
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