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®eouna E. M., Ilasnosa /. B.

MOP®O®YHKIINOHAJIBHBIE U3MEHEHUS
B I'HCTAMUHEPTUYECKUX HEUPOHAX N'NINTOTAJIAMYCA
MOCJIE CEMUJHEBHOMU AJIKOT'OJIN3AIINN

['poonenckuii cocyoapemeennwiii meouyunckuii ynusepcumem, Pecnyonuxa benapycs

['mcraMuHepruyecKue HEWPOHBI TOJIOBHOTO MO3Ta MJIEKOTIUTAIONINX PACTIOara-
0TCA B TyOepOMaMMHJUIIPHOH OOJIACTH THIOTANaMyca, OTKyJa WX aKCOHBI pacmpo-
CTPAHAIOTCS MPAKTUYECKH BO BCE OTMENBI MO3Ta, TJI€ MOTYT KOOPAHHHPOBATH IPYTHE
HEHUPOHHBIE CHCTEMBL. BhIpaOaThIBaeMbI 3THMH KIETKAMH HEWPOHATBHBIM TMCTAMHH
VY4acTBYET B MOJIECPKAHUH TOMEOCTA3a MO3TOBOM TKaHHW, B PETYILUH HEHPOIHIO-
KPUHHBIX (DYHKIMH, TTOBEIEHUS, OMOPUTMOB, PETPOAYKIHH, TEMIIEPATYPBl U MacChI
Tea, YHEPTETHYECKOT0 OOMEHAa W BOJIHOTO OaiaHca, SMOIMOHAIIBHOCTH, OOYUYCHHS
W TTaMATH, B PEAKIUH HA CTPECC, B CEHCOPHBIX M MOTOPHBIX peakuusax. LICHTpabHbIH
THCTAMUH WTPAET BAKHYIO POJIb B TIATOTEHE3€ PA3TTUYHBIX 3a00JIEBAHUH, B TOM YHCIIE
CBSI3aHHBIX C JIEUCTBHEM almKoToJIs [1].

Llemp MPOBEAECHHOTO MCCIIEAOBAHUSI — OLEHKA BIHAHUA CyOXPOHHYECKOTO BBE-
JICHHUSA HAPKOTHYECKOH O3Bl 3TaHONIA Ha MOP(OoPYHKIMOHAIBPHbIE TTOKA3ATENIA THCTA-
MUHEPTHYECKUX HEHPOHOB MO3Ta KPHIC.

HccmenoBanre BBHITIOHEHO Ha 88 MOIOBO3PEMBIX OECIIOPOIHBIX O€NBIX KpPBICAX-
camiax. OMBITHBIM KHBOTHBIM €KETHEBHO HA JIPOTIKEHUH 7 THEH BBOJIWIIA BHYTpPH-
oprommHHO 20 % pacTBOp 3TaHONa B 103€ 4 I/KT. KOHTPOJIEHBIM JKHBOTHBIM BBOIHIIA
SKBUBAJICHTHBIN 00beM (m3. pactBopa./ [ekamurammro mpoBogunu yepe3 1 bac
1 24 yaca mocJe mocjeTHET0 BBEACHHS dTaHOIA Wi Pu3. pacTBoOpa.

[locnme pexanwTaliK KUBOTHBIM BCKPBIBATH YEPETHYIO KOPOOKY, HW3BIEKAIH
TOJIOBHOM MO3I W BBIJICISUIA THIIOTATIAMYC, KOTOPBIM 3aMOPAKHUBATH H XPAHUIH
B JKHJKOM a30Te U JajdbHEHIIEeTro WCCIeAoBaHuA. B kKprocTare TOTOBHIN CEPHIHBIC
(dbpoHTaTBHBIE CPE3BI 3aHETO THIIOTAIaMyca, OKpamuBaau mo meroay Huccms (0,1 %
BOJHBIM PAaCTBOPOM THOHWHA) W HA BBIABIIEHHUE AKTHBHOCTH KIFOUEBBIX LUTOILIa3Ma-
TH4ecKkuX (pepMeHTOB: MOHOaMHHOOKCcHAAa3bl THa b (MAO B), cykimHatmeruapore-
Hazel (CHD), makrarmermmporenassr (JIAI), HAIH-nmermaporenaszsr (HAJIH-II),
rmok030-6-pochar-geruaporenass (I'-6-O-J11'), HAJIOH-aeruaporenassr (HAJ[OH-
JAI') u xucnout pocdarassr (KD) [2].

JUIt KONMMYECTBEHHOM OIIEHKH Pa3MepPOB U (POPMBI IEPUKAPHOHOB H AIEP HEUPO-
HOB M3MEPSAIN MX MHHUMAIBHBIH ¥ MaKCHUMAJbHBIA JHAMETPHI, TIEPUMETP, TUIOMIAb,
o0bem, Gopm-pakrop u (aKTOP SIOHTAIMH HA TPENAPaTax, OKPAMEHHBIX TIO0 METOTY
Huccs, /KonAgecTBEHHYIO OLIEHKY aKTHBHOCTH HM3y4YaeMbIX (DEPMEHTOB TPOBOIUIH
TUTO(QOTOMETPUIECCKH, ONPEAETAS ONTHYECKYIO IUIOTHOCTh TIOYYEHHOTO OCaIKa
XPOMOT€HA B HHUTOIIA3ME HEMPOHOB HA MAKCHUMYyME TOTJIOMEHHUS OKPAIICHHBIX TPO-
OyKTOB peakiuii. OTHOCUTETbHYIO aKTHBHOCTh (PEPMEHTOB BBIPAKAIA B €IHHHLIAX
ONTHYECKOW TUTOTHOCTH. M3y4YeHHE THUCTOJIOTHYECKHX MpenapaTtoB, MUKpodororpa-
¢uposanue, MOpHPoOMETPHIO U IUTOHOTOMETPHIO TIPOBOIMIH C TIOMOIIBIO MHKPOCKOTIA
Axioskop 2 plus (Zeiss, ['epmanus), mudposoit Bugeokamepst Leica DFC 320 (Leica
Microsystems GmbH, ['epmanust) u mporpaMMbl KOMITBIOTEPHOTO aHAIM3a U300paxKe-
Hust Image Warp (Bit Flow, CIIIA).
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JUI 3IIEKTPOHHO-MHUKPOCKOTTHYECKOTO HCCIIEAOBAHUSA THIIOTAIAMyC TpeuKcH-
poBanu uMmMmepcuei B 2,5 % pacTBOpE IIyTapoOBOTO albJAETHAa, MPUTOTOBICHHOM Ha
oydepe Mumnonura B Teuenue 4 yaco mpu 4°C. 3areM BbIpe3aii HHKHEOOKOBBIE
VYaCTKH 33JHETO THITOTAJIAMYCa, T/Ie PacTOIaraloTcsi THCTAMHHEPTUIECCKIE HEHPOHBDI,
momemaimy ux B 1 % ocmuensii pukcatop Ha Oydepe Munnmonwnra, TerHAPATHPOBATH
B CIIMPTaX BOCXOIAMICH KOHIIEHTPALMU H AIlETOHE W 3aJIUBAIM B STIOKCHAHYHO CMOJTY.
[Ipemaparsl 1A 3M€KTPOHHO-MHUKPOCKOITMYECKOTO WCCIIEAOBAHUSA H3TOTABIMBAIN Ha
ynerpamukpoTrome MT-7000 (CIIIA), KOHTpAacTHPOBATIHM CONAMH TKENBIX METAJUIOB
(ameraToM ypaHa W IUMTPATOM CBHHIA), Jaje€ M3Y4YaId B SJCKTPOHHOM MHKPOCKOIE
JEM-1011 (JEOL, “nonus) u ¢otorpadupoBanu tmdposoiis kamepoir Olympus
MegaView III (Olympus Soft Imaging Solutions, I'epmanus).

[TomyueHHBIE PE3yABTATHI 00PAOATHIBATI METOJAMH HETIADAMETPHYECKON CTaTH-
CTHKH C TIOMOTIBIO TUIICH3HOHHOU TiporpaMmbl 6.0 mis Windows Statistica.

VY CTaHOBIEHO, YTO CEMHUKPATHOE BO3ACUCTBHE 3TAHOIIOM B 03¢ 4 I/KI/CYyTKH BbI-
3BIBAET CYIIECTBEHHBIE CTPYKTYPHbIE U3MEHEHHUS THCTAMHUHEPTHICCKIUX HEUPOHOB TH-
noranamyca. Tak, moJgocTpas amKOTOJIbHAS HWHTOKCHUKALIUA MPUBOIUT K OKPYTICHHIO
MIEPUKAPUOHOB JAHHBIX HEUPOHOB (B cpeaneM Ha 7-9 %). IIpu s3Tom crycts 1 gac mo-
CJIe TIOCJIETHETO BBEACHHUS 3TAHOJA PAa3MEPHl UCCAEAYEMBIX KIIETOK yBEITHUYHBAIOTCS
(Ha 5-6 %). Pasmepsl u Gopma sAep HEUPOHOB MPETEPIEBAIOT CXOKHE M3MEHEHHA.
[Ipu 3TOM UYepe3 CyTKH MOCIIE CEMUIHEBHON ATIKOFOJbHON WHTOKCHKALIMH TIEPHKAPHO-
HBI HEPBHBIX KIIETOK Cxxumarorcs (Ha 5-15 %). Hanporus, wux sapa, ymeHpmiasch
(Ha 6—14 %), cTaHoBsATCS MeHee chepuudbIMA (Ha 4 %) U HECKOIBKO BBITATHBAIOTCS
(Ha 4 %).

OOHapy:keHHOE BO3pacTaHue CHEPUIHOCTH U OKPYTIICHHE TIEPUKAPUOHOB U S/IEP
THCTAMUHEPTHYECKAX HEUPOHOB THITOTANIaMyca CIycTs 1 9yac mocie 7-KpaTHOTO BO3-
AEUCTBHA OONMBIION (HAPKOTHYECKOM) O3Bl AJIKOTOJII MOJKET OBITh CBSI3aHO C TOKCH-
YEeCKUM HAOyXaHHEM W HAPYLIEHHEM HHUTOCKETEeTa HEHPOHOB. A yMEHBIIECHHE pa3Me-
POB KJIETOK, HAOIIOaeMO€ HaME,Yepe3 24 daca TOCIie TOCIIETHETO 7-TO BBEICHUS
OONBIION TO3BI 3TAHOA, MOKET ABIIATHCA OJAHOW M3 (POPM aTaNTALMOHHBIX TIEPECTPO-
€K LIATO- W KAPHUOCKENETa HEHPOHOB K TMOCIEAYIOMIEMY O0KHIAEMOMY TOKCHYECKOMY
HaOyXaHUIO.

[Tox BIUsTHEEM AIKOTOJIS MPOUCXOANT 3HAYUTEIbHAS TIEPECTPOHKA META0O0IU3MA
TUCTAMHAHEPIrUYECKUX HEMPOHOB. Tak, Mpu 7-KpaTHOM BO3JECHUCTBHHM 3TAHOJA B J03€
4 r/kr yepe3 1 9ac mocie MOCIEIHETO €0 BBEACHHUA HAOIMOJACTCA YMEHBIICHUE aK-
tusHOCTH/ CHI" (HA 20 %), HAAH-AI" (Ha 12 %), HAA®H-JI" (5a 17 %) u [-6-O-/1I"
(Ha 10 %), ysenmuenne aktuBHOCTH MAO b (Ha 10 %), JIAI' (Ha 22 %) u KO
(Ha 37 %). ¥Ymenpmenne aktuBHocTH C/II” yKa3piBaeT Ha yrHETEHHE OKHCITUTEIHHO-
BOCCTAHOBHTEITBHBIX peakiuii B 1ukiie KpeOca, CHWKEHHE YPOBHS HSHEProoOMeHa
W OTPAKAET MPOLIECCHI, TIPOUCXOIININE B MUTOXOHIPHUIX HCCIIETyEMbIX HEPBHBIX KJIe-
TOK — mux HaOyxanue u pectpykuumio. HAJIH-JII' sBnsgeTca KIOYEBBIM IUTOTLIA3MA-
THYECKHM (DEPMEHTOM CHCTEMBI TPAHCTIOPTA 3JIEKTPOHOB, YUYACTBYIOIIUM B TIPOHU3BO/-
ctBe >Hepruu B knetke. HAJIOH-/II' BeicTynaeT B KauecTBe MOKA3aTeNs aKTUBHOCTH
(epMEHTATHBHBIX PEAKIMNA OKUCIICHUA U IPUHUMAET YYacTHE B MPOIIECCAX BOCCTAHO-
BHTENTbHOTO cHuHTEe3a. [ -6-@-J[[" oTBewaeT 3a ycmemHoe mpoTekanue neHTo3opocdar-
HOTO TIyTH. Y MEHBIICHHE AKTUBHOCTH JAHHBIX (PEPMEHTOB XapaKTEPH3YET TOJIABIIe-
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HHE NEPEYUCIICHHBIX MMPOLECCOB MPHU MOCTYIUIEHUH aNnKorofs B kineTky. JIJII' yyacTsy-
€T B KOHEYHBIX 3TAlax MPEBPAMIEHUS TITIOKO3BI B aHA3POOHBIX yCinoBUAX. [loBbImen-
HBIA ypoBeHb akTUBHOCTH JIJII' TOBOPUT 0 HEZOCTATOYHOM CHAOKEHHWH KIIETKH KHC-
JOPOAOM M YKA3bIBAET HA TEPECTPOMKY IHEPTETHUECKOTO META0OIM3Ma HEHPOHOB
B YCIOBHAX CYOXPOHHYECKOH aJKOTOJM3alMH, KOTAA OCHOBHBIM SHEPTETHYECKHM
cyOcTpaToOM Ui MO3ra BMECTO TIIFOKO3BI CTAHOBHUTCS METAOOJHUT 3TAaHOTA — aleTaT
[3]. MAO b BeicTymaeT B poiH KIIOYEBOr0 (epMeHTa MeTadoNm3Ma THCTAMHHA.
[lo3TOMy yBENMWYEHHE AAHHOTO MOKA3aTeNl MOXKET CBHIETENbCTBOBATh O MOIAYIHPY-
IOIIEM JACHCTBUM aJKOTOMsl HA OKUCIUTEIBHOE A€3aMUHUPOBaHUE ructammta. K@ sB-
ASeTCA MapKEPHBIM (JePMEHTOM JTH30COM, B CBSA3H C YEM TOBBIIEHHE aKTUBHOCTH K®
CIIeyeT HHTEPIPETUPOBATH KaK NPOSBJICHHUE YCUIICHHSA MTPOLIECCOB Ay TO(ATHH.

Uepes 24 yaca noclie MOCAEAHETO BBEAEHUA ankoroys aktusHOCTh C I, HA JITH-
JAI' u HAJIOH-JII' ocTaeTcss CHHMKEHHOM IO CPABHEHHUIO C KOHTPOJIbHBIMH 3KUBOTHBI-
mu (Ha 14 %, 7 % u 16 % coorBercTBeHHO). COXpaHAETCS MOBBIMICHHAS AKTHUBHOCTD
JIAT (Ha 23 %) u KO (#a 31 %). Ognako aktuBHOCTH [-6-@-/1I"' 1 MAO b yxke cymie-
CTBEHHO HE OTIMYAETCAd OT HOPMBI, YTO MOKHO PacCMaTpUBATh KaK YACTHYHYIO CTa-
OMITM3AIHIO META0OTHYECKHUX TIPOIIECCOB.

IlepeuncneHHble THCTOXMMHYECKHE W3MEHEHUs CORJIACYIOTCS ¢ OTMEUYEHHBIMH
B TMCTAMMHEPIUUYECKUX HEMPOHAX YIbTPACTPYKTYPHBIMH HapyleHUsAMU. Tak, 3TaHON
MPUBOJUT K aKTUBALMU SIACPHOTO armapaTa UCCelyEeMbIX HEMPOHOB, MPOABIIAOIIEN-
Csl B TIEPEMENICHHH AIPHIIEK K SACPHON 000I0UKE, KOHIEHCAINH CyOheIMHHUL] PHOO-
COM BOJIM3M BHYTPEHHEH SACPHOW MeMOPAHBL YBEIHMYSHUH CKIAT4aTOCTH KapHOJIEM-
MBI, PACIIMPEHMH NEPUHYKIEAPHOro npoeTrpaHcTsa. llox neWcTBHEM anmKOrous
MTPOUCXO/INT TIOBPEIKACHHUE W HAPYIICHHUE OPraHU3allnd MUTOXOHAPHH — WX HaOyxa-
HUe, (parMeHTalusA W JECTPYKUUSA KPHUCT,, PaCHIMPEHHE LHMCTEPH SHIOIUIa3MaTHYe-
CKOM ceTH, (POPMUPOBAHHE MHUEITHHOMOTOOHBIX (PUTYDP M3 MUTOXOHAPHH, SHAOTIIa3Ma-
TUYECKOH CETH W KOMIUIEKCa | 0JIb/PKH, 00pPa30BaHUE CIOUCTHIX CTPYKTYpP Ha OCHOBE
KOMIUTEKCca ['ONbKH M SHAOTUIA3MATHYECKON CETH, MOABIIEHHE SAPBINIKOIIOIOOHBIX
TENe B LUTOIUIA3Me, THNIEpTPOdHs 1 runepriasus m3ocoM. [lepeuncieHnspie u3me-
HEHUA OMNpPEACIAIOTCA B HCCIACAOBAHHBIX KIETKAaX Kak depe3 1 yac, Tak M CIycTs
24 gaca mocnie CyOXpOHHYECKOM ATKOTOJIBHONH WHTOKCHKALMK. JTO MOXKET TOBOPHUTH
0 IOJITOBPEMEHHOCTH M YCTOMYHWBOCTH BBIABICHHBIX Moaupukarmii. [Ipu sToM rucra-
MUHEPTHYECKUE HEMPOHBL MPOSBISIIOT JOCTATOYHYH) YCTOHYMBOCTb, MOCKOJBKY
OOJNBITUHCTBO BBISBICHHBIX yJIBTPACTPYKTYPHBIX W3MEHEHUH HEb3S OTHECTH K TIPH-
3HAKaM HEOOpaTHMOm TeCTpyKimu [4].

Takum 00pa3oM, CyOXpOHHYECKAs aTKOTOJHM3AIUS BBI3BIBACT JIECTPYKTHBHBIC
W aJanTaldOHHbIC H3MEHEHUS B CTPYKTYypPE THCTAMHUHEPTHIECKUX HEUPOHOB. MeTabo-
JAMYecKas aKTUBHOCTb UCCIEIOBAHHBIX HEHPOHOB CHUXKaeTcA. [aHHBIE mpolecchl co-
MPOBOKJAFOTC KOMITEHCATOPHOM aKTHUBALMEH aHA3POOHOTO TIIMKOIHM3a U YCHIICHHEM
MPOIECCOB ayTo(haruu.
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COCTOSTHUE A®®EPEHTHLIX HEITPOHOB CIIMHHOMO3I'OBbIX
¥3JI0B I1PU CTUMYJIALNN 3AKUBIEHUS THOUHOU PAHBI,
OBOT'AINIEHHOU TPOMBOLIUTAMMU I1JTASMOU KPOBHA

Bopoueosicckuil cocyoapemeennvtii meougyunckuil ynueepcumem um. H. H. bypoenxo,
Poccusa

H3ydeHrne BO3MOKHOCTH TPUMEHEHHS OOOTAIMEHHON TPOMOOIMTAMH TIIa3MBbI
kposu (OTIIK) amst perymsiiu TTOTHOTHI 3KUBJICHHAS PaH B HACTOSIIEE BPeMs SBIIS-
€TCS aKTyaJIbHBIM W TIEPCIIEKTUBHBIM BOTpocoM [1]. TpoMOommTsI comepkaT pasmid-
Hble O€NKH, LUTOKUHBI W/ JAPYTHE OHOAKTHBHBIE (DAKTOPHI, KOTOPHIE CTUMYIHPYIOT
U PEryJIUpPYIOT OCHOBHBIE 3BE€HBS B LIEMH MPOLIECCOB 3aKUBJICHUS NoBpekaeHUH. [Ipu
STOM JEHEPBALUA MOBPEKIEHHOTO y4acTKa MPUBOJHUT K MOCTOSHHOMY CEHCOPHOMY
U (PYyHKIMOHATPHOMY AC(HIMTY, TOAABISAECT MPHU3HAKH BOCTIAJICHHS W TPHBOJMT,
B KOHEUHOM CYETE, K TOPMOKEHHIO PEr€HEPALIMH MOBPEXKACHHOr0 yyacTka [3]. B stoit
CBA3HM 3HAYMTEAbHBIN HHTEPEC MPEACTABIAET UccaeaoBaHue HelpoHoB CMY npu uc-
MOJIb30BAHUY WHHOBALMOHHBIX METOJ0B YCKOPEHUS 3aKUBJICHUS KOXKHBIX paH BCIIE-
CTBHE TPAMOM CBI3M MEXIY MX MOP(HOPYHKIIMOHATBHBIM COCTOSHUEM U CKOPOCTHIO
PEUHHEPBALIMU TIOBPEKACHHOIO YUaCTKa.

Jinmst M3yueHus peakuuidi HEMPOHOB CITMHHOMO3TOBBIX y370B (CMY) U nuHaMuKH
W3MEHEHUS) HX CTPYKTYyPHO-(PYHKIIMOHATBHOTO COCTOSIHHSA TPH HAHECEHHWH 3KCITIEPH-
MEHTAJIbHOW PaHbl OBUTO TIPOBEACHO CPABHHUTEIBHOE HCCenoBaHHEe HeWpoHOB CMY
WHHEPBHAPYIOIIUX THOWHYIO paHy 0€3 JIEYEHUS U MOCIIE MECTHOTO IPUMEHEHHS THAPO-
pvmynbcHOU caHamu (I'MC) paHbl B KOMITJIEKCE ¢ PUMEHEHUEM TPOMOOIIMTAPHOTO
korneHTpara (OTIIK). Ocoboe BHUMaHME yaEmATOCh MOP(HOIIOTHYECKHM XapaKTEPH-
cTUKaM HeHpoHOB CMY, 4TO MO3BOJUIIO HE TOJBKO OO0JIEE TOUHO OIPEAETUTh CTENIEHD
JECTPYKTUBHBIX M PETCHEPATOPHBIX MPOLECCOB, BO3HUKAIOIIMX B TaHIIIUK TOCIIE
TPaBMBbI, HO U OOBEKTUBHO TPOAHATH3UPOBATH MOYYCHHbBIC TAHHBIE JJIT BO3MOMKHO-
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