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CraHoBJieHHEe NO-3aBHCHMBIX CTPYKTYP NepeIHero runorajamyca B

MNPEeHATAJILHOM OHTOI€HE3E
benopycckuii 2ocyoapcmeennviil MeOUYUHCKUL yHUgepcumem

Llenpro manHO¥W pabOTHI SBUIIOCH BBISIBICHHE Koppemsuuu B craHoBiaeHun NO-
€PruYecKoil CHUCTEMBI TEpPEIHEro THUMoTajaMyca 3MOPHOHOB MNTHL M IUIOJOB
gyesoBeKa. B Xoae  BBIMONHEHHBIX  OKCHEPHUMEHTOB  YCTAHOBJEHO, UTO
THIOTAIaMUYecKass 00mactb dMOpUOHOB yTOK conepxkut HAJIOH-1/CNO —
MO3WTUBHBIE HEWPOHbI Ha4dWHAas ¢ 23-TO JAHS, YTO COOTBETCTBYET TPETHEMY
TPUMECTpPY pa3BUTHA. Takxke ycTaHOBIEHO, 4To y 90-IHEBHOTO IJIONa YeIOBEeKa
(mepBBId TpUMECTp pa3BUTHS) B sIpax IEPEIHEro TUIoTataMmyca OOHapy KEHBI
NO-comepxammue HeWpoHsl. [lomydeHHbIE JgaHHBIE CBUIETENHCTBYET 00
OTHOCUTENBbHO Oosiee panHeM BO3HUKHOBeHHMH NO-epruueckoid CHCTEMBI
MEPEeJHEr0 THUMOTalaMyca 4YelioBeKa 10 CPaBHEHHUIO C NTuuaMu. [IpuHuMas Bo
BHUMaHUs JaHHbIe 0 ToM, 4TOo NO sBisieTcs OAHMM W3 BaXHEWITUX (PaKTOPOB,
Y4acTBYIOIIMX B  DPa3BUTUM  IEHTPATbHOM  HEPBHOW  CHUCTEMBI, MOXKHO
NpPEINONOKUTh, 4To Onaromaps panHemy mnosieHnio HAJIOH-n/CNO crano
BO3MOXHBIM 0OJIee COBEPIICHHOE pAa3BUTHE HEPBHOW CHUCTEMBI y YEJIOBEKa.
KirroueBbie ciioBa: npeHaranbHbli onToreHe3, NO-cuHTe3a, rumnoraiamyc.
bonpmmoe KomuuecTBO SKCIEPUMEHTANBHBIX JAaHHBIX, HAKOIUICHHBIX B TEUCHUE
MOCJIEAHUX JIET, CBUAETEILCTBYIOT 00 ydactuu NO B perynsiuuu pa3indHbIX
¢usnonorndeckux ¢pyHknui [1, 2, 6]. Umerorcs npeamonoxenus o Tom, uro NO
MOXXET SIBIISITHCSA OJIHUM M3 BaXKHEUIHNX ()aKTOPOB, yYaCTBYIOIIMX B Pa3BUTUU
CTPYKTYpbl U (YHKIUHU IIEHTPATHHOM HEPBHOM CHCTEMBI, SBISISICH MOJEKYJIOH,
BBI3BIBAIONIEH THOEIb ONPENEICHHBIX KIETOYHBIX CTPYKTYp, a TakKXke urpas
BAKHYIO POJIb B MEXaHM3MaxX pOCTa HEPBHBIX OKOHYAHUA W (HOPMUPOBAHHS
cunaricoB [4]. Tlomyuenbl pgokazarenbctBa ydactusi NO B HeHTpaidbHBIX
MEXaHH3Max TEPMOPETYJSIIUA TPU TEPErPeBaHUM M SKCIEPUMEHTAILHOMN
muxopanke [3]. YcTaHOBIIEHO, YTO Y MPEJACTABHTENCH MIICKOIMUTAOIINX H TTHII
NO-cuHTe3upyomre HeHPOHBI COAEPKATCS B HEPBHBIX LEHTPAX TUMOTalaMmyca U
OPOJOJTOBATOTO MO3ra, KOTOPBbIE YYAacCTBYIOT B PETYJSAIHHA  Pa3IUYHBIX
aBTOHOMHBIX QyHKmuiA [3]. CX0ACTBO B pacmlpeieleHHH HEPBHBIX KIETOK,
conepxkamux NO-cuaTazy (NOC) B rumotanmamyce W HpPOJOJITOBATOM MO3Te Y
MPEICTAaBUTENCH MIECKOMUTAIOIINX M MTHUIl, OTPAXKAET 00IIHNe YePTHI CTPYKTYPHOI
opranu3anui NO-3aBUCUMBIX CHCTEM BBICIIMX AaBTOHOMHBIX IIEHTPOB JIBYX
Pa3HBIX KJIACCOB OPTaHU3MOB.

HecmoTpss Ha oOunme ¢akTUIECKOTO MaTepuaia, CBHAETEIbCTBYIOIIETO 00
yuactun NO B perymsinuu pasiudHbIX (U3HOIOTHYECKHX (DYHKIHH, a TakXkKe B
Pa3BUTHM [EHTPAIHLHON HEPBHOM CHCTEMBI M MEXaHHU3Max TEPMOPETYJISLuH,
ctaHoByieHuE HEeHTpaIbHBIX NO-eprudeckux CUCTEM B MPEHATAIHHOM OHTOTEHE3€
TOMOHOTEPMHBIX OPTAaHU3MOB HE U3Y4EHO.



Llenpio manHON pabOTHI SBMIOCH U3ydeHne ctaHoBieHUss NO-eprudecknx cuctem
NEPEeJHEr0 THUIoTalaMmyca y 5SMOpPHOHOB YTKM M Yy IIIOJIOB 4YEJOBEKa, Kak
IIPECTaBUTENIE TOMONOTEPMHBIX OPraHU3MOB.

Marepuair 1 METOIbI

B »skcmepumeHTanbHONW YacTh pabOTHl HMCMOJIB30BAINCH AMOPHUOHBI yTKU B
Bo3pacre 20, 23, 28 nueit u 90-1HEBHBIE IJI0IBI YEJIOBEKA.

CrennanbHBIMU HCCIEAOBAHUSIMHU OBLIO yOEAMTENBHO NOKa3aHO, YTO HEHPOHHAS
cuataza NO (CNO) sBisercs HUKOTHHAMUAAJCHUHIU-HYKIcoTUADOChHAT-
nuadopasoii [8]. Bo-mepBrixX, JIOKaNM3anus B LEHTPATbHON U TepueprIecKoit
HEPBHOU CHUCTEME HAJI®H-a-conepxkaimux HEUPOHOB, OKpAalIE€HHBIX
TUCTOXMMHYECKH, COOTBETCTBYET JIOKAJIM3ALMU HEPBHBIX KIETOK, COAEpkKAIlIuX
CNO, okpamieHHBIX C IPUMEHEHUEM METOJO0B MMMYHOTHUCTOXHMHUU. BO-BTOPHIX,
CNO wu HAIA®DPH-1 oOHapyXuBalOT CXOAHBbIE HMMYHOXHUMHYECKHE U
Oonoxumuueckue cpoiictBa. B-tperbux, HAJI®H-n akTuBHOCTH BbIABIsSETCS de
novo y xinerok c TtpaHnchopmupoBanHoi kJIHK k CNO. Hcnonb3oBanue
rucroxumuueckoit peaknun Ha HAJ[OH-m nns  unentuduxamum  CNO-
cozep)Kamux HEHPOHOB BO3MOKHO TOJBKO MPHU YCJIOBHH, YTO HUCCIEeNAyeMas TKaHb
npoxoauT (Qukcamuioo B mapadopManbaeruae. YcraHoBieHo [8], duro mpu
¢ukcanuu ¢ HCMONB30BAaHUEM TapadopMalbIeruia WHAKTHBHPYIOTCS BCE
HAJI®H-3aBucumsbie ¢depmentsi-okucantenu, 3a uckimouenneM CNO. Taxkum
obOpa3oM, mpu yciaoBuu (pUKcaliy TKaHU B MapadopMalibIerujie, UCIOIb30BaHNE
rucroxumuueckot peakmmu Ha HAJIOH-n  nns  unentudukamum  NO-
CUHTE3UPYIOIMNX HEPBHBIX KIETOK SIBJISIETCS aqeKBAaTHBIM METOJOM M IIMPOKO
MCIIOJIb3YETCSl B HACTOSIIIIEE BPEMS.

B paGore wucnoms3oBan wmeton wuaeHTudukanuu HAJIOH-a-comepxammx
HEHpOHOB, paspabortanublii Scherer-Singler et al [9], B moaudukanuu Hope u
Vincent [5].

Jlis BBIZICICHHS TUTIOTAJIaMyca Y SMOPHUOHOB IIETMKOM H3BJIEKAIN TOJIOBHOW MO3T.
OTmensnu  TUmoOTaJaMyC M JOTIOJIHATEIBHO  (PUKCHpPOBAaIM  COTJIACHO
pexomennammu Matsumoto et al. [7] 90 munyt B 4 % mapadopmanbaerune Ha
dochatHom Oydepe (0.1M, pH7.4). Yuactkm mo3zra mectb pa3 nmo 30 MuH.
OTMBIBAJIM Ha xoJone ¢ ucrnoibzoBanueM 0,1 M pactBopa Tpuc-HCl (pH 8,0) u
nnkyouposanu B 10 % u 25 % pacrBopax caxapossl Ha Tpuc-HCI (0,1M, pH8,0) B
teuenne 1,5 u 12 9acoB COOTBETCTBEHHO.

OOBEKTHI MOMEIANTHN Ha OXJIAXKIEHHBIE METAJUINIECKHUE OJIOKU, KOTOPBIE CTAaBUIIH B
kpuoctat ( — 25 0C) na 20 MuHyT /I 3aMOpakuBaHus. 13 3aMOPOKEHHON TKaHH
TOTOBHJIM CEPUUHBIE CpPE3bl TONIMHHONW 25 MKM, KOTOpHIE HaKJIEHWBald Ha
OpEeAMETHbIE CTEKJa, MPEABAPUTEIBHO MOJBEPTIIMECS XPOM-KEIaTHHOBOU
00paboTKe, ¥ BBICYIIHBAIIH.

Cpesbl ormbiBasi OT caxapossl B 0,1 M pactBope Tpuc-HCI (pH8.0) B Teuenue 5
MuH. [ 'mcroxuMuyeckas mpoueaypa 3akirodaiach B MHKyOaluu Cpe3oB B pacTBOPE
0,1 M Tpuc-HCI (pH8,0), comepxamem HAJIPH (1 mM), HUTpOCUHWMI
terpazosuii (0.5 mMM), Tputom X-100 (0,3 %) u aumkymapon (0,IMM) Ha
nporsokeHud 1-2 4. mpu 22 oC u orHocutenpHON Biaknoctu 95-100 %. Ilo
OKOHYaHHU THCTOXUMHYECKOW PEeaKInu Cpe3bl nmpoMbiBaimu B pactBope Tpuc-HCI
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B T€UCHHE 5 MUHYT, 00€3BOKMBAIIM B ATAHOJIE, 3aKII0YAIN B KaHAJICKHIA Oanbp3aM U
HAKpbIBAJIA MOKPOBHBIMHU CTEKJIAMH.
Crnenn(uyHOCTh  TUCTOXMMHUYECKON  peakmuu MpOBEpsUlach  HMHKyOaruen
HECKOJIBKHX CPE30B B PACTBOPAxX, HE COJAEPKAIIUX HUTPOCHUHHUHN TETPA30JIUN WIH
HAJI®H, a Takxke B pactBope coxepxamem HAJI® Bmectro HAJIPH.
XuMHUYeCKasi OCHOBA pEAaKIHWU 3aKII0YaeTcs B O0Opa3oBaHWM NPEHHIINATATA
(dbopmMaszaHa pu BocCTaHOBJICHHUHU cosert Terpasosus HAJIDH-muadopaszoit (CNO)
B npucyTctBud HAJI®H. Takum 006pa3oM, THCTOXUMHYECKAS PEAKIHMS HE JOJDKHA
HAOMIOIaTbC B CIOydae OTCYTCTBHSI B HMHKYOAallMOHHOW cpene Jro00oro u3
OCHOBHBIX KOMITOHEHTOB (HUTpocuHu# Terpasonuii, HAJI®H), a Taxxke B ciaydae
ncnonbs3oBanus HAJ[® smecto HAJIOH.
Pesynbprars! u 00CyxaeHIE
OmnbITel TIOKa3anu, 4To B mepuoa Mexnay 20-M u 28-M gHEM 3MOPHOHATBHOTO
pa3BUTHSI B TMEpPEAHEM THUIOTAJaMyCe€ YTOK MPOUCXOAST W3MEHEHHS B
pacupeneneann HAJI®H-1/CNO — mno3utuBHBIX HelpoHOB. [Ipu u3ydeHun
CEepHUIHBIX CPE30B THIOTaraMmyca 3MOPHOHOB YTOK B Bo3pacte 20-Tm 1nHEH He
o6Hapyxensl HAJIOH-1/CNO-mo3uTHBHBIE HEHPOHBI B TIEPEIHEM THITIOTAJIAMYCE.
l'unoramamuueckass obmacte 23-Xx u 28-THEBHBIX SMOPHOHOB YTOK COJEPIKUT
HAJI®H-1/CNO-no3uTHBHbIE HEUPOHBI B TIEPEAHEM THIIOTATIAMYCE.
Y sMOpuoHOB B Bo3pacte 23-1HS HEHPOHBI, BXOJSAIINE B COCTaB sIACP MEPETHETO
rUrnoTajgamMyca UMEIOT pa3jndHble pa3mepsl, koaeobmomuecs ot 10 — 12 no 20 — 25
MKkM (puc. 1). ®opma HEWPOHOB OKpYTJas, OBajJbHAsl, BEpETEHOOOpa3Has, a TaKxKe
NpUOIMKAIOMIASICS K TPEYTOJabHOU. SAapo okpyrioi (GopMbl 3aHUMAET OOJIBIIYIO
4acTh KJETKH W HAXOAWTCS B OOJIBIIMHCTBE CIly4aeB B JKCLUEHTPUYHOM
MOJIOKEHUH, CMEIAasch K OJHOMY M3 IOJIOCOB KIIETKH. B HEKOTOPBIX HEHpoHax
[UTOIIa3Ma HMMEET BHUJ Y3KOTo 000JKa CEepPHOBHIHON (OPMBI OKPYKAIOMIEH C
OJTHO# CTOpOHHI AApo. ['panynbl hepmMeHTa B IUTOIUIa3ME HEHPOHOB y IMOPHOHOB
23 cyrok pacnonararotcs auddy3HO IO BCeH NUTOIUIA3ME, IUIOTHOCTH
pPacmoyiOKeHUsT WX HeBeJduKa. HavanbHble OTOENBl OTPOCTKOB HEHPOHOB HE
MpOKpamuBaloTcsa. B cocraBe simep HEHPOHBI pacmojaraimTcs, Kak MpaBHio,
mud¢Gy3HO ¢ HEOOIBIION INIOTHOCTRIO PACIIOIOKEHHUS HEPBHBIX KieToK. Hapsmy c
STUM BBISIBJICHBI HE3HAUUTENbHbIE OO0JIACTH KOHICHTPALMU HEHPOHOB C
dbopMHupOBaHNEM OTUHOYHBIX TPYMII KJIETOK, COCTOSIIINX U3 4 — 5 enHuUII.
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Puc. 1 — HAJI®H-n-nmo3utuBHBIE HEPBHBIE KJIETKH B MEPEAHEM THIIOTaIaMmyce 23-

X THEBHOT0 3MOpHoHa yTku. Mukpodoto (? 40)
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[Tpu M3y4YeHUU CEpUHHBIX CPE30B IEPEJHETr0 THIOTajJamMyca SMOPHOHOB yTOK B
Bo3pacTe 28-mMu nHEH, HaOogaeTcsl yBelIMUYEHHE cTeneHu auddepeHINpOBKH
HepBHBIX KIEeTOK (puc. 2). HelipoHbl HaYHMHAIOT TPYIIUPOBATHCS B sApa.
V3MeHsieTcst XapakTep OKpallMBaHHs UTOIDIA3Mbl, €€ 00BEM YBEIHYUBACTCS, IO
CpaBHEHHIO C 00BeMoM supa. [II0THOCTH pacmosiokeHHs TpaHyn (epMeHTa
yBennuuBaerca. Hapsny ¢ auddy3HelM pacmoioxkeHueM TpaHyd (epMeHTa B
HEHpOHax, HAOIIONAIOTCA WX KOHIJIOMEparThl, obOpasyiomme 0osiee KpYITHBIE
CTPYKTYpHl. HauWHAIOT OKpamMBaThCsi HaYallbHBIE OTAEIBl OTPOCTKOB HEPBHBIX
KJIETOK.

Puc. 2 - HAJI®H-n-nmo3utuBHBIE HEPBHBIE KJIETKH B MEPEAHEM THIIOTaIaMmyce 28-
MU JTHEBHOTO dMOpHOHa yTkH. Mukpodoro (? 40)

[TonyuyeHHbIE pe3yJIbTaThl XOPOIIO KOPPEIUPYIOT C MOJTYUEHHBIMHU PAHEE TaHHBIMU
3JIEKTPOHHOMHUKPOCKOIIMYECKOTO  MCCJIENOBAHMS, CTABUBLIEIO LEJIBI0 H3YUYUTh
pa3BUTHE THUINOTAIaMyca B HMOpPHOHAIBLHOM Tmepuoae yTok. C 3TOW 1eibio
MCCIIeIOBANICS MepeaHnii runotagamyc 15, 21 u 33-1HeBHBIX YMOPHUOHOB YTOK.

VY 15-gHeBHBIX YMOPHOHOB HAOIIOJAETCS KPYIMHOE AP0 HEMpaBWiIbHOU (popmbl. B
HEM MHOT/Ia OTMEUYAETCsl HAJIMYME HECKOJIbKUX SAPBILIEK C BBICOKOW 3JIEKTPOHHOMU
IUIOTHOCTHIO. B OKOJOsIepHON 00J1aCTH pacroaraloTcss HUCTEPHBI TPAaHYISIPHON
sHJAOIUIa3MaThuecko cetu. [lapaHykneapHO pacmoJiaraercs IUIaCTUHYATBIN
KOMIUJIEKC TOJIBJKH C OyJaBOBUAHBIMU yTOdImIeHUsIMH. OTMedaeTcs Haludue
MHOX€CTBa puOOCOM B TepukapuoHe. B  HelpominazMe pacmojararoTcs
MHO>KECTBEHHbIE MUTOXOHAPUU PA3IUYHON (DOPMBI C BBIPAKEHHBIMH KPUCTAMH
BHYTpEeHHEH MeMmOpaHbl. HelpoHB CO BCeX CTOPOH OKpPYKEHBI TIIIHATbHBIMH
KJIETKAMH OKPYIJIOH, OBalbHOW, yriaoBarod ¢opmbl. Kierkum rmmu 1IOTHO
npuUIexKat E»P nggy 1K HeglagiieMMe (puc. 3).
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Puc. 3 — Ilepennwnii runotanamyc 15- gHeBHOTO 3MOpHoHa yTku. Mukpodoro (?
12. 500)

Y 21-pHEeBHOTO SMOpHOHA OTMEYACTCS YBEIMYEHHE IUIOTHOCTH PACIIOJIOKCHHS
LHUCTEPH TPAHYJISIPHOW SHAOIUIA3MATHYECKOW CETH M KOJMYECTBA MUTOXOHJPUHN B

Herpormiasme (puc. 4).
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Puc. 4 — Ilepennwnii runotanamyc 21- qHeBHOTO 3MOpHoHa yTku. Mukpodoro (?
18. 000)

VY 33-mHeBHBIX 3MOpPHUOHOB HAOIMIOAAETCS KPYMHOE AApO, OOJIBIIOE KOJIHMYECTBO

MUTOXOHJpUH 1 prudocom (puc. 5)
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Puc. 5 — Ilepennwnii runortanamyc 33- AHEBHOTO 3MOproHa yTku. Mukpodoro (?
24. 500)

Y 90-gHeBHOTO IUIOAA YENOBEKa B sIpax NEPEeJHEr0 THIOoTajamMyca HEWpOHBI
pacronararotest 1updy3Ho (puc. 6). OHU EMEIOT caMy pa3HOOOpasHyr Gopmy.
HepBHble KiIeTKH, BCTynuBIIHE B (D ()EPSHINPOBKY, COXPAHSIOT Psijl MPU3HAKOB
XapaKTepHBIX ISl HEHpoOJIacTOB: HEOOJIBIINE pa3Mephl, OKPYIIYIO, OBaJbHYIO
¢bopMy, OTHOCHUTETHHO OOJBIIOE, HIKCIEHTPUYHO PACHOJIOKEHHOE Sapo. Y Oojee
3penbIX  HEWPOHOB OTMEUACTCS YBEIMYECHHE pPa3MEpoB, TEIO HAYWHACT
npuobperate (GopMy CXOXKyH C JAePUHUTHBHOW: TPEYroJbHYIO, OBAJIBHYIO,
MHOTOYTOJIbHYIO. SIIpO TIOCTENEHHO 3aHMMaeT LEHTPAJbHOE TOJIOKEHUE B
Heuporiasme. HM3-3a pocta Teia HEWPOHOB OTHOCHUTENBHBIE pa3MeEphl sapa
ymenbimaoTcs. NO-conmepkamue TpaHyIbl paclpeiensiorcs B HeHpoIuiazme
PaBHOMEPHO.



TO JIHEBHOTO I1JI0J1a uesjoBeka. MukpodoTo (? 400)

B xoxe mocnenyromeit nuddepeHIUPOBKA HAYMHAIOT MOCTENEHHO OKPAIIHBATHCS
HavallbHbIE YYaCTKH OTPOCTKOB (IO THUITy aKCOHHOTO XOJMHKa). B manpHeWmiem
HAOIIOIaeTCs OKpalIMBAaHUE M CAMUX OTPOCTKOB HA HEKOTOPOM MPOTSIKEHUU OT
TeJa HeWpOHa.

HNuaTeHcuBHOCTD OKpalnnBaHUA HCprOHJI&?»MLI KJICTOK pasjindHa U U3MCHACTCA OT
CBETJIO-(PUOJIETOBOTO, 10 TEMHO-(DHOIETOBOTO, MPUIEM HAMOOIbIIAsT aKTUBHOCTh
NO nabmrogaercs y nupepeHInpyomuxcst 1 pacTyIuX HEHPOHOB.

3aKiIroYeHue

['mmoranamuyeckas o6macth 23-X JHEBHBIX SMOPHOHOB yTOK coaepxut HAJIDPH-
1/CNO — no3utuBHBIC HEHPOHBI. Takke yCTaHOBJICHO, uTo Y 90-1HEBHOIO IJI01a
YeJoBeKa B sjIpax IMepeaHero rumnoraiamyca oOnHapyxkeHbsl NO-comepskamue
HCﬁpOHBI, 49TO0 CBUACTCIILCTBYCT 06 OTHOCHUTCIIbHO 60.]166 pPaHHEM BO3HUKHOBCHUH
NO-epruyeckoil CUCTEMBI MEPEIHEr0 TUIOoTajJaMyca 4YeloBeKa 10 CPaBHEHHUIO C
IITUIIAMU. HpI/IHI/IMaH BO BHUMAaHHs OJAaHHBIE O TOM, 4YTO NO ABJIACTCA OAHUM H3
BOKHEHIINX (PAaKTOPOB, YYACTBYIOIIMX B Pa3BUTUU I[EHTPAILHONW HEPBHOU
CUCTEMBI, MOXKHO IMPEANOJIOKHUTH, YTO Onarogaps panaemy nosisinennto HAJIOH-
a/CNO craio BO3MOXHBIM 0OJie€ COBEPIICHHOE PAa3BUTHE HEPBHOW CHCTEMBI y
YEeJI0BEKaA.
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