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HN3MmeHeHnne B pacnpeaeieHud HEHPOHOB, coaepxammx HAJIOH-
Huagopa3zy/CNO B runorajsamyce u mpoa0JiroBaToM Mo3re B

npouecce ¢puiaorenesa
benopycckuii cocyoapcmeennviil ynugepcumem

Llenpro manHOUW paboThl siBUiIock m3ydeHue pacupeneneHuss HAJIDH-n/CNO —
MO3UTHBHBIX HEPBHBIX KJIETOK B TOJIOBHOM MO3T€ y PBIO M 36MHOBOJHBIX, KaK
MPEACTABUTENICH aHAMHUW M y NTUILl U MJEKOIUTAIOIIMX, KAK IMPEJACTaBUTEIECH
aMHHUOT. Y CTAaHOBJICHO, YTO B IpoIlecce GPuIoreHe3a napauieIbHO ¢ YCIOKHECHHEM
Y COBEPUICHCTBOBAHUEM HEPBHOM CHCTEMBI U KaK CJIEJACTBUEM, MPUCIIOCOOIECHUEM
K YCJIOBHSM OKpyXaromei cpenbl, HaOmomaercs yBenwmuenne uyuciaa NO-
CHUHTE3UPYIOIINX HEPBHBIX KJIETOK B MIPOMEKYTOUHOM MO3Te.
KirroueBwie croBa: ontorene3, NO-cuHTa3a, runoranamyc.

Ycranosneno, yto NO-cuHTE3npyOmMue HEHPOHBI MIHUPOKO PACHPOCTPAHEHBI B
I[MHC wmuexonuratonux [1]. Heiiponsl, comepxamue NO-cuHTa3y, Mmoka3aHbl B
SMOpPHOHAIBHOM TIEPHOJe, M, KaK IMOJIaraloT, MOHOOKCH]I a30Ta MOJET SIBISATHCS
OIHUM W3 BaXHEWIMX (HaKTOPOB, YYACTBYIOUIMX B Pa3BUTHH CTPYKTYpHl H
(GyHKIMU TEHTPaIbHOW HEPBHOW CHUCTEMBI, SBISSCH 3(P(PEKTOPHON MOJIEKYIIOH,
BBI3BIBAIONICH THOEIb ONPENENICHHBIX KIETOYHBIX CTPYKTYp, a TaKke wurpas
BAKHYIO POJIb B MEXaHM3MaxX pOCTa HEPBHBIX OKOHYAHWA M (OPMUPOBAHHSA
CHUHAINITUYEeCKNX KOHTAakTOB [2, 3]. [IpuHMMas BO BHHMaHHE, YTO B IpoOIecCe
¢unorenesa nzmenenus B pacnpeneneHnu NO-CHHTE3UPYIONINX HEPBHBIX KJIETOK
B TOJOBHOM MO3T€ HPOUCXOAAT NapajyieIbHO C  YCJIOXKHEHHEM U
COBEPIICHCTBOBAHUEM HEPBHOM CHCTEMBI W IPUCHOCOOJIEHHMEM K YCIOBUIM
OKpY’)KaloIlel cpeabl, MPEACTAaBISETCS BaXXHBIM HM3YUYUTh paclpeesieHue
HAJJ®H-1/CNO — mo3uTUBHBIX HEPBHBIX KIETOK B TOJOBHOM MO3I€ Y aHaAMHHUIA,
COXPAHUBILIHX TECHYIO CBSI3b B PAa3BUTUU C BOJHOU Cpeloi M1 aMHUOT, OCBOUBILNX
CYXOIyTHBIE YCIOBHUS.

Llenpro manHOUW paboThl siBWiock m3ydeHue pacupeneneHuss HAJIDH-n/CNO —
MO3UTUBHBIX HEPBHBIX KJIETOK B TOJIOBHOM MO3I€ y PBI0O M 3€MHOBOJHBIX, KaK
MPEACTABUTENIC aHAMHUW M y NTULl U MJEKOIUTAIOIIMX, KAK IMPEJACTaBUTEIECH
aMHHUOT.

Marepuait u METOIbI

B skcnepumenTanbHO# yacTu paboThl ncnosib3oBanbl 20 B3pocibix ocobeid Kapna
yemryituaroro (Cyprinus carpio) — npejacraBuTeNd Hajakiacca peiobl, 20 B3pOCbIX

ocobeit narymku o3epuor (Rana ridibunda) — nmnpeacraButenu kiacca
3eMHOBOHbBIC, 12 nomaniHux Kyp (Gallus gallus) — npencraButenyu kiiacca NTUIBI
u 20 wmopckux cBuHok (Cavia porcellus) — mnpencraBuTenu —Kiacca
MJIEKOITUTAOIIIHE.

VY JKUBOTHBIX U3BJIEKAJIU TOJOBHON MO3T U okpamuBanu Ha HAJ[OH-1 uzyuaemsie
CTPYKTYDBHI.



CriennanbHBIMU HCCIEAOBAHUSIMHU OBLIO yOEAUTENBbHO NOKa3aHO, YTO HEWPOHHAS
cuataza NO (CNO) sBisercs HUKOTHHAMUAAICHUHIU-HYKIeoTUaPOChHAT-
nuadopasoii [4]. Bo-mepBeiX, JIOKaIM3anusi B LEHTPAIbHOH W TepueprIecKoi
HepBHOi  cucreme  HAJI®H-n-comepxkamux  HEHPOHOB, OKpAILIEHHBIX
TUCTOXMMHYECKH, COOTBETCTBYET JIOKAJIM3ALMKA HEPBHBIX KIETOK, COAEpKAIlIuX
CNO, okpameHHBIX ¢ IPUMEHEHHEM METOJI0OB HMMMYHOTHCTOXUMUU. Bo-BTOpBIX,
CNO wu HAA®DPH-1 oOHapyXuBalOT CXOAHBIE HMMYHOXHUMHYECKHE U
onoxumuueckue cpoiictBa. B-tperbux, HAJI®H-n aktuBHOCTH BBIABIsSETCs de
novo y xinerok c TtpanchopmupoanHoi kJIHK x CNO. Hcnonb3oBanue
rucroxumuueckoit peaknuun Ha HAJ[OH-m nns  unentuduxanuum  CNO-
cozepKamux HEHPOHOB BO3MOKHO TOJBKO MPHU YCJIOBHH, YTO UCCIEeNyeMasl TKaHb
npoxoaut ¢Qukcanuo B napadopManblueruie. YcraHoBieHO [4], d4TO mpH
¢ukcanuu ¢ HCMIONB30BAaHUEM TapadopMalbaeruia WHAKTHBUPYIOTCS BCE
HAJI®H-3aBucumsbie ¢depmentsi-okucautenn, 3a uckimouenneMm CNO. Takum
obOpasoMm, mpu yciaoBuu (pUKcaly TKaHU B mapadopMalibIerujie, UCTIOIb30BaHNE
rucroxumuueckoit  peakmmu  Ha HAJ[OH-n  nna  unentudukanmum  NO-
CUHTE3UPYIOIIUX HEPBHBIX KJIETOK SBISIETCS aJEKBAaTHBIM METOJOM U IIMPOKO
MCIIOJIb3YETCSl B HACTOSIIIIEE BPEMS.

B paGore wucnoms3oBan wmeton wuaeHTudukanuu HAJIDOH-a-comepxammx
HEHpPOHOB, paspabotanubiii Scherer-Singler [5], B moaudukanuu Hope u Vincent
[6].

Y KHBOTHBIX ILEITUKOM H3BIEKATU TOJOBHOW MO3r. OTHensanum u3ydyaeMble
CTPYKTYpBl ¥ JOINOJHHUTEIBHO WX (UKCHPOBAIH COTJIACHO PEKOMEHIAINH
Matsumoto [7] 90 munyT B 4 % napadopmanbaeruge Ha (ocharnom Oydepe
(0.1M, pH7.4). Yuactku Mo3ra mecTh pa3 mo 30 MHHYT OTMBIBAJIM Ha XOJIOJE C
ucnoss3oBanreM 0,1 M pactBopa Tpuc-HCI (pH 8,0) u uakyouposaiu B 10 % u
25 % pactBopax caxapossl Ha Tpuc-HCI (0,1M, pH8,0) B Teuenue 1,5 u 12 yacos
COOTBETCTBEHHO.

OOBEKTH MOMEIATN Ha OXJIAXKIEHHBIE METAJUINYECKHUE OJIOKH, KOTOPBIE CTABUIIH B
kpuocrat ( — 25 0C) na 20 MuHyT I 3aMOpakuBaHus. 13 3aMOPOKEHHOM TKaHH
TOTOBWJIM CEPHUHHBIE Cpe3bl TOJMMHHON 25 MKM, KOTOpbIE HAaKJIEWBAaIU Ha
NpEeIMETHbIE CTEKJa, MPEABAPUTEIBHO TMOJBEPTUIMECS XPOM-KEIAaTHUHOBOU
00paboTKe, ¥ BHICYIIHBAIIH.

Cpe3bl ormbiBasid oT caxapo3sl B 0,1 M pactBope Tpuc-HCI (pH8.0) B Teuenue 5
MuH. [ ncTroxuMuyeckas mpoueaypa 3aKkirodajach B MHKyOauu Cpe3oB B pacTBOPE
0,1 M Tpuc-HCI (pH8,0), comepxamem HAJPH (1 MM), HUTpOCUHWMIA
terpazosuii (0.5 mMM), Tpurom X-100 (0,3 %) u paukymapon (0,IMM) Ha
npotsokeHud 1-2 4. mpu 22 oC u orHocutensHON Biaknoctu 95-100 %. Ilo
OKOHYaHHU THCTOXMMHYECKOW PEeaKIMu Cpe3bl nmpoMbiBaiu B pactBope Tpuc-HCI
B T€UCHHE 5 MUHYT, 00€3BOKMBAIIM B ATAHOJIE, 3aKII0YAIN B KaHAJICKHIA Oanbp3aM U
HAKPbIBAJINA MOKPOBHBIMHU CTEKJIAMH.

Crneun(uyHOCTh  TUCTOXMMHUYECKON  peakmuu MpOBEpsUlach  HMHKyOarmen
HECKOJIBKHX CPE30B B PACTBOPAxX, HE COJAEPKAIIUX HUTPOCHUHHUHN TETPA30JIUil WM
HAJI®H, a Taxxke B pactBope coxepxamem HAJI® Bmecro HAJIPH.
XuMHUYecKasi OCHOBA pEAaKIWU 3aKII0YaeTcs B O0O0pa3oBaHWM NPEIHINTATA
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¢dbopmaszaHa pu BocCTaHOBJICHHUHU cosert Terpasosiuss HAJIDOH-nuadopaszoit (CNO)
B nipucyTctBud HAJI®OH. Takum 06pa3oM, THCTOXUMHYECKAS PEAKIHS HE JOJDKHA
HAOMOaTbCc B CIOydae OTCYTCTBHS B HMHKYOAallMOHHOW cpene J000ro w3
OCHOBHBIX KOMITOHEHTOB (HUTpocuHU# Terpazonuii, HAJI®H), a Taxxke B ciaydae
ncnons3oBanusg HAJ[® smecto HAJIOH.

PesynbTars! u 00CcyxaeHune

[Ipy MUKpPOCKONIMYECKOM H3Yy4YEHHM Cpe30B Mo3ra okpamieHHbix Ha HAJIDH-
a/CNO, ycTaHOBIEHO, YTO BCE M3ydaeMble CTPYKTYpPHI TOJOBHOTO MO3ra Kapma
conepxkar HAJI®H-1/CNO — mo3uTuBHBIC HEUPOHEI.

[Ipu wm3ydeHumu mnpomosroBaroro mosra okpameHHoro Ha HAJIOH-1/CNO,
ycraHoByieHo, uto HAJI®H-1/CNO — nmo3uTHBHBIC HEpBHBIC KJIETKH HMEIOT HE
Oompine pazMepsl 6-12 MKM, IIIOTHOCTH UX pacrnoioxeHus —48-64 B Mm-2.
HAJI®H-1/CNO — no3uTuBHBIC HEPBHBIC KJICTKH B MEPEIHEM U 3aHEM OTeNIax
rUrnoTajgamMyca uMeroT pazMepsl 6-10 MKM, IIIOTHOCT X pacnojoxeHus — 22-34 B
MM-2 (pucyHok 1)
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Puc.l. HAJI®H-1 — mNO3UTHBHBIE HEpPBHBIE KIETKH B IEPEIHEM OTAEIE
rarnoTanamyca kapma. Mukpodoto (X40)

I'onoBHoit Mmo3r nsarymku Takxke coaepxur HAJDH-n/CNO — mno3utuBHBIC
HEHWPOHBI BO BCEX M3YUYAEMBbIX CTPYKTYpaX.

Ycranosieno, u4ro HAJI®H-1/CNO — noO3UTUBHBIE HEPBHBIC KJIETKH
MPOJOJTOBATOTO MO3ra y JSTYIIKA uMeroT pasMepsl 10-16 MKM, MIOTHOCTH UX
pacmonoxenus — 74-82 B Mmm-2.

Ilepennue W 3agHUEe  OTHENBl  TUIOTAJlaMyca  JIATYLIKM — COJAEpIKaT
cimabookpamennbie HAJIOH-1/CNO — mo3uTHBHBIE HEHPOHBI MEIKHX pa3MepoB
6-10 MKM, IWIOTHOCTP MX pacnonoxenus —40-48 8 mm-2 (puc. 2).
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Puc. 2. HAJI®H-n — mnO3UTHBHBIE HEPBHBIE KJETKH B TMEPEIHEM OTIele
ranoTanamyce Jsirymku. Mukpodoto (x40)



OmnbITHI TIOKA3aJH, YTO THIIOTaJaMH4YecKas 001acTh Kyp U MOPCKHX CBUHOK TaKKe
conepxkut 6ompmoe komaectBO HAJIOH-1/CNO — nmo3uTuBHBIX HEHpoHOB (pHC.
3, 4).
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Puc. 3. HAI®H-1 — no3uTuBHBIE HEPBHBIE KJIETKH B MEPEIHEM THUIIOTAIaMyCe
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Puc. 4. HA/I®H-1 — no3uTUBHbIE HEPBHBIE KJIETKM B IMEPEJHEM TUIIOTalIaMyce
MopcKoit cBuHKH. Mukpodoto (X100)

[Ipy w3ydeHUM CEpHIHBIX CPE30B THIOTAIAaMyca Kyp OOHapYXEHbI KpYITHEIE,
unTeHcuBHO okpameHHble HAJI®H-1/CNO — mno3utuBHBIE HEWPOHBI BO BCEX
UCCIIEyEMBIX CTPYKTypax: JarepaibHOil mpeontudyeckoi obOxactu (Lateral
preoptic area) u meauanpHOUM mpeonTudeckoit odnactu (Medial preoptic area) —
wIoTHOCTh pacnosiokenus 40-80 B MM-2, cympaontuueckoMm siape (Supraoptic
nucleus) u mapaBeHTpuKkyisipHoM siape (Paraventricular nucleus) — mioTHOCTB
pacmonoxenuss 280-400 B MMm-2, mepuBeHTpuKysipHoM siape (Periventricular
nucleus) — iotHOCTh pacnosnioxkenuss 12-18 B MM-2, BEHTpOMEIUaIbHOM SApe
(Nucleus ventromedialis), mopcomenuansaom simpe (Nucleus dorsomedialis) —
WI0THOCTh pacronoxenuss 210-480 B Mm-2, marepalbHOU THIIOTATIAMAYECKON
obnactu (Lateral hypothalamic area) — motHocTh pacnonoxenus 320-600 B Mm-2,
natepanbHoM MammmisspHoMm siape (Lateral mammillary nucleus), meauansHom
mammuisipaoMm sape (Medial mammillary nucleus) — mimoTHOCTh pacmoioKeHus
560-820 B mMM-2 u cympamammmisipHoM sape (Supramammillary nucleus) —
TJIOTHOCTH pacmosioxenus 360-440 B Mm-2.

Y MOpCKUX CBHHOK MeIuaHHOEe mpeonTHueckoe sapo (median preoptic nucleus),
TaK)Ke Kak WM IMepeaHee KammuccypaibHoe siapo (anterior commissural nucleus)
conepxkut HAJIOH-1/CNO — no3uruBHBIC HEHPOHBI CPEAHUX Pa3MEPOB, KOTOPBIE
pacroJiararoTcsi ¢ BhICOKO# INIOTHOCTBIO B mpenenax 3tux sjep (140-220 B Mmm-2).
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MenuanbHas npeonTtudeckas ooOsacte (medial preoptic area) coaepKuT
He3HayuTeNbHOe KoJMnM4decTBO (mioTHOCTh 60-120 B MM-2) MENKHX M CPEIHUX
cnabookpamieHHbix HAJI®H-1/CNO — mM0o3UTHBHBIX HEPBHBIX KJICTOK, 4YTO
OTJIMYACT €€ OT JlaTepajibHOU mpeonTuieckoii oonactu (lateral preoptic area), rie ¢
BBICOKO# M10THOCTBIO (340-400 B MM-2) pacnoiaratoTcsi OTHOCUTEILHO KPYITHBIC
(16-20 MKM), UHTEHCHBHO OKpAIllCHHBbIC HEPBHBbIC KJIETKH. Heckosbko XOpoIo
okpameHHbIX KpynHbIX (10 24 mxM) HAJI®H-1/CNO — Ho3UTHBHBIX HEPBHBIX
KJIETOK COJIEpIKaT IMepeliHee MEepPUBEHTPUKYJIpHOE sapo (anterior periventricular
nucleus) u mpeonTHueckoe cymnpaxuasmaibHoe sapo (preoptic suprachiasmatic
nucleus).

B mnpenenax cympaontuyeckoro (Supraoptic nucleus), mapaBeHTPUKYJISIPHOTO
(paraventricular nucleus) u kpyrioro (nucleus circularis) simep oOHapykeHO
00JbIIOE KOJNUYECTBO CpPEAHMX W KpymHbIX (16-26 MKM), HWHTEHCHUBHO
okpameHHbIXx HAJI®H-1/CNO — mO3MTHUBHBIX HEPBHBIX KJIETOK, KOTOPHIC
pacroJiaratoTcsi ¢ O4eHb BBICOKOH MI0THOCTHIO (640-800 B MM-2).
HopcomenuanpHoe simpo  (dorsomedial  nucleus), B  ocoOeHHOCTH — €ro
BEHTpOJIaTepajbHas 4YacTh, COJEPKAaT MHOTO YMEPEHHO OKpPAIIEHHBIX MEIKHX
HelponoB, coaepxamux HAJI®H-1/CNO, kotopbie pacmosiaratoTcsi B mpejeiiax
stux saep ¢ miotHocthio 300-600 B MM-2.

B 3amHux otaemax runoragamyca wmopckod cBuHku HAJ[®H-n1/CNO  —
MO3WTUBHBIE HEPBHBIE KJIETKHM PACIIONIATAIOTCs B Mpeeiax HeCKOIbKHX snep. Taxk,
JAOp3aJlbHBIE W BEHTpaJbHBIE IpeMaMMIIUIIpHBIE siapa (nucleus premammillary
dorsal et ventral) comepxar Menkme W CpeJHHE WHTCHCHBHO OKpAIICHHBIC
HAJI®H-1/CNO — mo3uTHBHBIE HEPBHBIC KJETKH, KOTOpBIC PACIIOIAraroTCs C
wiotHocTeio  Oonmee 1000 B Mmm-2. B marepanmpHON YacTH MeAMaIbHOTO
MammuiuigpHoro sapa (medial mammillary nucleus lateral) ckoHmeHTpUpoOBaHBI
(mrotHocts Gonee 1000 B mm-2) menkue (10-14 mkm), cinabo oOKpaimieHHBbIC
Herponsl, cogepxamue HAJIOH-1/CNO.

HAJI®H-1/CNO — no3utuBHbIE, cllab0 OKpaIIeHHbIE, MEJIKAE ¥ CPEIHNAE HEUPOHBI
pacnonarajorcsi ¢ mioTHocteio  200-400 B MM-2 uw B mpenenax
cynpaMmaMMUUIIpHOTO siapa (supramammillary nucleus).

[Ipn wm3ydeHWH CEpUITHBIX CPE30B MPOJOITOBATOTO MO3ra, OKpPAIIEHHBIX Ha
HAI®H-n y xyp u mopckux cBuHok, HAJI®H-1/CNO — no3utuBHbBIC HEHPOHBI
0OHapy>KEHBI BO BCEX M3yYaEMBIX CTPYKTYypax.

[Ipeamoceikoif K TOCTAaHOBKE 3a4ad HACTOSMIETO HCCIENOBAHUS CIY>KUIH
pasBuBaemble mnpezacTaBieHus o ToM, uto NO, cuHTE3upyemblli HEPBHBIMHU
KJIETKAaMH, MOXET y4aCTBOBATh B Pa3BUTHH CTPYKTYphl U pynkmmu LIHC, sBussich
3 dexTopHOIi MONEKYIION, BBI3BIBAIOMICH THOETh OMNPEACICHHBIX KIETOYHBIX
CTPYKTYD, a TaK)K€ UTpasi BAXKHYIO pOJIb B MEXaHU3MaxX POCTa HEPBHBIX OKOHYAHHHA
u GopmupoBaHus cuHaANcoB. [Iporecc IBOMONNN COMPOBOXKIAETCS YCIOKHEHHEM
OpraHu3anuy HepBHOU cuctemsbl. Jliis monnManus ¢uinoreHesa nearpanbHoir NO-
€pPrUYecKoi CUCTEMBI, IPECTABIISLIO UHTEpEC U3yunuTh pacupeneneHun HAJITOH-
1/CNO — no3UTHBHBIX HEPBHBIX KJIETOK B TOJIOBHOM MO3T€ Y PhIO M 3¢ MHOBO/IHBIX,
KaK OpraHM3MOB COXPaHUBILIMX TECHYIO CBA3b C BOJHOU CPENOM.



B xozne BpINMOJHEHHON pabOThl yCTaHOBJEHO yBennueHue koiaumuectBa HAJIDH-
1/CNO — conepxalmux HEHPOHOB B IPOJOJTOBATOM MO3re 3E€MHOBOIHBIX IO
CpaBHEHUIO ¢ pbiOamMu. YuwutbhiBas, uTo NO sBIsercs OJNHMM W3 BaKHEUIINX
dakTopoB, o0ecmeYMBAOIIUX  pa3BUTHE  HEPBHOW  CHCTEMBI,  MOXHO
MPEANOIONKUTh, 4To yBenuueHue koiudectBa HAJIOH-n/CNO — coxepxainux
HEHPOHOB B MPOJOJTOBATOM MO3Te KOppeiaupyer ¢ MOp(o-(yHKIHOHATHHBIM
YCIOXHCHHUEM IIPOAOJIIOBATOTO MO3ra 3¢MHOBOJIHBIX IO CPABHCHUIO C pBI6aMI/I,
YTO CBA3aHO C UIBMCHCHUSIMU B I[BIX&TGJIBHOfI, CGpI[G‘-IHO-COC}’I[PICTOfI CUCTEMax U C
BBIXOJOM Ha Cylry NpEAKOB COBPECMCHHBIX 3EMHOBOHBIX.

Taxoke ycTaHOBIEHO, 4UTO B Tpoliecce (prtoreHesa mapayuiesibHO ¢ YCIOKHEHHEM U
COBCPIICHCTBOBAHUCM HepBHOﬁ CUCTEMBI U KaK CIICACTBUEM, HpI/ICHOCO6JIeHI/IeM K
YCIOBHSAM OKpYXKaromeid cpeasl, HaOmomaercs ypenunueHnue yucma NO-
CHUHTE3UPYIOIINX HEPBHBIX KJIETOK B IIPOMEKYTOYHOM MO3TI€.
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