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HakoruieHHasi B ocjieqH1ue HECKOJIBKO EeCATUIETHUI o01mrpHas nHGOopMalius O BaXKHOU pOJIv JIMKBOpPa
BO MHOTUX (hU3UOJTOTMYECKUX MPOLIeCcaX B HOpME U MPH TTaTOJIOTUU MO3BOJIWIIa aBTOPAM CTaThu CPOpMY-
JIMPOBAaTh TUIIOTE3Y O TOM, YTO MO3T 00J1aaeT COOCTBEHHOI 3HIOKPUHHOU CUCTEMOI, TIpeaCTaBIEHHOM:
(a) HeifipoHaMU MO3Ta, CEKPETUPYIOIIMMI HEHPOTOPMOHBI B XKeTYIOUKU, (0) IMKBOPOM — I'YMOPaIbHOI
cpenoii, o6ecIieunBaloIeii JOCTaBKY HEIipOTOPMOHOB B OTAE/IBI MO3ra — MUIIIEHU 1 (B) HEMpOHAMM MEepU-
BEHTPUKYJIIPHOI 00J1aCTU MO3ra — MUILIEHSIMU IIJTsI COIepXKalllUuXCsl B IUKBOpE HeiiporopMoHoB. CorjlacHO
9TOI runotese, (PyHKUMOHATBbHOE 3HAYeHUE SHIOKPUHHOMN CUCTEMbI MO3ra B OHTOT€HEe3€ CMeIaeTcs OT
PeryJIsILiYM pa3BUTUSI HEIPOHOB U MO3ra B TIEpUHATAIbHOM TIepUOJIE K YYaCTHIO B 00beMHOI1 HelipoTpaHc-
MUCCHUHU Y B3POCJIbIX XXUBOTHBIX. JlaHHast paboTa HarmpaBjieHa Ha MIPOBEPKY 3Tol rurores3sbl. Tak, y HeoHa-
TaJIbHBIX (5-11 IeHb XXKU3HU) U B3pocbiX (30-it neHb KM3HM) KPBIC TTOKA3aHO, YTO BEIIECTBA, COAEPKaIIIM -
ecs BJIMKBOpPE, YY4aCTBYIOT B PETYJISILIMU CEKPELIMM MOHOAMUHOB HEipOHAMU MO3Ta B INKBOP. DTU JaHHbIE
ObLIY MOJIYYEHBI TIPU TTepPY3UHU XKeJIyTOUYKOB MO3Ta UCKYCCTBEHHBIM JIMKBOPOM C ITOBBIILIEHHBIM COIepKa-
HueMm K'. OmHaKo cTUMYIISIIINS ceKpelni MOHOAMUHOB GbLIa OGHAPYXEHA He Y BCEX XKUBOTHBIX B IIPeIe-
JIaX Kaxa0i BO3pacTHOI1 IPYIIIbI, YTO OOBSICHSIETCS MHIMBUAYAaIbHBIMU U BO3PACTHBIMU OCOOEHHOCTSIMU
MPOHUILIAEMOCTHU JIMKBOP-3HIIe(amueckoro 6apbepa. JleiictButeabHo, nepdy3usi Cpe30B MO3ra B cpele C
MOBBILIEHHBIM cofepxxaHreM K, T.e B oTcyTCTBUE TMKBOP-3HIIE(haTNUECKOro 6apbepa, HEM3MEHHO MPU-
BOAWJIA K CTUMYJISILIMU CEKPELIMUM MOHOAMUHOB y BCEX XKUBOTHBIX B 00€MX BO3PACTHBIX rpyrnax. Bropeim
apryMeHTOM B I10JIb3y TPAaBOMOYHOCTHU HAIlIel TMTIOTE3bl Oblj1a IEMOHCTPALIUsI 3aXBaTa BEIIECTB U3 INKBO-
pa B MOHOAMUHEpPruyecKrue HeifpoOHbl MO3ra, KOTOPbIE pacCMaTPUBAIOTCS KaK MOTeHIMAIbHbIE MUILLIEHU
TSI SHIOKPUHHBIX (haKTOPOB JIMKBOpa. JloKazaTeabcTBa 3TOTrO ObIIN MTOJTYyYeHBI ITPU BBEICHUU B XKEJTyI04U-
K# Mo3ra 4-[4-(nuMeTIIaMIUHO)CTUPWI |- N-MeTUIIUPUANHAYM MOAUIA, 00Ia0aioliero BEICOKMM CPOI-
CTBOM K TpaHCIIOpTepaM MOHOAMUHOB. DTOT MapKep I10CJie BHYTPUKETYIOUKOBOTO BBEJEHS BKITIOUAJICS
B HEMPOHBI NEPUBEHTPUKYISIPHOI 001acTu Mo3ra. TakuM oOpa3om, MoyYeHbl JOKA3aTeIbCTBA TOrO, YTO
BeElIeCTBa, COMEepKallecsl B IMKBOPE Y HEOHATAJIBHBIX U B3POCJIBIX KPbIC, YYACTBYIOT B PETYJISILIMU CEKpe-
LIMM MOHOAMHWHOB B XXeJTyTOYKM MO3Ta, a MOHOAMUHBI, COAepXKalllKecs B JIMKBOPE, MOCTYIAIOT B MO3T U 3a-
XBaTbIBAIOTCS TTOTEHLIMATbHBIMU HEHPOHAMY-MUILICHSIMU.

KiroueBsle ciioBa: MO3T, TMKBOP, MOHOAMUHBI, SHIOKPUHHBIE PErYJISLUNA, OHTOI€HE3, KPBICHI
DOI: 10.31857/S0475145021060094

BBEJEHUWE

B TeueHMe MHOTHIX JIET B HEMPOOUOIIOTUY U HEBPO-
JIOTUY aKTUBHO 00CYXXIaeTcs BOIIPOC O POJIU JIUKBOpaA
KaK T'yMOPaJIbHOM CpeAbl B peTyJISIUM (PyHKIIMOHUPO-
BaHMS MO3ra U LIeJIOCTHOIO opraHu3Ma. Tak, ¢ Hadajia
80-x rogoB B JIMTEepaType MOMYyYeHBI JaHHbBIE, CBUIC-
TEJICTBYIOIIIE O TOM, YTO: (a) B KEJIyIOYKM MO3ra
MPOpAaCcTalOT OTPOCTKM HENPOHOB, (0) B JUKBOp U3
MO3ra MOCTYITaloT (U3UOJIOTUYECKA aKTUBHEIC Be-

1I€CTBa — KJIACCUYECKUE HEMPOTPAHCMUTTEPHI U HEM -
ponienTuabl, (B) (hbU3MOJIOTMYECKU aKTUBHBIE Bellle-
CTBa, CoiepKalluecs B IUKBOPE, CIOCOOHBI BIIUSITh Ha
(YHKIMOHAIBHYIO aKTMBHOCTh HEHWPOHOB MO3ra u
y4acTBOBATh B BHIOKPUHHBIX PETYJISILIMSIX Y B3POCIbIX
>KMBOTHBIX, (T') (DM3MOJIOrMYeCK aKTUBHBIE BEIIECTBA,
conep:Kallrecsl B IMKBOPE, CIIOCOOHBI BIUSTh Ha pa3-
BUTHME HEUPOHOB M MO3ra B 1IEJIOM B OHTOTeHe3e
(Ugrumov, Mitskevich, 1980, 1981; Black, 1982; Ugru-
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mov et al., 1985; Ugrumov, 1991; Sakka et al., 2011;
Bjorefeldt et al., 2018; Ghersi-Egea et al., 2018; Jala-
vand et al., 2018; Bothwell et al., 2019; Gato et al.,
2019; Shapey et al., 2019). HecmoTpst Ha To, YTO Ha-
KOIIJIEHO OOMJIMe JaHHBIX MO YKa3aHHOU ImpobiiemMe,
OHH B KaxXK10i paboTe HOCST (hparMeHTapHbI Xapak-
Tep W MOJIyYCHBI Ha pa3HBbIX 00BEKTaX C MOMOIILIO
pa3HBIX METOANYECKUX ITOIXOI0B.

Hacrano Bpems1 mist 00001eHIS ITpUBeIeHHBIX BbI-
IIIe JAHHBIX U UX MPEICTaBICHUS B BUIE KOHIETIINNI
ayTO3HIOKPUHHOMN peryasuun (GyHKIIMOHUPOBa-
HMSI MO3Ta Ha pa3InYHEBIX 3TallaX OHTOreHe3a, KOTO-
pasi 1oJDKHA MPOWTHU ITOCIECIOBATENbHYIO SKCIIEePH-
MEHTaJIbHYIO IPOBEPKY HA OOHOM U TOM XX€ MOAEIIU.
B aTOM KOHTEKCTe naHHasl paboTa MOCBsIIIeHAa IPO-
JIOJDKEHUIO IIPOBEPKM HaIlleil TUITOTE3hl O TOM, UTO
MO3T UMEET COOCTBEHHYIO SHIOKPUHHYIO CUCTEMY,
BKJTIOUAIONIYIO TPU B3aUMOCBSI3aHHBIX CTPYKTYPHO-
(GYHKIMOHAIBLHBIX O10Ka: HEMPOHBI MO3Ta, CEKPETH-
pyloliye HEWpPOTOPMOHBI B XKEIYyIOYKHA MO3ra,
JIMKBOP — FyMopaJjibHas cpena, odecreurBalonias ae-
MOHUPOBaHWE HEHPOTOPMOHOB U TPAHCIIOPT BIOJb
XKEJIyIOUYKOB MO3Ta B POCTPOKAayJaJIbHOM HallpaBJie-
HUU, 1 HEHPOHEBI, pacIlOJOXKeHHbIe B IEPUBEHTPU-
KyJSIpHOU 00JlacTU MO3ra — MUIIEHU JJIsT Helipo-
TOPMOHOB, coaepxkaliuxcs B 1ukBope (Mypra3nHa
u 1p., 2021). B pamkax 3Toii rTUmoTe3bl ITIOAYepKUBACT -
Csl, YTO POJIb SHAOKPMHHOM CUCTEMBI MO3ra Ka4eCTBEH-
HO MEHSIETCSI B OHTOT€HE3¢ — OT Y4acTUsl B PETYJISILINU
pa3BUTHS HEIPOHOB U MO3Ta B 1IEJIOM B IEpUHATAJIb-
HOM IIepuone 10 “00beMHOI HEeMpOoTpaHCMUCCUMN Y
B3POC/bIX XXUBOTHBIX, T.€. HEMPOMOIYJISITOPHOM JIE€ii-
CTBUU Ha PelLICITOPbI, pacpeaesieHHbIE TT0 MeMOpaHe
BCEro HelipoHa, a HE TOJILKO B 00JIACTU CHHAIICOB
(Fuxe, Borroto-Escuela, 2016). BacxkHO OTMETUTB, YTO
MPU CUCTEMHOM OlieHKe (hYHKIIMOHAJILHOTO 3Haye-
HUSI DHIOKPUHHOI CUCTEMBI MO3Ta CJIEAYyEeT UMETh B
BUIY, YTO OHA HE MOJTHOCTHIO aBTOHOMHA, a COO0IIIa-
eTcs ¢ 0o01Iel SHIOKPUHHON U HEMPO3IHIOKPUHHOM
CHUCTEeMOIi, B OCHOBHOM B 00JIJaCTM XOPUOUIHOTO
CIJICTEHUSI B OOKOBBIX XKeIyIoYyKaxX Mo3ra U B “LIip-
KYMBEHTPUKYJISIPHBIX opraHax” moara (Bueno et al.,
2019).

B nameii npenpiayieit (Myprasunau ap., 2021) u
B 3TOif paboTe B Ka4eCTBE MapKepOB SHIOKPUHHOM
¢GYHKIIMM MO3ra mo psay NMPUYMH ObUIM BBIOPAHBI
MOHOaMUHBI. Bo-TiepBbIX, MOHOAMHUHBI — B OCHOB-
HOM 10 aM1H, HOpaapeHaJIMH U CEpOTOHUH, IITUPO-
KO pacIpOCTpPaHeHbI IO MO3TY, YYaCTBYS Y B3POCIIbIX
JKWBOTHBIX B CMHANTUYECKON U OOBEMHOI HEWpo-
TPaHCMUCCHUM, a B IIEpUHATAJIbHOM IIEPUOJIE B pery-
JISIUMU pa3BUTHSI HEPOHOB M Moara B 1ejoM (Ugru-
mov, 1997; Gaspar et al., 2003; Fuxe, Borroto-Escuela,
2016). Bo-BTOpBIX, B MpeabIAyIINX paboTax MOKa3aHo,
YTO MOHOAMUHEPTUYECKHE HEUPOHBI MPOCLUPYIOT
AKCOHBI B KeJTyJJOYKH MO3Ta, a B IUKBOPE BhISIBIISIIOT-
csl MOHOAMMHBI U uXx MeTaboauThel (Ugrumov et al.,
1985; Shaywitz et al., 1985).

MYPTA3UHA u ap.

B mnameit npenpimymieii padoTte, IIOCBSILIEHHON
MPOBEPKE TUITOTE3€ O TOM, UTO MO3T UMEET COOCTBEH-
HYIO SHJIOKPMHHYIO CHUCTeMY, IToKazaHo, 4uto: (1) B
JIMKBOPE Y B3POCJIbIX KPbIC U B TIEPUHATATILHOM MEPH-
olle comepxkarcsa Haubosee (GyHKUNOHAIBHO 3HA4YM-
MbI€ MOHOAMUWHbBI — J0DaMUH, HOpaApPEHAaJIUH U CepO-
TOHUH, (2) MOHOAMHUHBI, CoAepXKalllecsl B JIMKBOPE,
WMEIOT HelipoHaJIbHOE (MO3TOBOE) MPOUCXOXKICHUE, a
He TMOCTyMalT U3 OOIlel CUCTEeMbl LUPKYJISLNU,
(3) MOHOAMUHBI COAEPKATCS B TUKBOpPE B (PU3UOI0-
TMYECKU aKTUBHOM KOHLEHTpPAlLWU, B KOTOPOUM OHU
CMOCOOHBI YYaCTBOBATh B PETYJISLIMU PA3BUTHUS HEli-
POHOB B ITlepUHATaJIbHOM TEePHOo/ie, a y B3POCIbIX KU-
BOTHBIX — B 00beMHOI1 HelpoTpaHcmuccun (Mypra-
3WHa U ap., 2021).

Llenpio maHHOM PaGOTHI SIBUIOCH ITOJIy4eHUE 10~
MTOJTHUTENIbHBIX J0KA3aTeJIbCTB TUIIOTE3BI O CYIIe-
CTBOBAaHMU DHAOKPUHHOM CUCTEMBI MO3ra. B pamkax
MepPBOIi 3aa4uy IMPEANoJaraioch IPOBEPUTh, MOTYT
JIM U3MEHEHUS B COCTaBe JIMKBOpA MPUBOIUTH K M3-
MEHEHUWIO TTOCTYIUICHUSI HEUPOTPAaHCMUTTEPOB (MO-
HOaMMHOB) M3 MO3ra B JIMKBOp. B kauecTBe Takoro
pona HecnenMMUIECKOro peryJsTopa Ipeanojara-
JIOCHh MCITOJIb30BaTh TOBBIIIEHHOE comepxanne K™ B
JINKBOPE W B MEXKIIETOYHOM Cpeliec B MO3Te, UMUTH -
pyloliiee AeIOoISIPU3aLlii0 MEMOPaHbI U, TAKKM 00pa-
30M, CTUMYJIMPYIOIIee BblACICHUE HEHPOTPAHCMMT-
TepoB 3Kk301UTO30M (Ait Quares et al., 2019). B pamkax
BTOPOM 3afauyy IIPEIIoarajoch ITOJIy4UTh IOKa3a-
TEJILCTBO TOTO, YTO LIUPKYJIMPYIOIIUE B TUKBOPE DU-
3MOJIOTUYECKN aKTUBHBIC BellecTBa (MOHOAMWHBI)
ITOCTYIAIOT B MO3T M 3aXBaThIBAIOTCS HEUPOHAMMU, UYTO
SIBJISIETCSI HEOOXOIUMBIM YCJIOBUEM [UISI UX 2HIO-
KPUHHOM peTyJISILIU.

MATEPUAJIBI U METO/bI
Obsexm uccnedosanus

B pabGoTte ucnonb3oBaHbl KpbIckl Buctap — camiibl
Ha 5-11 noctHaTanbHEIM n1eHb (I15) 1 Ha 130 (puc. 1).
Jag monydeHUs JAaTUPOBAHHOTO ITOTOMCTBA OBLIN
HCNOJIb30BaHbl OepeMeHHbIe caMKU Bucrap BecoM
250—350 r. 2KUBOTHBIX comepXajii B CTaHIapTHBIX
YCJIOBUSIX BUBAPUS IIPU CBOOOTHOM JOCTYIIE K ITHIIE
U BoJie U 12-TH 4acOBOM peXXuMe JeHb-HOYb. MaHu-
MYJISIIMY C XKMBOTHBIMU IIPOBOIVIIN IO HAPKO30M.
B onHuX omnbITaxX MCITOAb30BaAIM XJIopaaruapar (Sig-
ma, CIIA) B mo3e 100 mr/kr Ha II5 u B mose
400 mr/xr Ha [130, a B npyrux 1% n3odaypan (Labo-
ratorios Karizoo, Mcrmanus).

Ilpucomosnenue u unkybauus nepgysueil cpezoe mosea

Kpric Ha I15 (n = 8) u I130 (n = 4) HapKOTU3UPO-
BaJIM M30(JIypAaHOM, AEKATTUTUPOBATIU U BBIICIISLIN
Mo3r (puc. 1). 3atem Ha Bubpatome (Vibratome 1000
plus, Sectioning System, I'epmanust) B 6ypepe Kpeo-
ca-Punrepa (bKP) (MM: NaCl 120, KCl1 4.8, CaCl, 2,
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("(a) TTpurorosieHne ) e Mocnenoparenpras ) )
BUOpPaTOMHBIX —>» | wuHkyb6auus cpe3oB B BKP u
\_ Cpe3oB ) \_ BKP-K* )
7~ (6) UMImTaHTams \ 7~ Tlepdy3us KeIyLOYKOBOH \
) MUKPOKaHIOIb CHCTEMBI UICKYCCTBEHHBIM
B GOKOBOIA —>»| JIMKBOPOM C HOPMAJIbHOI BOXX-9]1:
= KeTyIo4YeK 1 U TTOBBIIIIEHHOM MOHOAMMHBI
S / \_B LIUCTEPHY MarHa _/ \_  KoHueHrpaumeif K"  /
o
N _>/ (8) UMutaHTammst \ 7~ Mukponuanus — nephy3ust \
MUKPOIUATU3HOTO MCKYCCTBEHHOTO JINKBOpaA
30H7a B 00OKOBOIA C HOPMaJIbHOM 1 MOBBILLIEHHOM
— \_ Xemyiouek \_ KouueHtpammeii K )
7~ (r) UMrutaHTaumst N\
MUKPOKAHIONU BuyTprxenynoukoBbie KondoxkanbHas
B OOKOBOIA nabekuu JJCMU MUKPOCKOITHS
\_  Xejgymouek  /J

Puc. 1. CxeMa 9KCIIEpUMEHTOB Ha Kpbicax: (a) orpe/esieHe BIusTHMs oBbleHHoro conepxanust K B 6ydepe KpeGea-PuH-
repa (BKP) Ha Bbie/IeHHE MOHOAMUHOB M3 cpe30B Mo3ra Ha [15 u [130, (6) onpeaeneHue BAMSIHUS MOBBIILIEHHOTO COIEpKa-
Hust K B MICKyCCTBEHHOM JIMKBOPE Ha ITOCTYIJIECHHUE MOHOAMMHOB M3 MO3Ta B XKeJIyTouKoByIo cucteMy Ha 15 u I130, (B) Muk-
DPOIMATM3HOE ONpeeeHNe BIMSIHIS OBBILIEHHOTO conepxannst K* B IMKBOpe Ha cOCTAB MOHOAMITHOB B GOKOBBIX JKeJTyI04-
Kax mosra Ha I130, (r) olleHKa IMOCTYIUICHUS M3 KEJIYIOUYKOB MO3Ta B KJIETKM Mo3ra 4-[4-(auMeTHIaMUHO)CTUpYII]|-N-
MmetwmpuanHuyM nomuaa (JJICMU). BOXKX-D/1, BeicoKoa(hdeKTUBHAS KUIKOCTHAsI XpoMaTorpadus ¢ 3JeKTPOXUMMUIe-

ckoii aetekuueir; [1, mocTHaTaIbHBIN TEeHb.

MgSO, 1.3, NaHCO, 25, d-mmokosa 10, HEPES 20,
ackopo6uHoBast kuciorta 0.1, pH 7.4) npu 4°C npuro-
TaBJIMBAJIN CepUiiHbIE (PPOHTAIBHBIE CpPe3bl MO3Ta
TOJIIVHOM, B 3aBUCUMOCTH OT BO3PacTa XKMBOTHOTO,
ot 300 mo 600 MkM. B KauecTBe OpUEHTUPOB Ha BEH-
TpaJbHON MOBEPXHOCTU MO3ra UCITOJIb30BaJIN OIITH-
YeCKYI0 Xa3My — pOCTpajibHO, U CTeOesb runodusa —
KayJoaJibHO.

M3 nosydeHHbIX BUOPATOMHBIX CPE30OB BbIpe3ayin
MepUBEHTPUKYJISIPHYIO 00JlacTh rurorajtamyca. Ha
I15 B kauecTBe oMHOM MPOOKI (0Opasiia) 1jasT UHKYOa-
1LIMM UCTIOJIb30BaJIM CPE3bl OT OTHOTO XMBOTHOTO. Ha
I130 BuGpaTOMHBIE Cpe3bl pa3pe3aiu Mo 3-My XKey-
JIOYKY M B KauyecTBe KaXmoil mpoObl MCHOIb30BAIN
TOJIOBUHKM CPE30B OT OJHOIO XXKMBOTHOTO. I1poObI
MHKYOUpPOBaJIM B TIPOTOUYHBIX TEPMOCTATUPYEMBbIX
kamepax oobeMoM 400 M1 ipu 37°C co CKOPOCThIO
100 mxn/MuH. B TeueHue nepBbix 40 MUHYT cpe3bl
nHKyoupoBanu (cradunmsupoBann) B BKP, a 3atem
nocnenoBatenabHo 110 30 MuHyT B BKP 1 B BKP ¢ nmo-
BBIIIEHHBIM coaepxxanneM K™ (MM: NaCl 68.8,
KCl 56, CaCl, 2, MgSO, 1.3, NaHCO; 25, d-mimoko-
3a 10, HEPES 20, ackopbunoBas kuciota 0.1, pH 7.4).
B Teuenme mocnenHero yaca cooupanu 10-MuHyTHBIE
dpakumu. ITocne okoHYaHUS WHKYOAIlMMd CPEe3OB B
oToOpaHHbIe (paKUMKU MHKYOAIIMOHHOUN cpelbl 10-
6apisiu o 100 mxn 1 M HCIO, u 1o 2 iMosib/M
3,4-nurunpokcudeHsunamuia (JIIbBA) B kKauecTBe
BHYTPEHHEro cTaHaapTa ISl BbICOKO3(h(hEKTUBHOM
XKUIKOCTHOW XpoMaTtorpauu c >3JeKTpOXUMUYE-
ckoit netekuueit (BOXKX-D]1). [ToayuyeHHbIE 06pas-
1Ibl 3aMOPaXKMBAJIU B XWUJKOM a30T€ U XpaHWJIU MpU
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—70°C nmo ompeneneHss MOHOAMWHOB — AodaMuHa,
HopanpeHaanHa 1 cepoToHnHA MeTomoM BOXKX-D]1.

Ilepgpyzus ncenydoukoe moszea

Kpsic (puc. 1) Ha I15 (n = 8) u 130 (n = 9) Hapko-
TU3UPOBAJIU XJIOPAITUIPATOM, TOJIOBY (PUKCUPOBAIU
B crepeortakcuueckoir ycraHoBke (INarishige Lab,
SlmoHus1) 1 BBEICBEPIMBAIM OTBEPCTHE B Ueperie Haj
OOKOBBIMHM KEJIyIOUYKaMM 11O CJASAYIOIINM KOOPAU-
HataMm: Ha I15 — 1.2 MM J1aTepanbHee OperMbl 1 Ka-
yIaJbHO — Ha ypoBHe OperMsl, a Ha [130 — 1.4 MM n1a-
TepajibHee Opermbl U Ha 0.4 MM KaynajibHee Opermaol.
ITocne 3Toro B MO3r BBOAWJIM CTEKJISTHHYIO MUKPOKa-
Hrommo Ha I15 Ha mmyouny 2.5 mMm, a Ha 130 Ha mmyou-
Hy 3 MM. BTOpy10 MUKpPOKaHIOJTIO BBOAWJIU B LIUCTEPHY
MarHa 4epes aTJIaHTO-3aTbUIOYHYIO COENUMHUTETbHO-
TKaHHYIO MeMOpaHy I oOecIiedeHUsI ITaCCUBHOTO
OTTOKa JIUKBOpa. Yepes MepByl0 MUKPOKAHIOIIO, CO-
€IMHEHHYIO C TaMUJBTOHOBCKMM ILTMPULIOM, Hepdy-
3UPOBAIM KEIYINOYKHM MO3ra C IMOCTOSSHHON CKOpO-
cThio — 5 MKJI/MuUH Ha I15 u 10 mxia/mun Ha [130 c
nomolnbio MukpoHacoca CMA 4004 (CMA, Illse-
nwus). IlepBbie 20 MUHYT XeTyI04Ky Mo3ra nepdy3u-
pOBaJI UCKYCCTBEHHBIM JIMKBOpoM (126 MM NaCl,
26 MM NaHCO;, 3MM KCl, 1.2MM NaH,PO,, 2.4MM
Ca(Cl,, 1.2 MM MgCl,, 10 MM d-mitoko3a), a moce-
nyromye 20 MUH — UCKYCCTBEHHBIM JIMKBOPOM C IO~
BbILIEHHBIM cofepxanueM K* (73 MM NaCl, 26 MM
NaHCO,, 56 MM KCl, 1.2 MM NaH,PO,, 2.4 MM
CaCl,, 1.2 MM MgCl,, 10 MM d-ritoko3za). B opo-
necce nepdysuu coompanu 10-MuHYTHBIE (PpaKIuv B
npooupku, conepxkaiue 0.1 M HCIO, u 25 Mo/ M
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Puc. 2. KoHluleHTpanusi MOHOAMUHOB B Tiepdy3are npu
MPOTOYHOI MHKYOAILIMM CPE30B MO3Ta KPbhIC Ha 5-1f ITOCT-
HatanbHbIM neHb (I15) u 130 cravana 6ygepom Kpedce-
Punrepa (bKP), a 3atem BKP ¢ noBbIlieHHBIM conepxa-

arem KT (BKP + K). * P < 0.05, npy cpaBHEHNH TPYIIIT
MHKYOrpoBaHHBIX B BKP ¢ IMoBBIIIEHHBIM comepkKaHueM
K* u BKP. A, nopamun; HA, HopanpeHanuH; HI, He
JIETEKTUPYETCS.

JATI'BA. TlomyyeHHsle Tiepdy3aThl 3aMOpPaXXUBAJIM B
XKUIKOM a3oTe 1 xpaHuim npu —70°C go onpenene-
HUS MOHOAaMHWHOB ¢ moMoIibio BOXKX-3/1.

Muxpoduanu3z auxeopa
8 boKoebix Jceaydourxax mosea Ha 1130

ITomumo mepdy3um depe3 BCIO KETyTOIKOBYIO
cucteMy Mosra, y kpeic Ha I130 (n = 4) npoBoguiu
MUKpPOIMAIN3 B OOKOBBIX Kelynoukax (puc. 1). s
9TOr0 KphICaM I10JI HApKO30M XJIOPAJITUAPATOM B 00-
KOBOI1 XelyJodeK MO3ra BBOIWJIM HAaIIPaBJISIONIYIO
KaHIONIO IJIsd MuKpomuaausHoro 3oHma (CMA-11
Guide Cannula, CMA, IlIBeuus). KaHtonto pukcu-
pOBaJI Ha KOCTH 4Yeperia C ITOMOIIBIO MUKPOOOJITOB 1
croMmatojiormyeckoro  roimmumepa  (ITporakpmn-M,
Vkpanna). Yepe3 48 4 B HaImpaBIISIONIYIO KaHIOIIO
BBOAMIN MUKpoauanu3Hbeiii 30HI (CMA 11 55 kDa
Microdialysis Probe, CMA, IllBenust), 3arojiHeH-
HBI MCKYCCTBEHHBIM JTUKBOPOM. 30H/ C IIOMOIIIBIO
CUJIMKOHOBBIX TpyOOYEK NOACOCOAUHSUIM K Hacocy
CMA 4004 (CMA, IIBenus). Yepes 3 4 mmocie BBe-
JIeHNs 30HAa OOKOBBIE XEJIYOOYKHN NepPy3upOoBaIN

MYPTA3UHA u ap.

CO CKOPOCTBIO 2 MKJI/MWH cHauajla 60 MUH HCKYC-
CTBEHHBIM JIMKBOPOM, a 3aTeM 60 MUH MCKYCCTBEH-
HBIM JIMKBOPOM C TOBBIIIEHHBIM conepxkannem K,
cobupast B oboux ciydasix 20-MUHYTHbIE (PpaKIIvK.
K monygenHbIM mmanmu3araMm modaBisuii 4 Mxi1 1 M
HCIO,, 3aMopaxuBaJii B XKMIKOM a30T€ U XpaHUIU
npu —70°C 1o omnpeneaecHUsI MOHOAMUHOB U B psijie
cJIy4aeB IIPOAYKTOB Mx Aerpamauuu Ha BOXKX-D]1.

Buympuoceaydouxosoe esedenue 4-[4-
(Oumemunamurno)cmupus|-N-
MemUAnUpuOUHUYM uoouda

B onuH 13 6OKOBBIX XKEJTyTOYKOB MO3Tra Y KpbIC Ha
I130 (n = 4) mon HapKO30M XJIOpaJITUApAaTa UMILJIaH-
TUPOBAIN CTEKJISIHHYI0O MUKPOKAHIOJIO, 3aIIOJTHEH-
Hyto BKP ¢ 4-[4-(numeTrunamMuHo)cTupui]-N-me-
tunnupuauHuyMm uonun (JJICMMUM) (Sigma, CIIA) B
KoHeuyHo# kKoHueHTpauuu 10 MkM (puc. 1). Jlanee
10 MKJI 3TOrO pacTBOpa BBOAWJIM C IIOMOIIBIO FAMUJIb-
TOHOBCKOTO IIIIPUIIA CO CKOPOCTHIO 2 MKJI/MUH. Yepe3
30 MUH 110CjIe OKOHYAHWSI UHBEKIIMU MTPUTOTABINBAIU
BUOpaTOMHBIE Cpe3bl AMAHIEedalloHa TOJIIMHON’
150 MKM, KOTOpHIe aHAIU3UPOBaIU B KOH(pOKaJb-
HoM MuKpockorre Leica TCS SP5 uimm LSM 880 Airy-
scan (Leica, 'epmanust).

PE3VYJIBTATDI

Konuenmpayus monoamunoe 6 nepgysame
npu npomouHol uHKybayuu cpezoe mozea bKP
¢ 00bI4HbIM U NOBbIULEHHbIM coOepucaruem K+

I1pu mpoTouyHOIT MHKYOAIIMM CPEe30B, MOJTYYSH-
HbIX y Kpbic Ha 15 u I130, ¢ BKP nodamuH onpene-
ssteTcss Toibpko Ha I130 (puc. 2). Ilpu mocnemyroeit
MHKYOa1m 3Tux e cpe3oB B BKP ¢ moBhIIIIeHHBIM CO-
nepxannem K* nodamun omnpenenserca Ha 15, a Ha
I130 ero KoHLIEHTpalLMsI TOCTOBEPHO BO3pAaCTaeT Mo
CpaBHEHUIO ¢ KOHTposeM (00bruHbIl BKP).

IIpu npoTouyHOIi MHKYOallMU CPE3OB, IOJYYEH-
Hbix y kpbic Ha I15 u I130, ¢ BKP HopagpeHanuH
onpenensiercs Kak Ha [15, tak m 1a I130. I1pu mocne-
JIyloleit MHKyOaluu 3Tux ke cpe3oB B BKP ¢ moBbI-
IIEHHBIM comepxaHueM K KOHIIeHTparuss Hopa-
peHajiMHa JO0CTOBepHO Bo3pacTtaeT Ha I15 u I130.

Konuenmpauus MoHoamMuHog 8 nepgyzame
npu nepghysuu xceay0ouK080il cucmembvl Mo3ea
UCKYCCMBEHHbIM AUKBOPOM C 00bIYHbIM
U nogolierHbIM cooepicaruem K+

VY xpoic Ha I15 u T130 oOHapyxXeHa OTYETIUBAs
tengeHuus (I15: p = 0.066; I130: p = 0.067) K yBeau-
YEHHWIO KOHIIEHTpaluu Jo(amMuHa B JUKBOPE C MO-
BBIIIIEHHBIM cofepxXaHueM K* 1mo cpaBHEHMIO ¢ €To
KOHIIEHTpalMell Mpu nepdy3un XKeayaoukoB MO3ra
OOBIYHBIM MCKYCCTBEHHBIM JTUKBOpoM (puc. 3). bo-
Jiee Toro, nepdysus Keaya0uyKOBOM CUCTEMbI MO3Ta
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JINKBOPOM C ITOBBILIEHHBIM cofepxanueM K* mpu-
BOAWJIA K JOCTOBEPHOMY YBEIIMUECHUIO KOHIIEHTpA-
oy HopaapeHanuHa Ha I15 u ceporonmnna Ha I130.
OnHako Mpy TaKOM Xe BO3[IeiiCTBUN OTCYTCTBOBAJIO
JIOCTOBEPHOE TTOBHILIEHUE KOHLIEHTpallu Hopaape-
HaymHa y Kpbic Ha I130 1 ceporonnHa y kpbic Ha I15
(puc. 3). DTo 0OBSICHSIETCS TEM, YTO TIpU Nepdy3uun
KeJIyIOUYKOB MO3Ta UCKYCCTBEHHBIM JIUKBOPOM C MO-
BBILLIEHHBIM coepKanueM K* B oTaeIbHBIX BO3pAcT-
HBIX TPyMIIaxX He Y BCEX >KUBOTHBIX IMOBBIIIATIACh KOH-
HEHTpauusa YIIOMAHYTbIX MOHOAMHWHOB. TaK, Haripu-
Mep, TIpu Hep@y3nu UCKYCCTBEHHBIM JIMKBOPOM C
MOBLILLIEHHBIM coaepxanueM K* Ha 130 y 6-Tu1 xu-
BOTHBIX KOHIICHTpAallMs HOpaapeHaJInHa OblIa IIOBBI-
meHa B 1.35 pa3a, a y OCTaTbHBIX TPEX JKUBOTHBIX U3-
MEHEeHMsI KOHILICHTpallui HOopaapeHaJInHa He ObLIO
OOHapyXeHO.

Cocmaé MOHOAMUHOE 6 AUKBOPe BOKOBbIX HCeny00UKOE
M032a NpU MUKPOOUANUSHOU Nephy3UU UCKYCCMEEHHbBIM
AUKBOPOM C 00bIYHBIM U NOGbIULEHHBIM
codepucarnuem K+

V Bcex yeThIpex KpbIc, KoTopsiM Ha I130 mmpoBo-
IV MUKPOIUATU3HYIO Tepdy3ni0 OOKOBBIX XKETy-
JIOYKOB HCKYCCTBEHHBIM JIMKBOPOM, B JIUajiM3aTe
OIPENE/ISUINCH TOJIBKO MPOMYKTHI AeTpamaliiii MOHO-
aMMHOB, 3,4-TUTrnIpOKCU(PEHMIIYKCYyCHasIT KUCIOoTa —
OPOIYKT Aerpamaluu nodpaMuHa, U S-TUIPOKCUMH-
JIOJIYKCYCHAsI KMCJIOTa — INPOIYKT Aerpamallii Cepo-
ToHuHa. [lpu Mukpoguaau3Hoi nepdy3um HCKycC-
CTBEHHBIM JIMKBOPOM C IIOBBILLIEHHBIM COACPKaHEM
Kaaus y IBYX XKMBOTHBIX M3 YEThIPEX B TUAIN3aTe I0-
MOJTHUTEJILHO OTpeAessijics nodpaMuH, a y OOHOTO U3
STUX XUBOTHLIX €IIi¢ 1 aipeHaJINH.

Braiouenue 4-[4-(0umemunamuno)cmupun]-N-
MemUAnUPUOUHUYM U0OUOA, 88e0eHHO20 8 HcenydOUKU
Mmozea kpvicam Ha 1130, é neiipoHbt
nepugenmpuKyAsapHo obaacmu OusHyeharona

IMocne BBegenusa JICMU 8 BKP (10 MkM) B Teue-
HHME 5 MUH B OOKOBBIC XKEJIYTOYKM MO3Tra KpbIcaM Ha
I130 nHabmiomaeTcst M3bupaTeIbHOE OKpalllMBaHUE
611~ 1 MYJIBTUTIOJIIPHBIX HEMPOHOB — TeJI HEMPOHOB 1
MX OTPOCTKOB, CONIEPXKAIMXCSI B OCHOBHOM B IEpU-
BEHTPUKYJISIpHOU oGiactu Mo3ara (puc. 4). OogHu Heii-
POHBI MO3aTYHO PaCcCPEIOTOUYEHBI IO HEPBHOM TKAHU,
a IpyTrie — o0pasyroT sSIIepHbIC CKOTUTCHMST.

OBCYXIEHUNE

JlanHas1 paboTa SIBJISIETCSI BTOPBIM MCCISIOBAaHUEM,
MOCBSIIIEHHOM IPOBEPKE Hallleil TUITOTE3bl O TOM,
YTO MO3T MMEEeT COOCTBEHHYIO SHOOKPUHHYIO CHU-
CTeMy, MpEAcTaBlIeHHYO: (a) HelipoHAMHM MO3ra,
CEKPETUPYIOIIMMU HEWUPOTOPMOHBI B XKEJIYAOYKU
Mo3ra, (6) IMKBOPOM — I'yMOpPaJIbHOM Ccpenoii, obec-
TMeYrBalollIeil JOCTaBKy HEUPOTOPMOHOB B OTIENbI
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Puc. 3. KoHueHTpanns MOHOAMUHOB B MCKYCCTBEHHOM
nmkBope (MJI) 1 B UCKYCCTBEHHOM JIMKBOPE C ITOBBIIIICH-

HBIM colepKaHUEeM K* (J1 + K) B mpouecce niepdy3uu
3TUMM PacTBOPAMU KEJyTOYKOBOW CUCTEMBI MO3ra y
KpbIC Ha 5-if mocTHaTabHbIN neHb (I15) u I130. * P < 0.05,
Ipy CpaBHEHUM TPyl MHKyOMpoBaHHBIX B WUJI ¢ TTOBBI-

eHHbIM conepxkannem K u UJT; #0.5< P< 0.1, npu
CpaBHEHMU IpyMIl, UHKYOUpoBaHHLIX B MJI ¢ moBbIIIEH-

HBIM colepKaHUeM Kt s WL 5-T'T, 5-runpoKCUTpUII-
TaMuH (cepoToHuH); 1A, nodamun; HA, HopagpeHaIuH.

MoO3ra — MMIIEHU U (B) HEMpOHAMM MEPUBECHTPUKY-
JISIpPHOI 00JIaCTH MO3ra — MUIIEHSIMU JIST COAepXKa-
IIUXCS B JIMKBOpPE (DU3MOJIOTMYECKU aKTUBHBIX BeE-
mecTB. bosee Toro, cormacHo 3Toit rurorese, (pyHK-
HMOHAJIbHOE 3HadyeHue OSHOOKPUHHOM CHCTEMbI
MO3ra B OHTOT€HEe3€¢ CMEIIAeTCsl OT PeryJIsiliiu pas-
BUTHUS HEMPOHOB X MO3Ta B IIepUHATAJILHOM IIE€pPHUOJIE
K YYaCTHIO B 00beMHOI HEPOTpaHCMUCCHUU Y B3pOC-
JIBIX XXUBOTHBIX (Myprasuna u ap., 2021).

ITocie Toro, Kak B TIiepBOIf paboTe OBLIO TTOKa3a-
HO, YTO B JIMKBOpPE Y HEOHATaIbHBIX KphIC (I15) — B
nepuon MopdoreHes3a, 1 y KpbIC B IIpeIryoepTaTHOM
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50 MKM
B

MYPTA3UHA u ap.

Puc. 4. Bxnouenue 4-[4-(IuMeTUIAMIHO ) CTUPII |- N -MeTWIITMPUINHUYM UOINAA, BBEACHHOTO B 0OKOBOI XeTyqI04eK MOo3ra
KpbicaM Ha 30-i1 mOCTHATaIbHbIN 1€Hb, B HEHPOHBI NIEPUBEHTPUKYJISIPHOI obnacTu nuaHuedanoHa. 32K — 3-ii xenynouek

MO3ra, CTpeJIKM — MeueHble HeiipoHbl. MaciuTad 50 MKM.

nepuonae (I130) — mocne okoHuyaHus1 MopdoreHesa,
coJepxXaTrcsi MOHOAMUWHBI, TIpUYeM B (pU3UOIOTIYC-
CKM aKTMBHOM KoHHeHTpauuu (MyptasuHa u mp.,
2021), BcTa;m BOIIPOC, SIBISIETCS JIUA IIOCTYILJIEHUE
HEWPOropMOHOB U3 MO3Ta B IMKBOP MPOLIECCOM, Pe-
TYJIMPYEMEBIM BeIleCTBaMM, BXOASIIMMU B COCTaB
JMKBopa. J1s1 Toro, 9T00BI IMIPOSICHUTH 3TOT BOITPOC,
B JaHHOI paboTe ObLIa IpoBencHa nepdy3ust Bcei
KEeTyIOYKOBOM CUCTEMBbI MO3Ta, a TAKXKe JIOKaJIbHasI
MUKpOIUaIN3Has 1ep¢y3ust B 00KOBBIX XKeTyI0UKax
CHayajia UICKYCCTBEHHBIM JIMKBOPOM, a 3aTEM UCKYC-
CTBEHHBIM JIMKBOPOM C ITOBBILLIEHHBIM COIEpKaHUEM
K*. Oxwupanoch, 4to nepdy3us XKeJIyJo4KOB MO3ra
MCKYCCTBEHHBIM JIMKBOPOM C ITOBBIIIIEHHBIM COACPXKa -
HueMm K cTuMyupyer BblieIeHUE S5K30LUTO30M MO-
HOAMWHOB 13 MOHOAMUHEPrIYeCKNX HeiipOHOB MO3ra
W YCWINT NOCTYIUICHE MOHOAMWHOB B JIMKBOP. OnHa-
KO II0 pe3yJibTaTaM IIPOBEIEHHBIX B3KCIIEPUMEHTOB
KapTuHa oKa3ajach He TaKoii omHOpomHoi. Tak, mpu
nepdy3un KeTyTodKOBOM cHCTeMbl Mo3ra Ha I15 u
I130 nckyccTBEHHBIM TUKBOPOM C ITOBBIIIEHHBIM CO-
nepxaneM Ky oqHUX XMBOTHBIX B IIpeneaax ofl-
HOW M TOW Ke BO3pPAaCTHOM TPYIITEl HAOII0HAIOCh
OXMAAeMOE TOCTOBEPHOE IMOBLILIEHNWE KOHIIEHTpa-
O MOHOAMMHOB B mepdy3arte, a y IPyrux — HeET.
IToaTOoMy, B 3aBUCUMOCTH OT COOTHOIIIEHUS KMBOT-
HBIX C pa3/IMYHOM peaklMeil Ha KAUITUEBYIO CTUMYJISI-
LUI0, B KaXI0M BO3paCTHOI IpyMIie B OTTEKAIOIIEM
JIMKBOPE HaOJIF0IAJIOCh JIMOO TOCTOBEPHOE YBEIMUe-
HUE KOHIIEHTpallMM MOHOAaMMHOB (HOpaapeHaJIuH
Ha I15, ceporonuH Ha I130), 1160 TeHAEHLIUS K YBE-
JIMYEHUIO KOHIIEHTpallud MOHOAMUHOB (modaMuH
Ha I15 u I130), 1160 oTCyTCTBME N3MEHEHUM B KOH-

LIEHTpallUM MOHOAMMHOB (HopaapeHaauH Ha [130,
ceporoHnH Ha I15). OgHUM U3 OOBSIICHEHUIT 3TUX
pa3In4Ymnii MOTYT OBITh BO3PACTHBIE Y MHINBUIYalb-
Hble OCOOEHHOCTHU B TIPOHUIIAEMOCTU JIMKBOP-3H-
nedanuaeckoro 6apbepa, OCHOBHBIM CTPYKTYPHO-
(YHKIIMOHATBHBIM 3BE€HOM KOTOPOTO SIBJISIETCSI CJTOM
BIIEHANMMHBIX KJIETOK. XOTS 3TOT BOIIPOC KpaitHe Majio
M3y4eH, MMEIOTCS T0Ka3aTe/IbCTBa TOIO, YTO JTUKBOP-
SHIIePATMISCKIT Oapbep M30MpaTeIbHO IIPOHUIIAEM,
MIPUYEM €TO IMMPOHUIIAEMOCTb CYIIIECTBEHHO U3MEHSIET-
cs1 B oHTOoreHese (Saunders, 2013; Shapey et al., 2019).

JOoToJHUTEIbHbIE ONBITBI C MHUKPOIUATIU30OM
JIMKBOpPa B OOKOBBIX XKeJlynoukax y Kpbic Ha [130 GbI-
JIM IPOBEIECHEI 11 TOTO, YTOOBI IIPOBEPUTH ITOCTYyIIA-
IOT JIX MOHOAMUHBI U3 MO3Ta WJIU U3 COCYIOB XOPUO-
WIHOIO CIUICTEHUS B JIMKBOP B caMOil pOCTpaJIbHOM
00JIaCTH KeJIyTOYKOBOM CUCTeMBI MO3Ta — Ha HavaJlb-
HOM 3Tarie obopa3oBaHus JuUKBOpa. Ha »TOT Bompoc
OBLJI MOJIYYEH OTPUILIATEIBHEIN OTBET — MPH ITepdy3un
OOKOBBIX XeJIYTOYKOB MCKYCCTBEHHBIM JIMKBOPOM MO-
HOAMMHBEI B TIepdy3aTe He ObLIM 0OHapyKeHbI. OnHa-
KO MIPY MUKPOIUAIN3HOI epdy31K UCKYCCTBEHHOTO
JIMKBOPA C MTOBBIIIEHHBIM coAepXaHeM Kausl B IIep-
dy3aTe y IByX KMBOTHBIX U3 YEThIpeX ObLIM OOHaApy-
JKEHBI MOHOAMMHEI — TodaMuH 1 agpeHaanH. W3 co-
MOCTaBJICHUST TaHHBIX, ITOJIYYEHHBIX IIpU mepdy3un
BCEM XKEJTyTOYKOBOI CUCTEMBI MO3Tra M TOJIbKO OOKO-
BBIX XEJIYIOUKOB, CIeAyeT, YTO MOHOAMUHBI TIOCTY-
MaroT U3 MO3ra B JIUKBOP B 0oJiee KaydaJbHBIX OTIIE-
JIaX IO OTHOIIIEHHUIO K OOKOBBIM XeTyTOouKaM.

Mg Toro, 4ToObI TMOHATH, NEMCTBUTEILHO JIK B
psiae HalluX 3KCHEPUMEHTOB JIMKBOP-3HILIedaande-
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CKUii Oapbep MNPEISITCTBYET ITOCTYIUICHUIO MCKYC-
CTBEHHOTO JINKBOPA C TTOBBILIEHHBIM COIepXaHUEeM
K* 13 Xenymo4ykoB B MO3TI, ObLUIO U3YyYEHO BIUSHUE
nHKy6anoHHoit cpensl (BKP) ¢ moBbIlIeHHBIM CO-
nepxanveM K Ha BbiiesieHME MOHOAMUHOB U3 Cpe-
30B IEPUBEHTPUKYIIPHOM 00JIaCTH MO3Ta, IOJTyYeH-
HBIX V KPBIC B TeX XXe Bo3pacTHBIX rpymmrax (I15 n
I130). Takoii cpaBHUTEIbHBII TTIOAXOL, in ViVo U in Vitro K
OlleHKE MPOHMIIAEMOCTU JMKBOpP-3HIIEedaTmIec-
CKOTO Oapbhepa OBLI YCIEITHO MCITOJIB30BaH paHee
(Bjorefeldt et al., 2018). 1o HalIMM JaHHBIM, BO3ICi1-
ctBuUe Ha cpe3bl bKP ¢ moBhIIIeHHOM KOHLIEHTPALM -
eii K¥ — B OTCyTCTBHE JMKBOpP-3HIEDATNYECKOTO
Oapbepa, CTUMYJIMPOBAJIO BhIAENeHNE nodaMuHa U
HOpaJpeHaJInHa U3 CPe30B MO3ra B 00eUX BO3pacT-
HBIX Tpymiiax. B 3Tux xe skcrepuMeHTax B MHKyOa-
IIMOHHOI Cpeie HU B ONBITE, HU B KOHTPOJIE HE OIIpe-
JIeJISIICSI CEPOTOHMH, YTO, OYEBUIHO, OOBSICHSIETCS
ropasgo 0ojiee HU3KOM IUIOTHOCTBHIO MHHEpPBaIUU
rUIoTajaMyca CepOTOHMHEPIUUYECKMMU HEPBHBIMU
BOJIOKHAMM 10 CPaBHEHMUIO ¢ 10haMUHEPIUUE€CKUMU
¥ HOpaJIpEeHEPruICKNUMMU.

IMonyyeHHBIE JAHHbBIE O KAJIMA-CTUMYJIMPOBAHHOM
BBIIEJICHNN KaTeXOJIaMUHOB 13 CPE30B TMIoTajlaMyca
MOATBEPXKIAIOT HAIlle MPEANOJOXEHNE O TOM, UTO Ha-
OmomaeMble MHAWBUAYAJIbHBIE M BO3PACTHEIC pa3Jiv-
YUS B UBMEHEHN Y KOHIICHTPALX MOHOAMUHOB B TTIEp-
dy3aTte npu nepdy3un XKeITyodOdKOB MO3ra MCKyC-
CTBEHHBIM JIMKBOPOB C ITOBBLIIIEHHBIM COJIEpKaHUEM
K* 00BsICHSIOTCS MHINBUAYATBHBIMUA U BO3PACTHBI-
MU 0COOEHHOCTSIMU MPOHUIIAEMOCTH JIUKBOP-3HIIEe-
danmyeckoro dapnepa.

Bropoii 3agadueii n7aHHON paOOTHI OBIJIO TTOJyde-
HUE [O0Ka3aTeJbCTB TOTO, 4YTO CoAepKalluecs B
JIMKBODE BelllecTBA MOTYT IMOCTYTAaTh B MO3T U 3aXBa-
ThIBaThCsl HelipoHaMu. [Jis1 moka3aTenbCcTBa TaKOTO
TpaHCIIOpTa B KayecTBe MapKepa ObLI UCIOJIb30BaH
JCMMW — nuraHg MHOTMX KJIETOYHBIX TPaHCIIOPTE-
pPOB, KOTODBI, OIHAKO, UMEET OCOOEHHO BBICOKOE
CPOJICTBO K TpaHCIIOpTepaM MOHOAMUHOB, OCOOEHHO
K MeMOpaHHOMY TpaHcIopTepy nodamuna (Inyushin
et al., 2013; Urra et al., 2014). B Hammeii padbote ObLUIO
nokasaHo, yTo yepe3 30 MuH 1ocie BBeaeHus JCMHAU
B OOKOBBIE kKeaynouku Kpbicam Ha I130, dpayopecim-
pylolie MeueHble HEHPOHbBI MO3aUYHO paclipe/ieIeHbl
B MIEPUBEHTPUKYJISIPHOIM 00J1aCcTH AUBHILIe(haTOHA WU
Jaxke 00pa3yroT KpyIHbIe siIepHO-MOI00HbIE CKOTLIe-
Hus. 1o Bcell BeposITHOCTH, 3TO JodaMHHEpTrade-
CKUue HEWPOHBI, TIOCKOJIbKY HOpaapeHepruiyeckue u
CepOTOHUHEPIuYecKrue HEMPOHBI pacrojaraloTcs B
ropazngo 0Oojiee KaymaldbHBIX oTaeiiax Mosra. Ilomy-
YeHHbIEe JaHHBbIC TOATBEPXKAAIOT MPEACTaBICHUS O
TOM, UYTO COJiepKalllhecs B JIMKBOPE BEIIECTBA MOTYT
y4acTBOBaTh B PETYJISILIMU HEMPOHOB, PACIIONIOXEH-
HBIX B IEPUBEHTPUKYJISIPHOI 00slacTu mo3ra (Both-
well et al., 2019).

Takum oOpa3zoM, Ha MpuMepe MOHOAMUHOB OBLIO
MOKa3aHO, YTO Y HEOHATAJIbHBIX U B3POCIBIX KpPbIC
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BeEIIleCTBa, CoMepKallnecsl B IMKBOPE, IMTOCTYITAIOT B
MO3T' 1 MOTYT OKa3bIBaTh 93HIOKPUHHOE BIMSIHAE Ha
CEeKpeIIo HEPOTPAaHCMUTTEPOB HEMPOHAMU MO3Ta.
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The Hypothesis on the Endocrine System of the Brain: Evidence for the Regulated

Delivery of Neurohormones from the Brain to the Cerebrospinal Fluid
and Vice Versa in Neonatal and Prepubertal Periods of Ontogenesis

A. R. Murtazina!, T. S. Pronina!, K. I. Chandran!, L. K. Dilmukhametova',
N. S. Bondarenko', V. E. Blokhin!, V. V. Bogdanov!, and M. V. Ugrumov" *

!Koltzov Institute of Developmental Biology of Russian Academy of Sciences, ul. Vavilova 26, Moscow, 119334 Russia

*e-mail: michael ugrumov@mail.ru

The extensive information accumulated over the past few decades on the important role of cerebrospinal fluid
in many physiological processes in norm and pathology, allowed the authors of the paper to express a hypoth-
esis that the brain has its own endocrine system, represented by: (a) brain neurons secreting neurohormones
into the ventricles, (b) cerebrospinal fluid — a body fluid that ensures the delivery of neurohormones to the
brain target regions, and (c) neurons of the periventricular region of the brain — targets for neurohormones
contained in the cerebrospinal fluid. According to this hypothesis, the functional significance of the endo-
crine system of the brain in ontogenesis moves from the regulation of the neuron and brain development in
the perinatal period to participation in volume neurotransmission in adulthood. This study is aimed at testing
this hypothesis. So, in neonatal (5th day of life) and adult (30th day of life) rats, it was shown that substances
contained in the cerebrospinal fluid are involved in the regulation of monoamine secretion by brain neurons
into the cerebrospinal fluid. These data were obtained by perfusion of cerebral ventricles with artificial cere-
brospinal fluid with an increased content of K. However, stimulation of the secretion of monoamines was
not found in all animals within each age group, which is explained by the individual and age-related charac-
teristics of the cerebrospinal fluid-brain barrier permeability. Indeed, perfusion of brain slices in the incuba-
tion medium with an increased content of K* (in the absence of a cerebrospinal fluid-brain barrier) invariably
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led to the stimulation of monoamine secretion in all animals in both age groups. The second proof of the va-
lidity of our hypothesis was the demonstration of the uptake of substances from the cerebrospinal fluid into
monoaminergic neurons of the brain, which are considered as potential targets for the endocrine factors of
the cerebrospinal fluid. Evidence of this was obtained with the introduction into the cerebral ventricles of
4-[4-(dimethylamino)styryl]-N-methylpyridinium iodide, which has a high affinity for monoamine trans-
porters. This marker after intraventricular administration was incorporated into neurons in the periventric-
ular region of the brain. Thus, evidence has been obtained that the substances contained in the cerebrospi-
nal fluid in neonatal and adult rats are involved in the regulation of the secretion of monoamines in the
cerebral ventricles, and monoamines contained in the cerebrospinal fluid enter the brain and are captured
by potential target neurons.

Keywords: brain, cerebrospinal fluid, monoamines, endocrine regulation, ontogenesis, rats
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