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CepoTOHMH SIBJISIETCS HE TOJILKO HEMPOTPAHCMUTTEPOM, HO M BaXKHBIM I'YMOPAJIbHBIM PETYJISITOPOM pa3-
HOOOpa3HbIX (U3MOJIOTMYECKUX TTPOLIECCOB 3a Ipeie/laMU LIEHTPAIbHOU HEPBHOM cuctembl. B mocienHee
NeCATUJIETHE CKIIaAbIBACTCS KOHLEMIMS CYILIeCTBOBAHUS JIOKAIbHBIX CEpPOTOHUHEPTUYECKMUX CUCTEM B Te-
pudeprueckux opraHax, rjie CEpOTOHMH peaJin3yeT CBOe BO3MECCTBUE Yepe3 ayTOKPUHHO-TTapakKpUHHbBIE
MeXaHM3Mbl. Takue JIOKaJbHbIe CUCTEMBI YK€ OMUCAHbl B MOMKEIYIOYHON Xeje3e, TUMYCE, MOJOYHOM
XeJie3e, KpaCHOM KOCTHOM Mo3re. Mbl cuuTaeM, UYTo Togo0Has IoOKajbHasl CEpOTOHMHEpruyecKast CUCTe-
Ma XapakKTepHa U JUISI HAIMOYEYHUKOB. DTU MapHble OPTaHbl SBJISIIOTCS KITIOUEBBIM KOMITOHEHTOM 3HIO-
KPUHHOM CUCTeMbl MJICKOTTUTAIOLINX, 00ECeYNBAIOIINM KOMIUJIEKCHYIO (DM3MOJIOTMYECKYIO PeaKIIMIo Ha
crpecc. HaamoyeuHKu cCOCTOSIT M3 IBYX HEPOACTBEHHBIX IO IMTPOUCXOXKIESHUIO U (DYHKIIMSIM OTAEIOB — KO-
PBI M MEILYJIJTBI, TIPA 3TOM CEPOTOHWH UTPaeT BAXKHYIO POJIb B PETYJISIIUY CEKPELIMY TOPMOHOB B 00€UX 3TUX
crpykTypax. Llenb maHHOTO 0630pa — aHaNU3 CTPYKTYPhI JIOKAJTbHOI CEpOTOHMHEPTUYECKON CUCTEMbI B
HaAIIOYEYHUKE, a TAKXKe €€ POJIY KakK B peryassuuu hyHKIIMN HAAITOYeUHUKOB Y B3POCIIbIX XKUBOTHBIX, TaK
U B ux ¢hopMupoBaHUU B a3MOpuroreHese. O600I1eHNEe UMEIOIIUXCS TaHHBIX TTO3BOJISIET TOBOPUTH O TOM,
YTO HAIMYHME JIOKAJIbHOW CEPOTOHMHEPTUYECKO CUCTEMBI JieJlaeT OpraH BOCIIPUUMYUBBIM K KOJIeOaHUSIM
YPOBHS IUPKYJUPYIOIIETO B KPOBY CEPOTOHMHA HA BCEX Tarax oHToreHe3a. TakuM o6pa3oM, JoKaJibHast
YyBCTBUTEJIBHOCTh K CEPOTOHUHY O0ECIeuMBaeT BO3MOXHOCTh CUCTEMHOI T'yMOpaabHON KOOpAMHALIMU
dopMupoBaHus U QYHKIIMOHMPOBAHMS KaK HAAIIOUYEYHUKOB, TaK U APYTUX IeprudeprudecKux opraHoB. B
9TOM acCIMeKTe CTAHOBUTCS MOHSTHA BaXKHOCTD JIOKATbHBIX CEPOTOHUHEPTUYECKUX CUCTEM IIJISI METUIIUHBI
¥ OMOJIOTUHY Pa3BUTHUSI.
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BBEAEHWE

CepOTOHMH U3BECTEH, MPeXJe BCcero, Kak Hempo-
MeIUaToOp M HEMPOMOMIYJISITOP B LICHTPAIIbLHOM HEPB-
HOM cucTeMe, IJi¢ OH KOHTPOJMPYET pa3InuHble Dur-
31OJIOTUYECKHE IPOLIECChl, BKJIIOYasi HAacTpOEHUE,
IMO3HAaHUE, ABVDKEHNE, BO30YXKIECHHE U BeTeTaTUB-
Hble pyHKIMU. TeM He MeHee, IEPBBIM ONMKUCAHHBIM
a¢deKkToM cepoTOHMHA B KOHIIE XIX-Tr0 Beka ObLIO
ero nepudepudecKoe BIMSHUE Ha CEPAeIHO-COCY-
auctyio cucremy (Weiss, 1896). B 1930-e roasl oH
ObLT BIIEpBbIC BbIACICH U3 KJIETOK KMIIEUHUKA, MO
Ha3BaHMEM DHTEepPaMMH, a IT03IHee Oblia UIeHTUPM-
LMpOBaHa €ro xmumudeckas cTpykrypa (Rapport et
al., 1948). Tonbko 5% >HOOTEHHOro CEpOTOHMHA B
OpraHu3Me COIEPXKUTCS B LIEHTPaJIbHOII HEPBHOM CH-
creMe, a 95% noxkanusyercsl B IiepudepruIecKux op-
raHax, oCOOEHHO B PHTepoXpoMadPUHHBIX KIEeTKax
XKEeIyIOoYHO-KMIIIeYHOro TpakTa (Amireault et al.,
2013), 9TO CBUAETEIBCTBYET O BaXKHOCTH CEPOTOHMHA

3a mpeneiamMu Mmosra. Ha mepudepnu cepoToHUH
YYaCTBYET B PETyJSLIMM UMMYHHOM U CEpAEYHO-CO-
CYIMCTOM CHCTEM, KDOBETBOPCHMSI, SHEPTeTUUECKO-
ro Metabom3Ma U CeKpell MHCYJIMHA, UTPacT BaxK-
HYIO POJIb B TOHAAaX, XKeJIyIOUHO-KUIIIEYHOM TPaKTe
u nerkux (Coté et al., 2003; Amireault et al., 2013).
MoXeT MmoKa3aThbCsl YIUBUTEIbHBIM, UTO OOHO U TO
2Ke BEIIeCTBO 00JIamaeT TAKUM KOJIMYECTBOM pPa3Iiny-
HBIX QYHKIMI. DTO MOXHO OOBSICHUTHF MHOTOOOpa-
3MeM crnelruuUIecKrux pelenTopoB cepoTOHUHA. B
HacToslIlee BpeMs M3BECTHO 15 pa3IMUHBbIX TEHOB pe-
LIENTOPOB, OOBEAMHEHHBIX B UeThIpe moaruia: htrl/5s,
htr2, htr3 u htrd/6/7. 3a uckmodenneM Htr3 perern-
TOPOB, KOTOPHIE TIPEICTABIISIOT OO0 yIpaBisieMble
CEepOTOHUHOM HMOHHBIC KaHaJIbl, BCE OCTaJIbHbIC SIB-
JIIIOTCS pelleNTOpaMu, CBI3aHHBIMU ¢ G-0enKkaMu,
YYaCTBYIOIIMMHU BO BHYTPUKJIETOUHOM TIepeaade CUr-
HajoB (Alexander et al., 2013). Takum oOpa3oM, MHO-
JKECTBEHHbBIEC ACTEKThI PETYJISIIUN U MepeIadyrd CUTHa-
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JIOB MOI'YT ITPOUCXOANTHb OTHOBPEMCHHO IIPU CBA3bIBA-
H1HN CEPOTOHMHA C HECKOJIBKMMMU PELCIITOpaMM.

B nocnenHee BpeMsi MPOU30IILIM KapIUHaIbHbIE
W3MEHEHUs B HallleM MOHMMaHUM TOTO, KaK OpraHu-
30BaHa paboTa cepoToHMHA Ha niepudepun. Panee
roJiaraju, 4to 3(@eKThl CEpOTOHMHA 3a IIpeaeaMu
HEPBHOM CHUCTEMBbI peaJiu3yloTCsl TIaBHBIM 00pa3om
yepes SHIOKPUHHbIE MeXaHU3Mbl. CEpOTOHUH, CUHTE-
3UpyeMblii B 9HTepoxpoMadDUHHBIX KJIETKaX KUIIeY-
HUKA, [OMAJAaeT B OOLIYI0 UUPKYJISLUIO, JENIOHUPYET-
Cs TPOMOOIIMTaMU, pacIipeesiieTcsi C KPOBBIO 10 BCe-
My OpraHu3My M BedeT ceOs KaK IUICHOTPOITHBIN
ropmoH (C6té et al., 2003; Yu et al., 2009). OgHako B
rnocjiefHee AecITUIeTHe BO MHOTUX Tepudepuye-
CKUX opraHax ObLIM OOHapy>KEeHbBI JJOKaJIbHbBIE CEPO-
TOHUHEPTUYECKUE CUCTEMBI, IJIe CEPOTOHUH-TIPOIY-
LIMPYIOILIME M CEPOTOHUH-UYYBCTBUTEJIbHBIE KIJIETKU
pacroJjiaraloTcsi B HEOCpeACTBEHHOM OJIM30CTHU IPyT
OT Apyra, oiaromapsi Y4eMy CEPOTOHUH MOXET Meli-
CTBOBaTb KaK MECTHBII PETyJsTOp ayTOKPUHHO-MA-
pakpuHHBIM nyTeM. K HacTosiiieMy BpeMEHU JIO-
KaJIbHbI€ CEPOTOHUHEPTUUECKNE CUCTEMbI U UX POJIb
OIMMCaHbl B TMOMKETYyIOYHON XKejie3e, TUMYCE, MO-
JIOUHOM 3KeJie3e, KpaCHOM KOCTHOM MO3Te, MeYeHU
u 1.4. (Paulmann et al., 2009; Amireault et al., 2013;
JlndanueBa u ap., 2017).

JlaHHBINA 0030p ITOCBSIIIEH aHAJIMU3Y W 000O0IIe-
HUIO CYIIECTBYIOIINX TAaHHBIX O POJIM CEPOTOHUHA B
paboTe ¥ pa3BUTUM HAAIIOYEYHHUKOB B CBETE COBpe-
MEHHOM KOHILIENIUU O JJIOKAJIbHBIX CEPOTOHUHEPTH -
YeCcKUX cucTteMax Ha mnepudepuu. Mbl Takke Mpo-
cJIeXXMBaeM, Kak MeHsieTcs GyHKIMOHAIbLHOE 3Have-
HY€ CEpOTOHMHA Ha pa3HbIX 3Tariax OHTOreHe3a.

YV MieKonuTamIrX HAANOYEYHUKU SIBJISIFOTCS
KJIIOYeBBIMU KOMIIOHEHTAaMUM 3HIOKPUHHOM CHUCTe-
MBI U COCTOSIT U3 IBYX MOP(MOJIOrn4ecKy u (pyHKII-
OHAJILHO Pa3JIMYHBIX 00JIacTeli, a UMEHHO MO3TOBOIO
BelecTBa (Meayyuibl), oOpa3oBaHHOro xpomadduH-
HBIMU KJIeTKaMHU, HPOAYLUPYIOIINMHN KaTeXoJIaMu-
HbI, U KOpHbI (KOpTeKca), 00pa3oBaHHOM CTEPOUIO-
TeHHBIMU KJIeTKaMu. BHeIHMIi cjioii, Kopa Haalo-
YEeYHUKOB, MUMeeT Me30IepMajIbHOE IIPOUCXOXKICHIE
U BBIACISIET CTEPOUIHBIE TOPMOHBI (ITTIOKOKOPTUKOM -
JIbl, MUHEPAJOKOPTUKOUIbI), KOTOPHIE OITOCPEIYIOT
MEIJIEHHBIE, HO JUIMTENIbHbBIE (PU3UOJIOTNIEeCKIEe pe-
aKIIMM Ha CTPecC, a TaKXKe y4acTBYIOT B PEry/siiiuu
oOMeHa BElIeCTB U UMMYHHBIX peakiiuii. BHyTpeHHui
MO3IOBOI CJIOM HAOIIOYEYHUKOB SIBJISICTCSI IIPOMU3BO/I-
HBIM HEPBHOTO I'PEOHSI, M TECHO CBSI3aH C IIOCTTAHIIIM -
OHapHBIMM CUMIIaTUYeCKUMU HeiipoHamu (Huber et al.,
2009). XpomadpuHHBIE KIETKU MEIyJJIbl MPpU CTHU-
MYJISILIAY BBIAEJISIIOT KaTeX0JaMUHBI B KPOBOTOK, I10-
3TOMY MO3TOBOE BEIIECTBO HAAIOYCUHUKOB 4YacCTO
paccMaTpMBalOT KaK HEMPOIHIOKPUHHBINA OTAEH
CHUMIIaTUYE€CKOM HEPBHOI CUCTEMbI, OTBETCTBEHHbII
3a OBICTpBIE peaklMM opraHu3Ma Ha cTtpecc (Bauer,
Currie, 2020). HecmoTpst Ha TO, 4YTO KOpa U Memyiuia
CTOJIb HEPOACTBEHHBI MO MPOMCXOXKICHUIO U (PYHK-

LIVSIM, CEPOTOHWH UTPAET BaXKHYIO POJIb B pETYJISILIAN
CeKpeLMy TOPMOHOB MOCPEICTBOM ayTOKPUHHO-MA~
pPakpUHHBIX MEXAaHU3MOB B 00EUX 3TUX CTPYKTypax.
Bonee Toro, cyuiecTtBylollyie OaHHBIE IO3BOJISIOT
paccyXaaTh O TOM, YTO JOKaJbHAs CEpPOTOHUHEPTU-
yeckKasl CUCTeMa HaAMOYEYHUKOB MOXET UTPaTh UH-
TETPUPYIOIILYIO POJIb B OTHOLIEHUHN (PYHKIIMI KOPBI U
MeIyJUIbl KaK 1IeJIOCTHOTO OpraHa.

JTOKAJIbHAA CEPOTOHUHEPIMYECKA#A
CUCTEMA B MEAVJIJIE HAATIOYEYHUKOB

CepOoTOHUH OOHapyXWiu B xpoMadPUHHBIX
KjeTKax elie B 80-e rombl M CHayaJla OIIMOOYHO IoJ1a-
raju, 4To oH cuHTte3upyertcs in situ (Verhofstad, Jons-
son, 1983). Bckope BBISICHWIOCH, 4YTO XpoMahDUHHbBIE
KJIETKU JIMILIEHBI KII0YEBOI0 CKOPOCTh-JTUMUTHUPYIO-
mmero (pepMeHTa CUHTE3a CEpOTOHMHA — TPUIITO( aH-
runpokcuiaasel (Trl'), HO comepxar BTopoii dep-
MEHT — JeKapOOKCHIa3y apoOMaTUIeCKNX aMUHOKNC-
70T (JJAA) 1 cnoCOOHEBI 3aXBaThbIBaTh CEPOTOHUH M3
OKPYXKaIoIIero ImpocTpaHcTBa OJ1arogapsi BLICOKOMY
YPOBHIO 3KCIIPECCHU TpaHCIIOpTepa CepOTOHUHA
(SERT) (Ritzen et al., 1965; Vandenbergh et al., 1991;
Schroeter et al., 1997). [lokazaHo, yTo xpoMaphuH-
Hble KJIETKU MOTYT CUHTE3MPOBaTh CEPOTOHUH HE U3
TpurnitoaHa, a M3 HEMOCPEACTBEHHOIO IIpellie-
CTBeHHMKa — S-truapokcurpunrtodana (SHTP), ko-
TOPBIM MPUCYTCTBYET B KPOBU U TKAHEBOU >KMUOAKO-
ctu. Tem He MeHee, BEAyIIyIO POJIb B ONpeaeIcHUN
YPOBHSI CEpOTOHMHA B MEOyJUIE HIpacT MMEHHO
SERT (Brindley et al., 2016). [Tonagass BHyTpb KJIET-
KM, CEPOTOHMH JIMOO C IOMOIIBIO BE3UKYISIPHOIO
TpaHcnioptepa MoHoaMuHOB (VMAT) 3akaumBaeTcs
B CEKpETOPHBIE TPaHYJIbl COBMECTHO C aIpeHaInHOM
¥ HOpaApeHaJINHOM, T100 KaTabOoIM3UPyeTCsI MOHO-
ammHoKcuaa3oii (puc. 1). CogepxXxaHue cepOTOHUHA
B xpoMadDUHHBIX KJIIETKaX OTHOCUTEIHLHO HEBEIU-
KO, Ha JIBa mopsaka Huke, yeM agpeHaiuHa (Win-
kler, Westhead, 1980; Schroeter et al., 1997). Tem He
MEHee, 3TOTO KOJMYecTBa AOCTaTOYHO JISI OCy-
IIECTBJIECHMS JIOKAJIbHOTO KOHTPOJISI CEKpeluu Ka-
TEXOJaMUHOB Uepe3 ayTOKPUHHO-TIapaKpUHHbIE Me-
XaHU3MBI. JeiiCTBUTEIBHO, IO TaHHBIM JIUTEPaTyPhI
KOHIIEHTpAalMs afpeHaJIHa B CEKPETOPHBIX BE3UKY-
nmax moxet gocturatb 0.1—1 M (Winkler, Westhead,
1980; Albillos et al., 1997), a cornmacHo HaIlIMM COO0-
CTBEHHBIM HEOITyOJMKOBAHHBIM JAHHBIM, IIPU CTU-
MyJISIIuM XpoMa(p@UHHBIX KIJIIETOK MENYJUIbl KOH-
LECHTpalLMs BBIAEISIEMOTO CEPOTOHNHA HAXOOUTCS B
MUKOMOJISIPHOM nuara3oHe. Ha xpomadduHHBIX
KJIeTKaX MEeAYJUIbl BKCITPECCUPYETCS pELIeTITOp K ce-
potoHuHy la tuma (Htrla) (puc. 1). Takum obpaszom,
xpoMadGUHHBIE KJIIETKU SIBJISTIOTCSI OMHOBPEMEHHO
CEpOTOHUH-TIPOAYIUPYIOIIUMU U CEPOTOHUH-UYB-
CTBUTEJILHBIMU, YTO COIIACYETCSl C MPEACTaBICHUSIMU
0 MECTHOM ayTOKPMHHO-TIapaKpUMHHOM MEXaHU3Me
neiictBus ceporoHunHa (Brindley et al., 2017).
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IIpennonaraemblie BHYTPUKIJIETOUHbBIE
‘ M MEXaHU3MBbl PETYJISILUU 9K301LIMTO3a:

— ceporoHuinpoBanue Mayibix ' Td-a3

— pausgHue Ha 0enkn SNARE u SNAP25

Puc. 1. JlokanbHast CEpOTOHMHEPruyYecKasi CUCTeMa B MeayJUle 3pesibiX HaAIIOUeYHUKOB. YCiI0BHbIe 0003HadyeHust: SHT — ce-
potonuH, Htrla — peuentop ceporonunHa la tuita, SERT — TpaHcmioprep ceporonnHa, VMAT — Be3UKYJISIpHBIIA TpaHCTIOPTEP
MOHOAMUHOB, A — anpeHaimH, NA — HopaapeHainH, JJAA — nekapOokcuiaza apoMaTudecKux aMmHoKucaoT, SHTP — S5-run-

pokcutpunrodaH, NpeaecCTBEHHUK CEPOTOHMHA.

Hau6onee nzydyeHHbIM 3¢b(HEKTOM CEpOTOHUHA B
HaJIITOYeYHUKAaX SIBJISIETCS €T0 CIIOCOOHOCTh KOHTPO-
JIMPpOBAaTh OTBET CHMIIATOAAPECHATIOBOM CUCTEMBI Ha
crpecc. deicTBys yepe3 Htrla penentopsl, cepoTo-
HUH WHTUOMpPYET CEeKpEelLIo KaTeXOJaMUHOB B Me-
nyiie HagnoyewyHUKoB (Brindley et al., 2016, 2019)
(puc. 1). bnokana peuenropoB Htrla ymeHbI1aeT Ko-
JINYECTBO BE3UKYJI, TTOABEPralOIIUXCsI 9K301IUTO3Y, B
TO BpeMsI KaK KOJIMYECTBO (KBAaHTOBEI pa3Mep) U
KMHETHKa BBICBOOOXICHMSI KaTEXOJaMHUHOB HE Me-
HsieTcs1. UTHTepecHO OTMETUTh, UYTO Yepe3 pelenTop
Htrla ocymecTBisieTcsl TOTOOHBIN ayTOKPUHHO-TAa-
PakKpUHHBIM KOHTPOJIb BEICBOOOXIEHUSI MeauaTopa
U B LIECHTPaAJIbHOW HEPBHOM CUCTEME, OJHAKO BHYT-
PMKJIETOUYHBI MyTh MepeJadyn CUTHaJa OT pelienTopa
B xpoMa(PUHHBIX KJIETKAaX M HeiipoHaX pa3indaeTcs
KOpeHHBIM oOpa3oM. B HelipoHax akKTHUBAIIMS 3TOTO
pelenTopa cBsi3aHa C M3MEHEHUEM BO30YyIMMOCTHU
MeMOpaHHbI ¥ IIPOHUIIAEMOCTH KaJIbIIMEBhIX U Kalre-
BBIX KaHa/IoB, onocpenoBanHoe G-0enkamu (Jewell,
Currie, 2013). B To Xe BpeMsi B xpoMadPUHHBIX
KJIETKaX MEXaHU3M MHIMOMPOBAHUSI CEKpEeLMM Ka-
TexoJlaMUHOB 4Yepe3 Htrla peuenTopsl He BKIIO9aeT
MOMYJISIIIUIO KaJIbLIMEBBIX M KaJWEBBIX KaHaJIOB U
YPOBHSI BHYTpUKJIeTOUHOIo Kaublus (Brindley et al.,
2016). Hwkecrosiiye MOJIEKYISIPHbIE MUIIEHU
G-6e1K0B B XxpoMaPUHHBIX KJIETKAX €I MPEICTO-
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UT ONpeaeuThb, OAHAKO IpeariogaracTcs, YTo OIuH
M3 BO3MOXHBIX MEXaHU3MOB BKJTIOYACT CBSI3LIBAHIE
Gpy-6enka HemocpenctBeHHo ¢ Genkamu SNARE,
KOTOpBIE YUACTBYIOT B KOHTPOJIE CIUSTHUST SK30LIMTO3-
HBIX ITy3bIPbKOB ¢ MeMOpaHoii (Betke et al., 2012). GBy
MOXET KOHKYpupoBaTh ¢ Ca’?"-CBA3aHHBIM CUHAIITO-
TarMUHOM-1 3a cBg3piBaHNe ¢ C-koHIIoM SNAP25,
YTO MOKET HapylIUTh 3amyckK sk3o1uTo3a (Yoon
et al., 2007; Zurawski et al., 2016). Apyroii npenmnosna-
raeMoii muiieHpio GBY MOXeT SBIATHCS TMHAMMH,
KOTOPBII CITOCOOEH MOIYJIMPOBATh KaK 2K30IUTO3,
TaK U SHIOLIMTO3 B xpoMadduHHBIX KieTkax (Chan
et al., 2010; Anantharam et al., 2011).

M3BecTHO Takke O pelenTop-He3aBUCUMbBIX Me-
XaHU3MaX CEPOTOHMHOBOIO KOHTPOJISI CeKpPeIuu Ka-
TEXOJJAMUHOB B HaJAMO4YeYHUKAX, HAlIpUMeEp, B pery-
JISIIMKA KOJIWYECTBEHHOTO pa3Mepa €IMHUYHBIX CO-
ObITHI 3K301MTO3a MpuHUMaeT ygactrue SERT, Ho He
peuenTop (Briscoe et al., 2008). Takke CyILIeCTBYIOT J0-
Ka3zareibcTBa Toro, 4to SERT moxeT mMomynmmpoBath
PETYJISLIMIO TPAHCKPUIIIIMM B MO3TOBOM BEIIECTBE HAll-
nmoyeyHUkoB. [lon BAUSIHUEM OCTPOro cTpecca MOBbI-
IIACTCST SKCIPECCUsI M AKTUBHOCTh TUPO3MHIUIPOKCH -
JIa3bl, CKOPOCTh-JIMMUTHUPYIONIEro (hepMEHTa CUHTE3a
KaTeX0JJaMUHOB, UTO CITOCOOCTBYET BOCIIOJTHEHUIO pe-
3epBa KaTeXOJIJaMUHOB B IIEPUO[ ITOBBIIIEHHON I10-
TpebHocTy B HUX (Sabban et al., 1997; Kvetnansky et al.,
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2013). IIpenroaraercsi, YTO MOAYIMPYIOIee BIUSHIE
SERT B couetaHuu ¢ 0COOBIM MEXAaHNU3MOM PaOOTHI
Htrla penentopoB criocoOCTBYET TOUHOM HACTPOIKe
CEpOTOHUHEPIMYECKOTO CUTHAIWHTA JIJISI KOHTPOJIS
CEeKpEeLMU KaTeXOJIaMUHOB B IEPUOJIbl UHTEHCUBHOM
cruMmyisiuuu (T.e. ctpecca) (Brindley et al., 2017).

B TpakTOoBKE MMeEIOLIMXCSI JaHHBIX HEOOXOAUMO
YYUTBIBaTh, UTO MeAy/jla HaAlloYeyHUKa MpeacTaB-
JisieT coboii nepudepudeckoe 3BeHO CUMITaToaApeHa-
JIOBOM CUCTEMEI, B TO BpeMsI KaK CEpOTOHUH KOHTPO-
JIMpyeT OTBET OpraHuM3Ma Ha CTpecc Kak Ha mepude-
pUM, TaK U B LICHTPaJIbHOM e¢ oTaesie. MI3BecTHO, 4TO
LIEHTpaJbHBIE CEPOTOHMHEPIrUIeCKIIe HEMPOHEI sIIep
IIBa HEIOCPEICTBEHHO WMHHEPBUPYIOT CHUMIIaTUYE-
CKMe MperaHmiMoHapHble HelipoHbl. [TomMumo mpsi-
MO CBSI3M, BO3MOXHA TaKXKe CEpPOTOHMHEPIUIecKas
MOIYJISIUUSI 3TUX KJIETOK IIOCPENCTBOM aKTUBALIMU
CUMITATUYECKUX MPEMOTOPHBIX HelipoHOB. MHBIMU
cJIOBaMM, B TOJIOBHOM M CIIMHHOM MO3Te CEpOTOHU-
Heprudeckasi HepBHas Iepeaada Clioco0Ha MOy -
poBaTh lLIEHTpaJbHbIE CTUMYJbI, HalpaBJIeHHbIE K
neprudepuIecKuM OTIelaM CUMIIaTOaapeHAalIOBOMI
cucteMbl. [1pn aTOM IIeHTpasTbHBIE U TIEpHUPEPUIECKIC
OTIIEJIbl TECHO B3aWMOIEUCTBYIOT W OCYILECTBIISIIOT
KOMIUIEKCHYIO KOOPIMHAIINIO (DM3MOIOTUIECKON pe-
aKkliMM OpraHu3Ma Ha 3KOJIOTUYECKHE, MeTadoImye-
CKHE U 3MOLMOHAIBHO-TICUXOJOTUYECKUE CTPECCOPDI
IIOCPEICTBOM BBIOpOCAa KAaTeXOJIaMHHOB B KPOBOTOK
(rmoapoOHO MOXXHO MpoYuTaTh B 0030pe Brindley et al.,
2017). IToaToMy clieqyeT ¢ OCTOPOXHOCTbIO MHTEP-
IIPEeTUPOBATh JaHHBIE, TOJTYIEHHBIE C TOMOIIIBIO Tpa-
JUIIMOHHBIX 9KCIIEPUMEHTAIBHBIX MOJIENIeli, Hallpy-
Mep C UCTTOJIb30BaHUEM MBbIIIIEeii, HOKAYTHBIX MO TEHY
SERT, wiu ¢ npumeHennem nHruoutopos SERT u
aHTaroHucToB penenropa Htrla. M3BecTtHO, Hampm-
Mep, YTO CTpecC-UHAYLIMPOBaHHAsI CeKpelLus aape-
HaJIMHA ITOBBIIIAETCS KaK Y JKUBOTHBIX, TAK U y YEJI0-
BeKa Ha (oHE IPUMEHEHHUS aHTUICTIPECCAHTOB U3
rpynmnbel uHruoutopoB SERT, a Takxke y MbIlIei
SERT—/— (Tjurmina et al., 2002; Briscoe et al., 2008;
Sanders et al., 2008). Takke mosIBAsIeTCS BCe OOJIbIIIE
JI0Ka3aTebCTB CBSI3U MEXIY HapyLICHUSIMU CHUMIIA-
TOAAPEHAJIOBBIX PEAKIIMA U AETIPECCUEIA, TPEBOTOM U
JIPYrUMHU 3a00JIeBaHUSIMU, CBSI3aHHBIMU C CEPOTOHM -
HepPruyecKoi CUrHajus3alueit B Mo3re (moJpooOHee B
0030pe Brindley et al., 2017). C yBepeHHOCTBIO pa3-
TPAaHUYUTH IIEHTpaJdbHbIe W Mepudepudeckue 3@-
¢eKThl CEpOTOHUHA B CUMITAaTOAAPEHATIOBOI CUCTE-
Me IIOMOXET HEeJaBHO CO3MaHHasl JIMHUS MBbIIIEi ¢
JJoKanbHBIM HOKayToM reHa SERT B HagmodyeyHnKax
Ha (hboHE COXpAHHOM ero 3KCIPECCUU B LICHTPAIbHO
HepBHOI cucteMme (Brindley et al., 2019). ¥V Takux
MBbILIEN ObUIO OOHapyXeHo cHukeHue Ha 50% co-
JIep>KaHUsI CEpOTOHMHA B HAATIOUYEUHUKAX, TTPU 3TOM
YPOBEHb CEPOTOHMHA B KPOBHU, a TAKXKE KOHLIEHTPALIS
KaTexoJaMMHOB B MEOyJUIe OCTAaBaJIMCh IIPEKHUMU.
BOTa YyHUKaJIbHasl 9KCIIEpUMEHTAJIbHASI MOJIENIb OTKPBI-
BaeT OOJIBbIIIME MEPCIIEKTUBDI WIS MCCICIOBAHUS 111~
POKOTO CIIeKTpa MpobieM B 001aCTH METUIIMHBI, TT0-

CKOJIbKY BBICBOOOXIIEHME KaTeXOJaMWHOB W3 XpO-
MaOUHHBIX KJIETOK HAANOYEYHUKOB ITOMOTAeT
KOOPAMHUPOBATh (PU3MOJTOTMYECKYIO PeaKLUI0 Ha
SMOIIMOHAJIbHBIE/TICUX0JIOTUYEeCKUE, (DU3NUECKUe Ur
MeTaboIndYecKne cTpeccophbl. B 3aBucuMocTu OT
MPUPOIBI CTpECCOpa HapyIlIeHHAasl CEKpeLIMsl KaTeXO0J-
aMUHOB HaJIMNOYEeYHUKAMU MOXKET CIIOCOOCTBOBATH
pa3BUTHUIO TUNIEPTOHUM, CEPAEYHONH HEIOCTATOYHO-
CTU U yCyTyOJIsTh TeueHue auadera 1-ro 2-ro TUIIOB
(Bedi, Arora, 2007; Weinstein et al., 2010; Wong et al.,
2012; Ziegler et al., 2012; Paine et al., 2015).

HecMoTpst Ha akTMBHOE M3yYeHHUE POJIM CEPOTO-
HWHA B HAAIIOYCYHUKAX, HEKOTOPBIE aCIeKThl TOM
MpoOJIeMbI A0 CHX IOP OCTAIOTCS 3a IpeaelaMy UH-
TepPEeCOB YYEHBIX. DTO KacaeTcs B IIEPBYIO OYEepelb
aJIbTepHATUBHBIX MEXaHU3MOB JIEMCTBUSI CEPOTOHUHA,
HE CBsI3aHHBIX ¢ pelienTopaMu. B mmociemnue necstu-
JIETHSI ObLIO YCTAaHOBJIEHO, YTO CEPOTOHUH, IIONanas B
KJIeTKy ¢ nomoibsio SERT, MoxeT aeiicTBoBaTh Kak
BHYTPUKJIETOYHBI MECCEHIXKEP U y9aCTBOBATh B ITO-
CTTpaHC/SIIMOHHON Moaudukanuu 6enkoB (Walther
et al., 2003; Muma, Mi, 2015; Bader, 2019). Ilocpen-
cTBOM (bepMeHTa TpaHCIJIyTaMUHAa3hl 2 CEpOTOHUH
KOBAJICHTHO IIPUCOSINHSIETCS K INIyTAMIHOBBIM OCTaT-
KaM, YTO IPUBOAUT K CTPYKTYPHO-(YHKIIMOHAILHBIM
M3MEHEHMSIM B Oenkax. Hampumep, B 9HIOKPUHHBIX
KJIETKaX ITOMKETyOIOYHOM XKeJie3bl YCTaHOBJIEHO, UTO
cepoToHUIMpoBaHue Majbix I Td-a3 yyacTByer B pe-
TYJISIOUA 3K301IMTO3a U ceKpenuun uHcynuHa (Paul-
mann et al., 2009). C 60oblI0ii BepOSITHOCTHIO MOX-
HO MPEAIIOJIOXUTD, YTO MOAOOHBIN MEXaHU3M UMEET
MECTO U B KJIeTKaX HaOIIOYeYHMKOB. [Ipyras rurore3a
BBITEKA€T 13 CIOCOOHOCTH CEPOTOHMHA IIOBHIIIATH
MMPOHULIAEMOCTh MUKPOLIMPKYJIITOPHOTO pycjia B pa3-
JIMYIHBIX opraHax (Abbott, 2000; Walther et al., 2007; Li
et al., 2016), ocinaGasist aare3uo KJIETOK SHIOTEINS.
Peanuzaius atoro addekra Takke BKIOUYAET CEPO-
ToHunpoBanue Manbix ' TM-a3 u pochopunmpona-
HUe GelKoB KiieTouHoit agre3uu (Li et al., 2016). 13-
MEHEHME TPOHUILIAEMOCTH KaIUJIJISIPOB MOTEHIIU-
aJIbHO MOTJIO OBl BIMSTh Ha CEKPELMI0O TOPMOHOB
HaIITIOYEYHNKOB B KpoBb. MHBIMM citoBaMu, 3P dek-
TaMM CEPOTOHUJIMPOBAHUSI MOTYT SIBJISITBCS YCUJIE-
HIE 9K301IMTO3a U OcIabeHne OapbepHOU (DYHKIINU
DHIIOTEINS COCYA0B, HO BOIIPOC O TOM, CIIOCOOCTBYET
JIV 3Ta HOBAsl CUTHAJIbHASI MapaJurMa CepOTOHUHEP-
TMYCCKOMY KOHTPOJIIO CEKPELIMU KAaTeXOJIaMUHOB WJIA
IpyruM GyHKOIUSIM XpoMadPUHHBIX KIETOK, OCTAET-
CSI OTKPBITHIM.

Kak cBuaeTenbCTBYIOT TOCHE€AHUE WCCIea0Ba-
HUSI, CCPOTOHUH UTPaeT BaXXHYIO POJIb HE TOJBKO B
peryisiuuu GyHKUMNA 3pesiblX HaAMOYeYHUKOB, HO 1
B (hopMHPOBAHNM MEIYJUIBI B 3MOpuoreHese. Xpo-
MadPUHHBIE KITeTKU IUGOEPEeHIUPYIOTCI U3 dM-
OpUOHAJIbHBIX MYJBTUIIOTEHTHBIX KJIETOK HEHPOIK-
TOJEPMaJIbHOTO MPOUCXOXIEHUS (TaK Ha3blBaeMble
MNpeaecCTBEHHUKM IBAaHHOBCKUX KjeTok, ITIIK),
KOTOpbIE MUTPUPYIOT MO HEPBHBIM BOJIOKHAM K Me-
CTY OKOHYATEIbHON 3aKIaIK1 HAAMOUYeUYHUKOB (An-
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Puc. 2. InddepeHumpoBka xpoMadGUHHBIX KJIETOK HAIMIOYEYHUKOB B SMOpHOTeHe3¢ MBIIIIN, JaHHbIE aHAJIN3a TPAHCKPUII-
TOMOB OTJIEJIbHBIX KJIETOK Ha 13.5 meHb sMOproHaIbHOTO pa3BuTusl. (a) KieTouHbIil cocTaB (hhOpMUPYIOIIEHCS MELy UTbl Hal-
MOYeYHMKA MPEACTaBJIeH MPEeaIleCTBEHHUKAMU IIIBAHHOBCKUX KJIETOK, TPAaH3UTOPHON MoIysiuneil kietok (bridge cells) u
ob6pasyroimmumucs xpoMahbUHHBIMU KiieTKaMmu. Jluarpamma nokasblBaeT KjlacTepbl KJIETOK, BblIeJIeHHbIe MeToI0M t-Distrib-
uted Stochastic Neighbor Embedding (t-SNE). OTHOcHTelIbHOE pacCTOSTHUE MEXIY KJIacCTepaMM OTpakaeT pa3Indyus B HaTTep-
HaxX T€HOB, DKCIIPECCUPYEMBIX KJIeTKaMU Kiactepa. (0) Dkcrapeccusi pelernropa ceporonnHa Htr3a (BblmesieHO KOpUYHEBBIM
1IBETOM) OOHapyXeHa IJIaBHbIM 00pa3oM B TpaH3UTOPHBIX bridge cells. PucyHku BblnosHeHbI 10 MaTtepuaiaMm ctatbu Kame-

neva, Melnikova et al., 2022, ¢ U3BMEHEHUSIMHU.

derson et al., 1991; Huber et al., 2009; Furlan et al.,
2017). CoBpeMeHHbIE TPAaHCKPUINITOMHBIE TEXHOJIO-
TMU IO3BOJIMIM YCTAaHOBUTH, 4TO nepexon oT ITIIK k
xpoMadGUHHBIM KJIETKAM MPOUCXOIUT Yepe3 KO-
POTKOXUBYIIYIO MPOMEXYTOUHYIO MOIMYJISILIUIO TaK
Ha3biBaeMbIX “bridge cells” (puc. 2a) (Furlan et al.,
2017; Kastriti et al., 2019). KoMITOHEHTBI CEpOTOHMH-
epru4YeCKOii CUCTEMBI ITOSIBJISIOTCS HAa CAMBIX PAHHUX
aTarnax 1uddepeHIUPOoBKU XpoMadDUHHBIX KIETOK
(Kameneva, Melnikova et al., 2022). B popMupyromnmx-
cs1 HAATIOYEYHUKAX, B OTJIMYME OT 3pPEJIbIX, CEPOTOHUH-
YyBCTBUTEJIbHBIMU KJIETKAMU SIBJISIIOTCSI II€PEXOTHbBIE
“bridge cells”, B HuUXx oOHapyxeH peuentop Htr3a
(puc. 26). A CepOTOHMH-TIPOAYLIUPYIOIIMMHU SIBJISI-
[0TCs paHHUE XpoMadPUHHBIE KiIeTK. OHM c10co0-
HbI HaKarIuBaTh CEpPOTOHUH U BBIAEJISITD €r0. YKe Ha
14-i1 neHp >MOprOHAaNIBLHOIrO pa3BuTus (D14) y MBI-
et 1o 80% xpoMadPUHHBIX KJIETOK CoAepKaT ce-
poronuH (Kameneva, Melnikova et al., 2022). Ilo-
JIOOHO 3pebIM Haano4YeUYHUKaM, SMOpPHUOHAIbHbIC
xpoMaddUHHBIE KIETKU He 3KcIpeccupyrot Tnl, Ho
B Hux oOHapyxxeHa JIAA, 61arogapst 4eMy OHU MOTYT
CUHTE3MPOBaTh CEPOTOHUH U3 HEMOCPEACTBEHHOTO
npemmecrBeHHnKa SHTP. HMuHTEpecHO oTMETHUTH,
yto JIAA conmepxutcs u B “bridge cells”, To ecTb ux
TOXE MOXHO OTHOCHUTH K JIOKAJIbHBIM MCTOYHUKAM
ceporoHrMHa. Bo Bcex KileTkax 3MOpPHMOHAJIBLHOTO
HaJAMO4YeUYHMKA 3KCIIPECCUPYETCSI MOHOAMMHOKCH-
Jlaza, OTBETCTBEHHasl 3a Jerpamaluio CepOTOHMHA
(Kameneva, Melnikova et al., 2022). JIpyroit ocobeH-
HOCTBIO 3MOpPHOHAIBHBIX XpoMad@UHHBIX KIETOK
SIBJISIETCSI OTCYTCTBUE B HUX TpaHcrioptepa SERT,
BMECTO KOTOPOIO OHU 3KCIIPECCUPYIOT TPAHCIIOPTEP
OpraHMYecKux KaTMOHOB Slc29a4, KOTOpbIii aKTUBHO
3aKayMBaeT B KJieTKu MoHoaMuHbI (Kameneva, Mel-
nikova et al., 2022). B aM0OproHanbHbIX XxpoMadPUHHBIX
KJleTKaxX (hyHKIIMOHUPYIOT Be3UKY/ISIPHbIE TPAHCIIOpTE-
pel VMAT1 1 VMAT?2, oTBETCTBEHHBIC 3a BE3UKYJISIP-
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Hoe 3amacanue ceporoHnHa (Kameneva, Melnikova
et al., 2022). CinemoBaTeabHO, KJIETKA SMOPHUOHAIb-
HOIo HaJIoYyeuyHUKa 00J1agaloT HEOOXOAUMBbIM MO-
JIEKYJIIPHBIM MEXaHU3MOM JJIs1 TPAHCIIOpTa, CUHTE3a
u cekpeuuu ceporoHrnHa (Kameneva, Melnikova et al.,
2022).

T'enepaiusi xpomadOUHHBIX KJIETOK IMTPOUCXOIUT
B T€UEHME OTPAHUYEHHOTO BPEMEHHOIO0 OKHA B OM-
OpUOHAILHOM Pa3BUTUU. Y MBIl 3TOT MEPUOM COOT-
BeTCTBYyeT D 11— 14, y KpbIC Ha IEHb ITO3XKE, a Y YEJIOBe-
ka — 8—10 nen. (Kameneva et al., 2021; Kameneva, Mel-
nikova et al., 2022). 1 MeHHO B 3TOT ITeproI HACTYIIAeT
KJTIOUeBasi peryyisitropHasi ha3a, onocpeaoBaHHast Cepo-
TOHUHOM, BO BpPEeMSI KOTOPOI CEPOTOHUH JIMMUTHUPYET
KOJIMYECTBO 0Opasyroluxcsi XxpoMad@UHHbBIX KJIETOK
(puc. 3). TpansutopHast nomyJsuus “bridge-cells”
npomudepupyer M anddepeHInpyeTcss B XpO-
Ma(OUHHBIE KJIETKH, IO Mepe HAKOIUICHUS XpO-
MahGUHHBIX KJIETOK BO3pacTaeT yPOBEHb BbIAEsIe-
MOIO MU CEPOTOHMHA, KOTOPBIA aKTUBUPYET CBOM
peuenTop Htr3a Ha “bridge cells”, 3amemisist ux Kie-
TOYHBIM LIMKJI, U OCTaHaBIMBasl FeHEePaLMIO HOBBIX
xpoMadPUHHBIX KJIETOK, KaK OBI ITOChUIas CUTHAaJ
“mocrarouHo” mpeniecTBeHHUKaM (puc. 3) (Kame-
neva, Melnikova et al., 2022). Takum oGpa3om,
“bridge cells”, Oyny4n 4yBCTBUTEIBHBIMU K CEPOTO-
HUHY, SIBJISIIOTCS YacTbIO METIN OTpULlaTeIbHON 00-
paTHOI1 CBsI3U, YIIpaBJsIolIei pa3MepoM MOy INN
xpoMadGUHHBIX KJIETOK HAAMOYEUHUKOB, BbIAEISI-
IOIIUX cCeEpOTOHUH. MHTEpeCHO, UTO ONMCaHHbIN Me-
XaHU3M SIBJISIETCSI OIHOHANpPaBJIEHHBIM, CHUXEHUE
YPOBHSI CepOTOHUHA 1 (papMaKoorndyeckas 6jokana
peuenTtopa Htr3a y mionoB He IPUBOMASAT K Ype3Mep-
HOMY pocCTy uMcia xpomadGUHHBIX KJIeToK. Takum
00pa3oM, CEpOTOHMH-3aBUCUMBINA KOHTPOJb KOJIU-
yecTBa XpoMadPUHHBIX KJIETOK 3aIlIAIIACT OT N30BI-
TOYHOTO POCTa HAJIMOYEYHUKOB 1, BEPOSITHO, TOTEH-



8 MEJIbHMKOBA, BOHIAPEHKO

SHT v ° % SHT
® o
o
L P hd o
Kiretkn- Htr3a L . o\ XpomabhduHHBIC
NpeIIECTBEHHUKN ® KJIETKA
(bridge cells) >< ° *
® » Po 2
3amenieHue ®.o . .
KJIETOYHOTO ° ‘@
wcna @ |

Puc. 3. CepoTOHUH-0OMOCPENOBAaHHbBIM MeXaHU3M KOHTpPOJII oOpa3oBaHust XxpoMahGUHHBIX KJIETOK HAAMOYEYHUKOB B OM-
OpuoreHese. TpaH3uTOpHas IMOMMYJISIIUS KJIETOK-TIpeninecTBeHHUKOB (bridge cells) nuddepeHuupyercsi B xpoMaduHHBIE
KJIETKH, KOTOPbIE CITOCOOHBI BBIAENSITh cepOTOHUH. [1o Mepe HakorieHus XxpoMahGUHHBIX KJIETOK, YPOBEHb BBIACISIEMOTO
CEepOTOHMHA Bo3pacraeT, 1 yepe3 Htr3a peuentopsl kieTok nomyJsiiuu bridge cells orpaHnuuBaeT o6pa3oBaHre HOBBIX XPO-
MadGUHHBIX KJIETOK, 3aMeJIsisl KJIeTOUHBIN LMK bridge cells. YcnoBHbie 0603HaueHus: SHT — ceporonuH, Htr3a — peuenrtop

CEPOTOHUHA 3a Tumna.

[UaJIbHOTO Pa3BUTHUS TaKUX OITyXoJjeil, Kak Heil-
poOJIaCTOMBEI.

Takoit MexaHU3M KOHTPOJISI (hDOPMUPOBAHUST XPO-
MahGUHHBIX TKaHE MOXeT MMETh BaXKHbIE ITOBEICH-
YeCKMe, DKOJOTMYECKME W 3BOJIIOLIMOHHBIE ACTIEKTHI.
dakTU4eCKM, He TOJIBKO JIOKabHasI TTapaKpyuHHasl pe-
TYyJISIOMsS. B Pa3BUBAIOIIMXCS HAAIIOYEeYHUKAX, HO U
CUCTEMHBIII YPOBEHb CEPOTOHMHA Yy ILJIOJA MOXKET
BJIMSITh Ha OyAylLIUii pa3Mep MO3TOBOTO BelllecTBa.
JeiCcTBUTENHLHO, TOMUMO JIOKAJIBHBIX KJIETOK MEIyJI-
JIbI, OCHOBHBIM HMCTOYHMKOM CEPOTOHMHA y IIIoAa B
MEpUO aKTUBHOTO (POPMUPOBAHUS HAAIIOYEYHUKOB
SIBJISIETCS TUTAlIEHTA, YTO OTKPBIBAET ITOTEHIIUAI OIS
HETeHETUYECKOT0 KOHTPOJS Pa3BUTHUS CHUMIATOA-
peHaIoBOI1 cucTeMbl y ToToMcTBa (Bonin et al., 2011;
Kameneva, Melnikova et al., 2022). UHTepecHO OT-
METHUTh, UTO (paKTOpaMu, PEeTyIUPYIOLIMMHU ITOCTYII-
JIeHHWe CEepOTOHMHA M3 ITUIAleHThl K ILIOAY, MOTYT
OBITb CTpPECC, BOCIAJIEHHE U COCTOSIHHE 3HO0POBBSI
matepn (Goeden et al., 2016; Chen et al., 2020;
Kameneva, Melnikova et al., 2022). IToBbllIeHuE ce-
POTOHMHA B IUTALICHTE 1 OOLIeH MUPKY/ISLUMN IJI01a
NPUBOAUT K IOJITOCPOYHOMY HEOOPAaTUMOMY YMEHb-
LIEHUIO pa3Mepa Memy/lUlbl HaAITOYCYHUKOB U CHU-
KEHUIO CEKpELIM aipeHaIMHA B ITOCTHATAJILHOM IIe-
puoze, a TAakKKe B 3HAYMTEJILHOM CTEIIEHHU BIUSIET HA
noBeneHue moroMctBa (Kameneva, Melnikova et al.,
2022). D10 BhIpaxaeTcs B CHUKEHUU aTrpEeCCUBHOCTU
KMBOTHBIX U M3MEHEHUH IIPEAIIOUYTUTEILHOM CTpa-
TeTUU TIPEeOOJeHUSI TPYIHOCTE B TOJIb3y PEaKTUB-
Horo tuna noseneHus (Kameneva, Melnikova et al.,
2022). UanuBuayaibHble YPOBHU arpeCCUBHOTO MO~
BelCHUS IEMCTBUTEBHO CBSI3aHBI C TEM, KaK XKUBOT-
HBIE pearupyioT Ha IMMPOKMHN CIIEKTP SKOJIOrhde-
ckmnx npobiaeM. KpoMe Toro, MexaHm3M Iieperaym
nH(pOPMAIIMY OT MaTepu K MTOTOMCTBY ITOCPEICTBOM
CEepOTOHMHA MOXET OBITh Jaxe 0oJice OYECBUIHBIM B
JIVKOUN TMOMNYJISIUMU B YCIOBUSX KPUTUYECKOIO KO-

JIOTMYECKOTIO CTpecca. DTO MPENIOIOXKEHNE ITOTyIN -
JIO CBO€ MOATBEPXKASHUE B MOJEBBIX UCCIEIOBAHUSIX
MEJIKUX TPBI3yHOB, ¥ KOTOPBIX TUIOTHOCTh TTOIYJISILIUYU
NEePpUOANYECKU TOCTUTAST UCKIIOUNTENIbHBIX 3HaUe-
HUI 1 BBI3BIBAET COLIMAIBHEIN CTPECC Y OTIEIbHBIX
xuBoTHBIX (Liu et al., 2020; Kameneva, Melnikova
et al., 2022). Oro, HapsAny ¢ ApyruMU (paKkTOpamu, 3a-
CTaBJISIET YACTh IMONYJISIUMA MUTPUPOBATh U3 IIPHU-
BBIYHOI'O apeajla U OCBaMBaTh HOBBIC TEPPUTOPUM.
PazHuiia Mexmy >KMBOTHBIMM, BEIHYKI€HHBIMU M-
TpUpPOBaTh, U TEMU, KTO OCTAETCSI, MOXET OBITh CBSI-
3aHa ¢ IMMOBeAECHYECKUM KOHTPOJIEM arpeccuu, Ha KO-
TOPBIiA BIMSIET pa3Hblit pazMep XxpoMadUHHBIX Op-
raHoB. JIefiCTBUTEIBHO, Y MUTPUPYIOIINX KMBOTHBIX
pa3Mep MeoyJUIbl MEHBIIIE, YeM Y PE3UACHTHBIX. DTa
3aKOHOMEPHOCTH IOATBEPKIAET CBSI3b MEXIY CTpPeC-
COM y OepeMeHHBIX MaTepeii, KOHLIEHTpalueil cepo-
TOHMHA B IUIALICHTE U Y TUIOJIOB, U PE3YJIbTUPYIOIIUM
pa3sMepoM xpomadGUHHEIX OPraHOB y ITOTOMCTBA.
[Mo-BunumMomMy, MOJIEKYJISIDHBIE MEXaHW3MBbI, KOH-
TpoJMpyolme pa3Mep xpoMadOUHHBIX TKaHEe, BaK-
HbI HE TOJBKO JUISI €CTECTBEHHOI'O OTOOpa, HO U IS
HUCKyccTBeHHOro. Hampumep, paHee cooOI1laiocCh,
YTO OJOMAIIHMBAHMWE XUBOTHBIX COIIPOBOXIACTCS
CHMZKEHMEM pa3Mepa U IoaaBieHueM (hyHKIIMY HaJl-
MOYEYHUKOB, OTBETCTBEHHOM 3a peaKlIMy Ha CTpax U
crpecc. I'mnmodyHKIMs HAAITOUEeYHUKOB U CHUKEHIE
YPOBHSI TOPMOHOB CTpecca XOpoIlIo JOKYMEHTHUPOBa-
HBI Y OOOMAIITHEHHBIX BUAOB U OBLIM 3KCIIEPUMEH-
TaJbHO BBI3BaHBEI OTOOPOM Ha IIPUPYIAEMOCTh
(Wilkins et al., 2014).

Takum oOpa3zoM, JIOKabHasI CEpOTOHUHEPTUYE-
CKasl cUCTeMa B MeAy/ule HaAIIOYeUHUKOB UIpaeT
BaXKHYIO POJIb B IIpoliecce GOpMUPOBAHUST STUX OP-
raHOB Yy IIOJOB, a TAKXKe B TaK HA3bIBAEMOM ITpeHa-
TaJIbHOM MPOrpaMMUPOBAHUU TTOBEACHUYSCKUX MAT-
TEPHOB Y MOTOMCTBA B ITOCTHATAIbHOI SKU3HH.
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Puc. 4. JlokanbHast cepOTOHMHEPTrUYecKasl CUCTeMa B KOpe 3pejibiX HaIIOYeYHUKOB. YcIoBHbIe 0603HayeHus: SHT — ceporo-
HuH, Htr4/7 — peuenTopsl ceporonuna 4 unu 7 tunos, SERT — tpancnioprep cepotonnHa, ALl — anenunatuuknasa, PKA —
nporenHknHa3a A, MAO — moHoamuHoKcunasa, Gs — G-0elKu.

JJOKAJIbHAA CEPOTOHUHEPTMYECKASA
CUCTEMA B KOPE HAAITOYEYHHMKOB

MHoroYnciIeHHbIe TaHHBIE CBUACTEIBCTBYIOT O
TOM, 4YTO JIOKAJbHO TNPOAYLHUPYEMBINA CEPOTOHUH
OCYIIECTBJISIET PETYISIIUI0O CEKPEIIM CTEePOMITHBIX
TOPMOHOB B KOpe HaIIOYEYHUKOB Uepe3 TapakpuH-
Hble MeXxaHU3Mbl. OHaKO, OpraHu3alus JOKaJIbHOM
CEpOTOHMHEPTUYECKOM CHUCTEMBI B KOPE 3HAUYNTETb-
HO OTJIMYAETCs OT TAKOBOM B MEIYJIJIE, POJIM CEPOTO-
HUH-TIPOAYLUMPYIOIINX U CEPOTOHUH-YYBCTBUTEb-
HBIX KJIETOK paclipenelieHbl nHade (puc. 4). B xkope
HAAITOYEYHUKOB BBIPAOOTKA PAa3HBIX CTEPOUTHBIX
TOPMOHOB paznejieHa MOp(oJornyecku U (QyHKIINO-
HaJIGHO TI0 30HaM W peryympyeTcs He3aBUcHMO. OT-
TIEJTEHO CIIEMyeT OTMETUTh, UYTO B KOPE HAIITOUETHIKOB
y psiia BUAOB TPUCYTCTBYIOT HEOOJIBIIINE BKITIOUCHMS
MenyJUISIpHbIX xpoMadduHHbIX KieToK (Lefebvre
et al., 2001), KoTopbie HAXOASATCS B TECHOM KOHTAKTE
co crepoumoreHHbIMM KiaeTkamu (Bornstein, Eh-
rhart-Bornstein, 1992; Bornstein et al., 1994; Lefebvre
et al., 2001). OpraHu3zanusi KOpbl Y MJICKOIIUTAIOIINX
XapakTepusyeTcsl 3HAYUTEIbHBIMU MEXBUIOBBIMU
pasmmuusgmu (Vinson, 2016). [icToaornyecku B Kope
HAIITOYETHUKOB BBIICIISIOT TPY OCHOBHBIE KOHIIEH-

OHTOTEHE3 Ne 1

TOM 54 2023

TpUYECKHUE 30HBI — KIYOOUKOBYIO, (DaCIIUKYIISIPHYIO
u cetuatyio (Arnold, 1866; Vinson, 2016). HauGonee
BbIpak€HHbIE OTJIMYMUSI B CTPYKTYPHO-(DYHKIIMO-
HaJIbHOM OpraHU3aIlii KOPbl OTMEUEHBI MEXTY TTPH -
MaTaMHM M 9eJOBEKOM B CPaBHEHUM C OCTAILHBIMU
Bumamu muekonutamomux (Chen, Miller, 2013; Vin-
son, 2016). CknagpiBaeTcsl BeYaTIeHHUE, YTO Kopa
HAAITOYEYHUKOB TIOABEprajiach 3HAYUTEJIbHBIM W3-
MEHEHUSIM B MPOIIeCcCe SBOJIIOLINM, TTO-BUINMOMY, B
CBSI3U C €€ BaXXKHBIM 3HAYCHHUEM [IJIST aIallTallii U Op-
TraHM3allMU COITMATbHBIX B3aMMOOTHOIIICHUIA.

B xope HaanmoYeYHUKOB CEPOTOHMH MOXET Peryyu-
poBaTh CTEpOUIOTeHe3 KaK HaIpsIMylO, TaK U OIloCcpe-
noBaHHoO (Louiset et al., 2019). Haimmyue petienTopoB K
CEpOTOHMHY Ha SHIOKPMHHBIX KJIeTKaxX obecIieuynBa-
€T BO3MOXHOCTbH npssMoro aeiicteus (Lefebvre et al.,
1992; Contesse et al., 1996; Lenglet et al., 2002; Lou-
iset et al., 2019). B To ke BpemMsi CEpOTOHWH, BbIIEJISI-
€MbIi1 HEpBHBIMH BOJIOKHAMM VUTU TYIHBIMM KJTeTKa-
MU BOIM3M KpoBeHOCHBIX cocynoB (Hinson et al.,
1989), MoayaupyeT KpOoBOTOK, KOTOPBIii, B CBOIO OUe-
penb, BIAUSIET HAa CUHTE3 cTepounoB (Vinson et al.,
1985).
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PaccmarpuBaior MHOXECTBEHHBIE ICTOUHUKM CE-
pOTOHMHA B KOpe Haamo4eyHUKOB (puc. 4). Turbl
KJIETOK KOPbI, B KOTOPbIX HAXOIIT CEPOTOHUH, OTJIV-
JaloTcs y pa3Hbix BUaA0B Miekoruralomux (Lefebvre
et al., 1992, 1998). Hanpumep, y yeioBeka cepoTo-
HUH NPUCYTCTBYET UCKITIOUUTEJILHO B CyOKarCyJIsip-
HBIX TYYHBIX KJIETKaX HaAIIOYEYHUKOB, Y KPBIC B Tyd-
HBIX KJIETKAX 1 B XpoMa((PUHHBIX KJIIETKAX, a Y MbIIIEH
Takke B HepBHBIX BojokHax (Verhofstad, Jonsson,
1983; Hinson et al., 1989; Ferndndez-Vivero et al.,
1993; Bram et al., 2016; Louiset et al., 2019). CepoTto-
HUH MOXET KaK CUHTEe3UpOBaThCsI, TAK U 3aXBaThI-
BaThCs B KJIETKM, Oyaromapsi 3KCIIPECCUX TPaHCIIOP-
tepa SERT (Shanker et al., 2020). IlonHbIif KOM-
IUIEKT (hePMEHTOB CUHTE3a CEpOTOHUHA OOHApYXKEeH
WCKJIIOUUTEJIBHO B CYOKAaICyJISIDHBIX TYYHBIX KJIET-
KaX, KOTOpbIe CYMTAIOT 3HAYMMBIM MCTOYHUKOM Ce-
POTOHMHA HE TOJILKO IIJIsl KOpTeKca, HO U JJIsl XpO-
MadPUHHBIX KJIETOK Menyibl. CoOOCTBEHHO BHIIO-
KPUHHBIE KJI€TKM KOPBHl Y WM3yYeHHBIX BUIOB
miiekonuTamomux He coaepxar Tol (Chen, Miller,
2012; Garcia-Iglesias et al., 2013; Swami, Weber,
2018). MaTEepecHass 0COOEHHOCTb OOHApyXeHa y Ye-
JIoBeKa, rae akcrpeccust Tnl2 mosgBiaseTrcss B Kope
HaAIOYSYHUKOB IIPY ITaTOJOTMYECKMUX COCTOSHUSIX.
Hampumep, AByCTOpOHHSISI TUIIEPILIA3Us KOPHI IIpU
NEePBUYHOM IMUIMEHTHOM y3€JIKOBOI OOJIe3HU Hamd-
nmoueyHuKoB (Le Mestre et al., 2019) conmpoBoxkaaeT-
ca nmostBiieHneM T2, 9To mpuBOIMT K oOpa3oBa-
HUIO BHYTPUHAINOYEUYHUKOBOI CEPOTOHMHEpPIUYEC-
CKOA CTUMYJIUPYIOLIECHA II€TJIU, OTBETCTBEHHOU 3a
runepcekpennio koptusona (Bram et al., 2016;
Le Mestre et al., 2019). B 11e10M, B OTHOIIIEHUH ITATO-
JIOTUi HAAIIOUYEUYHUKOB YeJIOBeKa, COMPOBOXIAIO-
IIMXCST TUTIEPCEKPEIINei CTEpPONIOB, COOOMIATIOCH 00
YCUJIEHUU aKTUBAllUY CUTHAJILHOTO IMyTU CEPOTOHM -
Ha (Lacroix et al., 2010; Bram et al., 2016; Louiset
et al., 2019). DTo 1O3BOJISIET MPEANOIOXUTh, YTO JIO-
KaJIbHBII CEpOTOHMHEPTUYECKUIA KOHTPOJIb CeKpe-
LIUM CTEPOUJIOB MOXET UIPaTh BaxKHYIO POJIb KaK B
HOpMe, TaK 1 B ITaTOreHe3e MepBUYHBIX 3a00JIeBaHU
HaJIOYEeYHHUKOB.

Y HEKOTOpBIX BHAOB MJIEKOIMTAIOIINX KJIETKU
KOpTeKca 3KCIIPECCUPYIOT BTOPOl (pepMEHT CUHTE3a
cepoToHnHA — JIAA, 4TO TTO3BO/ISIET CUHTE3UPOBATh
ero u3 SHTP, nmpucyrcTByIomero B 6MOJI0THYECKIX
xugkoctsax (Kent, Coupland, 1984; Baker et al.,
1991). ITocKoJIbKY 3HAOTEIMNI COCYIOB TAKXKE MOXKET
askcrapeccupoBatb JAA (Rouzaud-Laborde et al.,
2012), Heab3sl UCKIIoYaTh BO3MOXHOCTh MOCTYTLIe-
HUSI CEPOTOHMHA U3 KJIETOK SHAOTEIUS C y4eTOM 00-
raToro KpOBOCHAOXEHHUS TKAaHW HaIIIOYeYHUKOB.
JaHHOE TIpennojioXeHne TpeOyeT SKCIepuMeHTaIb-
HBIX oATBepxKaeHUi. CepOTOHUH TaKXKe MOXKET BbI-
JIEJISITBCSL JIOKAJIbHO M3 HEPBHBIX TEPpMUHAJEH, UH-
HepBUpYyoOIIUX HannmodyedHuk (Brindley et al., 2017).
CymiecTByeT MHEHHE, YTO OCTPOBKHU XpoMadduH-
HBIX KJIETOK B KOP€ MOTYT CIYKUTh JOIOJHUTEIb-

HBIM HMCTOYHMKOM CEPOTOHMHAa Gjaromaps IIPUCYT-
ctBuio B HuX SERT (Shanker et al., 2020).

B oTimuue ot Memaysuibl, SHIOKPUHHBIE KJIETKU B
KOp€ B HOpMeE 3KCIPECCUPYIOT TPAHCIIOPTEP CEPOTO-
anHa SERT Ha xpaitHe Hn3KoM ypoBHe (Shanker et al.,
2020). ITpu 3TOM XpOHUYECKUN MMMOOUIN3ALIMOH-
HbIi CTpecC 3HAUYUTETBHO CTUMYJIUPYET IKCIPECCUIO
SERT B kope HagnoyeuHuKoB (Shanker et al., 2020).
OnHako, 3ToT 3¢@dEeKT orpaHuyYeH, IO-BUINMOMY,
OCTpOBKaMU XxpoMadPUHHBIX KIETOK, JieXallluMHU B
kope (Shanker et al., 2020).

Axcnpeccuio SERT B cyOKancynsipHBIX TYYHBIX
KJIeTKaX KOpbl HAAMOYEYHUKOB HE U3y4yalu, OMHAKO
MMEIOTCSI OCHOBAHMUSI MpEarosaratb Takyld BO3MOX-
HOCTb. Ty4HbIE KJIETKU COEAUHUTETbHOTKAHHOTO TUTIA
criocoOHbl 3kcnpeccupoBaTh SERT, B oTinuue ot
TYYHBIX KJIETOK MyKoO3aJibHoro tuima (Saito et al.,
2002). ITockoabKy Ty4yHbI€ KJIETKHA KOPbI HAAOYEU-
HUKOB YYBCTBUTEJIbHbI K aKTUBAllMM BElIECTBOM
48/80 (Hinson et al., 1989), uTo sBsieTCs1 XapaKTepu-
CTUKOM TYYHBIX KJIETOK COEIMHUTEIbHOTKAHHOTO
tuma (Metcalfe et al., 1997), MOXHO MPEANOIOXHUTb,
4yTO OHM MOTryT 3KcrpeccupoBarb SERT. B skcTpak-
TaxX KOpbl HAMIOYEYHUKOB Pa3HbIX BUIOB XXMBOTHBIX
00OHApY>KMBAIOT 3HAUUTEJILHOE KOJIMYECTBO OCHOBHOTO
KaTaboJIUTa CEPOTOHUHA — TMAPOKCUMHIOIYKCYCHOM
kucnotel (Lefebvre et al., 1992, 2001), a Takke dep-
MEHT KaTaboJI13Ma CepOTOHMHA MOHOAMUHOKCHUIA3y
tunoB A u B (Rodriguez et al., 2000; Lefebvre et al.,
2001).

ITaTTepH sKcnpeccuu peLenTopoB K CEPOTOHUHY
B KOp€ HaAMNOYEeYHUKOB TaKXe OTJIMYAeTCsl BbIpa-
JKEHHOM BUIocreunudruuHocThio. B yacTHocTH, y ye-
JIOBEKa CTePOMIOTCHHBIN 3(p(HEKT CEpOTOHMHA OO~
cpenoBaH pelenTopamu Htr4, Torma Kak y KpbiCc B
aJIbIOCTEPOHOBOM OTBETE Ha CEPOTOHMH yYacTBYIOT
peuenropsl Htr7 (Lefebvre et al., 1992; Contesse
et al., 1996; Lenglet et al., 2002; Louiset et al., 2019).
V Mblllleid TUIIBI PEelenTOPOB CEPOTOHMHA B KOpe
HaAAIMOYEYHUKOB TO0Ka HE WACHTU(MUIIMPOBAHBI
(Louiset et al., 2019). ¥ Bcex u3ydyeHHbIX BUAOB 00a
peuenTtopa Htrd 1 Htr7 B HagImoyeYHMKaX CBSI3aHBI C
aJeHuIaTuUMKIa3aMu 1 TAMP-3aBUCUMBIMU IIPOTE-
nHkuHazamu (PKA) (puc. 4). AxTtuBamusi o60MX
9TUX CUTHAJIbHBIX IIyTell obecrneynBaeT IPUTOK
KaJIblIMs1 Yepe3 KallblIMEBbIE KaHaIbl T-TUNa U Npu-
BOIUT K CTUMYJISILIMU cTepouaoreHesa (Lenglet et al.,
2002; Louiset et al., 2017) (puc. 4). Y yenoBeka pacrpe-
nenenue perenropa Htr4, Kotoperii B M300MIMM IIpH-
CYTCTBYET B KJIIyDOUKOBOI 30HE 1 €1ab0 BKCIPecCcupy-
eTcsl B (pacLIMKYJISIPDHOM U ceTyaToil 30HaX, OObSICHSIET
Oosiee BBICOKYIO 3(M(EKTUBHOCTb CEPOTOHWHA IS
CTUMYJISIUMU  BBIPAaOOTKM MUHEPaTOKOPTUKOUIIOB,
YeM IIIOKOKOPTUKOMIOB 1 aHaporeHoB (Louiset et al.,
2019). N30bITOK BBIACIEHHOTO CEPOTOHMHA MOXKET
MeTabonusupoBaTbes MAO A, TPUCYTCTBYIOILIMM B
LIMTOIUIa3Me BHYTPUKOPKOBBIX XpoMaddUHHBIX Kie-
TokK (Lefebvre et al., 2001) (puc. 4).
OHTOTEHE3 Ne 1
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YuacTue cepoTOHMHA B JIOKAJIbHOM MapaKpUHHOIM
PEryJISILIMU CeKpeLM MUHEPAJTOKOPTUKOUIOB U TJIIO-
KOKOPTUKOMIIOB KJIETKAMU KOPBI HAAITOYEUHHUKOB 10~
JIOBO3PENBIX MJIEKOIMUTAIOIINX TTOATBEPXKICHO MHOTO-
YUCJICHHBIMUA UCCIIEAOBAHUSIMU. Y 4YeJIOBeKa Ty4YHbIC
KJIETKI, HAXOISICh B TECHOM KOHTAKTE C aJIbIOCTEPOH-
MPOIYIUPYIOLIIMMU KJIETKAMH, MOIYIMPYIOT X pabo-
TY ITOCPEACTBOM BO3IEHCTBUSI CEPOTOHUHA Ha CEKpe-
muio anpmoctepoHa (Lefebvre et al., 2001; Louiset
et al., 2019). TakuM oOpa3oM, y 4eoBeKa mapaKpuHHasI
perysiLivst aKTUBHOCTU KJIETOK KOPbI HAIMOYEYHUKOB
C TIOMOIIIBIO CEPOTOHMHA BKJIIOYAET B3aMMOICUCTBUE
MEXIy TPEMSI TUTIAMM KJIETOK: TYIHBIC KJIETKH (MCTOY-
HUK CEpOTOHMHA), SHIOKPUHHBIE KJIETKU KOPHI (Cepo-
TOHUH-YYBCTBUTEIbHBIE) YW BHYTPUKOPKOBBIE XPO-
MadGUHHBIE KIETKI (OTBETCTBEHHBIE 32 KaTaOOIM3M
BolIesieHHoro cepotoHuHa) (Lefebvre et al., 2001)
(puc. 4). B cBoio o4yepenb, eCTh OCHOBAHUS IPEIIIO-
JlaraTh CyIIECTBOBAaHUE OTPUIIATENILHOI 0OpaTHOIA
CBSI3U B PETYJISIIUM BBIIEISHUSI CEPOTOHUHA TYYHBI-
mu kietkamu (Carvalho et al., 2006; Louiset et al.,
2019), Tem He MeHee, 3Ty TUIIOTE3Yy eIle MPEACTOUT
nmpoBepuTh. CEPOTOHMH MOXET TaKKe OKa3bIBaTb
BJIIMSIHME Ha CEKPELMIO CTEPOUIOB SHIOKPUHHBIMU
KJIeTKaMM HAaJAINOYEeYHUKOB OITOCPEIOBAHHO 4Yepes
MOIYJISIHUAIO CEKPELIMU UTOKUHOB, HAIIpUMEp, WH-
TepJieiiknuHa 6, pakTopa HEKPO3a OITyXOJIM, UHTEP-
snefikuHa 1 (Natarajan et al., 1989; Tominaga et al.,
1991; Ritchie et al., 1996; Lefevbre et al., 1998).

B xoHTpoIIe ceKkpeliny MIIOKOKOPTUKOUIOB Y Ue-
JIOBEKa y4acTBYIOT pelienTophl cepoTroHuHa Htr4, ay
xkuBoTHBIX — Htr7 (Lefebvre et al., 1992; Contesse et al.,
1996; Lenglet et al., 2002; Louiset et al., 2019). ¥V ye-
JIOBEKA CEPOTOHUH CTUMYJIMPYET BEIpAOOTKY KOPTHU-
30jla B HAAITOYEYHUKAX 4Yepe3 BHYTPUKIIETOUHBIE
CUTHAJIbHbIE MYTH, TaKKe cBsI3aHHBIe ¢ TAM®/PKA
(Lefebvre et al., 1992, 2001; Contesse et al., 2000), u
3TO AEUCTBUE MOXET YCUIUBAThCS MPU HEKOTOPBIX
MaTOJOTUSX HAAMOYEYHUKOB, COIIPOBOXIAIOIINXCS
runiepkopTusoausmom (Lefebvre et al., 2015). AHa-
JIOTUYHBIE TaHHBIE TIPEACTABICHBI U i1 IPYTUX BU-
noB muekormraomux (Haning, Tait, 1970; Barbieri
et al., 1984). Takum oOGpa3om, yepes BIMSIHUE Ha CeK-
pELMIO DIIOKOKOPTUKOMIOB CEPOTOHUH MOXET Ha-
MPSIMYIO YYaCTBOBATh B PETY/ISIIMU peaklnii opra-
HM3Ma Ha CTPEeCcC, a TaKKe B TOW MJIM WHOW Mepe
OIpPEeAEsATh €r0 MOCIEACTBYS, B TOM YKCJIE U TS Ca-
MUX HAAIOYEeYHUKOB. M3BECTHO, YTO XPOHUUYECKUIA
MMMOOMIN3ALMOHHBINA CTpecC Yy KPbIC 3HAYUTEIHLHO
MOBBIIIAET DKCIIPECCUIO PELIEITOPOB CEPOTOHUHA B
dacUuKyISIpHOM 30HEe HANITOYEYHUKOB, OTBETCTBEH-
HOM 3a cuHTe3 ImokokoptukounoB (Garcia-Iglesias
et al., 2013). Bce BblllIenepeyrcIeHHOE MOXET UMETh
3HAYEHME JJIST aJalTalliy OPTaHN3MA K MEHSIIOIIM -
Csl YCJIOBUSIM OKPY>KAlOIIei Cpeabl.

MMeHHO B peryisiiiui OTBETa Ha CTPECC BAXKHYIO
pOJIb UIPaeT B3aUMOJECTBUE MEXIY KOPO U Me-
IYIUION HAAIIOYEYHUKOB, M CEPOTOHUH SIBISCTCS
Y4aCTHMKOM BTOro Iipoliecca. Hampumep, xpo-
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MahOUHHBIE KJIETKN MEIY/UIbI, KAK U TYYHbIC KJIET-
ku kophl (Carvalho et al., 2006), 5KcIpeccUupyoT pe-
LIETITOP aHTMOTEH3UHA, YPOBEHDL DKCIIPECCUN KOTO-
poro yBenmumBaetcsa npu crpecce (Armando et al.,
2003). CnenmoBaTellIbHO, PEHUH-aHTMOTCH3WH-AJIb-
JIOCTEpOHOBasl CHUCTEMa BaxXHa I KOOPIWHALIUU
paboThl 060MX OTIEIOB HAAIIOYEYHUKOB.

B3anMoCBsI3b KOPBI 1 MEIYJUIBI IIPOCIEKNBAECTCS
HE TOJIBKO B MOAAePXKaHUN TOMEOCTa3a U peryIsaiun
peakliMM Ha CTpecc BO B3pOCJIOM OpraHu3Me, HO U B
pa3BUTUM HaAIIOYeYHUKOB. Hampumep, IIIOKOKOPTH-
KOMIHBIE TOPMOHBI, CEKPETUPYEMbIE KOPOIA HAIIIOUey -
HHKOB, CIIOCOOCTBYIOT TU(PdEepeHIIUPOBKE CUMITATO-
aJlpeHaJIOBBIX IIPEAIIECTBEHHUKOB B xpoMadduH-
HbI€ KJIETKH MEAYJLIbl B SMOpHOreHe3¢e, B YaCTHOCTH,
WHIYLMPYIOT 9KCITpeccUo heHWITaHoIaMH N-Me-
TriTpaHcdepasbl (pepMeHTa CHMHTE3a adpeHaIHA)
(Anderson, 1993; Finotto et al., 1999). HecMoTps Ha To,
YTO KOpa M Mely/ula HaAIlOYeYHUKOB pa3BUBAIOTCS 1
(GYHKIMOHUPYIOT B TECHOM B3aUMOIEHCTBUM, IIO
MIPOMCXOXICHUIO OHU HE SIBJISIIOTCS POACTBEHHBIMMU.
Hauwunas ¢ 1930x ronos (Zwemer et al., 1938; Vinson,
2016) mocTerneHHO HAKATUIMBAJIUCh CBEIEHMSI, Ha OC-
HOBaHMU KOTOPBIX CKJIQABIBAJIOCh COBPEMEHHOE
MpeACTaBJIEeHME O Pa3BUTUM KOPbI HAIIIOYEYHUKOB.
Y MieKonMTaonX OHa BO3HUKAET U3 afpeHOTOHA-
JTaJIBHOTO 3apObIIiIa, IIPOUCXOISIIETO U3 HeJIOMUYe-
CKOI'O 3IUTENIMSA U HUXKEJIEXAIlEe MPOMEXYTOYHOMN
(Me3oHedpUUecKoil) Me30aepMbl B TeueHue 4—6-ii
Helean 0epeMeHHOCTH Yy YesoBeka u Ha D10 y MBI-
et (Ikeda et al., 1994; Hatano et al., 1996; Yates et al.,
2013). 3aremM ampeHOTrOHANAJIBHBIN 3apONbIII ACTUTCS
Ha 3a4aTKu HaamnmodeyHuKoB u roHanm (Goto et al.,
2006; Yates et al., 2013), ¥ MUTPHPYET K MECTY OKOH-
yaTeJIbHOM 3aKyiagku opraHoB. K 9-if Henese 6epe-
MEHHOCTH y 4YeJioBeKa (D13 y MbIlIM) BHYTph 3a4aT-
Ka HaJIIOYEYHMKOB IPOHUKAIOT MpeallIeCTBEHHUKH
xpoMadGUHHBIX KIJIETOK, 00pa3ys LeHTpaJlbHBII
MO3TrOBOI1 clIoii. BMecTe ¢ 3TuM IMpOMCXOOUT aKTUB-
Hasl BaCKyJIisipu3alius 3a4aTKa opraHa, ero 30HupoBa-
HUe ¥ nHKamncysus (Xing et al., 2015; Vinson, 2016;
Finko et al., 2019). C aToro MoMeHTa 1 IO POXICHMS
>KeJie3a yBeJIMYMBaeTCs B pasMepax MprUMEpHO B 8—
10 pa3 (Yates et al., 2013), a TpeThsI KOpTUKAJIbHAS 30-
Ha y 4eJloBeKa CTaHOBHUTCS O(OpPMIICHHOU K 14-THm
HenensiMm O6epemenHoct (Goto et al., 2006; Yates
et al., 2013).

TyyHbIe KJIETKHA B CyOKarcCy/JIsipHOIA 00JacTH Ha-
MOYEYHUKOB IUIOAA YeJIOBEKA ITOSIBIISIIOTCS] B BO3pacTe
16—18-tu Hemenb (Naccache et al., 2016). YBenuueHue
IUTOTHOCTY TYYHBIX KJIETOK HAANIOYEYHUKOB Mpealle-
CTBYeT SKCIPECCUM aJIbIOCTEPOHCUHTA3hl ILIOAA
(Naccache et al., 2016). D10 TTO3BOJISIET IPEAIIOIOXUTD,
YTO Ty4YHbIC KJIETKU MOTYT UTPaTh 3HAYUTEJIbHYIO POJIb
B IuddepeHIIUPOBKE SHIOKPUHHBIX KJIETOK KOPBI Y
ronoB. Havaio cekpenyn MUHEpaJIOKOPTUKOUIOB U
IIIOKOKOPTUKOUIOB B SMOPUOreHe3e BCe ellle OCTaeTCsI
npeameToMm auckyccuii (Goto et al., 2006; Naccache
et al., 2016), TeM He MeHee TTIOHSITHO, YTO K 3TOMY MO-
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MEHTY B pa3BUBAIOIIIEiiCsI KOpe YxKe IPUCYTCTBYIOT Ty4-
Hble KJIETKM U CUTHAJIbHBIM MyTh CEpOTOHUHA, YTO
CBUJIETEJILCTBYET O IMPOCTPAHCTBEHHO-BPEMEHHOI
KOPPEJISILINU C 9KCIIPECCUe CTepOUIOTeHHBIX (ep-
MEHTOB.

o HacTosl111ero BpeMeHU pojib CEPOTOHUHA B pe-
TYJISILMU Pa3BUTHS KOPbI HAMIOYEYHUKOB HeTloCpe/l -
CTBEHHO He m3ydyaiau. OJHaKO CyILIECTBYIOT MHOTO-
YHCJIEHHbIE CBUAETEIbCTBA, KOCBEHHO MOATBEPXKIa-
I0lIMe BaXXHOCTb CEPOTOHMHA B 3TOM Mpoliecce,
HampuMep, UccaeqoBaHUs XKMBOTHBIX C HOKayTaMU
pa3MyHbIX KOMIIOHEHTOB CEPOTOHUHEPTUYECKOM
CHUCTEMbI TOBOPSIT O 3HAUMMOCTU TpaHcropTepa SERT.
CopepXaHue CEpOTOHMHA B HAAINOYEUYHUKAX PE3KO
CHIXXEHO Yy MBIIe mian Kpbic ¢ nepunmutoMm SERT
(Linder et al., 2009; Brindley et al., 2016; Louiset
etal., 2019). Mplliu ¢ TMomaBieHUEM 3KCHPECCUU
TpaHcrioptepa cepotoHnHa (SERT+/—u SERT—/—)
0ojiee UYYBCTBUTENbHBI K CTpecCy, 4YeM MBbIIIU
SERT+/+, 1 y HUX 3HAaUYUTEIbHO CHIKEHA KCIIpeC-
cusl reHa peuernropa nmokokoptukounaoB (GR), B
TOM 4YHCJIe U B KOpe HaamnoyeyHuKoB (Adamec et al.,
2006; Li, 2006; Jiang et al., 2009). CpaBHeHMeE MbIIIIE C
HokaytamMu SERT u Tl mo3Bossier 3aKIi09MTh, 4TO
U30BITOK CEPOTOHUHA MOXET ObITh 00Jiee KpUTUUCH
B Pa3BUTUU KOPbI, YEM HETOCTATOK. DTa 3aKOHOMEP-
HOCTb TIPOCJIEXMBAETCSI HE TOJIBKO B OTHOIIEHWUM
HaAIMOYEUHUKOB, HO TakxKe U ApYyrux opraHoB (Nor-
dquist, Oreland, 2010; St-Pierre et al., 2016; Kamene-
va, Melnikova et al., 2022). Hanpumep, y MbIlIeii
SERT—/— MNOBBbIIIEHHBII1 YPOBEHb BHEKJIETOUHOIO
CepOTOHUHA MPUBOAUT K PSIAY CTPYKTYPHBIX aHOMa-
st moara (Kalueffet al., 2010), B To Bpems Kak y HO-
KayTHbIX mo Trl2 cTpyKTypa Mo3ra He HapylleHa
(Gutknecht et al., 2012). KoHnenryajibHO aHAJIOTW4-
Hble pe3yJbTaThl OKA3bIBAET NIPMMEHEHUE CEJIEKTHB-
HbIX UHTHOUTOPOB SERT B aSMOpHMOHAJIBHOM Pa3BUTHUU
Mmbiieit (Noorlander et al., 2008; St-Pierre et al., 2016).

Kpome Toro, kak ymoMrHanoCh BHIIIIE, BpEMEHHOE
MOBBIILICHWE YPOBHSI CEPOTOHMHA Y IIJIONOB B MEPUOL,
¢dopMUpOBaHMS HAOIIOYECYHUKOB IIPUBOIUT K JOJITO-
CPOYHBIM M3MEHEHMSIM B IOBEICHUM IIOTOMCTBA, B
MepByIO odyepenb B peaklnsax Ha crpecc (Kameneva,
Melnikova et al., 2022). BecbMma BEepOsSITHO, UYTO 3TU
M3MEHEHMST O0YCIOBICHBI OTKJIOHEHUSIMU B Pa3BUTHUU
HE TOJIBKO MEIYJUTbl HAAIIOYeYHUKOB, HO M KOPTEKca, B
CWJIy TECHOM B3aIMOCBSI31 3TUX KOMITAPTMEHTOB B pe-
TYJISIIANY OTBeTa Ha cTpecc. [ToaTomy neTanbHOeE U3yde-
HUE POJIM CEPOTOHMHA B Pa3BUTHUM KOPbI HAATIOYEYH -
KOB TIPENCTABIISIETCSI 1IeJIeCOO0pa3HbIM U TTePCHeK-
TUBHBIM.

3AKJIIOYEHHME

Takum 0Opa3oM, aHAJIU3 CYLIECTBYIOIINX JaHHBIX
MMO3BOJISET 3aKJIIOYNTh, YTO B KOPE U MeIyJlJIe HaIIo-
YEUHUKOB IPUCYTCTBYET U (PYHKIIMOHUPYET JIOKAJIb-
Hasl CEpOTOHMHEPIUYECKasl CUCTEMa, KOTopast UrpaeT
BaXKHYIO POJIb B PETYJISILIMM CEKPEIIM TOPMOHOB MO~

CPElICTBOM ayTOKPHMHHO-TIApaKPMHHBIX MEXaHW3MOB.
JlokanbHast cepoTOHUHEpTrUYecKas cucreMa Haarmo-
YEYHUKOB MOXET MIpaTh TakXKe WHTErPUPYIOLIYIO
POJIb B OTHOLIEHUU (DYHKIIMOHUPOBAHUS KOPBI U M€-
STl KaK 1IeJIOCTHOIO OpraHa, OTBETCTBEHHOTO 3a
KOMIIJIEKCHYIO (DM3UOJIOTUYECKYIO peakliMio opra-
HU3Ma Ha cTpecc. MccnenoBaHus MOCaAeIHUX JIET Mo~
Kazajiu, 4TO JIOKaJIbHOE 3HAaY€HUE CEPOTOHMHA He
OrpaHWYMBAETCS €ro PEryJIsTOPHBIM BIUSHUEM B
3peJibIX HAJNOYEUHUKAX, a PACIpPOCTPAHSIETCS TaKxKe
Ha KOHTPOJIb (POPMUPOBAHMS 3TOTO OpPraHa B SMOPHO-
reHese. M xoTd nocnenHee 1oKka3aHO B OTHOILIEHUU Me-
JIyJUTBI, CYILLIECTBYIOT BECKME OCHOBAHUSI TIPEATIOIaraTh,
YTO PEryJIsITOPHAsi POJib CEPOTOHUHA PACTTPOCTPAHSET-
cs TaKKe U Ha pa3BuUTUe KopTtekca. OTaenbHO cieayer
MOAYEPKHYTh, YTO HaJIWYUE CEPOTOHWH-UYYBCTBU-
TEJIbHBIX KJIETOK JIeJIaeéT OpraH BOCHPHUUMYMUBBIM K
KOJI€0aHUSIM YPOBHS LIMPKYIUPYIOIIETO B KPOBU Ce-
POTOHWHA, YTO 00ECIeYnBaeT BO3MOXHOCTb CUCTEM -
HOM ryMopajbHOM KOOpAWHALIMU pabOTHI OpraHoB. B
TaKOM acCIIeKTe CTAaHOBUTCS MOHSITHA Ba’XHOCTb JIO-
KaJIbHBIX CEPOTOHUHEPTUYECKUX CUCTEM IS MEI-
1IMHBI. 13BECTHO, YTO KOHIIEHTpALIMSI CEPOTOHMHA B
TUIa3Me€ KPOBU MOXET 3HAYUTEJIbHO MOBBIIIATHCS,
HamnpuMep, IpU CEPAEUYHO-COCYIUCTHIX 3a00JI€BaH1-
X (TUNepToOHUSI, TPOMOO3, UIlleMUdecKasi 0OJIe3Hb
cepaua, MHGapKT MUOKap/a), a TakKKe MPU CETICHUCE
(Vikenes et al., 1999; Brindley et al., 2016). IIpumeua-
TEJIbHO, YTO YPOBEHb BHEKJIETOYHOIO CEPOTOHWHA
BO3pACTaeT TakKKe TP UCIOb30BAaHWU aHTUICIIPEC-
CAHTOB W3 TPYMITHI 0JIOKATOPOB TPAHCIIOPTEPA CEPOTO-
HUHa, KOTOpbIE BCE IIMpPE MPUMEHSIIOTCSI B MUPOBOIA
npakTvke. BaxkxHast posb HAAIIOYEYHUKOB B MOIAEpKa-
HUM TOMEOCTa3a yKa3blBaeT HAa HEOOXOAUMOCTh YU -
TBIBaTh (PU3UOJOTUYECKOE B3aUMOAECUCTBUE MEXY
LIMPKYJIUPYIOLINM CEpOTOHUHOM U (byHKLIME HAIO-
YEYHUKOB B TaToreHe3e psiia 3abosieBaHuil. Ocobo
cJienyeT OTMETUTh BaXKHOCTb CEPOTOHHWHA B TpeHa-
TaJIbHOM Pa3BUTUU, [J€ OH BBICTYMNaeT KakK CBSI3YIO-
i paKTop MEXKIY OKpYKalolleit cpenoit 1 hopMu-
pYIOLIMMCSI OPTraHW3MOM, U MOXET pPEeryaupoBaThb
MPOLIECChl pa3BUTHS B KOHTEKCTE U3MEHEHUI OKpY-
JKarollel cpebl. DTO OTKpbIBaeT OOJIbIION MTOTEHITUAT
ISl HETEHETUUEeCKOTO KOHTPOJISI pa3BUTHUS KaK Hal-
MOYEYHUKOB, TaK U IPYTUX NneprudeprudecKnx opra-
HOB, B KOTOPbIX MPUCYTCTBYIOT JIOKAJIbHbIE CEPOTO-
HUHepruyeckue cuctembl. UHbIMM clioBaMu, (hyHK-
1IMSI CEPOTOHMHA Ha BCEX ATarax WHAWBUIYAIbLHOTO
pa3BUTHSI MHOTO IIIMpPE, YEM Mbl MOIJIM ceOe Mmpe-
CTaBUTb COBCEM HEIABHO.

BJIIATOOJAPHOCTHA

PucyHKk1 K 0630py TTOATOTOBIIEHBI C MCTIOJIB30BaHUEM
uHtepHeT-pecypca BioRender (https://biorender.com/).

OHTOIEHE3 TtomM 54 Nel 2023



CEPOTOHUH 1N HAAITOYEYHUKU 13

OPMHAHCUPOBAHUE PABOThHI

PaGora BEIOTHEHa B paMKax paszneiia [ocymapcTBeH-
Horo 3amanusg UBP PAH Ne I'3 0088-2021-0020 2022 r.
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Serotonin and Adrenals: Regulation of Functions, Regulation of Development
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Koltzov Institute of Developmental Biology of the Russian Academy of Sciences, ul. Vavilova 26, Moscow, 119334 Russia

*e-mail: v_melnikova@mail.ru

Serotonin is not only a neurotransmitter, but also an important humoral regulator of various physiological
processes outside the central nervous system. In the last decade, the concept of local serotonergic systems in
peripheral organs, where serotonin realizes its effects via autocrine/paracrine mechanisms, has been devel-
oping. Such local systems have already been described in the pancreas, thymus, mammary gland, and bone
marrow. We consider that a similar local serotonergic system is also characteristic of the adrenal glands. These
paired organs are a key component of the mammalian endocrine system, providing a complex physiological
response to stress. The adrenal glands consist of two parts distinct in origin and function — the cortex and me-
dulla, while serotonin plays an important role in regulation of hormone secretion in both of these structures.
This review is aimed to analyze the structure of the local serotonergic system in the adrenal gland, as well as
its role both in the regulation of adrenal functions in adult animals and in the formation of adrenals in em-
bryogenesis. Analysis of the available data suggests that local serotonergic systems makes an organ susceptible
to fluctuations in the level of serotonin circulating in the blood at all stages of ontogenesis. Thus, local sensi-
tivity to serotonin provides the possibility of systemic humoral coordination of the development and func-
tioning of the adrenal glands and other peripheral organs. From this perspective, the importance of local se-
rotoninergic systems for developmental biology and medicine gains insight.

Keywords: adrenals, serotonin, local serotonergic system, medulla, cortex, ontogenesis, catecholamines, ste-

roid hormones, stress, sympathoadrenal system
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