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CepOTOHVH SIBJISIETCS PETYISITOPOM paHHETO SMOPUOHATBHOTO PAa3BUTHSI M MMEET MOJHOIIEHHYI0 (DYHK-
LIMOHAJIbHYIO CUCTEMY B JTOMMILIAHTALIMOHHBIX 3MOpMOHax miekonuTamplnux. B maHHoit pabore ObLIO
MPOBEAICHO OMUCaHUE MPOCTPAHCTBEHHOTO BHYTPUKIIETOUHOTO paCIIpeNeeHUsI CEPOTOHMHA, BE3UKYJISIP-
HOTo TpaHcnoprepa MoHoaMUHOB VMAT?2 u peuentopoB cepotoHuHa 5-HTp u 5-HT,, Ha pa3HbIx cTa-
IUSIX pAHHETO SMOPUOHAIBHOIO pa3BUTHS MbILLIU. CepOTOHUH, TpaHcnoptep VMAT?2 u peuentop 5-HT | p
BU3YAJIU3UPYIOTCS B KOPTUKAJIbHOM KOMITApTMEHTE KJIETOK, Torna Kak peuentop 5-HT,, umeer 6oiee
paBHOMEpHOE pacmpeiesieHre Mo Beeit uToruiasMe. CpaBHEHUE pa3MepOB MMMYHOPEaKTUBHBIX YaCTHUIL
M0Ka3ajo0, YTO CTaTUCTUUYECKU 3HAYMMBbIE Pa3IM4us MEXKIY CEpOTOHMHOM U TpaHcroprepoM VMAT?2 ot-
CYTCTBYIOT, UTO TOBOPUT B MOJIb3Y HAJIMYMS BE3UKYJI, B KOTOPBIX CEPOTOHWH HaKaruIMBaeTcsl MpUu y4acTUU
VMAT?2 151 manbHenIIeid MexXKJIETOIYHOI curHaau3anuu. Kpome Toro, marrepHbl IMMYHOPEAaKTUBHOCTH
peuentopoB 5-HTpu 5-HT,4 cylliecTBEHHO pa3Inyallich, YTO MOXET CBUAETENbCTBOBATD O BLINIOJTHEHUU
KaXXJIbIM U3 3TUX CEPOTOHUHOBBIX PELIETITOPOB pa3HbIX (DYHKIIMIT B paHHEM SMOpHUOreHese.
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HUHepruyeckasi cucteMa
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BBEIEHUE opraHuzMa. I'A. By3HMKOB B cepeanHe XX Beka
BIIEPBBIC IIPEAIIOJIOXII U 9KCIIEPUMEHTAIBHO IIPO-
JEMOHCTPUPOBAJI PETYJISITOPHYIO POJIb HEKOTOPBIX
HEWPOTPAaHCMUTTEPOB, B YACTHOCTU CEPOTOHUHA, B
JIOHEPBHOM 3MOpHUOTreHe3e pa3IMYHbBIX KMBOTHBIX
[5—10]. Hannume cepoTOHMHA, €ro TPaHCIIOPTEPOB
U peLenTOPOB HAa PaHHUX CTaausIX dMOpHOTeHe3a,
a TakKXe CIIOCOOHOCTH CEPOTOHMHCIEUN(PUIESCKUX
dapMaKoJIOTMYECKNX aTeHTOB BMEIITUBATHLCS B SMOPH-
OHaJIbHOE Pa3BUTHE MPUBEIU K TPEAIOJOXEHMUIO,
YTO B paHHUX SMOpPMOHAX CEPOTOHMH YYaCTBYET B pe-
TYJISILUU KJIETOUYHOM npojudepaun u/uim Mmopdo-
reHeTUYecKux ABvxkeHuit [11]. OgHako A0 cux mop
MpeAcTaBlIeHUE O JIOKAJIM3aluyd JOHEPBHBIX TPaHC-
MUTTEPOB, a TAKKE O paclpeaesieHUM UX PeLeNTOPOB
U TPAHCIIOPTEPOB B AMOPHUOHAJIBHBIX KJIETKAaX OCTa-
€TCSI HeTIOJIHBIM.

B oonurax n PaHHUX C—)M6pI/IOHaX MBIIIN CEPOTO-
HHH BbIABIACTCA Ha BCEX CTaAUAX Pa3BUTHUA B BUIC

HeitporpancMuTTepbl — OMOIOTMYSCKN aKTUBHEIC
BelIeCTBAa Pa3HOOOPa3HOU MPUPOJbI, KOTOPBIE UT-
paloT BaXXHYIO POJIb B mepenade dJICKTPOXUMUYE-
CKOTI'0 MMITYJIbCA MEXIy HEMpOHaMU, a TaKXe OT Hel-
POHOB K KJIETKaM MBIIIEYHONW TKAaHU U KEJIE3UCThIM
kietkaM [1]. K kilaccmuyeckuM IpencTaBUTEISIM
9TOI TPyMIIBl OTHOCSIT HEKOTOPhIE aMUHOKUCIOTHI U
UX TIPOM3BOAHbIEC, HAIIPUMEP F'MCTaMUH, UHAOJIaMU-
HEBI, KaTeXOJIJAMUHBI — 3BOJIIOLIMOHHO IPEBHHUE MO-
JIEKYJIbl, OCYIIECTBIISIIONIEe (DYHKIIMNA MOIYJISITOPOB
JIOJITOBPEMEHHBIX MOP(OGMYHKIIMOHATBHBIX H3Me-
HeHUil B KieTke [2]. DyHKIIMOHAIbHASI AaKTUBHOCTh
9THX BEIIECTB ObLiIa TOKa3aHa KaK JJIsI 3SKMWBOTHBIX, HE
WMEIOIINX HEPBHOM cUCTeMbI (HallpuMep, IpOoCTeii-
IIMX 1 TYOOK), TaK 1 JIJISI BBICIIMX MHOTOKJIETOYHBIX
KMBOTHBIX, 00J1aTaI0IINX CITOXKHOM HEPBHOM CHUCTE-
Molii [3, 4].

,Z[OJ'ITOC BpEMs OTU XUMMNYECCKNE COCIMHEHU S U3Y-
HJaJIMChb MPEMMYIICCTBEHHO B KOHTCKCTC II€p€aadyu
CUTHaJIOB MEXAY HCPBHLBIMU KJICTKaMM B3POCJIOIo

TOUYEUYHBIX CTPYKTYp [12, 13]. Kpome Toro, B paHHEM
pPa3BUTUM MBI MOKa3aHa 3KCIpeccusi TEHOB OC-
HOBHBIX KOMIIOHEHTOB CEPOTOHUHEPTUYECKON CHU-

456



ITPOCTPAHCTBEHHAA OPTAHM3ALIMA KOMITOHEHTOB

cTeMbl — (DEPMEHTOB CHMHTEe3a M Aerpamaliiv, MeM-
OpaHHBIX PELEIITOPOB, CIIeLU(pPUIECKOTO MEMOpaH-
Horo TpaHcrnopTepa [12—15]. Llenblo HacTosieit
paboTel OBLIO MCCIENOBAaHMWE IIPOCTPAHCTBEHHOIO
pacnpenejaeHuss BHYTPM KJIETKU CEpOTOHMHA U KOM-
IMIOHEHTOB CEPOTOHMHEPIUYECKOM CUCTEMBI — BE3M-
KYJISIpHOTO TpaHCcIIopTepa MOHoaMMHOB VMAT 2, pe-
uentopoB ceporoHuHa 5-HT,p u 5-HT,, — B oonu-
TaxX U JOMMILIAHTALIMOHHBIX 3aPObIIIAX MBIIIH.

MATEPHAJIBI U METO/bI

KuBoTHble. PaboTy MpOBOAMIN HA ITOJIOBO3PEIBIX
camkax Mbieit muauu C57B1/6, KOTOpBIX Ha HOYb
MoACaXXBaJIM K caMLiaM JIJIsl MOJTyYeHUsI TaTUPpOBaH-
HOI1 OepeMeHHOCTU. YTPO, Koraa OblIa oOHapyKeHa
BarvHaJbHas MpoOKa, OBLJIO IIPUHSITO 3a CPOK pa3BU-
tus dpc 0.5. OMOpPUOHBI Ha Pa3HBIX CTAIUSIX JOUM-
TUIAaHTALIMOHHOTO pa3BUTHS MOIyYaiu Ha cpokax dpc
1.5 (nByxxyierouHast ctanusi), dpc 2.0 (deTbIipexkie-
TouHasl cramus), dpc 2.5 (BOCBMUKIIETOYHAsl CTa-
must), dpc 3.0 (Mmopyna) u dpc 3.5 (6aacrouucTa).

Nmmynomuroxumusa. GV-00LUTBI U 3MOPUOHBI
$UKCUpOBaIIM B TedeHME | 4 Tpy KOMHATHOM TeMIIe-
patype, 1u6o B TeueHue Houu npu 4°C B 4% pacTBo-
pe napadgopManpaeruaa, pa3seaeHHOM B (pocdaTHO-
cosieBoM Oydepe (PBS). 3areM oo1imThl 1 5MOPUOHBI
OTMBbIBaJIM B pocdaTHO-COJIEBOM Oydepe ¢ 1obaBiie-
HueM Triton X-100 (Sigma-Aldrich) (PBST) u o6pa-
6areiBanu 0.25% pactBopoM KoiutareHassl (ITanDxko,
I1011-1) i 1% pactBOpoM momeumicyiabdara Ha-
tpust (SDS) misa cHsaTUS GaecTsineil 000JI0UKHU, I10-
cjie yero cHoBa oTMbiBasiu PBST. B nanbHeiiiem 00-
pa3lbl MHKyOUpoBaiu B TeyeHue | 4 B OJIOKUPYIO-
1eM pacTBope: cMecu 3% ObIYbeTO CHIBOPOTOYHOTO
anpoymmnHa (BSA) (Sigma-Aldrich), 1% smM6puo-
HaJlbHOU Tenssubeid chIBOPOTKM (Sigma-Aldrich),
0.1% Triton X-100, 0.01% Tween-20 (Sigma-Aldrich)
u 0.01 M PBS (pH 7.4).

ITocne aToro o6pasiibl UHKYOUPOBAIU B TIEPBUY-
HBIX aHTUTEJIaX, pa3BeICHHbBIX B OJIOKUPYIOIIEM pac-
TBOpE, B TeueHue Houu Tipu 4°C. bbuiu UCIoib30Ba-
HbI CJIeyIolIMe IEPBUYHBIE aHTUTEA: KPOJUYbU aH-
TUTEeJIa MPOTUB cepoToHUHa (Sigma-Aldrich, S5545,
1: 1000), kponuubu aHTUTeNa TpoTUB VMAT?2 (Invi-
trogen, PA5-77496, 1 : 1000); Kpoau4bd aHTUTENIA
npotuB 5-HTp (Invitrogen, PA5-95901, 1 : 1000); kpo-
Jquuybn aHtutena mnportuB 5-HT,, (Invitrogen,
PA5-95288, 1 : 1000). 3ateM 006pasiibl OTMbIBaIU
PBST u nnkyonpoBanu B TedeHHe 1 4 BO BTOPUYHBIX
antutenax: FITC-KoHblorupoBaHHbIE KO3bU aHTUTE-
na npotuB IgG kponuka (Jackson ImmonoResearch,
111-095-003, 1 : 200). 3ateMm 00Opa3ibl OTMBIBAIU U1
MOHTHUPOBAJIN Ha TIpeAMETHBIE CTeKJIa B cpery Mowi-
ol. AHaTM3 UMMYHOPEaKTHBHOCTU B 00pa3iiax MpoBO-
JIWJIU C TIOMOILbIO KOH(DOKABbHBIX JIAa3€PHBIX CKAHU -
pytouux ycraHoBok Zeiss LSM880 (Carl Zeiss AG,
I'epmanus) u Leica TCS SP5 (Leica Microsystem
GmbH, I'epmanwus), ucronb3ys 63X u 100X macis-
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HBIe OOBEKTUBHI COOTBETCTBEHHO. 111 BU3yanu3a-
LIMY MCIIOJIb30BaJIU J1a3ep C JJIMHONM BOJHBI BO30YK-
maioniero cBera 488 HM. B kKadyecTBe HEeTaTUBHOIO
KOHTpPOJISI MCIIOIb30BaIN IIperapaThl, KOTOPhIe He
WHKYOUPOBaIX B PacTBOPE IEPBUYHBIX aHTUTE.
IMonyyeHHBIe M300paXkeHUSI aHAJIM3UPOBAJIM C MC-
TOIB30BaHNEM TIpOrpaMMHOro obdecrneueHmnsT Imagel.
PasMep yacTuIil olleHUBAJICSI BPYYHYIO Ha OTAEIbHBIX
ONTUYECKUX Cpe3axX: MOCJIE BBIACICHUS O4YepTaHUMA
YaCTULBI BBIYMCIISUICS OTUAMETP Kpyra HOJIy4eHHOI
MJIOLLIAM, YTO ONPENEIISIIOCHh KaK JIMHEMHBIN pa3zMep
YaCTULIBI.

Becrepn-osoTuHr. B KayecTBe MOJIOXUTEIBHOTO
KOHTPOJISI UMMYHOCTIELIM(DUYECKOTO CBSI3bIBAHUS MTPE-
napaToB JJIs1 KOH(MOKaJIbHOM JIa3epHOI CKaHUPYIO-
1e#t MUKPOCKOITMHU ObLT MPOBEICH BECTEPH-0JTOTUHT
00pa3loB TKAHU SIMYHUKA U1 TpaHcropTrepa VMAT2,
peuentopoB 5-HT,p u 5-HT,,. 1151 aTOro obpasiibi
TKaHU SIMYHWKA TOMOreHu3upoBanu B 0ydepe RIPA,
a KOHLEHTpalUIO OejiKa U3MEPSIIM C TMOMOIIIbIO Ha-
oopa mias ananmuza Oeinka BCA Pierce™ (Thermo
Fisher Scientific). O06pa3ubl n1eHaTypupoBaiu B Oy-
depe JIammimm B Teuenue 30 muH npu 37°C. benku
pas3aesisiiv ¢ TOMOIIbIO dJIeKTpodope3a B MoIMaKpu-
JIAaMUIHOM Tejie, ucnonb3ysa 10% pasgensiolniuii oy-
dep, a 3areM nepeHocuau Ha mMemMOpaHy Immun-
Blot® PVDF ¢ noMoipio cMCTEMBI MOKPOTO 0j10-
tuHra Mini-Protean (Bio-Rad Laboratories Inc.).
Memb6pansl 6;10kupoBanu 5% BSA B Teuenume 1 4 mpu
KOMHATHOM TeMIlepaType U MHKYOUpOBajIu C Tep-
BUUYHBIMU aHTUTeaMu (1 : 20000), KkoTophle TakKe
ObUIM HCITOJIb30BaHbl IS UMMYHOLIUTOXUMUYECKOTO
CBSI3bIBaHMS, B TeUeHUE | U MpU KOMHATHOM TeMIle-
parype. ITocie ormbiBKU B TBST MeMOpaHbl MHKY-
OvpoBaii B TeueHUe 1 4 mpu KOMHATHOI TemIieparype
CO BTOPUYHBIMU aHTUTEJIAMU, KOHBIOTUPOBAHHBIMU
¢ nepokcunazoii xpeHa (Jackson ImmonoResearch,
111-035-003, 1 : 50000). ITocine ormbiBkKu B TBST
KOHBIOTUPOBaHHbIE aHTUTENA BU3YAIU3UPOBAIN C
MMOMOIIBIO YCWJIEHHOM XeMuItoMruHecueHu B 0.1 M
Tpuc-HCI, pH 8.5, 12.5 MM mromuHomna, 2 MM Kyma-
poBoit kuciotsl 1 0.09% H,0,. M306pakeHus mmomy-
Yyajad C MCINOJb30BAHUEM CUCTEMbBI BU3yaJIU3alluU
ChemiDoc™ u aHaiuM3UpOBaIM C MOMOIIBIO MPO-
rpamMmHoro oboecrneueHus Image Lab (Bio-Rad Lab-
oratories, Inc., I'epkynec, Kanudopuus, CIIIA).

PE3VYJIBTATDI

Pesynbratsl, moayyeHHbIE ¢ TOMOIIblo BectepH-
0JI0TMHTa, TO3BOJUINW OOHAPYXUTh TPaHCIOPTEP
VMAT?2, a takxke peuenrtopbl 5-HT,p, n 5-HT,,
B SIMYHUKE MBIIIHU (puc. 1). B kauecTBe MOJI0XKUTETb-
HOTo KOHTpoJis 1151 BecTepH-6/10TMHTA MCTIONIb30Ba-
Jlach TKaHb I10JI0CATOrO TeJia Mo3ra (corpus striatum)
MBIIIH.

CepoToHMH BbISIBIIsIETCS B HuTOoILia3Me GV-oolu-
TOB U JOUMITJIAHTALIMOHHBIX 3aPOIbIIIECH B BUIE MEJI-
kux rpadyn. Ha cragum GV-ooumToB HanuOoOJbIIas
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Puc. 1. KOMIIOHEHTHI CEPOTOHMHEPTUYECKONU CHCTEMBI,
BBISIBJICHHBIE B MO3I'e U SIMYHMKE MBILLIU MeToI0oM BecTepH-
OnotuHra. M — MO3T (oJiocatoe TeJio), S — SuYyHuK.

MMMYHOPEAKTUBHOCTbh CEPOTOHMHA BBISIBISIETCS B
KOPTHUKAJIBHOM cJioe (pUC. 2a) U CHUXKAETCS K LIEHTPY
SMIIEKIETKU. AHaJOrMyHas KapTMHA HaOI0aaeTcs
Ha cTagusix ABYX- (puc. 20), yeTbipex- (puc. 26) u
BOCBMUKJIETOUHBIX (pUC. 22) 3apoblliieii, a TakXkKe Ha
Mopynax (puc. 20) — cepOTOHMH B OONBIIEH CTEIEHU
BBISIBJISIETCS B alTUKAJIbHOM KOMITAPTMEHTE Ha TIepH-
¢epun amoOpuoHa (puc. 3a). Ha cranuu 6J1acTOLMCTHI
TpaHyJIbl CepOTOHWHA CKOHIIEHTPUPOBAHBI B TPO-
¢dobiacte, TOorma Kak BO BHYTPEHHEH KIETOYHOM
Macce (PMOpUoOOIacTe) MPaKTUUECKHU OTCYTCTBYET
(puc. 2e). U3amepeHure pa3Mepa 4acTUIl CEpOTOHMHA
Ha pasHbIX CTaAUsAX AEMOHCTPHUPYET, YTO IO Mepe
pPa3BUTHUSI OH OCTAeTCsl HEM3MEHHBIM U COCTaBJISIET
0.445 + 0.113 mxM (puc. 30).

BesukynsipHbiit TpaHcioprep MOHOAMUHOB VMAT 2,
OTBETCTBEHHbII 32 HAKOIIJIEHUE CEPOTOHWHA B BE3U-
KYJISIDHBIX CTPYKTYpaxX, UMMYHOTMCTOXUMUYECKU BbI-
siByisieTcsl B LiuToruiazmMe GV-0ouToB U 61acToMepax
JOUMIJIAHTAIlIMOHHBIX 3apOAbIIIE, TeMOHCTPUPYS
CXOXMIA C CepOTOHMHOM TAaTTePH UMMYHOPEaKTUB-
Hoctu (puc. 36). Ilpu mMcronb3oBaHUM AHTUTEN
npotuB VMAT2 Hecnenmdudeckass MMMyHOpeak-
LMl BBISIBJISIETCS] IO BCEMY 3apOABIIIEBOMY My3bIpb-
Ky, 32 UCKJIIOYEHHUEM SIAPBIIIKONOA00HOTO Teiblia.
YacTuiibl, BbISIB/ISIEMble aHTUTEJIAMU K TPAHCIIOPTE-
py VMAT?2, nokajJu3oBaHbl B KOPTUKAJIBHOM CJIO€
LUTOIUIa3Mbl OOLIMTOB (pUC. 2%¢) U IIOBEPXHOCTHOM
KOMITapTMEHTe 0JacToMepoB ABYX- (pucC. 23), 4e-
Thipex- (puc. 2u), BOCBMMKJIETOYHBIX 3MOPMOHOB
(puc. 2it) u MopyJ (puc. 2x), a'y 6J1aCTOLIMCT BBISIBIISI-
eTcsT HeKoTopoe KojmyecTBO VMAT2-uMMyHOITO-
3UTHUBHBIX YaCTUIL B KJIeTKaxX TpodoobiacTa, 1 Ipak-
TUYECKU OTCYTCTBYeT MapKHpOBaHME B KJIeTKax
BHYTPEHHEl KJIeTOuHOI Macchl (puc. 21). Mamepe-
HUE pa3MepoOB YaCTUII, BBISIBJASIEMbIX aHTUTEJIAMU K
TpaHcnioptepy VMAT?2, Ha pa3HbIX CTaausIX IT0Ka3a-
JIO, YTO OH OCTaeTCs HEU3MEHHBIM U COCTaBJISIET
0.370 £ 0.105 Mmx™m (puc. 30).

Peuenrtop ceporonuna 5-HT |, UMMyHOTUCTOXU-
MUYECKU BBISIBASIETCS B HUTOoIIazMe GV-001UTOB
MPEUMYIIIECTBEHHO B Y3KOM NPUMEMOpaHHOM CJioe
(puc. 2m). Y nouMIUIaHTallMOHHBIX 9MOPUOHOB pe-
uenrtop S-HT,p MapkupyeT npuMeMOpaHHy10 001aCcTh
BHEIIHUX ITOBEpXHOCTeil GiacTtoMepoB (puc. 2H—2p,
36), B OiacToucTe HAOIIOHACTCS MMMYHOPEAKTUB-
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HOCTB CJI05 KJIeTOK TpodobiacTa (puc. 2¢), a BO BHYT-
pEeHHEel KJIETOYHOM Macce UMMYHOPEaKTUBHOCTD pe-
LICTITOpa HE BhIsIBJIeHA. Pa3Mep 4acTull, BBISIBIISIEMBIX
aHTuTenamu K peuentopy 5-HT,p, Ha pa3HbIX cTagusx
cocTanisioT 0.243 + 0.048 mxMm (puc. 30).

Penentop ceporonuna 5-HT,, BbIsIBIsSIeTCST B
oouuTax (puc. 2m) B BUlIEe KPYIHBIX OKPYTJIBIX BE31-
KyJI, pacIipeAe/eHHbIX M0 BCeil IuTomnaasme. AHaao-
rMYHasi KapTUHA Ha0Jogalach y JOUMILJIAHTALIMOH-
HBIX 3apoaplieit (puc. 2y—2u, 32). B 6macroumcrax
peuentop 5-HT,, BbIsiBisIeTCS KaK B KJIETKaX TPO-
¢obiacta, Tak M1 BO BHYTpeHHe# KJIETOYHOI macce
(puc. 24). CpegHuii fMaMeTp Be3UKYJI, BBISIBISIEMBbIX
aHTUTeJIaMd K JAaHHOMY pPeLenTopy, COCTaBJIsSIeT
1.226 £ 0.097 mxM (puc. 30).

OBCYXIEHHME

AHan3 BHYTPUKJIETOYHOTO pacIpeaeeHuss UMMY-
HOPEaKTUBHOCTU KOMIIOHEHTOB CEpPOTOHWHEpruye-
CKOIi CUCTEMBI TTOKa3aJl, YTO KaK caM CEPOTOHUH, TaK 1
€ro BEe3UKYJISIpHBIN TpaHcroprep VMAT?2 nokanuzy-
10TCS B 00JIbIIIelt CTENEeHN B KOPTUKAIBLHOM CJIO€ OOLIU-
TOB U PaHHUX SMOPUOHOB, BBISIBIISISICH B BUJIE MEJIKUX
rpaHyJjl, BCTPO€HHBIX B KJIETOUHYIO MeMOpaHy. PaHee
ObU1 ormcaH AU(M@Y3HBIM pPaBHOMEPHBII XapaKTep
pacnpenesieHus CEpOTOHMHA B LIUTOIUIa3Me Ha JTIOMM-
IJIAHTALIMOHHBIX CTAIUSIX Pa3BUTHUS MBIIIH [ 16], omHa-
KO Mbl HaOJI0JaIM OTYETIMBBIN KOPTUKAJIbHbBIN TaT-
TepH pacnpeneiacHus (puc. 3a). Mbl mpoaHAIM3UPOBa-
JI BBIOOPKU pa3MepOB YacTUIl cepoToHMHA U VMAT?2,
ucnonb3ys kputepuii Kpackena—Yosauca, u obHapy-
KWIM OTCYTCTBUE CTAaTMUYECKU 3HAYMMBbBIX pPa3Inyuii
MEXIy HUMU, YTO TaKXKe CBUIETEIBLCTBYET O TOM, YTO
BbISIBJISIEMbIE YaCTULIbI IEUCTBUTEIBHO MOTYT OBbITh BE-
3UKYJIaMU, B KOTOPbIX CEPOTOHMH HAKOILUIEH C IOMO-
mpblo VMAT?2. DTo MOXET CBUAETEIBCTBOBATh 00 aK-
TUBHOCTU CEPOTOHMHA KaK MOCPETHUKA MEXKIIETOU-
HOI CUTHAIM3allMN Ha TIO3IHUX CTagusIX ooreHesa [17]
U B TIPOIIECCE MEXKOIaCTOMEPHOTO B3aUMOAEUCTBUS Ha
paHHUX CTamMsIX pa3ButTys [18].

IlarrepH pacnipenenenus 5-HT p- u 5-HT,,-um-
MYHOITO3UTUBHBIX YACTULL CYLIECTBEHHO pa3inyaeT-
cs: 5-HT,p BbIsIBAsIETCS B NMPUMEMOpPaHHOM cCjoe
OOIIMTOB M OJIaCTOMEpPOB, 3aHUMas ropasno 0oJice
y3Kuit cioii, yeM cepoToHuH 1 VMAT?2, Torna Kak
5-HT,, BBISBISETCS MO BCEW IUTOTIA3ME B COCTaBE
OYEHb KPYIHBIX rpaHyia. M3BecTHO, 4TO 06a peuern-
Topa GYHKUIMOHAIBbHO aKTUBHBI B PAHHEM Pa3BUTUU
MbIu [11]. DTH fJaHHBIE MOTYT CBUETEJILCTBOBATD O
TOM, YTO PELENTOPbI BLIMOJIHSIIOT Pa3IMYHble PYHK-
umu: peuentop 5-HT,p MoXeT ObITh CBSI3aH C MEX-
KJIETOYHONH KOMMYHMKAlLUEA Ha PAHHUX CTaOUAX
pasButus, a 5-HT,, — ¢ MeTaboanYecKMMU TIpoliec-
CaMM BO BHYTPUKJIIETOYHBIX CTpyKTypax [13]. B cBsI3m
C TEM, YTO SMOPUOHATIBHOE Pa3BUTUE AKTUBHO PETY-
JIUPYeTCsl ayTOKPUHHBIMU U MapakKpUHHbIMU dak-
TOpaMU, MOXHO IPEAIOI0XUTh, YTO CEPOTOHUH U
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Puc. 3. CpaBHeHMe pacripenie/ieHIs M pa3MepOB KOMITOHEHTOB CEPOTOHMHEPIMYECKOI CUCTEMBbI B OOLIMTaX U paHHUX 9MOpPU-
OHax MJIeKonuramiux. a — Pacnpenenenue ceporonrHa B GV-oouuTax U JOMMILIAHTALMOHHBIX SMOPUOHAX MBIILIN; 6 — pac-
npenesieHue TpaHcnoptepa VMAT2 B GV-oonurax v 1OUMITIAHTALIMOHHBIX 9MOPHUOHAX MBIIIN; 8 — pacTipeae/icHUE PELeTITO-
pa 5-HTp B GV-oouunTax 1 JOUMITTTAHTALlMOHHBIX SMOPUOHAX MBIIIN; 2 — pacnpeneneHue peuenropa 5-HT,, B GV-oonunTax
Y JOMMILIAHTALMOHHBIX SMOPHOHAX MBIIIN; 0 — IMaMETP YaCTUL] KOMIIOHEHTOB CEpOTOHMHEPIMYECKO CUCTEMBI.

KOMIIOHEHTBI CEpOTOHUHEPTUYECKON CUCTEMBI B paH-
HEM pPa3BUTHUU MJIEKOIIMTAIOIIMX MOTYT OCYIIECTB-
JISITb MOAYJNSILUIO OE€UCTBUS OPYTUX CUTHAJBbHBIX
MOJIEKYJ 4Yepe3 MexaHU3Mbl B3aMMONEHCTBUSI CUT-
HaJIbHBIX ITyTeil. Tak, xopoio u3BecTtHo, 4yTo G-06e-
JIOK-COTIPSDKEHHBIE PEIeNITOPEl 00pa3yioT B KIETKE
TOMO- Y TeTePOINMEPHI, OT KOMITOHEHTHOTO COCTaBa

BUOJOIT'MYECKME MEMBPAHBI

KOTOPBIX 3aBUCUT UX aKTUBHOCTb U MEXaHU3MBI
TpaHCAyKIMU curHaia [19]. OgHUM U3 BHYTpPUKIIE-
TOYHBIX MEXaHU3MOB PETYJISIIIUM paHHETO pa3BUTHUS
MOKET BBICTYIIATh CEpOTOHWIMPOBaHME OCJIKOB, BOBJIC-
YeHHBIX B pPa3JIMYHBIC MOJIEKYJISIpHBIE KacKamsl [20].
OnHako 3TH TUMNOTE3bl TPEOYIOT HAJbHEMIIETO MC-
cJielIoBaHUS U TTIOATBEPXKICHUS.
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Ha cranuu 6iacToncThl CEPOTOHUH, BE3UKYJISP-
HbII TpaHcopTep MOHOaMUHOB VMAT?2 u perieritop
5-HT,p B Gonblieid CTENEeHN BBISIBISIIOTCS B KJIETKaX
Tpocdobiacta, a B KJIeTKaX BHYTPEHHE! KJIETOUHOM
Macchl (3MOpH00JIacTa) UX UMMYHOPEAKTUBHOCTD BBI-
paXeHa B ropas3io MeHbIIIei CTereHn. DTOT pe3yIbTaT
TOBOPUT B TIOJIb3Y TOTO, UTO CEPOTOHUHEpruueckasi
CUTHaJIM3allMsg MOXET ObITb BOBJIEYEHA B IPOLIECC
MepBOil KJIeTouHOU nuddhepeHIMPOBKY B OJ1aCTOLU-
CT€ U MOXET OKa3bIBaTh BIMSHME Ha IUIIOPUINIOTEHT-
HbII CTaTyC KJIETOK BHYTPEHHEN KJIETOYHOM MACCHI.

ITosyyeHHbIE HaMM pe3yJabTaThl MOKa3bIBAIOT,
YTO CEPOTOHUH, TpaHcnopTep VMAT?2 u pelienTopbl
5-HT,p u 5-HT,, npucyrcTBytoT Kak B GV-oouuTax,
TaK U B JIOUMIUIAHTALMOHHBIX 3MOPUOHAX U MpPO-
CTPAHCTBEHHO HEOIHOPOIHO pachpeaesieHbl B COOT-
BETCTBUM C BBITIOJTHEHMEM Pa3JIMUHbIX (DYHKIIUI B IM-
OpmnoHaIbHBIX KileTKaXx. OmHOBpeMeHHAasT SKCITPECCHs
JIByX MOATUIIOB CEPOTOHUHOBBIX peuentopos (5-HT,p
u 5-HT,,) B npenenax oqHO SMOPUOHATBHON KJIETKU
OblUTa MPOJEMOHCTPUPOBAaHA BIIEPBbIE€, UTO SIBJISIETCS
CYLLIECTBEHHBIM JIOMIOJIHEHWEM K HalllUM IpeAcTaBye-
HUSIM O PETyJISILUM paHHEro pa3BUTUs. B paHHeM aM-
OpuoreHe3e HaOJIO1aeTCsl OAHOBPEMEHHAs WM TTOCIe-
JloBarebHasl aKTMBHOCTb Pa3HbIX TPAHCMUTTEPHBIX
CUCTEM — XOJMHEPruyeckoi, noaMuHepruieckoit u
CEPOTOHUHEPTUYECKOI, KOTOPbIE YYaCTBYIOT B 1I€JIOM
psife npoleccoB. Pe3ynbTaThl JaHHOI pabOThI yKa3bl-
BalOT Ha TO, YTO MPOCTPAHCTBEHHO W30JMPOBaHHbIC
CEPOTOHUHOBBIE PELIENTOPHI Pa3HbIX TUTIOB MOT'YT pea-
TMpOBaTh HA OOWH M TOT XK€ TPAHCMUTTEP U pean30-
BBIBaTh pa3inyHbie 3(HEKTHI B pa3HbIX SMOPUOHATb-
HBIX MeXaHU3MaxX,/ CTPYKTypax.

KonhumumkT uaTepecoB. ABTOPHI IEKJIApUPYIOT OTCYT-
CTBHE SIBHBIX M IOTCHUIMAIBHBIX KOH(MJIUKTOB UHTEPE-
COB, CBSI3aHHBIX C ITyOIMKaIIe HACTOSIIECH CTaThU.

WUcrounukn ¢unancupoanusi. PaGota B.OD.,
A.N., M.K. u JI.H. BertotHeHa 3a cdet rpanTta Poc-
cuiickoro HaydyHoro ¢onaa Ne 22-74-10009, https://
rscf.ru/project/22-74-10009/. Pa6ora FO.I11. v JI.H.
BBITIOJTHSIACh C  HCIIOJIb30BAaHMEM OOOpYIOBAHUS
IIKIT UBP um. H.K. KonsumoBa PAH B pamkax
paszgena locymapctBeHHoro 3azanusi MBP PAH
Ne 0108-2019-0003 B 2023 .

CooTBeTcTBHE NPUHIMNAM 3THKH. [1py BEITIOTHE-
HUM JAHHOTO WCCJeNOBaHUSI BCEe MAaHMITYISILINU,
MIPOBOAMBIIMECS C IKCIIEPUMEHTATbHBIMUA KUBOT-
HBIMU, METOIBI 00€300IMBaHMsI, 9BTAaHA3UN W yXoOa
3a XKMBOTHBIMM OO0 U TIOCJIE B3KCIIEPUMEHTAIBHBIX
BMEIIATEIbCTB COOTBETCTBOBAI HOpMaM, OTOOpEH-
HbIM Onoatudeckoit komuccueit UbP PAH (Ilpoto-
ko Ne 40 ot 17.09.2021).
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Spatial Organization of the Components of the Serotonergic System
in the Early Mouse Development
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L omonosov Moscow State University, Moscow, 119234 Russia
2Koltzov Institute of Developmental Biology, Russian Academy of Sciences, Moscow, 119334 Russia
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Serotonin is a regulator of early embryonic development and has a fully functional system in preimplantation
mammalian embryos. In this work, we described the spatial distribution of serotonin, the vesicular mono-
amine transporter VMAT?2, and the serotonin receptors 5-HT,p and 5-HT,, at different stages of early mouse
embryonic development. Serotonin, the VMAT?2 transporter, and the 5-HT, receptor are visualized in the
cortical compartment of cells, whereas the 5-HT,, receptor has a more uniform distribution throughout the
cytoplasm. Comparison of the sizes of the immunoreactive particles showed that there are no statistically sig-
nificant differences between serotonin and the VMAT?2 transporter, which may indicate the presence of spe-
cific vesicles containing serotonin. In addition, the two serotonin receptors, 5-HTp and 5-HT,4, showed a
markedly different pattern of immunoreactivity, which may indicate that they simultaneously serve different
functions in early embryogenesis.

Keywords: neurotransmitters, serotonin, serotonergic system, preimplantation embryos, mouse
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