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The heart is ... an organ that gives motion to circulatory fluid
(Randall, Davie, 1980)

The word heart is used to denote chambered circulatory pumps, but is also applied to any

segment of the circulation that pumps fluid
(Simoes-Costa et al., 2005)
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Cepatie 6ecueTtocTHBIX pbio0o6pasHbIX (Cyclostomata; MUHOTA, MUKCUHBI) U KOCTUCTBIX phIO (7eleostei) ro-
MOJIOTUIHO CEPILY BBICIIIMX ITO3BOHOUYHBIX XXMBOTHBIX. MI3yueHue cepmaiia apxanaHbix Cyclostomata n Teleostei,
o0J1agaloIIUX pa3HbIM 3BOJIIOLIIMOHHBIM “BO3PacTOM”, MOJIEKYJISIPHO-TEHETUYECKUMU XapaKTepUCTUKAMU U
TMePeHOCUMOCTBIO TUTTIOKCHH, TIPEICTABIISIET OCOOBIN MHTEpeC MPH MOUCKe (haKTOPOB YCTOMIMBOCTA MUOKap-
Ila K KUCJIopoaHoil HepoctaTouyHOCTU. Cyclostomata n Teleostei o0beqUHSIET XXaOSPHBII TUT IBIXaHUS U HAJIU -
Y€ TOJbKO OMHOTO Kpyra KpoBooOpalieHus. [JTaBHbIIf COKpaTUTEIbHBIN OpTaH, 00eCIIeYnBaIOIINI ITUPKYJISI-
IO KPOBU — XKabepHOE ceplille — COCTOUT M3 IBYX Kamep. MUKCUHBI COCTaBJISIFOT CaMblii CTaphblii Kacc cy-
IIECTBYIOIIMX ITO3BOHOYHBIX, KpPOBOOOpAIlleHHEe KOTOPHIX MOMACPXKUBAETCS 3a CYET HE HWMEIOIIEro
VHHepBaluu (aHeBpaJIbHOI0) XabepHOTOo cep/ilia U Tpex HabopoB N0OABOUYHBIX “cepaell”. MUHOTHU SIBISIIOTCS
TMepBbIMU TTO3BOHOYHBIMU, Y KOTOPBIX MOSIBJISIETCS] MTHHEPBALIMS cep/lla B Buae OiyXaatoliero Hepsa. B cBoto
ouepelb, Teleostei BiepBble MOJyYalOT CUMITIATUYECKYIO MHHEPBAIIUIO Cep/ilia, KOTOpasl OCYIEeCTBIIsIeTCs “Ba-
rocumIiaTndeckumu ctoiamu’”’. B cepane Cyclostomata n Teleostei He HaiimeHO MPpU3HAKOB OpraHU3alliK IIPO-
BOJSIIIIEH CUCTEMBI, TIOJOOHOI TaKOBOi1 Y BBICIIIMX MO3BOHOYHBIX, YTO HE OTMEHSET CYIIIECTBOBAHUS YETKO
CKOOPAMHMPOBAHHOTO MeXaHM3Ma PacIpOCTPaHEHUsI BO3OYKIESHUS U COKpAIIeHUST MUOKapna. MexaHu3M re-
HEepalyu CepIeYHOro pPUTMa CBSI3bIBAET BOZHUKAIOIINUE U PACIIPOCTPAHSIIONIMECSI B MUOKap/e 3JIeKTpUIeCKre
MPOIIECCHI C IKCITPECCUeil YIpaBIsieMbIX IUKINIECKUMU HYKJICOTUIAMU TUTIEPITOISPU3AIIMOHHO-aKTUBUPY-
embix KaHanoB (HCN-kaHanoB). B cep/lie MUKCUH M KOCTUCTBIX PBIO SKCIIpecCUpyeTcsl 1ecTh n30hopM
HCN-kananos. Perynupyemast mwiotHocTh pacnpeneieHnss HCN-kaHaioB B MUOKapae MOXKET IIPEOIIeCTBO-
BaThb MPOBOJSIICH CUCTeMe Ceplla, XapaKTepHOM [JIs1 BBICIIIMX MO3BOHOUHBIX. DKkcrnpeccuss HCN2, HCN3 u
HCN4 B cepaiie MUKCUH, KaK PeJIMKTOBOIO TaKCOHA, IIpeariojaracT uxX NpUCYTCTBHME B MMOKAapIe OOIIero
MpeaKa MO3BOHOUHBIX IO MOMEHTA AWBEpreHIIuu ¢ Myxiniformes, 4To nonyckaeT oco0yro 3HaunmMoctb HCN2-
HCN4 B hopMupoBaHUM CEpIeIHOM aKTUBHOCTH B MOMEHT BOBHUKHOBEHMSI KAMEPHOTO MUOTEHHOTO Ceplia.
[IpenmnonaraeTcsl, YTO 3BOJIOLIMOHHBIN MPOTPECC apXauyHBIX TPYIIT “TIEpBBIX” MTO3BOHOYHBIX HAIIpaBieH Ha
“cosmanue” 6osee ObICTPOii 3(PHEeKTOPHOM CUCTEMBI PETY/ISILIAN CePIeIHON AeITeIbHOCTU 1 ABOMHOrO (BO3-
Oy>KIao11ero/TOpMoO3HOro) KOHTPOJIs GYHKIUI MUOKapaa.
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BBEAEHUE

I'maBHBIN OpraH cepaeYHO-COCYIUCTON CUCTEMBI —
CepAle TTO3BOHOYHBIX XUBOTHBIX — OBLIIO U OCTaeTCs
LIEHTPOM MHOXecTBa MOPGOJOrnIecKrux, (QYHKIMNO-
HaJIbHBIX W MOJIEKYJSIPHBIX MccaenoBaHuii [1]. U3-
BECTHO, UTO CEP/ILIE PHAOTEPMHBIX XKUBOTHBIX (BKJIIO-
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Yasi YeJIOBeKa) SIBJIIETCS a9POOHBIM OpTaHOM, YXYIIIIe-
HUE TIoCcTyIuieHus kuciopoga (0O,) K KOTOpOMy
MPUBOAUT K CePbe3HBIM HapyIIeHUSIM (DYHKIINI MUO-
kapaa. KucinopomHast HemocTaTOUHOCTD/TUITOKCHS SIB-
JISIETCSI OMHOM M3 OCHOBHBIX MPUYHUH U CJIEICTBUEM
pPa3BUTUSI CEPIIEUHOM MATOJIOTUU, UTO BBI3BIBAET OMpe-
TMeJIeHHBIM MHTepeC K TIOMCKY TaHHBIX O MEeXaHM3Max,
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o0ecTieunBaIINX YCTOMYUBOCT MUOKApAa K aedu-
uuty O,.

B Hacrogiiee BpeMmsi ¢ ydyeToM BHEYATISIONIETO
BKJIaJa NOoA0OHOro poja UCCleN0BaHUN B MEIUIIMH-
CKYI0 HayKy Bo3pacTaeT MHTepeC K U3y4yeHU1o O1oJo-
TMU pa3HOOOPa3HbIX BUIOB KOCTUCTBIX PBIO (B YACTHO-
ctu, Medaka Oryzias latipes, Danio rerio, Oncorhynchus
mykiss, Fundulus heteroclitus v np.) [2]. Ucxons u3 ro-
MOJIOTUYHOCTH CepAlia pbIO cepmily 4ejaoBeka [3], B
5KCIEPUMEHTE BOCCO3AAIOT pa3iMuHble (POPMBI MTaTO-
JIOTUM MUOKapja [4], 4To mpeaocTaBisieT HOBbIE MeXa-
HUCTHUYECKUE uaeu [5] u uneanibHble CpaBHUTEbHbIE
OMOJIOTMYECKUE MOJIENIH TS c1a00 U3YYEHHBIX acIeK-
TOB (pusuosioruu cepaua [2]. HecMoTpst Ha npuHLIM-
NUabHbIE PA3TUYUs MEXIYy KOCTUCTBIMU pblOaMU U
YEJIOBEKOM, OYEBUIHBLIM SBJISIETCS CYLIECTBOBaHUE
BBICOKOTO YPOBHSI FT€HETUYECKON COXPaHHOCTU OIpe-
JeJIeHHbIX 0a30BbIX MEXaHU3MOB PabOTHI cepalla, Mo-
BTOPSIIOLIMXCS B pa3HbIX TAKCOHOMMYECKUX TpyImax
MO3BOHOYHBIX [2]. PuU3MoIOTMYECKUEe MEXaHU3MBbI U
MaTOJOTMYeCKre COCTOSIHUSI, KOTOpbIe MPUCYTCTBYIOT
KaK y MJIEKOMUTAIOIINX, TaK U Y PbIO, BEPOSITHO, UME-
0T ¢yHIaMeHTaJbHOE 3HAYe€HME, YTO, B CBOIO OYe-
pelib, MOXET OBbITh 3KCTPAIOJUPOBAHO HAa KJIMHUKY U
WUCIOJIb30BaHO B KAYECTBE MAaTOTEHETUYECKU O0YCIIOB-
JIEHHOTO JieueHus (Tepanun) [S].

ITpu noucke MapKepoB YCTOMUYMBOCTHU K KMCJIOPOI-
HOMY TOJIOIaHUIO MPAKTUKYIOT (PUIIOTeHETUYECKUI 1
OHTOT€HETUUYECKUI MOIXO0Ibl K NU3YUYEHUIO aHATOMUU 1
(hu3NoNOTUKU B CUCTEMATUYECKUX TPYIIIIaX MO3BOHOY-
HBIX C pa3HbIM IMPOUCXOXAEHUEM, B YaCTHOCTH, Oecye-
JIIOCTHBIX TO3BOHOYHBIX, KaK 0oJjiee TPeBHUX, C OTHO-
CUTEJIbHO COBPEMEHHBIMU MPEACTABUTEISIMU — 4Ye-
JIIOCTHOPOTBHIMU (KOCTHUCTBIEC PHIOHI, Teleostei).

M3BecTHO, 4TO CyIIECTBYIOIIME HbIHE TPAIUILIMOH-
Hble TPYMIIbl MO3BOHOYHBIX — becuentocTHbie (Ham-
Kiacc Agnatha) n YenroctHopoThle (Hanknacc Gnatho-
stomata) — pa3NeJuiCh Ha caMblX PpaHHUX 3Tarax
3BOJIIOLIUY XOPIOBBIX OKOJI0 535—462 MJIH. JIET Ha3as,
[6, 7]. Kitacc Kpyrnopoteie (Cyclostomata), KOTOpHBIit
npeacTaBieH MUKcuHaMu (Myxiniformes) 1 MUHOTaMU
(Petromyzontiformes), SIBISIETCSI PEIMKTOBOI I'PYMIIOi
HBIHE XXUBYIIUX O€CUYEIIOCTHBIX ITO3BOHOYHBIX (Agna-
tha) co MHOTUMU TIPUMUTUBHBIMU YE€PTaMU CTPOSHUS
KaK CIeJCTBUS UX APEeBHEro nmpoucxoxaeHus. B mpo-
uecce aBomouuu Cyclostomata mpruoOpean YHUKaJb-
HYIO CTeTNIeHb YCTOMUYMBOCTHU K TMTTIOKCUM,/aHOKCcUH [8],
U3yyeHHe KOTOpPOil CMOCOOHO pacCUIMPUTh TPAHMIILL
COBpPEMEHHBIX IIpeACTaBIeHUI 00 3TajloHE CepACUHOM
JesITeIbHOCTU C MaKCUMaJIbHbIM aHa3pOOHBIM MOTEH -
1AaJIOM.

Bormpoc ¢unoreneruueckoro poacrsa Cyclostomata
(MUHOT, MUKCHH) M YEJIIOCTHOPOTBIX OCTAeTCSI JHC-
KYCCUOHHBIM. Ha ocHOBe HEOHTOJIOTMYECKUX U MOP-
¢ oJTornuecKux MpU3HaKOB ObLIA TIPEIJTOKEeHA KJIACCH -
dukanug “nmapadriaeTUIeCKNX MUKIIOCTOM”, COIac-
HO KOTOPOIX MUHOTU 1 YEJIFOCTHOPOTHIE TO3BOHOYHEIES
GOPMUPYIOT OTIOEIBHYI0O OT MUKCUH CUCTeMaTude-
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CKYIO TpYMITy; TAaKOTO poaa KiaaccuduKaius coxpaHs-
€TCsl 10 HACTOSIIEro BPEMEHM Hapsiay C TMIOTE30M
“MOHODUIETUYECKUX LIMKIJIOCTOM” KaK CUCTeMaTHuye-
CKOI1 IpyInbl, pazaenuslieiics ¢ Gnathostomata paHb-
e pasgeiacHust camux Agnatha [6, 9]. TouHbIil TTaT-
TepH BETBJIEHUSI caMuX Agnatha He U3BECTEH, OTHAKO
JIOMYCKalOT, YTO MUKCUHBI U MUHOTU MPEACTABISIOT
co00i1 IBe pa3HBIX TPYIIILI 0€CUETIOCTHBIX, KOTOPEIE
pa3olUIMCh B Hayajle 3BOJIIOLIMY TTO3BOHOYHBIX OoJiee
400 MUJTMOHOB JIeT Ha3an. XoTs Myxiniformes u Petro-
myzontiformes otHocAT K Cyclostomata, ¢ TOUKu 3peHUs
re€0JIOTMYECKOT0 BpeMEHU 3BOJIIOIIMOHHOE “paccTosi-
HUe” MeXIy MUKCUHAMU U MUHOTaMU, KOTOpPOe Mpo-
IIJTO ¢ MOMEHTA UX PACXOKIEeHUSI, TTIOX0XKe Ha TO “pac-
CTOSTHME”, 4YTO TpOJIeTaeT MEXAY COBPEMEHHBIMHU
JIIOABMU U XpSIIeBBIMU PHIOHI [6]. Mcxons u3 mpuse-
JNIEHHBIX JOBOJIOB, MUHOTH MPEIOCTABISIOT BO3MOX-
HOCTb U3y4YeHUs o01ux ¢ Gnathostomata IpU3HAKOB,
BBICTyMasi B KauecTBe Haubosiee 3BOTIOLMOHHO apxa-
WYHBIX TMO3BOHOYHBIX. C ApPYroil CTOPOHBI, MMHOT
MOXHO paccMaTpuBaTh B Ka4eCTBE “BHEIIHEN” Tpym-
bl TPU U3YYEHUU SBOJIOLIMOHHBIX UHHOBAaLIMK Gna-
thostomata |7].

Takum oOpa3om, cpaBHUTEILHBIA aHAJINU3 aHATO-
MUU cepalia U (pU3NOJOrnIecKUX MeXaHU3MOB, 0bec-
MEeYMBAIOIINX €ro paboTy, B Tpymmax ITO3BOHOYHBIX
XUBOTHBIX — Agnatha (xinacc Cyclostomata) n Gnatho-
stomata (knana Teleostei), obnagamIX pa3HbIM 3BO-
JIIOLIMOHHEIM “BO3pacToM”, MOJIEKYJISIPHO-TeHEeTHUYE-
CKMMU XapaKTepUCTUKaMU (B TOM YHCJIE 1O TpU3Ha-
KaM JyIUIMKalMd TeHoMa U 3Kcrpeccun Hox u
ParaHox reHoB, ydacTByIOLIMX B MOp(dOreHes3e, pery-
JIIUAY MaTTepHA aHATOMHYECKOTro pa3BuTus) [6, 7, 9]
1, OYEBUIHO, CTETIEHBIO MPUCITOCOOIEHUS K YCIOBUSIM
CHITXEeHHOTO comepxkaHus O,, XapaKTepHOTO TSI BOMI-
HOI cpeabl OOUTaHUS, TIPENCTaBIISIET ONpeaeIeHHBIN
WHTEpeC MpU TTOUCKe (PaKTOPOB YCTOMUMBOCTA MUO-
KapJa K OCTpOil KUCIOPOIHOI HEAOCTATOYHOCTH.

OCOBEHHOCTHU CUCTEMbI
KPOBOOBPAIIEHWA BECUYEJIIOCTHbBIX
PBIBOOBPA3HbBIX 1 KOCTUCTBIX Pblb

becuentocTHBIX pbIOOOOPA3HBIX U KOCTUCTHIX PBIO
OOBEeNMHSET XaOepHBIII TUII IBIXaHWS W HaJIu4due
TOJIKO OTHOTO KpyTa KpoBooOpaleHus. [ 1aBHbIi co-
KpaTUTEJIbHBIM OpraH, OOeCNeUYMBAIOIINN ITUPKYIIS-
LIMIO KPOBU — XabepHoe (CUCTeMHOe) cepille, — COo-
CTOUT M3 IBYX KaMep B BUIE€ TOHKOCTEHHOTIO Mpeacep-
VST ¥ TOJICTOCTEHHOT'O MYCKYJIMCTOTO XeJiynouka [3],
KOTOpEIE BCeTa 3ar0JIHeHbI BEHO3HOM KPOBBIO.

Y MHUKCUH M MUHOI cepilie MMeeT S-00pa3Hyro
¢dhopMy, COTTOCTAaBUMYIO C 3apOJbIIIEBBIM CEPALIEM KO-
ctucTthix poi0 [10]. IIpencepnue u xxenynouek Cyclosto-
mata TOANEPXUBAIOT AOPCOKayAadlbHOE WM JiaTe-
palbHOE TIPOCTPAHCTBEHHBIE OTHOIIEHWSI, KOTODHIE
KOHTpPACTUPYIOT C JOPCAJIbHOU TO3ULIMEN Mpeacep-
s, HabmomaeMol y OOJIBIIMHCTBA PhIO, U C KPaHU-
QIBbHOM TIO3ULIMEN MpEACEepAnsi, XapakKTepPHOM IS
Ne 2
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cepAla BHICIINX O3BOHOYHBIX — IITUI, U MJIEKOIIUTA~
fomux [1]. CTeHKHU TIpeacepans 1 XKeJIyoodKa CTPOSIT-
cs 13 ryoyaroro (TpadeKyJasapHOIo, HEKOMIIAKTHOTO,
spongiosa) MAOKapaa, B KOTOPOM MEITIIEYHbIE KIIETKH
He GOpMUPYIOT KOMITAaKTHOT'O JIUCTA, a 00Pa3yIoT KJIe-
TOUHBIE ITHYpPHI, JalOIIMe MHOTOYMCIEHHBIE MPOeK-
uuK B npocseT Kamep cepaua [3]. TpaGekynbl (MbI-
LIEYHbIE TSKU) XEeTya0YKa OTUYETIIMBO KpymnHee U 60-
Jiee TIJIOTHO KOMIIOHYIOTCSI TI0 CpPaBHEHUIO C
TpabeKyJaMU CTEHKU TIPecepaus.

B cepuiie KpyrjaopoThIX U KOCTUCTBIX PHIO BbIAES-
0T TaK Ha3bIBaeMble MPUIATOUYHbBIEC OTIE/bI B BUIE BE-
HO3HOIro cuHyca (sinus venosus, SV), apTepuajabHOI
JnykoBulIbl (y Teleostei) unu aprepraibHOro KoHyca (y
Elasmobranchii); mocnegHue oOpa3yloT TPaKT OTTOKa
KpoBu u3 cepaua (outflow tract, OFT), nepexonsiiuii B
BEHTpaJIbHY10 (OpIoliHy0) aopty. TepMuH “aprepu-
aJibHasl JyKOBUIIA” MCMHOJIb3YIOT B TOM cjyyae, Korma
creHka otnena OFT He comep:XUT MUOLIMTHI; TIPU Ha-
JIMYUU MBIIIEUHBIX 3JIEMEHTOB TaKoe pacllupeHue
MEXAy XeTyTOUYKOM M BEeHTpaJIbHOU aopTOii Ha3blBa-
o1 “aprepuanbHbIM KoHycoM” [11]. KonnyecTBo 3a-
KJTIOYEHHBIX B TTOJIOCTU TIepUKapaa KOMITIOHEHTOB, OT-
HOCSIIIIUMXCST K CTPYKTypaMm cepaua (KOMIApTMEHTHI,
KOMITOHEHTbI, MHOT/Ia Ha3bIBAIOT KaMepaMM), COCTaB-
JISIET TPU Y KPYTJIOPOThIX, TTOCKOJIBLKY B cepale Cyclos-
tomata KomnoHeHTbl OFT oTCcyTCTBYIOT IGO0 HE UAEH-
TUGULMPYIOTCS, U YEThIPE — y KOCTUCTHIX pbIO [1, 11].
Bce KOMNOHEHTHI cepala, KpoOMe aopTaIbHOU JIyKO-
BUIIbI, OOBIYHO COKPATUMBI U pa3ieseHbl KlanaHaMu,
KOTOpbIE TaKXKe OOHapyXMBAIOTCI MEXIY Xeaynoy-
KOM W JIYKOBUIIEH aopTHI [2].

bynyuu nieHTpaJibHBIM OpraHOM KPOBEHOCHOM CHU-
CTEMBHI, XXabepHoe (CUCTEMHOE) Ceple coOMpaeT Be-
HO3HYIO KPOBb 13 BCEX PETMOHOB TeJia U TTPOJBUTAET e
10 BEHTpaJIbHOM aopTe BIIepe/I K XKabepHOMY anraparTy
[1, 3] B mpuHOCcsmue (adpdepeHTHEBIE) XabepHbIE CO-
cynbl. B opranax xkabepHoro armmapara — xkadpax 1 Xxa-
OepHBIX MelllKax — KpoBb oboramaercss O,. Aprepu-
aJibHasl KpOBb yepe3 BhIHOCsINE (3 depeHTHBIE) Xa-
OepHbIE COCYAbI TOCTYMAET B 1OPCATbHYIO (CTIMHHYIO)
aopry, OTKyAa pa3HOCUTCI KO Bcem opraHam. OT
CIIMHHOM aopThl BIIepell OTXONST IBE COHHbIE apTe-
puu, cHaGXalole KpoBblO TOJIOBY, IIaBHBIN Xe TOK
KPOBHU OCYIIIECTBJISIETCS B KayJaJlbHOM HamlpaBJIeHUU
Mo JopcajibHO# (CMMMHHOI) aopTe. BeHO3Hast KpoBb U3
3aJHell yacTu Teja cobOupaeTcs B KaydallbHYIO (XBO-
CTOBYIO) BEHY, KOTOpas 3aTeM pa3aesisieTcs Ha IBe 3a/1-
HUe KapAuHaJIbHbie BeHbl. [TapHble TiepenHue Kapam-
HaJIbHbIE WJIU BEPXHUE SIPEMHbIE BEHbI HECYT KPOBb OT
BEPXHEN yacTu rosoBbl. BeHO3Hass KpOBb OT OPTaHOB U
TKaHell OTTeKaeT Io NMepeIHUM U 3aIHUM KapIANHaIb-
HbIM BE€HaM, KOTOpbie BMAJalOT HEIOCPEACTBEHHO B
SV y KpyTJIOpOTHIX, @ Y KOCTUCTHIX PEIO KpoBb B SV co-
O6upaetcs yepes napHble KioBbepoBbl TPOTOKU. OTIU-
YUTEJIbHBIMU OCOOEHHOCTSIMU CXEeMbl KPOBEHOCHOM
CUCTEMBI KPYTJIOPOTBIX SBJISIETCS HAJTMYUE €111€ OJTHOM
MarvucTpajibHOM BeHbI (HUXXHEH sipeMHOi1), BBIHOCSI-
11eii KpoBb U3 BEHTPaJIbHOW YaCTU TOJOBbI, U OTCYT-
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ctBue KioBhepoBBIX TIpOTOKOB. Kpome Toro, cepmed-
HO-COCYIMCTasi CHUCTeMa MUKCHH TIpemycMaTpuBaeT
HaJuuue NOTOJHUTENIbHBIX OPraHoB, OOecIevYrBalo-
X KPOBOTOK.

Kak ynmomuHanocek Boliie, cepane Cyclostomata u
PBIO CYUTAIOT TOMOJIOTUYHBIM CEPAIY BHICIIIMX ITO3BO-
HOYHBIX JKUBOTHEHIX [3].

OCOBEHHOCTU AHATOMHUU
N ®U3NOJOI'Mn CEPILIA MUKCUH

Kabepnoe (cucmemnoe) cepoue mukcuu

Haxonsuimecs B o0CHOBaHUM 3BOJIOLIMOHHON JeCT-
HULIbI MUKCUHBbI (Myxiniformes) cOCTaBJISIIOT caMylO
CTapylo TPyTIy CYLIECTBYIOIIMX TO3BOHOYHBIX U 001a-
JTal0T HEOOBIKHOBEHHO BBICOKOU TOJIEPAHTHOCTBIO K
AHOKCHU U ellie 6oJiee BBICOKOH ycToiunBoCcThIO K CO,
[12]. KpoBooOpamieHrne MUKCUH TIOMIEPKIBAETCS 3a
CUET OCHOBHOTIO XKaOepHOro (CMCTEMHOIO) cepila u
TpeX HabOPOB TaK HAa3bIBAEMBIX IOOABOYHBIX “cepaelr”
[11].

ZXKabepHoe (cucTeMHOE) ceplille MUKCUH BKJTI0YaeT
B ce0s1 SV, npencepaue U keayaoyek, KoTopble pasie-
JIeHbI KJ1anaHaMu. SV sIBJSETCS pe3ybTaTOM CIUSHUS
3alHEN KapJUHAJIbHOM U BHYTPEHHEUN SpPEeMHON BEH,
BIaJaeT B Mpeacepane, OTKPbIBasICh C €ro JeBOi CTO-
ponbl [13]. JaHHas 4yacTh cepilla COCTOUT U3 ABYX —
MepeaHero U 3aJHEro — OKPYIJIbIX OTCEKOB, KOTOPbIE
pasznesieHbl HEOOIbIIOH BEIEMKOI MO JJeBOMY OOKOBO-
My KOHTYpY [14]. CTenka SV cocTouT U3 COe TUHUTEITb-
HOIi TKaHU M OYeHb TOHKOIO CJI0SI KapAWOMUOILIMTOB
tomuuHoi MmeHee 100 um [13]. [Ipenmomaraior, yro SV
MUKCHUH aHAJIOTUYEH, HO HE TOMOJIOTMYEH SV BBICIINX
MO3BOHOYHbIX. Hanmuuue aByx OoJbIIUX “pabouyux”
Kamep — Ipeacepavsi U Xeaynodka — MO3BOJISIET CUM-
TaTh XKabepHoe (CUCTEMHOE) CepAlle MUKCUH TUITAY-
HBbIM cepalieM 4depernHbix (Craniata). JIBe cepledHbie
KaMepbl COETUHSIOTCS YIIMHEHHBIM aTPUOBEHTPUKY-
JISIPHBIM CeTMEeHTOM (AV-CerMeHTOM) U pa3nessiioTcs
JIByCTBOpYaThIM KjaraHoM [1]. SV, nipencepaue u xe-
JIyoueK pacriojiaratoTcsl B MepuKapaualbHOUN ToJ0-
CTH, KOTOpas COO0IIaeTCs ¢ OPIOITHOM ITTOJOCTHIO.

KabepHoe (cucTteMHOE) cepile MUKCUH BBIAEIS-
€TCSI CBOMM OTHOCHUTEIILHO OOJIBIIMM pa3MepoMm. Tak,
y aTJlaHTU4ecKoit MUKCUHBI (Myxine glutinosa) cepned-
HBI UHOEKC cocTaBiigeT mopgaka 0.18% [15] npu ot-
HOCHUTENbHOM Macce xXxejymouka okoio 0.1% [16].
Macca mnpeacepaunst MOXET COCTaBJISITh OKOJIO OJHOM
TPETU MacCChI Xkenynoudka [17].

V Mmukcun OFT oTcyTcTByeT, OTTOK KPOBU U3 CEPII-
11a OCYIIECTBJSIETCS 4Yepe3 pacllMpeHue OpIOIIHOM
aopthl [8, 18], He cocTaBisIONIECT MOP(OIOrMIECKHA
odopMiieHHOH cTpYKTYpHhl [11, 19]. OTcyTcTBUHE KOM-
noHeHToB OFT siBsieTcs XapakTepHOIi YepToii cepala
Cyclostomata 11, 18]. Tem He MeHee B IIPOKCUMAaJIBHOM
YacTW BEHTPaJIbHOW aOPThI ObLJIO BBIIECJIEHO HE3HAUU-
TeJIbHOE YTOJIIEeHUE, KOTOpPOe, BEPOSITHO, MOXHO
UIEHTUMDULIMPOBATh KaK apTepuajibHY0 JTyKOBUILY [2].
Ne 2

TOM 57 2021



106 KOJIECHMKOBA

Y TuxookeaHCcKOM MUKCUHBI (Eptatretus stoutii) Takoe
YTOJIIIIEHNE OCHAILIEHO ABYXCTBOPYATHIM KJIAIIAHOM |2,
20]. B To xe Bpems y Eptatretus cirrhatus MECTO COeqU-
HEHMS KeJIygo4yKa ¢ OpIOIIHOM aopToii OrpaHUYEHO
napoi moJiyayHHBIX KianaHos [11, 18]. Kapmanorro-
MOOHBIE JTMCTOYKU KJIAIIAHOB MPOCTUPAIOTCS OT Kpa-
HMAJIFHOTO KOHIIA XeJTyI0YKa JI0 A0PThI, TJIe COCTUHSI-
IOTCSI aCUMMETPUYHO 1 BKJIIOYAIOT B Ce0s TaHTJIMOIO-
noOHYI0 CTpYKTYpy. IIprMedaTenbHast OTHOCUTEIbHAS
KECTKOCTh IPOKCUMAILHOM YaCTU BEHTPAJILHOM aop-
Tl MUKCHUH OIIpeIesaeT MaaeHue IUAaCTOINYECKOTO
KPOBOTOKA B caMOM cocyae 1o Hyas [19].

KapamoMmouuTel MUKCUH UMEIOT Majiblii 00BbeM,
YTO CBSI3BIBAIOT C (PyHKIIMOHAITLHO HECITTOCOOHOCThIO
ceplilla Cco3/laBaTh BBICOKOE KpPOBSIHOE JaBJIEHUE.
Kretkn Mmuokapaa HangeJeHbl OOLIUPHBIM CapKoIljia3-
MaTu4yecKUM peTukyiryMoM (SR) u cogepxaT B capKko-
Tia3Me rpaHyJjibl NIMKOTeHa U aTpUOHAypPeTUYECKOTO
nienituna (atrial natriuretic peptide, ANP, nmpencepaHblii
HaTpuitypeTUdeCcKuii (pakTop, mMpeacepaHbIid HATPUii-
YPEeTUYECKUIA TOPMOH, aTPUOIIENTHUH). MeXKIeTou-
HbIe KOHTAaKThl MUOIIUTOB O00ECIIeYBaIOTCS JECMOCO-
mamu [11, 22].

ITo pa3HBIM JaHHBIM YaCTOTa CEPAEUYHBIX COKpallle-
Huii (YCC) mukcuH coctaBisger ot 10.4 =+ 1.3 yna-
poB/MUH (y THUXOOKEaHCKOW MUKCUHBI, Eptatretus
stoutii) [21] mo 20—30 ymapoB/MuH (y aTIAaHTUYECKOM
MUKCUHBI, Myxine glutinosa) [14]. Cepniie MUKCUH re-
HEpUpYyeT caMoe HU3KOe KPOBSIHOE NaBjieHUE (MOPsi-
Ka 8—15 MM pt.cT. [23] cpeny MO3BOHOYHBIX KUBOT-
HBIX, 9TO obOecrneunBacT HopMaabHOe (PYHKIIMOHUPO-
BaHUeE KaOepHbIX MelIOYKoB [24]. Huzkast BbeIxomHas
MOIIIHOCTb Xa0bepHOro (CUCTEMHOI0) ceplilla MUKCUH
TakXe MOXET OMNpeAessaTbCs OONBIION MIUTEIbHO-
CThIO MOTEHLIUAJIOB AECHUCTBUSI MUOLIMTOB, MEAJICHHOM
CKOPOCTbIO MPOBENEHUsT BO3OYXIEHUsI, MNJIUTEIbHO-
CTBIO Kazxkmoro n3 KkomnoHeHToB DKI Ha ¢poHe OTHO-
CUTEJIbHO PeIKMX COoKpalueHuit muokapaa [16]. Ipu
COKpallleHU! cepjlla MUKCUH HU SV, HU Tpencepaue
HE OTOPOXHSIOTCS MOJHOCTHIO; OCTATOUHBIE OOBEMBI
KPOBU COCTaBJISIIOT UyTh ME€HEE TOJIOBUHBI UX TUACTO-
auyeckoro coaepxumoro. CokpallleHue Xeaynodyka
TakKXe COIMPOBOXIAETCS JOBOJBHO 3HAYUTEJIbHBIM,
HO BCE e He IIOJIHBIM ero oIlopoxXHeHueMm [14].
BmecTte ¢ TeMm cepuaeuHblii BEIOpOC (cardiac output)
MUKCHH COMOCTaBUM C CEPAEYHBIM BHIOPOCOM MHO-
I'MX TAKCOHOMMYECKUX TPYIIT O€CUYETIOCTHBIX PhIOO-
o0pa3HBIX U pEIO [17, 24] 1 0OBIYHO cocTaBiIsgeT 9—
16 Ma/MuH"'/Kr~!, 4TO COM3MEPUMO C aHATOTMYHBIM
rnokasarejieM OEHTOCHBIX KOCTHUCTBIX PbIO MPU CXOM-
Hoit Temrieparype [17]. CepaedHblit BLIOpOC 00J1agaeT
Ype3BbIYAHOUN YyBCTBUTEJILHOCTBIO K 00bEMY BEHO3-
HOro Bo3BpaTa (TpeaHarpy3ka) U NaBJ€HUIO B BEH-
TpaJibHO# aopTte (TmoctHarpy3ka). Kpome Toro, mis
MHOKapla MWUKCHH XapaKTepHO HH3KOE 3HEprormno-
TpebJieHUe, KOTOpOe TMO3BOJISIET MOAIEePXKUBATh afaeK-
BaTHBIN cepIedHBbIil BEIOPOC JaxKe BO BpeMsI OCTPOM
rurniokcuu [17]. HecMoTpsi Ha BBICOKYIO aKTUBHOCTH
TIMKOJIMTUYECKUX (DEPMEHTOB MO CPaBHEHMUIO ¢ (ep-
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MEHTaMUu a’poO0HOTO MeTabojiu3dMa MMEHHO HU3KMIA
YPOBEHb MOTPEOJEHUSI IHEPTUU MUOKAPJIOM MMKCUH
OIpeNieNisieT €ro BBICOKYIO CTeIlleHb MEePeHOCUMOCTHU
rurniokcuu [17, 24]. U3BecTHO, YTO MUKCUHEI OOUTAIOT
B COCEICTBYIOIIUX C NOHHBIMU OTJIOXEHUSIMU CIIOSIX
Bonbl, o0eqHeHHBIX O, [21], ocTaBasgcb aKTMBHBIMU
naxe npu PO, Huxe 3 kI1a. XoTs1 KpoBb MUKCUH 00J1a-
JlaeT HU3KOM crmocobHOCThIO K nepeHocy O,, MeTabo-
JTAYECKN aKTUBHBIE TKAaHW CIIOCOOHBI 3P (HEeKTUBHO
ero 3KCTparupoBaTh Aaxe MPU UX OTHOCUTEJILHO Me/l-
nenHoi mepdysun [11]. ITokazano, yro YCC tuxo-
OKeaHCKOl MukcuHbl (FE. stoutii) mocie 1-dyacoBoit
9KCITO3ULIMM B aHOKCUYECKOW cpele CHMXKaeTCs C
10.4 £ 1.3 mo 8.1 = 0.8 ymapos/muH [21]. ITo-Bumumo-
My, E. stoutii MOXXET CUUTATbCSI CAMBIM TOJIEPAHTHBIM K
TUMOKCUU TIO3BOHOYHBIM JKMBOTHBIM, IMOCKOJBKY B
yCI0OBUSIX AuTeNbHOU neduuuta O, coxpaHseT Mo-
psaka 70% »ddekTUBHOCTU pabOThI cepana, Xapak-
TepHoOIi 1isi HopMokcuu [21, 25]. B mocr-aHoKcuye-
ckuit mepuon YCC FE. stoutii yBeIWuuWBaeTCsI OO
17.5 ymapoB/MUHYTY, YTO Ha (DOHE HApaCTAIOIIETO CepP-
JIEUHOTO BHIOpPOCA IMTOUTU BIBOE MPEBBIIIACT UCXOIHBIE
nokaszareau. TakuM oOpa3oM, B T€UYEHUE KOPOTKOTO
rnepyvoja TpUu MNEepeKIIIOYEHUU Cepalla MUKCUHBI C
aHaspoOHOoTO [8, 26] Ha a3POOHKII ITyThH META00IN3Ma,
YCC yBenumuuBaeTcsl MPaKTUUECKU B YeThbIpe pasa (C
4 mo 17 ymapoB/MHH, IOCT-aHOKCHUYECKasT TaxuKap-
nus) [21].

Ilonoanumenvubte “cepouya” MUuKcuH

ITokazaHo, 4TO 00BEM KPOBU MUKCHUH COCTABIISIET
npuMepHo 180 Mi/kr (okomo 18% macchl Tena) [17],
YTO 5-KpaTHO TIPEBBINIAET ITOKAa3aTeIU KOCTUCTBIX
pBIO; 00BbEM KPOBU MUKCHH CUYUTACTCS CAMBIM OOJIb-
UM Cpeau IMKIOCTOM U pbib. [ToMrMoO KpoBeHOC-
HBIX COCYIOB KpPOBb pacHpeleisercsd Mo TpeM 00-
IIUPHBIM MOJKOXHBIM Ma3dyxaMm (cuHycaMm) [24, 27]
— caMoMy OOJIbIIOMY KayJaJbHOMY (XBOCTOBOMY),
OKPYXaIOIIUM XabepHble MEIIKU — OKOJIOXAOSpPHBIM
¥ 3aJJTHEHEOHOMY.

B cucTeMe nMoiKOXXHBIX CHHYCOB MUKCHUH 3aKJloue-
Ho nopstaka 30% o61ero oobeMa KpoOBU; Yepe3 CHHY-
Chbl KPOBb LIMPKYJUPYET C TOpa3lo MEHbIIEH CKOpO-
CTBIO, YeM “IIEeHTpaJIbHBIN”’ 00beM KPOBU B KPOBEHOC-
HBIX cocynax [24], 4To cocTaBisieT TaK Ha3blBaeMbIii
¢deHoMeH 3KCTpaBa3allMd WA LUUPKYJISILUU B JlaKy-
HapHBIX MPOCTPAHCTBAaX (KPOBSIHBIX CUHYCAaX) C Mpsi-
MBbIM COOOIIIEHUEM C HACTOSIIIMMHU KPOBEHOCHBIMU
cocymamu [14]. IIpenmoiaraioT, 4To IMOAKOXKHBIE CH-
HYCbhl MUKCUH, MIPUBHOCSIIIIUE DJIEMEHT HETOJHOM 3a-
MKHYTOCTM B CHUCTEMY KpoBooOpaleHus (“rmoiry3a-
MKHyTas cucteMa” [14]), SIBASIOTCS NpeaiieCTBEHHI-
KaMM  MeHee€  E€MKOCTHOM  BTOPOM  CUCTEMBI
KpoBooOpalieHus [27], KoTopasi OCyIIECTBIsIET CO00-
ImeHue MexXxay aprepusiMu U BeHamu [14]. Conepxka-
11asicsl B CUHyCaxX KpOBb BO3BpAIlla€TCs B LIEHTPaJIbHOE
pYCJ10 TIPU COKpAILlEeHUHU CIIelIMaIbHbBIX JOTTOJIHUTEb-
HBIX OpTaHOB — Tpex “HabopoB” [17] U3 mATH BCIIOMO-
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rateJbHEIX “cepmenr” [2]. JomonHuTtenbHBIE “cepanua’,
KOTOpBI€ OCYIIIECTBJISIIOT CBOIO (DYHKIIMIO C TIOMOIIIBIO
CKEJIETHBIX MBIIIIII, HAa3bIBAlOT TEPMUHOM “IPOITYJb-
copul” (propulsors) [27]. B oTHOIIIEHMM TaKUX JOMOJI-
HUTEJbHBIX “cepaell” MUKCWUH, IPUBOAMMBIX B Jeii-
CTBUE 3a CYET COKpAIlleHUSI CKEJIETHBIX MBIIIL MpU
JBVDKEHUU >XUBOTHOTO, TakKXe WCMOJb3YIOT TEPMUH
“HeliporeHHOe cepmle” Vvs. “MHUOTeHHOe” >KabepHOoe
(cucremMHoe) cepalie, obnanarolee CnoCOOHOCThIO K
COKpaIlleHUIO (aBTOMATU3M CepAlla) 3a CUeT COOCTBEH-
HBIX, BCTPOSHHBIX B HETO MeXaHn3MOB [8]. OcHOBHas
(YHKIMS TOTOJHUTENIbHBIX “ceplell”’ COCTOUT B 00-
JIETYEHUY BEHO3HOT'O BO3BpaTa B CUCTEME KPOBOOOpa-
1IEHUS C HU3KUM JIaBJIEHUEM.

IlepBoe 13 MOIMOMHUTENBHBIX “cepael” — Kayaaib-
HOe (XBOCTOBOE€) — 00pa3oBaHO IMapHbIMU MeIIOoYKa-
MU, KOTOpBIE pacHojIaraiorcst o o0e CTOPOHBI XOPIbI
[3]. DT TapHBIE MEIIOYKM COOMPAIOT KPOBBH M3 TIOJ-
KOXXHOTO CUHYCa B 00JIaCTH XBOCTA U TIEPEKAYNBaAIOT €€
B 3 (dEPEHTHBIE COCYIbI, KOTOPbIE (POPMUPYIOT Cpe-
IVWHHYIO XBOCTOBYIO BeHy. “Bxon” um “Bbhixonm” m3 me-
IIIOYKOB OTpaHUYMBAIOTCA KianaHaMmu. M3BeCcTHO, 4TO
MEIIOYKM KaydaJIbHOTO “cepiua” He COKpallaloTCs
caMu TI0 cebe, a HAIOJHSIIOTCSI U OMYCTOIIAIOTCS 3a
CUeT CIIaXEHHOTO MACWCTBUS IBYX COMAaTHYECKUX
MbIL (musculus cordis caudalis). CoKpaTUTeIbHbIC
BJIEMEHTHI YITOMSHYTBIX COMAaTUYEeCKUX MBIIIL HAXO0-
ISTcs 1o pedIeKTOPHBIM KOHTPOJIEM, KOTOPHIN MC-
ye3aeT IpU pa3pylleHUH CIIMHHOro mo3ra. Kaynaib-
Hoe “cepaie” TepekadnBaeT KpOBb B 3aIHUE Kapau-
HaJbHBIC BeHbI. [Tociie Toro, Kak XXKMBOTHOE TIEpecTaeT
JBUTAThCsI, YACTOTA COKpPAILIEHUI KaydaabHOIO “cep/-
1a” CTAaHOBUTCS 3aMETHO MeHbIIre [27].

Bropoe momomHuTensHOe “cepaie” MUKCUH oOpa-
30BaHO paCIIMPEeHNEeM NOPTAITLHOM BEHbBI IIEYEHU; €T0
Ha3bIBAlOT MOPTAJIbHBIM “cepiaueM”, “cepiauemM” BO-
poTHoIi BeHHbI [3]. OcHamieHHOe COOCTBEHHBIMU MBbI-
LIEYHBIMU BOJIOKHAMM ITOpTajJbHOE “cepalie’” cobupa-
€T KPOBb U3 HAAKHUIIECYHOI BOPOTHOM BEHBI U MPaBOi
nepenHell KapauHAJIbLHOM BEHEI, IIEpeKauynBasi e¢ B Ie-
YeHb 4epe3 oOIIyIo mopTanbHyio BeHy [17]. Hammaue
BCIIOMOTAaTEJILBHOIO MOPTaJbHOrO “cepama”  TakKe
CBSI3BIBAIOT C (hOPMHMPOBAHMEM HU3KOTO KPOBSIHOTO
nmaBineHus MUKCHUH [3]. OtMedeno, uro DKI moprans-
HOTO “ceplia” O4eHb CX0Xa C JEKTPUIECKOM aKTHUB-
HOCTBIO Ipeacepaus XXadepHOTo (CUCTEMHOTO) Cepll-
11a, OOTHAKO ITPU3HAKOB CMHXPOHM3AIMK PabOThl 3TUX
JIIBYX CTPYKTYp He HaiimeHo [28].

KpomMe TOro, cxomHble C OINMCAHHBIMU BbIIIE
“cepauaMu”  IOIIOJIHUTENIbHEIE OOpa30BaHUS ObLIU
oOHapy>KeHbI B MapHOU NepeaHe KapaHAIbHON BEHE
MUMKCUH, KOTOPBIE TTOJIYYMJIY Ha3BaHME KapIMHAJIbLHO-
ro “cepnua” [14]. KapounansHoe “cepmiie” mepeka-
YMBaeT KPOBb U3 OKOJIOXKA0EPHBIX M 3aTHEHEOHOTO CH-
HYCOB B HUZKHIOIO SIPEMHYIO BEHY.

HononHurtenbHble “cepaua” o0eCIeYnBaIOT TOK
BeHO3HOM KpoBu [14, 23]. B cBoto ouepenb B MpOABU-
KeHUM (bpaKIUii apTepraIbHOM KPOBH MUKCHH OTIpe-
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JIeJICHHYIO POJIb UTpaeT pabora XKabepHOTOo ammapara,
TMTOCKOJIBKY CTEHKM 3KaOepHBIX MEIIOYKOB coaepxKaT
KPYIHBbIC MOIMEePEYHO-I10JI0CaThie MbIILIEYHbIE BOJIOK-
Ha [14]. ITocite KaXXmoro coKpalieHNUsI TAKUX MBIIIIeY -
HBIX BOJIOKOH KPOBb, HaXOISIIasics B cocymax skaop,
M3TOHSIETCS B JOpcabHYI0 aopTy. CoKpallleHUe MBbILII-
bl TeJIa B 00J1acCTH XXKa0p TakKe MOXET CIIOCOOCTBO-
BaTh ONTOPOKHEHUIO OKOJIOXKAOESPHBIX CUHYCOB.

Taxkum oOpa3oM, OUeBUIHO, YTO CUCTEMAa KPOBOOO-
pallleH1sI MUKCUH XapaKTepu3yeTcs AelleHTpaIn3alii-
el cuJI, MpOABUTaAIOIINX KPOBh OT Ceplia K xKabpaMm u
»KaOepHBIM MBIIIILIAM, a TAKXKe 00eCIIeYNBAIOIIMX LIUP-
KYJISILIMIO B BEHO3HOI YaCTH KPOBOTOKA C ITOMOIIBIO
BCITOMOTaTeNbHBIX “cepmelr” [14, 23].

XKabepnoe (cucmemnoe) cepdye mukcur u “Kasvyue-
éulil napadokc”. OTINYNUTENBLHON 0COOEHHOCThIO Kap-
JTUOMUOLIATOB XKeJTyTOYKa CepALla MUKCHH CUUTAIOT UX
HEYYBCTBUTCJIBHOCTb K MN3MCHCHUAM BHEKJIETOYHOM
KOHLIeHTpauuu noHos Ca?* [29, 30], yto npu wuie-
MUM/perepdy3un MUOKapAa BBICIIMX ITO3BOHOYHBIX
JKUBOTHBIX BBI3bIBAET TaK HA3bIBAEMBIN “KaJIbIIUEBbI
napagokc” (Teperpy3kKy KapIMOMHMOIIMTOB HOHaAMU
Ca?* Ha sTane penepdy3uu, BOZHUKAIOLLYIO B PE3YJlb-
taTe ycwieHus Bxoga Ca’' mocse neprona CHUKEHUSA
€ro BHEKJIETOYHOM KOHICHTpallun M TECHO CBsA3aH-
Hylo ¢ HapymeHueM Na*/Ca?" o6mena). B yactHocTH,
npossieHue Ca’'-napagokca HaISAHO ObUIO ITPOJE-
MOHCTPHUPOBAHO Ha M3OJMPOBAHHBIX MOJOCKAX MUO-
KapJa JeJIoOBeKa, MOJIydeHHBIX IIPU OIEepalii Ha OT-
KkpeiToM cepaiie [31]. YU3BecTHO, 4TO Ieperpy3Ka Kap-
nuomuounToB noHamu Ca’?" BemeT K 3aMeLIEHUIO
rpoliiecca pacciabieHust cepaua (penepdy3noHHas
KOHTpPAaKTypa), COMPOBOXIAIOIIEMYCS YMEHbIIEHUEM
JINACTOJIMYECKOTO 00beMa ceplia U CHUKEHUEM cep-
JneyHoro BbIOpoca. IlaToreHe3 MomOOHON COKpaTH-
TeJIbHOI TUCHYHKIUU CBsI3aH HE TOJILKO C 3aMe/Jie-
HUEM pejlakcallMi KapJUOMUOIIMTOB, HO U C Pa3BUTU-
eM »BHeproaeduIMTa, KOTOPbI BBI3BAH TEM, YTO
0oJIbIIIast YaCTh SHEPTUU, OOPA3YIOLIEIHCS B MUTOXOH-
IpUsX, pacxomyercd Ha akkymynsanuio Ca?t Bo BHYT-
PUKJIETOYHBIX JIETIO.

ITokazaHo, uto wuiemus/penepdy3uss H30IUPO-
BaHHOTO cepilla MUKCUH He COMPOBOXIAETCSl pa3BU-
THEeM “KaJlbLIMEBOTO Mapamokca”; JaHHBII (pakT CBU-
JIETEJIBCTBYET O (PYHKIIMOHAIBLHOM aganTalluy MeXa-
HM3MOB, KOTOPBIE 00ecIeunBaloT cekpecTpannio Ca’"
U TIPOU3BOACTBO 3HEPTUHU [29]. MUKCUHBI OTINYAIOT-
CsI OT OOJIBIIMHCTBA IMTO3BOHOYHBIX ITPAKTUYECKU “3a-
KPBITBIMU” OT BHekjeToyHoro Ca’" kieTkaMu MHO-
Kapaa [30], mo-BuamMOMYy, 3a CYET OCOOEHHOCTEu
Ca’*-KaHaJI0B, KOTOPHIE IIPAKTUYECKU HE “OTBEYaIOT”
Ha JeiicTBUe aKTMBAaTOpOB KaHasoB [29]. McTounuka-
mu Ca?' 1151 coKpalieHsI MUOLIUTOB CIIYXAT BHYTPU-
KJIETOYHBbIE CBOOOJHBIC M CBSI3aHHBIC B OpraHesuiax
noHbl. BHeksieTouHblit mysn Ca?t “cBs3biBaeT” HEOObI-
YallHO TOJICTHIN TJIMKOKAJIUKC B HEIMOCPEICTBEHHOM
o6mm3octu K capkoiemme (SL) kapmuommonuToB [17,
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30], 4To SABISIETCS BaXXHBIM KOMITOHEHTOM 3alllUTHI OT
MOCTYIUICHUST BHEKJIETOYHBIX MIOHOB B KJIETKM, B 4aCT-
HOCTHU, IIpU BHeKJIeTouHOM auuao3e [30]. JlaHHbIe pe-
3yJILTAThl YKa3bIBAIOT Ha HEKOTOPHIE YHUKAJIbHEIE Ka-
gyecTBa SL KapaMOMHMOIIMTOB MUKCWH, OO0JamaroIei
5KCTPAaOpAMHAPHON OydepHOoii emkocThio masa Ca?t
IIPY COMYTCTBYIOIIEH OTpaHUYEHHOM MTPOHUIIAEMOCTH
JJIsI faHHOTO KaTuoHa. OTCYTCTBUE “KalblIMEeBOIO Ma-
pamokca” B cepalle MUKCUH MOXKET OTpakKaTh HEKOTO-
pble KpUTUYECKME CBOMCTBa KJIETOYHOW MeMOpaHBbI
MMOLIMTOB, KOTOpbIe, 0€3 COMHEHUS, CYIIECTBEHHO
pa3IM4aioTCsI MEXAY BBICIIMMU M HU3IIMMU IT03BO-
HouYHbIMHU [30].

Xpomappgunnvie knemku cepoya mukcurn. B HacTosI-
1ee BpeMsi O4YeHb MajJo M3BECTHO O MeXaHu3Max
yIIpaBeHUs CEPALIEM MUKCHUH. Y BBICIIMX ITO3BOHOY -
HBIX JKMBOTHBIX KOHTPOJIb CEPAEYHOTO PUTMA BKJIIO-
Y4aeT CUMITATUYECKUi (CTUMYIMPYIOIIWii B-aapeHep-
TUYECKUI) U TTapacUMITaTUYeCKUI (MHTUOUPYIOIIUIA
XOJUHEPruueckuii) MexaHu3Mmbl. [OpMOHaIbHBINI
KOHTPOJIb pabOThl MUOKAap/a OMOCPEAYETCS KaTeX0-
namuHamMu (KA: HopaapeHalauH, aapeHaluH), BbI-
CBOOOXIaeMbIMU JTUOO U3 TKAHU HAIMTOYEYHUKOB, JIU-
00 u3 apyrux xpoMad@dUHHBIX TKaHeil. MUKCHUHBI
CUMTAIOTCSl YHUKAJIbHBIMU TIPEICTABUTEISIMU MMO3BO-
HOYHBIX >KMBOTHBIX, Y KOTOPBIX CEPALIE MOJHOCTHIO
JIMIIIEHO COOTBETCTBYIOIIEH WHHepBauuu (“aneural
heart”, anespanvhoe cepdue) [18, 25]. Iloka3zaHo, 4TO
aHeBpaJibHOE Cepllle MUKCUH pearupyeT Ha BBeAeHUE
KA u ob6mamaeT cBouM cobcTBeHHBIM 3anacoMm KA [8,
18, 22, 25].

ITpu u3zyyeHnuu cepaen Tpex BUAOB MUKCUH Myxine
glutinosa, E. stoutii v E. cirrhatus B MUOKape 1 aJiBeH-
TULIMKA OPIOLIHON aOpTHI ObLIAa BBISIBICHA ITTOMYJISIIIUS
KA-conepxaniux xpomadpPUHHBIX KJIeTOK [ 18], KoTO-
pbie OKa3aICh TOMOJIOTMYHBI KJIETKAM MO3TOBOTO Be-
IecTBa HAAIMOYeYHNKOB MyIeKonmuTarommx [32]. Bme-
CTe C TeM IIpU CpaBHEHUU C MJIEKOMUTAIOIIUMU (KPO-
JIMKU ¥ cobaku) KoHLeHTpauusg KA B cepalie MUKCUH
okasanachk B 50 pa3 Beimie [33]; mpuaemM oS ampeHa-
JIMHA MoTJIa focTurath 99%. YpoBeHb anpeHalHa siB-
JISIETCS TIPpe00IagalonIuM B XKEeTyI0UKe, B TO BpeMsI KaK
KOHIIEHTpalMs HOopaJapeHaJIMHa JOCTUTAeT MaKCUMY-
Ma B IIpeICEePINH, ITOPTATbHOM “cepmaie” MukcuH [11,
16, 34] 1 BO BTOpOM I10 3HaUMMOCTH “aeno” KA — 3an-
Hell KapomHambHOI BeHe [34]. bnaromaps Oombliei
Macce TKaHei cepialia U 0ojiee BHICOKOI KOHIIEHTpa-
UM aJpeHajHa B MUOKapIe aKKyMyJIUPOBaHO IIpU-
MEpHO B Tpu pasa 6oibiie KA, yeM B 3amHel Kapau-
HajbHOI BeHe [35]. OyeBMAHO, YTO cepalle MUKCUH
nmeiictByeT Kak KA-BBICBOOOXmarolasl skejie3a, OKa-
3pIBalOIas MapakKpUHHOE JIeiCTBUE Ha KIIETKU MMO-
Kapaa. B yactHocTH, OBIT0 TTOKa3aHo, 4To KA B 00J1b-
X KOJMYECTBAX BHICBOOOXIAIOTCS IIPU OCTPOM TH-
nokcuu [34], mpuyeM TUIOKCEMUS OIpenesieT
3HAUYUTEJIbHOE YBeJIUUEHUE YPOBHSI HOpaapeHaanHa B
I1a3Me Ipyu OTCYTCTBUM U3MEHEHUI colepKaHUs ajl-
peHanuHa [35].
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CooTHOIIIeHNWEe CeKpellnn HopaapeHaTnHa U ajape-
HaJIMHA TTO3BOJISET ITPEAITOI0XHUTD, UYTO Y MUKCHUH, TT0-
JIOOHO APYTMM TIO3BOHOYHBIM, 3TU MeAUaTOphl Xpa-
HSTCS B pa3HbIX TUITaX XxpoMadGUHHBIX KJIETOK [34].

Kak u3BecTHO, y OOJIBIIMHCTBA TO3BOHOYHBIX XU~
BOTHEIX KOHTPOJIb BhICBOOOXIeHusT KA ocyiiecTss-
€TCs IIperaHmIMOHAPHBIMUA CUMITAaTUYECKMMU BOJIOK-
Hamu [34, 36]. MUKCUHBI SIBJISTIOTCS UCKJTIOUEHUEM U3
3TOr0 OOIIEeTO MpaBuia, IIOCKOJIBKY MX OCHOBHasI KA-
coaepkaniasi TKaHb — XxpoMadGUHHBIE KJIETKH 3Kabep-
HOro (CUCTEMHOTO) cep/lla — He MUHHepBUupyeTcs [22].
Kpome Toro, mHbeKIIMM alleTWIXOJWHA M M-Xoau-
HOOJIOKaTopa aTpoIlMHA HE OKa3bIBalOT 3aMETHOIO
BaussHUs Ha YCC MUKCUH, YTO CBUICTEILCTBYET 00
OTCYTCTBUM amrmapaTa XOJIMHOPELIEIITOPOB B TKaHSIX
cepana [37]. OueBUIHO, YTO peryysaus cekpennn KA
Yy 3TUX HPUMHUTUBHBIX MHO3BOHOYHLIX BOILIOIIAETCS
HWCKIIIOUUTEIILHO IIOCPENCTBOM HEXOJMHEPTUYECKUX
MeXaHu3MOB [34].

B orcyTcTBUE BHEllIHet MTHHEpBallMM BICBOOOXK /1A -
eMble XxpoMadUMHHBIMU KiieTKaMu KA MOTyT KOHTPO-
JIMPOBaTh COKPATUTEIbHYIO aKTUBHOCTh KapJAMOMUO-
LUATOB M TJIAAKOMBILIEYHBIX KJIETOK aopThI [17, 18] 1my-
TeM CBsI3bIBaHUSI C MX P-ampeHoperienrropamu [16].
IIpenmnomnaraercs, yto “pyruHHas” YHCC (HCC nokost)
Y MUKCUH YCTAHABJIMBAETCS MOCPEACTBOM ayTOKPUH-
HOTO aJpEeHEePruYeckKoro TOHUYECKOTO BO3JIEUCTBUS,
pPeanu3yIolIerocss B OCHOBHBIX KJeTKax-TielicMeliKe-
pax BOJAUTENSI CEPAECYHOTO PUTMA, KOTOPbIE Y BBICIITUX
XKHMBOTHBIX PACIOJaraloTcsi B CMHOATpHaJIbHOM (SA)
y3iie (He UAeHTU(UIIMPOBAHBl Yy MUKCHH) 1 331a0T Ya-
CTOTy cokpaieHuii [11]. B monab3y Takoro mpeamnoso-
JKEHUSI CBUIETEJIbCTBYIOT MHIMOMPOBAHUE COKpATH-
TEJIbHOU aKTUBHOCTWM MMOKapAa W pa3BUTUE Opamu-
Kapnumn y E. stoutii u 'y M. glutinosa Tipy UCTOIIEHUN
3anacoB KA B cep/ilie MUKCHH B OTBET Ha BBEJEHNE pe-
3eprnuHa [20, 32].

K éonpocy unnepseayuu cepoya muxkcut

Kak ymoMuHaI0Ch BBIIIE, MUKCHH CUMTAIOT YHU-
KaJIbHBIMM TIPEICTABUTEISIMU TO3BOHOYHBIX KUBOT-
HBIX, Y KOTOPBIX CEPALE MOJHOCTHIO JUIIEHO NHHEP-
BauMM (Tak HasbpIBaeMoe “aHeBpasibHOe cepaue”) [18,
25].

BMmecTe ¢ TeM mpm oKpallMBaHUM TKaHEW Kaju-
¢dopHuiickoit MukcuHsbl (E. sfoutii) B HEMoCcpeaCcTBEH-
HOM OJM30CTU K XKabepHOMY (CUCTEMHOMY) CEPILY
OBLI OOHAPYXXEH KPYITHBIIA HEPBHBII CTBOJI, COAepKa-
LIl KpyNHbIE U MeJIKHe MHEIMHU3UPOBAHHbBIE BO-
JIOKHA, a TAaKKe pacriojiaraloliirecs B MUOKapAe XKeJry-
JIOYKa KJIETKM, KOTOpble ObUIM MIEHTU(UIIMPOBAHBI
Kak raHriamoHapHble [33]. IaHTIMoHapHBIE KISTKUA
BBICTPAaMBAIMCh B LIEMOYKM I10 Kparo TpadeKyJsT BOJIM3U
OCHOBHBIX IPOCBETOB XeJTyI04Ka 1 rpencepans. Kpo-
M€ TOro, BHYTPU METEJIb PHIXJIBIX CeTel BOJJOKOH MHO-
Kapza pacrpele/suIiCh ONMHOYHbBIE, COCTUHSIOIIECS
UIMHHBIMKA OTPOCTKaMM aHaJIOTUYHbIEe KieTKu. Oue-
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BUOIHO, B Mpeneax cepala MUKCUH TaHIJIMOHApHBIE
KJIETKU COCTAaBJISUIM €AMHYIO, HENPEPHIBHYIO CUCTEMY.
CBs13aHHBIE C TaHIJIMOHAPHBIMU KJIETKAMU HEpPBHBIE
BOJIOKHA OKa3aJIUCh COIIOCTABUMBI C BOJIOKHAMU, KO-
TOpbIe HAXOIAT B TKaHSIX SMUKapIa y OCHOBAaHUS CEPJI-
11a ¥ B MEXKIIpEJACEPAHOM ITIEPEropoaKe BhICIIINX II03BO-
HOYHBIX XMBOTHEIX (BK/IIO4asl 4yejioBeka). CUmMTalor,
YTO YIIOMSIHYThle HEpBHBIE BOJIOKHA MOTJIM OTHOCUTh-
cs1 K BOJIOKHaM Oryknaronero Hepsa (xn. vagus) [33], B
YaCTHOCTH, €70 KUILIEYHO! BETBY, TAKXKE IPOXOASIIEH
BOIM3M OpTaJibHOIO “cepaua” [3].

Hpyrast cucteMa KPYITHBIX TAHTJTUOHAPHBIX KJIETOK
ObLIa CBSI3aHA C 3€PHUCTBIMU apTUPODUIBHBIMUA BO-
JIOKHAMHM U1 pacripeaesisiiach Mo BHEITHEMY Kpalo aop-
ThI U B TKAHSIX XeIyI04YKa BIOJIb Kpast dHaoKapaa [33].
laHrnmnoHapHbIe KJISTKM TakKKe IIPUCYTCTBOBAJIM B
(Gubpo3HOM 3nuKapae. Becb Myuokapa ObLT MIpOHU3aH
CETBIO IPYOBIX M TOHKUX aprupo@UIbHBIX BOJIOKOH U
BEeTOYKaMU (pUOPUIII, CXOIHOI CO CIUIETCHUEM; JaH-
Hble BOJIOKHA UMEJIN OMpeaeJeHHOE CXOACTBO C BO-
JIOKHAMW, OTMEYAEMBIMU B CEPJIE KOCTUCTBIX PHIO U
aMpnonit.

IlpuBeneHHble aHATOMUYECKWE AETalu MPOTHUBO-
pedar yTBEpXKIEHUIO, YTO CEPALIE MUKCUH aHEeBPaJIb-
HO, T.€. He UMeeT nHHepBaluu [33]. BMecTte c TeM B OT-
HOILIEHUHN XabepHOro (CUCTEMHOIO) cepllla MUKCUH
MPOIOJIKAIOT MCIIOJIb30BaTh TEPMUH “(DYHKIIMOHATb-
HO aHeBpaJibHOe” (functionally aneural) [38].

HNHTtepecHo, uTO cepale SMOPUOHOB MJIEKOIMTAIO-
LIMX TIPOXOJIUT Yepe3 aHeBPaAJIbHYIO CTaIUIO Pa3BUTHS
B YaCTHOCTH, ¥ SMOPHUOHOB KPBICHI CepaIle HaYMHAaeT
cokpalarbcs Ha 9-if JeHb, OTHAKO BOJIOKHA OJTyXaa-
I0IIIETO HepBa yCTaHABJIMBAIOT KOHTPOJIb HaJ MUOKap-
JIOM TOJILKO Ha4YMHas 1mocie 21-ro nHs pa3sutus [39].
Kpowme Toro, mocie Xupyprudeckoi TpaHCIIJIaHTalluu
ceplilie YeoBeKa TakKe SIBJsSIeTCsS aHeBpalbHbIM. TeM
He MEeHee Y MUKCHH OTCYTCTBHE BHIPaXKeHHOI MHHEP-
BallMM HE TIPEISITCTBYeT 2MDMOEKTUBHONW MOIYJISIINU
CeplIeuHOro puT™Ma.

Ilposodsawas cucmema cepoua MUKcuH

CKOOpAMHUPOBAHHOE PUTMUYECKOE COKpallleHue
aBisieTcsd (QYyHAAMEHTAIbHBIM MPUHIIAIIOM PabOThI
cepaua [10]. ¥V BbICHIMX MO3BOHOYHBIX >XMBOTHBIX
KJIETKH, 3aJaI0II1e CePIeIHbIil puT™M (pacemaker cells,
nercMeMKepHbIe KIETKU, KI€TKW BOAUTENS CEPAEYHO-
ro puTMa), IPeACTABISIIOT COO0I y3KOCTIeIMaIu3upo-
BaHHbIE KJIETKM MUOKapAa, Ybsl CIOCOOHOCTh PUTMMU -
YeCcKU JIETOJISIPU30BaThbCs U UHULIMMPOBATh BO3HUK-
HoBeHMe ToTeHUana aeictBust (I1J]) orBewaer 3a
BocnpousBeaeHue 0Oa3zoBoit YUCC. IleiicMmeiikepHble
KJIETKM HaIIPSIMYIO CBA3aHBI IPYT C IPYTOM, a TaKXe C
COCeTHUMU pabouyuMu KJIeTKaMy MHUOKapaa C TOMO-
IIIbIO IIeJIEBBIX KOHTAKTOB, MOCTPOSHHBIX KOHHEKCH -
HaMU (ceMeicTBa TpaHCMeMOpaHHBIX O€JIKOB, y4acT-
BYIOIIMX B (pOPMUPOBAHUM I1I€JIEBbIX KOHTAKTOB — CX)
C pas3NUYHBIMU MPOBOIASIIMMU CBOKMCTBaMU. OCHOB-
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HBIMA KOHHEKCUHAMM, 3KCIIPECCUPYEeMBIMH B pabo-
yeM MUoOKapje, SBJIsSoTcs ObicTpornpoBoasinue Cx43
u Cx40. HanpoTtuB, neiicMeiiKe pHbIe KJIETKM 9KCIIpeC-
CUPYIOT MeIJIEHHO MPOBOASILIEe KOHHEKCUHBI, Cx45 1
Cx32 [10]. ITomobHOe pacripeneyieHne KOHHEKCUHOB
obecrneuynBaeT OHOHAMPABIEHHOE paclpoOCTpaHeHUe
3JIEKTPUYECKOTO CUTHaA OT NMEeCMeNKEePHbIX KIETOK
K “pabounmM” KiieTkaM Mruokapaa. CnocoOHOCTh T'eHe-
pupoBartb IIJI Ge3 BHelIHell CTUMYJSIIMU OTIMYAET
neicMeiiKepHble KJIIETKM OT OKPYKaloIInX ux “pado-
yux” KapaAuoMuoLUTOB. MX auacToinyecKuii MeM-
OpaHHBII ITOTEHIIMAJ HE CTA0MJIEH, TOCTEIIEHHO ASTO-
JIIpU3YETCs 10 Mopora, ¢ KOTOPOTo 3amycKaeTcsl HO-
eIt [1/1. Kpome Toro, meiicMeiikepHbIe KJIIETKH TaKKe
MMEIOT €llle OJHY BaXXHYI0 OCOOEHHOCTh — OHM HE
MMEIOT HE3aBUCHUMOTO OT BpeMeHU (POHOBOIO Kajue-
BOro Toka ((hOHOBBIII KaJWEBBIM TOK BXOIMSIIETO BBI-
npsamienus, IKY), KoTopblii IPUCYTCTBYET B KETYI0Y-
KOBBIX KJIeTKax. Takass 0COOEHHOCTh COOOIIAeT Teii-
CMelKepHOll KJIeTKE BBICOKWUII BXOJHOW WMMIIENAHC,
YTO CBHUACTEIILCTBYET O 3HAYUTEJIHLHOM BIMSIHUU Ma-
JIBIX TOKOB Ha (DOHOBYIO 3JIEKTPUUYECKYIO aKTUBHOCTb.
OmHuM u3 Hanuboee BasKHBIX MAJIbIX TOKOB SIBJISIETCS
AKTUBUPYEMBII TUIEPIOISIPU3ALIMEA BXOASIIANA TOK
(Iy), xoTOpKBIii ABJSIETCS CBOEr0 pola MMILIEHbIO TIPU
aJpeHepruyecKoil M XOJMHEPruyecKoit MOomyiasuu
cepaeuHoro purtMa. CTpyKTypa JOMUHHPYIOIIETO BO-
nutens putMma (dominant pacemaker) TIO3BOHOUHBIX U
HEKOTOPHIX 0€CIIO3BOHOYHBIX JKMBOTHBIX OOBIYHO pac-
MoJaraeTcss MexXay CUHYCOM U IpeacepaueM (CMHOaT-
puanbHbIN y3ea, SA-yzen) [10, 40].

HecMmotps Ha 3HaYeHWE MUKCUH JIJISI BOCIIPOU3BE-
JIEHUSI 1IeJIOCTHO 3BOJIIOLIMOHHOI KapTUHEI, MHGOP-
Malys O CEpASYHOM PUTMOIEHEPHUPYIOIIeM MeXaHU3-
Me MUKCUH KpaifHe orpanmndeHa [11, 41].

B OKI MUKCHH BBIAEISIIOT OTUYETIMBYIO BOJIHY aK-
THUBAlLIMM MBIIIEYHBIX BOJJOKOH SV ¢ nmociaeayrolieit 3a-
JIepXKoi Tepen aktuBanueil mpeacepaus (P-3yoelr)
[40]. SA-y3en He ObUT MASHTU(GULPOBAH HU Y OTHOTO
W3 BUIOB MUKCHH; BMecTe ¢ TeM aHanu3 OKI E. cirrha-
fus HaBOOWUT Ha IIPEAIIONOXEHNE O €T0 HAJIIMYMU, MO0-
CKOJIBKY IpucyTcTBytomast Ha DKI' V-BosHa cooTBeT-
CTBYET COKpallleHHIo SV, mpeniecTBYIOIIeMy CBsSI3aH-
HOMY C COKpallleHMeM MuoKapaa npeacepausi P-3yoiry
[25, 28]. OmHOBpEeMEHHO Y HECKOJIBEKIUX BUIOB MUKCHH
BO BCEX KOMITApTMEHTAaX Cepjila PeTUCTPUPOBAIUCH
XapakKTepHble IJIsT TeiicMeiiKepHbIX cTpyktyp I m
MeIJIeHHasI CIIOHTaHHAasI TMacTOoJIMYecKasl OeTOoJISIpy-
3anus KapauoMuouuToB [42]. HecMoTpst Ha TOT (akT,
9yT0 MUKCHUHEBI obagaror DKI', cormocTaBUMoit ¢ BBIC-
VMU TTIO3BOHOYHBIMM XMBOTHBIMM, 3JIEKTpUYeCcKasi
MPOBOAMMOCTD B MpeEaeiiax cepAlia MUKCUH XapakTe-
pu3yeTcsl MEHBIIIEil CKOPOCTBIO, YTO, IIO-BUAUMOMY,
SIBJISIETCSI CBUAETEIBCTBOM OTCYTCTBUSI CKOOPAMHUPO-
BaHHOM IIPOBOMMIIEII CUCTEMEI cepAlla U IUIOXOTro
MEXKKJIETOYHOI'O CONPSKEHWSI BHYTPU TaKOM ITOTEH-
HUaIbHOM crucTeMbl [43].
Ne 2

TOM 57 2021



110 KOJIECHMKOBA

MexaHn3M reHepaliiy CEpACYHOrO pUTMA BBICIINX
MO3BOHOYHBIX OIIMCHIBAIOT IBE€ B3aMMOIOIIOIHSIIONINE
ruriotessl [10], KoTopble CBSI3BIBAIOT BOZHUKAIOIINE U
pacmpocTpaHsOIIMecss B MUOKaple 3JIeKTPUYECKUE
MPOILECCHI C BKCIPECCUEN YIIPaABIISIEMbIX IIMKJINYECKM -
MU HYKJIEOTUIAMM TUIEePHONASAPU3aAIIMOHHO-aKTUBU -
pyembix kaHaiioB HCN (Ahyperpolarization-activated cy-
clic nucleotide-activated channels, HCN; HeceaeKTUB-
HbIC JIUTaH-3aBUCHUMbIe KaTHOHHBIe KaHalbl). HCN-
KaHaJIbl IPpUHAIIEKAT K CyIepCeEMENCTBY OTEHIIMATI -
3aBMCUMBIX KalueBbix KaHanmoB (K,) u kaHasos,
YIpaBIsIeMbIX [HUKINYECKUMU HYKJICOTUIAMU, KOTO-
pble SIBISIOTCSI ClieuupUIecCKUMU ISl TleiicMelikep-
HBIX KJIeTOK. M3BecTHO, yTo HCN-KaHaIbl aKTUBUPY-
I0TCSI IPY TUTIEPIIONSIPU3ALIMY MEMOpPaHbI, B TO BpeMsl
KaK OObIYHO MOHHBIE KaHaIbl aKTUBUPYIOTCS TIPU Je-
nonsipuzanuu. MyHKIMe JaHHBIX KAHAIOB SIBIISIETCS
obecnieyenne moHHLIX Nat/K* tokos (“a funny cur-
rent”, 1y); pesynbTupytoniuii Tok yepe3 HCN-kaHabl
MMeeT BXOJsilliee HarpaBieHNe U HATPUEBYIO TIPUPO-
Iy, B TO BpeMsI Kak MoHbI K* ITpy TakMX 3HAYEHUSIX IO~
TeHIMaja OydyT BBIXOAWUTH U3 KjieTKu. Kpome Toro,
HCN-kaHanpl TakKe CBS3BIBAIOT C OCUWUISIIASIMU
BBICBOOOXIeHNS MoHOB Ca?t u3 SR (Ca?*-uacel, Ca?*-
clock). Ilpenmonaraior [25, 44], 4TOo cyllecTBEeHHAasI
pOJb B MHULIMALIMU CEepALIEOUEHUI OTBOAUTCS UMEH-
HOo HCN-kaHanam (MeMOpaHHBIE 9achl). 3a CBOIO BEI-
COKY10 crieliM(pUIHOCTh 1 yJyacTue B TeHepalluy pUT-
Mudeckoi aktTuBHOCcTH Muokapaa HCN-kaHaibel nuHO-
roja Ha3bIBAIOT “‘KaHaJaMHW-BOIUTEIISIMM pUTMA”.
PaznuuyHoe cootHomenue akcernpeccuu HCN-kaHanos
VS. TETPOJOKCUH-UYYBCTBUTEIbHBIX TTOTEHIIAI-YITPaB-
nsgembix Nat kananoB (voltage-gated Na* channels
(Na,), BepositHO TTX-sensitive inactivation-resistant
Na* channels, Narrx), CyllleCTBEHHasl pOJIb MOHHBIX
TOKOB, co3aaBaeMbiX Narryx-KaHanamu (INarry) B pac-
MpPOCTPaHEHWHU BOJHBI BO30OYXIEHMS OT IIPeAcepaus K
SKEJTYIOUKY SIBJISTIOTCSI TUTIOTETUYECKMU MeXaH13Ma-
MU KOHTPOJISI MOCAEI0BAaTEIbHOIO PacpOCTpaHEHUS
BO30YKAEHMSI, MPUCYTCTBYIOLIMMU BO BCEX Kamepax
cepaua MUKCUH [25].

B cepanme MUKCUMH OBIIM MICHTU(MUIINPOBAHBI
mectb uzodopm reHa HCN — HCN2a, HCN2b,
HCN3a, HCN3b, HCN3c u HCN4, 4ro oTimyaer
MHUKCHUH OT MJIEKOMUTAIONINUX, 3SKCIPECCUPYIOIINX
Tonbko 4YeTbipe m3opopmbl HCN (HCNI1- HCN4)
[25]. B otiimume oT mpeo0bJiagalolero B cepile MIEKO-
nutarommx reHa HCN4 [45], HCN3a sasisteTcst oc-
HOBHOI M30(OpMOI1, 3KCIIpeccupyeMoii B mpeacep-
IV U Xeaymouke MukcuH [44]. Kpome Toro, okasa-
Jioch, yTo vy MukcuH reH HCN3b cyuiecTByeT B BuIe
nByx napanoros (Konuii reHoB) — HCN3bi u HCN3bii
[44]. PumoreHeTWYECKMI aHaIW3 IIoKaszaj, 4YTO
HCN3b m HCN3c gBngiorcd reHaMu “TipapoauTelist”
(ancestor), 3a KxoTopbIMU TTosiBUIUCH popmbl HCN3a,
HCN4 u HCN2.

HO—BI/LZ[I/IMOMY, IS O0eCIIeYeHUS CHMHXpOHM3alIun
COKpalll€HA MUoKapga MUMKCHH HeoOxoouM Oosee
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BhICOKUIT ypoBeHb 3Kcnpeccut MPHK HCN-kaHamoB
B IIpencepauu mjis Bcex m3odopM (KpoMe CXOTHOMI
skcnpeccun miast HCN3b), yTo mo3BoJIsIeT YKOPOTUTH
Bpems pa3Butus [1]] kineTok-neiicMeiKepoB mpencep-
VST TIO CPaBHEHMIO C XKemymoukoMm [44]. s cpaBHe-
HUs Yy MJIeKomnuTamomux 3kcrpeccuss reHa HCN Ha
eIMHUILY MacChl B IIpeICEpaNN 1 OCOOEHHO B SA-y3i1e
HaMHOTIO BBIIIE, YeM B Keaygouykax [45, 46]. Takum
obpaszoM, 6osee BricoKas akcnpeccuss HCN-kaHanoB
B IIpeAcepauy oOecHeuyrBaeT OOJBIIYIO ILIOTHOCTH
Bxoasauux TokoB (I) u Gosee ObICTPYIO AemoJisipU3a-
LIAIO 7O TIOporoBoro nmoreHuurana Mexay I, kotopwie
obecrneuynBaloT €ro CoKpallleHUue, TIpellliecTBYIoIee
COKpaIlleHMIO KeTyaouKa. ¥ MUKCHH 3KCIIpeccus 4 u3
5 nzogopM ObLJIa MPUMEPHO B JBa pa3a BHILIC B Mpe/-
cepauu vs. xenaynouek [44]. [Ipennonaraercsi, 4To BO3-
OyXmeHue 1, CIeIOoBaTeJIbHO, CHHXPOHHOCTb COKpa-
IICHUST KaMep cepllia MUKCUH KOHTPOJUPYETCS B OC-
HOBHOM ILJIOTHOCTBIO pactipeneneHus kaHana HCN3a,
a He BapraOeIbHOCTBIO SKCIIPECCUM CHEeIN(PUISCKIX
nzodpopm HCN-kananoB. [To-Bunumomy, peryaupye-
Masl IUIOTHOCTh pachpeneiienust kaHajnoB HCN mo
BCEMY MMOKApAY MOXKET OBITh IIPEIIeCTBEHHUKOM
MPOBOISAIIEN CUCTEMBI Cepllla, XapaKTepHOW IS
cep/ilia BbICIINX TTO3BOHOUHBIX [25]. Hanmmune HCN2,
HCN3 m HCN4 B cepalie MUKCHH TIpeAriojiaraeT mx
MpPUCYTCTBUE OO0 AuBepreHuuu Myxiniformes n 103BO-
HOYHEBIX 1 0COOYIO 3HAUMMOCTD B (DOPMUPOBAHUHU CEP-
JIEYHOII aKTMBHOCTH B MOMEHT BO3HMKHOBEHMS Ka-
MEPHOro MUOTEHHOTO Ceplia.

M3BecTHO, YTO cepalie MUKCUH HAaXOAUTCS MOM TO-
HUYECKUM IMapakKpUHHBIM [-aapeHepruyeckuM BO3-
IeACTBEM, KICTOYHUKOM KOTOPOTIO SIBJISIFOTCS 3aI1achl
KA B Mumoxkapae [47]. MexaHn3MBI TOPMOHAJIILHOTO
KOHTpoJIsI MUoKapaa KA-Mu pealusyloTcsl myTeM X
B3auMoneiicTBus ¢ HCN-kaHaaMu IIpy IIpsIMOM y4da-
ctun HAM®, BhI3bIBaolIe KOHGOPMALIMOHHBIE 13-
MeHeHMsI OEJIKOB KaHajia, YTO MO3BOJISIET OCYILECTB-
JISITh TOHMYECKYIO peryisinuio ¢popmupoBanus YCC.
Cunre3 HTAM® oCyIIeCTBIISIETCS C TTOMOIIBIO (TpaHC-
MEeMOpaHHOI U pacTBOPMMOI) aleHUIATLUMKIA3K U3
AT®. TAM® MoxXeT BO3ISHCTBOBATHL Ha IPOBOAU-
moctb HCN-kananoB u Bausath Ha YCC mytem mpsi-
Moro cBsa3biBaHus ¢ HCN-kaHaiaMu, a Takke BBICTY-
naTh MOOYISITOPOM LUKINYECKUX M3MEHCHUI BHYT-
puxierounoii [Ca’"], 3amyckas wmexanusm Ca’’-
qacoB. [1pu npucoegunenn TAM® k HCN-kaHanam
MPOUCXOAUT UX OTKPBITUE, COMIPOBOXKIAIOIIEECS YBE-
nuyeHueM YCC. Ilpu Hopmokcun KA He oka3biBatoT
BeIpaxkeHHoro neiictBusgs Ha YCC mukcun [25, 37].
Ipu cHukenuu PO, ctumyssiius B-aapeHopenenTo-
POB MHAKTUBUPYET TPaHCMEeMOpaHHYI0 (hOpMYy aicHU -
nmatuukina3bel  (tmAC), o0cCIleurBaloONIyl0 CHUHTE3
HAM®; B ynoMsIHYTHIX ycaoBusaxX oTKpbiTue HCN-ka-
HaJI0B MUHUMAJILHO.

AHOKCHUS COMPOBOXIAETCS YTPATOM TOHUYECKOTO
KA-epruueckoro KOHTpOJISI COKpallleHUii MUoKapaa,
CBSI3aHHOTO C ammnapaTtoM [-aapeHOpPEeEenTOPOB, YTO
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MPUBOAUT K MPAKTUIECKU 2-KPATHOMY YMEHBIIEHUIO
YCC MuKcuH. B 1mmocT-aHOKCHMYECKUN TIepruo IpU
BOCCTAaHOBJIEHUM CePACYHON (DYHKUUU IJISI CTUMY-
JISIIUU CEPAECYHOTO PUTMa 3adeiiCTBYETCS OPYroi
MexaHu3M “nogaun” HAM®P, KOTOpbIii CBsA3aH C
pacTBopuMoii ¢opMoit ameHuaaTuukiaasel (SAC)
[25]. sAC otnuuaercst ot tmAC TeM, UYTO aKTUBUPY-

etcst bukapooHat-uoHamu (HCO53), a He KA. Tpu

aHokcuu koHueHTpauusa HCO; B m1azme U BHYTpU
KJIETOK O0OycJIoBJieHa OTCYTcTBUEM Mponykiuu CO,
BCJIEICTBUE TIepexoia SHEPreTuyeckKoro MeTaboamns-
Ma K aHa®poOHOMY TJIMKOJIU3Y Y Pa3BUTHIO METabOJIU -
yeckoro amugosa [26]. Ilpu BoccTaHOBJIEHUMM Opra-
HU3Ma Tocjie aHOKCUM TotpedsieHue O, ObICTPO yBe-
Ju4yuBaeTrcsa [26], 4YTO CIIOCOOCTBYET aKTMBHOM

BeIpaboTke CO, u moBbIlIeHUIO copepxaHuss HCO;.
Wcxons u3 npeamnosioxeHus, yto sAC geicTByeT Kak
MeTabOMYSCKUUN NaTIYMK U3MEHEeHUI KOHILIEHTPAIIuU

CO,/HCO;, cepaue MHUKCUH MOXET JOCTAaTOYHO
opIcTpO peryanpoBaTh cBoo YCC nmpu OTCYTCTBUM MH-
HepBaumu cepaua [25].

ITocne Bo3BpaTta K HopMokcu YHCC MHUKCUH MO-
JKET yBEJUUMBATBCS B YETHIPE pa3a MO CPaBHEHUIO C
aHOKCHEl UM CYIIeCTBEHHO IpeBbIIIATh MCXOIHBIE,
HOPMOKCHUUYECKHE TTOKa3aTenu [26] 6rarogapss KoMou-
Hauuy npoaykKuuu TAMO® ¢ nomouibio SAC 1 BoccTa-
HoOBJIeHHOU mpoaykiuu HAM® mocpenctBom tmAC
[25]. Kak crnencTBue, B TedeHue 1.5 4 mmocie aHOKCUM
YCC MOXeT ITpakKTU4IECKU YIBOUTHCS 10 CPABHEHUIO C
06b1yHOI YCC 1 yBeIMYUTHCS B YETHIPE pa3a Mo CpaB-
HeHmnio ¢ YCC mpu aHOKcuM 0e3 KaKoro-imbo KOH-
TPOJISi CO CTOPOHBI HEPBHOI CUCTEMBI.

TaxkuM o6pa3oM, HE3aBUCUMO OT KaKUX-JIUOO AUC-
Kyccuii 0 (pMIOreHEeTMYECKOM ITOJIOKEHUU, C TOYKHU
3peHUsI aHATOMUU 1 (PU3MOJIOTUU Ceplilia, MUKCUHHI,
MO-BUONMOMY, SIBJISIIOTCS O0JIee IIPUMUTUBHBIMU K1 -
BOTHBIMHU, YeM MHUHoOrH [2, 11, 19].

OCOBEHHOCTHU AHATOMUH
N ®U3NOJOI'MU CEPILUA MUHOT

Ocobenrocmu cmpoenusi cepoya MuHoz

Munoru (Petromyzontidae) IBASIIOTCSI 0OagaTesI-
MU PYOMMEHTAPHBIX O3BOHKOB, UTO OCTaBJISIET OTK-
PBITBIM BOITPOC 00 MX MPUHAIIEKHOCTU K HACTOSIIIUM
MO3BOHOYHBIM XUBOTHBIM. TeM He MeHee OCOOEHHO-
CTU CTPOSHMUS IByXKaMEPHOTI'O METJIEBOTO CepAlia I103-
BOJISIIOT Pa3MECTUTh MUHOT Ha 3BOJIIOIIMOHHOM JIECT-
HUIIE PSIIOM C U3BECTHBIMU KilaccaMu pbIO (Xpsiiie-
BbeiMU U KoctucteimMm) [48].

Y MuHOTr onmcaHbl “HeHTpaM3alns” KpoOBOTOKA 1
OTCYTCTBHE BcIoOMoraTelIbHbIX “cepuenr” [3, 19]. Pac-
ToJraraforrieecs Io3aan MOCIeTHe maphl XXabepHBIX
MEIIIKOB KabepHoe (CHCTeMHOE) cepiAlle MUHOI He-
0OBIYaTHO BEJIMKO 1O MepKaM MO3BOHOYHBIX XKHUBOT-
Hbix [11, 49]. [To pa3HbIM COOOIIEHUSIM CepAeYHbBIi
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nHaeKc MuHor coctasister oT 0.59% [49] mo 0.25—
0.41% npu OTHOCUTEILHOI Macce XKelyaodKa OKOJIO
0.07% y Lampetra planeri [11]. OTHOCUTEILHBIE pa3Me-
pbl cepaua pedHoit muHoru (Lampetra fluviatilis) B
3 paza mpeBHIIAIOT TaKOBbIE KOCTUCTBHIX phio (0.3 u
0.1% coorBercrBeHHO) [50]. Bombliyo Maccy cepala
MUWHOT CBSI3BIBAIOT C OOJIBIIIM Pa3sMEPOM €ro MHUOLIM-
TOB.

Pasmepnl KapaAMOMHOILIMTOB XEIymodykKa MHHOTU
cocTaBiIsIoT 65—75% pa3zMepa MUOLIMTOB MJIEKOITATA-
IOILIMX Y IPUMEPHO Ha MOPSO0K OOJIbIIE, YeM Kaparuo-
MUOLIMTHI KOCTUCTHIX PhI0. AHAJIOTUYHO CEPAIY MUK-
CUH KapAUOMMWOLMTBEI MUHOT COJIep3KaT YETKO OpUEH-
TUPOBaHHbIE MUOMUOPMILIBLI, pa3BeTBICHHBIII SR u
coeInHSIOTCS mecmMocomaMu [32]. BmecTe ¢ TeM, uep-
TOM, 00OBETUHSIONIEH KapANOMUOLUUTHEI MUHOTU U KO-
CTHUCTHIX PBIO, SIBJIISICTCS PaCIIooKeHEe MUOMUOPUILIT
Ha nrepudepnn Kietok [50].

Kak ynoMuHanoch Bblllle, CEPALIE MUHOT COCTOUT
U3 TOHKOCTEHHOTO MpeAcepAusi, JeXalllero B JIeBOM
YacTU OKOJIOCEPASYHON CYMKU, U 0oJjiee TIOTHOTO
TOJICTOCTEHHOTO XeJTyd04Ka; OOLIMPHBIA MEIIKOBU/I -
HbI SV 1 KaMephl cep/ilia IMOJTHOCThIO OKPY>KEHBI XPsi-
1LIeBOM Karcyioii epukapaa [22], 4To MOXeT UCITOJIb-
30BaThCs JJI CO3AaHMSI OTPULIATEbHOIO U TTOJOXM-
TEJbHOIO OAaBJICHUS “TIpoKaynBaHUS”. Y MUHOT
npeacepade M KeayaouyeK COXpaHsSIIoT OOKOBOE Mpo-
CTpaHCTBeHHOE OoTHoIeHUe [ 1]; monoxeHnune SV oTHOCH-
TEJIbHO TIPEACEPAMS CXOIHO C TEM, KOTOpOe HaOIo1aeT-
cs1 y MUKCHH. CTEHKHM XeTyI04YKa [MOCTPOSHBI TyOUaThiM
MMOKapJIoM 06e3 KOpOHapHOTo KpoBOCHaOxeHus. OTTOK
KPOBU U3 XKeJyAoukKa KOHTPOJIMPYETCS ABYMSI MOJTYTyH-
HbIMU KiaamaHamu [2, 11]. BHe mpeneyioB nepuxkapaa
OFT umeeT BUI paciMpeHusi, IEPEXOmsIIero B OpIol-
Hy10 a0pTy. CTeHKa OpIOIITHOM a0PThI IOCTPOEHA TJIas -
KOMBIILIEUYHBIMU KJIETKAMU C OOJIIIUM KOJUYECTBOM
KOJIJTareHOBBIX BOJIOKOH U 3aMETHO TOJIIIIE, YeEM Y MUK~
CUH, YTO, MO-BUIMMOMY, CONPSXKEHO ¢ OoJiee BbICO-
KMM JaBJICHMEM B KPOBEHOCHOI1 cucTeMe MUHOT [49,
51].

YHUKaJIbHOI OCOOEHHOCTBIO MWHOT SIBJISIIOTCS
pacnoJjaramiiuecs: BOJIM3K cepala BHyTpUapTe pruaib-
HbIe “IOAYIIKU”, KOTOPBIE MPEICTABISIET COO0OU CUJTb-
HO OrpaHNYMBalIOIINe IIPOCBET OPIOLIHOI A0PTHI 00Opa-
30BaHUS N3 PHIXJION COCIMHUTENbHOM TKaHu [1, 3, 51].
DyHKIIMS 3TUX COCTUHUTEILHOTKAHHBIX “IToaylieK”
He M3BECTHA; IIPEAIIoaraloT, YT0 OHU MOTYT CIIOCO0-
CTBOBAThb CO3HAHMIO TYPOYJIEHTHOIO TOKa KPOBU IJIsI
OrpaHuYeHMs] OCeJaHus SPUTPOLIMTOB JIMOO y4acTBO-
BaTh B PEryJsilUM IpocBeTa cocyda (Ba30KOHCTPUK-
mus) [51]. Hamuuwme nByx “momymiek” B KadecTBe
C(PUHKTEPOB HaJl apTepUaIbHBIMU KJ1allaHaMU1 OCTaeT-
Cd OTJIMYMTEJILHOM YE€PTOM KPOBEHOCHOM CHUCTEMBI
muHor [1].

YCC y MUHOT 3HAYUTEIbHO BBIIIIE, YeM Y MUKCUH
[11, 22] n cocrtaBnsieT 33—50 ynapoB/MuH y Lampetra
Sfluviatilis [52] n 23—37 ymapoB/mMuH y Geotria australis
[53].
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CpenHee maBieHHe B OplomrHON aopte y Ento-
sphenus tridentatus coctaBnser ot 2.5 no 4.4 xIla (ot
18.75 no 30 MM pT.CT.), MyJIbCOBOE AaBjJeHUE (pa3HULIA
MEXIY CUCTOJMYSCKUM U TUACTOIMIECKIM TaBICHM-
eM) oOBIYHO KoJyiebsaercs B mpeneiax meHee 1.2 xlla
(9 MM pt.cT.) [54]. IIpuBeneHHbI (haKT O3HAYAET, UTO
ceplilie MUHOTU MOXEeT FeHepHUpoBaTh apTepualbHOe
TaBJICHWE B IBa-YETHIPE pa3a BBIIIE, YeM CEePAIle MUK-
CHMH, C y4eToM Gosblieii (B 2—6 pa3) cepaeyHOM Mac-
CcBl. BMecTe ¢ TeM yaembHas BBIXOIHAs MOIIHOCTH
MHroKapaa MUHOT CYIIIECTBEHHO HUXeE, YeM Y KOCTH-
CThIX pbIO [11].

MuHoru o61aaaloT MOJIHOCThIO 3aMKHYTOI CUCTe-
Moit KpoBoobGpanieHust. O6beM KpOBU MHHOT BEJIMK
TI0 CTaHJapTaM ITO3BOHOYHBIX XKMBOTHBIX 1 COCTABJISI -
eT mopsgaka 8% Macchl Tena [46]; BMecTe ¢ TEM OH IIpU-
MEPHO BABOE MEHbIIIE, YeM Y MUKCHUH.

Xpomaghpunnosie knemku cepoya mMuroz

Cepie MUHOT TakKxXKe COOepXUT xpoMadUHHEIE
KJIETKM B CTeHKAaX IIpeIcepans U Xkerymodka [55]. Xpo-
MadGUHHBIE KJICTKU pacTipeaesIsTIOTCS MEXKIy KIeTKa-
MU MUOKapaa TakKuM 00pa3oM, 4YTO OHU He “OTKpbIBa-
IOTCS1” HU B ITIOJIOCTh IIEpUKap/ia, HA B IIOJIOCTh CEP/IIIA;
KpOMe TOTO, UX HaXOAsAT B SHAOKap/Ae U B MepuKape.
ITo-BupumMomy,  pa3po3HeHHble  XpoMadUHHbIE
KJIETKM 00pa3yloT “BHYTPEHHIOI” CUCTEMY KOHTPOJIS
LUPKYJISTOPHOM yHKLMHU [56]. B oTBeT Ha MpuHOCH-
MEBI€ C TOKOM KPOBU CTUMYJIbI CKOIIJICHUS “agpeHalin-
HOBBIX” XpoMa(d@PUHHBIX KIETOK Cepia BEICBOOOXK-
Jal0T BbIpabaThIBacMblii UMY aipeHAJINH; B CBOIO OYe-
penb, agpeHaJluH CTUMYJIUPYET BBICBOOOXIECHME
HopaapeHajanHa. [ 1TaBHOM MUIIIEHBIO HOpaapeHaJInHa
SIBJISIETCSI MUOKap/, TAKXKE, BO3MOXHO, HOpaIpeHaJIuH
CITOCOOCTBYET BhICBOOOXKIeHMIO modpamuHa. [Ipenmo-
smararot [57], 94To 3a cueT cKommiIeHui XxpoMadOUHHBIX
KJIETOK XXabepHoe (CMCTeMHOe) cepIe MUHOT MOXKET
TaK3XKe OCYIIECTBIISATh 9HIOKPUHHYIO GYHKINIO. COOT-
HOIIIEHNE COASPKAHUS aIpeHaIMHA K HOpaapeHAIUHY
BapbUpPYETCA B TKAHSAX CEPALIA: apeHAaINH Ipeodiana-
eT B XXKeJIyoOo4YKe U Ipelceparnd, HOpaapeHaInH TOMU-
aupyeT B SV [11]. 3a cuer KA-comepxamux rpaHyi
xpoMaddUHHEIE KJIETKH, pacIiojiararolimecs mogooHo
Leny TaHTJIMOHAPHBIX KJIETOK IO BCEM TPeM OTAeIaM
cepAlia W, B MEHbIIIEH CTEIeHW B SIpEMHOI1 BEHe, CO-
CTaBJISIIOT HEKOE MOA00Me aipeHEPruIYeCKMX HEPBHBIX
BOJIOKOH [22].

IMockoabKy XapakTep paclpeneaecHus u ¢hhopMa OT-
JIenbHBIX XpoMadGUHHBIX KJIETOK cepalia MUHOT aHa-
JIOTUYHBI TAHIJIMOHAPHBIM KJIETKaM, MperoJaraioT
[22], yTO OHM MOTYT OBITH MIEHTUYHBLI TAHTJIMOHAP-
HBIM KJIETKaM MaJjioro TUIla, KOTOpble TakxKe JEeMOH-
CTPUPYIOT cleuudUuIeckoe OKpalllMBaHUE COJISIMU
XpoMa. YHOMSHYTBII Iy XpoMadOUHHBIX KIETOK
pacrosiaraeTcsl IpeuMYIIeCTBEHHO BIOJb BHYTPEHHEH
MOBEPXHOCTH ToJiocTel cepalia. Ecau Takoe npenmno-
JIOXKEHWE CIIPAaBeINBO, TO B OTIMYME OT MUKCHUH
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cepaue Petromyzonidae o61amaeT HEPBHBIMU 3JIEMEH-
TaMU B BUE TaHTIIMOHAPHBIX KJIETOK [22].

raHZﬂuOHaprle KaemkKu e cepaue MUHO2C

B cepane MuHOT BCTpedaroTcs IBa THUIA TaHTIAO-
HapHBIX KJIETOK — KPyIHbIE 1 Majible. CpemHuil pas-
Mep KJIETOK KPYMHOTO TUIIa OOBIYHO cocTaBisieT 13—
14 MKM, B TO BpeMsI KaK KJIeTKIA MaJIOro TUIA JOCTUTa-
IOT pa3Mepa oKoso 5—7 (uHorma no 9) Mxm [22].

B nipencepaum u XKenynouyke raHIJIMOHApHBIE KJIET-
KM TPYIIIUPYIOTCSI WM 00pa3yioT 1LIENM BOOJb MBIIICY-
HBIX TIy4KOB. OTAeIbHBIE LIEMOYKU TaHTJIMOHAPHBIX
KJIETOK pacnpeaessiioTcsl BIOJb MOBEPXHOCTEM OCHOB-
HBIX, LIEHTPaJbHBIX IIOJIOCTEH XKeJlynoyKa U mpeacep-
nust; B IepuepudecKruX PhIXJIbIX CETSIX MyYKOB MUO-
KapJa BCTPEYaloTCsl ONUHOYHbIEC KJIETKH, KOTOPBIE CO-
€IUHSIOTCSI OpYr C APYIOM OJIMHHBIMU OTPOCTKaMM.
l'anrnmmoHapHBIe KJIETKM B CTeHKaxX SV, UX KJIETOUHBIS
e BHYTPU IIpeAcepausi, B aTPUOBEHTPUKYJISIPHOM
JIOKYCE M KeJIyIo4YKe COeTMHEeHbI MexXay coboii. B aT-
PUOBEHTPUKYJISIPHOM JIOKYCE TaHTJIMOHAPHBIE KJIETKHU
MPUCYTCTBYIOT TaXe B COEAUHUTEIbHOM TKAHU Y OCHO-
BaHMSI KJIAallaHOB, a TakKKe HAa MOBEPXHOCTSIX Kilalia-
HOB. OtMeuyaroT [22], YTO cucTeMa TaHTJIMOHAPHBIX
KJIETOK 00pa3yeT HeKUit KOHTUHYYM B I'paHULIaX Cep/l-
na. Kpome Toro, ceTh raHIJIMOHAPHBIX KJIIETOK Cepala
MUHOT TaKKe€ HaXOJIUTCS B KOHTAKTE C TaHTJIMOHAPHBI-
MU KiieTKaMu KIOBbepOBBIX MMPOTOKOB, BEPOSITHO, OT-
HOCSIINXCS K CUMIIATUYECKOM HEPBHOI CCTEME.

Hnnepeayus u ocobennocmu
HepBHOIL pe2yasauul cepoua MUHo2

MuyHOrM CUMTalOTCS TMEPBLIMU TTO3BOHOUHBIMU
KUBOTHBIMU, Yy KOTOPBIX TOSIBJISIETCSI WHHEpBaLIUs
cepaua B Bune n. vagus [47]. ABTOHOMHBIII KOHTPOJIb
paboThl cep/ilia MUHOT OTJIMYAETCS OT TUTTUYHOTO MaT-
TepHa PEryjsiiuv cepAeYHON (DYHKIIMU BBICIIMX MO-
3BOHOYHBIX LIEJIBIM psiAOoM ocobeHHocTei. Tak, cepa-
1Ie MUHOT OCYIIECTBJISIET CBOIO (DYHKIIMIO IMPU TTOJTHOM
OTCYTCTBMU CUMIIATUYECKOTO aJIpeHEPruueCcKOro KOH-
TpoJisi. CUMITaTUYECKHE LIETTU MOJTHOCTbIO OTCYTCTBY-
0T, XOTSI paccessHHbIe KjacTepbl HEHPOHOB BCTpeya-
IOTCS BJIOJIb KapAMHAJIbHBIX BEH B OPIOIIIHONI MOJIOCTH
muHor [58]. HecMoTpst Ha TOT ¢hakT, 4YTO cep/lie MUHOT
JIMILIEHO KOHTPOJISI CO CTOPOHBI CUMIATUYECKOMN HEPB-
HOI CHUCTEMbI, PHAOTEIUATbHAS IMOBEPXHOCTh MMO-
Kapaa coAepXUT xpoMaddUuHHBIE KIETKU, KOTOpPbIE
MOTYT BbICBOOOXIATh OKa3bIBAIOIINE BIAUSIHUE Ha CO-
KpallleHrMe KapAWOMUOLIMTOB aipeHAJIMH U HOpajape-
HaJuH [22]. B oTcyTCcTBUE CUMITAaTUYECKO MHHEpPBa-
AU CEePIIE MUHOT TEMOHCTPUPYET TOJOXUTEITbHBIE
MHOTPOTIHBII M XPOHOTPOITHBI OTBETHI Ha [-ampe-
HEPTUYECKYIO CTUMYJISIIUIO [22].

XonuHepTUyeckKuii n. vagus, MPOXOASIIUN BAOJb
CPEOIMHHOM IPEMHOM BEHBI, OCYIIECTBJISIET UHHEP-
Bauuio creHku SV [22]. [TokazaHO, YTO CTUMYJISI-
LU 1. vagus akTUBUPYET paboTy cepilia MUHOT ye-
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pe3 armapaT HUKOTHHOBBIX PEIENTOPOB, COCTaB-
TSI YHUKAJIbHYIO OCOOEHHOCTH Cepllla MWHOT;
OOBIYHO Y TO3BOHOYHBIX CTUMYJSILUS X. VAgUS BbI-
3BIBacT OpagKapanuIo, OTIOCPEAYEMYIO MyCKapMHO-
BBIMU PEIENTOPAMMU.

IIposodawas cucmema cepoua mMuHo2

B Hacrosiliee BpeMsi MeXaHU3Mbl TeHepaluu
CepAeYHOro pUTMa MUHOT OCTAlOTCs MPaKTUYECKHU
He U3BECTHBI. YIbTPACTPYKTYPHO cepledHast MblIl-
11a MUHOTU CXOJIHA C TAKOBOM y APYTUX MO3BOHOY-
HbIX [59]. CymiecTByeT MHEHUE, YTO MUHOTHU JIUIIIE-
HBbl COOCTBEHHOTO BOOMTENSI pUTMa (T.€. 0OJagaroT
“HeMpOTeHHBIM cepalieM”’, TPEOYIOIINM TPUIOXKSHUS
BHEIIIHETO BO3JECTBUS IJISI TeHEpalluy COKpaIlleHUIA )
[48]. BmecTe ¢ TeM, onupasich Ha onbITel 1. MeHceHa,
[60] K. PoBaitHeH [59] mpuiles K 3aKJIIOYEHUIO O CY-
IIIECTBOBAaHUM COOCTBEHHOI'O, BCTPOEHHOTO BOAUTES
pHUTMa B cepaiie MUHOT (“MuoreHHoe cepaiie”). [1pen-
rojiaraeTcs, YTO y MUMHOT MEXaHU3M, 3aJalolnii cep-
JIEYHBIIT PUTM, MOXET OBITh NOJ0OCH MEXaHU3MY,
OMMCAaHHOMY JJIsl aHEBPAJILHOTO cepara MUKCUH [60];
TaKoe MPeArnoaoXkeHne BaXKHO ¢ TOUKHU 3peHust huio-
T€HETUYECKOTO CTAaHOBJICHUSI PUTMOTE€HEPUPYIOIIEH
TKaHU cepaua. BMecTe ¢ TeM cyliecTByeT BEpOSITHOCTD
TOTO, UTO MEXaHU3MBbI, OTBEUYAIOII[1€ 32 BOCITPOU3BEE-
HUE CeplIeYHbIX COKpallleHU, B 1ByX rpyrmax Cyclos-
fomata pa3BUBAJIIUCH HE3aBUCUMBIMU MyTsIMU. OmQHO-
BPEMEHHO YYBCTBUTEIbHAS K UBMEHEHUSIM KPOBSIHOTO
JaBJIEHUS YaCTh MEXaHU3Ma, PEryJIUpPYIOIIEro cepaey-
Hbl€ COKpallleHWsI B MUOKape XelydouKa MOPCKOM
muHoru (Petromyzon marinus), o0JamaeT OIIpencaeH-
HBIM CXOICTBOM C TaKOBOW y MpeaCcTaBUTENsT KOCTU-
CTHIX PBIO, pamyskHOIT hopenn (Salmo gairdnery) [60].

Yuacmue caxpnonasmamuueckoeo pemuryayma, Ca>*
U PUAHOOUHOBYIX PeUEenmopos 8 pe2yAsuul
COKpamumenvHoil akmugHOCMU MUOKApOa MUHoe

SR KapaAMOMUOIIUTOB, UTPAIOIIMNI BaXKHYIO POJIb B
yIIpaBJIeHUH TTOTOKaMK MOoHOB Ca’", y MUHOT Ype3BbI-
yaitHo pa3But [50]. JJaHHBII (haKT MOXET CBUAETEb-
CTBOBATbh O TOM, UTO y OOIIIEro MpeaKa BceX MO3BOHOY -
HBIX COMPSIKEHUE MEXIy BO30YXAEeHUEM U cOoKpallle-
HUeM cepaua (excitation-contraction coupling, e-c-
coupling) MOTJI0 TOBOJBbHO CUJILHO 3aBUCETh OT 3amna-
cos Ca’* B capKoIlJIa3MaTUYECKOM CETH.

M3BecTHO, 4TO KaxXmoe cepaleOneHrue MHULIMUPY-
eTcsl DJIEKTPUIECKUM Bo30OyxkneHueM SL kapanoMuo-
muToB B popme I1]1 [50]. Bo3OyxmeHue corpsiraeTcs ¢
COKpallleHUeM MUOILIMTA Yepe3 KpaTKOBPEMEHHOE Mo~
BBIIIIEHWE BHYTPUKJIIETOYHOU KOHIIEHTpAIU CBOOOI-
HbIX MoHOB Ca’", BeJMYMHA KOTOPOii OTpaxaeT cTe-
neHb akTuBaumyu muouwmra. Ilocryrmnenue Ca?" us
BHEKJIETOYHOI'O IIPOCTPAHCTBA ACUCTBYET KaK TPUITEP
IJISI MaJIbHEHIIero BBICBOOOXKASHNS NOHOB M3 BHYTPHU-
KJIETOUHBIX fe1o B SR uepes mexanusm Ca’t-unmynu-
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poBanHoro BeicBoOOXAeHUsT (CICR) 1160, eciam Ko-
mudectBo Ca?'t [OCTaTOYHO BENIMKO, TO 3TOT Iy
MOHOB MOXET HEIOCPEICTBEHHO aKTHBHUPOBATH CO-
KpalleHue kapauoMmuorura [50].

bouto yctanoBiaeHo, 4yTo SR cepaiia MuHOTH 00J1a-
JaeT o4eHb cyllecTBeHHbIMU 3anacamu Ca?* [50]. Ko-
JIMYECTBO BBICBOOOXKIAeMOTO Mo AelicTBUeM Kodeu-
Ha nernroHMpoBaHHOTO B SR Ca?' okaszaocs mpuMepHO
B 1Ba pa3a 6oJblie aenoHuposaHHoro SR Ca?* B kap-
IUOMMOLIATAX MJIEKOIUTAIOIINX, OJHAKO MEHBIIIEC 3a-
nacos Ca’* B knetkax ¢openu [61, 62]. ¥V mnekonura-
IOIIMX 60JIbLIAs YacTh copepxatterocs B SR Ca?* (50—
70%) BBICBOOOXIAETCS MPU KAXIOM CepalecOUeHNN,
yTo TpeOyeT 3(PPeKTUBHBIX LIUKINIYECKUX IIEPEXOIO0B
Ca?* mexny unrososneM U SR oT cokpalleHHs K coKpa-
IIEHUIO MUOKapaa. beuio ycTaHOBIIEHO, YTO B CepALe
MuHOru norpebHoctu B Ca?t s akrusauuy Muodu-
JIJaMEHTOB COBITAIAIOT C TAKOBBIMM B CePJIlle MJIEKOM U -
TAIOIINX; OJHAKO, B OTJIMYME OT MJICKOIIMTAIOIINX 3a-
rmacel SR Ca?' y MMHOIY TaKOBBI, YTO X XBATWJIO ObI
st 2—3 cokpamienuii [50].

BricBo6oxnenue nonos Ca’t 3 SR mpoucxomur
yepe3 pruaHoauHoBbIe perenTtopbl (RyR) — BcTpoeH-
Hble B MeMOpaHbl SR Ca?*-kaHanbl (pMAHOOWH-YYB-
cTBUTENbHBIE KaHaibl). MoHbl Ca?t cB3bIBAIOTCS C
RyR, akTuBHpYys 1X, YTO B CBOIO O4Yepelb COIIPOBOXK-
JIaeTcs yBeJIM4eHueM BHyTpukierouHoii [Ca?]. Yuc-
10 RyR HeoOnI9aitHo BeICOKO B cepaiie MuHoOTH [50]: B
Xenymouke skcrpeccus RyR mocturaer mpakTudecku
68% OT X KOMWUYECTBA Y KPHICHI U aHAJIOTUYHO 3KC-
MpeccupyeMoMy KOJUYECTBY B KeJyJouykKe Haluma
(Lota lota) [63].

INokazaHo, 9TO XapakTep INEKTPUIECKOM aKTUBHO-
ctu cepaua (popma 3yonos OKI) y Lampetra fluviatilis
cxoneH ¢ DKI mukcunsl E. cirrhatus [28, 64]. Bmecte
¢ TeMm YHCC MUHOT OKa3ajJoCh 3HAYMTEJIbHO BBIIIIE
YCC mukcuH [11, 22]; B wactHoctu, YCC L. fluvialis
cocTtasiisieT nopsiaka 34—50 ymapos/MuH [65]. Ciaeno-
BaTeJIbHO, MOXXHO ITPEAITOJIOXUTh, YTO OCOOCHHOCTH
e—C-COTIPSKEHUST MUHOT, HYXKITaroImmxcsa B 3ddek-
TUBHOM cCHCTeMe KpOBOOOpaIlleHUs ISl OTJIOBA CBOEM
TOOBIYM TTO CPAaBHEHUIO CO CJTAG0AKTUBHBIMU, TTUTATO-
LIUMUCS TIaJaJibl0 MUKCMHAMU, 00eCIeYBalOT OTHO-
CUTEIbHO BBICOKMIA cepaeuHbiii BEIOpoc [11]. [Toxo6-
HOE TIPENNOJOXEeHUE MOXET OOBSICHUTh, MOYEMY Y
MUWKCHH OTCYTCTBYIOT IIpU3HAKM, KOTOPBIE XapaKTep-
HBI ISl 60JIee MOLIIHOTO CEPALIA MUHOT (B BUIE 00JIb-
IIIero pasMepa cepila, CYIIeCTBEHHON 3aBHUCUMOCTHU
cokpaleHuii ot 3amacos SR Ca’"). Bo3aMoXHO, 4TO
(U3MONIOTUIECKNE OCOOEHHOCTH  e-C-COTIPSIKeHUS
MUHOT BOCITPOU3BOIST TPOLIECCHI, COMTPOBOXIABIIINE
COKpaIlleHWsT MUOKapaa OOIIero MpemKa BCeX MO3BO-
HOYHBIX, OJHAKO BITOCJIEACTBUU MUKCUHBI YTpaTUIU
Takyve cneuduieckre Kauectna [66].
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Adpenepeuueckas u xonunepeuueckas peyisayus
B8X005UUX KANbUUEBIX MOK08 8 cepoye MUHO?2

OmpenencHHBIM MHTEpeC IIPEICTaBisIeT adpeHep-
rudeckasl U XOJWHEepruyeckasi peryssiiusl BXOMSIINX
kanbuueBbIX TokoB (ICa%") muokapna munoru. Unmy-
[IMPOBAaHHOE [-aIpeHOMUMETUKOM H30IPEHATMHOM
yBennyeHue [Ca?* ynocrtoBepsieT, 4yTo, HECMOTpPS Ha
OTCYTCTBHE aapeHEepPTUYecKoil WHHepBaluu, B-ampe-
HEPTUYECKHE PELENTOPhI IMPUCYTCTBYIOT Ha Kapauo-
MMOLIMTAX XKeJIyI04YKa ¥ OHU cBsA3aHbl ¢ SL Ca’?"-kaHa-
namu. C Apyroil CTOpOHbI, HEYyBCTBUTENLHOCTL [Ca?*
K alleTUIXOJMHY MOKAa3bIBaeT, YTO XOJMHEepTrudecKas
CTUMYJISILMS CcepAlla MUHOTM He orocpenoBaHa SL
ICa?*. B COBOKYITHOCTU 3TU PE3YJIbTAThl COOTBETCTBY-
IOT IPEANOJIOXEHUIO, YTO alle TUIIXOIUH KOCBEHHO MO-
KET CTUMYJIMPOBAaTh COKPAaTUMOCTb MUOKapaa MUHOT,
copeiicTBys BeIicBOOOXKIeHIIO KA 13 XpoMaddUHHBIX
KJIeTOK [22]. B cBOIO ouepenb, BEICBOOOMUBIIIMECS TTOT
neiictBueM anetuixoinHa KA cBsispiBatoTcs ¢ B-ampe-
HOpELIENTOpaMU MUOLIUTOB CEPAlla U TAKUM 00pa3oM
yBennuupator 1Ca2* [64].

OCOBEHHOCTHU AHATOMUU
N ®U3NOJOI'MU CEPALUA KOCTUCTDLIX Pblb

Ocobennocmu cmpoeHust cepoua KoCImucmoix pblo

Cepalie KOCTUCTBIX PBIO pacriojaraeTcss BOJIU3U
KabepHOTOo amiiapaTa B HEOOJbIION OKOJIOCEPIEUHOMN
MOJIOCTA U 3aKJII0UEeHO B IepUKapIUaTbHBIA MEIIOK
(nepukapauaibHylo MeMmOpaHy). Cepale COCTOUT
TOJILKO W3 ABYX KaMmep — TMpeacepaus U XKeayaodka
(aAByxKaMepHOE cepilie), XOTS B aHATOMUYECKOM Tpa-
IULAN Pa3inyaioT YeThIpe MCXOMHBIX CETMEHTa Cepli-
Ha B Buae SV, mpencepaus, Xeayqouka U JTyKOBULIbI
aopthl (bulbus arteriosus). Bce oTnensl cepalia peIoO pac-
rojaralorcst S-oopas3Ho.

I'JTaBHBIM KOMITOHEHTOM CTE€HKM SV SBIISIETCS CO-
eIMHUTEeIbHAsI TKaHb, COCEICTBYIOIIAsI C SHAOTEIINEM
¥ BIIMKapJIOM; KpoMe TOoro, creHka SV ocHallleHa Ba-
PBUPYIOIIM MEXAY BUIAMU KOJMYECTBOM MbIIIEU-
HBIX 3JIEMEHTOB — OT CILIOIITHOTO MBIIIIEYHOTO CJI0SI 10
MOJIHOTO €ro OTCYTCTBUS [67, 68], UTO onpenenser cia-
oy1o cokpatumocTh SV. O0beM SV TakKe CYIIEeCTBEH-
HO pa3IMyaeTcsl MEXIy BUIAMHU; Y HEKOTOPBIX BUIIOB
pBIO 00BeM SV MOXKeT OBITh paBeH 00bEMY TIPEIICEePIST
[68]. DyukumoHansHast ponb SV cBs3aHa ¢ MHULMA-
OUeii WU KOHTPOJIEM CEepACYHBIX COKpAIlleHHId, IT0-
CKOJIBbKY SIBJISIETCSI MECTOM PACHOJIOXEHUS CIIeIINaIN-
3UPOBAHHBIX KJIETOK B CUHOATpUaIbHOM obactu [69]
6o B MecTe coenuHeHUsT SV 1 KioBbepoBBIX TPOTO-
KoB [70]. Kmiamansr mexny SV n KioBbepoBBIMH TIPO-
TOKaMM, KOTOpbIe MOIJIM OBl NMPEAOTBPATUTh PETPO-
rpagHbIl KPOBOTOK, OTCYTCTBYIOT [68].

IIpencepaue MMmeeT BUI MBIIIEYHO KaMepbl He-
NpaBWJIBHON (OPMBI C TOHKOM TpadeKyJIMpOBaHHOMN
creHkoit [70]. Macca mpeacepamsi COCTaBJIsIeT TPU-
6musuTenbHO 8—25% Macchl Xenygouka v 0.01—0.03%
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Macchl Tella pbIO. B oTimune oT MIEKONMUTAIOMIUX Y
PBIO 00BEM TIpeacepans MTPUOIN3NUTEIHPHO paBeH 00b-
eMy ero xeaynoudka [70, 71].

YV KOCTUCTBIX pBIO Ha TPaHULIE TIPEACEPAUS U KETY-
JIOYKa MEIIICYHBIE BOJIOKHA O0pa3yloT KOJIbIIO KOM-
MaKTHOTO MMOKapaa, 00pa30BaHHOTO 3a CUET aKKpe-
LIMU CJIOEB MBIIIEYHBIX ITYYKOB HE3aBUCHUMO OT HaJlM-
yusi KOMITaKTHOro cijioss [72]. bonee mniaoOTHBINA,
KOJBIIeOOpa3HbBIif AV-cerMeHT MUOKapaa Moaaep-Ku-
BaeT KJlanaHbl 1 YCTaHABJIWBAET CTPYKTYPHbIE U (hyHK-
LUOHAJbHbBIE CBSI3W MEXAY IpeAcepaneM U KeIyaod-
KoM; AV-CerMeHT WHOIOAa BBIACISIIOT B OTICIHLHYIO
4acThb cepaua.

Kinanan Ha rpaHulie Tipeacepavs W Kejqyaouyka
OOBIYHO COCTOUT U3 ABYX JIMCTOYKOB (IBYCTBOPYATHIM
KJlaraH), KOTOpble COAepXKaT CrpYNIIMpOBaHHbIE B
IUIOTHOE SIIPO MHOTOYMCJIEHHbIE KJIETKU C OOJIbIIUM
KOJIMYECTBOM COCIUHUTEIbHON TKaHU, KOoJUlareHa W
anactuHa [72]. JINCTOYKM NpUKpPEeTISIOTCS K TKaHSIM,
00paMJISIIOIIIMM CUHOATPUAJIbHOE OTBEPCTHUE, U BBICTY-
MamT B MOJIOCTh TipeAcepaus. Kpas 1McTOYKOB MOTYT
OBbITh MMOJTHOCTBIO CBOOOIHBIMU WU TTPUKPETUISATHCS K
TpabekynaM mpeacepauii. KnamaH Mmexmy Kamepamu
ceplia MOXeT TakKoKe OTCYTCTBOBATh [1].

Kenynouek cepala peld odecriednBaeT CepacyHbIi
BLIOPOC W TEHEpPUPYET BLICOKOE IaBJIECHUE KPOBU.
Macca xenymouyka MoxeT gocturatb 60—80% ot 06-
1Iei Macchl cepAlia, a OTHOCUTEIbHASI Macca XKeJIyI04u-
ka BapbupyeT oT 0.035 mo 0.38% [70]. Kitetku Xeiry-
IoYKa comepxkaT Oobllle MUOPMIAMEHTOB M MUTO-
XOHAPUi, YeM KJIETKM MpeacepAarsi, U UMEIOT MHOTO
my3bIpbKoOB nuameTpoM 0.1—0.3 MKM, QYHKIIUS U CO-
JIep>KMUMOE KOTOPBIX HE YCTaHOBJICHHI [73].

I1o cpaBHEeHUIO C TIpeacepaueM KeayaoueK OTIIH-
yaeTcsi OTHOCUTENIbHBIM pa3HOoOOpa3veM MaccChl,
Mop(doIornu, TUCTOJIOTUU U BACKYJASIpU3ALUU, YTO
3aCTaBIISIET TOBOPUTHL 00 OTCYTCTBUU “TUITUIHO
dopMmbI” cepata peid [70]. PopMa KeryaouKa mpem-
CTaBJIcHAa TpeMs pPa3INYHbIMU PA3HOBUIHOCTSIMU —
TpyOUaTOii, MEITKOOOPA3HOUM 1 MUpaMUIaIbHON [74].
Paznbie (hopMBI Kemymouka CBsSI3aHbI C IBYMSI CTPYK-
TYPHO Pa3IUYHBIMUA TUIIAMM OPTaHMU3alMU MUOKapaa
[75] — rybuaToro (TpabeKynasapHOIo) U KOMIIAaKTHOTO.
MpIlieyHbIe BOJIOKHA TyO4yaToro (TpaOeKyJISIpHOTO)
MUOKapaa UMEIT MPOIOJbHYIO, TONEPEYHYI W Ha-
KJIOHHYIO OpPHMEHTAllUI0 TaKuMM o0Opa3oM, YTOOBI
YMEHBIIIUTh COMPOTUBJICHUE TKAHU MPU 3alOTHEHUU
U PACTSDKEHUM Xeayaouka. Mesxkay mydykaMy BOJIOKOH
ry6yaToro MMoKapaa HabJIIoaal0TCs MHOTOUYMCIIEHHEIE
LIeJICBUIHbBIE TTPOCTPAHCTBA (JIAKYHBI), BBICTIIAHHBIC
SHIOTEJINEM, KOTOPHIE COOOIIAIOTCS MEXIY CO0Oi U ¢
IJIaBHOM MOJIOCTHIO (IIPOCBETOM) KeIyoouKa. Spongio-
Sa COCTaBJISIET OOJIBIIYIO YaCTh MACChl TKAHM KEJTyTI0Y -
Ka; TaKasl OpraHu3alysl MUOKapAa MO3BOJISIET KasKAOM
OTHEIbHOM JIaKyHe (PYHKIIMOHUPOBATH IO MPUHIIUAITY
“MHOI0 MaJICHBKMX cepiell” B rpaHUlIax “0oJIbIIoro”
Xenymouka [79]. KomnakTHast yacTh MUOKapAa BKIIO-
yaeT KOPTUKAJIBHBIN CIOI — SMUKapa U CyO3MMMKap/,
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ofbecrieynBaeT MeXaHMYECKHMe KayecTBa MHUOKapia U
CIIOCOOHOCTh BBIAEPXKKMBATH BHICOKOE NaBJIEHUE KPO-
Bu. CMelIaHHas pa3HOBUIHOCTh MUOKapIa XapakTe-
pU3yeTcss HAIMYKMEM KOPTUKAIBHOIO CJIOSI IIEpEMEH-
HOI TONIIIMHBI, HAPY’KHOTO KOMITaKTHOTO M BHYTPEH-
HETO Iy04YaToro CJI0eB, B KOTOPOM KOMIIAKTHBIM CJIOM
MOJIy4aeT OKCUT€eHMPOBAHHYIO KPOBb U3 KOPOHAPHbBIX
cocynos [76].

Y KOCTUCTHIX PBIO XKeTyTOYKH (DOPMUPYIOTCS TIpe-
WMYILIECTBEHHO TyO04aThiM (TpaOeKyJasspHbIM) MUO-
KapaoM MO0 HapyXXHBIH CJI0i Ty09aToro Muokapaa
COCEICTBYET C KOMITAKTHOM pa3sHOBHIHOCTHIO MUO-
Kapma, TIpeICcTaBJIeHHOTO cjioeM 0oJiee TUIOTHO yra-
KOBaHHBIX KapauoMHUOIIMTOB. CTeleHb BBIPaXKEHHO-
CTH (TOJIIIMHA) KOMITAKTHOTO CJIOSI MUOKapaa cepaed-
HOM KaMmepbl B 3HAYUTEJIbHOI MEpe OTpaxKaeT ero
pabouwnit moreHman [77].

Y KOCTHCTBIX pBIO CYIIIECTBYET JOCTATOYHO TECHAS
B3aMMOCBSI3b MEXIy ABUTAaTeJIbHOM aKTUBHOCTBIO, ap-
XUTEKTYPOM MUOKap1a U TUIIOM KPOBOCHAOXEHMS 3Ke-
aynouka. Tak, MaJONOIBMIKHBIC BWIBI 00J1amaloT
MEIIKOOOpa3HbIMU WJIM TPyOUYaTBIMU KeIydouKaMu,
COCTOSIIIIUMU U3 TPaOEKYISIPHOTO MUOKapaa U COAep-
XKallMU JJaKyHapHBIE BEHO3HBIE Hernu [75, 76]. B
CBOIO ouepenb, (PU3MYECKU aKTUBHBIC, MOIABMKHBIE
BUOBI PBHIO “OCHAILlEHBI” OOJBIIMMU KEJTyTOYKaMU
nUpaMUIaJIbHON (OPMBI C MUOAPXUTEKTYpPOil cMe-
IHTaHHOTO TUIIA, HOHOHH@HHOﬁ XOpOoLIO pa3BUTHIM KO-
pOHapHBIM KPOBOCHAOXEHNEM, KOTOPOE ITOIIepPXKU-
BaeT BBICOKMI MeETaOOJMYECKU 3arpoc MHOKapaa
[75].

C yuyeToM pa3HOOOpa3usl BapUaHTOB OpraHU3aLUU
MHOKapAa KeJIyJouyKoB Obljla co3gaHa Kiaccuuka-
LIMST ceplel] KOCTUCTHIX phIO [76, 77], KoTopas Ga3upy-
€TCsl Ha HAJIMYUU/OTCYTCTBUM KOMITAKTHOTO CJIOsI, OT-
HOCHUTEJIBHOM eTro TOJIIMHE U CTelIeHU BacKyJsipu3a-
MM MMOKapJa, YTO TO3BOJWJIO BBIACIUTH YEThIpE
OCHOBHBbIE Mopdoaornyeckmue KaTeropuu (TUIIBI).
Cepaua I Tuma MMeroT MOJTHOCThIO TpabeKyIMpPOBaH-
HbIe XeJTyT0YKH 63 KOMIAKTHOTO CJIOSI, BMECTE C TEM
pazaensisich elle Ha HECKOJILKO Pa3HOBUAHOCTel (1101 -
TUIOB). bBOJBIIMHCTBO pbHIO 00JAHAIOT CceplaleM
la moaTuna, B KOTOpOM BeHO3Hasl KPOBb, COoiepXKallia-
scsl B TIPOCBETEe KaMepbl W BHYTPUTPAOEKYJSIPHBIX
MPOCTPAHCTBax Xedaydouyka (MpOCBeTHasi KpOBb),
obecrieunBaeT eAMHCTBEHHbI BApMaHT KPOBOCHAOXe-
HUSI MUOKapaa (0TCIoJa TepMUHbBI BEHO3HOE, JIAaKyHap-
HOE WIM aBacKyJUpOBaHHOE cepille; Harpumep, Ba-
listes carolinensis) [70]. Cepaua noarumnos Ib u Ic xa-
PaKTEPU3YIOTCSI HAUIMYKMEM TTOBEPXHOCTHOM KOpOHAap-
HOIi apTepuu, OJHAKO paclipelesieHue ee pycjia orpa-
HMYeHO Jaubo snmkapnoMm (mmoartun Ib, Hampumep,
Pleuronectes platessa) Tn60 HEMOCPEACTBEHHO CBsI3a-
HO C BHYTPUTPAOEKYJSIPHBIMU MPOCTPAHCTBAMU
(moatun Ic, nuIEeHHBIE reMorjioOMHa aHTapKTUye-
cKue JiensiHble puIObI ceMeiictBa Channichthyidae,
Nothotenia angustata).
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Kenynouky ocTaJbHBIX TUIIOB CTPOCHMSI OCHAIIle-
HbI BHELITHMM KOMITAKTHBIM M BHYTPEHHUM TpaOeKy-
JsipHbIM ciiosgMu. Cepaua tuna I1 o6n1agaroT kanuuis -
paM1 KOMIIAKTHOTI'O CJI0sI, OTXOASIIMMU OT KOPOHAap-
HBIX COCYJIOB, KOTOPbIE OTCYTCTBYIOT B Ty04YaTOil YacTu
MuokKapnaa (JlococeBbie, Oncorhynchus nerka); Xeiy-
nouku tuna III yxke uMeroT cocynbl He TOJbKO B KOM-
MaKTHOM cJIoe, HO M ryodaroii yact Muokapzaa (FElas-
mobranchii). Kenynouku tTuna IV otinyaroTcs oT XKe-
nynoukoB tuma III TeM, 4To 3HaYMTENbHAsI YacTb UX
Macchbl oOpa3oBaHa KOMITAKTHBIM MHoOKapaom (Ooiiee
30%). BoABIIMHCTBO KOCTUCTBIX PBIO, KOTOPhIE 00J1a-
Tal0T KOMIIAKTHBIM CJI0€M MHOKapaa, UMeeT 3KeJIya0d-
ku tutia I1; akTMBHO TIepe nBUTAIONIMECS BUIBI PHIO SIB-
JISTI0TCS obJtagaTeasMu xkenyaoukoB tuna IV (Thunni-
ni, Katsuwonus pelamis).

Takum o06pa3zoM, TUIIMYHOE cepale phio (“BeHO3-
Hoe cepaue”) (puc. 1, [79, 80]) moctpoeHo u3 ryéyaTto-
ro (TpabeKyJIMpoOBaHHOI0) MHUOKapaa, CHa0XaeTCs Be-
HO3HOM KPOBBIO 13 MEXTPaOeKyJISIPHBIX ITPOCTPAHCTB
(TpabeKyJISIpHBIX TTOJOCTEM, JIaKyH) [76], KOTOpEIE, B
CBOIO O4Yepellb, 3alOJIHSIOTCSI KPOBBIO M3 XEIyIodKa
yepe3 cocynbl Tebde3us (Tedbe3uenBnl cocynnl). B knac-
CUYECKOM BapUaHTE Yy pbI0 OTCYTCTBYET KOPOHApHOE
KpoBooOpameHue. Ilpu yclnoXHEeHMU apXUTEKTyphl
cep/iia ryouarasi YacTb MMOKap/ia o0ecreyrnBaeTcs Be-
HO3HOM KPOBBIO M3 TPaOEKYJISIPHBIX JIAKYH, a KOM-
MaKTHBIN CJIOM MOoJIydaeT apTepUalbHyI0 KPOBb I10 TH-
MOOPOHXMAJBHBIM apTEepHSIM BTOPO Maphl KaOepPHBIX
Ayr.

ITo cpaBHeHUIO C cepilieM TOMOKOTEPMHBIX >KM-
BOTHBIX (IITULL, MJIEKOMUTAIOIIX), CEPALIE PbIO OObIY-
HO (PYHKILIMOHUPYET KaK 00JIACTh HU3KOTIO JaBICHUS,
CTAJIKMBAsICh ¢ OTHOCUTEILHO HU3KMMU U TepeMeH-
HBIMU YPOBHSIMU NapLATLHOTO IaBJIeHUS KUCI0POoaa
(PO,) [70, 78]. Cpenu mO3BOHOYHBIX XXUBOTHBIX KO-
CTUCTBIE PHIOLI AEMOHCTPUPYIOT CaMble BBLICOKHE MEX-
BUIOBbBIC PA3JINYUS HE TOJIbKO B MUO-aHTUO-apXUTEK-
Type, HO U B TaTTepHaX MOp(POIMHAMUIECKIX MeXa-
HUYECKMX XapaKTepUCTUK cepaua [70, 78].

JlykoBuIiia aOpThl UMeET BUI KaMEPhI TPYIIIe BUTHOMN
¢dopMBI Gelloro 1IBeTa U MPeACTaBIISIeT COO0M pacIIn-
PEHHYIO YacTb OPIOIIHOI aOPTHI, KOTOpasi COCTOUT U3
JIAAKON MYCKyJaTypbl, HE UMEET KJalmaHOB U (DYHK-
LIMOHUPYET KaK KOHAEHCATOp, MOIIepKUBasi HeIpe-
PBIBHBIII KPOBOTOK B HANpaBJICHUM >XaOEpHBIX OYT.
DBOJIIOLIMS 4YEeTBEPTOTO OTAeNa Cepialla, BeposSITHO,
CBsI3aHa C HEOOXOOMMOCTBIO AeMIT(PMPOBAHUS CUCTO-
JINYECKUX KoJebaHUil KPOBSHOTO MaBJISHUSI U KPOBO-
TOKa J0 TOT0, KaK OHU TOCTUTHYT KaIUJIJISPOB Xabep-
HBIX JJaMEJLT.

Xpomagpuunsie knemicu poio

Y KocTHUCTBIX pbIO XpoMaddUHHBIE KJIIETKU COIEp-
>XaTcs MPEeUMYIIECTBEHHO B CTEHKaxX 3aJHUX Kapau-
HaJIbHBIX BEH, a TaKXKe pa30pocaHbl B TKAHU MepeaHei
(ronoBHoi1) Touku [35]. XpomadprHHBIE KIIETKH I10-
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Puc. 1. “BeHo3Hoe” cepilie KOCTUCTBIX PbIO: a — CarMTTaJIbHBIN pa3pes cepaua Danio rerio [79]. 6 — Cepnue Scorpaena porcus [80].
SV — BEHO3HBII CUHYC, a — TIpeACeEpane, V — XKeJIynodek, ba — TyKoBuiia aoptsl (bulbus arteriosus), avec — aTpMOBEHTPUKYJISIPHBIN

KaHaJsl, Ao — OpIolIHast aopTa.

JIy4aloT MHHEPBALIUIO IIPeraHIMOHAPHBIMU XOJIUHEP-
TMYEeCKUMHU BOJTOKHAMUW CUMIATHYECKON HEPBHOI CU-
ctemsbl [81]. Y atnantuyeckoii Tpecku (Gadus morhua)
3JIEKTpUYECKasi CTUMYJISILINS 3TUX BOJIOKOH [81], 6o
HMCKYCCTBEHHOE BBEICHME aleTUIXOJrHa [82] BBI3BI-
BaeT BeicBOOOXIeHe KA. CrnenoBaTebHO, IpeoodJia-
IaloluM MexaHu3MoM Moounm3anuun KA mpu ctpecce
in vivo SIBIIIeTCSI CTUMYJISILIUS XpoMa(dPUHHBIX KJIETOK
HepBHBIMHU BoJIOKHaMmu [36]. Kpome Toro, BIIOJIHE Be-
POSITHO, UTO U3MEHEHUSI B XUMUYECKOM COCTaBe KpO-
BU, BKJIIOYAs colepKaHUe Kucaopoda [82], MoryT He-
MOCPEACTBEHHO BBI3bIBAaTh BBICBOOOXIeHUEe KA us
xpoMadOUHHBIX KJIETOK.

BepositHO, ponp mmpKyIupymomnx B Kposu KA B
PeTyJISILIUU  CEPAEYHO-COCYAUCTON (PYHKIIMM UMeeT
MEHBIITYIO 3HAUYNMOCTh Y KOCTUCTHIX PHIO [83] 3a cueT
pPa3sBUTOM MHHEPBALIUU COCYIOB M CEPASCUYHOM TKAHU
aJpeHepruyecKUMU BeTeTaTUBHBIMM HEPBHBIMU BO-
JIOKHAMMU.

HUunepsauus cepoya poibo

BosiokHa, WHHepBUpPYIOLIME CEPALIE KOCTUCTBIX
pBIO, OTHOCSTCSI K BereTaTUBHOM HEPBHOM cUCTEME U
UMEIOT TBOMHOE MPOUCXOXKAECHNE — CITUHHOMO3TOBBIE
(cuMnaTUYecKre) U BeTBU YEPETHO-MO3TOBbIX (Kpa-
HUAJIbHBIX, TTapacuMIIaTU4ecKuX) HepBoB [1]. KpaHnu-
aJIbHBIE BOJIOKHA JOCTUTAIOT CEP/IIIAa B COCTABE MAapHBIX
CeplieUHbIX BETBEM K. vagus, TOraa Kak CUMITaTHYecKue
BOJIOKHA MOJIXOJISIT K MUOKapy, MPUCOEIUHSISIC K BO-
JIOKHaM OJty>kaatolero HepBa (OTcloa TEPpMUH “Baro-
CUMIIaTU4YeCcKre CTBOJIbI ), TMOO UAYT B COCTaBe He3a-
BUCUMBIX CITMHHOMO3TIOBBEIX HepBOB [84]. KocTucThle
PBIOBI SBIISIIOTCS TIEPBBIMU MO3BOHOYHBIMM, Y KOTO-
pbIX cUMMaTUYeCKasi MHHepBallvs ceplila OCyIeCTB-
JsieTcd “BarocuMnaTtudeckuMu ctBojamu”. Ilomo6-
HBIA NBOMHOU KOHTPOJIb CO CTOPOHBI BEr€TaTUBHOU
HEPBHOU CHUCTEMBbI TMOBBIIIAET aJanTUBHbIE BO3MOX-
HOCTHU cep/illa KOCTUCTBIX PbIO K MEHSIOIIUMCS YCII0-
BUSIM BOIHOI cpenbl. KOCTUCTBIX phIO MOXXHO CUUTATh
caMoii paHHEl TPyNIoi MO3BOHOYHEIX, 00JIadar0IIIX

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3ZUOJIOTUU

KaK CHUMIaTUYEeCKUM, TaK U TapacUMMOaTUYeCKUM
KOHTpoJIEM Haf cepaueM. biyxknamooiiviit HepB peaiu-
3yeT CBOI 3(pPEKT B cepaiie KOCTUCTHIX PhIO Yepe3 My-
CKapHHOBBIE XOJMHOPELIETITOPHI U BbI3bIBAET TOPMO3-
HYIO peak1IMIo, 4To MposiBisieTcsd B yMeHbIieHu YCC.
B cBo10 ouepenp n3MeHeHe WHTMOUPYIOIIEro TOHU-
YEeCKOro BO3AEWUCTBUS K. vagus, OOYCIOBJI€HHbIE aK-
TUBHOCTBIO TMPEraHIJIMOHAPHBIX HEUPOHOB cepialia
MPOJ0JTOBaTOr0 MO3Ta, SIBJISIOTCS MpeobJiafalolIuMu
dakTopaMu, obOecneunBalOIIMMM y PBIO Kapauope-
crimparopHoe B3aumopeiictBue [85]. TouHBIT KOH-
Tpojb YCC BKIIIOYAET B Ce0sI MOAYISILIUIO CEPACUYHOTO
pUTMa K pUTMY JIBIXaTeJIbHOTO LIMKJIA, YTO MOXKET MPO-
SIBJISIThCS B KapAMOPECIIUPATOPHOU CUHXPOHU3ALIMHU B
dopmate “oguH K ODTHOMY .

IIposoodauwas cucmema cepoua polo

Jnst MapKupoBaHUS KJIIETOK Cepila, HaaeJleHHBIX
CMOCOOHOCTBIO TEeHEePUPOBaTh JJEKTPUYECKUE UM-
MyJbChl — aBTOMAaTU3MOM, Y BBICIIMX ITO3BOHOYHBIX
XHUBOTHBIX MCITOJIB3YIOT 3KCIIPECCUIO TPAHCKPUIIIIN-
OoHHBIX (hakTOpoB Isll u Tbx3. B yacTHOCTU, B MUOKap-
ne Danio rerio Isl1- u Tbx2b-11o3uTuBHBIE 00J1aCTU ObI-
T OOHapyXKeHBI Ha TpaHUIe MexXny SV u rpencepamn-
eMm [84]. YcraHoBieHO, uTO y D. rerio KOIWYECTBO
KJIETOK, 3KcIpeccupyomux Isl1, oTHoCUTeIbHO HeBe-
Ko; Isl1-1mo3uTUBHBIC KIIETKM 00pa3yioT KOJIbIIEO0-
pa3HYIO CTPYKTYpPY CIIELIMAIM3NUPOBAHHOM CepaedHOM
TKaHM, KOTOpasl OTJIMYaeTcs OT 0oJiee KOMIAKTHOTO
SA-y3/1a MJICKOITUTAIOIINX, UMEIOIIETO0 BEpeTeHOO0-
pas3Hy1o (popMy 160 PopMy 3amITOi ¢ YeTKO nudde-
PEHILIMPOBAHHONI CTPYKTypoii [79]. ¥ miekommTaio-
mux akcnpeccus Isll (Islet-1) BbIsIBIIsIEeTCSI HA paHHUX
CTaausIX pa3BUTUSI SMOPHUOHOB B IIPOT€HUTOPHBIX Kap-
IUAIbHBIX KJIETKaX; B CepAle B3POCIBIX >KMBOTHBIX
akcnpeccus Isl-1 orpaHnmunBaeTCs TOJIBKO SA-Yy3JI0M.
OmHOBpPEeMEHHO B KOJiblicOOpa3HOM SA-TeiicMeiikepe
D. rerio sxcripeccupyiorcsts HCN4 [1, 79, 86]. Kpome
D. rerio cieumduyeckasi puTMOTeHeprpyIolas TKaHb
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Ha CTHIKe TIpeacepaus u SV Oblla UIeHTU(GUIIPOBaHA
ellle y HECKOJIbKUX BUIOB PbIO [67].

OxpaiBaHue cnenuaIu3vupoOBaHHONM TKaHU SA-
obJjacTu ToKa3aJlo, YTO OHa COAEPKUT BOJHUCTbHIE
HEPBHBbIE MTyYKH, FTAHTJIMOHAPHbIE KJIETKU C 3€PHUCTOM
UTOoIUIa3MOi (IrnaMeTpoMm 12—22 MKM) M OTUYETIMBO
OTIINYAIOINEC OT APYIUMX KIETOK MHOKapla IINpo-
KM€ MBbIIIIEYHbIE BOJIOKHA C KPYITHBIMU s1IpaMU (MOJIU -
dUIMpOBaHHBIE KapINOMUOLUTEI) [67].

XoTsT JOMMHUDPYIOIIMI BOAWUTENb pUTMa cepila
oosbIIHCTBA Teleostei, TIO-BUIUMOMY, TUCITOLIMPYET-
cs B oonactu SA-“niepekpectka” [87], okazajaoch, UTO
TaKO€ €ro pacrioJIOKeHUEe He SIBJISIETCS YHUBepCalb-
HBIM. Hampumep, y eBpomneiickoit kamoansl (Pleu-
ronectes platessa) KJIeTKY BOIUTESI pUTMa paccpeaoTo-
YMBAIOTCS MO BCeld CTeHKe Ipeacepaus [73], a y oOBIK-
HOBEHHOro peuyHoro yrpsa (Anguilla  anguilla)
aHaJIOTUYHBIC KJIETKU JIOKAJM3YIOTCSd Ha TpaHWUle
mexay SV u nporokamu KioBbe.

Kpowme Toro, crienmnanm3mpoBaHHbIE KISTKA OOHA-
PYXUBaIOTCS He TOJIBKO B SA-00J1aCTH, HO 1, B rOpa3ao
MEHBIIIei CTeTIeH, B aTPUOBEHTPUKYJISIpHOM (AV) BO-
poHKe [67]. B xxeymouke KOCTUCTHIX PBIO HE YCTAHOB-
JIEHO KaKUX-JIM0O0 BBICOKOCTICIIMATN3UPOBAHHBIX TTPO-
BOISIIMX Y4aCTKOB MHOKAap/Ia; BMECTE C TeM MapKUpPy-
eMbl€ MPU aIre3UU MOJUCUAIOBOIN KUCIOTHI TTOJIOCKU
TpaOeKyJSIpHOTO MMOKapaa, IpPOCTUpalolIecs OT
IpeacepaIHO-XKeJIyTIOYKOBOIO KaHalla OO0 BEepXyIIKHU
XKeJyoodyka, IMo-BUIUMOMY, 00eCIieuBaloT ero (pyHK-
LMOHAaIbHYIO HemnpepbIBHOCTD [88]. Ilpennosaraercs,
49TO 3a CUYET 3TUX KOMIIOHEHTOB MHOKapAa ceplle pbIo
CIIOCOOHO aKTMBMPOBAThCS OT BEPXYIIKU IO OCHOBa-
HUS Kellynouka (the apex-to-base ventricular activation
pattern) TIONOOHO BapMAaHTY aKTHUBAIlUM CEepAlla BHIC-
IIMX TTO3BOHOYHBIX, OJHAKO IIPU SIBHOM OTCYTCTBUM
nuddepeHIUPOBAHHBIX MPOBOASIIMX ITyTeil. OmHO-
BPEMEHHO IPHUCYTCTBYIOIINE B IyOYaTOM MMOKapie
KeayaouKa MeIJIeHHbIE TPOBOISIIME MbIIIEYHbIE BO-
JIOKHa 00eCrneuynBaloT ero IBOMHYI0 (DYHKIIMIO B BUIE
MIpOoBeOeHMsI BO30OYXICHUS U COKpalleHusI per se [13].

KaptupoBaHue 35ieKTpuuecKoil aKTUBHOCTU CEPJI-
1a pbI0 yCTaHOBWJIO, YTO SA-00JacTb SIBISIETCS Me-
CTOM MPOSIBICHUS “HOPMAaJIbHOI” aKTUBHOCTHU BOIM-
TeJs1 pUTMa,/TIpOBOJsIIIIei cucTeMbl [89], obecrieunBa-
IolIei ToaAepKaHue CepAeYHOTO pUTMAa B Ipeaesiax
20—35 ynapos/muH [90]; kpome Toro, B AV-obJiacTu
MPUCYTCTBYET BTOPOIi BoAUTEb puT™Ma [89], moakiio-
YalolIMiicsl K TeHepaluu puTMa TpHu ynaneHuu SA-
cTpykryp. Kinerku Boguresst putMa B SA- n AV-061a-
CTSIX OCHAILIeHBI 32-aipeHepruIecKMMU U XOJIMHEPI Y-
YeCKUMU MYCKapMHOBBIMU pelientTopamu (M-xonu-
HOPELIETITOPhI), T.€. CEPALIe KOCTUCTBIX PbIO MUMEET BCE
OOILLETIPUHSATBIE TPU3HAKU KOHTPOJISI Ceplla MO3BO-
HOYHBIX CO CTOPOHBI aBTOHOMHOM HEPBHOI CUCTEMBI.

OnHoBpeMeHHO SA-y3ell aTIaHTUYECKOIO JIOCOCS
(Salmo salar) comepXuT HaAOOpP HATPUNYPETHUUECKUX
nentunoB — sCP (salmon cardiac peptide) n VNP (ven-
tricular natriuretic peptide), 9T0 yKa3bIBaeT Ha BO3MOX-
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HYI0O HEHMPOMOAYJISITOPHYIO /WU HEHPOTPaHCMMUT-
TEPHYIO POJIb JAaHHBIX areHTOB B CEpAIe KOCTUCTBIX
pbIO, HaIpaBIeHHYIO Ha PETYJSILIMI0 KPOBSIHOTO 1aB-
JIEHUsI U MeXaHWJeCKOM Harpy3ku cepmua [67, 91].
BricBOOOXIEHNE CHUHTE3UPYEMBIX MUOKapIOM Ha-
TPpUYpPETUUYECKUX TENTUIOB MPOUCXOAUT MPU PaCTsi-
KEHUU TKaHeH IIpeacepaus 1 KeTyaouKa, a TAaKKe 10/
JENCTBUEM HEUPOryMOpaJbHbIX CTUMYJOB, COIIPO-
BOXXIAIOIINX Pa3BUTHUE CEPACYHOI HETOCTATOYHOCTH.

Boautens put™a cepaua peio (BKIOYash MEXaHU3-
MBI €ro HEWPOTyMOpPaNbHON perynsaunn) (QyHKIIMO-
HaJIbHO COTOCTaBUM C SA-y3JI0M MJIEKOITUTAIOIINX
[88]. HisT KOCTUCTBIX PBHIO OMNKMCAHO PaBHOMEPHOE
(M30TpOITHOE) pacIpPOCTpaHEHUE 3JIEKTPUIECKOTO
uMItyjibca B npeacepauu [90]. Muokapn peido AV-00-
JIACTH BBITIOIHSIET TY K€ POJIb, 4YTO U AV-y3eI BBICIINX
MO3BOHOYHBIX, T.€. CO3JAa€T BPEMEHHYIO 3aIEPKKY
MEXIy COKpalllecHUEeM Ipeacepavst MW Xeayaodyka u
IpenoTBpalllaeT BOSHUKHOBEHHE ITPEACEPIHBIX TaXM -
aputmuii [88, 90]. Tem He MeHee CyllIeCTBOBaHUE
OBICTPOMPOBOISIIETO KOMIIOHEHTA B KEJIyJIOUYKOBOM
MHUOKapae Kak (PYHKIIMOHAJIbHOTO 3KBHBaJIeHTA CU-
creme myuyka I'mca — BomokoH IlypkmHBE OcTaeTcst
IUCKYyCcCMOHHBIM [88]. HecMoTpss Ha OTCYTCTBUE
OBICTPONPOBOASIINX BOJIOKOH Y PHIO CYIIECTBYET YET-
KO CKOOPIMHUPOBAHHBIM MEXaHM3M pacIIpoCTpaHe-
HUSI XKeJIyTOUKOBOIo coKpalieHus [1].

TakuM 06pa3oM, OYeBHUIHO, UTO CITeIIbrIecKas
TKaHb, 00eCTIeYMBaIONIasi PUTMUIECKIE COKPAIICHMS
Muokapaay Teleostei, He o0JiagaeT OpraHU30BaHHBIMU
y3JIaMU WY TIPOBOASIIUMHY nyTaMu [90], uTo oTpaka-
eT ee ropasno 6oJiee MPOCTYIO OPTAHU3AIINIO TTO CPaB-
HEHUIO C BHICIIMMU ITO3BOHOYHBIMM XKUBOTHBIMHU [92].

Honnvie mexanuzmul eenepayuu cepoeuHo20 pumma polo
(HCN-kananwt)

PeSyﬂbTaTbI HUCCJIEAOBAHUI MEXaHW3MOB reHepa-
IO pUuTMa Y KOCTUCTBIX pr6 IoAOCP>KMBAIOT HEIIPEC-
Kpamarmuecda TUCKyCCHuun 00 OTHOCHUTEJIbHOM pPoIn
M€M6paHHbIX N KaJbIIMEBbLIX YaCOB B ME€XaHU3Max Ire-
HEpaluuu CEpACYHOIO pUTMaA.

[Ipu mM3y4eHNM MOHHBIX MEXaHM3MOB PETYJISILINU
COKpaTuMOCTH cepaia KyMmxu (Salmo trutta fario) 6bina
MoKa3aHa 3KCIpeccus IIecTyu n3ogopMm reHa (TpaH-
ckpuniroB), komupytommnx HCN-kanamer (HCNI,
HCN2a, HCN2ba, HCN2bb, HCN3 u HCN4) [93].
Oobmiee konmdectBo HCN-TpaHCKpUNTOB, OTMEUac-
Moe€ B TKaHM SA-TieicMelikepa ¢openn, ObLIO BBIIITE
110 CPaBHEHUIO C TIpeJcepareM U KeayaodkoMm B 4.0 u
4.9 paza, coorBetrcTBeHHO. HCN3 1 HCN4 gBasinuch
OCHOBHBIMM HM30(OpMaMU CYOBEOWHUIL KaHAaJIOB,
MpEICTaBIAIOIINMUA OKoJlo 35.8 u 25.0%, cooTBer-
CTBEHHO, OT ob1ero uynciia HCN-TpaHCKpPUIITOB.

Kpome SA-tkanm TpaHckpunTel HCN-kaHanos
9KCITPECCUPOBAINCH B HEKOTOPOM KOJIMYECTBE MO BCe-
My MUOKapny S. trutta fario, oqHaxko I, oTMeuasncs ToJib-
KO B HE3HAYMTEJbHOW cyOomomyasinuu SA-KIIeTOK
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(24%) w1 TIOTHOCTBIO OTCYTCTBOBAJI B MUOIIMTAX TIPEI-
cepaus 1 XKeayaouka [93], 4To CBUAETEIbCTBOBAIO 00
OTCYTCTBUM Beaylleil pojiu I; B BOCTIpOU3BEIEHUY CEP-
JIe4HOTO puT™Ma. MIHTepeceH TOT (pakT, UTo TKaHU SA-
neiicMelikepa Oypoii popenn MpakKTUIeCK B paBHOM
crerieHn  coxepxaaun  UHAM®D-HedyBCTBUTEbHBIC
(HCN3 u HCNI1) u uAM®-uyyBCcTBUTENbHBIE U30-
dopmel cyobrenuan (HCN4 u HCN2a) noHHBIX Ka-
HaJOB, TOrIa KakK Ipelcepaue U XeaynodyeK ObLIu
OCHalIlleHbl TIpeuMylliecTBeHHO HAM®-HeuyBCTBU-
TeBbHBIMH CcyObenuHUIIAMU. PU3NOTOTNIeCcKOe 3HA-
YeHUEe BTUX Pa3IuuMii OCTaeTCs HESICHBIM TIPU OTCYT-
CTBUU (DYHKIIMOHATBHOTO I, YTO B 3HAYUTEIBHON Me-
pe MPOTUBOPEYUT MOJIEIM MEMOPaHHBIX YaCOB.

BwmecTte ¢ TeM, omtbITEI ¢ aSMOpuoHamMu Danio rerio —
HOCUTEJISIMU MyTalluu slow mo (smo), orpaHUYNBaIO-
e OBICTPYIO COCTABIISIONIYIO [ 1 BBI3ZBIBAIOIITYIO Opa-
mukapauio (2-kpatHoe cHikeHne YCC) [94], Bce xe
MIPEIOCTABIISIIOT BECKUE TeHEeTUYeCKHE HoKa3aTellb-
CTBa HEMOCPEICTBEHHOIo yyactusi Iy B reHepauuu u
KOHTpoJe cepaedyHoro putma. Ilpu smo-myraumy ObI-
JI0 HaliieHO M30MpaTeIbHOe CHIKEHE OBICTPOTO KH-
HETUYECKOro KOMIIOHEHTa l; mpu coxpaHeHUU Men-
JIECHHOT'O KOMITIOHEHTA TOKa, YTO 3aCTaBJISIET IIPEAIIO-
jJjaratb  CyHIeCTBOBaHME OBYX  KMHETHMYECCKUX’
Pa3HOBUIHOCTEN KaHaoB, obecrieunBaromumx Iy [94].
Hanuuwme TONBKO OOHON pa3sHOBUAHOCTH KaHAJIOB C
M3MEHEHHOM “MyTaHTHOI’ KWMHETHUKOII IpPOTHBOpE-
YUJIO Obl YCTOMYMBOCTA MEMJIEHHOTO KOMIIOHEHTa I
ITo-BuayMoMy, CYIIECTBYET HECKOJIbKO M30BITOUHBIX
WIA PE3epPBHBIX MEXaHU3MOB TeHepaluu putMma [94];
MpPOSIBJIEHUEM OJHOIO M3 TaKWX MEXaHMU3MOB MOXET
OBITh COXPaHSIIOIIUICS NPU SMO MEIJICHHBIN KOMIIO-
HeHT l;. B mo6oM cityyae oueBUaIHOE HapyllleHue Cy-
1IECTBEHHOTO KOMMOHEHTa I; MO3BOJIsIET COXPaHUTh
OMpeAeCHHYI0 CIIOCOOHOCTh T€HEPUPOBATh PUTM WU
noaAepK1BaeT IIPOBOAMMOCThL MMOKapaa. Bmecrte ¢
TeM MOJIEKYJISIPHbIE OCHOBBI TeHepallui pUTMa OCTa-
I0TCSI TUIOXO U3YYEeHHBIMU, UTO TPEeOYeT YCTAaHOBJICHUS
poJY TeHa smo B Ka4eCTBEe HOCUTEISI MHMOpMaUU O
caMOM KaHaJie WJIH €TO PeTyJIsITOpE.

CoryracHO MoJenu MeMOpaHHBIX YacoB, KpoMe
MpPU3BAaHHOTO UrpaTh AOMUHUPYIOIIYIO POJib B BOC-
MpoM3BeeHUN puUTMa l;, mpenmomaraercsd yJdactue u
IPYTUX MOHHBIX KaHAJIOB M TpaHcropTtepoB SL mMmo-
UTOB, BKMoYasd K*-TOK 3amep:KaHHOIO BBITIPSIMIIE-
nus (Ig, u Iy,), Ca?*-toku T- u L-tuma (Ig,;r v Ic,p),
HaTpuii-KanueBbii ToK (I, k), POHOBBIN TOK (steady-
state background current, Ig1). OTcytcTBue Iy S. trutta
fario [93] MoxXeT yka3bIBaTh Ha CYIICCTBOBAHUE ajlb-
TEPHATUBHOTO/PE3ePBHOT0 MEXaHMW3Ma TeHepaluu
pUTMa B BUIE MOACIN TaK Ha3bIBAEMBIX COMPSIKEHHBIX
qacoB (the coupled clock). OCHOBHBIM HepelIeHHBIM
BOIIPOCOM B MEXaHU3ME BOCIIPOU3BEACHUSI pUTMa
cepaia Ky>KMbI SIBJISIETCSI MICTOYHUK BXONSIIETO TOKA,
KOTOPBIi BBI3bIBAET PAHHIOIO AUACTOINUYECKYIO NeMO-
JIIPU3alLMI0 B TOT MOMEHT, KOTAA MCYEe3al0T BBIXO/ISI -
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mue K*-toku. Ecim B Momenu MeMOpaHHBIX 4acoB
pPOJIb UCTOYHMKA AETIOSIpU3allUU OCcylecTBsieT Iy, To
B CONPSIKEHHBIX Yacax TaKyio (OYHKIIUIO BBIIIOJHSIET B
OCHOBHOM HaTpuii-KanbuueBblii TOK (I, c,). Apyrue
aJlbTepHATUBHbIE BAPUAHTBI MOTYT BKJI0Uath Lo,y Lgt,
INax M, BO3MOXHO, lc,, OCyLLECTBIsSEMBIH 4Yepe3
Ca,1.3-kaHabl.

Mounenb putMmoreHesza — Ca?t-uyacoB — oObICHSET
o0ecreyeHre CepACUYHBIX COKPAIEHUN PUTMUYECKU-
MM CIOHTAHHBIMM TEpeXoJaMU BHYTPUKIIETOYHOI'O
Ca?* mexny SR u cybcapkoeMMaIbHBIM LIUTO30JIEM:
nomtomenne Ca?t  capkorutasmaruueckoit  Ca?'-
AT®a30ii npuBoauT K 3anonHeHuo SR Ca?™-neno u
repuonndeckoMy BeicBoboxneHnio Ca?" u3 SR uepes
PUAaHOIWHOBBIC WM WHO3UTOATpUChOCHaTHBIE pe-
uenTopbl. [ToCKOIBKY BHYTpUKJIETOUHbIH Ca?t-nuki
HaMpsIMyI0 He BIMSIeT Ha BEJIMYMHY MeMOpPaHHOTO MO~
teHuumana, Ca?*-yacel Kak TaKOBbIE HE MOTYT OobecIIe-
yuTh reHepanuio I1J1 KJ1eTok BoouTeNns: puTMa; ciieio-
BatesibHO, Ca?t-uachl JOJKHBL ObITh CBA3aHBI C MEM-
OpaHHBIMH JacaMU, YTOOBI cchopMmpoBaTh
¢byHKIIMOHaIbHBIN BoguTeab putMma [93]. Compsixe-
Hue Ca?*-yacoB ¢ MeMOpaHHBIMM YaCaMU ITPOUCXOIUT
nocpencTsoM Toka Nat/Ca?"-oomennuka (NCX), ko-
rna BbiIcBoOoXmaeMbiit SR Ca?" BbITeCHSETCS U3 KJIeT-
KM HEIOCPEICTBEHHO Yepe3 IJEKTPOTeHHbIA OOMeEH-
HUK. B Momenn conmpskKeHHBIX Y4acOB LMKIJIMYHOCTD
nepexonosB SR Ca?" urpaer JOMMHUPYIOLIYIO POJIb B
(dopMHUPOBAHUHU CEPACYHOIO pUTMAa U PeaKIIMsIX Ha Be-
TreTaTUBHYIO PETYJISLMIO, Torna Kak Iy u npyrue yactu
MeMOpaHHBIX YaCOB UTPalOT MEHBIIYI0, XOTS U HE0O-
XOOUMYIO pOJIb B KOHTpOJIe puTMoreHes3a. IlpnHumas
BO BHMMaHMe, 4To poiib SR B mHNIIMannm coxkparie-
HUSI ceplia y pbI0 HAMHOTO MEHbIIIe, YeM Y MJIEKOTTH -
TalolMX, BepodTHO, yyactue SR Ca?' u mexaHusma
COIIPSDKEHHEBIX YacOB OyIeT He CTOIb CYIIeCTBEHHBIM
ISt paboThl SA-TIeiicMmelikepa preIo [93]. [1o-BuonMo-
My, Monenab MeMOpaHHBIX 4acoB m HCN-kaHajb
IOJDKHBI 00ECHeYnTh aJlbTEpHATUBHOE OOBSICHECHUE
paboTBEl MexaHMW3Ma TeHepalluy pUTMa cepAla phIo.
BwMmecTe ¢ TeM ocTaeTcss BO3BMOXHOCTD “pa3HOYTEHUS”
pomr HCN-kaHajioB B YINOMSHYTBIX IIpolieccax 3a
CUET pa3IMYMiA B XapaKTePHBIX IUISI pa3HbIX 130(DOPMEI
HCN reHeTHYecKUX MOCIEIOBATEIIBHOCTSIX, YTO MO-
XKeT oNpeaeIsTh n30(hopM-CcIieIn(PUIHbIE U BUTOCIIC-
muduIHbIe PYHKIMY KaHAJIOB [95].

3AKJIIOYEHUE

becuentocTHbIE ppIO00OpPA3HBIE U KOCTUCTBIE PHIOBI
MPENCTABISIIOT Pa3HBIE BETBU 3BOJIIOIIMOHHOTO IpEBa
TMO3BOHOYHBIX, OTPAXAIOIIHUE MOCTENEHHOE YCIOXHE-
HUE aHATOMUYECKUX U (PU3NOJOTMIECKUX TTIPU3HAKOB
BHYTPY TAKCOHOMMYECKUX IpyIiI. OTCYTCTBUE TTO3BO-
HOYHBIX 3JIEMEHTOB Y MUKCUH, MO-BUIUMOMY, SIBJISI-
€TCsd aTpuOyTOM BTOPUYHON NeTeHepalnuu KpUTUYe-
CKUX MOP(OJIOTUYECKUX XapaKTEPUCTUK, OTIpeIeIsio-
Ne 2
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LIUX KX T€HEPAJbHYIO MPUHANIEXHOCTh K IIOATHUILY
Vertebrata [96].

DpoaonroHHoe ctaHoBiaeHne Cyclostomata n Ko-
CTUCTBIX PHIO COMPOBOXIAETCS CTPYKTYPHOU U DYHK-
LIMOHAJIbHOU AuBepcuduKaieii cucreMbl KpoBOOO-
pallleHus U apXUTEKTyphbl cepilia, YTO CIOCOOCTBYET
OJHOHAIPaBJIEHHOMY KPOBOTOKY U T€Hepalluy BbICO-
KOro KpOBSIHOTO pAaBjieHus. Takke OYEeBUIEH TOT
dakT, 4TO 3BOJTIOIIMOHHBIN IIporpecc padboTraeT Ha “co-
3gaHue” 0oJiee OBICTPOI 3(PPEKTOPHOI CUCTEMEI pe-
TYJISILIMU CePAeYHON AeSITeIbHOCTU U ABOMHOTO (BO3-
Oy>KIaI01IeT0/TOPMO3HOT0) KOHTPOJISI (DYHKIINI MUO-
kapna [10].

M3BecTHO, UTO 3aMKHYTbIE CUCTEMBI KPOBOOOpa-
IIIEHWST TO3BOHOYHBIX MMOJIaraloTCsl Ha CTPOTO OJHOHA-
MpaBJIeHHBII KPOBOTOK, YIIPABJISIEMbIi eTUHCTBEHHOM
JTOMMHUPYIOILIEH PUTMOTEHEPUPYIOILIEN CTPYKTYpOut
[10]. B cepalie KpyIJIOpOTHIX U PHIO TTOAAEPKUBAETCS
OrpaHUUYMTEbHBIN TPEH CYIIIECTBOBAHUS OTHOIO 10~
MUHUPYIOLIETO BOAUTENSI PUTMA, XapaKTepHBINA s
BBICIIMX TI03BOHOYHBIX >KMBOTHBIX. HecMoTps Ha
onpeaeseHHble aHaTOMO-MOP(MOJOTUYECKUE Pa3JIU-
YMsl CTPOEHUS ceplilla B pacCMaTpUBaeMbIX TaKCOHO-
MUUYECKHUX TpyIINax, CylleCTBYeT Mopa3uTesibHasl CTe-
TIEHb BOJIIOLIMOHHON COXPAaHHOCTU OCHOBHBIX CITIOCO-
0OB reHepallui U Tiepedadr BO30YKISHUS B TIpeaeax
muokapaa. HCN-kaHanbl SBASIOTCS HEKMM YHUBEP-
CIbHBIM MOJIEKYJISIPHBIM MEXaHU3MOM TeHepaluu
CepAECYHOro pUTMa, IMOSIBUBIIIUMCS B TIEPBBIX CUCTEMA-
TUYECKMX I'PYMITax MTO3BOHOYHBIX [44]. O4eBUIHO, UTO
Hanuuue U BoBjiedeHne HCN-KaHa/IoB B BOCIIPOU3BE-
JNIeHWe PUTMHUYECKUX COKpallleHWiA MUoKapaa B apxa-
WYHBIX TAKCOHOMMYECKUX TPYIIIaxX XUBOTHBIX SIBJISI-
ercsl (yHIaMEHTaJbHbIM, “3aKOHCEPBUPOBAHHBIM”
MEXaHM3MOM, TMepedaBaeéMbIM IO SBOJIOLMOHHONK
JIECTHULIE BBICIIMM ITIO3BOHOYHBIM; OYEBUIHO, YTO
nanbHeiiee nzyyeHne HCN-kaHaioB penocTaBiseT
HOBbIE BO3MOXXHOCTU JIsI TIOUCKa CPEICTB Teparuu
apuTMUI pa3IMyHOro reHesa. BMecte ¢ TeM ocoGeH-
HOCTU (PU3UO0IOTUYECKUX TIpolieccoB B cepate Cyclos-
fomata N OTAEIbHBIX MPENCTaBUTENEN KOCTUCTBIX PbIO
C BBICOKOW CTETIEHBIO YCTOMYUBOCTU K TUTIOKCUU MO-
TYT CJHOYXUTb WCTOYHUKOM MaHHBIX [JI TIOMCKa
CPEJNICTB TEpANnU CEPAECYHONH HENOCTATOYHOCTH.
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ANATOMICAL AND PHYSIOLOGICAL PECULIARITIES
OF THE HEART IN JAWLESS AND JAWED FISH

E. E. Kolesnikova

Kovalevsky Institute of Biology of the Southern Seas, Russian Academy of Sciences, Sevastopol, Russia
e-mail: dr-kolesnikova @mail.ru

The heart of jawless fish (Cyclostomata; lamprey, hagfish) and jawed fish (7eleostei) is homologous to the heart
of higher vertebrates. A study of this organ in archaic Cyclostomata and Teleostei, which are different in their evo-
lutionary “ages”, genetic characteristics and hypoxia tolerance, is of particular interest in the search for the fac-
tors that determine myocardial resistance to oxygen deficiency. Cyclostomata and Teleostei share the same bran-
chial type of respiration and the presence of only one circle of blood circulation. The principal contractile organ
that provides blood circulation, the branchial heart, consists of two chambers. Hagfish make up the oldest class
of extant vertebrates whose circulation is maintained by the non-innervated (aneural) branchial heart and three
sets of accessory “hearts”. Lampreys are the first vertebrates whose heart receives innervation from the vagus
nerve. In turn, 7eleostei are the first to receive sympathetic innervation of the heart from the vagosympathetic
trunks. In the heart of Cyclostomata and Teleostei, no signs of the cardiac conduction system similar to that in
higher vertebrates were found, which does not negate the existence of a well-coordinated mechanism for the
propagation of myocardial excitation—contraction coupling. The mechanism of cardiac rhythm generation links
the electrical processes that arise in the myocardium with the expression of hyperpolarization-activated cyclic
nucleotide-gated channels (HCN channels). In the heart of hagfish and teleosts, six isoforms of HCN channels
are expressed. The regulated distribution density of HCN channels in the myocardium may be a precursor of the
cardiac conduction system which characterizes higher vertebrates. The expression of the three cardiac HCN iso-
forms (HCN2, HCN3 and HCN4) in such a relict taxon as hagfish suggests their presence in the myocardium of
the common ancestor of vertebrates before the divergence with Myxiniformes. This may also suggest a particular
significance of HCN2, HCN3 and HCN4 in the formation of cardiac activity at the time of the emergence of a
multi-chambered myogenic heart. It is assumed that the evolutionary progress in the archaic groups of primitive
vertebrates was aimed at the “creation” of a faster effector system for the regulation of cardiac activity and dual
(excitatory/inhibitory) control of myocardial functions.

Key words: cyclostomes, fish, heart, hypoxia, cardiac conduction system, HCN channels
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