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M3zyuanocs nuamenenue poiau BK,-kaHaioB u NO B onnocpenoBaHHOM alleTUIXOJAMHOM (AX) nuiatalyy Mu-
aJTbHBIX apTepHaAIbHBIX COCYI0B KPBIC TIPU CTAPEHUM B OTCYTCTBUE U B YCIOBUSIX IIMTENIbHO TeKyleir Al'. C
HMCMOJb30BaHUEM METOoIa MPYXKM3HEHHOU MUKpodhoTocheMKU (X470) mpoBeaeHa CpaBHUTEIbHAS OLIEHKA pe-
aKLWi MUATbHBIX apTepuil Ha anetiixoauH xiaopun (AX, 1077 M, 5 MMH) B OTCYTCTBUE U Ha (hOHE OIOKAIbI
BK,-kaHanos (TerpastuiiaMmmoHuii xaopus, 2 MM) u NO (L-NAME, 103 M) y HOpMOTEH3UBHBIX KpbIC Wis-
tar-Kyoto (WKY) u cnoHTanHO runepreH3uBHBIX KppIiIc SHR B Bo3pacte 4 u 20 mec. O6 U3MEeHEHUN POIU
BK,-kaHanos u NO B junataluy cOCyI0B CYIWJIN N0 U3MEHEHMIO YMCJIA U CTENIEHU AWjlaTalluu apTepuid B
OTBeT Ha aeiicTBue AX Tocjie TIpUMeHeHUs 6JI0OKaTOPOB, U3MEPSIST ITUPHHY ITOTOKA 3PUTPOILIUTOB B 3 OTAEIb-
HBIX IpyInax apTepuii: MeJKux (auametp meHee 20 Mkm), cpenHux (20—40 Mxm) ¥ KpynHbIx (6osiee 40 MKM).
VYcranosneHo, uto y kpbic WKY crapenue npuBoaut K nogasieHuto poinu BK,-kananos B AX-onocpenoBaH-
HOW IUaTalMy MUAJIbHBIX apTEPUATBHBIX COCYIOB BCEX IMAMETPOB. AHAJIOTMYHbIE MPOLIECChl OOHAPYXKEHBI B
NMUAJIBHOM COCYAUCTOM pyciie Monoabix Kpbeic SHR. M3smeHnenus ponmu BK,-kaHal0B B AWIaTaTOPHBIX OTBE-
Tax cocynoB y craperoiux Kpbic WKY 1 monoabix kpeic SHR Bo MHOroM conpsizkeHbl C HapyllIeHUEeM CUCTEMBbI
CMHTe3a OKCHaa a30Ta U u3MeHeHueM posin NO-ornocpenoBaHHBIX MeEXaHU3MOB B mwiatanuu. CtapeHue y
kpeic SHR conpoBoxnaercst ycuineHreM BkJana NO-3aBUCMMOro MexaHu3Ma B peryisiuu AX-orocpeno-
BaHHBIX TUJIATATOPHBIX peaKIIWi MEJIKMX MAAJTBbHBIX apTepUaIbHBIX COCYIIOB.
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BBEAEHWE

CMEepTHOCTh OT 3a00JIEBAaHUM CepIeYHO-COCYIM-
CTOM CHCTEMBI y MOXWIBIX JIIOJEH COCTaBisieT Ooyee
40% [1]. IloanMaHMe MEXaHNU3MOB, JIEXKAIINX B OCHO-
BE BO3PaCTHBLIX MI3BMEHEHUI COCYIMCThIX peaKIuii, OT-
KpBIBaeT MePCIeKTUBBI 111 CHUXKEHUSI 9TOTO ToKasa-
Tesist. YacToTa BCTpeuyaeMOCTU apTepuajibHOM TUrmep-
ToHuU (AI'), aBnsgromeiicsa pakTopoM prcKa pa3BUTHS
pa3IMYHOTO BHUIA IEePeOPOBACKYJISIPHON I1aTOJIOTUU
[2, 3], B rpynmax gioneii cTapliero Bo3pacTa COCTaBIIsI-
eT okoiyio 60% [4]. B akcnepUMeHTaIBHBIX paboTax,
MPOBEACHHBIX C UCITOJb30BaHUEM CIIOHTAHHO TUIIEP-
TEH3UBHBIX KPbIC, U KITMHUYECKUX UCCIIETOBAHUSIX TTO-
Ka3aHo, 9To NpH pa3BuTnu Al IIPONCXOINT pa3peke-
HHE MUKPOCOCYIMCTOM CETH B TKAHU TOJIOBHOTO MO3-
ra, peMoOIe/IMpOoBaHUE COCYOHCTOTO pycia WU
HapyllleHVE PeTyJIsIIMKU TOHyca IepeOpajbHbIX COCY-
noB [5, 6]. AI' Bo MHOroM cCBsI3aHa C JMCOATaHCOM
MEXIY Ba30oAWIaTaTOPHBIMU 1 Ba30KOHCTPUKTOPHBI-
MU MeXaHM3MaMu. B m3yuyeHun M3MeHEeHUM peryss-
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UM COCYAMCTOrO TOHYCa, Pa3BUBAIOIIMXCS IIPU pa3-
JMYHBIX popMax Al, GoiblIoe 3HaYeHHE ITPUIACTCS
KUCCJIEIOBAaHUIO TIPECCOPHBIX MeXaHM3MOB. I'opasmo
MEHBIIIe BHUMaHUS yIeJIsIeTCs Ba3oAuaaTallu. BeIsIB-
JIEHE BO3PACTHHIX M3MEHEHUIA Ba30dMIaTaTOPHBIX
MEXaHN3MOB COCYIOB T'OJIOBHOTO MO3ra MOXET CIHO-
CcOOCTBOBaTh MOHUMAaHUIO IIPOIIECCOB, JIEXKAIIUX B OC-
HOBE BO3HMKHOBEHUS ocJIoXHeHUI Al', CBI3aHHBIX C
JIOKAJIbHBIM CY;K€HHEM WU 3aKPHITUEM MEJIKUX MO3-
TOBBIX COCYJIOB M Pa3BUTHUEM 3IIM3010B O4aroBO UIIIe-
Mun. BaxxHeNIMMM 371eMeHTaMM, ONpeeISIOIIIMUA
COCTOSIHUE COCYAMCTOrO TOHYCA, SIBJSIIOTCSI MOHHbIE
KaHaJIbl, 3KCIpeccupyeMble KakK B DHAOTEIUATbHBIX,
TaK U B COCYOMCTBIX INIAAKOMBIIIECYHBIX KJIETKaX
(I'MK). dnst cucteMbl KOHTpoJist Al 6osb110e 3HaYe-
HUE UTpaeT Ba3oAWJIaTaTOPHBIN MeXaHU3M, OCHOBaH-
HBI Ha aKTUBALMK KaJbLINI-4yBCTBUTEIbHBIX KaIne-
BbIX KaHaJIoB OoJbiioii mpoBoauMocTtu (BKc,). Co-
IJIACHO COBPEMEHHBIM IPEACTABACHUSIM 3TU KaHaJIbl
WUTPAIOT KJIIOYEBYIO POJIb B MHTETpAllMM 1 Ilepegaye re-
HEpUpPYEMOII B DHAOTEIMN XUMMUYECKON CHUTHaIM3a-
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Taomuna 1. [Tokasarenu cpemgHero apTepuaibHoro aasieHus y Kpbic SHR 1 WKY, MM pT cT.

WKY SHR
4 mec (n=14) 20 mec (n = 12) 4 mec (n=14) 20 mec (n = 14)
HeHnapkotusupoBaHHbIE KPHICHI 115.5 £ 2.1 107.8 £ 3.6 143.6 £2.4 1571 £ 2.4
HapxotuszupoBaHHbBIE KPBIChI 107.6 £ 1.1 105.9 £ 3.3 122.6 £ 2.4 123.8 £2.2

unu K HukenexamuM I'MK cocynoB [7]. OgHuM u3
OCHOBHBIX Ba30IMJIaTaTOPOB, BIAUSIOIINX HA aKTUB-
HocTb BK,-KaHanoB, sBasieTcsd okcua azora. B co-
cymax rojoBHoro Mosra NO MoXeT aKTMBUPOBATh
BK,-kaHansl 1100 HemocpeacTBeHHO [8], nubo ye-
pe3 PKG-3aBucumbie mexanusMmsl [9, 10]. Taxke NO
MOXET CTUMYJIUPOBATh YyBCTBUTEJIbHbIE K PUAHOAUHY
sarmacel Ca’’ B capKoIUIa3MaTMYECKOM DPETUKYIIyME,
BBI3bIBasl NUCKPETHbBIC KaJbIIUEBbIE TOKI, AKTUBUPYIO-
mue coceqHue kinactepol kaHanoB BK(, [8]. U3meHe-
Hue akTuBHOCTU BK(,-KaHanoB, B CBOIO o4yepeab, MO-
KEeT CTUMYJIMPOBATh WK orpaHnduBaTth NO-3aBUCH-
Myl nOuiatamuio cocynoB [11]. Bo3HuKHOBeHUE
BO3pacTHOI 3HAOTeIMaIbHOU nuchyHkumu (D), 1e-
Kaleit B OCHOBe BO3HMKHOBEHUS U pa3Butus Al', uya-
CTO CBSI3BIBAIOT CO CHMXXEHUEM TIPOAYKUMU W/WiIn
omogocryrmHocty NO [12]. Ho ocobenHoct NO-omo-
CpelloBaHHOI Ba3opeJiakcalluu MpU CTapeHUU, a TaK-
K€ B YCJIOBUSIX IJIUTENbHO TeKyieil A, 1 poau Kajib-
LUi-4yBCTBUTENBHBIX K KaHAJIOB B 3TUX Ipolieccax
U3Yy4YEeHbBI MaJo.

Llenpto maHHOKW pabOTHl OBLIO CPaBHUTEIBbHOE
nzydyeHue usMmeHeHusi ponu BK,-kaHanoB B NO-ormno-
CpeIOBaHHOM IUJIaTalliid MO3TOBBIX COCYIIOB TpY CTape-
HUM B OTCYTCTBUE U B YCIOBUSX IJIUTEIbHO TEKYIlEi
AT. B kauectBe Mmonenu AI' UCTOJIB30BAJIUCH CITOHTAH-
HO runepteH3uBHbIe Kpbickl (SHR) kak Haumboiee
npuemiemMasi 6uojioruueckasi MoJe/ib 3CCEeHIIUATbHOI
TMIEPTOHUM Yy 4YesjoBeKa, OoTpaxarolllas HapylleHUs
MEXaHU3MOB COCYIUCTON PEryasiliiui, HOPMOTEH3UB-
HbIM KOHTPOJIEM K KOTOPBIM CJIy>KaT KpbIChl Wistar-
Kyoto (WKY) [13]. B 3amaum mcciaemoBaHust BXOIUIO
nsydyeHue poiu BKq,-kaHanos u NO B onocpenoBaH-
HOM anieTviixoauHoM (AX) AuyiaTallMyd MUAIbHBIX ap-
TepuaiabHbIX cocynoB y Kpeic WKY 1 SHR B Bo3pacte
4 u 20 mec.

MATEPHAJIbI 1 METOIUKA

B nccnenoBaHNY MCITOIB30BAIMCH CaMITbl HOPMO-
TeH3uBHBIX KpbIc WKY (Bo3pacTt: 4 mec (n = 14, macca
240 = 351r) 120 mec (n =12, macca 340 = 20T)) 1 cnoH-
TaHHO TMIepTeH3uBHBIX Kphic SHR (Bo3pacTt: 4 mec
(n =14, macca 245 + 151) u 20 mecsueB (n = 14, macca
350 £ 35)) u3 UKII “buokomneknusa MO PAH”. Pa-
0oTa BEIIOJIHEHA B cOOTBeTCTBUM ¢ “IIpaBmmamu 1mpo-
BeleHUs paboT ¢ MCIOJb30BaHMEM 3KCIIEPUMEHTATb-
HBIX SKHUBOTHBIX”, IPUHATHIMU EBpoTIeiicKoif KOHBEH-
mueir 19.07.2014 r., u TtpedoBaHusmu Komuccuu mo
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KOHTPOJIIO Haj ColepKaHMeM U UCIOJIb30BaHUEM Jia-
OOpaTOPHEIX XUBOTHBIX Ipy MHCTUTYTE (PU3HUOIOTUNA
nMm. W.I1. IlaBmoBa PAH. 2)KnBOTHBIX comep:Kajiu B
CTaHJAPTHBIX YCIOBUSIX BUBApUsI IIPU CBOOOIHOM H0-
CTyIle K BOJEe UM muile Mo 6 ocobeil B Kiietkax T4 Ha
CTaHIapTHOI 1a00paTOPHOI TNETE B YCIOBUSIX UCKYC-
CTBEHHOTO OCBellleHUsT (IUKJI: 12 4 cBeT/12 4 TeMHO-
Ta).

INepen HauamoOM 3KCNEPUMEHTa Y HEHAPKOTU3UPO-
BaHHBIX JKMBOTHBIX C TTOMOIIBIO ITprOOpa /11 HEMHBa-
3uBHoro umaMepeHus AJl (“Cucrona”, Netrobotics,
Poccust) Ha xBocTe usMmepsinoch cpenHee AJl. Ilpu
MIPOBEAECHUN MCCJIEIOBaHMS KPBIC HAPKOTU3MPOBAIMN
xyopanruapatoM (43 mr/100 r Maccel Tena, BHYTpU-
OprolmKrHHO). Ha NMpoTsikeHMU BCero BpeMeHU DKCIIe-
pUMeHTa y HapKOTHM3WPOBAHHBIX KpbIC cpemHee Al
U3MEPsUIM MHBAa3WBHBIM METOJOM 4epe3 KaTeTep B
OeIpeHHOIl apTepuy, COCOIMHEHHBIII C OAaTYUKOM
DTXPlus™ (Argon Critical Care Systems, Cunramnyp),
MOAKJIIOYEHHBIM K KOMIBIOTEPY, paboTamlieMy C
OPUTMHAIBHOM MPOrpaMMoii BU3yajii3alluy 3Ha4YeHU
AJl, pazpaboTaHHOI B Hallleii JabopaTopuu. JJaHHbIS
o uaMepenuto AJl y kpeic WKY 1 SHR npencrapne-
HBbI B Ta0JI. 1.

st uccnenoBaHrs MAATBHBIX COCYI0B B TEMEHHOM
00J1aCTU Yeperna XXMBOTHOTO BLICBEPJIMBAJIN OTBEPCTHUE
TUTOILAABIO 2 CM2, TBEPAYIO MO3TOBYIO 000JIOUKY B ITpE-
JeJlax KOTOporo ynanasuid. Busyanuzanuio cocynoB
(%470) mpoBOAMJIN C TIOMOIIIBIO OPUTHHAIBHON yCTa-
HOBKMU, BKJIIOYAIOLIEH CTEPEOCKOINMYECKUIA MUKPO-
ckort MC-2ZOOM (“Muxkpomen”, Poccust), IBETHYIO
KaMepy — BUIEOOKYJISIp It MuKpockorna DCM-510
(Scopetek, Kutait) u nepcoHaabHbIii KOMObIOTEP. Y
KaXI0ro XXUBOTHOTO (hUKCHUpoBai (POHOBOE N300pa-
JKEHUE COCYIOB B CTaHJAPTHBIX YCIOBUSX MPU HEMpe-
PBIBHOM OPOIIIEHUU MOBEPXHOCTU MO3Ta pacTBOPOM
Kpeb6ca (r = 37°C) u peakuuto Ha BozaeiictBue. [1pu
MPOBEJEHUN IKCIEPUMEHTa KPbICHl Pa3nesiiuCh Ha
8 oTnenbHBIX TpyI. Y mepBbiX 4 rpynn (KpbICH B BO3-
pacte 4-x — WKY n = 6; SHR n =7 u 20 mec — WKY
n=6; SHR n = 8) ucciemoBanu peakiiu COCyI0B Ha
OpOlIIeHUE TTOBEPXHOCTHU TOJIOBHOTO MO3ra pacTBOPOM
aLeTmwIxonuH xiaopuna (Sigma, 1077 M, 5 MuH) B oT-
cyTcTBUE M Ha (poHe 6sokansl BK¢,-kaHanoB pacTBo-
poMm TerpastwiaamMmoHuii xiaopuna (TEA, “Bekton”,
Poccus, 2 MM, ipenBapuTeIbHOE OPOIIIEHNE TTOBEPX-
HOCTHM MO3ra B TeYEHUE 5 MUH C TTOCIEIYIOIINM 100aB-
nenueM AX B pacTBop 6;10KkaTopa). B 4 npyrux rpymmax
(xkpwicbl B Bo3pacTte 4-x -WKY n = 8; SHR n=7mu
Ne 1
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Ta6.1mua 2. Peaknust muajabHBIX apTepHraJlbHbIX COCYJOB Ha BO3IECTBUE allCTUJIIXOJINHA, % ot 00I11Iero yrcia uccaeqoBaH-

HBIX COCYIOB B Kaxkaoi rpymnmne, M = m

WKY SHR
I'pynnsl Kpbic
4 mec (n=14) 20 mec (n = 12) 4 mec (n=14) 20 mec (n = 14)
Hwvnaraiust 40.2 £ 2.1 25.6 £3.5% 423+ 1.8 21.9 + 2. 7###
KoHcTpukims 40.3 £ 3.6 54.4 £ 1.2% 395+ 1.6 64.9 + 2. 4%###
OTCcyTCTBYE peakinuu 233+ 1.8 20.1£2.5 18.1 £ 1.1* 132104

IIpumeuanue: * — MO OTHOIIEHUIO K COOTBETCTBYIOIIEH peakiinu y Moionsix Kpeic WKY; # _ 110 OTHOLIEHUIO K COOTBETCTBYIOIIIET peak-
L R(# #H# "
1y y mojionbix Kpeic SHR; 2 <0.05,"7"p <0.001 (U — xkpurepuit MaHHa—YUTHHU).

20 mec -WKY n=6; SHR n = 6) uccnenoBaiu peakiunu
COCyIIOB Ha BozaeiicTBue AX B OTCYTCTBUE U Ha (hoHE
omokansl eNOS pacTBOpoM METHIOBOTO 3(Upa HUT-
po-L-apruauna (L-NAME, ICN Biomed. Inc, 10-3 M).
Jlnsg mpoBegeHUs 0J10Kaabl ITIOBEPXHOCTh MO3Ta B TE-
yeHue 10 MMH mpeaBapMTEIbHO OPOIIAaIM PacTBO-
pom L-NAME, nocnie yero B pacTBop OJoKaTtopa g0-
oasnsu AX. Ilocne perucrpanyu peakiiuyd COCYI0B
Ha Bo3neiicTBre AX Ha ¢poHe oiokansl eNOS, B peak-
LUOHHYIO cpeny BBoauiau TEA, 1onoJHUTEIbHO 0J10-
kupyss BKc,-KaHanbl. OTO NO3BOJIMIIO HCCIENOBAaTh
peakumio cocymoB Ha Bo3neicTBue AX Kak Ha (oHe
omokagel eNOS, Tak m Ha (OHEe COBMECTHOIrO Ieii-
cTBUs 0001X OJToKaTOpoB. POHOBYIO peaKIIO Ha BO3-
neiictBrue AX aHaJIM3UPOBaIU 110 BCEMY MaCCUBY COCY-
noB y 4-mecsuHbix (WKY #n = 14; SHR n = 14) u o
BceMy MaccuBy cocynoB Y 18-mecsaunbix (WKY n = 12;
SHR #n = 14) kpsic. IIpoBepka 1mmo kputepuio Kpacke-
na—YoJca nmokKasajla OTCYTCTBHE 3HAUYMMBbIX pa3iiu-
YW1 MEXKIY OTHEIbHBIMU KMBOTHBEIMU B (DOHOBBIX pe-
aKuIMsIX Ha BosaeicTBre AX y KpPbIC OJHOTO BO3pacTa.
OO0111as1 TTPOIOJLKUTEIbHOCTh SKCIIEPUMEHTAa COCTaB-
nsma 60—90 MUH, MOcje Yero KUBOTHBIX YCBITUISUIU
MepeIo3MPOBKOI pacTBoOpa XJIopajaruapara.

JlvaMeTp U3MEpsIIM Ha CTaTUYECKUX U300pakeHU -
SIX C TIOMOIIbIO KOMIIBIOTEPHOM ITPOrpPaMMBbI [JI5I LIUTO-
doromerpuu “Photo M” (aBTOpcKass pa3paboTka
A. YepHurosckoro, http://www.t_lambda.chat.ru),
U3MEPsIs LIIMPUHY ITOTOKA 3PUTPOLIUMTOB, COOTBETCTBY-
IOLIIYI0 BHYTpEHHEMY AuaMeTpy cocyma. OO0 m3MeHe-
Huu ponu BK,-kaHnanos u NO B nuiiataiiuv CocyaoB
CYIWJIU TI0 UBMEHEHUIO YK CJIa TUJIaTUPOBAHHBIX COCY-
IIOB M CTEIIEHU MX OWJIAaTalliM B OTBET Ha BO3IEIICTBIE
AX 1o 1 mocie npuMeHeHus 61okaTopoB. I3MeHeHMe
KOJIMYECTBA PACIIMPUBIINXCS U CY3MBIIMXCS COCYIOB
Ha BO3IEHCTBUE BBIPAXKAJIOCh B IIPOLIEHTAaX OTHOCH-
TEJIbHO OOIIEer0o 4YuCjIa MCCICIOBAHHBIX COCYIOB B
rpynne. CreneHb auiaatauuu Al olleHMBaJIM KakK pas-
HOCTb MEXIYy 3HaUeHUsIMU nuameTtpa nocie (2) u no
(111) BoznmeiicTBusI AX OTHOCUTEIBHO IMaMeTpa cocyaa
1 niepen BosneiictBueM AX, %:

AL = (2 - A1)/41*100.
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HN3mMeHeHuss auaMmeTpa B IIOKOE€ HE IIPEBBIIIANIU
5.0 £ 0.5%, 1mosTOMY IpY TaKMX 3HAYECHUSIX CUUTAIIH,
YTO peakliysi Ha BO3IECTBUE OTCYTCTBYET.

YV kaxpoit Kpeickl ObUTO H3MepeHO oT 40 1o
60 ygacTkoB cocymoB. [ TIOCHedyIolero aHaan3a
U3MEPEeHHbIE COCYIbl ObUIM pa3lesieHbl Ha TPYIIIbl B
COOTBETCTBUM C MX AMaMETpaMU: MEJKHUE COCYIbl
(muameTpom oT 9 1o 20 MKM), COCyObl CpeIHEeTO Aua-
meTpa (o1 20 mo 40 MKM) 1 KpynHEIe cocyabl (Ooiee 40
MKM). laHHBIE IO OTIOEIBLHOI TPYIIIE COCYAOB yCpe -
HSUIUCh JUISI KaXKI0TO KMBOTHOTO U KCIIOJIb30BaTUCH
ISl CTaTUCTUYECKUX cpaBHeHMi. CTaTUCTUUYECKUit
aHaJIU3 JaHHBIX TPOBOJUIIN C UCTIOJIb30BAHUEM TaKe-
Ta cTaTUCTUYecKuX nmporpamMm Microsoft Excel 2019 u
nporpammbl InStat 3.02 (“GraphPad Software Inc.”,
CIIIA). [laHnHble TIPEACTABISIJIM B BUIE CPEIHETO
apuMeTUIEeCKOTOo 3HaYeHUsI U ero omuoku. ITpume-
"o U-kputepuii ManHa—YutHu (Iipyu cpaBHEHUH
2 rpynn) u kputepuit Kpackena—Yoiuica (rmpu cpas-
HeHuu 6osiee 2 rpyri). JJocTOBEpHBIM YPOBHEM OTJIU -
YMii CYUTATIN BEPOSITHOCTDL He MeHee 95% (p < 0.05).

PE3VJIBTATBI 1 OBCYXIEHHE

HMccnenoBanue nokasajo, 4to y Kpbic WKY komnu-
YeCTBO PaCIIUPEHHBIX Ha Bo3neiicTBre AX MHATbHBIX
apTepUaJIbHBIX COCYIOB B IIPOIIECCE CTAPEHUS CHIKA-
ercsi. OpollleHre MOBePXHOCTH TOJIOBHOIO MO3ra pac-
tBOopoM AX y mostoabix Kpbic WKY BEI3BIBajIo guiaTa-
LU0 B cpeaHeM 36.5 + 2.7% cocynos (Tab6i. 2).

ITpenMy11eCTBEHHO paCUIMPSUIMCh apTePUU CPe-
Hux auameTpoB (20—40 mxm). B aT0i1 rpynne AX BbI-
3pIBaJT pacmmpenue 43.5 + 2.7% aprepuii. B 2 mpyrux
IpyTIIax pacIImpuiioch B cpeaqHeM okoio 30% cocynos
(puc. 1). CreneHp AujaTallMd COCYIOB CHUXXajlach B
HaIpaBJIeHUU OT MEJKUX K 0oJjiee KPYyMHbIM (KpUTe-
puit Kpackena—Yomwmca KW = 12.3, p < 0.001, puc. 2).
B rpynne Mejnkux nuajabHbIX apTepUaIbHbIX COCYOB B
OTBET Ha BozAelicTBue AX auaMeTp yBeJUUMBajCs Ha
26.4 = 3.5%, B rpymiie KpynHbIX apTepuii — Ha 13.9 +
+2.1% (puc. 2).

IMIpumenenmne TEA y mononbsix kpeic WKY ymeHb-
1IaJI0 KOJUYECTBO PACIIUPUBIINXCS Ha BO3IACUCTBUE
AX aprepuii Bcex nuameTpoB (puc. 3a). HanGomnbiee
YMEHbIIIEHE OTMEYAJIOCh Y COCY/IOB CPENHUX TUaMET-
Ne 1

TOM 57 2021



56 T'OPIIIKOBA

% of the total number of the vessels studied
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Puc. 1. InstatratopHast peakivsi MAAJIbHBIX apTepUabHBIX COCYIOB pa3IMYHBIX TUaMeTPOB Ha Bo3aeiicTBrue AX. beast 3aimBka —
MeJIKMe apTepuu nuaMeTpoMm a0 20 MKM; TeMHasl 3aJiMBKa — cpeaHue aprepuu nuameTpom 20-40 MKM; ToueyHast IITPUXOBKaA
— KpYIIHbIe apTepun auametpom 6osiee 40 MKM. * — Pa3nnuust A0CTOBEPHBI 1O OTHOIIEHUIO K COOTBETCTBYIOIIMM 3HAUYEHUSIM
y Mostonbix Kpsic WKY; # — pasinust 1ocToBepHBI IO OTHOLICHHIO K COOTBETCTBYIOLINM 3HAYCHHSIM Y MOJIOLBIX Kpbic SHR;
*(#) p <0.05, **(##)p <0.01 (U — kputepuit MaHHa—YUTHU).

% of the basis vessel diameter
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Puc. 2. AMIdTy1a TUiaTaTOpHON peakiny MUATbHBIX apTepUAIbHBIX COCYIOB Pa3IMYHBIX AMaMeTPOB Ha Bo3nelictBue AX. [lo
ocu abcyucce — rpyNITbl KPBIC, 10 ocu opduram — % OT UCXOIHOIo 1MamMeTpa cocyia. beaas 3aaueka — MeJIKe apTepuaibHbIE COCYIbI
nuameTpoM MeHee 20 MKM, cepas 3aaueéka — cpeaHue aprepun nuaMmeTpoM 20—40 MKM, moueunas wmpuxoeka — KpyIHble apTepuu

nuamMeTpoM 6osee 40 MKM. * — Pa3mmuunst 4OCTOBEPHEI 10 OTHOIIEHUIO K COOTBETCTBYIOIINM 3HAYCHUSIM Y MOJIOIBIX I;pI)IC WKY;

# —(gamwms{ JIOCTOBEPHBI [T0 OTHOLIEHHIO K COOTBETCTBYIOIIMM 3HadeHMsIM y Mostombix kpsic SHR; **) p < 0.05, #ox(
sfesfeok!

##)p < 0.001 (U — kputepuii ManHa—YuTHu).

poB (¢ 43.5 £ 2.7 10 8.9 £ 0.7%). B aroii rpymmne apre-
puii TaKXe TOCTOBEPHO CHUXKAJIACh 1 CTETIEHb IUiaTa-
muu (puc. 4a). KonuuecTBo KpYyITHBIX M MEJIKMX COCY-
JIOB, paclIMPUBIIUXCS B OTBET Ha Bo3aekicTBue AX, Ha
¢doHe TODA yMeHbIINIOCHh COOTBETCTBEHHO € 31.8 + 2.2
10 9.5+ 1.3 mwc 30.4 = 2.8 10 20.3 + 2.4% 6e3 mocTo-
BEPHOI0 YMEHBIIIEHUS CTEIIEHU peakiuuu (puc. 3a, 4a).
CnengoBatebHO, MexaHN3M AX-0oITocpeqoBaHHOM Ba-
30uaTalluv, CBsI3aHHbINM ¢ akTuBauuein BK ,-kaHa-
J0B, Yy MoJtoabix Kpbic WKY mipermyIiiecTBEHHO BbIpa-
>KE€H B TpYIIIe MTMaJbHBIX apTepuaJibHbIX COCYIOB THa-
meTpoM 20—40 MKM.

binokaga eNOS y 4-mecsaunbix Kpeic WKY ymeHb-
Iaja KOJIM4eCTBO mIaTauunii Ha Bo3neiictBue AX BO

KYPHAJI 3BOJIIOLIMOHHON BUOXUMUU N GU3NOJIOTUH

#p <0.01,

BCeX 3 Tpynmax cocyaoB 0e3 TOCTOBEPHOTO U3MEHEHUS
creneHu peakiuu (puc. 3a, 4a). HauGombliiee cHIKe -
HUE KOJMYECTBa pacIIMPUBIINUXCS COCYAOB HabJoaa-
JIOCh B IpyIiIie KPyMHbIX apTepuii (1o 7.3 = 0.6%). Ko-
JINYECTBO TUJIATUPOBAHHBIX COCYIOB CPEIHUX TUAMET-
POB YMEHBIIIWJIOCh MIPUMEPHO B 2 pa3a; MEJKUX — B
cpenHeM Ha 39.9%, u MOCTOBEPHO HE OTJINYAIOCH OT
3HaYeHUi1, MOJTYyYEeHHBIX TIPU IIPUMEHEHUHU OJI0KaTopa
BK_,-kananos (puc. 3a). [Ipu coBMeCTHOM NpuUMeHe-
Huu L-NAME u TEA y mononsix kpeic WKY cHmke-
HYE KOJIMYECTBa paclllMpUBIINUXCS Ha Bo3aeicTBue AX
COCYIOB CPEIHMX IUAMETPOB COOTBETCTBOBAJIO HaH-
HOW BEJIMYMHE MPU BO3IEHCTBUU TOJIBKO OJHOTO 0J10-
Katopa eNOS, HO OBIJTO TOCTOBEPHO MEHBIIIE 3HAYE-
Ne 1
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Puc. 3. IameHeHMe Yynciia TMIaTUPOBAHHBIX MTUATBHBIX apTePUATBHBIX COCYIOB Pa3IMYHBIX IMAMETPOB Ha Bo3neicTBUE AX B OT-
CyTCTBHE U Ha (hOHE MPUMEHEHUS 6JI0OKATOPOB y KpbIC pasHoro Bo3pacta: a — Kpbichl WKY, 6 — kpbicbl SHR. 1o ocu abcumce —
TPYIIBI COCYIOB PA3TMYHBIX TUAMETPOB, TI0 OCU OpAMHAT — % OT OOI1IEro YMCIIa UCCIIENOBAHHBIX COCYIOB. MI3MeHeHUsT 3HAUNMBI
110 CPAaBHEHUIO C COOTBETCTBYIOLLIMMU NaHHBIMU MPU Bo3zaeicTBuM ynuctoro AX (*p < 0.05, **p < 0.01, ***p < 0.001, U-kpurepuit

MaHHa—YUTHH).

HUI, TIOJIy4EHHBIX B CJIydyae MpUMEHEHMUS TOJIbKO 0J10-
karopa BK_,-kananos (p = 0.01, U= 428, U-kpurepuii
MaHHa—YuTHU, puc. 3a). YMeHbIIeHUEe KoJauye-
CTBAa W CTEINEeHU AUaTalluu apTepuil MeIKUx u
KPYITHBIX IMaMeTPOB MPU OJHOBPEeMEHHOI OJi0Ka-
ne eNOS u BK_,-kaHa10B 1O0CTOBEpHO HE OT/IMYa-
Jlachb OT 3HAYEHWU, MOJYyYEeHHBIX MPU MPUMEHEHUU
KaXKJI0ro U3 6JI0KaTOpoB B OTAEIBHOCTU (puUc. 3a, 4a).
IMonyyeHHbIe TaHHbBIE YKa3bIBAlOT Ha BEAYIYIO POJIb
MEXaHu3Ma, CBiI3aHHOro ¢ akrtuBauueini BK_ ,-kaHa-
JIOB, B peryisiuuu AX-onocpeaoBaHHBIX TUIaTaTOp-
HbIX peaKIIMil COCYI0B CPETHUX TUAMETPOB Y MOJIOJIBIX
kpbic WKY. B rpymnmnax nuajabHbIX COCYOOB MEJIKUX U
KPYITHBIX IMaMETPOB 00a M3 UCCJIeIOBAaHHBIX MeXa-
HU3MOB BbIpaxk€Hbl IPUMEPHO B PaBHOI CTETIEHU.

¥ 20-mecsunbix kpeic WKY 1o cpaBHeHMIO ¢ 6ojiee
MOJIOABIMU XWBOTHBIMHM OOIIlee KOJIMIECTBO PaCIIN-
PUBIINX Ha Bo3necTBHEe AX COCYTOB YMEHBIAIOCH U
cocTtaBisio 25.6 £ 3.5% (1ab6:. 2). ComocTaBlieHHE pe-
aKI COCYIOB Pa3IMYHBIX TMAMETPOB MOKA3aJI0, YTO
CTapeH!e yMEHBIIAeT KOJMYECTBO PACHIMPUBIITNXCS
COCYIIOB TOJIBKO B IpyIINax apTepuit CpeaTHUX U KPYIT-
HBIX IMaMeTpoB (B cpeaHeM Ha 42.5 u 57.1% cooTrBeT-

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUWU U GHU3NOJIOTUN

crBeHHO; (puc. 1)). B rpynme aprepuii 20—40 MKM Tak-
K€ CHIXXAeTCsl CTeIlleHb nujlaTauuu (puc. 2).

IMpumenenne TOA y HOPMOTEH3UBHBIX KpbIC B
Bo3pacte 20 Mec TOCTOBEpHO HE M3MEHSIO XapakTep
JIUIATaTOPHOM peakluu MEJKUX COCYIOB, UTO CBUIE-
TEJIbCTBYET O nojapyieHuu poiu BK ,-kaHaioB B nu-
JIaTaTOPHOM OTBETE 3TUX COCYIOB Ha Bo3neiicTBre AX
y CTapelolinX XMBOTHBIX. B rpynmnax aprepuii cpeaHux
U KpymHbix nuametpoB TEA, HampoTuB, JOCTOBEPHO
YBEJIMYMBaJl KOJIMYECTBO PACIIMPUBILINXCS HA BO3IEi -
cTBre AX COCyIOB U CTENIEHb X paciupeHus (puc. 3a,
4a). B nutepatype MMEIOTCSI CBEASCHUSI O TOM, UTO Y
CTapbIX XMBOTHBIX 110 CPAaBHEHUIO C MOJIOJIBIMU OCO-
6s1MU OTKpHITO 6osble KT -kananos [14]. CBepxakTh-
Ballvsl KAaHAJIOB MOXET YMEHbIIATh MUOIHIOTEI A b-
HYIO 3JIEKTPUYECKYIO TPOBOAUMOCTDb Y CHUXKATh Ba30-
JUIaTaTOpHYI peakuuio [15, 16], 4Tto, BeposSTHO, U
SBJISIETCS OJHOW M3 MPUYMH OOHAPYXXEHHOTO HaMM
YMEHBIIIEHUSI KOJIMYECTBA PACIIMPUBIINXCS Ha BO3-
neiictBue AX coCylIoB B Irpynriax apTepuii CpeaHux u
KPYIHBIX IuaMeTpoB. biokama K*-xaHamoB (Takmx
Kak BK(,, 4yBCTBUTE/IbHBIE K HanpsikeHUto K -kaHa-
JIbI U1 IP.) MOXET MPUBOJAUTH K NEeTOIIprU3aii U BOC-
CTaHOBJIEHUIO 3JIEKTPUYECKOU MPOBOJUMOCTH /10 3HA-
Ne 1
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Puc. 4. i3ameHeHue nuamMeTpa MuaabHbIX apTepUalIbHBIX COCYIOB Pa3IMYHbIX IMaMETPOB Ha Bo3aelicTBue AX B OTCYTCTBME U Ha
(oHe IIpuMeHeHHsT 6JIOKATOPOB Y KPBIC pa3HOro Bo3pacta: a — KpbIchl WKY, b — kpeicel SHR. ITo ocu abcuirice — IrpyIiibl COCYIOB
Pa3IMYHBIX IUAMETPOB, MO OCU OPAMHAT — AUaMETpP apTepuii rmocie Bo3neicTBust AX, % OTHOCHUTENIbHO UX THMaMeTpa 10 BO3-
neiictBust AX. U3MeHeHMs1 3HAYMMBbI 110 CPaBHEHUIO C COOTBETCTBYIOIIMMU JaHHBIMU MpPU Bo3aeicTBUM ynuctoro AX (*p < 0.05,

**p < 0.01, U-kpurepuit MaHHa—YUTHM).

YeHUI, He OTIMYAIOIIMXCS OT 3HAYeHMWI, HaOIoHae-
MBIX Y MoOJombpIXx ocobeir [14, 15, 17]. B rpymmax
COCYIIOB CPEIHUX W KPYITHBIX TUaMETPOB B OTBET Ha
posaeiictBue AX Ha poHe nmpumeHeHuss TEA pacim-
puiochk B cpegHeM Ha 35.6 = 4.5 u 28.6 = 3.3% coor-
BETCTBEHHO. DTO IOCTOBEPHO HE OTJIUYAIOCH OT 3Ha-
YeHM, OJyIeHHBIX Ha cocyax TeX e TPYIIT Y MOJIO-
nbix Kpeic WKY 6e3 npumMeHeHus 6;10KaTopoB (puc. 3a).
Crenyetr OTMETUTD, UTO UCTIOIb3yeMblil B HAIIIMX KC-
nepuMeHTax TEA He siBasieTcs CeJIEKTUBHBIM MHTUOM -
TopoM BK_,-KaHaI0B 1 MOXET BO3IEMCTBOBATh TAKKE
W Ha ApYTUE TPYIIbI KAIMEBBIX KaHaOB. Takum obpa-
30M, MOJIyYeHHBIC TaHHBIE MOTYT YKa3bIBaTh HA U3MeE-
HEHMe aKTUBHOCTY KaJIMEBBIX KaHAJIOB Y 20-TH Mecsd-
HbIX Kpbic WKY, BeposITHO, Jiexkalliee B OCHOBE CHU-
KEHMST YpOBHS AX-ONOCPEeNOBaAaHHOW IUJIATAIIAM
MMUAJTBHBIX apTePUATbHBIX COCYIOB CPETHUX M KPYII-
HBIX TUaMETPOB.

Ha ¢done 61okansl cuHTe3a NO y kpeic WKY B Bo3-
pacte 20 Mec KOJIMYECTBO PACIIMPUBIINXCS B OTBET HA
BozaeiicTBe AX MEJIKUX COCYIOB JOCTOBEPHO HE U3-
MeHs10Cch. YTO CBUIETENBCTBYET O HE3HAYUTEIbHOI
POJIA 3TOTO MEXaHW3Ma COCYAUCTOI PEryIsSLNU B OCY-

KYPHAJI 3BOJIIOLIMOHHON BUOXUMUU N GU3NOJIOTUH

IIECTBJICHUN AWJIATAUMU MEIKUX MUATbHBIX apTepH-
aJIbHBIX COCYIOB Yy CTapelolMX HOPMOTEH3UBHBIX
Kpbic. KomnuecTBO pacIIMpUBIIMXCSI apTepuil cpel-
HUX U KPYIHBIX TUaMETPOB U CTEIIEHb UX PACIIMPEHUS
Ha ¢doHe 61okansl eNOS Bospactanu (puc. 3a, 4a).
PazButie B]1 ipn ctapeHM BO MHOTOM CBSI3BIBAIOT C
MOBBIIIIEHUEM YPOBHSI SHIOTEINATBHOIO CYIIePOKCH/I -

Horo aHuoHa (O ), TPUBOASIIUM K CHUKEHUIO KOJIU-
yectBa NO [18]. B ocHOBe BO3MOXHBIX MEXaHU3MOB

MU30BITOYHOTrO OOpazoBaHust O, MOIYT JIeXaTb BO3-
pacTHasi aHoOMaJIbHasl 9KCIPECCUsi U aKTUBHOCTb CUH-
Ta3 okcuaa azoTa [18—21]. I1oBbilIeHrEe YyBCTBUTEIb-
Hoctu K AX mocine npumeHeHusi L-NAME wmoxer
OBITH CBSI3aHO C TToAaBiieHueM akTUBHOCTH eNOS, yto
NPUBOAUT K TOPMOXEHUIO TPOLIECCOB 0Opa30BaHMSI
CYIIEpOKCHUII aHMOHOB [18, 22], TeM caMBbIM yBEJIMYM-
Basi KojuyecTBO M goctymHocTh NO. HaubGosnblree
yBEJIMYEHUE KOJUYECTBA PACIIMPUBIINXCS COCYAOB U
CTeTIEHU WX paclIUpeHUsi, B CpelHeM IPUMEPHO B
3paza, B HallMX BKCIIEpUMMEHTax HaOIOIaJIOCh B
rpymnrie KpyInHbIX apTepuit (puc. 3a). ¥ cocynoB nmua-
MeTpoM 20—40 MKM KOJIMYECTBO PACIIMPUBIIUXCS CO-
CyIOB Bo3pacTajo B cpenHeM Ha 40%, aMIiuTya Tak-
Ne 1
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Xe yBenmumBajiach (puc. 3a, 4a). Ilpu aTom Komude-
CTBO PACHIMPUBIIUXCS CPEAHUX U KPYITHBIX COCYIOB
Ha (poHe npenBapurtenabHoit 61okaasl NO y 20-mecsiu-
HBIX KphIc WKY cooTBeTCTBOBaNIO 3HAYEHUSIM, TTOJTY-
YyeHHBIM Y MoJyiogblx Kpbic WKY 0e3 mcronb3oBaHus
610katopoB. To ecthb 670kaga eNOS y 20-MecsauHbIX
kpbic WKY B 3Tux rpymmax cocynoB, TaKkKe KakK U B
citydae 61okansl BK ,-kKaHanoB, HE IpoCcTo ycuauBalia
IUaTalyio, a BOCCTaHaBJIMBajla €€ J0 YpOBHSI, Ha-
6II01aEMOT0 Y MOJIOABIX JKUBOTHBIX.

CoBMmectHoe mpumeHeHue L-NAME u TEA y
20-MecauHbIX Kpbic WKY NpMBOAMIO K JOCTOBEPHO
OoJIbIlIeMY YBEJIMYCHHIO KOJIMYECTBA PACIIIPUBIIMXCSI
COCYIIOB CPEHUX U KPYIHBIX TMaMETPOB, IO CpaBHE-
HUIO C TIpPUMEHEHMEM KaXXI0ro M3 0JIOKAaTOPOB B OT-
nenbHOCTU (puc. 3a). CnepoBaTenbHO, Y Kpbic WKY B
Bo3pacte 20 Mec B AX-omocpemoBaHHBIX peaKIIMIX
3THUX COCYAOB B paBHOI CTEIIEHU HapylLIalOTCs 00a 1C-
CJIEIOBaHHBIX MEXaHM3Ma PETYJISILIMA COCYIUCTOIO TO-
Hyca. O0palaeT Ha ce0s1 BHUMaHUE TaKKe M TO, 9YTO Ha
¢oHe onHoBpeMeHHoi1 6iokansl eNOS u BK,-kaHa-
JIOB yBeJIMUEHME YMCcia IuiaTaliii OTMe4aaoch Uy CO-
CYIOB MEJKMX TMaMeTpoB. B To BpeMs Kak mpuMeHe-
HUE KaXIOoro u3 0JIOKAaTOPOB B OTAECJIBHOCTU B ITOI
TpyIIe COCYOOB HOCTOBEPHO HE M3MEHSIJIO KOJMYe-
cTtBOo AX-onocpenoBaHHbBIX mnatanuii. ITomxydeHHBIE
JIaHHBIC MOTYT CJY>KUTb MOATBEPKACHEM TUIIOTE3bI O
CYILIIECTBOBAHUY CBSI3U MEXY aKTUBHOCTBIO BK-,-Ka-
HAJIOB M 3HOOTEIMAIIbHBIMIA CUTHAJIbHBIMHU IYTSIMU
NO [23].

CpaBHeHUeE peakKluii y HOPMOTEH3UBHBIX M CITOH-
TaHHO TUMNEPTEH3UBHBIX KPBIC ITOKA3aJI0 OTCYTCTBUE
JIOCTOBEPHBIX OTJIMYUIA OOIIET0 KOJUYECTBAa pacllu-
PUBILUXCS B OTBET Ha Bo3aeiicTBue AX COCYIOB U CTe-
MEeHU UX PacIIUPEeHUs y 3TUX KMBOTHBIX (Tab1. 2). Oxn-
HaKO HauOoJbllee KOJIUYECTBO PACIIMPHUBIIMXCS CO-
cymoB y kKpeic SHR oTMeuanoch B Tpyrmre MeIKUX
aprepuii — 47.3 + 4.3%, 4TO TOCTOBEPHO IPEBHIIIAIIO
3HayeHus y Kpbic WKY. B rpynmnax aprepuii cpeqHUX U
KPYIIHBIX OWAaMeTpoB pacmmpuiochk 37.3 = 2.1 m
27.6 £ 1.1% cocynoB COOTBETCTBEHHO. DTH ITOKa3aTe-
JIV HE OTJIMYAJIACh OT 3HAYEHUI1 B TPYIIIaX COOTBETCTBY-
JOIIETO JaMeTpa Y HOPMOTEH3UBHBIX KphIC (puc. 1).

IMpenBapurenbvHas 6inokana BK,-kaHanoB y mojo-
neix kpeic SHR, B otniuuue ot WKY, nocTtoBepHO He
M3MEHSUIa KOJIMYECTBO PaCIIMPUBIINUXCS Ha BO3ICii-
ctBue AX MeJKMX cocynoB (puc. 3b). A B rpymmax ap-
Tepuii CpeIHUX 1 KPYITHBIX JUaMETPOB — YBeJIMYMBaia
KOJIMYECTBO AWIaTallMii B cpeaHeM Ha 26.3% u B
3.2 pa3a cooTBeTcTBeHHO (puc. 3b). [lomyyeHHbBIC TaH-
HbI€ YKa3blBalOT Ha 3HAYUTEJbHOE CHMXXEHHE POJIU
BK,-kaHal0B B IWJIaTalluu MUAJIbHBIX apTepUaTbHbIX
COCYIIOB Yy MOJOABIX CIOHTAHHO TUIIEPTEH3UBHBIX
KpPBIC, B OCHOBE KOTOPOI'O MOXET JieKaTh HaOonae-
moe npu Al yMeHblIeHHEe MUX YYBCTBUTEIBHOCTH K
BHYTPUKJIETOYHOMY MeCTHOMY ToKy Ca?" [24-26].
[ToBplIIeHNE YYBCTBUTENHLHOCTH K AX IIOCJIC TIpUME-
HeHMs 6JI0KaTopa B rpynnax NuajabHbIX apTepuii cpe-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

HUX U KPYMHBIX TMAMETPOB, BEPOSTHO, CBI3aHO CO
criocooHocThio TEA, mprMeHsieMOro HaMu1 B Ka4yeCTBE
WHIMOUTOpA KaJueBbIX KaHAJIOB, YBEJIMYUBATh BHYT-
pennuii ok Ca?>* B TMK kJieTKax cocynoB, 4TO MOXET
MOBBIIATh aKTUBHOCTh BK(,-KaHaJIOB U ycuiauBaTh
IUIaTalMIo apTepuii 9TUX TPYIIl, 001aAal0UX PA3BU -
TOI MBILLIEYHOI 00004YKOIi [27, 28].

brnokana eNOS pactBopom L-NAME y Mononbix
kpbic SHR B Hammx skcnepuMeHTax CHUXKajla KOJU-
YeCTBO pacIIMPUBIIMXCS B OTBET Ha Bo3aelicTBue AX
COCY/IOB M aMIUIUTYAY JUJIaTallui BO BCeX IPyIINax UC-
clIeIOBaHHBIX COCYIOB. B rpyrmne aprepuii KpymHBIX
JIMAMETPOB KOJUYECTBO PACHIUPUBIINXCS COCYIOB
CHU3UJIOCH Ha 76.93%, 4TO JOCTOBEPHO HE OTJINYATIOCh
OT mokazarenieid y MoJjionbix Kpeic WKY. MsMeHeHune
CTEeTICeHU AWJIaTalluy B 3TOU IrpyIire COCyA0B TaKXe CO-
OTBETCTBOBAJIO 3HAYECHUSIM Y HOPMOTEH3UBHBIX KPbIC
(puc. 3a, 3b; 4a, 4b). YMeHbllIeHUEe KOJUYECTBA AUjia-
Taluii apTepuit MEJIKUX U CPETHUX AMaMETPOB Yy MOJIO-
nwix Kpeic SHR 1o cpaBHeHMto ¢ WKY toro e Bo3pac-
Ta GBUTO MeHee 3HaYnTeIbHBIM (Ha 37.2 1 31.1% coot-
BercTBeHHO Y SHR, 1o cpaBHenuio ¢ 46.1 u 54.1% y
WKY) (puc. 3a, 3b). U3MeHeHUs CTeIIeHU aujlaTalluu
He oTMevalioch (puc. 4a, 4b). Takum obpasom, y 4-Me-
caaubIX Kpeic SHR 1o cpaBHeHMIIO ¢ Kphicamu WKY
TOTO Xe Bo3pacTa HabJronajioch cHuxkeHue poiad NO B
AX-omnocpeloBaHHOI AuaTalluy MUAJIbHBIX apTepuit
MEJIKMX Y CpeTHUX 1uaMeTpoB. [Ipu coBMeCTHOM Npu-
MeHeHUn L-NAME u TEA y monoasix kpeic SHR
CHUXXEHHUE KOJIMYeCTBAa PACUIMPUBIIUXCS apTepuit
BCEX TPYIN COOTBETCTBOBAJIO JAHHOU BEJIWYUHE MpPU
BO3ICHCTBUMU TOJABKO oOJHOTOo Oyiokatopa eNOS
(U-kputepuit ManHa—YutHu; puc. 3b). Yto mMoxer
YKa3bIBaTh Ha Beaylyio pojb NO B nujaaTtaiu nuajib-
HbIX apTepUaAIbHBIX COCYI0B BCEX TUAMETPOB Y MOJIO-
Ibix Kpeic SHR.

Takke Kak U1 y HOpMOTEeH3UBHBIX KpbIc, y SHR cTa-
peHue yMeHbllajo oblllee KOJUYECTBO PpaCIIupUB-
muxcs Ha BosaeiictBue AX cocynoB (¢ 43.2 + 3.8% y
Mojioneix SHR 1o 21.9 + 2.7% y 20-mecstunbix SHR;
Ta61. 2). B otmnune ot kpeic WKY, y KOTOpBIX CHIKE-
Hue KkojauuyecTtBa AX-ONOCPEAOBAHHBIX AUIaTallUiA
ObLJI0 OTMEUYEHO TOJIBKO B IpyMIlaxX MUaIbHbIX apTepuii
CPEeIHUX U KPYNHBIX AuameTpoB, y Kpbic SHR mnipu
CTapEHWU KOJIUYECTBO PACIIMPUBIIUXCS COCYIOB
CHUMXXAJIOCh BO BCEX WCCAEIOBAaHHBIX TIpyInax
(puc. 1, 2). KonudecTBo mmjiaTallMii COCYIOB MEJI-
K1X U CpEeIHUX TUAMETPOB YMEHBIIMIOCh Ha 31.1 u
50.1% coorBeTcTBeHHO. CHUXEHHE KOJIM4YecTBa
paclIMPUBIIMXCS KPYIHBIX apTepuii  COCTaBUJIO
54.1%, 4TO TOCTOBEPHO HE OTJIUYAIOCH OT 3HAYCHUIA,
MOJIyYEHHBIX MMPU CTAPEHUU B 3TOM I'PYIIIE COCYI0B y
HOPMOTEH3UBHBIX KpbIC (pHC. 1).

TEA yBenuuuBaa KOJWYECTBO PACIIMPUBIIMXCS
cocynoB y 20-mecsauHbIX KpbIc SHR Bo Bcex rpyrmax.
KoanyecTBo pacHIMpUBILIUXCS MEIKHUX COCYIOB yBe-
JMIuiIoch Ha 67.9%, a cpennux — B 2.2 pa3a (puc. 3b).
YT0 1OCTOBEPHO IIPEBHIITANIO0 3HAYCHMS y 00JIee MOJIO-
Ne 1
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merx Kpeic SHR. YBemmmuenne KonmmyecTBa pacimmpmB-
IIMXCSI B OTBET Ha Bo3aelicTBrue AX KPYITHBIX apTepUid
(B cpemaeM Ha 80.2%) y 20-MecstaHbIX Kpbic SHR o
CPaBHEHUIO C MOJIOABIMU ObLIO MEHEe 3HAUYUTETbHBIM
(puc. 3b). CreneHb auiaaTallMM COCYIOB BCEX TPYIIII
Takke yBeJmuuBagach (puc. 4b).

Ha ¢one 6mokansr eNOS y kpeic SHR B Bo3pacTte
20 Mec yMeHblIeHMe KojmdecTBa AX-ormocpeaoBaH-
HBIX pacIIMpPeHUA COCYI0B MEJIKMX TUaMETPOB COCTa-
BIWJIO B cpeHeM 46.9% 1 1OCTOBEPHO ITPEBHILLIAIO 3HA-
YyeHHsI, MoJlydeHHbIe y 0ojee Moionbix Kpbic SHR.
CHMXKEeHME KOJIMYECTBAa PACIIMPUBIIMXCS COCYIOB
CpeIHUX AUaMeTPOB OBLIO MeHee 3HAYMUTEIbHBIM: Ha
24.9% — y 20-mecsaunbix SHR, 31.1% — y SHR B Bo3-
pacte 4 mec (puc. 3b). B rpynmne KpynmHBIX COCYIOB KO-
JIMYECTBO pacIIMPUBIINXCS Ha Bo3aeicTBre AX apTe-
puil IIpU CTapeHUM YBEJIWYMBAJIOCh B CPEOHEM B
1.5 paza (puc. 3b). IloayyeHHBIE TaHHBIE CBUAETEIb-
CTBYIOT O BO3pacTaHUU Ipu cTapeHuu y Kpbic SHR po-
m NO-3aBUCUMBIX MEXaHU3MOB B AX-0mocpenoBaH-
HOM IujaTaliiy MEJIKUX IMTHMAJIbHBIX apTepUaIbHbIX CO-
CyIIOB, BEPOSATHO, CBSI3aHHOM C HaOJII0IaeMbIM Y HUX
BO3pacTHLIM ITOBbIIIIeHHEM ypoBHSI NO B pe3ynbraTe
YBEIMYEHUSI SKCIIPECCUM/AaKTUBHOCTU WHIYIUOEIb-
Hoit NO-cuHTtasbl (iNOS) [4, 12]. OnHaKO NOBBILIEH-
Has akcnpeccus iNOS sgBisgeTcst omHUM U3 (DaKTOPOB,
CIIOCOOCTBYIOIINX BO3HMKHOBEHHUIO OKMCIIMTEIHLHO-
ro/HUTPO3aTUBHOIO CTpecca, MPUBOASIIETO K YMEHb-
meHuo eNOS-3aBucumoit npoaykuuun NO [19, 29,
30]. MaruoupoBanmne iNOS, B cBoIO ouepeab, MOXET
ycunubatb eNOS-3aBucumyto npoaykuuio NO 1 Boc-
CTaHaBJIMUBATh €€ IO YPOBHS, HAOII0HAeMOro y MOJIO-
merx Kpeic [30]. Dkcnpeccnsg iNOS mporcxXonuT Kak B
SHIOTENNU, TaK U B MUoluTax. [ToaTomy ee neicTBue
0OoJjiee BBIPAXKEHO B apTepHsIX, MMEIOIIUX Pa3BUTYIO
MBIIITeYHYyI0 000J109Ky [31]. UMeHHO ¢ 3TUM MOXeT
OBITH CBSI3aHO HaOMogaemMoe HaMu y Kpbic SHR noBbI-
IIEHUE YYBCTBUTEJILHOCTU K AX B TpYIIIEe KPYITHBIX
cocynoB nocie mpuMeHeHus L-NAME, aBnsgiomerocst
HeceJIeKTUBHBIM nHrnoutopoM NOS.

OpnoBpemeHHoe npuMeHeHne L-NAME u TEA y
20-mecsiuHbIX Kpbic SHR npruBoaniIo K yMEHbBIIIEHUIO
KOJIMYECTBa pacIIMpUBIINXCS Ha Bo3aeiicTBue AX co-
CYIOB TOJIBKO B TPYIIIIE MEJIKUX IMHUAIbHBIX apTEepUIA.
KosmyecTBo aunaTtaliyii yMeHbIIAJIOCh B CpeIHEM Ha
28.7%, 94TO JOCTOBEPHO HE OTINYATIOCH OT 3HAYEHUIA,
MOJYYEHHBIX C IIPUMEHEHMEM TOJIBKO OTHOIO OJIOKa-
Topa eNOS (puc. 3b). KonnuecTBo guiataluii apTe-
puii CpeIHUX U KPYITHBIX IMaMeTPOB yBEIMUMIOCh. B
rpymme CpeaHuX apTepUil KOJTMYECTBO PaCIIuPUBIINX-
¢S COCYIOB BO3pOCJIO B cpeaHeM Ha 46.4% (puc. 3b).
YBeanueHUe KOJMWYeCTBa NUjaTalldii KPYIIHBIX apTe-
puii cocTaBWIO B cpeHeM 53.2% 1 1OCTOBEPHO HE OT-
JIMYAJIOCh OT 3HAYCHUIA, MOJIydeHHBIX IIpU IIPUMEHEHUU
KaXXI0ro 13 0J0KaTOpoB B OoTaesibHOCTU. [loaydeHHBIE
JaHHBIE YKA3BIBAIOT Ha BeaylIyio pob NO-3aBUCUMOTO
MeXaHM3Ma B Peryysiliuy IWIaTaTOPHBIX peakluii MeJ-
KMX IIMAJIbHBIX apTepUalbHEBIX cOCcydoB y 20-Mecsy-
HBIX KpbIc SHR. B rpymmax cocynoB cpemHUX U KpyII-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

HBIX TUAaMETPOB 00a M3 MCCIeTOBAaHHBIX MEXaHU3MOB
BOBJIEUEHbI B oOcCyIllecTBlIeHne AX-0ormocpeaoBaHHOM
IuiaTaliu B paBHOU CTEMEHU.

TaxkuMm o6pa3oM, B Xoae MCCIeI0OBaHUS OBLIO yCTa-
HOBJIEHO, YTO CTapeHue NPUBOIUT K WU3MEHEHUIO
Biana BK,-kaHanoB B ocyuiectBiaeHue AX-orocpe-
JIOBAaHHOII MUjIaTalli ITMAJIbHBIX apTepUaIbHBIX COCY-
JI0B. Y HOPMOTEH3MBHBIX U CIIOHTAHHO TUITEPTEH3UB-
HBIX KPBIC 3T U3MEHEHHUSI UMEIOT CBOU OCOOEHHOCTH.

Y HOPMOTEH3UBHBIX KPBIC CTApEHUE COMTPOBOXKIIA-
ercsl cCHIxXeHueM Bkiana BK,-KaHaoB B ocylliecTB-
JleHuu AX OIoCpeNoBaHHON auiaTallii MUATbHBIX
apTepualbHBIX COCYIOB BCEX AMAMETPOB. DTU U3MEHE-
HUS BO MHOTOM COTIPSIKEHBI C HAPYIIIEHUEM CUCTEMBI
CHHTEe3a OKCUJIa a30Ta U u3MeHeHueM poau NO-ormo-
CpPENOBaHHBIX MeXaHU3MOB B muiatanuu. OOHapy-
JKEHHasl COCYyIMCTash AUCHYHKIIUS MOXET CIYXUThb
npeapacrnosiaraloim GakTopoM pa3BUTUSI TUTIEPTEH-
31U, TOCKOJIbKY aHAJOTUIHBIMU TIPOIlecCCaMU TaKKe
compoBoxnaercss ¢opmupoBanre Al y Moiiombex
CIIOHTAHHO TMIIEPTEH3UBHBIX KPbIC.

CrapeHue B yCIOBUSIX IJIATEABHO TeKyieir Al He
MPUBOIUT K 3HAYMUTEIbHBIM U3MEHEHUSIM Ba3oaujiaTa-
TOPHOTO MeXaHMW3Ma, OCHOBAaHHOIO Ha aKTUBAaLUU
KaIbLII-4yBCTBUTEILHBIX KaJIWEBBbIX KaHAJI0B OOJIb-
moi mpoBoguMocTr. OgHako B Bo3pacte 20 Mecs1eB y
kpbeic SHR HabmomaeTcs ycuiaeHue Bkiaaga NO-3aBu-
CHUMOI0 MeXaHu3Ma B peryisinuu AX-ormocpeaoBaH-
HBIX IWJIATaTOPHBIX PeaKIIii METKUX ITMaIbHBIX apTe-
pPUaJIbHbBIX COCYIOB. BTO MOKET CIIY>KUTb IPOABJICHU-
€M COCYIMCTBIX aJanTallMOHHBLIX MEXaHM3MOB,
HampaBJIeHHBIX Ha MoAAep:KaHWe HOPMaJIbHOM Iiepe-
OpanbHOU Nepdy3nM B YCIOBUSIX IJIUTEIbHO TEKYILECH
apTepuaJbHOI TUIIePTCH3UN.
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AGE-RELATED CHANGES IN THE ROLE OF POTASSIUM CHANNELS
IN ACETYLCHOLINE-INDUCED DILATION OF PIAL ARTERIES
IN NORMOTENSIVE AND SPONTANEOUSLY HYPERTENSIVE RATS

O. P. Gorshkova

Pavliov Institute of Physiology, Russian Academy of Sciences, St. Petersburg, Russia
e-mail: o_gorshkova@inbox.ru

Age-related changes in the contribution of BK,-channels and NO to acetylcholine-induced dilation of pial ar-
teries were studied in normotensive (Wistar-Kyoto) and spontaneously hypertensive rats (SHRs). Using intravi-

tal microphotography (x470), responses of pial arteries to acetylcholine chloride (ACh, 10~7 M, 5 min) with and
without blockade of BK,-channels by tetraethylammonium chloride (TEA, 2 mM) and nitric oxide (NO) syn-

thesis by L-NAME (10~3 M) were comparatively evaluated in WKY rats and SHRs aged 4 and 20 months. The
evaluation criteria were the number and degree of arterial dilations arising in response to ACh after the applica-
tion of inhibitors, with the latter criterion being evaluated, in turn, by measuring the erythrocyte flow width sep-
arately in three groups of arteries: small (<20 um in diameter), medium (20—40 um) and large (>40 um). It was
established that in WKY rats aging leads to diminish the role of BK¢,-channels in ACh-induced dilation of all
pial arteries, no matter the caliber. Similar processes were observed in the pial vascular bed of young SHRs. It
appears that changes in the role of BK,-channels in vascular dilatatory responses in aging WKY rats and young
SHRs are largely associated with the impairment of NO synthesis and changes in the role of NO-mediated mech-
anisms of vasodilation. Aging in SHRs is accompanied by increasing the contribution of the NO-dependent
mechanism to the regulation of ACh-induced dilatatory responses of small-caliber arteries.

Keywords: vasodilation, calcium-activated high-conductance potassium channels, hypertension, aging, pial ar-
teries
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