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CipKoBOIeHb NPUTHIYY€E KAJbUIHIHAYKOBAHE
BIIKPMBAaHHA MITOXOH/APIaJbHOI NOPHU
y cepui IIypiB 31 CIOHTAHHOIO TNEPTEH3i€I0

YV 0ocnioax in vivo ma in vitro na mMimoxoHOpisx, i301606aHUX 13 MKAHUHU CepYsi WYPI6 3 HOPMATbHUM
MUCKOM [ Wypie 3I CHOHMAHHOIO 2INEPMEN3IEI0, DOCTIONCYBANU 6NIUE DOHOPA CipKko6oOHI0 NaHS, a ma-
npupoonozo indykmopa Ca’*. Buseneno xonyenmpayiiiny sanescuicmo eniugy NaHS (10°—10* monv/n)
Ha KanbyitlinoyKo8ane HaOyxXans MimoxXoHOpitl cepys y 000x epynax meaput. JJoHop cipkogooOHIO Y KOH-
yenmpayiax 1075, 107 i 10-* monv/a npueniuyeas xanvyiiiinoyxosane éioxpusanns MII (na 31, 76 i 100 %
8I0N0BIOHO), WO CEIOUUMD NPO 11020 NPOMEKMOPHUL BNIIUE HA NOPOYMBOPEHHSL, Y CePYi WYPI6 3 HOPMATLHUM
muckom. Ineibyeanns MII y cepyi wypie 3i cnoHmanHoio 2inepmensicio nompeyaio Ha NOpsiOOK UUOT
konyenmpayii NaHS (10°—10% monv/n) na mni nidsuwenoi s30amnocmi opaanen 0o nopoymeopenns. B
eKcnepuMenmax in vivo npu 00Hopazoeomy €nympitunboouepesunomy esedenni L-yucmeiny (107 monv/ia)
nokasano amenuienus yymaueocmi MIT do inoykmopa Ca’* 6 obox epynax. Ipueniuenns in vivo 6ioc-
uHmesy Cipko8OOHIO 3 0ONOMO20I0 CReYUPIiuH020 GIOKAMOPa YUCMAMIOHIH-Y-1id3U NPONAPSLALIYUHY
(10-* monv/x2) sanobicano 0ii L-yucmeiny y cepyi wypie 3 HOpMANLHUM MUCKOM HA GIOMiNY 610 wypie 3i
cnonmanioio 2inepmensicio, 0e cnocmepizanu smenutenis niosuwenoi vymausocmi MIT 0o Ca’*. Taxum
YUHOM, 3a DI3I0N0CTUHUX YMOG | NpU 2inepmeH3ii AK eK302eHHUL, MAK i eHO02eHHULl CIPKOBOOEHb YUHUMb
Ccmaobinizy8anvry 0it0 Ha MeMOPaHU MIMOXOHOPILL, NIOSUWYIOUU PE3UCMEHMHICIb OP2AHeL 00 NPUPOOHO20
inoykmopa MII Ca’*.

Kouosi cnosa: cipkoeodenn, L-yucmein, MimoxoHopiaibHa nopa, cepye, 2inepmensis, uwypu.

BCTYII 3rigHo 3 JaHUMU MOMEPEAHIX TOCIIIKEHb,
rinepTeH3uBHI CTaHM OpPraHi3My NOB’s3aHi 3
MITOXOHApialbHOW0 nuchyHKuicro. OcTaHHs
XapaKTepHU3yEThCS 3HUKEHHIM MEMOPaHHOIO
MOTEHIIiay MITOXOHJIPIH 1 CTYTIEHS CIIPSKEHHS
MpoLeciB OKUCHEHHS 1 (ochOopuIoBaHHs, 3HH-

JKEHSIM ITOpOoTa BiIKPUBAHHS MITOXOHAPiadbHOT

ApTepianbpHa TimepTEeH3is BU3HAYAETHCS SK
OJIMH 13 MPOBIAHUX YMHHHKIB 3POCTAaHHS Cep-
[eBO-CYIMHHUX YCKJIaJIHCHb, 1HBaJiAM3aIlii ta
3MEHILICHHS TPUBAJIOCTI )KUTTA [2, 7]. 32 maHuMU
BcecBiTHROT opranizamii 0XOpoHU 370pOB’ S,

KOKHa TPETs AOPOCIa JIOAMHA Ha IUIaHeTi Mae
NiJBUILEHUN apTepianbHuil TUCK. [IpoTe Mexa-
Hi3M PO3BUTKY [[LOTO 3aXBOPIOBAHHS OCTATOYHO
He 3°scoBaHuii. barato aBTOpiB MOB’A3YIOTH
MPUYNHY BUHUKHEHHS apTepiallbHOI TinepTensii
3 0co0MMBOCTSAMH (YHKIIOHYBaHHS MeMOpaH
MITOXOH/PiN 1 KIITHHHUM JIeQilUuTOM eHeprii,
SIKMM 3yMOBJICHU I IOPYIIEHHSM IPOLECY YTBO-
peHHs eHeprii B MITOXOHAPIAX KIITHH 1 3MEH-
meHHsaM nponykiii AT® [2, 6, 8, 9].

nopu (MII) Ta 30inbIICHHSAM i YYTIUBOCTI A0
ingykropa Ca?". Ile MOXke CIIPUYMHATH BTpaTy
eHeprii Ta TKAHWHHI YIIKOIKEHHS, IKUMH Cy-
MPOBOKYETHCs rinmeprensis [3, 13]. Kpim Toro,
HaMu OyJI0 MOKa3aHo, 110 Ta30BUI TPaHCMITEp
cipkosonens (H,S) Gepe ywacts y momynsuii
3MiH MPOHUKHOCTI MITOXOHpiadTbHUX MEMOpaH
3a (i3i0JIOTIYHUX YMOB i 3a cTapiHHA. A came,
BCTAHOBJICHUI (PaKT MPUTHIYCHHS KaIBITIHIHIY-
koBaHOTO BigkpuBanus MII y cepui nopocnux i
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crapux mypis [12]. Tomy Mu npumycTuiu gito
CIpKOBOJHIO B peryisinii MiTOXOHApiadbHOT
nucYHKIIIT P TimepTeHs3ii.

Bigomo, 110 H,S BiZirpae ponp y Takux
¢dizionorigyHux i maToizioIOTIYHUX Mporecax,
K KapJiONpOTEKIIisl, peryisilis TOHYCYy CYy/IHH,
aHrioreHe3s 1 mpoJiigepalis riajJeHbKOM I30BUX
KJIITHH, TOBrOTPpHUBaJIa CAHANITUYHA TOTCHI1aTi-
3amis tomo [11, 20, 21, 23]. B oprani3mi cuH-
te3 H,S BinOyBaeTbes B pe3ynbrari QisIbHOCTI
dbepmeHTiB, MO 0epyTh y4acTh y MeTaboi3Mi
aMIHOKHCJIOTH IUCTETHY: IIUCTATIOHIH-Y-JI1a3u,
HUCTaTIOHIH-PB-CHHTAa3M Ta 3-MepKanTOHipy-
BaT-cyiabdpyprpancdepasu [20]. JocnimxeH-
HsI, IPOBEJIEHI 3 BUKOPHCTAHHSAM CHeIu(id-
HOTrO iHTiOiTOpa MUcTaTioHiH-Y-Tia3um DL-
MponapriArainuay Ta cyoctpary L-mucteiny,
nmokasaju, 1o came Ied GepMeHT Bigirpae
KJIIOYOBY poJib B yTBopenHi H,S y cepuepo-cy-
OUHHIN cuctemi [22]. JlaHi niTepaTypu cBinyaTh
PO MOXKJIMBY y4acTh €HJIOTC€HHOI'O CIPKOBOIHIO
II0/I0 PO3BHUTKY apTepianbHOi rimeprensii [17].
Hamri momepenHi mocimimKeHHs MOKa3alu, M0
JIOHOP CIPKOBOJHIO 3HHMXXYBaB KiHIIEBO-Jia-
CTOJIIYHY JKOPCTKICTh MioKapna il apTepianbHy
JKOPCTKICTB y LIYpiB 31 CHOHTaHHOIO TillepTeH-
3ieto [5]. [aTeHCHbiKallis TPOIECiB OKUCHEHHS
i hochopmIroBaHHS I Mi€I0 CIpKOBOIHIO (in
ViVO0) HE CYNIPOBOKYBAIACS 3HIKCHHIIM MEMO-
PAaHHOTO MOTEHIIIaTy MITOXOHAPIH Ta CTYIMEHS
CIPSDKEHHS MPOLIECiB NuXaHHA 1 Gocopuito-
BaHHA [4]. ToMy akTyalbHUM € JIOCIHIIKCHHS
POJIi CIPKOBOJTHIO Y MOAYJISIIIT 3MiH TPOHUKHOCTI
MITOXOHJIpiaTbHUX MEMOpaH IMpH TilmepTeH3ii.

Mertoto Hamoi poOoTH Oy10 BUBYUTH BILJINB
noHopa cipkoBogHio NaHS, a takox cybcrpaty
foro 6iocunTesy L-uncreiny y nociigax in vitro
Ta in vivo Ha wyTuBicts MII no nii Ca®"y cepui
IIypiB 31 CIIOHTaHHOIO TIMEPTEH3IETO.

METOIHUKA

Hocninu nmpoBeneHo Ha gopociux mypax (6
Mmic, maca 220-250 r) ninii Bictap 3 HOpMaIb-
HEM THCKOM (I Tpyma) i mypax 3i CIOHTaHHOIO
rineprensiero (Il rpyna). Bei excriepuMenTanbHi

MpoLeIypr BUKOHAHO 3TiJIHO 3 €BpOMNelichKoI0
HupextuBoto Panu ['poman Bin 24 nucromana
1986p. (86/609/EEC). TBapuH yTpuMyBaiu
Ha CTaHIApTHOMY pallioHi BiBapiro. Y KOXHil
cepii JOCHiIiB BUKOPUCTAHO HE MeHIe Hix 10
TBapHH.

Cepiis, BUIAJICH] 3 JIEKAMiTOBAaHUX IIyPiB,
npomuBanu oxojomxkeHum 0,9%-m po3zunHOM
KCI (4°C). MitoxoHapii BUALISIIN 32 TOITOMO-
rofo maudepeHmitnoro neHTpudyrysanas [9] i
B CycTeH3ii opraHen BU3Ha4Yajdu BMICT OiJiKa 3a
Metoaom Jloypi.

BigkpuBanus MII gocnimxyBanu crek-
TpOoOTOMETPUYHOIO PEECTpAIli€cr0 HAOYXaHHS
MITOXOH/IPiH, 130Ip0BaHUX 13 cepiis mypis. st
IFOT0 MITOXOHIPii MOMimanu B iHKyOamiliHe
CEepEeIOBHUINE 130TOHIYHOTO CKiIaay (MMOJIb/J):
KCl - 120, Tpic-HCI - 25, KH,PO, - 3; pH 7,4
(xiHueBUi 00’ €M — 3 MJT) 1 peecTpyBay 3HUKEH-
HS ONTHYHOI TYCTHMHH CyCHEH31i MiTOXOHIpii
npu A=520 HM 3a 3 XB 70 i BOPOJIOBXK 15 XB 1X
HaOyXaHHs 3a HasBHOCTI inaykTOopa Ca’*. 3Miny
piBHS HAOyXaHHS OpTaHeN BU3HAYAH K Pi3HU-
I}0 Y BIJICOTKAX MI’K ITOKa3HUKOM HaOyXaHHS Mi-
TOXOHJIpiH Ha 15-i XBUJIMHI BITHOCHO BUX1JTHOTO
3nayeHHs. Konuenrpauis O6inka craHosuia 0,4
MT/MIIL. SIK KOHTPOJIb BHKOPHUCTOBYBAIIU CYCIICH-
3110 MITOXOHpiH B iHKyOaIliHHOMY CepelOBHIIi
3a BIJICYTHOCTI IHAYKTOpa 3 MOJAJNBIIOI0 pee-
CTpAIi€l0 ONTUYHOI T'YyCTUHHU TPOTATOM 15 XB.
OxHopa3oBe BBEICHHS LIypaM aMiHOKHCIOTH
L-uucTeiny 3ailicCHIOBalW BHYTPIiNIHbOOYE-
peBunHO 32 30 XB M0 nmexamirtaiii TBapuH. B
iHmomy BuNajKy, BBeJAeHHs L-mucreiny (1073
MOJIB/KT) 3ailicHIoBaNHM depe3 30 XB micis mii
1Hri0iTOpa €HJIOINeHHOTO0 CUHTE3Y CiPKOBOIHIO
MPONMAPTiATITIUHY.

OTpumMaHi pesynbratu 00poOieHi mMeTozaa-
MH BapialliifHOT CTaTUCTUKH 3 BUKOPUCTAHHSIM
nporpamu Origin 7.0 («Microcall Inc.», CIHA).

PE3YJIBTATHU TA IX OBGTOBOPEHHSI

[pu mocmimxkenni nii NaHS y xonmenTparii
10°°-10"* Mmons/n Ha KaneuiiliHgyKOoBaHE HAOY-
XaHHS MITOXOHJPiH cepist IIypiB 3 HOPMaJIbHUM
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THCKOM 1 31 CHOHTAHHOIO TiIEPTEH31€10 BUSIBICHO
neski BiaminHocti (puc. 1). ITokazano, mo B
yMOBax MpeiHKyOarii MiTOXOHIPiH 3 JOHOPOM
CipKOBOJHIO y (Pi3i0JOTIYHUX KOHIIEHTPAIlisIX
106, 10> Monw/n crmocTepirany n0303ajexKHe
3MEHIIEeHHs PiBHSA HaOyXaHHS OpraHes cepid
y HIypiB 3 HOpMaJbHUM THCKOM Ha 31 1 76 %
BiZIMOBIIHO, IO CBiAYUTH MPO HOTO 3aXUCHHM
epext mono BigkpuBanHs MII (quB. puc.
1,a). Ha puc. 1,6 mpencraBieHo pe3ynbTaTH
nocnipkens Aii NaHS mono xanbmidiHgyKO-
BaHOTO HAaOyXaHHS MITOXOHJIPIH y cepii mypiB
31 CHIOHTaHHOO TinepTen3ier. Ciij BIAMITUTH,
o npu KoHueHtpauii 106 mons/n epexry e
crocTepiranocs, a y kKonuentpauii 107> Mmons/n
NaHS 3MenmyBaB piBeHb HaOyXaHHS OpraHemn
cepus Ha 21 %. MOXIUBO, IS BiIHOBJIEHHS
Ta cTabiiizamii MITOXOHpiaJlbHUX MeMOpaH y
ceplii TBApHUH 3 TinepTeH3i€0 moTpiOHa OlbIna
KOHLIEHTpauis cipkoBoanio (1074 mons/n; nus.
puc. 1,0), OCKIIBKY J1aHi JiTepaTypu BKa3yHOTh
Ha 3MEHIIEeHHs HOTO 010CHHTE3Y NMPHU Pi3HUX Ia-
TOJOTIYHUX CTaHaX, 30KpeMa, IIPH apTepianbHil
1 IereHeBil rinepreHsii, XBopooi AjbIreiiMepa,
MOIIKOAXKEHHI CIU30BOI 00OJOHKH ILIYHKA,
nupo3i nedinku touro [19]. Mu BcTaHoBUIIH,
10 €(heKTUBHICTH JJOHOPA CIPKOBOIHIO Y MeXax
koHuentpaniii 10°°-10* mons/n Gyna Buma y
ITypiB 3 HOPMAJIBHUM THCKOM TTOPiBHSIHO 31 3HA-
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YEHHSIMU IIyPiB 31 CIIOHTAHHOIO TilEepTEH31€I0;
MOJXKJIMBO, 4epe3 1e(inuT BMICTY €HIOTC€HHOTO
CIpKOBOJHIO TpH rinepTeHsii (puc. 2). Y KoH-
HeHTpanii, Bumii 3a ¢izionoriuny, NaHS (10
MOJIB/J) TIOTIEpEKAB KalbIliHiHIYKOBaHE Bil-
kpuBanHs MII: piBeHb HaOyXaHHS MITOXOH/IPIH
y Ceplli IypiB 3 HOPMaJbHUM THCKOM OYB HaBiTh
HUKYKM 338 KOHTPOJIbHE 3HAYCHHS, a y IIypiB 31
CIIOHTAHHOIO TIMEPTEH31€0 — MPAKTHIHO 30i-
raBcs 3 HUM. 3HIKCHHS piBHS HaOyXaHHS MiTO-
XOH/JIpii, ONITHYHA I'yCTHHA SKUX OyJa O1IbII010
y MOPIBHSAHHI 3 HATHBHUMHU OPTaHellaMH CepIIst
mypiB I rpynu npu nii NaHS y koHnentpanii
10-% Monb/11, MOKHA MOSICHUTH 0COOIMBOCTAMHU
KoH(opManiitHux 3MiH MeMOpaH opraHel, a Ta-
KOXK YyIOBUTBHEHHAM iX MeTa0O0Ii4YHOT aKTUBHO-
CTi, IITO 3YMOBJIIOIOTH MiABUIICHY MPOHUKHICTH
MeMOpaH 1 1oB’si3aHe 3 UM BigkpuaHHs MII.

Cepiie € BaXIUBUM JKEPEJIOM yTBOPEHHS
enporennoro H,S [16]. 3a nanumu niteparypu,
HOro KOHIEHTpALisl y CepLeBO-CyIUHHIN cuc-
TeMi IIypiB cTaHOBUTH (45,6+14,2) MKMOIB/T,
a yTBOPEHHS HOTO y TKAaHWHAX MioKap/a IypiB
npupiBHOETHCA 10 (18,64+4,49) amonbxB~ 17!
Oinka [22]. OTpumaHi HaMU pe3yJbTaTH BKa3y-
10T Ha Te, o iHridysanus MII cipkoBonHeM
BigOyBamocs 3a (hi3i0NOTIYHUX HOTO KOHIICH-
Tpamiif, To6to pu 1-50 MKMOIB/T y TBapwH 3
HOPMaJBHUM THCKOM 1 MOTpeOyBajo Ha OPSIAOK
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Puc. 1. Jlis moHOpa CipKOBOAHIO Ha KaJbLiHiHIyKOBaHEe HAOyXaHHS MITOXOHJPIH cepus LIypiB 3 HOPMaJIbHUM THCKOM (a) i 31
CHOHTAHHOIO TinepTensicio (6): 1 — kouTpons; 2 — ais Ca* (10 moms/n); 3, 4, 5 — npeinky6amis 3 NaHS (107, 107,10 momns/n

BiamoBinHo), mist Ca2™ (10 Moms/m)
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BuIOi koHIeHTpallii 10-100 MKMOJIB/1 y 1IypiB
31 CIIOHTaHHOIO TIMEPTECH3IETO.

Jnst 3’sicyBaHHS POl €HIOTEHHOTO CipKO-
BOJIHIO MO0 perynsmnii BigmkpuanHs MII y
cepIli mypiB 000X rpymn Oyna mpoBeaeHa cepist
EKCIIEPUMEHTIB 3 BUKOPHCTAHHIM crenudiy-
Horo Ginoxaropa H,S-cuntesyrouoro gpepmenty
HHUCTATIOHIH-Y-11a3¥ MPONAPTUITIIIUHY I
MOJICTIIOBAHHS THM CAMUM YMOB HEJIOCTAaTHOCTI
€HJIOTEHHOT0 cuHTe3y cipkoBoanio (H,S-nedi-
nuTy). B ekcrmepuMmenTax in vivo TOCHIIKY-
Balli OJTHOPa30Be BBEACHHS IypaM 000X rpyr
aminokucnotu L-mucreiny (1073 monb/kr) sik
cyOcTpaTy A CHHTE3Y CIPKOBOJIHIO Ta 32 YMOB
MONEePEeIHHOr0 BBEACHHS NMPONapriirdiluHy
(10"* monb/kr).

Tak, micms i1’ ektii L-miucteiny Oyio BcTa-
HOBJIEHO 3MeHIIeHHs uyTiuBocTi MII o iHayk-
topa Ca®" y cepui mypis 060x rpym (puc. 3,a,6).
V pasi konuenrpauii Ca®>" 10 monb/n1 piBeHn
HaOyXaHHS MITOXOHAPiM cepus ImypiB 000X
rpyI OyB TaKUM SIK PHU KOHIEHTPAIil iIHAYKTO-
pa 1077 mons/n. Ile cBimunuTh Mpo 36iNbHICHHS
Ha TPH MOPSIKH TOPOroBOi KOHIEHTpaIii ioHa,
sAKa CIIPUYHMHIE HAOyXaHHs OpraHes sK y cepi
IypiB 3 HOPMaJbHUM THCKOM, TaK i 31 CIOH-

A, %
25+

20 4

bo»

[$)]
1
*

TaHHOIO TinepTeHsicto. Leil pakT mosicHeThCs
3aydeHHsM L-1iucTeiny 1o eHIoreHHUX MUISXiB
CHUHTE3Y CIPKOBOAHIO 3 HACTYIHOIO PETYIISALIEI0
MMOPOYTBOPEHHS SIK 32 (i310JIOTIYHUX YMOB, TaK
1 py rinmepTensii.

HaromicTh, micist BBeAeHHs L-mucTeiny
urypam 3 HOpMallbHUM THCKOM 32 YMOB TIOTIe-
penHbOro iHriOyBaHHS HPONAPTiATIILUHOM,
He crocTepiranu eexry moao 3MiHH YyTIIH-
BocTi MII no Ca?™: KOHIIGHTpAIlilHa KpUBa HE
BiZpi3HsIacs BiJl KOHTPOJILHOI (IHUB. puc. 3,a).
TakuM 4YWHOM, BBEJCHHS MPONapTiNTIIUHY
3ano6irano nii L-mucreiny momo 3MeHIIEHHs
gyTtnusicti MII no CaZ". OueBugHO, B UbOMY
pa3i cmpanboBy€ OJWH i3 MEXaHi3MiB iHTiOy-
BaHHSI YTBOPEHHSI €HIOT€HHOTO st 3a JOIIO-
MOTOI0 IPONapriiriiluHy, BBEJEHHS SKOTO
nepemkopkae nii cyocrpary ajis GpepMeHTy
nucTaTioHiH-y-nia3u L-uucreiny. [Hmmi epekr
crocTepiranu y mypiB 31 CHOHTaHHOIO Timep-
Tensiero (muB. puc. 3,0). Tak, y pa3i BBeneHHS
L-miucreiny, 3a yMOB IOTIepeIHBOTO 1HTi10yBaHHS
[MCTaTIOHIH-Y-J1a3}, 3MEHIITYBaJlacs Yy TIUBICTh
MII nio aii Ca”* 3a paxyHok 36i1bLICHHS Ha JBa
MOPSIIKK KOHIIEHTpAINii 1HIyKTOpa, MmoaioHO
no nii camoro L-umcteiny. OTpumanuii epexr

*

1 2 3 4 5
a

1 2 3 4 5
6

Puc. 2. [opiBHSHHS Aii in Vitro TOHOpa CIpKOBOIHS Ha HaOyXaHHS MITOXOHIpPIK cepus IIypiB 3 HOPMAaJbHUM THUCKOM (a) 1 31
CIOHTAHHOIO TinepTensicio (6): 1 — korTpons; 2 — mis Ca?™ (10* mons/n); 3,4,5 — npeinky6anis 3 NaHS (10, 10, 10 momns/n
BinmosinuHo), mis Ca®" (10 mons/m). *P<0,05, BizHOCHO HAOyXaHHSA MITOXOHAPIii B ymosax aii Ca>* (10™* Momb/m)
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MOKHa MOSICHUTH MOXJIMBUM 3HUKCHHSIM €KC-
npecii H,S-cunresyrodoro gpepmenTy nucrari-
OHiH-Y-Ilia3u (BiACYTHICTh MillleHi Aii mpomap-
TIATIINWHY), PO3BUTKOM HEIOCTATHOCTI €HIO-
TEHHOI'O CUHTE3Y CIPKOBOJHIO y TKAHUHAX CepLs
Ta 3aJIy4eHHSIM aMiHOKHCIOTH L-tucreiny 3 ii
AHTUOKCUJAHTHUMHU BIACTUBOCTSAMHU A0 1HLIMX
SHJOTCHHUX LUISXiB MeTabodi3My 3a ydacTio
aMiHOKUCIOTHUX (QyHKIioHanbHUX SH-rpym
MIpH TimepTeHs3ii.

Binomo, mo konuenrpauis H,S y miasmi
KpOBi, eKcrpecis Ta aKTUBHICTh QepMeHTy
UCTATIOHIH-Y-JIia3¥ B a0PTi € 3MEHIICHO Yy
IypiB 31 CHOHTAHHOIO TiMepTeH3ier. 3acTo-
cyBaHHs NaHS 3HmkyBasno KpoB’SHHI THUCK y
TaKuX TBapHH, aje He y IIypiB 3 HOPMAJIbHUM
THUCKOM. [HTi6iTOp mMUCTaTiOHIH-Y-JIia3u TPO-
NapriirTinue 3MenInyBas Bmict H,S y nasmi
KpOBI, B a0PTi 1 MiIBUIIyBaB KPOB’IHUI THCK Y
OCTaHHiX, ajie He Y IIyPiB 31 CHOHTAHHOIO Tinep-
tensieto [19]. Takum YHHOM, MU MTPUITYCKAEMO,
1110 3HM)KEHHSI BMICTY €HAOI'€HHOI'O CIPKOBOIHIO
CIpUYMHSE MiABHUINEeHHS dyTauBocti MII 1o
Ca®", mo cBigYMTH Npo HOro y4acTh y peryins-
uii mopoytBopeHHs1 y cepui. [loniOHuii edekr
crocTepiraiv y pasi HiABHIIEHHS YYTIMBOCTI
MII 1o aii ingykropa Ca®* 3a yMOB BILIMBY iHTi-
oitopa koHCTUTYTUBHOI NO-cuHTa3u L-NAME

A, %
254

20 1
154

101

Ig[Ca?*], monb/n

BUXiOHWI piBeHb -7 -6 -5 -4
a

[14]. Jani niTepaTypu BKa3ylOTh Ha MOKJIHUBY
B3a€MOJIiF0 000X Ta30BHX TPAHCMITEPIB — H,S
Ta okcuay azory (NO), mo Moxxe MaTH Bax-
nuBe (izionoriune 3nayennsa. Kpim toro, H,S
3JaTHUH K IOCHJIIOBATH, TaK 1 I10CIa0II0BaTH
nunaratopuy niro NO B aopTi mypiB, TOXI SIK
came NO ingykye uBinbHenns H,S y cynunax
IIypiB, a TAKOX MiJBUILYE EKCIPECilo HucTa-
TIOHIH-Y-Jia3U y KyJIbTYpPi TNIaICHbKOM SI30BUX
KIiTHH cynuH [18].

Ha pwuc.4 npencraBieHo MOPIBHAHHS il
iarioitopa MII nuknocnopuny A (LlcA) Ha
KaJbLifiHyKOoBaHEe HaOyXaHHs MiTOXOHJIPIH y
ceplii mypiB 3 HOPMAJIBHUM THUCKOM 1 31 CTIOH-
TaHHOIO TIIEPTEH31€I0 32 YMOB BBEACHHS M
L-nmcTeiny Ta iHTiOyBaHHS MPOTAPT LTI IITHOM
H,S-cunresyrouoro pepmenty. Tax, y mypis 3
HOpMallbHUM THCKOM iHTi0iTOp MII sik mpu BBe-
neHHi L-nucTeiny, Tak i 1iei aMiHOKUCIIOTH Ha
i1 Ail mpomapriariiuuHy, TOBHICTIO 3an00iras
KaJIbIIHiHyKOBaHOMY HAOYXaHHIO MiITOXOHAPIH
y cepii (nuB. puc. 4,a), a y mypiB 31 CIIOHTaH-
HOIO TiIepTeH31€10 — JIUTIe 9acTKoBO (Ha 54 %).
[MoniGHMIT edekT criocTepiraiy sk Ipy BBEICHHI
L-nucreiny (inridysanus LlcA cranoBuio 52
%), Tak 1 mpu Ail 1iel aMiHOKHCIOTH 32 YMOB
MOTIEPETHHOTO BBEJIEHHS IPONapTUIrIinuay (iH-
rioyBanus L[cA ctanoBuio 53 %) y mopiBHSHHI

A, %
251

201

15
;/{/*/} H

*

104 1
* T ,/E
5 4 %/*
0 Ig[Ca?*], monb/n
BVIIXi[J,HMIVI piBleHb I -7 l I -6 . I -5 l I -4 l
¢]

Puc. 3. 3MiHM 4y TIIMBOCTI MiTOXOHIPiaIBHOT TOPY 110 iHTyKTOpa ii BifKkpuBarHs — Ca>’ y cepIli IypiB 3 HOPMATLHEM THCKOM (a)
131 CIIOHTAHHOIO Tineprensiero (0) 32 yMOB BIUIMBY in vivo L-miucreiny ta nponaprimmiinuHy: 1 — KOHTpoib; 2 — aist L-rucTeiny
(1073 monw/kr), 3 — monepeHe BBeeH s nponarpinnimuay (10 Mons/kr), mis L-mucteiny (1073 moms/kr). *P<0,05 BinnocHo

KOHTPOJIIO
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3 BUXIJTHUM PiBHEM, 1[0 CBIIYUTH PO HASIBHICTh
LcA-neuytnusoi komnonentu MII. OTxe, edek-
TUBHICTH nii L[cA sk iaTidiTopa MII Oyna Buma
y HIypiB 3 HOpMaJbHUM THCKOM.

Jani miteparypu cBigyaTh mpo Te, IO 3a
YMOB CIOHTaHHOI rineprensii Bmict H,S, sax
i NO OyB 3umxenum [15]. Bigomo, mo NO €
OJIHUM 13 HaWCHIIBHIIIUX Ba30/MJIATATOPIB, IO
MPONYKY€ETHCS €HIAOTENIEM 1 3alTy4eHU 10 Cy-
JUHHOI naTojorii. BiH BiJirpae BaxXJIUBy poJib y
perynsmii GyHKIIIOHYBaHHS MiTOXOHJIPiH y pa3i
rineprensii. fIkmo monekyna H,S mae cunbhi
BiJTHOBHI BJIACTUBOCTI, MM POOMMO MPUMYIICH-
HS, IO MPOTEKTOpPHI il edextn y diziomoriu-
HHUX KOHIIEHTpAIigX MOXYTh OyTH TOB’A3aHi
13 3aXMCTOM Ti1OJIOBUX rpyn OiNKiB, 30KpeMa
onHOTro 3 KoMnoHeHTiB MII aneHiHHYKIEOTH -
TpaHCIIOKa3H, Bi okucHeHHs. OKpiM TOTO, 110
3aXMCHUX €(EeKTiB, AKi CHOCTEPIraloThCs Mpu
Il CIpKOBOJHIO HAa MITOXOHJPIii, MOXYTh OyTH
TaKOX YaCTKOBO 3aJIy4eHl1 MITOXOHJpialibHi
AT®-3anexHi KanxieBl KaHaiu, sSK HaMu OyJo
nmokazano panimre [11].

TakuM 4YUHOM, pe3yNbTaTH HAIIUX JIOCITiJ-
JKEHb Jar0Th MiACTaBy MPUIYCTHTH, IO Timep-
TEH3WBHI CTAHU OPTaHi3My CYHPOBOKYIOTHCS
MITOXOH/IpialIbHOIO TUC(YHKIIIEIO, sSIKa TMPOsB-

A, %
25 1

20 1

15 1

10 1

nseTbes y 30inpmenni yytnuBocti MIT mo mii
Ca’", Ha T 3HMKEHHS €HJOT€HHOTO CHHTE3Y
H,S, n1o Mmoxe cnpu4uHATH MOIIMPEH] TKAHUHHI
YIIKOJDKEHHSI, OB’ s13aH1 3 XBOPOOaMHU CepIieBO-
cynuHHOI cucteMu. OTpuUMaHi HaMU pe3yiIbTaTH
CBiUaTh MPO YUACTh SIK €K30TCHHOTO, TaK 1 CH-
norennoro H,S y moxynsuii 3MiH IPOHMKHOCTI
MITOXOHJpiaJIbHUX MeMOpaH, 30KpeMa, depes
1HT10yBaHHS KaJbIIHiHIyKOBAaHOTO BiIKPHUBAHHSI
MII y cepui mypiB 3i CHOHTaHHOIO TiEPTEH-
3iero. OTxe, 3a (Pi3iONOTiYHUX YMOB Ta MpPHU
rineprensii engorennui H,S iMOBIpPHO YMHUTH
cTabini3yBajpHy Jit0 HA MEeMOpaHU MITOXOH-
Npiii, TiBUIYIOYH PE3UCTCHTHICTh OPTaHEeN J0
npupozaHoro inaykropa MIT Ca?*. Mu npumycTu-
JIM, 1110 332 YMOB 1HT1OyBaHHS PONapT I IHHOM
[MCTATIOHIH-Y-JI1a31 €H/I0T€HHUN BMiCT Tra30BOTO
TpaHCcMiTepa MOXKE CYTTEBO 3MEHIIYBATHUCS, IO
MPU3BOAUTH JI0 TiABUIICHHS dyTinBocTi MIT o
KaJbIifo. Y 3B 53Ky 3 UM 3HIKEHUH BMICT st
TIpH TirepTeH3ii MoXxe OyTH HacTi KoM abo 3MeH-
wenHs excnpecii H,S-cunresyrodoro ¢pepmenra
IHUCTATIOHIH-Y-Tlia3u, a00 HOT0o KaramiTUYHOL
AKTHBHOCTI, TOMY CipKOBOICHB MOXE OyTH BaXK-
JUBUM PETYISTOPHUM (HaKTOPOM Yy CEpILEeBO-CY-
TUHHIHM crucTeMi 3a (hi310J0TIYHHX 1 MATONIOTTYHIX
YMOB, 30KpeMa MpH TinepTeH3ii.

A, %
25 1

20 A

15 4

10 4

Puc. 4. TlopiBusiHHs Ail in vivo L-nncTeiny Ta nponapriniinuHy Ha HaOyXaHHS MITOXOH/IPiH CepIis Iy piB 3 HOPMaIbHUM THC-
KoM (a) i 3i crioHTaHHOMO rineprensieto (6): I — korTponsb; 11 — xis Ca?™ (10 mons/m); 111 — npeinky6artis 3 HUKIOCTOPUHOM A
(107° mostw/m), mist Ca®* (10" Monw/n); 1 — BuXijgHumit piBens, 2 — L-iuctein, 3 — nponaprinmiinut i L-nuctein. *P<0,05 BignocHO

BHUXIIHOTO PiBHSI
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BUCHOBKHU

1. BcranoBneHo, mo goHOp cipkoBogHi0 NaHS
(105-10"* Monb/1) 10303a1€KHO IPUTHIYYBaB
KaJplifiaaykoBaHe BinkpuBaHHsI MII y cepii
IypiB 31 CIIOHTAHHOIO TinmepreHsier. [HTiOy-
BanHs MII y cepui nmux TBapuH moTpedyBajo
Ha MOPSAJO0K BHINOI KOHIEHTpauii foHOpa y
MOPIBHSHHI 31 LIypaMH 3 HOPMaJbHUM THCKOM.

2. B excriepuMeHTax in vivo mpu BBEJEHHI
mypaMm cyocTpary Uit CHHTE3y CipKOBOJHIO
L-uucreiny (1073 Monb/Kr) moka3aHo 3MeHIIEH-
Hs1 yyTuBocti MIT no inaykTopa ii BiAKpUBaHHs
Ca’"y cepui K y IypiB 3 HOPMaJILHUM THCKOM,
TaK i 31 CHOHTAHHOIO TiMEepPTEH3I€H0.

3. 3a yMoB iHTiOyBaHHSA in Vivo GiocHHTE3Y
CIpKOBOIHIO 3a JOMOMOTOI0 MPOMAPTIITIIIHHY
(10* Monb/kr) BBeMEHHS HypaMm L-mucreiny
(1073 MOJB/KT) NPU3BOAUIO 10 3MEHIIEHHS
gyyrausocTi MIT no Ca®’ y cepui TBapun 3i
CIIOHTAHHOIO TIMEPTEeH3I€I0, TOMI SIK Yy cepii
IIypiB 3 HOPMaIBHUM THCKOM MPONAPTiATIIIHH
3amobiras mii L-mmucreiny sk inriditopa MIIL.

H. A. Ctpytunckas, H.A. lopodeesa,
I. JI. BaBujioBa, B. ®. Carau

CEPOBOJ/IOPO/l UHTUBUPYET
KAJIBIIUAWHIYIUPOBAHHOE
OTKPBIBAHUE MUTOXOH/IPHUAJIBHOMN
ITOPBI B CEPALE KPBIC CO CHOHTAHHOM
IT'MIEPTEH3UEN

B ompiTax in vivo u in vitro Ha MUTOXOHAPHSIX, H30JUPOBAH-
HBIX M3 TKaHH CeP/Ila KPBIC CO CIIOHTAHHON TUMEPTEH3HEN 1
KPBIC C HOPMAaJIbHBIM JIaBIIEHUEM, HCCIIEI0BAIIN BIMSHHUE JOHO-
pa cepoBonopona NAHS, a takxke cyocTpara ero OnocuHTesa
L-mucrenHa, Ha 4yBCTBUTENBHOCTh MHTOXOHIPUATBHOH MOPBI
(MI1) k neiicTBHIO IpUpoaHOro HHAykTopa Ca?t. YeTaHoBIEHA
KOHIIEHTPALMOHHAS 3aBUCHUMOCTh MeX Ty BiustHueM NaHS
(10'(’710'4 MOJIB/JT) ¥ KaJIbLUAHH/TY IHIPOBAHHBIM HaOyXaHHEM
MHUTOXOHJPUH cepana B 00enx rpymnmnax *KUBOTHBIX. JloHOp
cepoBonoposa B KonmenTpamusax 10°% 10 u 10* mons/n
yruetan (Ha 31, 76 u 100 % COOTBETCTBEHHO) KaJbLUHNH-
IynupoBaHHOE oTKpbiBaHue MII, 4To CBHIETENHCTBOBAIIO O
€ro0 MPOTEKTOPHOM JEHCTBUH Ha TOPOOOPA30BaHKE B CEPILE
KpBIC ¢ HOpMalbHBIM JAaBieHueM. Murubuposanne MII B
CepAle KpbIC CO CIIOHTAHHOI THUIepTeH3uel TpeGoBaio Ha
nopsAI0K Gonee BBICOKOH KommenTparuu NaHS (10°-10*
MOJIB/1T) Ha (DOHE MOBBILIEHHON CIIOCOOHOCTH OpraHel K 1o-
pooOpazoBaHmio. B skcriepuMeHTax in vivo mpu OHOPa30BOM
BHYTpHOpIOIIMEHOM BBefieHnH L-muctenna (103 Momb/kr)

ISSN 0201-8489 ®ision. scypn., 2013, T. 59, Ne 1

IMOKa3aHO YMECHBUICHHUE quCTBl/ITeJ'leOCTI/I MIT I/IH)IyKTOpy
Ca®" B cepae 06eux TPy JKHBOTHBIX. MHrHOupoBanue in
Vivo OMOCHHTE3a CEPOBOIOPO/IA C MTOMOIIBIO CIICIU(PUICCKOTO
G11oKaTopa MUCTATHOHUH-Y-THa3bl Tponaprunmiunuaa (1074
MOJIB/KT) IPEIOTBpAILao aeiicTBre L-1cTenna B cepie Kpbic
C HOPpMaJIbHBIM JIaBJICHUEM B OTJIMYUE OT KPBIC CO CHOHTaHHOﬁ
TUIIEPTEH3UEeH, T7ie HAaOJIONAIOCh YMEHBIICHNE MOBBIIICHHOM
yyBcTBUTENbHOCTH MIT Kk Ca?*. Takum 06pa3oM, mpu GusHoso-
TNYECKUX yCHOBI/IﬂX W IIPU TUIIEPTECH3UH KaK 3K3OF6HHI)II‘/’I, TaK "1
SHJIOTCHHBIH CEPOBOIOPOJT OKAa3bIBACT CTAOHIIN3HPYIOLLEE IeH-
CTBHEC HaA M6M6paHbI MHTOXOHﬂpHﬁ, IOBbIIIAA PE3UCTCHTHOCTD
opraHesuI K IpupoaHoMy unaykropy MIT Ca? ™.

KiroueBbie ciioBa: cepoBonopos, L-1pcTenH, MUTOXOHIPH-
aJbHast 1opa, CepALE, TUIIEPTEH3USI, KPBICHI.

N.A. Strutynska, N.Dorofeyeva, G.L.Vavilova,
V.F. Sagach

HYDROGEN SULFIDE INHIBITS CA**-
INDUCED MITOCHONDRIAL PERMEABILITY
TRANSITION PORE OPENING IN
SPONTANEOUSLY HYPERTENSIVE RATS

In experiments in vivo and in vitro on the mitochondria isolated
from the control and spontaneously hypertensive rats (SHR)
hearts, we studied the effects of a donor of hydrogen sulfide
(H,S), NaHS, and H,S biosynthesis substrate, L-cysteine, on
the sensitivity of the mitochondrial permeability transition pore
(mPTP) opening to its natural inductor, Ca®>". We found that
NaHS (107*, 1073 and 5 1073 mol/ll) influenced the mitochon-
drial swelling in a concentration-dependent manner in control
and spontaneously hypertensive rats. The H,S donor NaHS used
in physiological concentrations (10°°, 1073 and 5 1073 mol/l) ex-
erted the inhibiting effect on the Ca>*-induced mPTP opening in
control hearts (corresponding values of such effect were 31, 76,
and 100%, respectively), while in spontaneously hypertensive
rats hearts the protector effect of NaHS was observed only at its
concentration of 1073-10"* mol/l. In experiments in vivo, single
intraperitoneal injections of L-cysteine (10 mol/kg) resulted
in a decrease in the sensitivity of mPTP to it’s inductor Ca>" in
control rats and SHR. In experiments in vivo in which we used a
specific blocker of cystathionine-y-lyase, propargylglycine (10
mol/kg) , with the further injections of L-cysteine we observed
a decrease in the threshold Ca?" concentration (that induce the
mitochondrial swelling) by three orders of magnitude in SHR,
but in control rats did not effect of L-cysteine. Thus, both en-
dogenous and exogenous hydrogen sulfide inhibits Ca?*-induced
mitochondrial permeability transition pore opening, indicating
its protective effect on pore formation in spontaneously hyper-
tensive rats hearts. Therefore, our studies are indicative of the
involvement of H,S in modulation of changes in the perme-
ability of mitochondrial membranes, which can be an important
regulatory factor in the development of cardiovascular diseases.
Key words: hydrogen sulfide, L-cysteine, mitochondrial per-
meability transition pore, heart, hypertension, rats.

0.0. Bogomoletz Institute of Physiology National Academy
of Science of Ukraine, Kyiv
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