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KHNPHUII (10KTOPJIMK JUCCEPTALUACH AHHOTALUACH)

Juccepranus MaB3yCMHMHI J0J3ap0Juru Ba 3apypatu. byTyH nyHéna
KapJuoJIorus Ba (papMaKoJOTUSHUHT MYyXUM Basudacu “tycaTaaH pyil Oepaauran
KapauoreH ynum” XaBpU OMWIIApU OpacHja €TaKud YpPUHHH 3rauiad TypraH
IOpaK apUTMUSJIAPUHU OJIIMHU OJIMII Ba JABOJAIIHUHT SIHTM EHJAITyBIapUHU
n3nab Ttomum xucobnaHagu. IOpak apuTMUATAPUHUHT MATOT€HE3W acocuia
KY3FaJlyBUaHJIMK, aBTOMATHU3M Ba XapakaT noteHiuaiuHudr (XII) xocun Oyiaumm
yi4yH  JKaBoOrap  Oyiaran  KapJUOMHUOLMTIAPHUHI  3JIEKTPO(U3UOIOTHK
xoccanapuau Oy3uwnumun €ragu. Ly myHocabar OwiaH 1opak apuUTMUSIIAPUHU
OJJIMHM OJIMII Ba JIAaBOJAIIHMHI 3aMOHAaBUM  KOHLEMUHUACHIA  Ma3Kyp
OY3WIHIIIADHU KOPPEKIUSIIAIIHUHAT STHTY EHJANTYBIAPUHU WUIUTA0 YUKUII YIyH
SIHTU aBJIOJI aHTUAPUTMUK BOCUTAJIAPUHU SIPATHII €TAKYU YPUHHU dTajlIaniu.

MycTakuIMKKa ~ JSpUIITaHJaH  CYHI  peclnyOJiMKamMu3ga  MaxXajulhid
XOMalénaH OKOpPH caMapajop JOpPUBOP BOCHUTAJIAPHU SIPATHUII Ba MMJUIHHN
dbapmanieBTika 0030puHM CcUATIA JOPU-AAPMOH BOCUTAJIapu OUJIAH IOKOPHU
Japakaja TabMUHJAINTA KapaTwiraH KeHr KyJamid 4dopa-TaaOupiiapHu
Oakapuilra KapaTWwiraH WIMUKH-TAIKUKOT WIUIApU TAIIKWI JSTUIUO MyailsiH
HaTIDKaJlapra SpUIIMIAU. AJIOXMa Kala ATHII JO3UMKH, MaxaJiui XoMaiénaH
OJIMHAJUTAaH JOPUBOp Npenapamiap (YCUMIUKIApAAaH OJWHAIUTAH TUTEPIICHOUT
alKalouIap)  OpaK ~ KOH-TOMUpP  Kaca/UIMKJIApUHU  JlaBojaliia  KEHT
doiganaHUIMOKIA.

Xo3upru KyHja OyTyH AyHENA IOpaKk apUTMUSJIAPUHU JABOJIAIIHUHT SHTH
E¢HpamyBIapuHM  MOUIA0  YMKUAII  YYyH MCTUKOOIM  OYnraH  MOTEHIUal
dapmakonoruk ¢GaoyIMKKa 3ra, YCUMIUKIAH aXpaTuO OJMHTaH OupHUKMajapHH
u3nad Tomuin aoia3ap0d Basuda xucoOmaHaau. byryHrum kyHra kenuO, MasKyp
Oupukmanap €paaMuaa [OpaK APUTMUSIIAPUHUHT XyXalpaBuil Ba MOJEKYISIP
MEXaHM3MJIApU Ba YJIAPHU JABOJIAIIHUHT JHT WMCTUKOOJIM HUIIOHJAPH XaKHia
MYXUM MabJIyMOTIIAp OJMHTaH. byHnaH Tamikapu, Ma3kyp Oupukmanap tydaiau
Oy HUIIOHJAPHUHT  (ApPMAKOJOTHK  PETYJSIUSICHMHA  MYXUM  KUXaTJIapH
aHWKJIaHTaH O0Ynn0, Oy yIapHUHT (YHKIIMOHAT X0JaTH MOIYJISAIUSICHHU caMapalld
YCYJUTApUHUA MILIA0 YUKUAII WMKOHMHH Oepau. YMyMaH OJraHja YCUMIUKIaH
aXpaTtud OJIMHTaH OWPUKMAaJApHHU YPraHWII >kKapaéHua KAMMATIH MabIyMOTIap
onMHTaH OYynuO, ymap [OpaK pUTMU OY3WIMIUIAPUHU JABOJAIl YYYH SHTH
MCTUKOOJITY TIpenapaTiapHy UILIA0 YUKUII Ba SPATUIIIA CE3UIapiIu TapaKKUETHH
tabMuHIa0 Oepau. FOxopuaa aldTu® yTunraHmap HyKTau-Ha3apHIaH, TUCCepTaIUs
MaB3ycu Kyna Jon3apd Ba  3apyp XucoOJaHaaud, YyHKH  JUTEPHEH
ANKAJOWUTAPUHUHT WHOTPOIN TAahCUP MEXAHM3MUHUHT V3HWra XOC >KHXATIapUHU
TaBcU(IIaIa OJIMHTaH HATWXanap XaB(JM HOXYS TabCcUpiapAaH XOJdu OYyiraH
camapaJii aHTUAPUTMHUK BOCUTAJIAPHUHT STHTY aBJIOJWHM SIpaTUITa EpiaM Oepulnm
MYMKHH.

V36ekncron Pecny6mmkacu Ilpesumenturmar 2011 imn 28 Hos6pnaru
IIK-1652-con  «CorMKHM cakjall TH3UMHHU HCJIOX  KWIWIIHH  SHaj;a
YyKypJalITUPUII 4yopa-Taadupnapu tyrpucugarru Ba 2014 #un 1 aBryctnaru
T1K-1855-con «Y36ekucton PecrryGmiukacuauar 2013 HuIry MHBECTHINS JacTypH
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Tyrpucuaarru Kapopnapuaa xamaa Ma3kyp gaonaustra TErHIUIN OOIIKa MEbEPUA-
XYKYKUH XyxoKaTiapaa OenrwiaHraH BasudajgapHU amaira OlupHIlra ymoy
AUCCepTalns TAAKUKOTH MyalsiH lapakaia Xu3MaT KUJIaau.

TaagKMKOTHUHI pecny0JuKa (paH Ba TeXHOJOTHSVIAPH PHUBOKIAHMIIH-
HUHI AaCOCHMH YCTYBOp WHYHAJIMULIAPUIA OOFIMKJIMIUA. MasKyp TaIKUKOT
pecniyosninka ¢daH Ba TexHodorusuiapu puBoxJaHUUHUHT VI «Tubouér Ba
dbapMakosiorus» ycTyBop WyHamummura MyBohuk oaxapuiras.

Juccepranus MaB3ycu OyHrU4Ya XOPUKUN WIMHHA TAAKUKOTJIap mapxnl.
IOpak apuTmusnapyHu [aBOJAIIHUHT SIHTM EHJANIYBJIAPUHU MILIA0 YMKHILTra
WYHAITUPWITaH WIMHANW W3JIAHULUIAP KaXOHHUHI €TaK4Yd WIMHNW MapKasjlaph Ba
ONIMi TabAMM Myaccacanapu, >xymnana, KomymOus, Kamudopuus, Hero-fiopk
yauepcutetnapuaa (AKI), Kénpn ynuBepcutetn (I'epmanusi), KOta mratu
(AKIL), Kamrapu (Kanaga) sa Banpepbunra (AKIL), urynnHraex buoopraxuk
KkuME Ba YCUMIMK Moifamapd KuMmécu HHCTHTyTIapuga (Y30ekucToH) omubd
OOpUIMOK/IA.

KOpak aputMusiiapuHu JAaBOJIATHUHT 3aMOHAaBUM EHAAIIYBIAPUHHU HIILIA0
YUKW coXacuaa >KaxoHaa oiaud OopwiraH TaAKUKOTIAp HaTHXKacuaa KaTop,
KymiiazaH, Kydugaru  WIMHMA ~ HaTWKajlap  OJIMHTaH:  IOpak  pUTMHU
OY3WIMIUTADUHUHT MOJIEKYJIIp MEXaHU3MJIapU XaKHUJard OWIMMIIap Ce3WIapIiu
Japaxkajga KeHraiumO, Oy Iopak apUTMUsIIapUTa TalIXUC KYWHWII, JaBoJialll Ba
OJIIUHU OJIMIITHUHT SHI camapanu €HjanryBinapu unuiad yukuiarad (KomymoOus
YHUBEPCUTETH); APUTMHUSHUHT TYPJIM TUIUIAPU MMATOTEHE3W OWIIaH OOFIIMK OyiraH
opak  gedexTin  XyKalpaJapuHUHT  (DYHKIIMOHAN  MyXUM  THU3UMJIApH
tacunanran  (KEéapH  yHMBEpCHTETH),  apUTMHUSUIAPHUHT  TYpJId  XHUII
dapmakoTepanuscuia  Ce3WIApIM  TapakKUETra — SpUIIWINO, — caMapaiu
AHTUAPUTMHUK BOCHTaJap ApaTUIITaH (Kanudopuus YHUBEPCUTETH);
apUTMMSIIAPHU JABOJIAITHUHT 3aMOHABUHN yCyJJIapH MIILIA0 YMKUITaH 0yiauo, yHaa
acocuil poJ AHTUAPUTMUK BOCUTAJIAPHUHT SIHTM aBJIOJWHU SIPATHUILI YYYH HHT
MCTUKOOJIM HUIIOH OYymmuO Komaérran Teskop Na' kaHammapHUHT GIoKaToOpiapu
unurad yukuiran (Kanrapu yausepcuteTtu Ba FOTa mraTtn).

JyHéna ropak apuTMHsUIAPUHU AABOJIAIIHUHT 3aMOHaBUI EHIANTyBIapUHU
unuiad 4YuKuIga Oup Karop, >KymiajaH, KyWHIard YCTYyBOp HyHamumuiapia
WIMHA TaJKUKOT HIUIapH OJu0 OOpHWIMOKIA: IOpaK apUTMUSIIAPUHUHT TYpIIH
TUIUIAPU aCOCHJaru XyKallpaBuUil Ba MOJEKYJSIp MEXaHU3MJIAD TaXJWI KWIMIL;
IOpaK ApUTMHUSJIADUHUHT NAaTOT€HE3H 14 HOH KaHAJJITAPUHUHT POJIM aHUKJIALLL, FopaK
pUTMH OY3WJIMIUIAPUHY JaBOJIALI YYYH SIHTM MOJIEKYJISIp HHUILIOHJIAPHU aHUKJIALL;
IOpaK pUTMH OY3WIMLUIAPUHM JaBOJIall YYYH OKWJIOHA JIHU3ailH Ba MCTUKOOJIN
npenapaTjapyuHUHT SHIM aBJIOJMHM SpPATUIl Y4yH SIHTM €EHAALIYBIAp MILIA0
YUKHILL.

MyaMMOHMHI  ypraHwiranjumk  gapaxkacu. Aconitum  ycumimk
TYPKYMHJIaH aXpaTuO OJMHIaH JUTEPHIEHOU]T aJKATOUAJIapH XO3UPTH BaKTAa STHTU

! JTuccepranms MaB3ycu G¥itiaa XoprKuit mMuii-TagKHKOTIap mapxy. Zipes DP et al (2006): Guidelines for management of
sudden cardiac death. U.S. National Institute of Health, http://www.circulationaha.org; Sampson K.J., Kass R.S. (2011). Anti-
Arrhythmic Drugs (Chapter 29). In: Goodman & Gilman's Pharmacological Basis for Therapeutics. 11e. McGraw-Hill;
Antzelevitch C, Burashnikov A (2011): Overview of basic Ba Gomika man6anap acocusia uiuiab YMKUIITaH.
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aBJOJl AHTUAPUTMHUK BOCHTAJApUHM MILUIA0 YUKUII YYyH OHHI HUCTHUKOOIIN
oupukManap cudatuga KapaaiMokaa. Maskyp ajdkaJouIapHUHT aHTHAPUTMUK
(Gaomurun  yuyyH >kaBoOrap OyiraH 5SHI MyXUM CTPYKTYpaBUM JKHXaTJIapu
OyHEHUHT eTakuu jaboparopusiapuna Oatadcun ypranunran. bynma sHr gaon
JIUTEPIICHOU ANKAJIOUJIApUHUHT YMYMHUI CTpyKTypaBuii snemeHTinapu C-4
yriaepos aToMUJaru aueTUIaHTpaHWd €KUM aMUHOOEH30M KucioTanapuHuHr, C-1,
C-14 Ba C-16 pmarm merokcu rypyxJiapuHUHT Ba C-8 THMAPOKCHI TYpPyXJApUHUHT
KOJAuKJIapu 3KaHauru aHukianrad. llly Ounan 6upra C-14 rypyxumaru GeH301
rypyXd Ba a30T AaTOMHMHHMHI AaCOCIMIM XaM Mas3Kyp aJKaJOuJJIapHUHT
AHTUAPUTMHUK (HAOJUTUTMHYU TabMUHJIAII YUYyH YyTa MyXUM JKaHJWUTU KYpCaTUJITaH.
Maszkyp Oupuxkmanap aHTHAPUTMUK  TAbCUPUHUHT  DJIEKTPO(PU3UOIOTUK
MEXaHW3MH SXIIM YpraHuaraH Ba acocaH IOTeHImuanara Ooriuk Na®
KaHaJUIAPUHUHT OJjokajgacuaaH KenuO uukaav. byHpail OnokagaHMHr acocuid
camapacH Opak XapakaT MOTEHLMAIW TE3JIMTMHUHT Macaluiu OYynud, y yHHUHT
TapKAJIUII TE3UTHHUHT CEKUHIAIYBU Ba 3G (PekTuB pedpakTepiuk AaBPUHUHT
omumy OunaH Oupra OopuO, Opak KY3ralyBUaHJIUTMHUHT Macaluinura oo
xenann. bupok, Na* kanmamnapuamnr 6rokazacn Ca® HOHIApH TpaHCIOpPTHra
IyHIail TabCHp KWIMIIM MyMKHH Oynu6, OyHma Na' KOHIEHTpamMsCHHHHT
macaiimimy  kapapomuonuriapaa Ca’’ MHUKIODHHHMHT KaMalumiura Ba VHIaH
KCWHWHTH FOpaK MYIIard KUCKApuIl (paoJUTUTMHHUHT TacaiHIInra 3aMHH SPaTHIIH
MyMKuH. FOpak Mymarn kuckapuil (aoJUNIMTHHUHT Tacauimu Eku MaH)uit
uHOTpon camapa | cuHd Oapya aHTHAPUTMUK MpeENapaTIapUHUHT Y3UTra XOC
KuxaTtd OYynmub, my Tydainu ynapaaH GoWgaTaHUIl FOPAKHUHT XaW0BYU
(GYHKIMACUHU Tacaiind KeTuiura oiud Kenranu y4yH deksanrad. lllyHunr yuys,
Ma3Kyp CHH(]) aHTHAPUTMHUK BOCHUTAIAPUIAH IOpPAaK PUTMUHUHT OY3WIMIILJIAPUHU
JaBoJiall yuyH (oijanaHuiga SpUIIUiIaéTrad TyKIapra Kapamaciaan MaH(uit
MHOTPOII caMapacu KaM OynraH HucOaTaH caMmapaiy Ba xaB(cu3 mpemnapaTiapHH
SHTW aBJIOJMHU spaTHINra OyiaraH VTKHp 3apypaTr cakimaHuo kommokma. Iy
MyHOca0aT OWJIaH 3aMOHABUN M3JIAHMIILIAD MaBXKY/1 AUTEPIICH aTKaJIOUITapHHUHT
MOJIEKYyJIaTapUHA MOAU(PUKALIUACUHYN 3 UYUTA OJTYBUYM MYKOOWJI EHIAlIyBiapra
Kapatuiaran OyiauO, y yJapHUHT Qoiganu XoccalapvHU cakjald KOJHIIH Ba
HOMAaKOyJIJIapyuHA WYKOTHIIHA TabMUHIAIIKA 3apyp O0ynub, Oy MuHUMan maHpui
MHOTpON camapara sra Na' KaHanqura camapaind TabCUp KypcaTyBuM OMpHKMa
OJIMIII IMKOHUHU Oepaju.

Muccepraums MAaB3YyCHHUHI JHCCePTALMS Oaapwiran WIMHH
TAAKMKOT MYacCACACHHMHI WJIMHUI-TAAKHKOT HILIAPH OWJIaH OOFJIMKJIUIH.
Huccepranus TagkukoTn broopraHuk KWME WHCTUTYTHHHHT (yHIaMEHTal Ba
aMaJIMil WIMHH-TAIKUKOT AacTypu pekacuHUHT DA-D3-T144 «FOpak Ba CHILIUK
MYIIIaK XyXXalpaJlapuHUHT MOH KaHAUIApU MOMYJIIUSCHHUHT MEXaHU3MJIapUHU
Tabuuii 6monoruk Qaon Oupukmanap Owman ypranum» (2007-2011 iit.); DA-A-
12-T068 «Tabuwuit 6momoruk (Haon OMpUKMaTAPHUHT UOH KaHAIJIApH Ba OMOJIOTHK
MeMOpaHaIapHUHT pelenTopiapu OwiaH ¥y3apo TabCUPUHUHT CKPUHUHTH Ba
CTPYKTYpaBUH-GYHKIIMOHAT JKUXATIAPUHUHT TaBCU(PUTra KOMIUIEKC EHIANTYBHH
uniad yukuin» (2009-2011 it ); ®A-D6-T083 «buonoruk daon Oupukmanap —
IOpaK Ba CUJLIIUK MYILIAK Xy>Kanpanapuaa Ca**-romeocTasHIHT
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MOJYJISTOpIapUHU W3nam Ba TaBcuduamy (2012-2016 iii.); DA-A11-T057
«Tabumit Ba cyHbuil Ouonoruk ¢aon OUPUKMATAPHUHT IOKOPU camapaiu
CKpUHUHT Mapkasunu spatunny (2015-2017 i) noduxamapu goupacuaa
Oakapuiiran

TagKUKOTHHHT MAaKCcaau 15-TAA Ba 15-AAA JTATEPIEH
aNKaJOUUIApUHUHT  uMHOTpon  3ddextnapunu  TaBcudiam Ba 15-AAAna
AHTUAPUTMUK Ba MaH(uil mHOTpoON (aoUIMKIAPU opacujaa OOFIUKINK MaBXY/l
AMACIUTMHUHT cabaOMHK aHMKJIAIJIaH noopart.

TaaKNKOTHUHI Ba3u(anapu:

15-TAA Ba 15-AAA ajkanowJIapUHUHT KajaMyll Iopard Mamnwuisp
MYCKYyJ KHUCKapuill (aoJurura TabCUPUHU TAJKUK KWJIUII Ba YJIapHUHT
TabCUPJIAPUHU KOHIICHTPALMATA OOFIMKINKIMHU YPraHuIIL;

15-TAA Ba 15-AAA ankanouIJnapuHUHT UHOTpon dAdQexTaapuHu
CTUMYJISIIIMS YaCcTOTacUra OOFIMKIUTHHU TaJIKUK KWIHII Ba KY3FaTUITHUHT TYPJIU
yacToTajlapy/ia yjaap TOMOHUJAH KEATUPUINO YMKAPUIIAIUTaH MaMUJUIIssp MYCKYJI
KUCKAPUII Ky4H Y3rapuIIMHUHT Y3UTa X0C XyCYyCUSTIapUHU YPraHuIll;

15-TAA Ba 15-AAA ajkajnowUIApUHUHT KajlaMylll Iopard Mamnwuisp
MYCKYJUTAPUHHHT W30METPUK KUCKAPHUIIHUHT KHHETHK TapaMmerpiiapura (+dF/dtmay
—KHCKAPUIIHUHT PHUBOXKJIAHUII Te3IUrd, dF/dimay — Oymammm Tte3muru, Tyyyw—
KUCKApHUII-OYIIANIUII IUKIUHUHT BaKTH, Ty — SIpUM OYIIAIIMII BaKTH) TahCUP
KAJUII  TaXJWIMHU YTKazuil, Oy MapaMeTplIapHUHT Y3rapuil XapaKTEepUHH
Oaxoyam Ba Oy ¥3rapunuiap acocujaa OYiAraH SXTUMOJIUNA MeXaHU3MIIAPHU
aHUKJIAIlI,

CapkoJieMMaHUHT TIOTCHITHAITa OOFIIHK, Ca**-pa Na*- kaHamapura 15-TAA
Ba 15-AAA ankanouaiap TabCUPUHUHT Y3Ura XOC XYCYCUSTIApUHU YpraHuii, Oy
KaHaJ1ap OJIOKJTAaHUTITMHUHT (uHrMOUMpIIaI) y3apo OOFJIMKJIUTUHH,
KapAMOMHOLUTIApAAry Xykaiipa mun [Ca’’], MHKIOpPHHHHT KaMaiiumm, Ba
NanwIsip MyCKyJuIap KACKapuill (haoUTMTUHUHT MMacaluIll TaXJIWINHU YTKA3UIII;

CP nmaru Ca”* WMOHJIAp MUKIOPUHUHI y3rapuil auHamukacura 15-I'AA Ba
15-AAA ankanoumynap TabCUPUHM TaakuK Kuiuil, CP nmaru Ca® HOHJIAp
MUKJIOPUHHUHT  y3rapuiid OWIaH ajkajoujjap HHOTpoOn  (aoJUTUTHHUHT
GOFIMKINIHHA Ba Oy ysrapunuiapmard Na'/Ca’*-aaMaimmHyBY4d TH3HMHHHT
poJIMHM 6axoJIan,

15-'AA Ba 15-AAA ankaioujnap HWHOTPON TAbCUPUHUHI Y3HUra XOC
XYCYCHUSITIApU, YHUHT aJKaJoujap CTPYKTypacura OOFIMKINK TOMOHUHU KUECUI
TaXJIMJI KWJIKII Ba YIAPHUHT WHOTPOI TabCUP MEXaHW3MHAaru TagoByTiap Ba 15-
AAA nuHT MaHGUH WHOTPON Ba aHTHAPUTMHK (HAOJUIUTH YpTacUAaru OOFITUKIUK
UYKIUTU ca0aOMHUHT aCOCUN Ma3MYyHUHHU IIAKJUIAHTUPHIIL.

TaakuKoTHHHr 00BekTH Aconitum zeravshanicum Ttypura wmaHCy0
VCUMIIMKAAH aXpaTUO OJWHTaH aTU3UH JUTEPHEH alKAIOWIWHUHI XOCHJIAIapH
15-T'AA Ba 15-AAA ankanouayiapu XxucoOJlaHaIu.

TankukoTHUHT mnpeameru — 15-'AA Ba 15-AAA ankanouamapuHUHT
MHOTPOM TabCUPUHHU Y3UTa XOCIUTH, YIAPHUHT CTPYKTypara OOFJIUKJIUTH Ba OyHU
TAbMUHNANIAA KApAMOMHOIUTIApHUHET Ca”’ - TPaHCHOPT TH3MMIAPUHHUHT POJIHL.



TagKUKOTHUHT ycyJL1apu. Juccepranus 1500002016 IOpaK
MYCKYJAaTypaCUHUHI KUCKApull Ba (YHKUHMOHAN (PAOJUIMTMHU Kalja >TUII Ba
TaXJIMJIMHU ~ YTKa3WIll Y4YyH 3aMOHABUM d3IEKTpOo(DU3UONOTUS  yCyJUIapUIaH
¢poitnananmnau. bapua skcnepumentan mabiaymornap OriginPro 7.5 (OriginLab
Corporation; AKIII) kommbioTep pacTypu €Epaamuia WAFWITaH Ba HIJIOB
Oepuiras.

TagKNKOTHUHT MIIMHUI SHTWINMTY Kyiugaruiapiadn uobopar:

15-TAA Ba 15-AAA ankanouJIapyuHUHT UHOTPON TAbCUPUHHUHI Y3HUra XOC
KUXATIApH, YJIApPHUHT CTPYKTypanapu OujaH y3apo ajoKaJlapud Ba YJIapHUHT
MycOaT Ba MaHpui HMHOTpON (PAOJUTUTMHUHT acocuaa €TyBYM  acOCUH
MEeXaHM3MJIap aHUKJIAHTaH;

15-AAA HUHr aHTHApUTMUK (AOUIUTK OIIMIIMHU TabMuHJIOBUM C-15
yraepoa aromujard OH-rypyxunu CH3O-rypyxura anMmamtupuil iynu Ounax
15-TAA  CTpyKTypacMHUHT  MOAM(UKALMICKH YHUHT MaH(uUid  HHOTpOM
(daomUruHM KyyalTupMacaaH, akCuHYa, nacaiuimmura ojin0 KeIuIiy aHUKIaHTaH;

15-AAA mnact xonuentpanusuiapaa (3-8 MxM) Ba KY3FaTUIIHUHT TacT
gactotanapuaa (0,1-1 ') MycOaT MHOTpON TabCUPHM HAMOEH KuJjica, HUCOATaH
IOKOpHU KOHIICHTpanusuiapaa (>8 MkM) Ba Ky3raTUIIHU FOKOpH YacToTamapuia (>1
I'n) paxat manuil MHOTPON TAbCUPHU AHUKJIAHTAH;

15-AAAHMHT MycOaT HWHOTPON TabCHpHU [-aJpeHOpenenTopiap Ba
norenrmanra 60rmk Ca’* kaHaapuHUHT (paoiTarryBura 6ortuk 6yavaran Ca”'-
TallyBYM TU3UMJIap TOMOHMJIAaH TAbMUHJIAHYBYM CAPKOILJIA3MATUK PETUKYIYMIATH
Ca®" HOHJIAPHHHHT KOHIICHTPAIMSCHHNAT OLIMIIATa GOFIHKINTH aHUK/IAHTaH;

15-TAA Ba 15-AAAnapHuHr MaH}uii MHOTPON TabCUpH acocaH Na'-
KaHA/UIAPHHUHT OJNOKajacura OOFMHK Oynu6, y Ca’’-ramysum TH3MMIIAp
G YHKIMSACUHUHT OY3UITUIIH Owtan oupra Keuuo, KeUMHYATUK
KapauoMuonuTiapaa Ca’’ MOHIAPHHMHT MHEKIOPH TNAcaiiMiId Ba YJIAPHHHT
KUCKapHIl (aoJUTHTH TYIITHO KeTUIIN aHUKJIAHTaH;

15-AAA Ba 15-T'AA ankanmoumapuHUHT MaH(puit UHOTpoON (aoUTHKIAPU
opacugaru (apkiap yIApHUHT CTPYKTypacHaard y3ura Xoc >KUXaTiap Ba
kapanomuonutiapaarn Ca®’ macaiftmm  mapaxkacuan Oenrmnab Gepysum Na'-
KaHaJIapu OJOKaTaCHHUHT Typiuda camapagopiurura OOFIUKIUTH UCOOTIaHTaH;

15-AAA wHOTpOm Ba AaHTHAPUTMUK TabCUPU oOpacuaa OeBOCUTa
KOPPENALMAHUHT MaBXKyJl OdMaciurd, »xrtumon, yHuHr Na' KkaHammapuHu
OJIOKJIAaHUIINTa TabCUPU KaM OYIWINM, MIYHUHTJAEK YyHAa MycOaT HWHOTPOM
(haoJUIMKHUHT MaBXYJJTUTUTa OOFIMK SKaHJIUTH UCOOTIIaHTaH.

TagKUKOTHHHI aMaJuid HAaTHKAJapu. Ma3Kkyp TaJIKUKOTJIApHUHT
HaTWXKajaapu JIUTEPHNEHOU]T aJKaJIOUJJapU HMHOTPON TAabCUPUHHUHI Y3UTa XOC
XYCYCUSATIIApU, YJIAPHUHI CTPYKTypara OOFJUKIWTK XaKUJard TacaBBYpJIapHU
Ce3mJIapiiv Japaxkaaa KeHrautupuo, xaBpcus Ba HUCOATaH caMapaid aHTUAPUTMHUK
BOCUTAJIAPHU SIPATHUII YUyH Ha3apHuil acoc XxucoOaaHaau.

TaakukoT HATHKATAPUHUHT UIIOHYJIHJIUTH AKCIEPUMEHTAI
MabJIyMOTJIap TAAKUKOTHUHT 3aMOHABUN KOMIBIOTEpJIAIITaH 3JEKTPOPU3UOIOTUK
ycymnapaaH (oWganaHraH XoJijla OJUHTAHJIuUrd OwiaH acocina”Haau. Wmiparu



XyJiocajgap MaTeMaTUK CTaTUCTUKAHWUHT 3aMOHABUM YycyiulapujaH (oiinananran
XOJI7]a UIIUIOB OEpUIIraH HAaTHUKajlap acocuaa KWIMHTaH.

TagKuKoT HATHKAJAPUHUHT WIMHUI Ba aMajauil axamMmusTH. TagKUKOT
HATWKAJAPUHUHT WIMHN axaMUSTH KEATUPWITaH MabiIyMOTIap JIUTEPIEHOU]T
AIKaJOWJIADUHUHT HMHOTPOI TabCUP MEXaHU3MJIApU Xakujard (QyHIameHTal
OMJIMMIIAPHUHT PUBOKJIAHUIIIUTA MYXUM XUCCa XUCOOJIaHAIH.

TagkukoT HaTW KaJAPUHUHT amanui axamusITU JIUTEPIIEHOU /T
AIKaJOWJIADUHUHT HWHOTPON TabCUpHU OWJIaH OOFIMK MEXaHU3MJIADHUHT SIHTH
tadpcwioTiapuau oun® Oepaau Ba MyXHM amajaui axamuarra sra OynaraH
AIKaJOWJIADHUHT CTPYKTYpacu Ba YJIApHUHT HHOTpOn (haoJUIUrd OpacHuaaru
y3apo  ajoKaJdapHW TYIIYHUIITa WMKOH Oepau. Maskyp TaaKUKOTHUHT
HATWXKaJIapyu KUJIIUNA HOXYs TabCUpPJIApJlaH XOJau Oyiran xaB(cu3 Ba IOKOpH
caMapaju AaHTUAPUTMUK BOCUTAJapHU OKWJIOHA JHW3aiHU Ba SIHTH AaBJIOJIMHU
SPATUILl YIYH WJIMHUM aCOCHU CE3WJIapJIu Japakaja KeHrauTupau.

TaaKNKOT HATHKAJTAPUHHUHT KOPUH KWIMHHIIM. Maxammii xoMalénan
AHTUAPUTMUK BOCHUTAJIADHUHT SIHTM ABJIOJWHU SPATUIN YYyH HIUIA0 YUKUITAH
CTPYKTypaBUi-()YHKIIMOHAT TaBCUsTHOMAIAP acoCHIa:

caMapajy aHTHApPUTMHK Tpernapatiiap OJUIIHA TAabMUHJIOBYM Ba yJIAPHUHT
MaH(pui HHOTPOIUIM (PAOJTUTUHU TMacaWTupuinra EpaaM OepyBUH TUTEPIICHOMU]T
AJIKaJIONJIAPHU CTPYKTYpPaBUi MoAUUKAIIMIIAIIHUHT HICOATaH onTUMal OYiaraH
éumamyBmap  «Ysdapmcanoat»  JJAK  daomustura - xopuwit  sTHITaH
(«Y3dbapmcanoat» JAKumar 2016 i#un 14 wHosOpaaru  BA-06/2069-con
MabJIyMOTHOMACH). MiMuii TaaKMKOTIAp HATHXKACH IOPAK ETUIIMOBYMIIMIHIA,
Mycbat umHOTpon 3>(dekTn aHukiaaHraH 15-AAA ankamouauHUHT Oy Xoccacw,
YHUHT MaHGuil uHOTpon (GAOJIUTHMHU Yerapanad, Y3WHUHT aHTUAPUTMHK
TAbCUPUHUHT OLIUIINTa EpjlaM OepyBUM STHTM aHTUAPUTMHUK BOCUTAJIAPHU SPATHUII
UMKOHUHH Oepaiu;

15-anietokcnazoMeTMH  aTW3MH  Ba 15-TuaApoKCHMa30METHH  aTHU3UH
JTUTEPIICHOU]] AJIKAIIOUJIADUHUHT HHOTPOT TabCUPH OYViMYa OJMHTAH HaTHXKajap
DOA-O5-T084 «MuToxoHapHUsLIApP HOH TPAHCIOPTH Ba META0ONHMK JKapaéHIiap
OMOPETYISATOPIAPUHUHT MEBEP Ba MATOJIOTHUSIIATH TABCUPUHU TaBCU(IIAI» UIMUMA
mormxacuma (bKW, 2012-2016 iiii.), sSbHM MHTOXOHApPHUSIapAA Na*/Ca?*-
alIMAIIMHYBYM TH3UMH OpKaid kupysun Ca’’ moHmapura TabcHp 3THO, ynapiard
Ca®" HMOHNApH TOMEOCTAsHHH peryisiuus Kmmma (oiinananmiran (Pan Ba
TEXHOJOTHSJIAPHU  PUBOXKJIAHTUPUIIHA ~ MYBODHUKTAMITUPUIT  KYMUTACHUHHUHT
2016 wmn 22 wHosOpmarm DTK-03-13/828-con mabaymorHoMacu). Wiamwuii
HATIKAIAPHUHT  KYJUIAHWIMIIE ~ MHTOXOHApusiapaa Na'/Ca® -anMamnaysun
TisumMuHn auchyHkiusicH Tydaiiimm ynapma Ca®’ romeocrasd Gy3HHIIIAPUHH
peryssiius KWW UIMKOHUHU Oepras.

TaaKNKOT HATHKAJAPUHUHT anpodaumsicu. /(uccepranus marepuamiapu
KyWHJard Xajakapo Ba MIUIMA WIMHH-aMalIdnid KOH(GEpEeHIMsUIapaa TaKIuM
KuiuHraH: «buoopranuueckass xumuss u OumotexHosorusi» (Ilymuno, Poccus
2011); «AktyanpHble mpobaembl marodpusnosiorun» (Cankt-IlerepOypr, Poccus
2011); «Tabuwmii OwpukMamap KAMECUHHUHT jgoi3ap0 Myammosapuy» (TomikeHT,
2011-2012); «buoopraHuk KHME PHUBOXKJIAHUIIWHUHT JI0J3ap0 MyaMMOJIApH»
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(Tomkent, 2013); «OkcnepumMeHTanbHas U TeopeTudeckas onodusuka» (Ilymuno,
Poccus, 2012, 2014-2015); «@yHaaMeHTalbHasi HayKa U KIMHUYECKask MEULIUHAY
(Cankr-ITerepOypr, Poccus, 2015); «Euromedica» (I"'annoBep, I'epmanus, 2015)
XalKapo TUOOMI KOHrpeccuaa; Ba «AKTyalbHble HPOOJIEMbl COBPEMEHHOM
MeauuuHel 1 papmannny (Munck, benapycs, 2016).

TaagKHMKOT HATHKAJAPUHUHI IbJIOH KMJIMHMIIM. [{ucceprauus mMaB3ycu
6yitnua 28 Ta MIMMIl MILIAP YOI STUIITAH, KyMIIagaH, Y36ekucTon Pecry6nmikacu
Omnuit arrectanysi KOMUCCUSICHHUHT JTOKTOPJIMK JHCCEPTALMAIAPU aCOCUN MIMUN
HaTW)KAJIApUHU YON ATHUII TaBCUSl 3TWITaH WiIMHM Hampiapaa 11 ta makona,
Kymiazad, 9 tacu pecnyOnMka Ba 2 TaCU XOPWXKHUNA WIMHH KypHajlapja Halip
STHIITaH.

JluccepTauMsAHMHT Xa:KMH Ba Ty3WJauMIIM. Jlyuccepranuus TapkuOu KUpHIL,
TyprTa 000, Xynoca, ¢QolganaHwiran agabuétiap pyhxarugan uOopar.
JluccepTalussHUHT Xa)KMU 162 OETHU TallIKU ATraH.

JIMCCEPTAIIUSITHUHT ACOCHU MA3MYHH

Kupum kueMuaa MaB3yHUHT J073apOiUTy Xama 3apypHUsiTU aCOCIaHUIITaH,
TaJKUKOTHUHT MakKcaau Ba Bazudanaapu, 0ObEKT Ba MpeaMeTiapu TaBcuQaHTaH,
pecriyosimka  (GaH  Ba  TEXHOJIOTHSJIAPH  PUBOXKIJIAHUIIMHUHT  YCTYBOP
HyHanuuuiapura MOCIUTH KYpCcaTWiIraH, TaJAKUKOTHUHT WIMUN SIHTWJIMTH Ba
amanuil HaTuxkanapu 0a€H KUJIMHTaH, OJIMHTaH HATHKAIAPHUHT UMUK Ba aMalui
axaMMsITH 04yuO OepwiraH, TaAKUKOT HATIKaJapUHU aManuérra >KOpUi
KAJUHUIIM, HAlp OSTWITaH WIUIAp Ba JAUCCepTalus TY3WIUIIN Oyiinua
MabJIyMOTIIAp KEITUPUITaH.

Hucceprauusauar  Oupunun  “HOpak  apuTMHSUIApDUHH — TaaKUK
KWJIMIIHUHT 3aMOHABHiIi X0JaTH Ba MCTHKOO/Iapu” 0o00uaa FOpPaKHUHT
SIIEKTPHK Ba MEXaHHK (haoJUIHTH XaKuua, UryHHHTIeK Ca’’ HOHIapHHUHT SIIeKTp-
MEXaHMK OKyQTIalluIgardi Ba  OpaK  PUTMUHUHT  TEHEpalMsICH  Ba
PETYISIUSACUIAT €TaKYd pPOJM XaKUJIard yMyMHH MabiyMoTiap Oepuiras.
bynngan Ttamkapu opak apUTMHsUIApM Ba IOPAKHUHT OOIIKAa MATOJOTHsIApU
puBoxIanummaa Ca®’ romMeocrasd OySWIHIIMHHHT acOCHIl POJIH, IIYHHHIICK
YVIapHU KOPPEKUUSJIAIIHUHT SIHTH €EHAAIYBJIapd Ba IOpak KOH TOMHpJapu
KaCAJUTMKJIAPUHY OJITUHU OJUIN Ba JABOJIAIIHWHT HMCTUKOOJIM CTpaTerusjapu
KEJITUPUJIITaH.

Ukknnun “Kanamym oparu nanuuisip MYIIATMHUHT KHCKaPHUII
daonauruau ypranum” O0o0uma Kadamyil [Opard TanWuisp MYCKYJIUHUHT
KACKapuml  (aoyuMruHd — TagKUK  KWIWITHUHT — yCyJulapu  TaBcudIaHuo,
kapruomuonnTiap Ca’’-TpaHCIOPT TH3MMHMHMHI (DYHKIMOHAT (aOIUINTHHH
0axOoJIAlTHUHT DJKCIEPUMEHTAN EHIANTyBIApU, UIYHUHTIEK MAaTEMaTHK HIIJIOB
Oepuill Ba MabIyMOTJIADHUHT CTATUCTHUK TaXJIWIM 0aéH KUJIMHTaH.

Yupnun  “15-ruapoxcuazomerun atu3uH (15-T'AA) autepneHoun
ANKAJOMJIMHUHT  KAJaMyll Opard NANWUISP MYCKYJH KHCKApPHII
¢aosnurura rtabcupuau Tapcuduaam’ 6o6una 15-'AAHMHT KamaMyll roparu
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NanuuIAp MYCKYJIM KHUCKapHIIWra Ky3FaTUII YacToTacura OOFIHMK TabCUPHUHH
TaJAKUK KWJIUIITHUHT HATHKAJIapH KEITUPHUIITaH.

15-I'4A  ankanoudununwe Karamyw wpasu  HANULIAP — MYCKYIUHUHE
Kuckapuwiuea mavcupuHune y3uea xoc ocuxamaapu. 15-'AA Ba 15-AAA
ankanouamapu Aconitum  zeravshanicum ycumuurugaH —axpaTuO —OJIMHIaH,
AHTUAPUTMMK TabCcUpra 3ra OYJIraH aTU3WH JUTEPIICH ANKATIOMAMHUHT XOCHIIaIapH
xucodnmanaan (Komuposa wu gp, 2010). 15-AAA ajKaJOUWAMHWHT ATU3WUH
ckenerunarn C-15 yrnepon atomununr OH-rypyx ypaura CH3;O-rypyXuHuHT

MaBXYJJIUTH OuiiaH ¢apk KWinb, SKKOJI HaMOEH OYIyBUYM aHTHAPUTMUK TahCUPra
ara (1-pacm).

1-pacm. 15-ruapokcuazoMeTHH aTH3HH (A) Ba 15-anmeToKcHMa3oMeTHH
atu3uH (b) (uTeprneHOU ANKATONIIAPUHHUHT CTPYKTYPACH.

Iy Ounan Oupra OyHaalh MomudukanmusHuHT HaTHXkacumga 15-I'AAra
HUCOATaH SKKOJIPOK HaMo€H OVnran MaHduii WHOTpOIN TabCcUpHUHT 15-AAAna
Kamaiumu py 6epamu. bynna 15-'AA ankaionguHUHT Oy TabCUPH TANUILISAP
MYCKYJHUHI KUCKapuil Kyun MakcuMman 30 mMkMpa Hazopatrnan 7,3+2,1% raua
nacairasja, 1o3ara OOFJIMK TabuaTra SraHjaIury aHuKJIaHraH (2-pacum, b).

A b
100
80-
H —
azopar S
£ 601
)
F
g
1 mMH Z. 40+
— : i g
500 mc. 10 mun. ; 204
15-TAA (30 mxM)
0

0 5 10 15 20 25 30
15 - TAA (MkM)

2-pacMm. 15-TAA aakaJoOWAMHUHT KajJamMyll [Opard Nanwuisp
MYCKYJHHHUHI KUCKApull (ao/JIMrura TabCHpHu.

A. Hanunnap myckynu xuckapuwiunure ea 15-I'AA manguii uonompon mawvcupunume
opeunan 3anucu. b.15-I'AA mavcupunune xonyenmpayusacuea o6oenuxiueu. Opounam ykuoa —
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MYCKYIHUHE Kuckapuui Kyuu, maxcumanea nucoaman 100% 0e6 kabyn xununeawn, gousoa
ughooananean. bapua yonamnapoa P<0,05, (n=6).

15-TAA wmakcuman Ttabcupunu sipMuHu  (EJlsg) xentupu® wyukapras
KOHUEeHTpanuscu 8,7 MKMHM Tamkuin Kwiad Ba y 3 I'm jmaH tokopu OyiraH
KY3FaTHIIl YacToTajgapuaa SKKOJI HAaMOEH OYIITau.

Opak MycCKynWHUHT KuUCKapuil (aoJIuru KapAUOMUOIUTIapa Ca*
([Ca®™])) wmoHTapHHMHr XyXaiipa HYH KOHICHTPALMSICH OWIAH aHHKIAHHIIMN
MyHocabatu Ownan (Bers, 2008), ankajJOMIHUHT Ky3aTWIYyBYM TabCHpPU
KaparoMuonuTiapaa Ca®’ HOHIApH KOHIGHTPAIMSCHHUHT MACAHMIIAIAH NapaK
GepuIId MYMKHH. By TaXMHHHM TEKIIMPHII y4yH HHKy6amus Myxurima Ca’
MOHJIApW  KOHICHTPAIMSCUHU omumuaa 15-CAAHUHT manwuisgsp MYCKYJ
KUCKAPUIIMHUHT PUBOKIIAHHUIIINTA TACUPU YPTaHUIIIH.

Bynia nHKyOarmon Myxutaa Ca’’ MOHIAPH KOHICHTPAIMSCHHH OIIMIINIa
OOFJIMK XOJ/a MNanwuIsip MYCKYJIMHMHI KUCKApUII Ky4HM Ce3ujiapu aapaxana
nacaiin (3-pacm, A). Maskyp Taxpuba IIapouWTiaapd MyHocabath OwusaH
NaNWUBIp MYCKYJIH KHCKAPUII KYYHHUHT OIIMIIU acOCaH TOTEHIHAITra OOFJIHK
Ca®" kanamnapugan kupu6 xenysun Ca’* HOHIApH OPKaIK TabMUHIAHAIH, Ma3Kyp
HaTIKaNap NIYHU KYpcaTaauKu, aIKAIOMIHUHT Oy TabCUPH KapAUOMHOILUTIAPTa
KUPUO KeITyBUYH Ca”* WOHJIADUHUHT TOpMO3JaHuIM OunaH Oornuk. 15-TAA
OyH/ail TabCUPHHHUHT KyIuMya nc6otn Ca’* KaHAIIAPHHUHT CENEKTUB GI0KATOPH
Oynran HudenunuH OWIaH YTKa3WwiraH TaxpuOanapaa OJMHTaH OYau0, YHUHT
UIITUPOKKA ATKAJIOUTHUHT TabCUPU CE3WJIapH Japaxajaa macaiiran Oyicana,
KHCMaH cakjianu6 Koyira (3-pacm,b).

i

1007 —o- Ha3zopar
{ —e—15-TAA (30 MmxM)

1009 1 Hasopar
4 Bl Hudegunun (5 mxM)
804 B 15-TAA (30 MkM)

(2]
o
1

60+

N
o
1

40+

Kuckapum kyun (%)
Kuckapum ky4u (%)

N
o
1

20+

T

0 0,5 ll,O ll,5 2,0 2,5
[Ca” ], (MM)
3-pacMm. 15-T'AA anxkanouannu Manduii HOHOTPON TAbCHPUHHUHT Ca”"

MOHJIADH KOHIEHTPALMSCH Ba TNOTeHUMaara Goramk Ca’’-kamamwtapn

X0JaTHIra OOFIMKIMIH. A.15-TAAnune [Ca**o UOHNIApU  OWUWUOA UHOYYUPILAHSAH
NAnUuLAp MycKyl Kuckapysuauiueuea mavcupu. b. Hugpeounununune MHU3z2a 15-1'AA mavcupu.
Opounama yKkuoa — myckyn kuckapuws Kydu, 100% 0eb kabyn xununean makcumanea Hucoamau
pouzoa ugoxcananean. Bapua xornapoa P<0,05, (n=4-6).

Yumby Taxkpuba HaTHkKanapu MIYHIAH TYBOXJIMK Oepanuku, 15-'AA gxkon
Hamo€H OYynran MWOra sra Oynu0, yHUHr acocuja KapJAUOMHUOLHUTIApAA ca®*
WOHJIapU MUKIOPUHUHI Tmacaumu €tubd, y capKaoJeMMaHUHI MOTEHIHANTa
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6ormmk Ca”* xamammapn opkamn Ca®* HOHIApH KHPHO KEIHIINHK TOPMO3/IAHHIIH
HaTWXKacHia Keaub YuKau.

15-I'4A anxanoudunune KapoOuoMuoyumiap CapKaniazmamuk pemuxyiymu
Ca* uonnapu mpancnopmuea mawvcupu.

FOxopuna \%1%1C) AJTKAJIONT HUETUNIH UIITUPOKH]IA TYJIUK
TOPMO3JIAHMACIUTH KypcaTwirad 0ynu0, Oy YHMHI aMajira OIIMIIKA MOTEeHIIUaIra
OOFJIHK Ca2+KaHaJIJIapI/IIIaH TaIIKapH, KapJUOMHOLUTIAPHUHT OOIIKa Ca® TalllyBYU
TU3UMJIAPU XaM HUIITUPOK STUIIMHU Kypcataau. bynna 15-'AA Hunr 06y Tabcupu
VHHHT capKoIUiasMatik perukyayMm (CP) Ca®* HOHIapu TpaHCIOPTHTa TabCHPH
Ounan OOFMMK OYIUIIM MYMKHH, Y KapJIMOMHOLUTIAP Ba MUOKAPAHUHI KHUCKAPHILI
daommmrua [Ca™); peryasinusicuna erakun ponuu yiHavau (Bers, 2000). Bynnan
tamkapu 15-'AA ankamouguHuHT OyHIAl TabCUPHUHT MYMKHHIIMTH XaKHla y
TOMOHHUAH KY3FaTUIIIHUHT MacT 4dactoranapuna (<1 '), ropak MyCKy/UTapUHUHT
KucKapumn acocaH CP gaH axpamun6 umkypun Ca®®  HOHNApH TOMOHHIAH
TAbMHUHJIAHAJUTaH [ApOUTIap/ia TOPMO3JAHUIIM OWJIBOCHUTA TYBOXJIMK Oepaau
(Honerjager, 2005; Marks, 2000; Satoh et al.,2000). By TaxMUHHH TEKIIMPHII YIyH
15-TAA muar CP ma Ca®™ WOHJIADUHUHT TYTUIAHUIIKA Ba QXpaiud YUKUIIH
XKapaéHJIapuHU YpraHWll UMKOHWHHM OEpyBUM IOpaK MYCKYJUIQPUHUHT Y3UTa XOC
KUXATH TIOCT-PECT MOTEHIIUAIUSACUTA TAhCUPU YpraHWITaH. AHUKJIAHUIIINYA, MyalsiH
TUHWIMK JaBPUIaH CYHT IOpak MYCKYJIHMHHHT Kuckapuin kyun CP ma MyHTazam
KY3FaTHINra Kaparanaa Kympok Ca’’ HOHIAPHHHHT MHUKIOPH KYIIMMYa TYIUIAHHIIA
HaTWXKacua Ce3WIapiu Jlapaxkaaa omud, yaap MyCKyJl KUCKaPUIIUHUHT Kydaluii
€xkup moreHumanusacuHu TabMuHIaau (Bers et al.1993). Kamamym roparuausr
NP MYCKYJIUAa YTKa3WiIrad Ha3opat Taxkpuoanapuaa Bl OupuHun Kuckapuim
amrumatyaacu 30 COHUSsIIMK TUHWIMK naBpuaad ke 100% ne6 kaOyin kumuaran BO
crauuoHap napaxanan 189,7+6.2 % raua ommu (4-pacM, A). Bynaga unkyOarus
myxutura 15-'AAnuar kuputwiumm (30 MxM) Bl OupuHYM  KUCKapHII
amumtynacuauar 10,2+4,1% rada TymmO keTuinu OWiIaH JaBOM 3TAM Ba Oy XoJyat
ankamongauar CP ma Ca’ WOHJIapU TYTUIAHUIINHUA TAcauTUpHO, TUHWIMKHUHT
HOTEHITUUPIIOBYN TABCHPHHN TOPMO3JIAIIKAAH aapak oepaau (4-pacm, A).

A b
2519 &4 Hazopar

W 15-T'AA (30 mx M)

Hasopar B1 2.0 _

B0

1MHI
30c¢

15-TAA (30 mxM)

1mH qunnnnm_l.l.l.lm

30c

1,5 4

1,0

0,54

Morenunanust nucéaru, (B1/B0)

4-pacm. 15-TAA ajakaJoOMAMHUHI KajJaMyll Opard MNOCT-pecT

NOTEHUMAMACUTA TabCUPU. A. 15-T'AAnune nanunnsap MycKyiuHume RnOCm-pecm
nomeHyuayusacuea mavcupunu Kypcamyeuu opeunan sanucu. b. 15-I'AAnune nomenyuayus
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Hucoamuea mavcupu (B1/B0). Opounama yxuoa —B1/BO nucoamu. Bapua xonnapoa P<0,05,
(n=5).

bupok, 4-pacm, A ga xypunuO® Typranugexk, 15-'AA ankanouau
UIITUPOKKJA XaM THUHWIMK JaBpuraya Kaij KWIMHAAUTAH TanWuisip MYCKYJIH
cranmoHap KuckapunuiapuHuar (B0) ammmurtyaacu nacaiin6 keraau. Ilanumisip
MYCKYJMHUHI CTallMOHApP KHUCKApUIIIApUTa QIKAJOUJAHUHT Oy TabCUPU YHHUHT
TOMOHHIIAH FOKOPUIA KYPCATHIraH CapKOJIEMMAHHHT TOTeHIHanra 6ormuk Ca’'-
KaHa/UTapu opKanu Ca’’ MOHIAPUHUHT KapJHOMUOLHMTIAPTa KUPUO KEIUIIMHIHT
TOPMO3JIAHUIIIYN OWJIaH TYITYHTUPUIaAH (3-pacMm).

KapauoMuoruriapra noteHuuanra 6ormuk Ca’ -KaHaIaps opKald KUpUoO
kexyBun Ca’* momnapu keitmmuanuk CPHHHT foKnamacu yuayH (oiianaHiIHIIT
xucobra ommHca (Bers, 2000), 15-T'AA ankajnowaJIapuHUHT  TMOCT-PECT
MOTCHIMALMSHAHT TOPMO3JAIIM YHHHT Kapadomuonutiapaa Ca’’  mommapwm
TaIIUII TU3UMUTA TAbCUPUHU KypcaTanu. 15-I'’AAHUHT MOCT-peCcT MOTCHINAIUATA
TABCHP MEXAHH3MHHH AaHHKIAml ydyH yHHHT Ca’’ HOHJIApHHHHT IOKJIaMa
xkapa€uuHu Ba OunHoOapuH CP XaXMUHM aKCcu XHCOOJaHTaH IOTEHIINAIUs
nucbatura (B1/B0) tabcupu taxymn kunuaau (Mill et al., 1992; Bers et al.,1993).
bynga 15-TAA wumrupokuga (30 MkM) moreHumanuss HCUOATUHUHT KUHWMAaTH
1,89+0,10 nan 1,39+0,13 rauva nacaitumu anukianau (4-pacm, b). By HaTtwxkanap
IIYHJaH TYBOXJIWK Oepaguku, 15-'AA ToMOoHmMmaH ro3ara kenyBuu Bl
aMIUITyfacHHEHT Kamaifm CP ra Ca®* MOHIAapH IOKIAMaCHHHHT [acaiiumig Ba
HaATIKa/la yilnap MUKIOPUHUHI Kamalimu Ownan Oornuk. HOpak wmyckymnu
KUCKApYBYAHJIMK (PAOJUTMTMHUHT IIyHTa YXIIam TOPMO3JaHUII MeXaHu3Mu |
cuH(ra MaHCy0 aHTHAPUTMHUK BOCUTATIAPHUHT TAbCUPU aCOCHIA XaM ETaIH.

15-I'4A  anxanouou MHUD  amarea owuwmuoa  KapoOUOMUOYUMILAD
capkonemmacunune nomenyuanea 6oemux Na'-xkanannapunune pomu. 1 cuug
AHTHAPUTMHUK BOCHUTAJAPHUHT TabCHUPU aCOCH]Ia IOPAKHUHT YTKA3yBUYHM THU3UMHJIA
XapakaT TOTCHIIMAIWHUHT KYTapuiayBuYM (a3a pPUBOXKIAHUII TE3JIUTHHUHT
nacauIy, TapKATHIIUHUHT CEKWHJIAIIYBH Ba KY3FAIUIIHUHT TOPMO3JIaHUIIN
OMNaH [aBOM OTYBUM capKojeMMa MHOTeHIManra OOFIMK Na'-KaHaJIapUHUHT
omokamacu €ramgm (Mitchell, 2015; Stoelting, 1999). Illy Owunan Owupra
AHTHAPUTMHUK BOCUTAJIap Ma3Kyp CHHGUHHUHT 0ab3u BaKWIJIApH SKKOJI HAMOEH
oynran MWD Ounan xapakTepiaHuO, YHUHT acoCHJa IMTYHWHTJEK MOTCHIIMAJTra
6ormuk Na'-xaHamnapuauHr 6mokamacu xam éraam (Heubach and Schule,1998).
Bynna ynap Na'-kanannapunu 610k1a6, kapauomuorutiaapaa Na© nonnapunusr
XyKalpa MYM KOHICHTPALISICHHN IacaliiInra 3aMHH sipatajgd, 0y xoxar [Ca*'];
MUKJIOPUHHUHT TMAacaluIi Ba IOPaK MYCKYJIH KHCKapyBUaHJIMK (DaOJUTUTHHUHT
nacaiumm Owmman Oupra Oopamu (Navada et al.,1994). Illy cababmu 15-TAA
aNKaJOMIUHAHT  TAbCHPUHM  TAbMMHIAINA  MOTEHIMAnra OoFnuk Na'-
KaHAJUTAPUHUHT POJIMHU AaHWKJIANl y49yH YHUHT aHTHAPUTMHUK BOCUTAJapHHUHT |
cuHpura MaHcyO, Ma3Kyp KaHAIUIAQPHUHT crenu@uk OJoKaTopu XucoOJaHTaH
JTUAOKAMH MINTUPOKUAA MAMWUIAP MYCKYJIHW KHCKApWIIWUTa TabCUPU YPTaHWIIA
(Sheu and Lederer, 1985). bynna yuunr EJlsp kuiimatura Moc kemyBun 15 MxM
KOHIEHTpaUAAaru JUJ0KauH UITUpokuaa 15-I'AA alKaJIOMAWHUHT TanuIsap
MYCKyJH KHCKapummra Tabcupu 92,7£54% nan (Ha3opaT JHJOKAWHCHU3)
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72,6+6,3% raua nacaiiu0 ketumu aHukigannu. [lly Ounan Oupra wHKyOanus
myxutuaa 15-'AA ankanoAVMHUHT MapXyJ WMIAPOUTAA JUAOKAWH YYyH [103a-
caMapa J3rpU YU3HMKJIApU YHUHI MAKCHMall TabCUPUHU Y3rapTHpMaraH XoJja
JCSpIU Tapajule] paBHIIa Yarra CHUDKUIIKM aHukianaun (5-pacm, A). bBynna 30
MKM 15-'AA umtupokuaa nuaokan yuyH E/lso kuiimatu 15 MxM nan 4,1 mxkM
raya mnacaiu0, ankaJoua Ba JUAOKAaUH TAabCUPUHUHI AJJUTUB TaOUATIH
SKAHJUTHIAH Janojart Oepanu. byHpnaH Tamkapu JHMJIOKaWH YYyH YHHUHT
MaKCUMYM TabCHUp caMapacH y3rapMaraH Xoijaa 103a-3(pQexT 3rpu Yu3UFUHUHT
aJNKaNouJ WIITHUPOKUIA Napajijiesl paBULIAA CHWDKUIIM YHUHT JIMJOKauH OwWiaH
OMTTa HUIIOH, SBHH KapAMOMMOLUTIApHUMHT Na'-kaHanmmapu yuyH pakobaria
SKAHJINTUHU KypCcaTaH.

15-TAA  ankamommu MUDuM  TapMuHnamga  Na' -KaHaITapUHEHT
AXTUMOJIMM POJIMHU KyIIMMYa PaBUIIA TEKIIMPHUILI Y4YyH YHHHT JEMOISPU3ALMS
ToMoHugaH Na'-kaHammapu uMHakTHBanuacM —mapoutHaa Myxutaa  KCl
KOHUEHTpauusicuiu 24 MM rauya omwupum Hynu OuiaH TabCUPH YPraHWIIU

(Catterall, 2003).

A b
100 7
—O@— Jlunoxanu |
1001 —&— 15-TAA (30 MxM)
~ 80 15-TAA (30 MxM)
& 801 % |
= £ 60
= <
? 60- E -l
g 2 404
= 40 2]
P &
£ 201 20
< |
0 r ) 04
100 47 24 KCl (MM)

10
Log [JIupoxann] (mxM)

o-pacM. 15-TAA aJaKaJOMAMHUHI HHOTPON TAHCHUPHMHHU TNMOTEHLHAJIra

OOFJINK Na+-KaHaJmapn X0JIaTHTAa OOFJIMKJIMIHN. A. [5-T'AAnune audokaun 0o3a-
apdpexm sepu uuzuzuea mavcupu. b. 15-T'AAnune Na'-kanannapunu Oenonspusayus opKaiu
mevép 6a unaxmueayunoa mavcupu (24 mM, KCI). Opounama yKuoa — MycKyi KUCKapuul Kyuu,
100% 0eb xabyn Kunuwean maxcumanea uucoamawn ¢houzoa ughooananean. bapua xonnapoa

P<0,05, (n=4).

5-pacM, b 1a kypcaTuiraH HaTWXKagapAaH KypuHuHO TypraHmaek, Na'-
KaHaJUIApUHUHT HMHTaKTHBaUUsCU mapouTiapuaa 15-'AA ankanounu HopMmal
KpeGc spuTmacuaa onMHraH HaTWKajlap Ha3opaTra HUcCOATaH COJIMIITHPTaHIA
(92,7+2,4%) manuuiap MyCKyJIM KHCKapuImuHU (akat 63,7+5,6% ra kaMauTup.Iu.
By natmxanap nunokanH OuiaH OJIMHTaH HaTWKanap OunaH Oup katopna 15-T'AA
ankagmouauHuar MUDHU TapMUHIIAIIgA Na+-KaHanJ1apH MYXHM POJ YHHAIIUIaH
nanonat Oepanu. byHna Na+-KaHaJ'IJ'IapI/IHI/I 0y10Kk1a0 Ba KapAMOMHOLMTIApaa Na*
MOHJIApH MHKIOPUHM macaiitupran ankamomn Ca’" wmomnapummer Na'/Ca®*-
aIMAlIMHYBYM TU3UM OPKAJIM YUMKUO KETUIIMHUHT KydalMIlINra 3aMUH SpaTuo,
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yinapHuHr 1nutomasmMa Ba CP nmarm mMukaopunu nacatupuiid MyMKuH (Bers,
2000).

15-I'AA  ankanooununz  kapouomuoyumaapda Na'ICa®* -ammawunyeuu
musum  opkam  mavmunaanyeuu Ca®t uonnapu  mpancnopmuea  mavcupi.
FOkopuna kypcatu6 yrmmranmaex, 15-TAA ankamommu Na'/Ca®*-anmarmmaysan
TU3UM MYXUM pon yiHaiauran CPra C8.2+I/IOHJIapI/IHI/IHF WWFUIIALLI )KapaéHUHU aKC
STTUPYBYM NANWUIAP MYCKYJUIAPHUHT TOCT-PECT MOTEHUUALUACHUHHU Ce3ujiapiu
napaxana topmosnad kysaau (Bers and Christensen, 1990). llly myHocabat 6unan
15-TAA ankanoumuauar MWD  keifmaru TaBcudu yays ymamar Na'/Ca®'-
aIMAIIMHYBYH TH3UM OPKAIM KapIHOMHOIMTIApra Kupub kenysun Ca’ Honmapu
OwiaH TabMHHJIAHYBUM Moaubukanusuianran Kpebc sputMacu Ba 1Opak
[NIMKO3WAM oyabauH OWIaH MHAYUUPJIAHYBYM MNANWUILIp MYCKYJUIAPHUHT
KucKapuiura tabcupu ypranwiau (Blaustein and Santiago,1977). bynaa 15-T'AA
ankanouan Moaudukanusnanrad Kpebc sputmacu Ba Na® MOHIApUHMHT TIacT
Mukgopu Ounan (35 MM) wuHAyOUpIaHYBYM TNANWUISLP MYCKYJUIQPHUHT
KHCKApHUIIK caMapalid paBuIIia TOPMO3JIAHIH.

AnkaiougHUHT Oy TabCUPHU Jl03ara OOFNMWK Tabuatra 3ra 0ynubd yHuHr 30
MKM KoOHIIeHTpauuscuaa, Hazoparaan (72.6+4.8%) kuckapui kyunsau 11.6£3.1%
rava nacain® KeTuIm Ky3aTtuiaau, yHuHT EJlso kuitmaTi aca 16.9 MkM HEM Tanmku
ki (6-pacm, A). YOy Hatmwkanap KpeOcHUHT MoauduKaIysiaHraH 3pUTMach
TOMOHUJAH WHIYIUPJIAHYBYM TMANWUILP MYCKYJl KucKapumuHu 15-TAA
alIKaIONIN TOMOHMIAH KaMmaifmn yeuer Na'/Ca’'-aiMaldHyBYM TH3UM OPKAIH
kupu6 kemyBun Ca®* HOHIapUTa TabCHPH OWIAH GOFITHK OYTHIIN MYMKHHINIHIAH
nanojar 6epasiu.

A b
1001 1 Na™ (35mMM) 1007 I Oya6aun (20 mxM)
] I 15-TAA (30 McM) ] I 15-TAA (30 mxM)
B KB-R7943 (20,6 mkM) B KB-R7943 (20,6 mkM)
807 B KB-R7943+15-TAA (30 Mk M) 801 B KB-R7943+15.TAA (30 Mk M)

-
= =
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[=2]
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401 40-
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6-pacm. Moaudpukauusiaanran Kpedc sputmacu (A) Ba oyadaun (b)

TOMOHUJAAH WHAYNHPJIAHIAH KajamMyll Opard Nanuuifgp MYCKYJIHHUHT

Kuckapumura 15-T'AA ajakajJOMAMHUHT TAbCUPHU. Mooudurayusranzan Kpebc
spummacu mapkubuoaeu NaCl 35 mMea xamatimupuiub, yHuHe OCMOIAPIUSU IKEUMOJAD
KOHYeHmpayusaoazu XoauH XJA0puouHu Kywuuwl ounan ywinad mypunean. Opounama ykuoa -
myckyn  Kuckapuuwt  xyuu, 100% 0eb6 kabyn Kununean makcumanea Hucobamau gouzoa
ughooananean. bapua xonnapoa P<0,05, (n=4).

Kuckapum kyuu (%)
Kuckapum kyun (%0)

Ny
o
1

Yoy taxmunHu taxkpuOanapi, 15-I'AAnunr moaudukanusianran Kpedc
spuTMacu OWilaH WHAYIUPJIAHTaH MNanuJUIsip MYCKYJIM KHCKApUIIUra TabCUPU
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Na'/Ca**-anMamuHyBun  TH3HMHHMHT  crenmuk  Gmokatopy  KB-R7943
umtupokuaa yprauwiau (Satoh, 2000). by taxpubamapaa myxutaa 20,6 MkM
KB-R7943 maBxyn mapoutia, Mmoaudukanusianrad Kpedc sputmMacu TOMOHHIaH
WMHIYIUPJIAHTaH NanuuIsp MYCKYJUIAPHUHT KUCKApUII Ky4d sipMuUTa Nacairaspa,
AJIKaJOMIHUHT TahCUPU XaM CE3WJIapu Japaxkajga Kamaiiau. by Hatwxkamap myHu
Kypcaraauku, Mogudukanusuianrad Kpedc sputmacu TOMOHUAAH UHAYIUPIaHTaH
NamWwuIsip MYCKYJIM KUCKapuin KkKyunHu 15-'AA  ankamouau TOMOHUIAH
xamaiinmm Ca* VMOHJIAPUHUHT KUPHUO KEJIUIIMHU KaMaliu OunaH OornmukK. Xyaau
myHra ¥yxmabd 15-'AA ankaiougu oyabavH TOMOHUJAH MHIYLHUPIAHYBUU
mamwusp MyckyuiapuHuHr  Na'/Ca™'-alIMaliHyBYM TH3MM ODKAIH KHPHO
kenyBur Ca” -MOHIApHM TOMOHWAAH TabMHHJIAHYBYM KUCKAPHUIIMHU TOPMO3JIAaraH
(Rossoni et al., 2006). bynna ankajdoOWIHHHT Ma3Kyp TabCHPH j03ara OOFIIHK
tabuatra dsra  OynuoO, KUCKapuIIiap amrutynacuHuar - 30 MM
KOHIIEHTpaluscuaa Hazopatra HucOaran (68.6+3.6%) makcuman (6.9+3.1%)
Kamatupuiiv, Ba YHUHT EJlso -15,8 MkMHM Tamkun kunau. byHaan tamkapw,
15-TAAnunr oya0aH TOMOHMJAH WHAYIMPJAHTaH MalNWwuUBP MYCKYJTHUHT
KHCcKapumura tabcup camapacu KB-R7943 umtupokuna xam ce3uyiapu aapaxaja
nacaiiran 6ymu6, 6y yHEHT Kapapomuonutiapra Na'/Ca’*-anmammayBun TH3UM
opkamn Ca®® HWOHTAPHMHWHT KHPHO KENHWIINTa TAbCUPHHM sHA OHp 6op
ucOoTnaiian. Maskyp TaxpuOanap HATWKIAPUHU TAaXJIWIU IIYHH KYpPCaTIWKH,
15-TAA ankanounu gespiu Oup xui Tabcupra Ba EJlsp HUHT SKUH KUWMaTIapH
Oowran wmomudukanusiaanran  KpebGc »spurmacu Ba oyabawH TOMOHMJIaH
UHAYLIUPJIAHTAH Tanwusdp MYCKYJUIAPHUHT KHCKAapHILJIApUHU TOPMO3JIANIH.
Maskyp Typid XuJl ~METOMJIap TOMOHHWAAH HWHAYLHMPJAHTaH NanuuIsap
MyCKY/UIapHHHT KucKapumu Na'/Ca’*-alIMalmHyBYH TH3MM OpKald KHPHO
KeIyBYH Ca®* WoHIapura OOFIMK OynumHu Xucobra onu0, 15-'AA ankamounu
MUDTHHM TabMUHIANLAA Yyiap TOMOHMIAH Na+/Ca2+-anMamHHquH TU3UM
OpKaJli KUPUO KeIyBYH Ca®* VOHJIADUHUHT KaMaluIu MyXuM poi YiHaiinu ned
Xylloca YHKApUIl MYMKHH. Ankamonguuar Na'/Ca®*-anMammHyBun TH3uMHra
OyHIall TabCUPU UKKUTA TYPJIU XU METOJIJIap TOMOHUAAH UHAYIUPIaHTaH, YHUHT
KB-R7943 cnerudux 6;10KaTOpU UIITUPOKHIA MATUIUISAP MYYCKYJIHU KUCKAPUIIIUTA
TabCUPHU CE3WIAPH Japakaja macaind KeTuIy OuiaH ucOoTIaHa u.

HMuccepranussHuHr  “15-ameTokcHMa3oMeTHMH  ATH3MH  JMTEPIHEHOU
ANKAJTOWIUHUHT  KaJaMyll Opard Nanwuisip MYCKYJH  KHCKApHII
daonaurura tabcupunn TaBcuduiam’ 606u 15-AAAHUHT MycOaT Ba MaH(uit
TabCUPJAPUHH Y3UTA XOC XyCYCUATIAPUHY YpraHUITra OaruilIaHTaH.

15-AAAnuaT mamwuisip Myckynura Tabeupu 15-UAAnan dapk xkumu0,
WMKKJA TOMOHJIamMa xapakrtepra 3ra 0ynuo, 15-AAA nact koHueHTpauusiiapuaa (<8
MKM) Ba ky3raTumiHuHr nact ydacrtoranapuga (0,1-1 ') y mamwmsap Myckyn
KUCKapUIll KYYUHU OLIUPAJH, IOKOPU KOHIIEHTpAIUsl Ba KY3FaTUII YacTOTalapujia
3ca akCMHYa, YHU TOPMO3J1a0 KYSIH.

15-44AA anxanouounune mycbam UHOMPON MABCUPUHUHS Y3U2A XOC
xycycuamaapu. WukybOanus wmyxutura S5 MKM  15-AAA  agkaJlOMJAMHUHT
KAUPUTWINIIHA TANWUIAP MYCKYJT KACKAPHII KyYHHUHT CTalMOHAp KUCKAPHIILIAp
Hazopat papaxacuaaH 21,8+3,2% ra ommmu Ounan kedaau (7-pacm). HOpak
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MYCKYJIM KUCKapHuIll KyYMHUHI OyHAall omumM €KM MycOaT MHOTPOIN TabCUPU
MUT karop kaTexonamuHiap (aJpeHaJUH, HOPAJAPEHAINH) TabCUPU YUYH XOC

Y, 2+
oymuO6, y  kapauomumorwmtiaapaa  [Ca”];  HMHr  ommmura  OOFJIHK.
KarexonaMuHIapHUHT OyHnamn TabCUPH B-anpeHopenenTopiaapHUHT
CTUMyJsiLMsicu  Tydailnu  TabMUHIAHUO, ynap aJlCHWIaTUHUKIIa3aHU

daommamtupaguy Ba UAM® daonnmamumunHu KyuaiTupran xonga Ca?’
MOHJIApUHUHT cadapbap STUIIMIINATA Ba [Ca®*]i HUHT omMImIKTa 3aMHUH ApaTaau
Ba OYHMHI HATH)Xaculla OpaK MYCKYJIH KUCKapUIUIAPUHUHT Kydalumu pyu
o6epaau (Bers, 2000). By mabnymoTnap Xyaau myHra yxmam MexaHusm 15-AAA
ankanmouauHuHr MUT acocupa €ruiiu MyMKUH €0 TaXMUH KWIMIITa acoc
Oynanu.

A b
Ha3sopar .
| | 1201
100
tn | L 2]
500 mc. 'r ' 10 mun. ) E 804
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E 60
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E ]
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|_| : : 0 T T T T T T T T T T T T
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15-AAA (30 mxM) 15 - AAA (MkM)

7-pacm. 15-AAA agkajJouaM  HMHOTPON  TAHLCHPUHMHI  YHHHT

KOHLIEHTPAUMSJIAPUTA OOFIMKIMUTH. A. 5 6a 30 mxM 15-AAA unompon mavcupunune
opeunan 3anucu. b. 15-AAAnune nanunnap myckyl KucKkapuuiiapuea mabCUpuHu YHUHR
KOHyenmpayuscuea boenuxiueu. Opounama ykuoa - myckyin Kuckapuws kyuu, 100% o0eb kabyn
KUNUH2AH MaKcumal Hucoaman gouzoa ugpooanranean. bapua xonnapoa P<0,05, (n=6).

bupok, ankamougHuHTr Oy Tabcupu B-aapeHOPEIENTOPIAPHUHT CIIeIU(PUK
OyokaTtopu OynraH TpOMpaHaAION UIITUPOKHIA XaM cakjiaaHuO Koiaub, Oy 15-
AAA ankanommguamar MMUT B-agpeHopenenTopiap Ba aJcHHIATIIMKIIA3a
TU3UMHUHUHT (aoyutamyBura OOFIUK SMaciauruaaH ryBoxymk Oepamu. Iy
Ounan Oupra, 15-AAAHHUHT TabCUPHU C&2+-KaHaJIJIapI/IHI/IHF [IOTEHIIHAJITa OOFJINK
O10kaTopu — HUPEAUNUH UIITUPOKUAA XaM Ky3aTWITaH 0ynu0, Ma3Kyp KaHayap
opkamut Ca”" MOHNAPUHMHT KMPHO KENIUIIM OpKaau (AoJIallyBUHH MYyCTACHO
stagu. Iy Owman Owpra, 15-AAA ankamouguauar MUT Ky3raTUITHUHT TacT
gacrotamapuna (0,1-1 T'm), ropak MyckynwmHHHT KucKapuimm acocaH CP man
axpann6 uukyBun Ca”’ WoHMapu XucoOMTa TabMHHIAHYBYM INApOMTIApAA
Kysatuwinau (Maier et al.,, 1997) Ba TaxMWH KWJIMII MYMKWHKH, YHUHT amajra
ommwumuaa CP gapaxacumaru XyJaau IMIyHra yXIam MeXaHu3M UIITUPOK ATajau. by
TaXMUHHM  TEKIUpUO  Kypumr  yuyyH 15-AAAHUHr Xyaaum  OKopuaa
KYpcaTUiIraHUACK, Manuissp MYCKYJHUHT MOCT-PECT MOTECHIMAIUACUTAa TabCUPHU
Vpranwiu0, y Ca®* vownapua CP ra #urmiMimmu Ba axpain® YHKHUII
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xapa€HiapuHu akc 3TTupanu. bynna myxutaa 15-AAA (5 mxM) umtupokuna Bl
OMpPUHYN KUCKAPUIIHUHT aMIUIMTyJacu 30 COHUSUIMK TUHWIMK JaBpUJAH KEHHUH
Hazopatnan 76,6+8,1% ra omau (8-pacm, A). Illy Owman Oupra, Maskyp
mapouTiapia  CTalMoOHap  KUCKapuIljgap  aMIUIUTYJaCMHUHI  OuMpMyHYa
KYTapWIdIIKM XaM Ky3aTuiano, y Bl ra mucbaran O6upo3 nactpok Oynud, HUCOMA
noteHuanus kuiMmatuau (2,20+0,18) (B1/B0) Hazopar mapaxkacura HucOaTaH
1,89+0,10% ra ce3mnapu napaxaja omUIIUAAH nanonatr oepaau (8-pacMm, b). Iy
ounaH 6upra, MOTEHIMALMS HUCOaTH KnitMatnan ommmy Ca®* momnapuamar CP
Hurnidm xapaéHuHu kypcarruun 6ynu6 (Mill, 1992), 15-AAA ankanouJIUHUHT
MOTEHUUPJIOBYA TABCUPHU Ca” mmar CP 1a WUFMIMIIMHEHT Ba Kylumya
OLIMIIMHUHT Kydaluiura OOFIMK OYnub, y manwuisp MYCKYyJd KUCKapUIIUHUHT
KydalHIIMHYA TabMUHIai. FOkopuaa Tapkumiab yruaranummsaek, CP na Ca®™
MOHJIAPH MHKIOPHHHHT perymsmsicnaa Na'/Ca™ -anMarmuyBYd TH3HM MyXuM
pon VitHAO, ynap KapJAHOMHUOIIMTIApra Ca?* HWOHJApH KUPUO KEIUIITHHH
TabMUHIANAKU Ba ynapHuHr CP pgaru MUFMIMIIMHU OIIMPHUO, I0paK MYCKYJIUHUHT

KHCKApyBUAHIMK (aoJUTMTHHUHT omuinura uMkoH Oepaau (Bers and Christensen,
1990; Shattock et al.,2015).

Haszopar Bl 307 [ Hasopar
. Hl 15-AAA (5 MkM)
BO 8 25
-
m
lMHI = 2.0 _
— g E
30¢ 'S
£ 15
15-AAA (5 mxM) B1 z
g 10
B0 s
E 0,54
1 MHI 0
—

30c¢

8-pacMm. 15-AAA (5 MkM) HM KaJaMylll IOPArd NANWLISIP MYCKYJIUHUHT
NOCT-PeCcT NMOTeHUHANUACUTA TABCUPH. A. [5-AAAnune (5 mxM) nanunnsp myckyn
nocm-pecm nomeHyuayuscued mavcupunu maceupirosuu €3ys. b. 15-AAAnune nomenyuayus
Hucoamuea (B1/B0) mavcupu. Opounama ykuoa — B1/B0 nucoamu. bapua xonnapoa P<0,05,
(n=5).

Bynma Ca®* HOHIAPUHMHT KapAMOMHOLHMTIADIAH UYHMKHO KCTHIIMHH
rapMumIoBaH  Na'/Ca’'-anMaldHyBY4M —TH3MMHHMHT acocHil  (yHKIMSCHIAH
TalIKapy, Xxap OUp KUCKApUII aKTHIAH KEWHH y IIYHUHIJEK XapakaT MOTEeHIMaIu
TJIATOCHHUHT TYIHO KETUII BAaKTH/Aa YJIAPHUHT KUPHO KEIWIIHIA XaM HIITPOK
atanu (Bers, 2015). bBynman tamkapu ropak TIMKO3HTAPU KEITHPUO YUKApaIuTaH
MycOaT HMHOTPOIN TabCUP XaM Na+/Ca2+-aJ1MaHH/IHqu1/I TU3UM OpKaJlIu KUPHUO
kenaguran Ca’’ HOHIApH OpKalM TabMHHIAHANM Ba OYHHHT HATHXKACHIA
KapAuoMuormTiaapaa Na' HOHTApHMHMHT XyXkaiipa W4M Japakacd Macasau
(Nishio et al.,2002). By masiaymornapau Na'/Ca**-anmammakBun Tmsumra 15-
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AAAHUHT TOTEHUUPIOBYM TAabCUPUHU TabMWIAIIJATH OXTUMOJIUM pPOIUHU
xpucobra onraH xojjga yHHHT crnenuguk Omokatopu — KB-R7943 moueBuHa
XOCUJIACH MIITHUPOKUAA YHHHT camapanapu ypranwiad. bynna KB-R7943 Hunr
MaKCUMall TabCHpP KOHUEHTpauusicu umrtupokuaa (30 MxM), Na‘/Ca*-
aJIMAIIMHYBYU THU3UM TYIUK OJIOKJIa0 KyWwiraH mapoutna myxutra 5 MM 15-
AAAHUHT  KUPUTWIMIIA  QIKAJOWJAHUHT  TOTCHIUPJIOBYM  TabCUPUHUHT
puBOoxiIaHumura onub kenmaau (9-pacm, A). Ily Owunman Oupra wmaskyp
Taxpudbanapaa anukiaaHuinauk, KB-R7943HuHr mact KoHIEHTpauusiiapuia -
Na*/Ca®*- aJIMaIIMHYBYM TU3UMHHUHT (QYHKIHMSACH KUCMaH CakjiIaHuO KojraHaa 15-
AAA NOTEHIIUPIOBYU TabCUP KENTHPUO YMKapuIira Koowmsamim 0ynanu (9-pacw,
b).

A b
120 === [ Hasopar 120 pEsy [ Hasopar
3 15-AAA (5 MxM) = 15-AAA (5 MkM)
1 Il KB-R7943 (30 MmxM) 1 Il KB-R7943 (20,6 MmxM)
100+ x Il KB-R7943 + 15-AAA (5 Mmx M) 100+ x Il KB-R7943 + 15-AAA (5 mx M)

80- 80-

60-1 60-

Kuckapum kyuu (%)

40 40

] ._. K
0

9-pacm. Na‘/Ca™- aiMammHyBYH TH3MMHMHT crenu(HK 0J0KATOPH
KB-R7943uunr 15-AAA ajkaJOMJIMHUHI NOTEHHHUPJOBYM IPpdexTura

TAabCUPH. 15-AAAnune 30 mxM (A) ea 20,6 mxM (b) KB-R7943 uwmupokuda nanunnsap
MycKyn Kuckapuwuea mavcupu. Opounama yKuoa - myckyin uckapuws kyuu, 100% 0eb xabyn
KUIUHeaH Makcumanea Hucoamaw gotiuznapoa ugooananean. bapua xonnapoa P<0,05, (n=6).

Kuckapum kyun (%)

By taxkpubanmapHUHT HaTW)XKaJlapu IIYHIAH TYBOXJIMK Oepanuwku, 15-AAA
HUHT [OTCHUMPIOBYM TabCHPHHM aMmaira ommpuiiga, adruman, Na'/Ca®'-
alIMALIMHYBYM TH3UM TOMOHHIAH eTKa3uO OeprnyBurn Ca’ MOHIApH MIITHPOK
a6, ynap keiinHuanuk CP  kupub, nanwuisip MyCKyJn KUCKApUIIUHUHT
Ky4JaluImra 3aMuH sipaTajiu.

15-AAA MOTEHIMPJOBYN TabCUPUHHUHT Oy KaOW MEXaHM3MHUHH HCOOTIIAIT
yayn Ca”" monmapunusr fiuFummmy Ba CP ra axpanub YHKWIIM KapaSHIapUHU
ypranumiga KeHT KYJUIaHWIaJAuraH KOo(QewH WINTUPOKUAA YHHWHT TabCHUPJIAPU
Vpranwiau. Kodeun CPnan Ca® WOHJIApU  aXPadud YMKUUIIMHUHT KYy4Jd
CTUMYJISITOpH OYNHUO, OYHUHT HATHUXKACHUIa TUHWIMK XoJiaThaa ynapHuHr ssHa CPra
KalTagaH WurwMm  okapaéHmapu  okuanuid - Oyswmanu  (Stephenson,2008).
Hapxakukar, 10-pacmma kypcarwiranujaek, 8 MKM KOQEHH HINITHPOKHIA
noteHnuanus HucoatuHuHr Kuiimatu 1,894+0,10 gan 1 raya Tymmb ketaum, Oy
X0JaT TOCT-PECT MOTCHITUAIUSHA TabMHUHJIOBUYA MEXaHWU3M HIUIAMACIUTHIAH
nanonat Oepud, OyHuHr HaTtmxkacuga CPra Ca® VWOHJIAPUHUHT KUPHUO KEIUIIU
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TyxTaiiau. bynaa my Hapca aHuKIaHAUKH, KodheuH Tabcupu poruaa 15-AAAHUHT
(5 MxM) KyIIMIUIIM Nanuuissp MYCKYJ HOpPMall PEAKUUSCUHUHT THUKIJIAHMUILIUTA
01H6 KeIMaiiny, 6y aTKaIOMIHUHT MOTEHIMpPIoBYH Tabeupu Ca®’ monmapuuu CP
Ja TYIUIAaHUIIMHU TabMHUHIIOBUM JKapa€Hyap OunaH Oofnuk Oyica kepak. by
TaXMUH  KOQEMHHUHI  TacT  KOHIEHTpauusjiapy  OWjiaH  MOCT-pecT
MOTEHLMALIMSIHUHT KUCMaH TOPMO3JNAHUIIM Inapoutinapuaa 15-AAA (5 MkM)
TAbCUPUHU Ypranuiga y3 ucoorunu tonau. bynna 3 MkM kodeuH umrupoxuaa
noTeHyanus HcoatuHuHr Kuitmatu 1,440,12 ra tymmb kerca, 15-AAA nHunr (5
MKM) kymmnmumuga yHuear 1,7440,14 ra ommmmm ky3atuinagu (9-pacm, b). By
HaTWXKaJlap MOCT-PeCT MOTEHUUAUUSHU TAbMUHJIOBYM MEXAaHU3MHHUHI KHCMaH
UIuUamy  mwapoutiapuga 15-AAA  ankanouad NOTEHUUPIOBYU S(PPEKTUHUHT
UHAYUUPJIAHUILI KOOMIUSATUHYU cakiaad KoJaJiu.

A b

2551 ] Hasopar 251 ] Hasopar
Il Kodeun (8 MxM) Il Kodenn (3 MxM)
Bl Kogeun + 15-AAA (5 mxM) Il Kodenn + 15-AAA (5 MmkM)

o
-
—_— ==

2,0 2,04

1,51 1,54
1,0

0,54

IMorenumanus nucoaru, (B1/B0)
IMorenuuauus Hucoaru, (B1/B0)

10-pacm. Kodennnunr 15-AAA  ajakaJoOMJIUHH NOTEHIUPIOBYHU

dpdexTura TabCUpu. 15-AAAnune 8 mxM (4) eéa 3 mxM (B) xogeun uwmupoxuoa
nanuasp MycKyn nomenyuayuscu Hucbamuea mavcupu. Opounama yKuoa — nomenyuayus
neubamu (B1/B0). Bapua xonnapoa P<0,05, (n=5).

Ymoby taxpuba HaTkamapu 15-AAA anKaJOMIUHUHT MOTEHIUPIOBYU
sdpdextn sxtumon, Ca’* wmomnapummar CP ra HuFMIHm SKapadHIApHHHHT
MoauuKaIusacy Oviad O0FIuK Oyaumy MyMKuH. 15-AAA ankamouauaunr CP ra
Ca®" MOHIAPHMHMHI WHFMIIHIN XKapadHIApUra TabCUPHHH TabpH(IAl MaKcaania
Ca’*-ATdazaHuHr celeKTHB HHrHOUTOpH OyiraH, acocan Ca’‘monmapunn CP ra
WWFWINIIMHY TabMUHJIaauran mukionuazod kuciaortacu (I{IIK) wumrrupoxuma
yauHT S dexmmapu Yypranwiau (Takahashi et al, 1995). by taxpubanapna
myxptra 30 MM [IIKHMHT KYIIWIUIIN TOTEHIUANMSA HUCOATMHUHT | Tada
TyImm6 KeTumy 6uian gaBoM 5tu6, 6y Ca’ -ATdasaHuHr nHrubupnanumy Ba CP
ra Ca’ WOHIAPUHMHT JUFUIMIIMHA TOPMO3JAHHINM HATHXACHAA IOCT-PECT
MOTCHIMAMSHUHT Oy3unummuaan napak oepanu (11-pacwm, A).

By mapoutnapaa 15-AAA (5 MkM) HUHT KYIIWIAIIKA XyOOu KOQeuH OunaH
VTKaswiran Taxpubamapmard KaOW TOCT-peCT TOTCHIMANMSHUHT — KaiTa
TUKJIAHUIIM OujiaH OopMaraH, 0y ajiKaJOUJHUHT MOTEHIHUPIOBYN TAbCUPUHU Ca®*
vorynapuau CP ra WWFUIWIIVMHN TabMUHIOBYM >KapaéH OwiaH OOFIWKINTHHU
kypcaragu. Iy Ounan Oupra Oy Taxpubamapna IIIKuuar mnact
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KOHLETpalUsIapyua NOCT-peCcT NOTEHIMAIMS KUCMaH cakiaHuo Koica, S MkM 15-
AAAHUHT KYIIWIMIIK TOTEHUHauss HucOatu Kuitmatunudr 1,5+0,11 nan
1,7240,12 rauva ommiu Ounan kedaau (11-pacm ,b). by Hatuxkanap 15-AAA HUHT
MOTEHIUPAOBYN AP eKTn Ca* noHnapuHuHr CPra #urunuin xapa€HUHUHT
(aosnanryBu Ba OXMPrucuaa YHUHI MUKJOPUHU OLIWIIM OMiIaH OOFiauK Oynuo, Oy
Nanuuisp MYCKYJIHUHI KUCKApUUUIApUHM Kydadumura €paam Oepaau. FOpax
MYCKYJIM KUCKApUII (DaOJUIMTUHUHT CTUMYJISILIUACUHM IIYHTa YXIIall MEXaHU3MHU
Aconitum aBiogWra KHPYBYM YCUMIMKIAH aXpaTuO OJMHIaH aKOHUTHH
anKaJouau YIyH Xoc Oynmb, YHMHT acocuaa moTeHnmanra Oormmk Na®
KaHayutapuHuHr Mojudukanusacu éragu (Wright,2002; Zhou et al.,2013). bynna
akOHUTHHHUHT Na' KaHanmapu 6UIaH y3apo TabCHPIAIyBU HATHKACHA

A b

2,51 [ Hazopar 2,51 [ Hasopar
Il LK (30 MmxM) Il LK (5 mMxM)
Bl LK (30 MkM) + 15-AAA (5 MM ) Bl UMK (5MxM) + 15-AAA 5 MxM )

o =
e —

2,0 2,04

1,54 1,54

1,04 1,04

0,5 0,54

Morenunanus nucoaru, (B1/B0)
IMorenunanus Hucoaru, (B1/B0O)

0

11-pacm. IuUKJIONMA30H KHCJOTACMHUHT 15-AAA  ajkajJouauHu
noreHupJaoBuu d¢pdextura tabcupu. 15-AAAnunr 30 MmxM (A) Ba 5 MmxM (b)

LMK umtupokuaa Tanuuistp MyCKy/ MOTSHIMALNS HUCOTUTA TabCUPU. Opounama
Vruoa — nomenyuayus nucoamu (B1/B0). bapua xoramaapoa P<0,05, (n=5).

yIAapHUHT HWHAKTHBAIlUSg MEXaHW3MU OY3WIHMINM aHWKJIaHTaH Oymub, Oy
kapanomuonuTiapra Na“ HOHNAPUHMHT KMPHMIIMHM KydaliMMIIMra Ba YIApPHUHT
MeMOpaHaCHHUHT OapKapop JCMOJSIPH3AIUSICUHUHT  PHBOXKJIAHUIIKNIA — OJUO
kenaan. Bapkapop menonspusaums, 3 Hasbaruma Ca’’ monmapunmur cadapbap
ATHIIAIITUHA TabMUHJIOBYU KapaCHIapHUHT daonnamnryBura Ba
KapJIHOMHOLIUTIIApAA yJIap JapaKaCHHUHT KynmainO KeTuiura oiud Kemaau, Oy
X0JaT 3ca I0paKk MYCKYJIH KUCKAPUIIMHUHT Ky4aWWUIIUTa Ba ylap PUTMUHUHT
Oy3mnumura oiau0 kemagd. 15-AAA  Ba aKOHUTHH — MOJIEKYJIaJapUHUHT
CTPYKTYpaBUH TY3WJIHINWJATHA YyXallallJIMKHUA Xucobra omub, 15-AAAHUHT
MOTCHIUPIOBYH dPGHEKTH aKOHUTHH TabCUP MEXaHM3MUTA YXIIaraH MEXaHU3M
OwnaH TabMUHIAHCA Kepak Ae0 TaxmuH Kuaum MyMkudH. [y cababmu Oy
TAaXMUHHU TEKIIUPUO KYpUIl YUYyH AKOHHUTHHHH IOPAK MYCKYJIWHU KHCKAPHIII
daonnmurura TAabCUPUHM Ba YHJIAH KEJIUO YMKAIUTaH apUTMUSIHU OJIUHU OJIaJIUTaH
muaokamH umTtupokuaa 15-AAA (5 MkM) wHuar HddexTnapu ypraHwiau
(Antzelevitch, 2014). TaxpuOanapma JHUIOKaWHHUHT MAaKCUMal  TabCHP
KOHLIeHTpausick ¢gonuaa 15-AAA (5 MkM) HU KymIMII Danuuisip MYIIAK
KHCKapHIll Ky4yHra ce3wiapiau Tabcup kypcatmanu (12-pacm, A). by mapoutnapaa
15-AAA HUHT NOTeHIUPJIOBUU FPPEKTUHUHT UYKIUTH, adTUIaH JTUAOKAUHHUHT
MaKCHMan TabCHP KOHIEHTPAIMSCH MINTHPOKHAa Na'-KaHaIIapuHUHT Oapuacu
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Oanyx OynMaraHu y4yH YJIapHUHT ajkajouj OWIaH TabCUpPJALIyBU KMMHMHJIAIIAJH
Ba UIYHUHT YYyH YHUHT 3(QQeKTH HaMOEH OYaMaciauru OWIaH TYIIyHTUPWIALIN
MyMKkuH. By munokauHHHr Ellsg (15MKM) ra Moc kenyBUM KOHLEHTpaUUsCUIAH
doiinananu® Vykaswiaran Ttaxpubanapaa Y3 HCOOTHUHM Tomran OYnuO, OyHaa
NanuuIsp MYCKYJIHHHI KUCKApUII Ky4Yd Ha30paT JapakKaCUHUHI SpMUTa TYLIUO
ketrad. bynaa 15-AAA (5 mxM) ankanouau MasKyp IHIapouTyiapjaa Hanmusuisip
MYCKYJIM KHUCKApHIll KYyYMHH OLIMPaaH, OUPOK Yy JUIOKAWH WYKIUTHAArura
HucOatan mnactpok OVymanu (12-pacm, b). By HaTwxkamap wmyHAaH TyBOXJIMK
6epaauku, 15-AAA HUHT noTeHIUpaoBuH (dexTu yHunr Na' kaHaaiapu OuiaH
y3apo Tabcupu Ty(dailiu amanra omnd, OyHUHT HaTHXKAacHla KapAUOMHUOLUTIapra
Na® monmapuruHr knpu6 Kenmmm (aoIallafd, TUPOBApAMAA yiapia Ca®
MOHJIapU MUKJOPU OPTHO, NANWILISAP MYCKYJHUHT KUCKAPUIIHN Ky4yasiu. DXTUMOI
15-AAA nuHTr 0y 32¢()EeKTH aKOHUTUHHUHT 0ab3u-OUp CTPYKTYpaBUUM dJEMEHTIIAp
OWIaH yMyMHMMJINTH, XYyCyCaH CHpKa KHUCIOTACMHMHI MAaBXYIJIUTUTra OOFIIMK
6ym6, my ca6abmm Na® kaHammapu OmmaH y3apo amoka Ba MWD HuHT
PUBOXKJIAHUIIIUTA 3aMUH spaTyBuM >kapaéuiap aomnamanu. bynma 15-AAA
TOMOHHUJIAH YHHUHI TACT KOHUEHTpalusuiapu uuuiatuiarannaa MWD HuHr maiino
Oynmumu, apTuaaH IOKOPH KOHUEeHTpamusuiapaa y MWD nman yctyH TypyBYuM
MaH(puii uHOTpOon A(P(PEKTHU KeATUPUO YMKAPUILIKA OWSIaH TYUIYHTPUIUIIH
MYMKHH Ba UIYHUHT Yy4yH OyHJIal [IapouTiIapja YHUHT HaMOEH OYIuIIH
Ky3aTUJIMANIN.

A b

1204 =3 [ Hasopar 120+ =1 [ Hasopar
3 15-AAA (5 MkM) ] [ 15-AAA (5 MxM)
Bl JTnjokann (30 MxM) Bl JTugoxaun (15 mxM)

100+ B Jlusoxaun + 15-AAA (5 mxM) 100+ B JTugoxaun + 15-AAA (5 MkM)

H

H

801 80

60 60

401 401

Kuckapum kyun (%0)
Kuckapuum kyuu (%)

201 201

0 . 0

12-pacm. 15-AAA  ajkajJOMJAMHU  NOTEHUUPJIOBYH IPdeKTHUra

JUAOKAMHHUHI TaAbCUPHU. 15-AAAnunz 30 mxM (A) ea 15 mxM (b) nudokaun uwumupoxuoa
NAnUIApP MycKyl Kuckapuwiuea mavcupu. Opounama yKuoa - MycKyl KUCKAPUWMUUHZ KY4l,
100% 0eb kabyn wununean makcumanzea nucoamau @ouiuzoa ugooananean. bapua xonnapoa

P<0,05, (n=6).

Myamait kumu6d, 15-AAA ankanmouguHUHT MycObar uHOTpom 3PHEKTHHU
ypranum  kapa€Hua OJMHTAH MabIyMOTJIADHUHT  TaXJWIWJAAH  YHUHT
PUBOXKJIAHUIIK  aCOCHJIa IOpaK MYCKYJIH KUCKAPUIIUHUHT  KyYaWHWITUHA

+
TabMHMHJIOBYUM  KapaAuOMHOLMTIapra Na  HOHJAPUHUHT KUPUO  KEJIUIIUHU
9 2+ .
kydaitnmm Ba Ca” wonnapu cadapOap KWIMHHINYN >KapaéHIapUHUHT (HaoJuIanTyBu
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6unan keuyBur Na’ kanannapu QYHKIMACUHUHT MOAM(UKALUACH ETHIIM MabIyM
Oynanu.

15-4A4A anxanouounune manguii uHOompon 3¢pexmunune y3uea XOoCaiucu.
Oxopu koHnetpanusiaapaa (>8 MkM) Ba Ky3ratuin yactotanapuma (>1 I'm) 15-
AAA ankanouau Nanwuisip MYCKYJIM KUCKapull (DaoJIMTUHU — Ce3usIapiiu
napaxazaa nacautupaau. AnkamouaHUHT 0y 3¢ dexTu n103a-00rauk 6ynuo, 30 MM
KOHILIEHTpALUAAA MaNWLIAp MYCKYJHUHT KUCKapHIl Ky4u HazopataaH 13,9 +£4,9%
radya nacaiisiiv. bynna 15-AAA makcuman 3Q@QEKTUHUHT SSPMUHU YaKUpaJUraH
KoHUeHTparusicu 16,7 uM 0ynu0, y KY3FaTUIIHUHT IOKOPU YacTOoTalapuaa sSKKOJ
HaMOEH Oynau. By HaTmxkanap okopu KoHuerpauusiiapaa 15-AAA ankanougu 15-
['AA narura Hucbaran kaMpokK HamMo€H OynraH MaHduii uHOTpon 3(deKTHHU
(MUC) namoiium stradH. bynu kedunrum ypranumpga 15-AAAnuHr >0 dextn
AHWKIAHAM Ba y MHKyOamms Myxutiaa Ca”’ MOHIapH KOHIEHTPAIHSICHra GOFIHK
O0Ynu0, yImapHUHT KOHIIEHTPALMSICH OLITaH MalTaa y XxaM Kyyasjau. by Hatuxkanap

by natmxamap 15-AAA ankanouauHuHr MaH@uii uHOTpom 3ddexTu
OXTHMOJ YHHMHT KapaupoMuomuriapra Ca’’ HOHIADHHHMHT KHPHO KeJIHMIINra
TabCUpU OWJIaH OOFIWK OYiica Kepak. by TaxMuHHU TeKmUpuO Kypuin ydyH 15-
AAAuusT 6y dddekrrra norenrmanra 6ormuk Ca’’ KaHAITAPHHUHT GIOKATOPH
HUDETUIMUHHUHT TabCUpHU ypraHwiaud. byHaa 5 MkM HudeaunuH UIITHPOKHIA
15-AAA ankamoumu xyamu Ca®’ KaHANIapUHUHT OJOKATOPH MaBXKyx OyaMaraH
IAPOUTAArY KaOu Manuuisp MYCKYJUIAPHUHT KUCKAPUILIMHUA TOPMO3J1a0 Kysaau. by
HaTIKalapaaH MaHpuil uHoTpon 3(QexT HUEeIUuNnUH HUITHPOKUIA Ce3UIapH
napakaga tymmb kerraH 15-'AA pgan dapx kuwimbd, 15-AAA wHuar MUD
KapIMOMHOLUTIAPHUHT TToTeHImanra 6ormuk Ca’* kanamiapu opkamu Ca”* kupu6
KEJUIIM TOPMO3JaHUIIra Kam napaxkana Oorianras. Illy myHnocabar Ounan 15-
AAA 10KOpHM  KOHLEHTpalUsUIApUHM  TAMWUIAp  MYCKYJIHHUHT  IOCT-PecT
NOTEeHIUANMITa Tabcupu ypranwiran 6ynu6, y CP mapaxkanacuna Ca®* HMOHJIApU
TPAHCIIOPTUHU TAbMHUHJIOBYM KapaCHJIapHU akc 3Ttupaau. bynma 15-AAA (30
MKM) mocT-pecT MOTEHUMAlMs Kapa€HUHM Ce3ujlapu Japakaja TOPMO3JAIIH
aHWKJIaHTaH OYynmuO, moreHmmanuss Hucbatu kKartanmuruHuHTr (B1/B0) Hazopar
kypcarruammaad 1,89 Ba 1,47 ra tymmb keTumu OyHIaH TYBOXJIMK Oepanu. by
Hatwkanap 15-AAA wHuar MUD osxtumon CP  na Ca®' VIOHJIADUHUHT
HurummuHUHT nacainmy Ba CP ga ymap MUKIOPMHHMHT KaMaluImM OwjiaH
6ormk. CP na Ca®" wmommapu mukzopura 1 cuH(ra MaHCyd aHTHAPHTMUK
BOCHTANAp TabCHP KUIMO, Y ToTeHIunra 60Fmuk Na'- KaHaalapuHUHT 6710Kagacu
HaTrkacuaa tabmuHianaan (Heubach and Schule,1998). Illy mynocabar Owian
Na*-kanamuauar 15-AAA ankamonanan MUD TabMUHIIANIATH POJIMHUA AHUKJIAIT
YUYH JUJOKAWH WUIITUPOKWJA YHUHT TabCUPHU YpraHwiaud. byHaa nuaoKauHHUHT
Elso xwitMmatura moc kenyBud 15 MKM nuaokanH wumtupokuaa 15-AAA
ankanouguHuar MWD 17,3+4,1% wmaprtara xkamaiiau. byHgaH Tamkapu
JNENOApU3ALUA OPKAIU Na+-KaHaJ'IJ'IapI/IHI/IHF WHAKTUBALMSICH MIapouTiapuaa 15-
AAA anxanouauauar MUD 54,3+4,7% ra macaiiau. By Hatwkamap JuI0KauH
OuyaH OJIMHTaH HaTWKajapra omnaH oup katopaa 15-AAA ankanounuHuar MUD
TAbMUHNAMAA KapAuoMuonuTiaapHuar Na'-kaHammapu MyxXuM poil YiHAIIMAaH
napak O0epaau. byHna myHu TabKuIJall 3apypKH, LIyHTA yXIaml Taxpubanapia
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nmuaokauH Ba Na'-KaHalIapUHMHT MHAKTUBALMACH KaM japaxkaga 15-TAA
ankanouauHuHr MallD cura tabcup KuiraH. by HaTwkanap myHOaH T'yBOXJIUK
Oepanuku, 15-AAA  ankanmouguHudar MallD amanra omwmuIga  YHUHT
KapauoMuormTiIapEu Na'-kaHannapy OUIaH y3apo TabCHPU MYXHM POJ YiHAMIH.
Bynna Na'-kamammapusu 610K KWIraH Xonga Ba KapauomuonuTiapaa Na'-
WOHJApU MUKIOpUHU mnacatupud 15-AAA Na+/C8.2+-aJ'IMaHII/IHyB‘H/I TU3UMU
opkamu Ca’* HOHTapUHUHT YMKHO KETHIINTa Ba YIApHUHT MUTOMmIasMana Ba CP 1a
MUKIOPUHMHT macaiu® ketumura onubd kenamu (Bers, 2000). By taxmMunHu
Tekmupu6 kypumn  yayH acocaH Na'/Ca’’-aIMalMHYBYM TH3HM — OpKAIH
KapAHOMHOLUTIApra Kupub kemysun Ca’’ HOHIapH opKaid TabMHHIAHAIUTaH 15-
AAA nu Kpebc Ba 1opak TVIMKO3UAM OyaOaWHHUHT MoJudUKaIUsSIaHTaH
SpUTMAcH OWIAaH WHIYIUPJIAHTAH MaMWUIsp MYCYJHUHT KUCKApHUIIUTa TabCUPHU
ypranunau (Blaustein and Santiago,1977). By taxpubanapna 15-AAA Kpebc Ba
oyabavH MojauduKamusIaraH »pUTMacd OWJlaH WHAYIUpPJIaHTaH [anuuisip
MYKYJHUHT KUCKAPUIITUHU caMapalii TOPMO3JIalli aHUKJIaH N,

bynna 15-AAA uunr Oy camapacu jgo3ara 6ornuk Oynu6, 30 MM na
ankamoun Kpebc Ba oyabGamHHUHr Moau(UKAIUSIAHTAH dSPUTMAcCU OuJiaH
WHyIIUpJIaHTaH KucKapuimrau 16,143,7% raua Ba Ellso 18,1 Ounan 17,4 MxM
kuiiMatnapuna 15,4+£3,8% raua kyuaiitupran. Kpebc Ba oyaGamHHUHT
MoauUKAIMSAJIAaHTaH SPUTMAcH OWJIaH WHAYIHMPJAHTaH ManwuIap MYCKYJTHUHT
kuckapuim Na'/Ca -anMammiHyBay TH3UM OpKamy Kupub kenysan Ca” HOHIapH
OWIaH TabMHHIAHKO, Oy Harmwkamap 15-AAAHMHT Maskyp sddextn Ca®
WOHJIADUHUHT KapJUOMHUOLMTIAPTa KUPHUIIMHUHT Oy WYIWHU TOpMO3Jalira
GOFIMKINIUIaH TyBOXIWK Oepamu. Na‘/Ca® -anmammpysuan tmsum opkamn Ca”*
WOHJIADUHUHT KUPpUO Kenumura 15-AAAHHUHT TabCHUPUHHM KYIIMMYa paBUIIIA
ucOotnam yHUHT OsiokaTopu KB-R7943 umtupokuaa yTka3uiarad Taxpudanapaa
onMHTaH 0ynuo, yHUHT umTupokuaa ¢ dexrnap Ba 10,7+2,6% rava kamaiiras. by
HaTxkamap 15-AAA  ankamouau TomoHumaH KpebGc Ba  oyabamHHUHT
MoIU(PUKAIMATIAHTaH PpUTMACH OWJIaH WHAYLUUPJIAHTaH ManuuIsip MYCKYJIHUHT
a'/Ca* -anmammuyBun THsuM Ca’’ MOHIApH KHMPHO KEIMIIMHUMHT MNacaidmira
OOFJTMKJIUTUHUHT SKKOJ UCOOTHIHD.

YMyMaH onrasna, OJMHTaH MabJIyMOTJApHU TaxJIMJ KWIHII LIYHU
kypcatnuku, 15-AAA Ba 15-'AA ankanounanapu UHOTpOIN (GaosTuKKa dra 0yiuo,
y kapauomuountiapaa Ca®’ HOHIApH TPAHCIOPTHHHHT MOAUMDUKALISLCUIa
o6ormuk. bynma 15-AAA Ba 15-'AAnapuunr manduit uHOTpom »ddextn
kapruomuountiapaa Ca”* HOHIApH MHKIOPHHHMHI TMAcailMii Ba YJIAPHHUHT
KICKAPYBYAHINK (DAOJUIMIMHA TOPMO3IAHWINM OwnaH Oupra Gopysun, Ca’'-
TalyBYd THU3UMH (DYHKIMSACHHMHT Mogu(MKaIMsCHra 3aMuH spaTyBud Na'-
KaHaJUTApUHUHT OJiokajmacura OOFinuKiauru aHwkjiaadnrad. Illly Owman Owmpra, 15-
AAA myc6aT nHOTpON 3P HEKTUHUHT acOCH]Ia KapIMOMHUOIUTIAPIa Ca® HOHJIApU
MUKJIOPUHHUHT OIIWIIY Ba YJAPHUHT KHCKAPYBUAHIWK (AOJUIUTUHU KyYalHIIN
6unan 6upra Gopysun, Ca’ -TamryBun TH3MMY (YHKIHSCHHAHT MOXH(HKALIMSICHTA
3aMuH sApaTyBun Na'-KaHammapuHUHT (aonnamysy ETHINN KypcaTuarad. 15-AAA
Ba 15-'AA ankanoujyiapu HHOTpOI (paoJUTMKIApUIard aHUKJIaHTaH (apkiap ynap
CTPYKTYpaBUM TY3WJIUIIMHUHT Y3Ura XOCJHHUKIApU OwiaH OOFIHK Je0 TaxXMHH
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+ 2+
KUanHUO, y Na -KaHautapu XOJaTHHUHT MOIYJSALUs XojlaTuHH Ba Ca“ -TamryBuu
TU3UM QYHKIUSCU MOAM(PUKaLUICUHY Oenruiad oepaau.

XYJIOCA

1. bupunum mapta 15-'AA Ba 15-AAA nurepneHon aJIKAJIOUAJIAPUHUHT Y3UTa
XOC XycycusTiapu TabpudiaHraH Ba ylapHUHr MaHpuii Ba MycOar
daosnmukaapu acocuaa ETyBUM MEXaHU3MIIAp YpraHWIraH.

2. bupunum mapra 15-AAA HUHI AHTHAPUTMUK (DAOJUIMTMHUHT OLIMIIUHU
tapMuHiioBun C-15 yrumepon aromumarn OH-rypyxuan CH3;O-rypyxwura
anMamutupuin  ynu Ounan 15-TAA  cTpykTypacMHUHT MOJupUKAIUSICH
YHUHT MaH@uil uHOTponm  (AOUIMIMHM  Ky4yaWTHpMacaaH, aKCHUHYa,
nacaummra o0 KeJluiy aHUKJIaHTaH.

3. 15-TAA Ba 15-AAAmunr wmanduii uHOoTponm »>¢dextn acocan Na'-
KaHaJUTAPUHUHT OJokajacu OunaH OOFNUK OYnuO, y KapAHOMUOLUTIApJATH
Ca®" WOHIApH NapaXacHHMHI macaiimmmra omnG kemyBanm Ca’'-TamryBunm
TU3UMIIApU QYHKUMACUHUHT MOouUKalusiapyu OuiaH Oupra amanira OmMIIg
AHUKJIAHTaH.

4. 15-TAA Ba 15-AAA ankamowmaapuHUHT MaH(uii uHOTpon 3(deKkTuHu
TabMUHJIAIIAA Na+/Ca2+-aJ1MamI/IHquI/I THU3UM MyXUM pon YyitHa6, yauaT Na'-
KaHaJIapu 6rokazacy Ba Na* HOHTapy MHUKIOPHHMHT TAcalMIIN IIAPOUTHA
haommamysy KapauomuonuTiapaas Ca®* HOHIAPUHUHT YMKHG KETHIIMHUHT
KYYaluIlIU KypCaTUJITaH.

5. bupunum mapra 15-'AA Ba 15-AAA ankaionmiiapu KajJamyll FOpPardHUHT
HOCT-peCT NOTEHI[MALUSICUHU TOPMO3J1a0 1972505000051 AHUKJIAHUO,
CApKOILIA3MATHK peTHKynymra Ca’’ HOHIAp HUFMIMIIMHAHT [ACAMHII,
yJIapHUHT MaHGui uHOTponm >S(PGEKTHHH TabMHHIAIITA MYXHM XHCCa
KYIIau.

6. bupunum wmapra 15-AAA mnact koHumeHTpamusiiapaa (3-8 mMkM) Ba
Ky3raTuimHUHT mact vactotanapuna (0,1-1 T'm) mycbar mHOTpom 3ddhexT
HAMOGH KWIHIIM Ba KapapoMuouutiapaa Ca’’ HOHIApH NapakacHHHHI Ba
YJIQPHUHI  CapKOIUIa3MAaTUK  PETUKYJIYMJIAard  MHUKIOPUHUHI  OLIWIIN
HATW)KACHla KaJlaMyll FOpard Manuuislp MYCKYJWHUHI KHCKapHIIl Ky4UHU
OLLIIIY aHUKJIAHIU.

7. 15-AAA wuunr mycbar uHoTpon d(¢exT acocunaa Na'-KaHaITAPUHHHT
(aomnamysu ETMINM aHUKIAHMO, y KapauoMHuouuTiapia Na'  HoHIapu
MUKJIOPUHHMHI  OIIMIIMIa Ba KajJaMyll [Opard HalWwuip MYCKYJIH
KHCKAPUIUIADHHAHT  KydailMIMHE — TabMUHIOBYM Ca’’  HOHIapHHUHT
cadapOap KWIMHHUIINTA 3aMUH SIpaTau.

8. 15-AAA HuHr MycbaT HHOTPOI camapacHHM TabMuHIamga Na'/Ca’'-
aIMAllMHYBYM TU3UM  MYXUM pojl  VHHAImM  KypcatunuO, yHUHT
KapauoMuoluTiIapaary Na'-kaHannapy MMKIOPH OIIMINMAATU (aosIallyBy
Ca’* HMOHNAPUHMHT CApKOIUIA3MATHK PETHKYIyMra KHPHO KeJHIINra Ba
WUFWJINIIMHUHT KydaluIra oauo Kemaau.
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10.

28

15-AAA Ba 15-TAA ankanougnapu MaHpuil MHOTPON (PaoJUTUKIAPH
opacugaru (apk yJapHUHI CTPYKTYpaBUH Ty3WJIMacUIarv y3ura XOCIUKIIap
6unaH GOFIUKINIY Kypcatuiu®, y Na'-kaHaaiapy X0NaTHHUHT MOLYISIUACH
XyCYCHSTHHH Ba Keimmdanuk Ca’’-tamyBunm TH3MM  (yHKIHSCHHHUHT
Moaudukanusacuuu oenarunad oepaau.

15-AAA HUHr WHOTpON Ba AHTHAPUTMHUK TabCUPH oOpacujard OeBocUTa
KOPPEIALUSHUHT HyKmury, yauar Na® kaHaamapuHu 6nokian 3Q¢heKTHHUHT
nacaluIyv, WYHUHTJEK MycOar MHOTpon ¢aosuurd OusaH OOFNIMK OYnuiu
MYMKHH.
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BBE/IEHUE (anHOTAalIMsl JOKTOPCKOI TUCCEPTALIAM)

AKTYaJIbHOCTh H BOCTPeOOBAHHOCTb TeMbl JuccepTanuu. Bo BcéM Mupe
Ba)KHEHIIEH 3aauell KapAHOJIoruu U (hapMaKoJIOTuu SBJSIETCS pa3paboTKa HOBBIX
MOAXO0/I0B MPOPUIAKTUKH U JIEUYECHUS CEPJCUHBIX apUTMHUI, KOTOpPbIE€ 3aHUMAIOT
BeIyIIee MECTO cpelu (HaKTOPOB pUCKA «BHE3AMHOW KapJIUOTeHHON cmepTu». B
OCHOBE naToreHesa CepJIeYHBIX apUTMHUIA Jaexar HapYIICHUS
ANEKTPO(YU3NOIOTUUECKIX  CBOMCTB  KapAMOMHMOLMTOB, OTBETCTBEHHBIX 3a
BO30yAMMOCTb, aBTOMaTU3M U (opmupoBanue noreHuuana nevcreus (I10). B
CBS3M C ITHM BeAyllee MECTO B COBPEMEHHOW KOHUENUUU NpO(UIAKTUKH U
JICYCHHs] CEpACUHBIX AapUTMUM OTBOJUTCSA CO3JAHUI0 HOBOIO TMOKOJEHUS
AHTUAPUTMHYECKUX CPEJCTB.

[locne oOpereHuss HE3aBUCMMOCTH B PECHyOJIMKE OpraHu3alus Hay4yHO-
UCCJIeI0BAaTEIbCKUX pabor, HaIPaBJICHHBIX Ha co3laHue HOBBIX
BBICOKOI(D(PEKTUBHBIX  JIEKAPCTBEHHBIX CPEJICTB M3 MECTHOTO ChIpb H
NPOBEJICHHbIE MACIITa0HBIE MEPONPUATHS MO OOECIEeUEHUI0 HAaIMOHAIBLHOTO
(apMaleBTUYECKOTO pPhIHKA KAaYECTBEHHBIMU JIEKAPCTBEHHBIMH CPEICTBAMHM Ha
BBICOKOM YPOBHE MPHUBEIM K OMNpeAesieHHbIM pe3yibTatam. [lpu stom ocobo
BaXHO OTMETUTDH JIEKAPCTBEHHBIEC MpENapaThl, MOJy4aeMble U3 MECTHOTO ChIPbS
(IMTEepNEHOUIHBIE  ANIKAIOWABl PACTUTEIBHOTO  MPOUCXOXKACHHS), KOTOpHIE
MIUPOKO UCTIONB3YIOTCS MPU JICYCHUH CEPIECYHO-COCYIUCTHIX 3a00I€BaHUH.

Ha ceronHsmnuil 1eHb BO BCEM MUpPE aKTyalbHOU 3a7adeil ABISIETCS MOUCK
COCIMHEHUN PACTUTEITBHOTO TPOUCXOKICHUS, O0JANAOMNUX [MOTEHIIUATBHOM
(apmMakosoruueckoil aKTUBHOCTBIO, MEPCHEKTUBHOM i pa3paOOTKH HOBBIX
NOAXOAOB K TEpanmuu CcepAeYHbIX apuTMuil. C TNOMOIIBI 3THX COEAUHEHHUI
MOJIyYEHbl Ba)XHBIE CBEACHUS O KIETOYHBIX U MOJIEKYJSIPHBIX MEXaHU3Max
CEpIIEYHBIX aApUTMHUI M Hambojee MEPCIEKTUBHBIX MHIICHIX ISl UX JICUCHHS.
bonee Toro, Omaromapst 3THM COEIMHEHHUSM YJAJIOCh YCTAaHOBUTH Ba’KHBIE
ocoOeHHOCTH  (hapMaKOJOTHYECKON PEryJsiliud  MUIICHEH, YTO TO3BOJIUJIO
paspaborath 3(@PEKTHUBHBIE CIOCOOBI MOIYJSIMU WX  (YHKIIMOHATHLHOTO
cocTosiHUS. B 1memoMm, B Tpolecce U3y4YEHUsT COEOUHEHHM pacTUTEIBbHOIO
IIPOUCXOXKJEHUS, OBUIM IIOJYYEHBbl IIEHHBIE CBEICHUS, KOTOpbIE OOecreunin
CYLIECTBEHHBIII Mporpecc B pa3pabOTKe U CO3JaHUM HOBBIX MEPCHEKTUBHBIX
npenapaToB JUisl  JICUEHHWs] HApyUWIEHUWW cepJaeyHoro putMa. B cBete
BBIIIIECKA3aHHOTO, TeMa [JIUCCEepTallMi  SIBIIIETCS BEChbMa AaKTyaJIbHOM U
BOCTpeOOBaHHOHM, Tak Kak JaHHbIC TOJYYEHHBIE TP  XaPAKTECPUCTHUKE
0COOEHHOCTEW MEXaHW3Ma MHOTPOITHOTO JEHCTBUS TUTEPIIEHOUIHBIX AJIKAJIOUIOB,
CIOCOOCTBYIOT CO3JaHUIO HOBOT'O NOKOJICHHS 3(P()EKTHUBHBIX AaHTUAPUTMHUYECKUX
CPEIICTB, TUIIEHHBIX OMACHBIX MOOOYHBIX I (PEKTOB.

JlaHHO€ AMCCEePTAllMOHHOE UCCIIEI0BAHUE B ONIPEIEICHHON CTENIEHH CITYKHUT
BBITIOJIHEHUIO 33/lad, MNpeaycMOTpeHHbIX B Ykazax Ilpesupenta PecnyOnuku
V36ekuctan NelllI-1652 ot 28 wosi06ps 2011 roma «O mepax mo AanbHEHIIEMY
yriyoseHuto peopMUpoBaHUs CUCTEMBI 3apaBooxpaHeHusi» u NoePP- 1855 u ot
21 Hos6ps 2012 rona «O6 NuBecTuinonHoi nporpamme Pecny6inuku Y30ekuctan
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Ha 2013 rom», a Takxke B APYrUX HOPMATHUBHO-IIPABOBBIX JOKYMEHTAX, MPHUHITHIX
B JIaHHOU cepe.

CoorBercTBHE  HCCJIEJOBAHUSI  NPHOPUTETHHIM  HaNpPaBJICHUAM
Pa3BUTHA HAYKM M TeXHOJOruil pecnyOoauku. J[laHHOe wuccinenoBaHue
BBINIOJIHEHO B COOTBETCTBHM C MPUOPHUTETHHIM HAMPABIECHUEM PAa3BUTHS HAYKH U
TexHojorui pecnyonuku VI «Menuunna u GpapMaxosorus».

0030p 3apy0e:KHBIX HAYYHBIX HCCJIEIOBAHMH IO TeMe zmccepTaulml.
HayuHnble uccnenoBanus, HarpaBieHHbIe Ha pa3pabOTKy COBPEMEHHBIX MOAXOA0B
JICYCHUS CEpICUHBIXapUTMHUI OCYIIECTBIISIOTCS B BEAYIIMX HAyYHBIX LEHTpax U
BBICIIMX 0Opa30BaTENIbHBIX YUPEKIEHUAX MHUpa, B ToM uucie, B KomymOuiickom,
Kanudopnuiickom, Hero-itopkckom ynuBepcurerax (CLLIA), B yHuBepcurerax
Kénpna (I'epmanus), mrata FOrta (CHIA), Kanrapu (Kanama) u BannepOunra
(CIDA), a Taxke B MHMHcruryTax OMOOpPraHMYECKOW XUMUU M XHUMHH
pacTUTeNbHBIX BemlecTB (Y30eKucTaH).

B pesynbTare uccnenoBaHuil, MpoBEACHHBIX B MUPE B 00acTH pa3pabOTKU
COBPEMEHHBIX IMOAXOJ0B JICUCHHS] CEPACUYHBIX APUTMUI TMONY4YeH psAJl HAYYHBIX
PE3yNIbTATOB, B TOM UYHUCJIE: YCTAHOBJICHBI MOJIEKYJISIPHbIE MEXaHU3Mbl HApPYyIIEHUN
CeplleyHOro puTMa, 4To olecrneumno pa3paboTky HauOosee 3PHEKTUBHBIX
NOJIXOJI0OB JIMarHOCTHKH, JICYCHHS] W TNPOPUIAKTUKH CEPACUYHBIX apUTMHIM
(KonmymOuiickuii yHUBEPCHUTET); OXapaKTepU30BaHbl (YHKIMOHAIHHO Ba)KHBIC
CUCTEMBI CEpACUYHBIX KIETOK C JAe(eKTamMH, ¢ KOTOPbHIMH CBsi3aH IIaTOI€HE3
pa3MUUHBIX TUNOB apuTMmuil (yHuBepcuTeT KEibHA); NOCTHIHYT CYIIECTBEHHBIN
nporpecc B (apMakoTepaluy pa3IUYHbIX BHJOB apUTMMA U CO3/IaHBbI
s ¢dekTuBHbIE aHTHapuTMHueckue cpenctBa (KamudopHulickuil yHHBEpCUTET);
pa3pabOTaHbl COBpEMEHHBIE METOAbl JICUEHHUS AapUTMHM, rae ocobas poJib
yaenseTcsa OnokaTopam OblcTpblx Na' KaHaJOB, KOTOpHIE OCTAalOTCs HauboJee
NEPCIEKTUBHBIMU MULIEHSAMU  JUIS CO3aHUs HOBOI'O IIOKOJICHUS
aHTHapuTMUUYecKux cpenctB (YHuBepcureThl Kanrapu u mrarta FOta).

B mupe npu pa3paboTke COBPEMEHHBIX IOJXOJOB JICUEHUS CEpIACUHBIX
apUTMMM TIPOBOAATCS UCCIEAOBAHUS 10 PSAY NPUOPUTETHBIX HAPABICHUN, B TOM
qUCIIe: AHAIU3ZUPYIOTCA KIETOYHBIE W MOJIEKYJIIPHBIE MEXaHHM3MBbI, JIEKaIUE B
OCHOBE pAa3JIMYHBIX THUIOB CEPAECYHBIX APUTMUM; BBIICHAETCA pOJIb HOHHBIX
KAaHAJIOB M PELENTOPOB B IATOT€HE3€ CEPJACYHBIX APUTMHUM; YCTaHABIMBAIOTCS
HOBBIE€ MOJIEKYJSIPHBIE MUIIEHM Ui AJEKBATHOIO JICYEHMS] HapyLICHHI
CEpJIEYHOr0 PUTMA; CO3JAIOTCS MPEANOCBUIKM I PaldOHAIBHOIO JU3aiiHa
HOBOI'O IIOKOJICHHMSI IIEPCHEKTHBHBIX IpPENapaToB I JIEUYEHHS HapyLICHU
CEpJIEYHOr0 PUTMA.

CreneHb HW3YYEHHOCTH Mpo0JeMbl. JluTeprneHOUAHBIE aJTKAIOUIBI,
BBIJICJICHHBIC U3 pacTeHUi poaa ACONItum, B HacTosimee BpeMs pacCMaTPUBAIOTCS
B KadecTBe HauOoyiee MEePCHEKTUBHBIX COCAMHEHMH HJs pa3paboTKH HOBOTO
ITOKOJICHHUSI aHTUAPUTMUYECKUX CPEACTB. BaxkHeillne cTpyKTypHble OCOOEHHOCTH

! 00630p 3apyOeKHBIX HAYIHBIX-HCCICAOBaHMIT IO TeMe aucceptammu Zipes DP et al (2006): Guidelines for management of
sudden cardiac death. U.S. National Institute of Health, http://www.circulationaha.org; Sampson K.J., Kass R.S. (2011). Anti-
Arrhythmic Drugs (Chapter 29). In: Goodman & Gilman's Pharmacological Basis for Therapeutics. 11e. McGraw-Hill;
Antzelevitch C, Burashnikov A (2011): Overview of basic. 1 Ha OCHOBe JIPyTrMX HCTOYHHUKOB.
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OTUX AQJIKAJIOWUJIOB, OTBETCTBEHHBIE 3a HMX AHTHAPUTMUYECKYIO AaKTHUBHOCT,
JETAJIbHO M3y4YeHbl B Beaymux Jjabopatopusix wmupa. Ilpm 3TOM  OBLIO
YCTaHOBJIEHO, YTO OOIIMMM CTPYKTYPHBIMU 3J€MEHTaMU HamOoJjiee aKTUBHBIX
JUTEPIEHOUAHBIX AJIKAJIOUAOB SIBISIIOTCS OCTAaTKU ALETWIAHTPAHWUIOBOM HWIIH
aMUHOOEH30MHOM KUCIIOT y atoMa yraepoga C-4, merokcu rpynn y C-1, C-14 u C-
16, u runpokcunbHOM rpynmnsl y C-8. BMecte ¢ TeM, Moka3aHo, 4To O€H301bHas
rpynna y C-14 u 0oCHOBHOCTh aTOMa a30Ta TAK)KE€ OYE€Hb BaXKHBI JJIsl 0OeCIIeUeHUs
AHTUAPUTMHUYECKOW AKTUBHOCTU OTUX aIKaJOUJIOB. IEKTPO(GU3NOIOTMUECKUM
MEXaHN3M aHTHAPUTMHUYECKOIO JEUCTBUSA 3THX COCIWHEHUIN XOPOIIO M3Yy4YEH, U B
OCHOBHOM OOYCIIOBJIEH OJ0Kajoil MOTeHIHMan-3aBUCUMBIX Na'  KaHaioB.
OcHoBHBIM  5(QdeKToM Takoill OJOKaabl SBISETCS CHUXKEHUE CKOPOCTH
NENONSIpU3allu  NOTEHUMala JEeUCTBUS CEPALA, KOTOPOE COIMPOBOXKIAECTCS
3aMeJIECHUEM CKOPOCTH €ro paclpoCTpaHEHUsi M yBelndeHueM 3(PEGEeKTUBHOTO
pedpakTepHOro mMepuoja, YTO MPUBOAUT K CHIKEHHIO BO30YAMMOCTH CEp/la.
Onnako, Gmokana Na* kaHanoB MOXKET BIHMSTH W Ha TpaHcropT noHoB Ca®* Tak,
YTO yMEHbBIIEHHE KOHIEHTpamuun Na® MoXeT cHoco6CTBOBATH YMEHBIIECHHIO
comepkanns Ca’® B  KapAHOMHOLMTAX M  MOCICAYIOUIEMY CHHKCHHIO
COKpPATUTEIbHOM aKTUBHOCTH CEpPAECYHOW MbIIIbl. CHMXKEHUE COKPATHUTEIBHOU
AKTUBHOCTH CEPJACYHOM MBIIIIBI WM OTPHUIATEIbHBI WHOTPOMHBIA d(PdeKT,
SBJISICTCS XapaKTEpPHBIM CBOMCTBOM BCE€X AHTHAPUTMHYECKUX MpemnapatoB |
KJjacca, 6yjarojapsi KOTOpOMY MX MCIOJIB30BAHUE OIPAHUYEHO B CBSI3H C TE€M, YTO
OH CIIOCOOCTBYET TMOJABJICHUIO HarHeTaTelbHONW ¢GyHKUuMU cepana. [loaTomy,
HECMOTPS Ha YCIEXHU B MCIOJIb30BAHUH 3TOT0 KJACcCa aHTUAPUTMHUYECKUX CPEICTB
B TE€panuy HApYUICHUH CEPIEUHOTO PUTMA, COXPAHIETCS OCTpas HEOOXOJUMOCTh B
CO37IaHUM HOBOTO MOKOJeHUs Oosiee F(HEKTUBHBIX M O€30MaCHBIX MPErnapaToB C
MEHEee BBIPAKEHHBIM OTPHUIATEIILHBIM HHOTPONMHBIM 3 dekToM. B cBs3u ¢ atum
COBPEMEHHBIE HCCIIEOBAHUS COCPEIOTOYEHbl HA AJNbTEPHATUBHBIX MOJX0JaX,
BKJIOYass  MOAU(MUKAIIMIO  CYHIECTBYIOIIMX  MOJIEKYN  JUTEPIEHOMJIHBIX
AJKAJIOUI0B, KOTOpasi JOJKHA OOECIIEYUTh COXpPaHEHUE UX IOJIE3HBIX CBOMCTB H
yllaJeHue HeXeNaTeIbHbIX, YTO TO3BOJIMT IMOJYYUTh COeAUHEHHE, d(PPEKTUBHO
neiicTByromee Ha Na' KaHalbl ¢ MHHMMAJIBHBIM OTPHIATENbHBIM HHOTPOIHBIM
s pexTom.

CBsi3b TeMbl JHCCEPTAIMU C HAYYHO-HCCJIE0BATEJIbCKIMH PadoTaMu
HHCTUTYTA, I/le BBINOJHEHAa Juccepranuda. JluccepranmoHHOE HUCCIEIOBAHUE
BBITIOJTHEHO B paMKax  (QyHIaMEHTaJdbHBIX W  TPUKIATHBIX  HAYy4HO-
UCCIeI0BaTENbCKUX MporpaMm HMHcTuTyTa OnOooprannueckoil xumun: DA-O3-
T144 «M3ydyeHne MEXaHU3MOB MOJIYJSILIMA HOHHBIX KAaHAJIOB CEPACYHBIX H
[JIAKOMBIIIEYHBIX ~ KJIETOK  MPUPOJHBIMH  OWOJIOTMYECKH  aKTHBHBIMH
coenuneHusamm» (2007-2011rr.); DA-A-12-T068 «Pa3paboTka KOMIUIEKCHOTO
MOAX0Aa, CKPUHUHra M XapaKTEePUCTUKU  CTPYKTYPHO-(YHKIIMOHAIBHBIX
OCOOCHHOCTEM  B3aUMOJACHCTBHUS  MNPUPOAHBIX  OHUOJIOTHYECKHM  AKTUBHBIX
COCIMHECHWN C MOHHBIMU KaHAJIaMH M peEIenTopaMy OHOJIOTHYECKUX MeMOpaH
(2009-2011rr.); DA-D6-TO83 «Ilomck © XapaKTepUCTUKA OHOJIOTHUYSCKH
AKTHBHBIX COeIMHEHHH—MoxyisitopoB Ca’'-romeocrasa B KIETKAaX CEpACYHBIX U
rmagkux Meimiy  (2012-2016  rr.); DPA-A11-T057 «Cozmanme IleHtpa
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BBICOKO3(D(P)EKTUBHOTO  CKPUHHHIAa OHOJIOTMYECKH aKTHUBHBIX COEIMHEHHM
MPUPOAHOTO U CUHTETUYECKOTO poucxoxaeHus» (2015-2017rr.).

Heabio uccienoBaHus SIBISCTCS XapaKTEPUCTHKA MHOTPOIMHBIX 3()PEKTOB
auTepneHOUAHBIX ankaionnoB 15-AA u 15-AAA U BbBISICHEHUE TPUYUHBI
OTCYTCTBUSL  KOppESLIMM  MEXJy AaHTHAPUTMUUYECKOM U  OTpUIATEIbHOU
MHOTPOIHOW aKTUBHOCTBIO Y 15-AAA.

3agaum ucciae0BaHMUA:

uccienoBate  AedcrBue  ankaidouaoB  I15-TAA  u  15-AAA  Ha
COKpaTUTEIbHYI0O aKTUBHOCTh MNANMWUIIPHON MBIIIIBI CEepJlla KPhIC U H3YUYUTh
3aBUCUMOCTb UX 3P (HEKTOB OT KOHUEHTPAIUH;

UCCJIEJIOBAaTh BIIMSIHUE YaCTOThl CTUMYJISIIIMA HAa WHOTPOIHBIE 3()QPEKThI
ankanousoB 15-'AA u 15-AAA ¥ u3yduTh UX OCOOEHHOCTH MPHU Pa3IUUHBIX
4acTOTaX CTUMYJISAIINHY;

uccliienoBaTh BiIMsiHME ankanounoB 15-'AA u 15-AAA Ha KUHETHYECKHUE
napamMeTpbl M30METPUYECKOr0 COKpameHus: namwiisspHoil MbIibl (+dF/dtma—
CKOpPOCTh pa3BUTHs cokpareHus, -dF/dtm—ckopocts paccnadmenus, Tog,—Bpems
IIUKJIa COKpalleHue-pacciadieHue, Ti,—BpeMsi MoiaypacciabieHus), OICHUTh
XapaKTep UX U3MEHEHUH U BO3MOYKHBIE MEXaHU3MBI, JIE)KAIMe B UX OCHOBE;

HucciaenoBarsk nercteue ainkaiaounoB 15-'AA m 15-AAA Ha noreHUIMAaN-
saicumble Ca’’- u Na'- kaHaubl, H3yYUTh B3aHMOCBSI3b MEXJIY OIOKaIOH dTHX
KaHaToB, yMeHbmieHHeM [Ca’’]y B  KapIMOMHOLMTAX M  MOJABICHHEM
COKpaTUTEIbHON aKTUBHOCTHU MaNWIISPHON MBIIIIIBL;

ucciienoBaTh BiausHUE ankaiounoB 15-'AA u 15-AAA Ha copepxaHue
nooB Ca®* B CP, OIEHHTH CBSI3b MEXIy €ro H3MCHCHHEM H HHOTPOITHBIM
sdexrom ankanonnos u pois Na/Ca®*-06MeHHNKa IPH ATOM;

IPOBECTU CpPAaBHUTENIbHBIN aHalu3 B3aUMOCBSI3U MEXAY HMHOTPOITHOU
aKTUBHOCTHIO  ankaiousioB 15-TAA u 15-AAA U uUX CTPYKTypOH,
chopMyIHpOBaTh TMOJOKEHHUS O BO3MOXHBIX MPUUYMHAX pPa3Iuuus B UX
MHOTPOIIHOM JE€WCTBUU M OTCYTCTBHSI KOPPEIALMH MEXAY aHTHAPUTMUYECKOU U
OTPUIATEJIBHON MHOTPOITHOM aKTUBHOCTBIO 15-AAA;

O0bexkTOM HCCIeA0BaHUSA SBIIMCH ankaliounabl 15-'AAA m 15-AAA,
MIPOU3BOIHBIE TUTEPIICHOUTHOTO AJKAJOWAa aTU3MHA, BBIJIEIEHHOTO U3 PACTCHUS
Buza Aconitum zeravshanicum.

IIpeamerom wucciaenoBaHusi — SBISETCS UW3YYeHHE OCOOCHHOCTEM
HHOTPONHBIX 3 dekToB amkamonnoB 15-I'AA u 15-AAA, ux 3aBUCUMOCTH OT
CTpyKTYpsl u pomd Ca’’-TpaHCHOPTHPYIOMMX CHCTEM KapAHOMHOLMTOB B HX
o0ecrne4eHunn.

Metoabl uccienoBanusi. B nuccepraliii UCIOJIB30BAHBI COBPEMEHHBIE
ANMEKTPODU3NOIOTHUECKIE METOJbI PETHCTPAllMA W aHaIW3a COKPATUTEIHbHON W
(G YHKIIMOHATBHOM AKTUBHOCTH CEepIICYHOMN MYCKYJIaTypBhl. Bce
OKCIIEPUMEHTABHBIC JaHHBIE coOHMpanuch uU 00pabaThIBAINCh C TOMOIIBIO
KoMIbIoTepHOH Tiporpammbl OriginPro 7.5 (OriginLab Corporation; CIIIA).

Hay4ynasi HOBU3HA McCJIeI0BAHNUS 3aKIIIOYAETCS B CJICIYIOLIEM:

YCTaHOBJIEHBI OCOOEHHOCTU MHOTPOIHBIX 3P (DekToB ankamonaos 15-I'AA u
15-AAA, ux B3aMOCBS3b CO CTPYKTYPOMl M OCHOBHBIE MEXaHHM3MBbI, JICKAIIIHUE B
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OCHOBE UX MOJIOKUTEIBHOTO U OTPULATEIBHOTO HHOTPOITHOTO IEHCTBHS;

OOHapy’>K€HO OTCYTCTBHE BIUSHUSA MOJIM(PHUKALMU CTPYKTYphl allKaJouaa
15-TAA, nyrem 3amenbl OH-rpynmel y atoma yraepoga C-15 na CH3O-rpynmy,
Ha OTPUIATEILHYI0O MHOTPONHYIO aKTUBHOCTh alikayionsa 15-AAA;

YCTAaHOBJIEHA 3aBUCHMOCTBH XapakTepa HHOTPOMHOro 3@dekra aikaiouaa
15-AAA ot ucnonb3zyemMoil KOHUEHTPAIUU, KOTOPbIM MPU HU3KUX KOHIIEHTPALMSIX
(3-8 MKkM) u Hu3kux yactotax crumyssanun (0,1-1 I'11) BEI3BIBA MOJOKUTEIBHBIH,
a TpU BBICOKMX KOHIEHTpamusax (>8 MkM) u uacrtorax ctumyssiuuu (>111m)
OTpULATENbHBIA HHOTPONHBIN 3P EKT;

oOHapykeHa 3aBHUCHUMOCTb MOJOXXHUTEIBHOTO HMHOTPOMHOIo 3(deKra
ankanouaa 15-AAA OT DOCTYIUIEHHS HOHOB Ca™ B CapKoIUIa3MaTUYECKUN
PETHKYIIyM, KOTOpoe obecrmednBaor Ca’ -TpaHCIOPTHPYIOIME CHCTEMBI, He
CBSI3aHHBIC C AKTHBAIMEH B-aIPEHOPEIENTOPOB M MOTEHIMAT-3aBUCHMEIX Ca’’
KaHaJIOB;

YCTAHOBJIEHA CBA3b MEXAY OTPULATEIbHBIM HMHOTPOMHBIM 3 dexTom
ankaimougoB 15-TAA u 15-AAA wu Onokamou Na+-KaHaJIOB, KoTopas
CONPOBOJKAAETCS HAPYLICHHEM TpaHCIopra HOHOB Ca’’ ¥ CHWKGHHEM HX
coJiepKaHus B KapJAUOMHOLIUTAX;

OOHapy’>XeHbl pa3NUuusg B OTPUUATEIBHOM HMHOTPOIMHOW AKTHUBHOCTH
ankanouoB 15-AAA u 15-'AA, xoTopbie 0OyCIIOBIEHBI OCOOCHHOCTSIMH HX
CTPYKTYpsl M pasnuyHoOii  d((peKTUBHOCTBIO  Omokagsl  Na'-kaHanos,
OIIpeeIsIoNieil CTEleHb HApYIIEHHs TpaHcropTa HOoHOB Ca’’ M CHIDKeHHs uX
YPOBHS B KapIMOMHUOIIUTAX;

YCTAaHOBJIEHO OTCYTCTBHE MPSAMON KOPPENSLUUUA MEXAY HHOTPOIHBIM U
aHTHApUTMHUUECKUM JericTBueM 15-AAA, oOycioBiieHHOe MeHee 3((PeKTHBHON
6mokanoii Na' KkaHalloB M €ro CHOCOOHOCTBIO MHAYIHPOBATH MOIOKUTEIbHbIIA
UHOTPOIHBIN AP eKT;

IIpakTHyeckue pe3yJbTaTbhl MCCIAEAOBAHMS CYIIECTBEHHO PACHIUPSIOT
IpeACTaBiICHUsS 00 OCOOEHHOCTAX HWHOTPOMHBIX A((PEKTOB ITUTEPIICHOUTHBIX
AJKAJIOUJIOB, UX 3aBUCHUMOCTH OT CTPYKTYpPBI M SIBJISIOTCS TEOPETUUYECKON 0a3oif
JUIL  CO3JaHWs HOBOTO TIOKOJICHHS Oe3omacHbIX W Oojee 3P EKTUBHBIX
AHTUAPUTMHYECKUX CPEACTB.

JlocTOBEepHOCTHL Pe3yJibTATOB HCCAEJ0BAHUA. O0OCHOBBIBACTCS TEM, YTO
OKCIIEPUMEHTAIbHBIE  JTAHHBIE TIOJYyYE€HBl C IPUMEHEHUEM COBPEMEHHBIX
KOMIIBIOTEPU3UPOBAHHBIX AJIEKTPOPHU3UOJIOTUYECKUX METOAOB HCCIIETOBAHUS.
BeiBonel B paboTe caenaHbl Ha OCHOBE pE3YyJlbTaToOB, OOpaOOTaHHBIX C
HCII0JIb30BAaHUEM COBPEMEHHBIX METOJIOB MaTEMAaTUYECKON CTATUCTHKHU.

HayuyHnasi ¥ npakTuyeckass 3HAYUMOCTH Pe3yJbTaTOB HCCJIEI0BAHMSA.
TeopeTnyeckass 3HAYMMOCTh JUCCEPTALMM 3aKIOYAETCSI B TOM, YTO JIaHHBIE
IIPE/ICTABIEHHbIE B HEH SBISAIOTCS CYIIECTBEHHBIM BKJIaJOM B Pa3BUTHH
dbyHIaMEeHTanbHBIX ~ 3HAaHWM O  MEXaHW3MaX  HMHOTPOMHOTO  JEHCTBUS
JUTEPIICHOUIHBIX AIKAJIOUIOB.

[IpakTryeckass 3HAUYUMOCTb IMOJYYECHHBIE JAaHHBIE PACKPBHIBAIOT HOBBIE
JeTaJId MEXaHU3MOB, OTBETCTBEHHBIX 332 MHOTPOIHbIE 3P(HEKTHI AUTEPIIEHOUIHBIX
AJIKAJIOUJI0B U MO3BOJISIIOT NOHATH B3aUMOCBS3b MEXAY CTPYKTYpPOH aJKajJOUI0B U
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WX HMHOTPONMHON AaKTUBHOCTBIO, YTO HMEET BAXXHOE MPAKTUYECKOE 3HAUYCHUE.
Pe3ynbTaThl ATUX HCCIIEIOBAHUN CYIIECTBEHHO PACIHIMPUIN HAY4YHYHO Oa3y s
palMOHAJBLHOIO JAW3ailHa Y CO3JaHUS HOBOTO TIOKOJEHUsT O€30MacHbIX U
BBICOKOA()(PEKTUBHBIX AHTUAPUTMUUECKUX CPEACTB, JUIIECHHBIX CEPbhE3HBIX
oOOYHBIX 3P (HEKTOB.

Buenpenue pe3yiabTaToB HcciaeaoBaHus. Ha ocHoBe pa3zpaOoTaHHBIX
CTPYKTYPHO-(DYHKIITMOHATBHBIX PEKOMEHIAIUN ISl CO3JaHUsl HOBOTO TMOKOJIEHUS
AHTUAPUTMHUUYECKUX CPEJICTB U3 MECTHOTO CHIPhSI:

Haubonee  onTuManbHble  MOAXOABI  CTPYKTYpHOU  MoAupUKAIIUU
JTUTEPICHOUIHBIX AJTKAJOUJ0B oOecrneunBaromue ImnoiaydyeHue S(HQPEeKTUBHBIX
AHTUAPUTMHUUECKUX  TpermapaToB M CHOCOOCTBYIOIIME  CHIDKCHHUIO  UX
OTPHUIIATEIBHOM HWHOTPOIMTHOM aKTUBHOCTH BHEJAPEHBI, B jAesTeabHOCTh ['AK
«Y3dapmcanoat» (cmpaBka bA-06/2069 ot 14 wmosops 2016 r. TAK
«Y3dhapmcanoaty). Pe3ynbTaThl Hay4yHBIX HUCCIEIOBAHUM JAIOT BO3MOXKHOCTH JJISI
CO3/IaHUSI HOBBIX aHTHAPUTMHUYECKUX CPEJICTB, Yepe3 CIIOCOOHOCTh ankanouaa 15-
AAA BbBI3BIBaTh TOJOKHUTEIBHBI MHOTPOTHBIN A(PhEKT, KOTOPHI OrpaHUYHBaAs
€ro OTPUIATEIbHYI0 HWHOTPOMHYI aKTUBHOCTb, CIIOCOOCTBYET TOBBIMICHHUIO
AHTUAPUTMHUUYECKOTO JCHCTBHS IIPU CEPCUHON HEJIOCTATOYHOCTH;

Pe3ynbTaThl, MOIy4YeHHBIC MO MHOTPOMHOMY JEUCTBUIO JUTEPICHOMTHBIX
ankamouaoB 15-ameTokcuazoMeTHH aTW3WMHA U 15-THAPOKCHMA30METHH AaTU3WHA
UCIIONB30BaHbl B mpoekre DA-D5-T084  “Xapakrepuctuka 3PdhexToB
OMOPEryISITOPOB TPAHCIIOPTA MOHOB MUTOXOHAPUN M META0OJIMYECKUX MPOIIECCOB
B HOpMe | Tipu marojorun” (MBOX, 2012-2016 1iii.), a *MEHHO BO3JEHCTBYS Ha
Ca’* wmomsl uepes Na'/Ca’*-0OMEHHHK B MHTOXOHAPUSX, MUIS PETYISIHH
remeocrasa Ca’* HoHOB B HHX (crpaBka Kommrera [0 KOOPIMHALIMM Pa3sBHTHS
Hayku 1 TexHosorun ®TK-03.13/828 ot 22 nHos0ps 2016 roma). Ucnonp3oBanue
HAYYHBIX pE3yIbTATOB [ad0 BOSMOXKHOCTb pery/siuy HapymeHuii Ca’'
roMeocTasa B MHUTOXOHIPHSX 4epe3 aucdyHkimio cucrembl Na‘/Ca? -o6MennmKa
B HUX.

Anpo6anusa pad6orbl. OCHOBHBIC IIOJIOKCHUS JHUCCEPTAlMK  OBLIN
NPEICTaBlIEHbl HA MEXIYHApOIHBIX M PECHyOIMKaHCKUX HAyYHO-TIPAKTUYECKHUX
koH(pepennusax: «buoopranndeckas xumusi u omorexnonorus» (Ilymuno, Poccus
2011); «Axtyanbnbie mpooOsnemsl matodusuonorun» (Cankr-lIlerepOypr, Poccus
2011); «AxTyanbHble NPOOJEMBbl XUMUHM TMPUPOAHBIX coenauHeHui» (TalkeHT,
2011-2012); «AkTyanbHble TPOOIEMBI pPAa3BUTHA OHOOPTAHUYECKON XHUMHUI
(Tamkent, 2013); «3kcnepuMeHTanbHas U TeopeTrudeckas ouodusukay (Ilymmno,
Poccus 2012, 2014-2015); «dynaaMmeHTadbHas HayKa U KIMHUYECKas MEIUIIMHA»
(Cankr-ITerepOypr, Poccus 2015); MexayHapoaJHOM MEIUITMHCKOM KOHTpecce
«Euromedica» (I'annoBep, ['epmanmst 2015); u «AKTyaJbHBIC TPOOIEMBI
COBpEMEHHOW MeauIuHbl 1 papmammm» (Munck, benapycs, 2016).

Ony0/1MKOBAHHOCTH pPe3yJbTaToB HcciaenoBanusd. [lo Teme nquccepramuu
ormyonmKkoBaHbl 28 HaydHbIX paboT. M3 Hux 11 HayuHBIX cTaTei, B ToM yucie 9 B
pecryOJIMKaHCKUX U 2 B 3apyOeKHbIX KypHallaX, PEeKOMEHJOBaHHbIX Briciieit
aTTeCTallMOHHOM KoMuccued PecnyOnuku Y30ekuctan s MyOJMKalUU
OCHOBHBIX HayUHBIX PE3yJbTaTOB IOKTOPCKUX IUCCEPTALINH.
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Crpykrypa u o0bem auccepranuu. CTpykTypa AuUCCEpTALlMA COCTOUT M3
BBEJCHUSA, YETBIPEX TIJaB, 3aKIIOYEHUs, CIHUCKAa HCIOJIB30BAHHOM JINTEPATYPBHI.
O06bem nuccepranuu coctasisier 162 cTpanuil.

OCHOBHOE COJIEP’KAHUE JIJUCCEPTALIMM

Bo BBegeHum OOOCHOBBIBAECTCS AaKTyaJlbHOCTh U BOCTPEOOBAaHHOCTH
MIPOBEJCHHOTO HMCCJIEAOBaHUsA, 1IeJb U 3aJlaud HMCCJIEAOBaHUs, XapaKTePU3YIOTCS
OOBEKT W TIpeAMET, II0Ka3aHO COOTBETCTBUE MHCCIICIOBAHUS MPUOPUTETHHIM
HaIpaBJICHUSIM PA3BUTHUS HAYKU U TEXHOJOTHUHN peCIyOINKU, U3JIaraloTcsl HaydHas
HOBHU3HA M MPAKTUYECKUE PE3YyJIbTAThl MCCIEAOBAHUS, PACKPHIBAIOTCS HAy4dHasl U
MpakTUYecKass 3HAYMMOCTh TOJYYCHHBIX PE3yJIbTaTOB, BHEJIPEHHUE B MPAKTUKY
PEe3yIbTATOB MCCIICIOBAHUS, CBEJICHHS IO OMMYOJIMKOBAaHHBIM paboTaM U CTPYKTYpe
JMCCEePTAIUU.

B nepBoii riase nucceprannn «CoBpeMeHHOe COCTOSIHUE M MEePCNEeKTHBbI
HCCIeOBAHUS CepAeYHbIX APUTMUID» TPEJICTABICH MOAPOOHBI  0030p
JTUTEpaTyphl, BKIIOYAIONIUNA OOIIUE CBEICHUS O MEXaHU3Max JJICKTPUUYECKOU H
MEXaHHYECKONl aKTHBHOCTH CEpAla, a TAKKe O Beayled ponu noHoB Ca’’ B
AIIEKTPOMEXAaHUYECKOM CONPSDKEHUH, B TEHEpallUd W PETYJSIUU CepACYHOTO
purMa. KpoMme TOro, mpuBENCHBI CBEICHHS O KIHOUYeBOH ponu Hapymrennii Ca’*
roMeocTa3a B Pa3BUTUU CEPJCUHBIX ApUTMHUN U JAPYrUX TATOJIOTHUH cepila, a
TAaKK€ HOBBIX IMOAXO0JaX MX KOPPEKIMHM U TEPCIEKTUBHBIX CTPATETUAX
NpOQUIAKTUKY U JICUEHUS CePICUHO-COCYIUCTHIX 3a00I€BaHUIA.

Bo Bropori rnaBe «M3y4YeHMe  COKPATHUTEJIbHOM  AKTHBHOCTH
NANWJUISIPHOH  MBIIIIBI  CepAlAa KPbICbDY TOJIPOOHO OMHUCAHBI METObI
UCCJIEOBAHUSA COKPATUTEIIBHOM AaKTUBHOCTH MNAaNWUISIPHOM MBIIIIBI CEpALA
KPBICHI, H3JI0KEHBI JKCIEPUMEHTAIbHBIE TMOAXOAbl OIEHKH (YHKIMOHATHHOM
axtuBHOCTH Ca -TPaHCIIOPTHPYIOMMX CHCTEM KapAHOMHUOLUTOB, 4 TAKXKE METO/b
MaTeMaTHIeCKON 00pabOTKHU U CTATHCTUYECKOTO aHAIM3a JJaHHBIX.

B Ttpetbeit rmaBe «XapakrepucTuka 3(Q¢eKTOB AMTEPIEHOUTHOIO
aakajgouaa 15-ruapokcuazomeru atusuHa (15-T'AA) HA COKpPaTHTEIbLHYIO
AKTHBHOCTh NANWLJISIPHOM MbIIIIbI CePALla KPbICHI» MPUBEIACHBI PE3YIbTAThI
nuccienoBanus neucteus 15-'AA Ha cokpamieHHuss NanvUIIPHOM MBIIIIBI Cepala
KPBICBI, HHAYLIUPYEMBIE IEKTPUUECKOU CTUMYJISLIUEH.

Ocobennocmu Oeticmsus anxkanouoa 15-'AA na coxpawenus nanuiisapHou
Mouluysl  cepoya Kpwvicol. Ankanounsl 15-TAA u 15-AAA, npousBojHbIE
JTUTEPIICONTHOTO AaIIKAJIONJa AaTHU3WHA, BBIJACICHHOT0 W3 pacTeHwmst Aconitum
zeravshanicum, o0yiagaroT BRICOKOW aHTHAPUTMHUYECKOM akTHBHOCTBIO (Kommposa
u ap., 2010). Tlokazano, uto ankamoun 15-AAA, ornmmuarommiicas ot 15-I'AA
HanuuueM CH3O-rpynnel y yraepoanoro aroMa C-15 B ero aTu3sMHOBOM CKeJleTe,
BMecto OH-rpynmei, o6namaetT Oosiee BBIPAKCHHBIM — AHTHAPUTMUYECKHM
nericteuem (puc.l). Bmecte ¢ TeM OOHapyKe€HO, 4YTO B pe3yjibTaTe TaKOUH
Moau(DUKAIUA TTPOUCXOJUT CHHKEHUE OTPULATEIBHOIO0 MHOTPOIHOIO JCHCTBUS
15-AAA, xotopoe Oonee BoipaxeHo y 15-'AA (3aitHabuaaunos u np.,2011). [Ipu
3TOM OBUIO YCTAHOBJIEHO, 4TO A3TOT 3ddekT ankamouga 15-[AA umeer noza-
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3aBUCUMBIA XapakTtep ¢ MakcumymoM npu 30 MKM, korna cuia COKpaIleHHs
NaNnWUISPHOM MBIIIIBl  CHWXKanach 10 7,3+2,1%, ot koHTpons (puc.2, b).
Konnentpamuss 15-'AA, Kotopas BbI3bIBaJIa TNOJOBHHY €ro0 MAaKCHMaJIbHOTO
spdexra (Esp), cocTaBnsna 8,7 MKM, U 3TOT 3 ekt Obul Haubosee BhIpaKEH
MPHU YaCTOTaX CTUMYJISIIIMM BhIe 3 I'm.

Puc. 1. CrtpykTypa AUTEPIEHOUIHBIX AJIKAJION/10B 15-
rupokcuazoMeTn aTu3uHa (A) n 15-anerokcuazomernn atusuna (b).

B cBs3u ¢ TeM, YTO COKpAaTUTEIbHAs AKTHBHOCTH CEPACYHON MBbIIIIIHI,
ompeeisieTcsl BHYTPHKICTOYHONW KoHIeHTpamueii nosoB Ca®*  ([Ca®*]) B
kapauomuonurtax (Bers, 2008), nabmomaemblii 3ddexT ankaiouga MOMKET
CBHIETEIBCTBOBATh O CHIDKCHHH COICPXAHHS HOHOB Ca’' B KapIHOMHOLUTAX.
JInst TpOBEPKH 3TOTO TPEANOIOKEHUsT Obuto u3ydeHo BiusiHue 15-TAA Ha

pa3BUTHE COKpPAIICHUN MANMWUISPHOW MBIIIIBI, TIPU YBEIWYECHUU KOHLIEHTPAIUU
2+
noHoB Ca”" B cpene MHKyOAIUu.
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Puc. 2. Biuusnue ankajaonga 15-'AA Ha cokpaTuTe/Ibeyl0 aKTUBHOCTH

NANULJISPHOM MBIIIIBI CEPALUA KPbICbl. A. Opucunanbhas 3anuce COKpaujeHull
NANULIAPHOU MbIUYbL UTIOCMPUPYIOWAs ompuyamenbHulll uoHomponuwiid s¢hghexm 15-1I'AA. b.
3aasucumocmo s¢ppexma 15-I'AA om eco konyenmpayuu. Ilo ocu opounam — cuna coKpawjeHus.
MbLULYbL, 8 NPOYEHMAX om Makcumarvhou, npursimot 3a 100%. Bo ecex ciyuasix P<0,05, (n=6).

IIpu sTomM ObUIO OOHapyxeHo, 4uTo B mpucyTcTBuM 15-'AA poct cuiibl
COKpAIlICHUsI TMaNWUISIPHOM MBI, B OTBET HA YBEJIMYEHHWE KOHUEHTPALMU
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ronos Ca’’ B cpele MHKyOAIMH CYIIECTBEHHO CHIKaercs (puc.3,A). B cessu ¢
TE€M, YTO B 3TUX SKCIEPUMEHTAJbHBIX YCIIOBUSAX YBEIMUYEHUE CHJIbI COKpAICHUS
NaMnWUIIPHOM ~ MBIl  OOECleuruBaeTcsl B OCHOBHOM  HOHaMu Ca2+,
MOCTYMAIONMA depe3 MOTeHIUAI-3aBucHMble Ca’’ KaHANBI, STH Pe3y/bTaThl
yKa3bIBaIOT Ha TO, YTO 3TOT 3P (DEKT aJIkaioua CBA3aH C MOJABICHUEM 3TOTO MTyTH
noctymieHnst HoHoB Ca’ B KapIHOMHOIMTEL. J[OMOMHATEIBHOE MOATBEPIKIACHHE
Takoro aerctBus 15-I'AA, ObUIO MOJYYEHO B 3KCHEPUMEHTAX C HUDEIUIIHUHOM,
CENICKTHBHBIM GJIOKATOPOM ITOTCHIIHAN-3aBHCHMBIX Ca’’ KaHAlOB, B IPHCYTCTBHH
KOTOpPOTO, 3(QQEeKT ankaiouja TaKKe CYIIECTBEHHO CHIDKAICA, HO YaCTUYHO
coxpawnsiics (puc.3,b).

A b
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Puc. 3. 3aBucuMoCTh OTPHIATEJIBHOTO0 HMHOTPONMHOrO J3PPexTa
ankanouaa 15-'AA oT KOHIEHTPAUWY MOHOB Ca? u cocrosnus NMOTEeHIMAJI-

sapucumMblx Ca’ -kaHanoB. 4. Buusnue 15-TAA na COKpawjeHus. nanuiispHou Molliybl
undyyupyemvie npu yeemuuenuu [Ca’"lo. b. Buusnue nugpedununa Ha OmpuyamenvHwii
unomponuwiii 3¢ppexm 15-I'AA. Ilo ocu opounam — cuna coxpawjeHust MbludYbl, BbIPANCEHHAS 6
npoyenmax om makcumanvrou, npunsmou 3a 100%. Bo ecex cayuasx P<0,05, (n=4-6).

Pe3ynbpTarhl 3TOM CeprU KCHEPUMEHTOB CBUJIETEIBCTBYIOT O TOM, 4TO 15-
I'AA obnamaer BeIpaKEHHBIM OTPUIIATEIIFHBIM HHOTPOIHBIM 3 dektom (OMD), B
OCHOBE KOTOPOTO JIGKHT yMCHBIICHHE COIACpXaHMS HOHOB Ca’ B
KapJIMOMHUOLIUTAX, KOTOPOE MPOUCXOIUT B PE3YJIbTATE MOJABJICHUS AJIKAIOUIOM
HX OCTYIUICHHS Yepe3 MOTeHIHan-3aBiucuMbie Ca’ -KaHaIIbl CAPKOJIEMMBL.

Bruanue  ankanouoa  15-'AA  na  mpancnopm  uOHO8 Ca™* &
CAPKONNAZMAMUYECKOM PemuKyiyme Kapouomuoyumosg. Beie OBLIO MOKa3aHo,
yro OWD ankanmowna B MPUCYTCTBUHM HU(EAUNMHA TOJABISETCS HE MOJHOCTHIO,
YTO yKa3bIBa€T HAa TO, YTO B €r0 peaju3ali Hapsay C MOTEHIMAlI-3aBUCUMBIMU
Ca®”" xanamamy, y4acTBYOT ® apyrue Ca’'-TpaHCIOPTHPYIOLIHE CHCTEMBI
kapauomuonuToB. [Ipu 3tom, 3T0T 3ddexT 15-TAA MoxeT OBITH CBSI3aH C €TO
BIMSHHEM Ha TpaHCIOpT HOHOB Ca’’ Ha ypOBHE CapKOIIIA3MAaTHYECKOTO
petukynyma (CP), KOTOpbld WrpaeT BEAYIIYIO pPOJb B PEryisluu [Ca2+]i B
KapJAMOMHUOIIUTaX U COKPATHUTEIbHOW akTHBHOCTH Muokapzaa (Bers, 2000). bonee
TOTO, O BO3MOXKHOCTH Takoro JjeucTBus ankaiouga 15-'AA, KOCBEHHO
CBUJICTENILCTBYET MOJIaBIICHUE UM COKPAIEHUM MPU HU3KUX YACTOTAX CTUMYJISILIUU
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(<1 Tu), B ycnoBHUSX, KOI/Ja COKpAILEHHUS CEPACUYHONW MBIIIIBl B OCHOBHOM
obecreunBarotcs noHamu Ca’’, BeicBOGOXkmacMbiMu u3 CP (Honerjager, 2005;
Marks, 2000; Satoh et al.,2000). [Ins mpoBepKH 3TOrO MPEANONIONKCHHS, OBLIO
n3ydyeHo BiussHME [5-AA  Ha 1OCT-pecT MNOTEHIMALMIO, XapaKTEPHYIO
OCOOCHHOCTh CEPJICUYHOMN MBIIIIIBI, TO3BOJISIIONIEH M3ydaTh MPOIECCHl HAKOIICHUS
1 BbICBOOOKIeHMs noHOB Ca”" B CP. YCTaHOBIEHO, YTO mOCIe OITPEICIIEHHBIX
MEPUOJOB TOKOs, CHJa COKpAIllEHUs CepACYHOM MBIIIIBI  CYIIECTBEHHO
BO3PACTACT, B PE3y/IbTATE HAKOILICHHS JOMOMHATEIFHOrO KOIMIecTBa HOHOB Ca’’
B CP, Oomnbiiero ueM npu peryiaspHON CTUMYISIUM, KOTOPble U 00ECIeunBaIoOT
YCWJICHUE WM TOTEHIMauio cokpameHus wbimnel. (Bers et al.1993). B
KOHTPOJIBHBIX JKCIEPUMEHTaX, Ha MNanWUIIPHOM MBIIIE CepAla KPBICHI,
amMIuIMTyga nepBoro cokpamienus Bl mocie 30 cekyHAHOro mnepuoaa MOKOS
BO3pacTaia OT craimoHapHoro ypoBHsi B0, npunsitoro 3a 100%, no 189,7+6.2 %
(puc.4,A). Ilpu sTom ObUTO OOHApPYKEHO, YTO BHECEHUE B cpely MHKyOaruu 15-
I'AA (30MxM), conpoBOXAaeTcsl CYIIECTBEHHbIM CHUYKEHHUEM aMIUIUTY/bI
neporo cokpamenuss Bl no 10,244,1%, 4to CBUAETENBCTBYET O TOM, YTO
aJKaJou ] TOJABJISET TMOTEHUUPYIOMHUH dS(PPeKT TOoKos, BEPOATHO CHIDKAS
HakorieHune noHos Ca’* B CP (puc.4, A).

A b
251 M@ KonTpoab
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Q 2,0 —
BO S =
Q
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1 mMH :|: §
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Puc. 4. Bausnue ankamouna 15-'AA Ha mocT-pecT NMOTEHIMAUIO

IIaIII/IJ]HHpHOﬁ MBIIIIBI cepAla KPBICBI. 4. OpucunanvHvle 3anucu uiiocmpupyioujue
agpgpexmor 15-I'AA nHa nocm-pecm nomenyuayuro nanuiiapuou mviuwysl. b. Bausanue 15-I'AA na
omnocumenvHyio nomenyuayuto (B1/B0). Ilo ocu opounam — ommowenue B1/B0. Bo ecex
cnyuasx P<0,05, (n=5).

Onnako, Kak BUJHO U3 puc.4, A, B npucyTcTBuM ankanouga 15-I'AA, takxke
CYIIECTBEHHO CHI)KA€TCS aMIUIMTyJla CTallMOHApHBIX cokpaiienuit  (BO)
MNaNnWUISPHON MBIIIIBI, PETUCTPUPYEMBIX [0 Nepuoaa MNokKoss. IToT 3PQexT
ajKajJouJa Ha CTAallMOHAPHBIE COKPAIICHUS HANUUISIPHOW MBIl OOBSICHSIETCS
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OJABJICHAEM MM MOCTYILICHHs HOHOB Ca”’ B KapAMOMHUOLUTEL, Yepe3 MOTCHIHAI-
saBrcuMble Ca’'-kaHaisl CapKoJEMMBbI, Kak ObUIO TIOKa3aHO Bbime (puc.3).
YuureiBass TO, 9ro moHel Ca’’, MOCTymamomme B KapAHOMHOLMUTEL depes
noTeHnran-3aBucuMble Ca’*-kaHambl, B JalbHEIIIEM HCIONB3YIOTCS LIS 3arPy3KH
B CP (Bers, 2000), monaBinenue ankamougom 15-’AA moct-pecT moTeHIMAIUU
yKa3plBACT HA ©r0 BIWSHHE Ha OTH CHCTEMBI TpaHcmopra noHoB Ca’’ B
KapauomMuouuTax. g yrouHeHus: MexaHuzma aenctBusd ankainouga 15-'AA nHa
MOCT-PECT  MOTEHIMAIMIO  OBUTIO  MPOAHAIM3UPOBAHO €0  BIMSHHE Ha
oTHOcUTeNbHYI0 moTeHimanuo (B1/B0), kotopass sBIsS€TCS OTpaXKCHHEM
COCTOSIHHS TIpoLiecca 3arpy3ku noHos Ca’" u, coorBercrBenHo, emxoctd CP (Mill
et al., 1992; Bers et al.,1993). IIpu 3ToM OBUIO YCTAHOBJICHO, YTO B MPUCYTCTBUU
15-TAA (30mMkM) 3HaueHHE OTHOCUTEIBbHOW TMOTEHIUAIIMU YMEHBIIAETCS C
1,89+0,10 mo 1,39+0,13 (puc.4, b). OTu pe3yabTaThl CBUAETEILCTBYIOT O TOM, YTO
nojamieHue aMmruiutyasl Bl, BeI3biBaemoe ankamouaom 15-'AA, o0ycrnoBieHO
CHIDKCHHEM 3arpy3kd uoHOB Ca’’ B CP M yMCHBIICHHEM HX COJCPKAHHS B
nociieJHeM. AHAJIOTMYHBIA MEXaHHM3M TIOJIaBJICHUS COKPATUTCIIBHOW aKTHBHOCTH
CEPJICYHOM MBIIIIBI JICKUT B OCHOBE JCHCTBUS aHTHAPUTMHYECCKUX CPEACTB |
KJiacca.

Ponv nomenyuan-3asucumoix Na*-kananoe capronemmvl KapOUoMuUoyumos
6 peanuzayuu OUD anxanrouda 15-I'AA. B ocHOBe NEeHCTBUS aHTUAPUTMHUYECKUX
cpencts 1 Kimacca JeXMT Onokaga MOTeHIMan-3aBUCHMEIX  Na'-kanamos
CapKOJIEMMbI, KOTOpas COMPOBOXIAETCS CHUKEHUEM CKOPOCTH Pa3BUTHS
BOCXOAsIIeH ¢a3bl MOTEHIMANIa EeHCTBUA, 3aMEJIEHUEM €T0 PaclpOCTPAHEHUS U
HOJaBJICHHEM BO30YyIMMOCTH mpoBoasmiei cucrembl cepana (Mitchell, 2015;
Stoelting, 1999). BmecTte ¢ TeM, HEKOTOpbIE MPEACTABUTEIM aHTHAPUTMHUYECKHUX
cpenctB 1 kjacca xapakTepu3yroTcsi BbipaxkeHHBIM OWD, B ocHOBE KOTOPOro
TAalOKe JISKUT OJOKaga IoTeHnuan-3aBucuMbIXx Na'-kamamoB (Heubach and
Schule,1998). IIpu 3toM 6mokupys Na'-kaHaibl, OHH CIOCOOCTBYIOT YMEHBIIEHUIO
BHYTPUKJIETOUHON KOHIEHTpaluu HoHOB Na’' B KapAHOMHOIMTaX, KOTOPOE
COIPOBOKIACTCS CHIDKEHHeM ypoBHs [Ca’’]i M MONABICHHEM COKPATHUTEIBHOI
aktuBHOCTH cepaeuynor wmbiel (Navada et al.,1994). B cBsi3u ¢ stum s
BBIACHEHHs POJIM MOTEHIMAN-3aBUCUMBIX Na'-kaHaoB, B obecriedyeHny 3G deKToB
ankanouga 15-'AA, 6pUT0 U3Y4YEHO €ro JeHCTBHME HAa COKpAIICHUS MANMIISPHOU
MBI B MIPUCYTCTBUH JHIOKAWHA, CHEIU(DUIECKOro OJI0KaTopa 3THX KaHAJOB,
OTHOCSIIIIETOCs K aHTHapuTMudeckuM cpeactBam | xmacca (Sheu and Lederer,
1985). Ilpu sTom OBLIO OOHAPYXEHO, YTO B MPUCYTCTBHH |5SMKM ImjokauwHa,
KOHIICHTPAIIMK COOTBETCTBYIOMEH ero 3HadueHuio EJlsy, addexr anmkamomma 15-
I'AA Ha cokpallleHUs] ManWUIIPHON MBIIILBI YMEHbIIaCs ¢ 92,7+5,4% (KOHTpOIb
6e3 mumokamHa) m0 72,6+6,3%. Bmectre ¢ Tem, OBIIO YCTAaHOBJIEHO, YTO TPHU
HaJIMYUM B cpeae HMHKyOamuu ankaimouga 15-'AA kpuBsie no3a-addext maisa
TUAOKaMHA CMEMIAIOTCS TOYTH TMapajuiebHO BIIEBO, 0€3 CYIIECTBEHHOTO
W3MEHCHHsI BEIMYMHBI €ro MakcuMmajabHoro 3ddekra (puc.5, A). Ilpu sTom
BenuuuHa EDsy s nunokanna, B npucytcteuu 30 MkM 15-'AA, ymenbiianace ¢
15 MxM 10 4,1 MKkM, 4TO CBUIETEILCTBYET 00 aAAUTUBHOM XapakTepe JAEHCTBUS
aNKajouja W JuaoKawHa. borjee Toro, mapajienbHOE CMEIIeHHe KPUBOW 103a-
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s dexT 1 nunokanHa, 0e3 U3MEHEHHsI MakcuMyMa ero 3Qp¢deKTa, B MPUCYTCTBUU
aJKalon/Ja, YKa3blBaeT HA €ro KOHKYPEHILHIO C JUAOKAaMHOM 3a OJHY MHILIEHb T.€.
Na'-kaHamsl KapIHOMHOLIUTOB. JIJIs JOTOTHUTENBHOH POBEPKH BO3MOKHOM POITH
Na'-xananos, B obecrmeyennn OUD ankanmomma 15-TAA, ObIIM M3YYeHBI €To
3bdexThl B ycnoBuAX HHakTHBamuu Na'-KaHanoB, Aemonspusamueil, KOTOPYIO

BbI3bIBaNIM MyTeM yBenauueHus kounentpamuu KCI B cpene no 24 MM (Catterall,
2003).
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Puc. 5. 3aBHCHMOCTH OTPHLATEJBHOIO0 HOHTPONHOrOo 3¢deKTa

ajgkaigonaa 15-TAA oT COCTOSIHHSI MOTeHIHAI-3aBHCHMBbIX Na'-kaHajioB. A.
Bruanue 15-'AA na xpusvie doza-3¢pgpexm nudokauna. b. dppexmor 15-I'AA 6 nopme u npu
unakmusayuu Na'xananoe oenonapusayueii (24 mM, KCl). Io ocu opounam — cuna
COKpaujeHus. Mblldybl, 8bIPANCEHHAS 8 NPOYEHMAX Om MaKcumanvHou, npunamot 3a 100%. Bo
scex crywasx P<0,05, (n=4).

Kak BugHO W3 pe3ynpTaToB, MPEACTABICHHBIX Ha puc 5,b B ycCIoBUAX
nHakTHBalmu Na'-kamanoB, ankaigoun 15-TAA  mopaBiser COKpAIIlCHUS
NanwuUBSIPHOM MBIIIIEI Bcero Ha 63,7+5,6%, 1O CpaBHEHUIO C KOHTPOJIEM
(92,7£2,4%), nonydeHHbIM B HOpMajbHOM pactBope KpeOca. DTu pe3ynbTaThl
Hapsily C pe3ylbTaTaMH, IOJIYYEHHBIMH B OHKCHEPHUMEHTaX C JHJAOKAUHOM,
CBUJIETENBCTBYIOT O TOM, uTO B obecnieuennn OUD ankamomma 15-'AA BaxHyrO
ponb urparotr Na'-xaHans! kapauomuonutoB. Ipu sToM, 6rokupys Na'-kaHansl, 1
yMeHbIIass cojepkaHue HOHOB Na' B KapAMOMHOIMTAX, AalKaJOUJ MOIXKET
CrocoOCTBOBATh YCWJICHUIO BBIBEICHUS MOHOB ca®* qyepes Na*/Ca**-06MeHHUK 1
CHIDKaTh MX COJAeprKaHue Kak B ruTomiasme, Tak u B CP (Bers, 2000).

Brnuanue ankanouoa 15-I'AA na mpancnopm uonos Ca** obecneuusaemviii
Na*/Ca’*-o6mennuxom kapouomuoyumos. Beime GbUIO MOKA3aHO, YTO AIKAIOH
15-'AA 3aMeTHO MOJABISIET MOCT-PECT MOTEHUUALMIO HANWUISIPHOW MBIIIIIHI,
KOTOpasi OTPAXKAET IMPOLECC 3aKaYKU UOHOB Ca* B CP, B KOTOPOM BaXHYIO pPOJib
urpaer Na*/Ca’*-o6mennuk (Bers and Christensen, 1990). B cBsi3u ¢ otum st
nanpHenmend xapaktepuctuku OWD ankanompa 15-'AA ObulM U3YydYEHBI €ro
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3¢pdexTel  Ha  COKpalleHWs  NaNWUIIPHOM  MBIMIIBL,  MHAYLUPYEMbIE
MOAU(PUIMPOBAHHBIM pacTBOpoM KpebOca u cepieyHbIM TIIMKO3UI0M 0yaOauHOM,
KOTOpsIe B OCHOBHOM obecmednBaforcsi woHamu Ca®’ MOCTYMAOmuMH B
kapaoMuonuTsl depe3 Na'/Ca®*-o6mennuk (Blaustein and Santiago,1977). Ilpu
3TOM ObUIO OOHapyxeHo, uro ankaioun 15-'AA »sddexkTuBHO MOAABISET
COKpAIllEHUS NaNWUIAPHOM MBIIIIBL, HHAYHUPYEMblE MOAU(PUIMPOBAHHBIM
pactBopoM KpeGca ¢ moHmKeHHBIM cojepxkanueM nmoHoB Na' (35 mMM). Drot
sddexT ankanonga UMes A03a-3aBUCUMbBIN XapaKTep U MaKCUMaJbHOE CHI)KEHHE
aMIUTUTYAbl cokpamieHud 10 11.64+3.1%, ot koHTposbHOTO YpoBHA (72.6+4.8%),
Ha0roamock npu ero konuentpauuu 30 MxM, a 3HaueHue E/lsg cocrapmsio 16.9
MKM (puc.6, A). W3 mnonydeHHBIX pe3yJbTaTOB CIEAYET, YTO I[OJABJICHUE
ankanouaoMm 15-'AA cokpameHnid NanWUISIPHOW MBIIILBI, WHIYLIHPYEMBIX
MoIu(UIIMPOBaHHBIM pacTBOpoM Kpebca, MoxeT ObITh O0OYCJIOBIEHO €ro
BIMSHEEM Ha mocTymieHue nouoB Ca’* gepes Na'/Ca’*-06MeHHHK.
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Puc. 6. Bausinue ankanouaa 15-'AA Ha cokpamieHusi NANMJUISIPHOM
MBIIIIBI CePALAa KPbIChl, HHAYHUPYeMble MOIAM(PUIUPOBAHBIM PACTBOPOM

Kpeoca (A) u oyadbaunom (b). Moouguyuposanwviii pacmeop Kpebea cooepocan 35 mM
NaCl, ocmonsprocme  noodepowcusanace  Oobasnienuem  SKEUMONAPHOU — KOHYEHMPAYUU
xonunxnopuoa. Ilo ocu opounam — cuna COKpaweHuss Mbluiybl, GbIPANCEHHASL 8 NPOYEHMAX O
makcumanvrol, npunsmoii 3a 100%.. Bo ecex ciyuasix P<0,05, (n=4).

DTO NpeNnoaoKeHUe HAIIO MOJATBEPKICHUE B HKCIIEPUMEHTAX, B KOTOPBIX
sbdexter 15-'AA Ha cokpamieHHs] TANWUISPHOW MBIIIIBI, HWHIYIIUPYEMBIC
MOAU(pUIIMPOBaHHBIM  pacTBopoM  KpeOca, w3ydanuch B  MPHUCYTCTBHUH
ciennduueckoro Gnokatopa Na'/Ca?*-o6mennmka KB-R7943 (Satoh, 2000). B
3TUX OJKCIepuMeHTax, npu Hamuuuu B cpeae 20,6 MxM KB-R7943, xorma
aMILIUTy 1A COKpalleHun NanWuUIspHON MBIIIIIBI, MHYIUPOBAHHBIX
MoauduIMpoBaHHbIM pacTBopoM KpebOca ymeHnblnanach Ha MNOJIOBHHY, 3(P(dEKT
ajKajouJa 3aMETHO CHIDKaJCA. OTH pe3yibTaThl YyKa3blBalOT HAa TO, YTO
nojasiieHue ankaiouaoMm 15-'AA  cokpalleHuid NanwuSIPHOM — MBI,
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UHAYUHPYEMBIX  MoauduiupoBaHHbIM  pacTBopoM  KpebGca, 00ycnoBieHo
CHIDKGHHEM IOCTYIUIeHHs MoHOB Ca’ B KapaMoMHOIMTHI uepes Na'/Ca™'-
OOMEHHHMK. AHAJIOrM4YHBIM O0pa3zoMm ankanoup 15-'AA nonpaBnan cokparieHus
NaMWUISPHOM ~ MBI,  UHAYIUPYEeMble  Oya0aWHOM, KOTOpbHIE  TaKxke
oGecreunBatorcs moHamu Ca® mocrymaronmmmu  depes  Na'/Ca®-o6MeHnHuK
(Rossoni et al., 2006). IIpu stoM 3TOT 3ddeKT ankamouga, TaKKe UMEN J103a-
3aBUCHUMBINA XapaKTep W MaKCHUMaJbHOE MOJABJICHUE aMILIUTYAbl COKPAIICHUN OT
KOHTPOJBHOTO YpoBHS (68.6+3.6%) no 6.9+3.1%, Habmomanoch MpU €ro
koHueHTpauu 30 MxM u 3nauenuu Ellsp -15.8 MxkM. bonee Ttoro, stotr addekr
15-T’AA Ha cokpalleHus NaNWUISIPHOM MBIIILbI, HHIYLUPYEMbI OyabaunHOM,
TaK)K€ 3aMeTHO CHwkaiucs B mpucyrctBuu KB-R7943, uyto mgomosHUTENBHO
yKa3bIBACT HA €r0 BIIMSHUE Ha MOCTYIUICHHE HOHOB Ca’’ B KapIHOMHOLMTEL Yepes
Na‘/Ca’*-06MeHHIK. AHAIW3 pE3ylbTATOB ITHX DKCIEPHMEHTOB IIOKA3al, HUTO
ankamoua 15-'AA moutu onuHakoBO 3¢G(EKTUBHO W ¢ OJM3KUMHU 3HAUYCHUSIMU
EJlsy monaBnseTr  cokpalleHus MNanuUIIPHOM — MBIIIIBL,  HUHAYIHPYEMbIS
MoauUIIMPOBaHHBIM pacTBOpoM Kpebca u oyabanHOM. Y4YHTBIBas TO, 4YTO
COKpAICHUS TANWUIAPHOW MBIIIIBIl, WHIYIUPYEMbIC OTHUMH Pa3IuYHBIMU
MeTogaMu, 06ycioBneHsl wnoHamu Ca’’ mocrymarommmu  uepes Na'/Ca®'-
OOMEHHHUK, MOJKHO 3aKJIIO4YHThb, 4yTo B oOecmeuennun OMD ankamoupa 15-TAA
BAXKHYIO POJIb MOET WIpaTh MOJABICHHE MM IMOCTYIUICHHs HOHOB Ca’' wepes
Na‘*/Ca®"-o6mennuk. Takoe JIEUCTBUE aJKaJIOWaa Ha Na*/Ca* -o6mennux
MOJITBEPKAAETCS CYIIECTBEHHBIM CHUXEHHEM ero 3()¢eKkToB Ha COKpalieHus
NanWUIIPHOM  MBIIIIBI, HMHIYIUPYEMbIE IBYMsl DAa3JIMYHbBIMH METOJIaMH, B
IPUCYTCTBUU ero crneruduaeckoro 61okaropa KB-R7943.

B uyerBéproM rnaBe guccepraiuu «Xapakrepuctuka 3¢ ¢exToB
AUTEPNEHONIHOr0 ajkajouaa 15-ameroxcuazomernn atusuHa (15-AAA) Ha
COKPATHTEJbHY) AKTHBHOCTh NANMJISIPDHOW MBIIIIBI CepPALAa KPbICHD)
MOCBSIIICHA W3YYCHHIO OCOOCHHOCTEH IMOJIOKHUTEIBHOTO U OTPUIATEIHHOTO
WHOTPOIHOIO AeicTBusA 15-AAA.

B otnmmuum ot 15-T'AA, sdpdext 15-AAA HaA cokpalieHus NanuUISIPHOM
MBIIIIBI UMEJI JIBOSKUN XapaKTep W NMpPU HU3BKUX KOHIeHTpamusax 15-AAA (-8
MKM) u Hu3kux yactotax crtumyisinuu (0,1-1 I'm) oH yBenwuwBan CHIly
COKpAIICHUS MAMWIIIPHOW MBIIIIBI, a IPU BBICOKUX KOHIEHTPAIUSAX M 4acTOTax
CTUMYJISIUY, HA00OPOT MOAABIISN €€.

OcobeHHOCmU NONOHCUMENbHO20 UHOMPONHO20 Oelicmeus ankaiouoa 15-
AAA. Buecenue B cpeny unkyOauu 5 MkM ankanouna 15-AAA conpoBoxmaeTcs
POCTOM CWJIBI COKpAIICHUS TMAMWULIPHONW MBIIIIBI, KOTOpas yBEIMYMBACTCS Ha
21,843,2%, OT KOHTPOJIBHOTO YPOBHS CTAllMOHAPHBIX coKpaueHui (puc.7). Takoe
YBEJIMYCHHUE CHJIbI COKPAIICHHUS] CEPACYHON MBIl WX TOJOKUTEIHHBINA
uHotponusii 3pdexr (IINI), xapakrepHo sl ACUCTBUA psAlla KaTEXOJIAMUHOB
(ampeHanuH, HOpAJpPEHAINH), KOTOPOE OOYCIOBIICHO YBEIUYCHHEM [Ca2+]i B
KapauoMuonuTax. IJToT 3(hQexT karexonamMuHOB obecrieunBaeTcs Omaromaps
CTUMYJISIIINN B-aJPEHOPEIENTOPOB, KOTOPHIE AKTHBHUPYS aJCHIIATIUKIA3Y |
yBeIMUMBas MpoayKinio DAM®, cmocobcTByoT Mobumm3anuu nonoB Cal’ u
yBenmuennio  [Ca®’], B pesyiabrare KOTOPOrO IPOMCXOLHT — YCHIICHHE
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cokparieHuii cepaeunoit Mprisl (Bers, 2000). YauTeiBas 3TO MOXHO OBLIO
MPEINOI0KUTh, YTO AHAJIOTUYHBIA MEXAHU3M, BO3MOXHO, JIEKUT B ocHOBe 111D
ankanouga 15-AAA. OgHako, ObUTIO OOHAPY’KEHO, YTO ATOT 3(PPeKT amkamounaa
COXpaHsJICA W B MPUCYTCTBUHU MpOIpaHaiona, crnenudpuyeckoro Ojokatopa B-
aJIpEHOPEILENTOPOB, UTO CBUAETEIBCTBYIOT O TOM, uto I3 ankamouma 15-AAA
HE CBSI3aH C aKTUBALMEW B-aJIpeHOPELENTOPOB M aJICHUIATIMKIA3HON CHCTEMBI.
Bwmecte ¢ teM aToT 3ddext 15-AAA Habmogancs U B NPUCYTCTBUM OJIOKaTopa
MOTeHIMAT-3aBUCHMBIX Ca’'-KaHaIOB HU(EIUINHA, YTO HCKIIOYAET AKTHBAIIHIO
UM IIOCTYIUICHHUS WOHOB Ca** yepe3 3TH KaHaibel. B cBsa3u ¢ Tem, uro IIMO
ankanouga 15-AAA HaOmogaeTcss TOJIBKO B 00J1aCTH HU3KUX YACTOT CTUMYJISLIUU
(0,1-1 Tmu), B YyCHOBHSIX, B KOTOPBIX COKpAIICHHS CEPACYHONW MBIIII[BI
oGecneunBaroTes B ocHOBHOM noHamu Ca’* BeicBoG0x 1aeMbiM u3 CP (Maier et al.,
1997), MOXHO TIPEATOJIOKHUTE, YTO B €0 PealTU3aIliK 3a/1CHCTBOBAH aHAIOTUYHBIH
MexaHu3M Ha ypoBHe CP.

A b
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1mH ]: I .
— I i O——T—TT 77T T1T T
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Puc.7. 3aBucumMocTh MHOTPONMHBIX 3(PPexToB ankanouga 15-AAA ot

€ro KOHUEeHTpPauMu. 4. Opucunanvhvle 3anucu UITIOCMpupylowue uHomponHule 3¢)ghexmol
5 u 30 mxM 15-AAA. b. 3aeucumocmso Oeticmsus 15-AAA na cokpawenuss NAnUIIAPHOU MblULYbL
om e2o KoHyeHmpayuu. Ilo ocu opounam — cuna COKpawjeHus Muliiybl, BbIPANCEHHA 8
npoyenmax om maxkcumanvrou, npunsmou 3a 100%. Bo ecex cayuasx P<0,05, (n=6).

JI71s1 IpOBEPKHU 3TOTO MPEANOI0KeHUs: Obulo0 M3ydeHo BiusiHue 15-AAA (5
MKM) Ha MOCT-pecT MOTEHIMALMIO MaNWJUIIPHON MBIIIIBI, KOTOpas Kak ObLIO
MOKA3aHO BBIIIE, OTPAXKAET COCTOSIHHE IMPOLECCOB 3arpy3Ku M BBICBOOOKICHHS
nonos Ca®* B CP. [Ipu 3TOM OBUTIO OOHAPYKEHO, YTO MPHU HAIUYUU B cpene 15-
AAA (5 MxkM), ammnutyasl nepBoro cokpaimienuss Bl, mocime 30 cexkyHaHOTO
Mepuojia MOKOsS, YyBeIHuuuBaeTcsa Ha 76,6+£8,1%, OT KOHTPOJBHOTO YpPOBHH,
MOJIy4YeHHOro J10 AoOamieHust ankaimouzga (puc.8, A). Bmecte ¢ Tem, B 3TUX
YCJIOBUSIX TakKe HaOJI0aIOCh HEKOTOPBIM POCT aMIUIUTYAbl CTAIllMOHAPHBIX
cokpanienui (B0), xoTopeiii Obul MeHee BBIpaKeH MO cpaBHeHUIO ¢ Bl, o uem
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CBUJICTEIBCTBYET CYIIECTBEHHOE YBEJIMYEHHE BEIUYMHBI  OTHOCHUTEIBHOM
norenimaruu (B1/B0) mo 2,20+0,18, mo cpaBHeHHio ¢ KoHTposem 1,89+0,10
(puc.8, b). B cBs3u ¢ TeMm, UYTO YBEIWYCHHE BEITUYHMHBI OTHOCHUTEIHHOU
TMOTEHIMALINHA, SBISETCS TOKa3aTeneM mporecca 3arpyskn mouos Ca”'s CP (Mill,
1992), MOKHO OBLIO MIPEAOJIOKUTH, YTO MOTEHIUPYIOUTU A dekT ankaiounaa 15-
AAA, BO3MOXHO OOYCIOBJIEH YBEIUYEHHEM 3arpy3kd U JONOJHUTEIbHBIM
HakoruteHneM nouos Ca”" B CP, KOTOpPBbI€ U 00ECIEUNBAIOT YCUIIEHUE COKPAILICHU I
NaNWUIIPHON MBIIIIEL. BEIlIe yKe 0TMeuanaoch, YTO BaXHYIO POJIb B PETYJSIIUU
COJIep>KaHUsI MOHOB Ca*s CP Urpaet Na‘/Ca**-06MeHHHK, KOTOPBIN oOecrieunBas
noctymienne noHoB Ca®* B Kap[MOMHOIIUTH U YBEIWUMBAs MX 3arpy3ky B CP,
CIOCOOCTBYET YCHIICHHIO COKPATHTEIBHON aKTMBHOCTH CepJe4HOM Mbimiibl (Bers
and Christensen, 1990; Shattock et al.,2015). IIpu 3ToM ycTaHOBJIEHO, YTO HAPSIAY
¢ ocHOBHOH (pyHkupel Na'/Ca’* -o6MeHHNKa, 00eceunBatomeil BHIBEICHHE HOHOB
Ca®" U3 KapMOMHOIINTOB, MOCTIE KAXIOr0 aKTa COKPAIICHHUS, OH TAK)KE yIacTBYET
B MX IMOCTYIUICHUU BO BPEeMs Pa3BUTHS TUIATO moTeHInana aercraus (Bers, 2015).

A b
KonTpoas B1
301 = KonTpoan
B0 Hl 15-AAA (5 MmxM)
S 2,51
Q
1 mMH :l: P
€ 20- _
Hoe z -
=
15-AAA (5 MmxM) B1 g 1,54
; 1,04
B0 E
O 0,54
1mMH :l: 0
—

30c¢

Puc.8. Bausiuume 15-AAA (SMxkM) Ha mOCT-pecT MOTEHIMALUIO

HaHH.HJ]ﬂpHOﬁ MBIIIIBI cepaua KPbICbl. A. Opucunanvuvie 3anucu uLiOCMpupyrouue
agpgpexm 15-AAA (5 mxM) na nocm-pecm nomenyuayuro nanuiisapHou moluysl. b. Bausnue 15-
AAA na omnocumenvuyro nomenyuayuro (B1/B0). Ilo ocu opounam — omnowenue B1/BO. Bo
scex cayuasx P<0,05, (n=5).

bonee Toro, momoKUTENbHBIN WHOTPOTHBIN 3P (HEKT, BHI3BIBAEMBIA CEPICUYHBIMU
IMKO3HAAMH, TaKKe obecrednBaercs woHamu Ca’', MOCTYNAIOUIMMH dYepes
Na'/Ca**-00MeHHHK, B pe3yibTaTe W3MCHEHHs HANPABICHHUS ero paGoThl
(Nishio et al.,2002). B cBs3u ¢ otuM s nogrepskueHms pomn Na'/Ca'-
oOMEHHHUKa B 00€CIeYEeHNU OTEeHIUpYIouero aeucteust 15-AAA, ObuIM U3y4deHbI
ero 3hdexkTel B mnpucyrctBum ero oOmnokatopa KB-R7943. Ilpu sTomM ObLIO
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OOHApyX EHO, YTO B MPUCYTCTBHUM MaKCUMalIbHO S()PEKTUBHON KOHIEHTPALUU
KB-R7943 (30MxM), B yclOBHAX, KOrjaa Na*/Ca**-06MEHHIK IOJHOCTBHIO
3a0JI0KMpPOBaH, BHeCEHUE B cpeny 5 MKM 15-AAA He cCOmpoBOXKIaeTCS pa3BUTHEM
noteHuupytomiero 3¢ dexra ankamouaa (puc.9, A). Takxke ObUI0 OOHAPYKEHO, UTO
npu HU3KHX KoHmeHTpamusx KB-R7943, xorma ¢ymxmms Na'/Ca®*-o6menuuka
YaCTUYHO coxpaHsercs, 15-AAA Obul cocoO€H BBI3BIBATH MOTCHIMPYIONTHAM
3¢ (dexT, KOTOphIil 0IHAKO ObLT MEHEE BBIPAXKEH, IO CPAaBHEHUIO € €ro 3P(HEKTOM B
orcyrctBuu KB-R7943 (puc.9,b). Pe3ynbratbl 3THX 3KCIIEPUMEHTOB MOTYT
CBUJICTENILCTBOBATh O TOM, YTO B pealM3alldd MOTEeHHHpyrmero sddekra 15-
AAA, mo-BHIEMOMY, YydacTByloT wnoHsl Ca’’ oGecmeunmBaembie Na'/Ca”'-
0OMEHHUKOM, KOTOpbIe B AayibHeiemM nocrynas B CP criocoOCTBYIOT YCHIICHUIO
COKpAIEHUs MaNWUIIPHON MBIIIIIIBI.

A B
120- =1 [] Kontpoin 120- == [] Kontposip
= 15-AAA (5 MxM) [ 15-AAA (5 MxM)
Bl KB-R7943 (30 MmxM) ] Bl KB-R7943 (20,6 MxM)
1004 —E B KB-R7943 + 15-AAA (5 Mk M) 1004 —E B KB-R7943 + 15-AAA (5 Mk M)
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401
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204 204
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Puc.9. Bansinue cnennduueckoro 6;1okaropa Na'/Ca?*-o6mennnka KB-

R7943 na morenumpyromuii 3¢pdext ankagonaa 15-AAA. Buusnue 15-444 (5
MKM) na coxpawenue nanunaprou mviuysl 8 npucymemeuu 30 mxM (A) u 20,6 mxM (5) KB-
R7943. Ilo ocu opounam — cuna COKpawjeHust Mbliiybl, BLIPANCEHHAS 68 NPOYEHMAX Om
makcumanvrol, npunsmott 3a 100%. Bo ecex cayuasx P<0,05, (n=6).

JIns moATBEpXKIACHHS TAKOIO MEXaHU3Ma MOTCHUUPYIOLIETO AcucTBUsA 15-
AAA ObuH n3ydeHsbl ero 3QGeKThl B IPUCYTCTBHH alKaloua KopenHa, KOTOPhIi
IIMPOKO KCIOJIB3YETCA MPU M3YUYEHHHM MPOLIECCOB 3arpy3KH M BBICBOOOKICHUS
nonos Ca”* B CP. Kodenn sBisieTcss MOIIHBIM CTUMYISITOPOM BBICBOOOXKICHUS
nonos Ca”* u3 CP, B pe3yJIbTaTE KOTOPOTO CEPHE3HO HAPYIIAETCS MPOLECC UX
oOpatHoii 3arpy3ku B CP (Stephenson,2008). JleiicTBUTEIBHO, KaK MOKa3aHO Ha
puc.10, A B mpucyrctBum 8 MKM KodewHa, BEIMYMHA OTHOCHUTEIHLHOM
noreHuuanuu ymenomaercs ¢ 1,89+0,10 mo 1, 4To CBUAETENBCTBYET O TOM, YTO
MEXaHU3M, O0ECNEUYNBAIONIUN MMOCT-PECT MOTCHIMAIUI0 HE (YHKIMOHUPYET, B
pe3ynpTaTe OTCYTCTBUSA IOCTYIUICHUS UOHOB Ca* B CP. [Ipu >TOM OOHapyxeHo,
yto JnoOaBnenue 15-AAA (5 MxM) Ha Qone peiictBus kodeuHa, He
COMNPOBOKJAETCS BOCCTAHOBJIECHUEM HOPMAJIbHOW PEAKIUU MaNWLISIPHONU MBIIIIBI
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Ha TECT MOKOEM, YTO MOKET yKa3blBaThb Ha TO, YTO MOTEHIUPYIOMHHA 3PexT
aJKaJouJa BO3MOXKHO CBS3aH C NpoLEccaMH, OOECNEeUMBAIOIIMMU HAKOIICHHE
roros Ca”* B CP. DT0 TpemonokeHe HAIUIO MOATBEP/KACHHE [P H3ydJCHHH
adpdexroB 15-AAA (5 MkM) B yclnoBUSIX YACTUYHOTO MOJABIICHHS TMOCT-PECT
NOTEHLMALIMK, HU3KUMHU KOHLEHTpauusamu Kodeuna. Ilpu sTOM  ObLIO
oOHapykeHOo, uro B mpucyrctBuu 3MKM kodeuwHa, Korga BeIMYMHA
OTHOCHUTEIIbHOM TOTeHHuanuu cHrokaeTcs a0 1,4+0,12, nobaBnenme 15-AAA (5
MKM) conpoBoxknaercs €€ ypenuueHuem qo 1,74+0,14 (puc.9, b). O1u pesynbratsl
yKa3bIBalOT Ha TO, YTO B YCJIOBHSIX YaCTHYHOIO (PYHKIIMOHHPOBAHUSA MEXaHU3MA,
00€ecreynBaroIIero IMocT-pecT MOoTeHIuauuoo, ankamoun 15-AAA  coxpanser
CIIOCOOHOCTh MHAYLMPOBATh NOTEHUHUPYIOMHUN D PEKT, XOTS B MEHBIICH CTENEeHH,
YeM B YCIIOBUSAX OTCYTCTBUS KO(erHa.

A b
2,57 1 Kontpoub 2,51 1 Kontpoas
Il Kodeun (8 MmxM) - Il Kodenn (3 mxM)

) 204 Bl Kodeun + 15-AAA (5 mkM) 8 204 Il Kogeun + 15-AAA (5 kM)
g == =i =2
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= =
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= 0,54 £ 051
© o

Puc.10. Bausinne kopenna Ha noreHuupywumuii 3¢dekr ankanounaa 15-

AAA. Buusnue 15-AAA (5 mxM) na omnocumenvhyo nomeHyuayuio NANUIIAPHOU Mbluybl 6
npucymcmeuu 8 mxM (A) u 3 mxM (b) xogeuna. Ilo ocu opounam omHoOCUmMeNbHAS
nomenyuayust (B1/B0). Bo ecex cayuasx P<0,05, (n=5).

Pe3ynbTaThl 3THX SKCHEPUMEHTOB MOTYT CBHJIETEICTBOBATH O TOM, 4YTO
noteHmupytonmii  shdexr ankamoumma 15-AAA  BO3MOXKHO CBf3aH C
Moau(dHKaIUeH Tpolecca 3arpy3kd HOHOB Ca® B CP. C uenblo panpHeifmeii
XapaKTEPUCTUKU IecTBUs ankaiouna 15-AAA Ha npolecc 3arpy3ku HOHOB Ca®*
B CP Obutn m3ydeHbl ero 3G(HeKThl B MPUCYTCTBUU ITUKIOMHUA30HOBOW KHUCIOTHI
(LIIK), cenekruBHoro wuuruémropa Ca’’-AT®assr CP, kotopas B OCHOBHOM
oGecrieunBaer 3arpy3ky nouo Ca’* B CP (Takahashi et al., 1995). Buecenue B
cpeny 30 MxkM LIIK comnpoBoXaanoch CHUXEHUEM BEJIMYUHBI OTHOCUTEIBHOU
MOTEHIMANU 0 1, 4TO CBUAETENBCTBYET O HAPYUIEHUWU IMpoliecca MOCT-PecT
MOTCHIMALMM B pe3ylbTate HHruOupoBanms Ca’-ATdasbl ¥ MOJaBICHUS
3arpy3Kd MOHOB Ca”" B CP (puc.11,A). JloGaBnenue B 3TuX yciaoBusix 15-AAA
(5MkM), Kak ¥ B OKCIEPUMEHTaX C KO(PEHHOM, HE COIMNPOBOXKAAIOCH
BOCCTAQHOBJICHHEM MOCT-PECT NOTEHI[MAILMH, YTO TAK)KE MOKET YKa3bIBaTh Ha CBA3b
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MOTEHLMPYIOUIEr0 JCHCTBUS  alKajlouaa ¢ IPOLECcCOM, 00eClneunBarOIIUM
3arpy3Ky HOHOB Ca”* B CP. Bmecrte ¢ TeM, B 3THX AKCIIEPUMEHTax ObLIO
0OHapy’KeHO, 4TO MPHU UCHOJIb30BaHUM HU3KUX KoHUeHTpauui LIIK, npu koTopsix
MOCT-PECT NOTEHLHMALMS YaCTUYHO COXpaHseTcs, nodaBienne SMKM 15-AAA
CONPOBOKJAJIOCh YBEIMYEHUEM BEJIMYHMHBI OTHOCUTEIBHOM NOTEHUUALHUH C
1,5+0,11 nmo 1,72+0,12 (puc.11,b). Pesynbrarhl yKa3plBalOT Ha TO, YTO
noreHuupyommii  3pdext 15-AAA Moxer ObITb O00YCJHOBIEH aKTHBaLUeH
npomecca 3arpyskn uoHoB Ca”* B CP M yBenMYCHHEM HX COJCPKAHHS B
MOCJIETHEM, YTO U CIIOCOOCTBYET YCUJIEHUIO COKPAIEHUN MaNUUISIPHON MBIIIIIBI.
[lonoOHBI MEXaHU3M CTHUMYJSLMUA COKPATUTEIBbHOM aKTHUBHOCTH CEPAECYHOM
MBIl XapaKTEPEH IS aJIKaJONAa aKOHUTUHA, BBIJEIEHHOTO U3 PACTeHHUI poja
Aconitum, B ocHOBE KOTOPOTO NeXMT MOAM(HUKAIMS MOTeHIHaI-3aBUCUMBIX Na*
kananoB (Wright,2002; Zhou et al.,2013). IIpu 3TOM yCTaHOBIEHO, YTO B
pe3yapTaTe B3anMOJEHCTBUS AaKOHUTHHA

A B
25140 Konrpoan 251 Konrpoan
Bl LK (30 MmxM) - B LK (5 MxM)
S, I UK+ 15-AAA[S MkM) S 5o MM LK + 15-AAA (5 mkM)
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Puc.11. BausiHue HHUKJIONMMA30HOBOM KHCJIOTHI HA NOTEHIMPYIOIIUM

dpdext anxkanouma 15-AAA. Buusanue 15-AAA (5 mxM) na omuocumensmyio
nomenyuayuio nanuiiaprou moiuysl 6 npucymemeuu 30 mxM (A) u 5 mxM (B) LIIK. Ilo ocu
opounam omuocumenvhas nomenyuayus (B1/B0). Bo écex ciyuasx P<0,05, (n=5).

¢ Na' kamanamu HapylaeTcs MeXaHM3M MX HHAKTUBAIMM, YTO HPUBOAMT K
YCUIIEHHIO TIOCTyIIeHHs uoHOB Na' B KapIMOMHOLMTHI M Pa3BUTUIO CTOMKOM
nenonspuszanuu  ux MemOpan. Crolikas Aemnonspu3anus, B CBOIO O4Yepeb,
CITOCOOCTBYET aKTHUBAIIMU TIPOIIECCOB, OOCCIICYMBAIOIINX MOOMIN3AINI0 HOHOB
Ca’*, 4To HPHBOAMT K YPE3MEPHOMY HX HAKOILUICHHIO B KapIHOMHOLHUTAX H
HApYLIEHUID HOPMAJIBHOM COKPATUTEIBHOM CEPJIECYHOW MBIIIIbI. YUYHUThIBAA
OOJBIIIOE CXOACTBO B CTPYKTYPHOU OpraHW3anuy MoJiekyn 15-AAA u akoHUTHHA,
MPEANnoIoraioch, YTo TNoTeHHupywmuii 3pdekr 15-AAA, BO3MOXKHO
o0OecreuynBaeTCss MEXaHU3MOM, MOJOOHBIM MEXaHW3MY JEHCTBUS aKOHWTHHA. B
CBSI3U C 3TUM JUIsl POBEPKHU 3TOrO MPEANOIO0KEHUs], ObUIH U3y4deHbl 3PheKTh 15-
AAA (5 MkM) B mpuUCYTCTBUUM JIUMJOKaWHA, KOTOPBIA MpenoTBpaiaet 3P eKTol
AKOHUTHHA HA COKPATUTEJIBHYIO aKTUBHOCThH CEPIACYHON MBIIIIBI U BbI3bIBAEMYIO

49



uM aputmuio (Antzelevitch, 2014). B stux skcnepumenTtax aodasienue 15-AAA
(5 MxM) nHa QoHe nelcTBUA MaKCUMaldbHO A(P()EKTUBHON KOHIEHTPALHUU
muaokanHa (30 MxkM), He OKa3blBaJl0O CYIIECTBEHHOTO BIUSHHUA Ha CHIY
COKpAILleHUH NanwuispHod Mblmel (puc.12,A). OTCyTCTBHE MOTEHUUPYIOIIETO
nerctBuss 15-AAA B 3THX YCHOBHSX NO-BUAMMOMY, OOBICHSETCS TEM, UYTO B
NPUCYTCTBUM MAaKCUMaJIbHO 3()(PEKTUBHONW KOHIEHTPALUU JIMJOKAaWHA, KOraa
noutu Bce Na* KaHaJIBl 3aHATHI, X B3aUMOJEHCTBHE C ANKANIOMAOM 3aTPyIHAETCS
u modToMy ero 3¢GdexT He NpOosABISIETCA. DTO HAXOAUT TMOATBEPXKICHUE B
HKCIIEPUMEHTaX, B KOTOPBIX OblJa HCIOJb30BaHA KOHIIEHTpaUus JUAOKauHa,
cooTBeTcTBYIOMAs ero 3HaueHuto Ellsy (15MkM), pu KOTOpoOii cuina coKpalieHuit
NanWUIIPHOM MBIl CHM)KAJIACh HA TOJOBUHY OT KOHTPOJIbHOTO ypoBHs. [lpu
9TOM OBUIO OOHAPYXKEHO, YTO B JTUX YyclIoBUsIX ankaioun 15-AAA (SMxM)
YBEJIMUMBAET CHIIY COKpAIICHHS ManuUIIPHONW MBIUIIbI, HO HE B TaKOW CTETECHH,
KaK B OTCYTCTBUU Jua0KkauHa (puc.12,b).

A b
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Puc.12. Bausinue JUI0KaAMHA HA NMOTeHUMpYOmMid 3pdekT ankanounaa

15-AAA. Buusnue 15-AAA (5 mxM) na coxpawenue nanunnsapuoi moiuiysl 6 npucymcemeuu 30
MM (A) u 15 mxM (B) nuookauna. Ilo ocu opounam — cuna cokpawjeHust Mbiliybvl, 8 NPOYEHMAaxX
om makcumanvrou, npunsmoti 3a 100%. Bo ecex ciyuasx P<0,05, (n=6).

OTU pe3ynbTaThl CBUACTEIBLCTBYIOT O TOM, YTO MOTEHUIHpYIOUUH 3 dexT
15-AAA BO3MOXXHO oOecrieunBaeTcs Orjarojapss €ro B3aUMOJICHCTBHIO C Na*
KaHalaMM, B pe3ylbTaTe KOTOPOro aKTHBHpPyeTcs INOocTymeHue noHoB Na' B
KapJAUOMHUOLUTBI, CONPOBOKIAEMOE YBEINUYECHUEM B HUX COJIEP/KAHUSI HOHOB Ca®*
M YCUJICHWEM COKpAICHWH ManwuIspHOd MbImbl. [lo-Buammomy, 3T0T 3ddexT
15-AAA o00ycnoBiieH OOIIHOCTBbIO €r0 HEKOTOPBIX CTPYKTYPHBIX 3JEMEHTOB C
AKOHUTHMHOM, B YAaCTHOCTH HAJIMYMEM OCTaTKa YKCYCHOW KHUCJIOTBI, Oyiarogaps
KOTOpOM 0OecreuynBaeTcsi B3aUMOJICHCTBUE C Na® kamamamu u MOCJICAYIOIIAst
aKTUBAIMsI TMPOIECCOB, crmocoOcTByromux paszsutuio [IMD. Tlpum  stowm,
nposisnenue 111D ankanongom 15-AAA TONBKO NpH KCHOJB30BAHUM €TI0 HU3KHUX
KOHIICHTPAIIMil  MO-BUAMMOMY  OOBSCHAETCS TE€M, 4YTO TMPU  BBICOKUX
KOHIIGHTpalusax oH BbI3biBaeT OUD, xoTopsiii npeodianaer Han [IN9, u noatomy
B 3THUX YCJIOBHUSIX €ro MposiBIIeHHE He HaOmonaercs. Takum oOpa3om, U3 aHalu3a
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JAHHBIX, TIOJYYEHHBIX B mpouecce n3ydenus [IMD ankanouma 15-AAA cnenyer,
YTO B OCHOBE €ro pasBUTHS JekKUT Momuduxanus ¢yskuum Na® kananos,
COTMPOBOXKAeMasl yBEJIMUEHHEM TOCTYIeHHs HoHOB Na’' B KapAMOMHOLMTHI U
aKTHBAIlMeil IPoIeccoB MOOMIH3amuu HOHOB Ca’’, KOTOpbIe H 06GECIeUnBaIOT
YCUJICHUE COKPAIIEHUN CEPAECYHON MBIIILIBI.

Ocobennocmu ompuyamenlbHO20 UHOMPONH020 3¢hgexma anxarouoa 15-
AAA. Tlpu BeICOKUX KOHIEHTpauusx (=8 MkM) u yactotax crumyisamnuu (>1 '),
ankanona 15-AAA CylecTBEHHO MOJABIUI  COKPATUTENBHYIO AKTUBHOCTH
NaMnWUISPHON MBIIIIEL. ITOT 3 dekt ankanonaa 15-'AA umen no3a-3aBUCUMBIN
XapakTep u npu KoHreHTparuu 30 MKkM cuia cokpanieHus NanuIipHON MBIIIITBI
cHmxkanace A0 13,9 £ 4,9% or kontpons. Ilpu stom koHueHtpamus 15-AAA,
KOTOpasi BbI3bIBaJIa MOJIOBUHY ero MakcumasibHoro sddekra (E/sp) cocrapnsna
16,7 uM u oH ObuT HauboJIee BhIPAXKEH MPU BBHICOKMX YaCTOTaX CTUMYIISALUU. DTU
pe3yAbTaThl CBUACTEILCTBYIOT O TOM, YTO MPU BHICOKUX KOHIIEHTPALIMIX AJIKATOU]T
15-AAA Taxke mNposBISET OTPULATEIBHBIM HMOHTpONHbIN 3pdext (OUI),
KOTOpBIA OJHAKO MeHee BbIpaxkeH, ueMm y 15-'AA. Ilpu nanpHelinieM U3y4eHUU
atoro 3hdekra 15-AAA ObuI0 00HAPYKEHO, YTO OH 3aBUCHUT OT KOHIICHTPAIIUU
nouoB Ca’* B cpese MHKYOALHMH U CYIIECTBEHHO BO3PACTACT NPU & YBEIMUCHHIHL.
OTU pe3ynbTaThl YKa3blBalOT Ha TO, yTo OUD ankamoumga 15-AAA BO3MOXKHO
CBSI3aH C €ro BIMSHHEM Ha MOCTymuieHne noHoB Ca®’ kapamommormros. Jis
IPOBEPKH ATOTO MPEANONOKEHUSI ObUIO M3Y4Y€HO BIUSHUE HA ATOT 3Pderr 15-
AAA Onokatopa MOTEHIIHAI-3aBUCUMBIX Ca®*" kananos Hudeaunuua. [Ipu sTom
OBLTO OOHAPYXKEHO, UYTO B MPUCYTCTBUU 5 MKM HudeaunuHa ankaigona 15-AAA
Takke dQQPEKTHBHO, KaK W B YCIOBHSX OTCYTCTBHs Onokatopa Ca®’ kaHaios,
NOJABISET COKPAIICHUS NaNWUISIPHOW MBIIIBL. M3 3TUX pe3ynbTaTOB CIENYET,
yto B ommuuun oT 15-'AA, OHND KOTOpOro CymIECTBEHHO CHUXKAJICAd B
npucyrctBun Hudenunuua, ONUD 15-AAA B MeHbIIEH CTENEHH CBSI3aH C
MOJaBICHHEM IOCTyIUICHHs HoHOB Ca’* depes mnoreHuman-3aBucuMble Ca’'
KaHaJIbl KapJIUOMHUOLMTOB. B CBA3U C 3TUM IS JAbHEUIEH XapaKTEPUCTHUKHU
OUND ankanowma 15-AAA ObLIO M3YYCHO BIMSHHUE €0 BBICOKMX KOHIICHTpPAIMI
Ha MOCT-PECT MOTEHUUALNIO MANWLISIPHON MBIIIIBI, KOTOPask OTPa)KaeT MPOLECCHI,
oGecrieunBaromme Tpancmopr uoHoB Ca’” Ha ypoae CP. Ilpu 3TOoM GbLIO
oOHapyxeHo, uto 15-AAA (30 MkM) CyliecTBEHHO MOIABIIAET MPOIIECC TTOCT-PECT
MOTEHIMALIMK, O YEM CBHUJETEIbCTBYET CHUXEHUE BEIUYMHBI OTHOCUTEIHHOM
noternuanuu (B1/B0) ot konTponsHOro 3nauenus 1,89 no 1,47. O1tu pe3yabTaTh
yKa3piBaloT Ha 71O, yto OUND ankamomnma 15-AAA, B0o3MOXKHO 0OYCIOBIICH
CHIDKeHHeM 3arpy3ku noHOB Ca’ B CP M yMCHBLICHHEM HX COICPXKAHHS B
nociaeaHeM. Takoe IeCcTBHE HA COAEPKAHUE HOHOB Ca* B CP, XapaKTEepHO I
AHTUAPUTMHUUYECKUX CpeAcTB | Kiacca, KOTOpoe 00ecneyrMBaeTCsi B pe3yJbTare
6mokafpl moTeHMan-3aBucuMbix Na'-kanmamo (Heubach and Schule,1998). B
CBSI3U C 3TUM, JIJI BBISICHEHUS POJIU Na*-kananos B o6ecneucanu OUD ajkamonsa
15-AAA, 6butn m3ydensl ero 3(P¢eKkThl B MPUCYTCTBUU JujokawHa. [lpu sTom
ObUI0 OOHApPYXXEHO, YTO B NPUCYTCTBUM 15MKM InHJIOKanHa, KOHIIEHTpAIUU
COOTBETCTBYIOMIEH ero 3HaueHuto EJlsg, OO ankanonna 15-AAA ymenbiaics Ha
17,3+4,1%. bonee Toro, B yCIOBUSAX MHAKTHUBAIIUU Na'-kanaios JeNOJISIpU3ALIUEH,
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Taxoke HaOmromanoch cHrmxkenne OMD ankamomma 15-AAA Ha 54,314,7%. Ot
pe3yabTaThl Hapsay C pe3ylbTaTaMy, TMOJIYYEHHBIMH B JKCHEPUMEHTaxX C
JUJA0KauHOM, CBUJIETEIBCTBYIOT O TOM, 4TO B obecneuenun OND ankanouga 15-
AAA Baxnyio pomb urparor Na'-xanansl kapauomuorutos. IIpu 3ToMm cieyeT
OTMETUTh, YTO B AHAJIOTMYHBIX JKcnepuMeHTax ¢ 15-'AA, numokauH u
uHakTHBanua Na'-KaHanoB B MeHbIeH cTeneny Biusaau Ha ero OUD. PesynbraThl
CBHJIETEIBCTBYIOT O TOM, 4TO B peanuszanuu OND ankanounma 15-AAA BaxHyIO
pONb UTpaeT ero B3amMozekcTBue ¢ Na'-KkaHamamMm KapauoMuonuToB. IIpu 3ToM,
6mokupyst Na'-xaHanel 1 yMeHbpInas cojepxkanne noHoB Na' B KapIHMOMHOIHUTAX,
15-AAA MOXeT CIOCcOOCTBOBATh YCHICHHIO BBIBEICHHS HOHOB Ca’’ depes
Na*/Ca’*-06MEHHIK ¥ CHIDKCHHIO HX COACPIKAHMS KaK B UTOILIA3Me, Tak # B CP
(Bers, 2000). s mpoBEepKH 3TOTO MPEIIOI0KECHUS ObUTH U3Y4YeHbI AP GeKThl 15-
AAA Ha COKpaIieHus AW pHON MBIIIIIIBI, HUHYITUPYEMbIC
MoAnGUIIMPOBAaHHBIM pacTBOpoM Kpebca u cepAedyHbIM TIIMKO3UIOM OyabauHOM,
KOTOpPBIC B OCHOBHOM OOeCIedMBaroTCs HOHaMu Ca’’, MOCTYHAIOIMMH B
kaparomuonuTsl depes Na'/Ca**-o6mennuk (Blaustein and Santiago,1977). B
ATUX JKCHEpUMEHTaX Obulo OOHapykeHo, uto 15-AAA sddexkTuBHO MogaBiseT
COKpallleHUsl TMaMWUISPHOH MBI, HUHAYIUPYEMbIE MOAU(PUIIUPOBAHHBIM
pactBopoMm Kpebca u oyabanHoM. IToT 3pdekt 15-AAA umen no03a-3aBUCUMBIN
xapaktep W npu 30 MKM ankamouag CHIKAN COKpAIICHHS, WHIYIUPYEMBbIC
MoauGUIIMPOBaHHBIM pacTBOpoM Kpebca u oyabamnom, no 16,1£3,7%, wu
15,443,8%, co 3nauenusimMu Ellso 18,1 u 17,4 MkM, COOTBETCTBEHHO. YUYUTHIBAS
TO, 4TO COKpalleHus NEN NP E ()7 MBIIIIIBI, UHIYLUPYEMbIE
Moau(UIIMpOBaHHBIM pacTBopoM Kpebca u oyabanHoMm, 0OecrieunBarOTCst HOHAMHU
Ca®, mocrymarommmu 4epes Na'/Ca’*-06MEHHHUK, MONyYCHHBIE JAHHBIC MOTYT
CBUJIETENIBCTBOBATH O TOM, UTO ATOT 3 PekT 15-AAA o0ycioBieH MnoaaBIeHUEM
STOrO MyTH HOCTYILUIeHHs HOHOB Ca’’ B KapAHOMHOLHTHL J[OIONHHTEIBHOE
NOATBEPKJICHUE BIUSAHUA 15-AAA Ha NOCTYIUIEHUE MOHOB Ca’ yepes Na*/Ca*-
0OMEHHUK OBUIO TOJY4eHO B AKcrepuMeHTax ¢ ero Omokaropom KB-R7943, B
NPUCYTCTBUU KOTOPOTO €ro 3(P¢eKThl Ha COKpAIIEHHS MNANWUISPHOM MBIIIIIHI,
UHIyIUpyeMble MoauduIupoBaHHbEIM  pacTBopoM Kpebca wu  oyabamHOM,
yMeHbpmanuch Ha 11,542,1% wu 10,7£2,6%, cooTBeTcTBeHHO. IlonyueHHbIE
PE3YNbTATHl SABIAIOTCS YOENUTEIBHBIM CBHJIETEIHLCTBOM TOTO, YTO IOJABICHHUE
ankamougoM 15-AAA cokpalmleHMHd MNaNWUBSIPHOW MBI, HHIYIHPYEMBIX
MoaudHUITMPOBaHHBIM pacTBopoM Kpebca n oyabamHOM, 00YCIOBICHO CHUKEHUEM
noctymieHue noHoB Ca” B KapJuOMHUOIUTHI Yepe3 Na*/Ca**-06MeHHUK.

B uenom, aHanu3 MONYYEHHBIX JIaHHBIX CBUJIETENBCTBYET O TOM, 4YTO
ankamouasl 15-T'AA wm  15-AAA o00mamaroT BBIPAXXCHHOH  HWHOTPOITHOM
AKTHBHOCTBIO, KOTOpasi 00ycioBneHa Moaudukamnueil Tpancropra moHos Ca’* B
KapauomuouuTax. [Ipy 3TOM yCTaHOBJIEHO, YTO OTPULATEIBHBIA WHOTPOITHBIN
sbdext 15-TAA u 15-AAA, B ocHOBHOM, oOycioBieH O1okamoii Na'-kanamos,
KoTOpasi crmocoGcTByer Mogudukanuu  GyHkuua  Ca’'-TpaHCIIOPTHPYHOMIEX
CHUCTEM,  CONPOBOXKIAEMOMW  CHWIKEHHUEM  COAEPKAHUS  HMOHOB Ca® B
KapJIMOMHUOLIUTAX U MOAABICHUEM UX COKPATUTEILHOM aKTUBHOCTU. BMecTe ¢ Tem
MOKa3aHO, YTO B OCHOBE MOJIOXKUTEIHHOTO HHOTPOIHOTO 3 dekra 15-AAA nexur
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axtuBanms Na'-kaHaIoB, KoTOpas crmocobeTByer mMomudukamun dynxman Ca’'-
TPAHCIOPTUPYIOLIKUX CUCTEM, COIPOBOXKAAEMON YBEIMUEHUEM COJEPKAHUSI HOHOB
Ca”" B KapAMOMHOIUTAX U YCHJIEHHEM COKPATUTENHLHON aKTMBHOCTH CEpAedHOI
Mbimnbl.  [Ipeanonaraercs, 4YTo OOHApY)KEHHBIE pA3NUYUg B HHOTPOIHOM
akTUBHOCTH ankanouaoB 15-AAA u 15-I'’AA 00yciioBieHbl 0COOEHHOCTSIMHU HX
CTPYKTYPHOM OpraHu3aliu, KOTopas omnpeeseT XapakTep MOAYISUU COCTOSHUS
Na'-xananos u MOCTETYIONIY IO MOAU(DUKAIUIO byHKIIIN Ca**-
TPAHCIIOPTUPYIOLIUX CUCTEM.

BbBIBO/IbI

1. BnepBeie  oxapakTepuzoBaHbl OCOOCHHOCTH HWHOTPOIMHBIX  3()eKkToB
OUTEPNEHOUAHBIX ankanongoB 15-I'AA u 15-AAA U u3ydeHBl MEXaHU3MBI,
Je)Kalmye B OCHOBE UX OTPULATEIBHOM W IIOJOXKHWUTEIBHOW HWHOTPOIHOU
AKTUBHOCTH.

2. Bnepseie ycraHoBneHo, uto Moaudukamus cTpyktypsl 15-'AA, myrtem
3amenbl OH-rpynmel y aroma yriepona C-15 sva CH3O-rpynmy, obecrieunBaronias
MOBBIIIICHUE AHTUAPUTMUYECKONH AaKTUBHOCTH 15-AAA, He CONpPOBOXKIACTCA
YCWJICHUEM €T0 OTPUIIATECIIbHOW MHOTPOITHOW aKTUBHOCTH, a HA0OOPOT, MIPUBOIUT
K €€ CHUKEHHUIO;

3. VY CTaHOBJIEHO, YTO OTPUUATENBHBIA MHOTPOMHBIN 3ddext 15-'AA u 15-
AAA B 0CHOBHOM 00ycloBiIeH 6;10kafoi Na'-kaHanoB, KOTopas COMPOBOKIAETCS
Moxudukamueii Gpyrkiun Ca’ -TpaHCIOPTHPYIOIMX CHCTEM, CIIOCOOCTBYOLIEHT
CHMKEHHUIO YpoBHS HOHOB Ca”’ B KapHOMMOIIUTAX.

4, [loka3aHo, 4YTO BaXHYI pOJIb B OOECIHEYEHUH OTPUIIATEIBHOTO
uHOTpOIHOTO odhderra ankamomno 15-TAA u 15-AAA wurpaer Na'/Ca®'-
0OMEHHUK, aKTUBAIlUs KOTOPOTo B ycaoBus 610kansl Na'-kaHanoB U yMeHbIIEHUS
conepxanne noHoB Na*, ycminBaer BeiBeneHue noHos Ca’* U3 KapIHOMUOLHTOB.
5. Bnepsoie ycraHoBieHo, uTo ankaiouabl 15-TAA u 15-AAA nonmaBiswoT
NOCT-pECT MOTEHIMALUWIO NaNWUIAPHOM  MBIIIIBI  CEpAUA  KpPBICB, YTO
CBHICTEIBCTBYET O TOM, YTO CHIDKGHHE 3arpy3kd HOHOB Ca’’ B
CapKOIUIa3MaTHYECKUN PETUKYIyM, BHOCUT CYIIECTBEHHBIA BKJIAJl B 0OECIICUCHHE
UX OTPHUIATEIIBHOTO HHOTPOITHOTO 3 deKTa.

6. BriepBeie oOHapyxkeHo, drto 15-AAA mnpu HH3KHMX KOHIEHTpamusx (3-8
MKM) u Huskux yacrorax crumyisiuuu (0,1-1 T'u) mposiBiseT MoOn0KUTENbHBIN
WHOTPOTHBIA 3PGEKT M yBEIUYMBACT CHIIy COKPAIICHUM MANMIISPHOW MBIIIIIHI
Cep/lia KPbICHI B Pe3yIIbTaTe yBEIHUCHHs yPOBHS HOHOB Ca’’ B KapIHOMHOIMTAX
U WX COJIEPXKAHUS B CAPKOIIIa3MaTUYECKOM PETUKYIIyME.

1. Y CTaHOBIICHO, YTO B OCHOBE IOJOKHTEIIFHOTO WHOTpOIHOro 3¢ dekra 15-
AAA gexur aktuBarms Na'-KaHamoB, KOTOpas CHOCOOCTBYET YBEIHUECHHIO
ypoBHs noHOB Na' B KapaMOMMOLMTaX W MOOWIM3AIMM HOHOB Ca”,
00eCIeunBaOINX YCUIICHUE COKPAIICHUH AT PHONW MBITIIIBI CEPAIA KPBICHI.

8. VYcraHoBIIEHO, UTO B 00€CIIEUEHUH MOJI0KUTEIBHOTO HHOTPOTHOTO 3 dekTa
15-AAA, BaXHYIO pOJIb UTPaeT Na*/Ca**-00MeHHHUK. aKTHBALHS KOTOpPOT0 TNpH
yBEIMYEeHNH YpOBHS MOHOB Na'-KaHAlOB B KapAMOMHOIMTAX, CIIOCOOCTBYET
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YCHICHMIO TMOCTYIUICHHS M 3arpy3Kd HOHOB Ca’' B CapKOIUIa3MaTHYCCKHH
PETUKYIIYM.

Q. [loka3aHo, 4YTO pa3ziIuyusi B OTPULATEIBHOM HWHOTPOMHOW aKTUBHOCTH
ankanounoB 15-AAA u 15-'AA 00ycioBiieHbl OCOOEHHOCTAMH UX CTPYKTYpPHOU
OpraHU3alliH, KOTopasl ONpejenseT XapakTep MOAyIsruu coctosaus Na'-xaHaaos
¥ mocIie Iyrontyio Moaudukamnuio Gyskmmn Ca’*-TpaHCIOPTHPYIOMIHX CHCTEM.

10. Iloka3zaHo, YTO OTCYTCTBHE MPSAMON KOPPEIALMH MEXK]IYy HHOTPOIHBIM HU
aHTUAPUTMHUUYECKUM JieicTBUEM 15-AAA, BEepOsTHO, 00YCIOBIEHO €T0 CHUKEHHOM
3b]eKTHBHOCTBIO OnoKMpoBaHMs Na' KaHanoB, a TakKe, HAIMIUEM Yy HETO
II0JI0’KUTEIIBHOW UHOTPOITHOM aKTUBHOCTH;
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INTRODUCTION (annotation of the doctoral dissertation)

The urgency and relevance of the dissertation theme. All over the world
the development of new prophylaxis approaches and cardiac arrhythmias treatment
Is the most important problem of cardiology and pharmacology occupies a leading
place among factors of “sudden cardiogenic death” risk. Disorders of
electrophysiological properties of cardiomyocytes, responsible for excitability,
automatism and action potential formation (AP) underlies on the basis of
pathogenesis of cardiac arrhythmias. In this respect, leading place in the modern
concept of prophylaxis and cardiac arrhythmias treatment is given to creation of
new generation anti-arrhythmic drugs.

After finding of independence, in the republic organization of the scientific
research pointed at creating of high-performance drugs from local raw materials
and large-scale measures on ensuring national pharmaceutical market with high-
quality drugs at a high level led to certain results. Meanwhile, it is important to
note drugs derived from local materials (phytogenous diterpenoid alkaloids), that
are widely used in the treatment of cardiovascular diseases.

As of today, all over the world actual problem is to search for herbal
compounds with potential pharmacological activity, perspective for the
development of new approaches of the treatment of cardiac arrhythmias. With the
help of these compounds it was obtained important information on cellular and
molecular mechanisms of cardiac arrhythmias, and the most promising targets for
their treatment. Moreover, thanks to these compounds it was managed to establish
important features of the pharmacological regulation of targets that allowed the
development of effective methods of their functional state modulation. In general,
in process of herbal compounds study, valuable information was obtained, which
provided substantial progress in the development and creation of new promising
drugs for the treatment of cardiac arrhythmias. In the light of the aforesaid, the
dissertation theme is very relevant and in demand, as data, obtained from
characteristics of features of the inotropic action mechanism of diterpenoid
alkaloids contribute to the creation of a new generation effective anti-arrhythmic
agents, lack in dangerous side effects.

This dissertation research to a certain degree serves for fulfillment of the
tasks, stipulated in the Decrees of the President of Uzbekistan NePP-1652 from
November 28, 2011 “About measures on further deepening of the reform in the
public health system” and NePP- 1855 from November 21, 2012, “About
Investment Program of the Republic of Uzbekistan for 2013, as well as in other
legal instruments adopted in this area.

Relevance of the research to the priority areas of science and technology
development of the republic. This study was performed in accordance with the
priority areas of science and technology of the Republic - VI. “Medicine and
Pharmacology”.
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Review of international scientific research on the topics of dissertation’.
Research focused on the development of modern approaches of cardiac
arrhythmias therapy are carried out in the leading scientific centers and higher
educational institutions of the world, including Columbia, California and New
York Universities (USA), in the Universities of Koln (German), Utah (USA),
Calgary (Canada) and Vanderbilt (USA), as well as in the Institutes of Bioorganic
chemistry and Chemistry of Plant substances (Uzbekistan).

As a result of research carried out in the world in the area of the
development of modern approaches of cardiac arrhythmias treatment a number of
data have been obtained, including: it was established molecular mechanisms of
heart rate disorders, that contributed to the development of better diagnostic
approaches, treatment and prophylaxis of cardiac arrhythmias (Columbia
University); it was characterized functionally important systems of cardiac cells
with defects, which is connected the pathogenesis of various types of arrhythmias
(University of Kdln); it was reached essential progress in pharmacotherapy of
different types of arrnythmias and developed the effective anti-arrhythmic drugs
(the University of California); it was developed the modern methods of
arrhythmias treatment, where special emphasis is placed on a special role is
devoted to blockers of fast Na* channels, which remains as the most promising
targets for developing of new generation antiarrhythmic drugs (Universities of
Calgary and Utah).

In the world, at the development of new approaches for treatment of cardiac
arrhythmias are carried out investigations in a number of priority areas, including:
it is analyzed cellular and molecular mechanisms, underlying of different types of
cardiac arrhythmias; it is found out the role of ion-channels and receptors in the
pathogenesis of cardiac arrhythmias; it is established new molecular targets for the
adequate treatment of heart rate disorders; it is created prerequisites for rational
design of new promising drugs for the treatment of heart rate disorders.

Degree of study of the problem. The diterpenoid alkaloids, isolated from
plants of Aconitum genera, at present are considered as the most promising
compounds for development of antiarrhythmic drugs of new generation. Major
structural features of these alkaloids, responsible for their antiarrhythmic activity
are studied in detail in the leading laboratories of the world. Meanwhile, it was
found that common structural elements of the most active diterpenoid alkaloids are
the residues of acetylanthranilic or amino benzoic acid in the atom of C-4,
methoxy groups on C-1, C-14 and C-16, and hydroxyl group on C-8. At the same
time, it was shown that benzoyl group at C-14 and the basicity of the nitrogen atom
are also very important for the ensuring of antiarrhythmic activity of these
alkaloids. The electrophysiological mechanism of the antiarrhythmic action of

! Review of foreign scientific research on the subject of the thesis is prepared. Zipes DP et al (2006): Guidelines for management
of sudden cardiac death. U.S. National Institute of Health, http://www.circulationaha.org; Sampson K.J., Kass R.S. (2011). Anti-
Arrhythmic Drugs (Chapter 29). In: Goodman & Gilman's Pharmacological Basis for Therapeutics. 11e. McGraw-Hill;
Antzelevitch C, Burashnikov A (2011): Overview of basic. 1 Ha OCHOBe IPyTrMX HCTOYHHUKOB.
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these compounds was well studied, and is mainly related to the blockage of the
voltage-gated Na* channels. The main effect of such blockage is the reduction of
the rate of depolarization of the cardiac action potential that accompanied by
retardation of its distribution rate and increases the effective refractory period,
that leads to reducing of cardiac excitability. However, the blockage of Na*
channels may alter Ca** transport so that a decrease Na* concentration can promote
decrease of Ca*" content in cardiomyocytes, resulting in decrease of contractile
activity of heart muscles. The depression of cardiac contractility or the negative
inotropic effect is a characteristic property of all 1 class antiarrhnythmic drugs,
owing to their use is limited in connection with it, that it promotes depression of
cardiac force-pump function. Therefore, despite the current success in using of this
class of antiarrhythmic drugs in therapies of heart rate disfunctions, there is still a
pressing need for the development of new generation of more efficacious and
potentially safer antiarrhythmic drugs with less negative inotropic effect. In
connection with it, modern investigations are focused on alternative approaches
include the modification of existing molecules of diterpenoid alkaloids to maintain
positive properties while removing undesirable ones, that led to get a compound
which more potent affect to Na* channels with minimal negative inotropic effect.

Connection of the theme of dissertation with the scientific-research
works of the higher educational institution, where the dissertation is
conducted. The dissertation research was performed within the framework of
fundamental and applied scientific-research program of Institute of Bioorganic
Chemistry: FA-F3-T144 “The study of mechanisms of cardiac ion channels
modulation and smooth muscle cells by natural biologically active compounds”
(2007-2011); FA-A12-T068 “Development of a complex approach, screening and
characterization of structural and functional features of the interaction of
biologically active compounds with ion channels and receptors of biological
membranes” (2009-2011); FA-F6-T083 “Searching and characterization of
biologically active compounds - modulators of Ca?* homeostasis in cardiac and
smooth muscle cells" (2012-2016); FA-A11-T057 “Development of the center for
high-perfomance screening of biologically active compounds of natural and
synthetic origin™ ( 2015-2017).

The aim of research work is characterization of inotropic effects of
diterpenoid alkaloids 15-HAA and 15-AAA and clarify of the reasons for the lack
of correlation between the negative inotropic and antiarrhythmic activity in 15-
AAA.

The tasks of research work:
to investigate the effect of alkaloids 15-HAA and 15-AAA on contractile activity
of rat papillary cardiac muscles and study of dependency of their effects from
concentration.
to investigate the effect of stimulation frequency on the inotropic effect of 15-HAA
and 15-AAA and explore the characteristics of their changes at different
stimulation frequencies;
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to investigate the effect of the alkaloids 15-HAA and 15-AAA on the Kinetic
parameters of isometric contraction of papillary muscle (+dF/dmax - the velocity of
contraction development, -dF/gmax — Mmaximum velocity of relaxation, T¢on—time of
contraction-relaxation cycle, Ty~ half-maximal relaxation time), evaluate the
nature of their changes and possible mechanisms underlying them;

to investigate the effect of alkaloids 15-HAA and 15-AAA on voltage-dependent
Ca**- and Na*- channels, study the relationship between the blockade of these
channels, decreasing [Ca®']i in cardiomyocytes, and the suppression of the
contractile activity of the papillary muscles;

to investigate the effect of alkaloids 15-HAA and 15-AAA on the Ca®* content in
the SR, evaluate the relationship between its change and inotropic effect of
alkaloids and the role of Na*/Ca?* exchanger in this case;

to provide a comparative analysis of the relationship between the inotropic activity
of alkaloids 15-HAA and 15-AAA and their structure, formulate the regulations
about the possible reasons of differences in their inotropic action and the lack of
correlation between antiarrhythmic and negative inotropic activity of 15-AAA.

The objects of study are the alkaloids 15-HAA and 15-AAA, derivatives of
diterpenoid alkaloid atisine, isolated from plant of Aconitum zeravshanicum genus.

Subject of research — is study of inotropic effects features of alkaloids 15-
HAA and 15-AAA, their relationship from structure and role of Ca**-transport
systems of cardiomyocytes in their ensuring.

Methods of research. In the dissertation the modern electrophysiological
methods for the recording and analyzing of contractile activity of cardiac muscle.
All experimental data were collected and processed with the help of computer
software OriginPro 7.5 (OriginLab Corporation; USA).

Scientific novelty of the dissertation work is as follows:
it was stated features of inotropic effects of 15-HAA and 15-AAA alkaloids, their
structure-activity relationship and basic mechanisms underlying their the positive
and negative inotropic activity;
it was revealed the lack of effect of 15-HAA alkaloid structure modification of
the 15-HAA, by replacing OH group on the carbon atom C-15 with CH30 group
on negative inotropic activity of alkaloid 15-AAA,
it was found the dependence of inotropic effect character of alkaloid 15-AAA from
used concentration, which at low concentrations (3-8 uM) and low stimulation
frequencies (0.1-1 Hz) exerts a positive, but at higher concentrations (>8 uM) and
higher stimulation frequencies (>1Hz ) produced only a negative inotropic effect;
it was revealed the dependence of positive inotropic effect of 15-AAA from Ca?*
ions entering into the sarcoplasmic reticulum, which provides Ca®* - transport
systems not associated with B-adrenergic receptors and voltage-dependent Ca®*
channels;
it is established a connection between negative inotropic effects of 15-AAA and
15-HAA and blockage of Na *-channels, which accompanies with disorders Ca**
ions transport and decrease of their content in the cardiomyocytes;
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it was revealed the differences in the negative inotropic activity of the alkaloid 15-
AAA and 15-HAA, which conditional on features of their structure and different
potency to blockade of Na™ - channels, which determines the rate of disorder of
Ca”" ions transport and decline of their level in the cardiomyocytes;

it was established the lack of a direct correlation between the inotropic and
antiarrhythmic action of 15-AAA, conditional on less effective blockade of Na*
channels and its ability to induce the positive inotropic effect.

Practical results of the study considerably expand the understanding of
features of inotropic action of diterpenoid alkaloids, their dependence on structure
and are a theoretical basis for the development of a new generation of safe and
more effective antiarrhythmic drugs.

Reliability of the results is based on the fact that the experimental results
were obtained by using modern computerized electrophysiological methods of
investigation. The conclusions were made based on the results that have been
processed using modern methods of mathematical statistics.

The scientific and practical value the study results. Theoretical
significance of the dissertation consists of the data presented in it are an important
contribution to the development of fundamental knowledge about the mechanism
of inotropic action of diterpenoid alkaloids.

The obtained data open up new details of mechanisms responsible for the
inotropic effects of diterpenoid alkaloids and allow understanding the relationship
between structure of alkaloids and their inotropic activity that is of great practical
importance. The results of these studies considerably expanded the scientific basis
for the rational design and development of new generation of safe and highly
effective antiarrhythmic drugs devoid of serious side effect.

Implementation of the research results. On the basis of the developed
structural-functional recommendations for the development of antiarrhythmic
drugs of a new generation from local row materials:

the most appropriate approaches of structural modification of diterpenoid
alkaloids provide the obtaining of effective antiarrhythmic drugs and promote to
eliminate their negative inotropic activity (certificate NeBA-06/2069 from
November 14, 2016 of “Uzfarmsanoat” SJSC) give a great opportunity for
development new antiarrhythmic drugs from ability of alkaloid 15-AAA to cause
positive inotropic effect, which limiting its negative inotropic effect promote the
increase of antiarrhythmic action at cardiac failures;

The results, obtained on inotropic effect of diterpenoid alkaloids 15-
acetoxyazomethine atisine and 15-hydroxyazomethine atisine were used in the
project FA-F5-T084 “Characterization of bioregulators in ions transport of
mitochondria abd metabolic processes in the norm and at pathology” (IBOC, 2012-
2016), videlicet effecting on Ca®* ions via Na*/Ca**-exchanger in mitochondria for
the regulation of Ca®* ions homeostasis in them (certificate of the Committee for
coordination of science and technology development FTK-03-13/828 from
November 22, 2016). Usage of scientific results gave the opportunity the
regulation of Ca®* homeostasis disorders in mitochondria via dysfunction of
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Na‘/Ca**-exchanger system in them.

Approbation of the work. The main regulations of the dissertation were
presented at the international and republican scientific and practical conferences:
“Bioorganic Chemistry and Biotechnology (Pushchino, Russia 2011); “Actual
Problems of Pathophysiology” (St. Petersburg,Russia 2011); “Actual Problems of
Chemistry of Natural Compounds” (Tashkent, 2011-2012); “Actual Problems of
Development of Bioorganic Chemistry” (Tashkent, 2013); “Experimental and
Theoretical Biophysics” (Pushchino, Russia 2012, 2014-2015); “Fundamental
Science and Clinic Medicine” (Saint-Petersburg, Russia 2015); at the International
Medical Congress «Euromedica» (Hannover, Germany 2015); and ‘“Actual
Problems of Modern Medicine and Pharmacy" (Minsk, Belarus, 2016).

Publication of the research results. 28 scientific works were published on
the theme of the dissertation. Of these 11 scientific articles, recommended by the
Supreme Attestation Commission of the Republic of Uzbekistan for publishing
basic scientific results of doctoral dissertations including 9 national and 2
international journals.

The structure and volume of the thesis. The dissertation consists of an
introduction, four Chapters, Conclusion, references. The volume of the dissertation
Is 162 pages.

MAIN CONTENT OF DISSERTATION

In the introduction of the dissertation, the topicality and relevance of the
research are substantiated, the aim and objectives of the research, its object and
subject are formulated, its conformity with the priorities of development of science
and technology of the Republic of Uzbekistan is shown, the scientific novelty and
practical results of the research are formulated, the theoretical and practical
significance of the obtained results are revealed, practical applications of the
research results are noted, and information on published works and dissertation
structure are provided.

In the first chapter “Current status and future perspective in
investigation of cardiac arrhythmias” a detailed review of the literature dealing
with the electrical and mechanical activity of the heart, the crucial role of Ca** ions
in excitation-contraction coupling and in the generation and regulation of heart rate
and rhythm is presented. The information on the key role of Ca** homeostasis in
the regulation of excitability and contractility of the heart, as well as the
mechanisms involved in its maintenance also is provided. In addition recent
findings how defective Ca** homeostasis contributes to cardiac arrhythmias, as
well as, a promising strategies to correct these defects which have opened up
exciting possibilities for the development of novel and superior approaches to the
treatment of arrhythmias are described.

The second chapter, ""The study of the contractile activity of the papillary
muscles of rat heart, describes in details methods used to assess the inotropic
effect of alkaloids on left ventricular papillary muscles from rats, as well as their
effect on isometric force, rate of force development, time parameters, post-rest
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potentiation, positive inotropic interventions produced by Ca®* and norepinephrine.
The inotropic effects of alkaloids were also studied in the presence of lidocaine,
nifedipine, KB-R7943, propranolol, phentolamine and cyclopiazonic acid, a Na'-,
Ca”*-channels, Na‘/Ca’*-exchanger, B, a-adrenoreceptors and SR Ca”*-ATPase
blockers and inhibitors, respectively.

In the third chapter, "The characterization of inotropic effects of

diterepenoid alkaloid 15-hydroxyazomethine atisine (15-HAA) on the
contractile activity of the papillary muscles of rat heart' the results of research
studies of the effect of 15-HAA on contraction of rat papillary muscle driven by
electrical stimuli are presented.

Features of the alkaloid 15-HAA action on rat papillary muscle contraction.
The 15-hydroxyazomethine atisine (15-HAA) and 15-acetoxyazomethine atisine
(15-AAA) a diterpenoid alkaloid atesine derivatives, isolated from Aconitum plant
species, possess a pronounced antiarrhythmic effect (Kodirova et al., 2010). It was
shown that the alkaloid 15-AAA, characterized by the presence of CH3;O group at
carbon atom C-15 in its skeleton instead OH group has a more pronounced
antiarrhythmic action ( Fig.1).

Fig. 1. Chemical structure of the 15-hydroxyazomethine atisine (A) and
15-acetoxyazomethine atisine (B).
However, we have found that such modification of structure of 15-HAA

followed by decrease of the negative inotropic effect of 15-AAA, which is more
pronounced in the 15-HAA. It was found that this effect of 15-HAA has a dose-
dependent manner with a maximum at 30 uM, when the force of the papillary
muscle contraction was reduced to 7.3+2.1%, from the control (Fig. 2, B). The
concentration of 15-HAA, which caused half of its maximal effect (EDs) was 8.7
uM, and this effect of the alkaloid was more pronounced at stimulation frequencies
above 3 Hz. Because the cardiac muscle contraction strongly depend on the
concentration of intracellular Ca** ([Ca®*]i) in the cardiomyocytes (Bers, 2008), the
observed effect may indicate that 15-HAA reduce the content of Ca?* in
cardiomyocytes. To test this assumption the dependence of the effect of 15-HAA
on the concentration of Ca®* in the incubation medium was studied. It was found
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that in the presence of 15-HAA the increase in the force of contraction of the

papillary muscle in response to increased Ca®* concentration is substantially
reduced (Fig.3, A).
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Fig. 2. Effect of alkaloid 15-HAA on the amplitude of contraction in rat

papillary muscle. A. original tracing, representing the effect of 15-HAA on the papillary
muscle contraction. B. Concentration-dependent effect of 15-HAA on the papillary muscle
contraction. Results are plotted as mean (SEM) percentage of control, taken as 100%. P<0,05,

(n=6).

Considering that under these experimental conditions, an increase in force of
contraction of the papillary muscles is provided mainly by Ca?* influx through the
voltage-dependent Ca?* channels, these results indicate that the effect of 15-HAA
is related to the blockage of these channels. Additional support for such action of
15-HAA was obtained in experiments with nifedipine, a selective blocker of
voltage-dependent Ca®* channels in the presence of which the effect of 15-HAA
also significantly decreased, but partly preserved (Fig. 3, B).
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Fig. 3. Effects of extracellular concentration of Ca*" and nifedipine on
inhibitory action of alkaloid 15-HAA on rat papillary muscle contraction. A.
Effect of 15-HAA on papillary muscle contraction induced by elevated [Ca®*],. B. Effect of 15-

HAA (30 uM) on the papillary muscle contraction in the presence of 5 uM nifedipine. Results
are plotted as mean (SEM) percentage of control, taken as 100%. P<0,05, (h=4-6).
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These results indicate that 15-HAA has a marked negative inotropic effect
(NIE), which is related to the reduction of Ca®* content in cardiomyocytes due to
suppression of its influx through voltage-dependent Ca®* -channels.

Effect of the alkaloid 15-HAA on Ca®" transport in the sarcoplasmic
reticulum of cardiomyocytes. Above it was shown that the NIE of 15-HAA not
suppressed completely in the presence of nifedipine, indicating that in its
implementation along with a voltage-dependent Ca** channels may also have
involved other Ca**-transport systems. In particular, this effect of 15-HAA can be
associated with its action on the transport Ca* in the sarcoplasmic reticulum (SR),
which plays a key role in the regulation of [Ca®]i in cardiomyocytes and
contractile activity of the myocardium (Bers, 2000). To test this hypothesis, we
studied the effect of 15-HAA on the post-rest potentiation, a characteristic property
of cardiac muscle, which allows to study the processes of accumulation and release
of Ca’* ions in the SR. It was found that after a period of rest, the force of
contraction of the heart muscle increases significantly due to the accumulation of
additional amounts of Ca*" in the SR, more than with regular stimulation, which
provide enhancement or potentiation of muscle contraction (Bers et al.1993). In
control experiments on rat papillary muscle the amplitude of the first contraction
B1 after a 30-second rest period increased from a steady level of BO (which is
taken as 100%) up to 189,7+6.2% (Fig. 4, A).
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Fig. 4. Effects of alkaloid 15-HAA on post-rest contractile behavior in

rat papillary muscle. A. Original tracings representing the effect of 15-HAA4 (30uM) on
post-rest potentiation. B. The effect of 15-HAA (30uM) on relative potentiation of contraction
(the ratio B1/B0). Results are reported as mean + SEM (n=5). *P<0.05, compared to control.

It was found that the application of 30 uM 15-HAA, accompanied by a
significant reduction in the amplitude of B1 to 10.2+4.1% of control, indicating
that the alkaloids inhibit the potentiating effect of rest, probably reducing the
accumulation of Ca®* in SR (Fig.4, A). Taking into account that Ca®* influx
through voltage-dependent Ca?* channels, are then used to load the SR (Bers,
2000), suppression by 15-HAA post-rest potentiation indicates that its effect may
be associated with modification of Ca® transport in SR. To further clarify the
mechanism of action of 15-HAA on post-rest potentiation its effect on the relative
potentiation (B1/B0) was analyzed, which reflects the process of Ca®*
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accumulation and, accordingly, capacity of SR (Mill et al, 1992;. Bers et al., 1993).
In these experiments application of 30 uM 15-HAA produced significant decrease
in relative potentiation from 1.89+0.10 to 1,39+0,13 (Fig.4, B). These results
indicate that the suppression of the amplitude B1 caused by 15-HAA may be
related to the reduced loading of Ca®* ions into SR and a subsequent decrease in
their content of the latter. A similar mechanism of suppression of cardiac muscle
contractile activity underlies the action of antiarrhythmics of class 1.

The role of sarcolemmal voltage-dependent Na*-channels in the
implementation of NIE of alkaloid 15-HAA. The negative inotropic effect of some
class 1 antiarrhythmic drugs, provided by inhibition of Na® channels and
subsequent impairment of Ca** handling which reduced [Ca*']; and depressed the
contraction force of cardiac muscle (Navada et al.,1994; Heubach and
Schule,1998). The blockage of Na'-channels with these antiarrhythmic drugs
causes a decrease in the depolarization rate of the action potential, slows
conduction velocity and reduces the excitability of the heart tissue (RodeHeubach
and Schule, 1998 Navada et al.,1994). At the same time all the class 1
antiarrhythmic drugs exert significant negative inotropic effect related to Na'-
channels blockage and the subsequent decreases in the intracellular Ca*
concentration (Schlepper, 1989; Navada et al., 1994). Therefore, to clarify the role
of the voltage-dependent Na* -channels in the effects of 15-HAA its effect on
contraction of papillary muscle in the presence of lidocaine, a specific blocker of
these channels were studied (Sheu and Lederer, 1985). As was found in these
experiments lidocaine significantly decreased the inhibitory effect of 15-HAA on
the papillary muscle contraction. In addition, it was shown that in the presence of
15- HAA the dose-response curves for lidocaine shifted to the left without
substantially changing the magnitude of its maximal effect (Fig. 5, A).
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Fig. 5. The dependence of negative inotropic effect of the alkaloid 15-

HAA on the state of voltage-dependent Na* -channels. A. Effect of 15-HAA (30uM)
on the dose-response curves of lidocaine. B. Effects of 15-44 (30 uM) on papillary muscle
contraction in normal and modified Krebs solution (24 mM, KCI). Results are plotted as mean
(SEM) percentage of control, taken as 100%. P<0,05, (n=4).
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The value of EDsy for lidocaine in the presence of 30 uM 15-HAA,
decreased from 15 uM to 4.1 uM, indicating the additive actions of the alkaloid
and lidocaine. Moreover, the parallel displacement dose response curve for
lidocaine, without altering its maximum effect in the presence of 15-HAA
indicates its competition with lidocaine for one target i.e. Na*-channels. To further
verify the possible role of Na*-channels in NIE of 15-HAA, its effects were studied
in condition where Na*-channels were inactivated by depolarization, induced by 24
mM KCI (Catterall, 2003). As seen from the results shown in Fig.5, B, in these
conditions the inhibitory effect of 15-HAA on papillary muscle contraction
reduced from 92,742, 4% (control obtained in normal Krebs solution) to
63.7+5.6%. These results together with the results obtained in experiments with
lidocaine indicate that Na*-channels plays important role in providing NIE of 15-
HAA. Thus, by blocking of Na® -channels and reducing the intracellular
concentration of Na* in cardiomyocytes 15-HAA apparently could alter Ca®*
transport through the Na/Ca®* exchanger, that reduces their content in the SR,
resulting in the depression of contractile force of papillary muscle.

Effect of the alkaloid 15-HAA on Ca** transport provided by the Na*/Ca**
exchanger. Above it was shown that the 15-HAA markedly suppresses post-rest
potentiation in papillary muscles, which reflects the process of Ca®* accumulation
in the SR. Since Ca®** content in SR is directly associated with functional state of
Na‘/Ca®* exchanger (Bers and Christensen, 1990), these data may suggest that the
inhibition of the exchanger may also be involved in the NIE of 15-HAA.
Therefore, to test this hypothesis we examined the effects of 15-HAA on the
contractions of rat papillary muscle induced by low Na* solution and ouabaine,
which are mainly due to the Ca®* entry via Na‘/Ca*-exchanger (Blaustein and
Santiago, 1977).
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Fig.6. Effect of alkaloid 15-HAA on rat papillary muscle contraction
induced by low Na* Krebs solution and ouabaine. A. Effect of 15-HAA on papillary

muscle contraction induced by low Na® solution obtained by replacing the NaCl with

equimolar choline chloride. B. Effect of 15-HAA on papillary muscle contraction induced

by ouabaine (20 uM). Results are plotted as mean (SEM) percentage of control, taken as 100%.
P<0,05, (n=4).
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In these experiments was observed that 15-HAA dose-dependently inhibited
the force of contraction increased by low Na* solution and at 30 uM maximally
reduced it from 72.6+4.8% to 11.6+£3.1% (Fig.6, A). The EDsq value of 15-HAA, a
concentration producing 50% of maximal inhibition, determined graphically, was
16.943.9 uM. These results indicate that 15-HAA potently inhibits the force of
contraction induced by low Na® solution, suggesting that this inhibitory effect of
alkaloid is due to the blockage of Ca* influx via Na'/Ca®* exchanger. This
suggestion was confirmed in experiments in which the effects of 15-HAA on
papillary muscle contraction, induced by low Na® solution, were studied in the
presence of a specific blocker of Na */Ca*" exchanger KB-R7943 (Satoh, 2000). In
these experiments, in the presence of 20.6 uM KB-R7943, when the amplitude of
the papillary muscle contractions, induced by low Na® solution was reduced by
half, significantly reduced the effect of the alkaloid, application of 15-HAA on top
of KB-R7943 further reduced the force of contraction, but to a much lesser extent,
than that obtained in the absence of KB-R7943 (Fig.6, A).These results confirm
the hypothesis that the inhibitory effect of 15-HAA is due to the blockage of Ca*
influx via Na*/Ca” exchanger. Similar inhibitory effect of 15-HAA was observed
in papillary muscles contracted by ouabaine, which also are mainly due to the Ca**
entry via Na*/Ca?*-exchanger (Rossoni et al., 2006). Under these conditions 15-
HAA in similar dose-dependent manner inhibited the force of contraction
increased by ouabaine and at 30 uM maximally reduced it from 68.6+£3.6% to
6.943.1% with EDs-15.8 MmxM (Fig.6,B). In addition, it was found that this effect
of 15-HAA on contraction induced by ouabaine, significantly reduced in the
presence of KB-R7943, indicating that it suppresses due the Ca®* influx via
Na‘/Ca®* exchanger. Analysis of the obtained results showed that the 15-HAA
inhibited the force of contraction induced by low Na™ solution and ouabaine almost
to the same extent and with nearly equal EDsy value. Thus, a similar inhibitory
action of 15-HAA on the force of contractions induced by two different procedures
which activates Ca** influx via Na*/Ca®" exchanger provides the clear evidence that
these effects of alkaloid are a result of direct blockage of Ca®* influx through this
exchange mechanism. The potency of 15-HAA to block of Ca®* influx via
Na‘/Ca®* exchanger was further confirmed in the experiments with KB-R7943,
which significantly attenuated the inhibitory effects of 15-HAA on the force of
contraction increased by two different procedures. Taking into account that the
contraction of the papillary muscle, induced by these different methods, mainly is
due to the Ca*" influx through the Na*/Ca®" exchanger, it can be concluded that the
blockage of Ca®" influx via Na‘/Ca®" exchanger may also be involved in the
negative inotropic effect of 15-HAA. Such action of 15-HAA on Na‘/Ca®*
exchanger is confirmed by significant reduction its effects on the papillary muscle
contraction, induced by two different methods, in the presence of KB-R7943.

Chapter IV «Characterization of the effects of diterpenoid alkaloid 15-
acetoxiasometin atisine (15-AAA) on the contractile activity of the papillary
muscle of the rat heart™ is devoted to the study of the features of positive and
negative inotropic effects of 15-AAA.
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In contrast to 15-HAA, the 15-AAA at low concentration (1-8 uM) and at
low stimulation frequency (0,1-1 Hz) produced a transient moderate positive
ionotropic effect, whereas at the higher concentrations and at higher stimulation
frequency also produced negative inotropic effect.

Characteristics of the positive inotropic action of the alkaloid 15-AAA.
Application of 5 uM 15-AAA in incubation solution accompanied by an increase
in the force of papillary muscle contraction, which increased by 2+3,2%, from the
control level (Fig. 7). The increase in the force of contraction of cardiac muscle or
a positive inotropic effect (PIE), produced by catecholamines, such as adrenaline
and noradrenaline, which is due mainly to the increase in [Ca®]i in
cardiomyocytes. This effect of catecholamines provided by stimulation of [3-
adrenoreceptors, which activates adenylate cyclase and production of cAMP,
which in turn promotes the mobilization of Ca2*, resulted in enhancement of
cardiac muscle contraction (Bers, 2000). These data suggested that a similar
mechanism may underlie the PIA of alkaloid 15-AAA. However, it has been found
that this effect of 15-AAA was maintained in the presence of propranalol, a
specific blocker of B-adrenoreceptors, that indicate that the PIA produced by this
alkaloid is not associated with the activation of B-adrenoreceptors and adenylate
cyclase system. In addition, this effect of 15-AAA was also observed in the
presence of nifedipine, indicating that activation of Ca** influx through potential-
dependent Ca**-channels not involved in their PIE.

A B

Control .
[ 1 120

I\

500 ms. 'T‘ ' 10 min.
15-AAA (5 uM)

[
o
o

801

60
Control

1mNI“"““UH\I""muummmm"M"ﬂﬂﬂﬂﬂMun?

500 ms. 10 min.
15-AAA (30 uM)

404

Force of contraction (%)

204

Fig. 7. The dependence of the mode of inotropic action of the alkaloid

15-AAA on concentration. A. Original tracing, representing the effect of 15-AAA on the
papillary muscle contraction. B. Concentration-dependent effect of 15-AAA on the papillary
muscle contraction. Results are plotted as mean (SEM) percentage of control, taken as 100%.
P<0,05, (n=6).

Moreover, because this effect of 15-AAA was observed only at low stimulation
frequencies (0.1 - 1 Hz), in the conditions in which the cardiac muscle contraction
is provided mainly by Ca* released from the SR (Maier et al, 1997) it is suggested
that it is provided by modification of SR function. Therefore, to examine the effect
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of 15-AAA on storage and release functions of SR their effects on post-rest
potentiation (PRP) of contraction in rat papillary muscle were studied. As it is
illustrated in Fig.8, A the amplitude of the first contraction Bl after rest was
189.7+6.2 % in comparison with the amplitude of BO before rest (taken as 100%),
providing a ratio B1/B0 1.89+0.10. After application of 15-AAA (5 uM) the
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Fig.8. Effect of alkaloids 15-AAA on post-rest potentiation in rat

papillary muscle. A. Original tracings representing the effect of 15-444 (5 uM) on post-rest
potentiation. B. The effect of 15-444 (5 uM) on relative potentiation of contraction (the ratio
B1/B0). Results are reported as mean + SEM (n=5). *P<0.05, compared to control.

amplitude of B1 increased by 76,6+8.1%, of control obtained in absence of 15-
AAA (Fig.8, A). At the same time, in these conditions the amplitude of BO also
simultaneously increased, however, this increase of BO was less pronounced in
comparison with the B1, as evidenced by a substantial increase in the relative
potentiation (B1/B0) from 1,89+0,10 to 2.20+0.18 (Fig.8, B). Considering, that the
increase in the relative potentiation, reflects the loading of Ca*" into SR (Mill,
1992), it could be assumed that the potentiating effect of 15-AAA, possibly is due
to the increased loading and subsequent additional accumulation of Ca*" in SR.
Above it was noted that an important role in the regulation of Ca** content in the
SR plays a Na‘/Ca®*-exchanger, which by transferring Ca®* in cardiomyocytes,
contributes to their load into SR (Bers and Christensen, 1990; Shattock et al.,
2015). Although it is widely accepted that Na'/Ca®*-exchanger is the dominant
Ca*" efflux mechanism, there is data regarding the possible contribution of reverse
mode of exchanger to Ca?'influx in cardiomyocytes. Conditions that favour
reverse Na'/Ca?*-exchanger include a positive membrane potential and increased
intracellular Na®, the conditions that may exist during the early phases of the
cardiac action potential (Bers, 2002). Moreover, the positive inotropic effect
induced by cardiac glycosides, also is provided by Ca®" entering through the
Na‘/Ca?*-exchanger, as a result of reversing the direction of its work (Nishio et al.,
2002). Therefore, to further elucidate the possible role of the Na*/Ca®*-exchanger
in the potentiating effect of 15-AAA its effect have been studied in the presence of
KB-R7943 a specific blocker of exchanger. In these experiments it was found that
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in the presence of a maximally effective concentration of KB-R7943 (30 uM),
when the Na'/Ca**-exchanger was completely blocked, application of 5 pM 15-
AAA is not accompanied by development of potentiating effect of 15-AAA (Fig.
9, A).
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Fig.9. Effect of KB-R7943, a specific blocker of Na*/Ca* -exchanger, on

potentiating action of alkaloid 15-AAA. Effects of 15-444 (5 uM) on papillary muscle
contraction in the presence of 30uM (A) and 20,6 uM (B) KB-R7943. Results are plotted as
mean (SEM) percentage of control, taken as 100%. P<0,05, (n=6).

At the same time, in the experiments with low concentrations of KB-R7943, when
the function Na*/Ca”*-exchanger is partially preserved, 15-AAA was able to induce
the potentiating effect which, however, was less pronounced as compared to its
effect in the absence of KB-R7943 (Fig.9, B). These results suggest that the
potentiating effect of 15-AAA, might be due to Ca®" influx through Na‘/Ca®*-
exchanger, which further promote its entering into SR resulted in enhancing the
contraction of the papillary muscle. To confirm this suggestion, the potentiating
effect of 15-AAA have been studied in the presence of caffeine, which is widely
used in assessing loading and release function of SR. Caffeine is a powerful
stimulant of the release of Ca®* from the SR which seriously disrupted the process
of their return into SR and its capacity in terms of rest (Stephenson, 2008). Indeed,
as shown in Fig.10, A in the presence of 8§ uM caffeine the relative potentiation
significantly decreases from 1.89 to 1, indicating that the mechanism providing
post-rest potentiation completely damaged due to lack of Ca®* influx into the SR.

It was found that the application of 15-AAA (5 uM) in these conditions is not
accompanied by restoration of normal reactions of papillary muscle to rest test.
These results indicate that the potentiating effect of the 15-AAA possibly is
associated with the modification of process providing the accumulation of Ca** in
the SR. This is confirmed in the experiments with low concentrations of caffeine
(20,6 uM), when the function Na*/Ca®*-exchanger is partially preserved, in which
application of 15-AAA (5 puM) accompanied by increase of the relative
potentiation from 1.4 to 1,74 (Fig.10, B).
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Fig.10. Effect of alkaloid 15-AAA on relative potentiation in rat

papillary muscle in the presence of caffeine. Effects of 15-444 (5 uM) on relative

potentiation in the presence of 8 uM (A) and 3 uM (B) caffeine. Relative potentiation (B1/BO)
are reported as mean (SEM) . P<0,05, (n=5).

These results indicate that when post-rest potentiation is partially preserved the 15-
AAA can cause potentiating effect, although to a lesser extent than in the absence
of caffeine. These results together with the results obtained in the experiments with
KB-R7943 indicate that potentiating effect of 15-AAA is associated with
modification of loading Ca** into SR. To obtain a better insight into the
mechanisms by which 15-AAA enhanced post-rest potentiation we further
investigated its effects in the presence of cyclopiazonic acid (CPA), a selective
inhibitor of SR Ca’*-ATPase (SERCA2). In these experiments application of 30
uM CPA significantly decreased both BO and BI1, as well as, the ratio B1/BO0,
indicating that post-rest potentiation was complete abolished due to inhibition of
Ca”*-ATPase and suppression Ca** load into SR (Fig.11, A). Application of 15-
AAA (5 uM) on top of 30 uM CPA, when post-rest potentiation completely
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Fig.11. Effect of alkaloid 15-AAA on relative potentiation in rat

papillary muscle in the presence of cyclopiazonic acid. Effects of 15-444 (5 uM) on

relative potentiation in the presence of SuM (A) and 3 uM (B) caffeine. Relative potentiation
(B1/BO) are reported as mean (SEM). P<0,05, (n=5).

abolished, did not provide it recovery, indicating that potentiating effect of the
15-AAA associated with loading of Ca®" into SR. However, in the presence of low
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concentrations of CPA (5 uM), at which post-rest potentiation partially preserved,
application of 5 uM 15-AAA accompanied by increase of the relative potentiation
from 1.5 to 1,72 (Fig.11, B). Based on these data we conclude that the potentiating
effect of 15-AAA could be explained either by increase in Ca** accumulation in
SR during the rest period or by increase in Ca®* available for release from SR.
Similar potentiation of cardiac muscle contraction caused by aconitine, alkaloid
isolated from plants of the genus Aconitum, which is associated with modification
of the voltage-dependent Na* channels (Wright, 2002; Zhou et al, 2013.). The
aconitine by prolonging the open state of Na*-channels may induce intracellular
Na“ accumulation and intracellular Ca** overload which eventually result in
increased contractions of the cardiac muscle (Wright, 2002). Taking into account
the similarities in the structural organization of thel5-AAA and aconitine, we can
assume that the potentiating effect of 15-AAA may be provide a mechanism
similar to the mechanism of action of aconitine. In this regard, to test this we
studied effects 15-AAA (5 uM) in the presence of lidocaine, which prevents the
effect of aconitine on the contractile activity of the heart muscle and arrhythmia
caused by them (Antzelevitch, 2014).

In these experiments, application of 15-AAA (5 uM) in the presence of
maximally effective concentration of lidocaine (30 uM), did not produced
potentiating effect (Fig. 12, A). Lack potentiating effect of 15-AAA in these
conditions, apparently due to the presence of a maximally effective concentration
of lidocaine, when nearly all Na* channels are blocked and was unavailable for
alkaloid. However, in the presence of 15 uM lidocaine, when the force of
contraction of papillary muscle was reduced by half, 15-AAA (5 uM) increases it,
but not to the same extent as in the absence of lidocaine (Fig. 12, B).
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Fig.12. Effect of lidocaine on potentiating action of alkaloid 15-AAA in

rat papillary muscle. Effect of 15-444 (5 uM) on papillary muscle contraction in the
presence of 30 uM (A4) and 15 uM (F) lidocaine. Results are plotted as mean (SEM) percentage
of control, taken as 100%. P<0,05, (n=6).
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Thus, data obtained in these studies indicate that the potentiating effect of
15-AAA, mainly is related to modification of Na* channel function which followed
by depolarization of the cardiomyocyte membranes allowing mobilization of Ca®,
resulting in an increase in contractile activity of cardiac muscle.

Characteristics of the negative inotropic effect of the alkaloid 15-AAA. At
high concentrations (=8 upM) and stimulation frequencies (=1 Hz), the alkaloid 15-
AAA significantly suppressed the contractile activity of the papillary muscles. This
effect of the 15-AAA had a dose-dependent manner and at a concentration of 30
uM the force of contraction decreased to 13,94+4,9%, from the control. The
concentration of 15-AAA, which caused half of its maximal effect (EDsg) was 16.7
uM, and this effect was more pronounced at high frequencies of stimulation. These
results indicate that at high concentration the 15-AAA also produced negative
inotropic effect (NIE), which, however, is less pronounced than that of 15-HAA.
During further study of this effect of 15-AAA it was found that it depends on
extracellular concentration of Ca?* suggesting that it may be provided by blockage
of potential-dependent Ca®*-channels. However, it was found that nifedipine to a
lesser extent affected the effect of 15-AAA on papillary muscle contractile activity
than the effect of 15-HAA. These results may indicate that, unlike the NIE of 15-
HAA which is substantially decreased in the presence of nifedipine, the NIE of 15-
AAA to a lesser extent related to the blockade of voltage-dependent Ca®* channels.
Therefore, to further characterize the NIE of 15-AAA its effect on post-rest
potentiation of papillary muscle was investigated. In these experiments it was
found that in the presence of 30 uM 15-AAA the relative potentiation still well
preserved, as evidenced by the some decrease in B1/B0O from 1.89 to 1.47. These
results may indicate that the NIE of 15-AAA at least in part, can be explained by
its simultaneous inhibition of Ca®* influx and impairment of Ca®* loading in the
SR. Such action on the Ca** content in the SR is typical for 1 class antiarrhythmics,
which is provided by the blockade of voltage-dependent Na* -channels (Heubach
and Schule, 1998). Therefore, to further clarify the role of Na*-channels in the NIE
of15-AAA, its effects have been studied in the presence of lidocaine. In these
experiments it was found that in the presence of 15 uM lidocaine, concentration
corresponding to its EDsy value, the NIE of 15-AAA decreased by 17,3+4,1%.
Moreover, the inactivation of Na* -channels by depolarization, also accompanied
by decrease NIE of 15-AAA by 54,3+4,7%. These results together with the results
obtained in experiments with lidocaine indicate that Na*-channels plays important
role in providing NIE of 15-AAA. Thus, by blocking of Na® -channels and
reducing the intracellular concentration of Na® in cardiomyocytes 15-AAA
apparently could alter Ca** transport through the Na*/Ca®* exchanger, that reduces
their content in the SR, resulting in the depression of contractile force of papillary
muscle. To test this, we examined the effects of 15-AAA on the contractions of rat
papillary muscle induced by low Na® solution and ouabaine. In these experiments
was observed that 15-AAA (30 uM) dose-dependently inhibited the force of
contraction, induced by low Na® solution and ouabaine, to 16,1+3,7%, and
15,4+3,8% with EJlso values 18,1 and 17,4 uM, respectively. Considering, that the
contraction of the papillary muscle, induced by a modified Krebs solution and
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ouabain, provided mainly by Ca®* entering via Na*/Ca*" exchanger, these results
may indicate that the effect of 15-AAA is caused by the suppression of this
pathway of Ca** influx in cardiomyocytes.

Further confirmation the blockage by 15-AAA of Ca** influx via Na‘/Ca®*
exchanger has been obtained in experiments with KB-R7943, in the presence of
which the effects of alkaloid on low Na® solution and ouabaine induced contraction
are decreased by 11.5+2.1% and 10,72 6%, respectively. These results provide
additional evidence that the suppression by 15-AAA the contractions induced by a
modified Krebs solution and ouabain, is mainly due to the blockage of Ca** via
Na‘/Ca”*" exchanger.

Thus, the analysis of the data showed that the alkaloids 15-HAA and 15-
AAA have inotropic activity, which is due mainly to a modification of the Ca**
transport in cardiomyocytes. It was found that the negative inotropic effect of 15-
HAA and 15-AAA is mainly due to the blockade of Na’-channels, which
accompanied by inhibition of Ca** influx and subsequent decreases in the amount
of Ca*" being taken up and released by SR, resulting in depression of contractile
activity of cardiac muscle. One possible explanation for the biphasic effect of 15-
AAA is as follows: at low concentration it by activation of SR Ca** load, may
result in an increase amount of Ca** available for release, resulting in enhancement
of cardiac muscle contraction; at higher concentration, it by inhibition of Ca?*
influx and impairment of SR function may result in a decrease amount of Ca®*
released by SR, resulting in depression of contractile activity of cardiac muscle. It
Is assumed that the observed differences in the inotropic activity of alkaloids 15-
HAA and 15-AAA are due to the peculiarities of their structural organization,
which determines the nature and rates of the modification of Na™ -channel function
and subsequent modulation of Ca** transport systems in cardiomyocytes.

CONCLUSIONS

1.  The peculiarities of inotropic effects of diterpenoid alkaloids 15-HAA and
15-AAA, as well as, underlying mechanisms of their negative and positive
Inotropic activity are characterized for the first time;

2. For the first time it was found that the modification of the structure of 15-
HAA, by replacing the OH group at carbon atom C-15 on CH3;O-group, which
increase antiarrhythmic activity of 15-AAA, is not accompanied by increasing its
negative inotropic activity, but on the contrary, leads to its reduction;

3. It was established that the negative inotropic effect of 15-HAA and 15-AAA
is mainly due to the blockade of Na® -channels, which is accompanied by
inhibition of Ca*" influx and subsequent decreases in the amount of Ca®* released
by SR, resulting in depression of contractile activity of cardiac muscle;

4, It was shown that an important role in providing negative inotropic effect of
15-HAA and 15-AAA plays a Na'/Ca** exchanger, activation of which by
blockade of Na *-channels and reduction Na* content, promotes Ca”* extrusion
from the cardiomyocytes;
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5. For the first time found that the 15-HAA and 15-AAA significantly suppress
the post-rest potentiation, suggesting that the reduction of Ca®* loading in the SR
would contribute to their negative inotropic effect;

6. For the first time it was found that 15-AAA at low concentrations (3-8 uM)
and low stimulation frequencies (0.1-1 Hz) produced the positive inotropic effect
which is due to increased content of Ca®" in the cardiomyocytes and in SR

7. It is established that the positive inotropic effect of 15-AAA is due to the
activation of Na‘-channels and subsequent mobilization of Ca®*’may resulted in
enhancement of cardiac muscle contraction;

8. It was found that in the providing the positive inotropic effect of 15-AAA,
an important role is played by Na*/Ca?* exchanger, activation of which by
increased level of Na* in cardiomyocytes, enhances loading of Ca** in the SR.

Q. It was shown that the differences in the negative inotropic activity of the 15-
HAA and 15-AAA are due to the peculiarities of their structural organization,
which determines the nature and rates of the modification of Na*-channel function
and subsequent modulation of Ca** transport systems in cardiomyocytes.

10. It was shown that the absence of a direct correlation between the inotropic
and antiarrhythmic action of 15-AAA may be due to the reduced Na* channel
blocking efficacy, as well as, a superimposed positive inotropic activity which may
be operative in its antiarrhythmic effect.
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