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KHUPUI (10KTOPJIMK JMCCEPTALMACH AHHOTAILUSACH)

Juccepranusa MaB3yCHHUHI [0J3ap0Juru Ba 3apyparu. byTyH nyHena
KapauoJiorusi Ba (DapMakoJIOTUSIHUHT MyXHM Baszudacu “TycarnaH pyi Oepaauran
KapAuoreH ynuM” xaBhu OMUIIJIapU Opacu/ia €Takuu YpUHHM 3rajiiad Typrad opax
APUTMUSIIAPUHYN OJITUHU OJIMIN Ba JIABOJIAITHUHT SIHTW CHAANIYBIAPUHUA U3JA0
tonuml ~ Xucobmanagu.  KOpak — apuTMUSIApUHMHT — TIATOT€HE3W  acocuja
KY3FaJlyBYaHJIMK, aBTOMATU3M Ba xapakaT noreHuuaguHuHr (XII) xocun Oymuim
YUYH kaBoOrap Oyiaran KapAuOMHOLMTIAAPHUHT AIEKTPOPUZHOIOTUK XOCCATAPUHU
Oy3unumu eranu. lly myHocabar OunaH 1opak apuTMUSUIAPUHUA  OJAVHU OJMII Ba
JMABOJIAITHUHT ~ 3aMOHABUW  KOHLIETIHUACHIIA  Mas3Kyp Oy3WIIHIILIIApHH
KOPPEKIUSUIAIIHUHT SIHTU CHJIIAIIYBIApPUHU HILIA0 YUKHUII YYyH SIHTU aBJIOA
AHTUAPUTMUK BOCUTAJIAPUHU SIPATHUII €TAKYM YPUHHU dTrajlIai]Iu.

MycTakuIMKKa SpUILTaHAaH CYHT pecnyOIuKaMu3aa MaXajuIluil XxoMalie1ad
IOKOpH camapajiop ITOPUBOP BOCHUTAJIAPHH SpATHUIN Ba MWUIMNA  (DapmarieBTHKa
0o030puHM cudaTId  JOpU-JApMOH BOCHTAJIapu OWJIaH IOKOPH napaxajia
TabMMHJIAITA KapaTWiIraH KeHI KyJaMmJid 4opa-TaaOupiapHU Oaxkapuiira
KapaTwiraH WIMHA-TaIKUKOT WIUIAPY TAalIKWA JITHIMO MyailstH — HaTmwKajgapra
SPUIIMIIAN. AJoOXUAa Kail[ 3TUIN JIO3UMKH, MaXaJUIMA XOMAalll¢/laH OJMHAJIUraH
JopuBOp npenapamiap (YCUMIMKIAPAAH OJMHAIWTAH AUTEPICHOU]T aJIKaJoujap)
I0OpaK KOH-TOMHUP KacaJUIMKJIAPWHU JaBOJallia KeHT (poiaanaHuIMOK/IA.

Xo3upru KyHJa OyTyH AyHEIa IOpaK apUTMUSIIAPUHU JIaBOJAIIHUHT STHTU
CHAANIYBJIADUHUA  HWIUIA0 YMKUII YYyH UCTUKOOIM OYnaraH MOTEHUHUal
dbapmakosoruk (paoyuTMKKa 3ra, YCUMIIMKIAH aXparud OJuHTaH OWpUKMaTapHH
u3nab rtonuml Ao0a3apd Basuda xucobnaHaau. ByryHru kyHra kenu0, MasKyp
OupukManap c¢plaMHa IOpaK apUTMUSUIADUHUHT XyKallpaBUW Ba MOJEKYJSP
MEXaHM3MJIApU Ba yJapHHU JIaBOJIAITHWUHT SHT WCTUKOOJUIM HUIIOHJIAPH XaKU7a
MYXHM MabJIyMOTJIap olduHTaH. byHaH tamkapu, Ma3kyp oupukmanap tydaiau Oy
HUIIOHJIAPHUHT (DAPMAaKOJIOTUK PETYISIUICUHU MYXHUM JKHXATIapu aHUKJIaHTaH
O0ynu6, Oy ynapHUHT (YHKIHOHAJ XO0JIATH MOIYJSLUSICUHU camapaliu yCyJulapyuHu
UNUIad YUKW UMKOHUHU Oepan. YMyMaH ojlraHja YCUMIIMKIAH aXXpaTud OJMHTaH
OMpUKMaJIapHU YpraHuIl KapacHUJa KUMMATId MabIyMOTIap OJWHTaH OYiuo,
yaap OpaK pUTMH Oy3WIMIUIAPUHU JaBOJIAll  Y4YyH SIHTH HCTUKOOIUTH
npenapariapHy unuiad YMKUII Ba SpaTUIIA CE3WIApIN TapaKKUCTHU TabMHUHIA0
oepmu. HOxopuma aTu® yTriaraHiap HyKTau-Ha3apuaaH, AUCCEPTAIUs MaB3yCH
Kyna pon3apd Ba 3apyp xucoOnaHaau, YyHKH JWTEPIEH  aJKaJOUJIapUHUHT
WHOTPOI TAhCUP MEXAaHU3MHUHUHT Y3Ura XOC KMXaTIIapUHU TaBcu(aIaa OJIMHTaH
HaTHXKanap XaBUIM HOXKYS TabCUpJapAaH XOJM OYJraH camapaid aHTHAPUTMHUK
BOCUTAJIQPHUHT STHTH aBIIOJIMHU SIPATUIITA EpiaM OCpUIITd MYMKHH.

V36exucron Pecny6mukacu Ilpesumentununr 2011 fmn 28 HosGpmaru
I[IK-1652-con  «CofIMKHM cakjalml THU3MMHHM  WCJIOX  KWIMIIHM  sHajaa
YyKypJIAIUTUPUIL Yopa-TaaOupiapu Tyrpucuaa»ru Ba 2014 ¥wun 1 aBryctaaru
ITK-1855-con «Y36ekucton Peciybmmkacuauar 2013 HAIrn HHBECTHINS TaCTypH
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JqUccepTalus TaAKUKOTH MyalsiH Japaxkaaa Xyu3mar Kuiaau.

TanKuKOTHUHT pecny0dnka ¢paH Ba TEXHOJOTUSJIAPH PUBOKIAHUIIN
HHMHI aCOCHI YCTYBOP HyHAJIMIILIAPUTra OOFJIMKIUTU. Ma3Kyp TaIKUKOT
pecny0Oivka GaH Ba TEXHOJOTUsUIapU pUBOKIaHUIIUHUHAT VI « TubOueT Ba
dbapmakosIorus» ycTyBOp WyHanumura MyBopuK Oa>kapuira.

Jluccepramus MaB3ycH 6yiinua XopwKMii MIMHII TAJKHKOTIAp INapXy .
IOpak apuTMusUTapuHU JaBOJAIIHUHT SIHTU CHAAIIYBIAPWHU WIUIA0 YWKHINTA
WYHANTUpWITAaH WMWK W3JIAHUIUIAP KaXOHHUHT €TaK4Yd WIMHUM MapKasjapu Ba
O TabauM Myaccacanapu, sxymianad, KomymOusa, Kamudopuus, Hero-iiopk
yuuBepcureriapuna (AKILI), Kenen ynuBepcutetn (I'epmanus), KOta mratu
(AKI), Kasrapu (Kanagma) Ba Bammepowmira (AKII), IIYHUHIZICK broopranmk
KHME Ba YCHMIMK MOMIANapd KHMEcH MHCTUTyTIapuaa (Y30eKHCTOH) omnub
OOpUIMOK/IA.

Opak apuTmusiiapvHyd JaBOJAITHUHT 3aMOHABHMM CHIANIYBIAPUHHU HILTA0
YUKUIL COXacuJa >XaxoHJa oyu0d OopuiraH TaJAKUKOTIAp HaTUXacuja Karop,
KymilalaH,  Kydugard  WIMHA ~ HaTwKajlap  OJMHIAH:  OpaKk  pUTMU
Oy3WIMILJIADUHUHT MOJIEKYJISIp MEXaHU3MJIapu Xakujaru Owiumiap ce3usapiu
napaxaaa KeHraiunO, Oy ropak apuTMUsUIapura TalllXUC KYWWIl, JaBoJiall Ba
OJIIMHU OJIMIIIHWHT 3HI camapayid eHaamryBiapu unuwad uyukwirad (KomymOus
YHUBEPCHUTETH); APUTMUSHUHT TYpJIM TUIUIApW TaTOTeHe3W OuiaH OOFJiuK Oyirax
10pak ae(eKTIn XyKapalapuHUHT (YHKIIMOHA MyXUM TU3UMJIApU TaBCU(IIaHTaH
(KénpH yHUBEpCUTETH); APUTMMSUIADHUHT Typiau Xuwi  (apMakoTepanuscuaa
Ce3WJIapiii TAPAKKUETIra IPUIIIHO, camapaid aHTHAPUTMUK BOCHUTAJIAD SIPATHIITaH
(KanudopHust yHUBEpCUTETH); apUTMUSIIAPHU JAABOJAIIHUHT 3aMOHABUH YCyUIapu
unuiad yukKwirad Oynaub, yHJa acocMi posl aHTUAPUTMHUK BOCUTAJAPHUHT STHTH
aBIOJAMHM SIPATHIL YYyH BSHI  UCTUKOOJUIM HHUILIOH OYIHMO KOJAETraH Te3KOp
Na'kanamnapHudr Onokaropnapyu uiiab umkwiran (Kaiarapu yHuBEpcHTETH Ba
IOta mirarn).

JlyHeéna ropak apuUTMHUSUIAPUHU JAaBOJAIIHWHI 3aMOHABHMM CHAAIITYBIApUHU
Unuad yukMInga Oup Katop, KymiagaaH, KyWuJIard yCTyBOp MyHalmunuiapaa MiMHiA
TaIKUKOT HUIUIapyu onu0 OOpUIMOKIA: IOpaK apUTMUSUIAPUHUHT TYpid THUIUIApU
acocuJard XyxkailpaBui Ba MOJICKYJISIp MEXaHHU3MIIAp TaxJIWwil KWIHIL, OpaK
ApUTMUSJIAPUHUHT TATOT€HE3WJIa HMOH KaHAJUIAPUHHMHT POJM aHUKJIAIL, FpaK
puTMU Oy3WJIUIIUTAPUHM JABOJIAIl YUYYH STHTM MOJICKYJSp HUIIOHJAPHU aHUKJIAIIL
IOpaKk pUTMH Oy3WJIMIUIAPUHM JaBOJjlalll YYYH OKWUJIOHA JU3aiiH Ba HMCTUKOOIIU
npenaparjiapuHUHT SHTM  aBJIOJMHM SIPaTUIl Y4YyH SIHTM CHIAUIYBIAp HIILIA0
YUKHILL

MyaMMOHMHI YPraHWITAaHJIMK Japakacu. Aconitum YCUMIUK
TYpKyMUJaH aKpaTul OJMHTaH TUTEPIEHOU/] AJIKAIOUJIapU XO3UPI'H BAKT/AA SIHTU

Juccepranust MaB3ycu O¥Hnda XOprKUH WIMHKA-TagKuKoTIap mapxu. 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 6omka MaHOanap acocuaa UIIad YMKUITaH.
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aBJIOJl AHTHAPUTMUK BOCHTAJIAPUHU HWILIA0 YHKUIN YyYyH OHI HCTUKOOIITH
OoupuxkManap cudaruma KapaaMokaa. Maskyp ankalOWJIAPHUHT AHTUAPUTMUK



daommuru yuyH xaBoOrap OYJraH 3HT MyXUM CTPYKTYPaBUH KUXATIApH JyHCHUHT
eTak4yu Jlaboparopusuiapuaa 6aradcun ypranunrad. byHaa sHr ¢aon AUTEPIICHOUT
aJKaJOUIJIADUHUHT YMYMHU CTpPYKTypaBuii sneMentiapu C-4 yriepon aroMujaru
aleTWJIAHTPaHWUI ¢KU aMuHOOeH30i kucimotanapuuuHr, C-1, C-14 Ba C-16 garu
METOKCH TypyXJapuHHUHT Ba C-8 TUAPOKCHI TyPYyXJIAPUHUHT KOJIUKIAPH SKAHIIUTH
anukyanrad. [lly Owman Oupra C-14 rypyxwmarun O€H301 TypyXH Ba a3orT
ATOMUHUHT aCOCIIUTH XaM Ma3Kyp aJKIOWJJIAPHUHT aHTUAPUTMUK (PaOJITUTHHU
TabMHHJIAI YYyH YyTa MYXUM DKaHJIUTH KypcaTwiraH. Ma3skyp Oupukmaiap
AHTHAPUTMUK TAhCUPUHHUHT JIEKTPOPHU3NOIOTUK MEXaHU3MU SIXIIU YpraHWITaH Ba
acocaH mNoTeHIManra OorauK Na' KaHaJJapUHUHT ONOKagacHIaH KeauO 4uKaju.
bynnait 610kagaHUHT acOCHil caMapacH Iopak Xapakar MOTSHIIMATN Te3JTUTMHUHT
nacaumu Oynub, y YHUHT TapKajiull TE3JUTMHUHI CEKMHJIAITYBH Ba 3((EKTUB
pedpakTepauk  JaBpPUHHUHT omuimyd  Ounan  Oupra  Oopub,  rOpak
KY3FalyBUaHIMIMHUHT Tacaiiumura onub Kenagu. bupok, Na' KaHaIapUHUHT
6rokasacu Ca®" MOHIApH TPaHCIOPTHTa IIyHIAH TabCHP KMJIUIIM MYMKHH 6YIIHO,
OyHa Na* KOHIEHTPAUSICUHUHT MacaMiy  KapJUOMHUOLUTIIAp/a Ca*
MUKJIOPUHHHT KaMalWIIWra Ba YHIAH  KCHWHHTH IOpaK MYyIIard KHCKAPHII
(baoJUTMTMHUHT Macaluiura 3aMuH spatuiid MyMKuH. KOpak myinars KucKapui
dbaoMruHUHr nacaiumu ¢ku MaHuit  wHOTponm camapa 1 cunHd Oapua
AHTUAPUTMUK MpenapaTjapuHuHT Y3Ura Xoc xuxaru 0ynu0, mry Tydaiiau ynapaaH
doiinanaHu IOpaAaKHUHT XaijaoBuM  (QYHKIUACUHUA Macan® KeTUImura oiauo
Keiaranu yuyH ueknadrad. llyHuHr yuyH, Ma3Kyp CUH(} aHTHAPUTMUK
BOCUTAJIAPUJIAH IOPAK PUTMUHUHT Oy3WJIUIIUTAPUHM JIaBOJall YUyH (oiigaiaHuIia
SPUINMIIACTTAH IOTYKJIapra KapamacjiaH MaH(uil HHOTpOIN camapacu Kam Oyiras
HUcOaTaH camapaiy Ba xaBCU3 TpemapaTiapHi SHTY aBJIOIWHU SpaTHIlTa OyiraH
VTkup 3apypar cakimanu6 kKommokaa. Illy — myHocabar OwunaH 3aMOHaBHA
W3JIAHUIIJIAD  MaBXKyd  JUTEpHeH  alKaJOWJIApUHUHT MOJICKYyIaJapyuHu
MOJIM(DUKALMACUHY ¥3 UUMra OJlyBUM MYyKOOWJI €HAAIIyBIapra Kaparwirad 0ynuo,
y ymapHuUHT (Qolgany XoccaJlapuHu cakjgad KOJMWIIM Ba  HOMAKOYJUIApUHU
HYKOTUIITHU TabMUHJIAIIN 3apyp OYau0, Oy MUHMMaT MaHGU HHOTPOI camapara
sra Na'kaHanura camapany TabCHp KypcaTyBud OUPHKMA OJIMII UMKOHUHHU Oepajy.
JuccepTanus MaB3yCHHHMHT JUCCEPTAIUA 0aKAPUJITaH HWIMHHA TaAKHKOT
MyaccacaCHHUHT WIMHI-TAAKUKOT UILJIaApHu OuJaH OoFaMKIuru. Jluccepramus
TaJKUKOTH bHOOpraHnK KMME HMHCTUTYTHHHUHT ()yH/IaMEHTAJ BA aMaJIdi
WIMHUN-TAIKUKOT AacTypu pexkacuHUHT DA-D3-T144 «HOpak Ba CUIUTMK MYIIIAK
XyKalipaJapuHUHT HOH KaHAJUIapy MOAYJISIIIUSICHHUHT MEXaHU3MJIApUHUA TaOuui
ouonoruk ¢aos oupuxkmanap o6wian ypranunn (2007-2011 iit.); GA-A 12-T068
«Tabuuii 6uonoruk paon OMpUKMaTAPHUHT HOH KaHAJJIapy Ba OMOJIOTHK
MeMOpaHalapHUHT perienTopiapu OuiiaH y3apo TAbCUPUHUHT CKPUHUHTY Ba
CTPYKTYpaBUM-(PYHKITMOHA )KUXATIIADUHUHT TaBCU(UTa KOMIUICKC CHIAITYBHH
unuiad yukumn (2009-2011 iit.); DA-D6-TO083 «buonoruk daon Oupukmanap —
IOpaK Ba CWUIMK MYIIIAK XyKailpanapuia Ca”*"-roMeoCcTa3HHUHT
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MOJYJSTOpJIapuHU uW3nam Ba TaBcuduiam» (2012-2016 iit.); DA-A11-T0OS57
«Tabuuii Ba cyHbuii 0M0IOTUK (Paos OMpUKMaIApHUHT IOKOPU CaMapalid CKPUHHUHT



Mapkasunu sparann (2015-2017 iii.) nolinxanapu goupacuaa Oaxapuiran

TaagKNKOTHUHT MaKcaau 15-TAA Ba 15-AAA JUATEPIIEH
NKAJIOUUIADUHUHT  MHOTpon  3¢dekmiapunn  TaBcuduiamn  Ba  15-AAAna
AHTUAPUTMUK Ba MaH(QUU HHOTPON (aoJUTUKIAPU oOpacuja OOFIMKIUK MaBXKY/T
AMACIIUTUHUHT ca0a0MHM aHUKJIAIIaH HOOopar.

TagKUKOTHUHT Bazudaaapu:

15-TAA Ba 15-AAA ankajlouJIApUHUHT KajJaMyll I0Oparu Nanuuisip MyCKyl
KUCKapuill (aoJUIurura TabCUPUHU TAAKUK KWIHIL Ba YAAPHUHT TabCUPJIApPUHU
KOHIIEHTpaUsAra OOFIMKIMKIUHY YPraHulll,

15-TAA  Ba 15-AAA  ankaJoumylapuHUHT  MHOTpOI  AddexTnapuHu
CTUMYJISIIIUST YacTOTacura OOFIUKIWMTHHYN TAIKUK KWJIHII Ba KY3FATUIIHUHT TYpPIU
yacTtoTajapuja yjiap TOMOHHJAH KEJITUPWIMO YUKAPWIAJAWTaH ManuuIap MYCKYJ
KUCKApUIL Ky4H y3rapuIIMHUHT Y3Ura X0C XyCYyCUSATIIApUHU YpraHulll;

15-TAA Ba 15-AAA ankanowJIApUHUHT KaJIaMyIll F0pard Nanuisp
MYCKYJIJITAPUHUHT U30METPUK KUCKAPUITHUHT KUHETUK napamerpiapura (+dF/dt,,
—KUCKApULIHUHT pUBOKIAHUIIT Te3IUTH, dF/dy,,,, — OYmuammim te3muru, Tyyy,—
KHCKapUII-OY AU IUKJIMHUHT BakTH, T, — sipuM OYIIanum BaKkT) TabCUp
KWINI TaxJIMJIMHY YTKAa3ull; Oy apaMeTpIIapHUHT Y3rapuill XapakTepuHu
Oaxomar Ba Oy y3rapunuiap acocujia Oyiran SXTUMOJIUNA MEXaHU3MIIApHU
aHMKJIAILL;

CapxoneMMaHuHT noTeHnmanra 6ormuk Ca’’-a Na'- kamanmapura 15-TAA
Ba 15-AAA ankanounap TabCUPUHHUHT y3Ura XOC XyCYCHUSITJIIApUHU Ypranwuii, Oy
KaHaJ1ap ONOKTAHUIIIMHUHT (MHTHOMpIAIT) y3apo OOFJIMKJIUTUHH,
KapAUOMHUOLIMTIIAPAATH  XyKahpa HWYH [Ca2+]i MHUKJIOPUHUHI KaMaWuIv, Ba
NanWIsip MyCKYJUIap KACKapuIl (paoJUTMTMHUHT MACalHII TaXJIUJIUHU YTKA3UIII,

CP narm Ca’" moHnmap MHKIOPHHMHT y3rapum guHampkacura 15-TAA Ba
15-AAA ankanoumyiap TabCUpUHM TaakuK Kuium, CP  garu Ca2+I/IOHJIap
MUKJIOPUHUHT  V3rapuinu  OwiaH  ajkaloujjiap HMHOTpon  (PaosUTUTMHUHT
GOFIMKIMIMHA Ba Oy y3rapunuiapmary Na'/Ca’'-aiMammayBuM TU3HMHHHT
POJIMHU OaxoJalll;

15-TAA Ba 15-AAA ankanounmyiap HHOTPOIl TABCUPUHUHT Y3UTa XOC
XYCyCHUSITIIapH, YHUHT alIKaJIOUAJIAp CTPYKTypacura OOFIHKINK TOMOHUHHN KUECUH
TaxJIMJI KAJUII Ba YIAPHUHT HHOTPOT TabCUP MEXaHU3MUIAru TapoByTiiap Ba 15-
AAA nuHT MaHbUil HTHOTPOMN Ba aHTUAPUTMUK (PAOJUTUTH YpTacuaaru OOFIMKINK
UYKIUru cababMHUHT aCOCUI Ma3MYHHMHHM IIAKJUTAHTHPHUIIL.

TanKuKOTHUHT 00beKTH Aconitum zeravshanicum Typura MaHCYO
YCUMIIMKAAH aXpaTuO OJIMHTaH aTW3WH JUTEPICH AJIKAJIOWIUHUHT XOCHJajdapu
15-TAA Ba 15-AAA ankanounnapu XucoOJIaHaIH.

TaakukoTHUuHr mnpeaMeTHn — 15-TAA Ba 15-AAA ankajioualapyuHUHT
WHOTPOIl TabCUPUHU Y3WUra XOCIUTH, YIAPHUHT CTPYKTypara OOFJIUKIUTK Ba OyHU
TaBMUHIIAIIA KapIHOMHOIUTIapHUHT Ca’'- TpaHCIIOPT TH3UMIIAPHHKHT POITH.

TagKMKOTHUHT ycyJ1apu. Huccepranus umua, I0paKk
MYCKYJIaTypaCUHUHT KHCKapuil Ba (YHKIMOHAN (AOUIUTUHU Kaila STUII Ba



TaxJIMJIMHU ~ YTKA3WIl Y4yH 3aMOHAaBUW  3JEKTpo(HU3MONIOTUS  yCyJUIapuaH
dorinananmnau. bapya skcnepumentan mabiaymoriaap OriginPro 7.5 (OriginLab
Corporation; AKII) komnbroTep AacTypu €plaMuia MMFUITaH Ba UIIUIOB OEpUIITaH.

TaaKMKOTHUHT MJIMUIl SHTWINTH Kylduaruiapiad noopar:

I15-TAA Ba 15-AAA ankanouyIapuHUHT MWHOTPON TAbCUPHUHUHI Y3UTra XOC
KUXATIapy, YIApHUHT CTPYKTypajapu OWiaH ¥3apo ajoKaJapyd Ba YIapHUHT
MycOar Ba MaH(pu HHOTpOM (HAOJUTUTMHUHT acOCH 1a €TYBYM aCOCHM MEXaHU3MIIap
aHUKJIAHTaH;

15-AAA HUHT aHTUAPUTMHUK (AOUIUTH OIIMIIMHU TabMHUHIOBUM C-15
yriepoa aromugaru OH-rypyxunun CH;O-rypyxura anMamTupuin iynd Ouian
15-T'AA cTpyKTypacHHUHT MOIU(MDUKAIMACH YHUHT MaH(GUH HHOTPOI (HAOILTUTHHH
Ky4alTUpMacaaH, akCHHYa, MMacaluimra o110 KeJTUIIN aHUKJIaHTaH;

15-AAA mnact koHueHtpauusuiapaa (3-8 MkM) Ba KY3FaTUILIHHUHT MacT
yactoranapuga (0,1-1 I'u) mycbar MHOTPON TabCUPHU HAMOCH Kuiica, HUcOaTaH
IOKOpU KOHIIEHTpanusuiapaa (>8 MkM) Ba Ky3raTWUIIIHU IOKOpPU yacToTanapuaa (>1
['m) dhakatr maH(dUit MTHOTPOT TABCUPU AHUKJIAHTAH,

15-AAAuuHT  MycOaT WHOTPON TabCHpU  [-aJpeHoperenTopiap Ba
norennuanra 6ormuk Ca’" kaHamapuauHr daomnamysura 6ormuk 6yiamaran Ca’'-
TallyBYU TU3UMJIAP TOMOHHJAH TabMUHJIAHYBYHM CApPKOILIA3MAaTUK PETUKYIyMIaru
Ca”" MOHJIApPMHUHT KOHIEHTPALUACHHUHT OIIMIINTA GOFINKINIY AHUK/IAHIAH;

15-TAA Ba 15-AAAnapausr ManQuii ”HOTpOI TabcUpu acocaH Na'-
KaHAJIAPHHUHT OloKanacura 6oemuk 6ynud, y Ca® -rarryBun tusumiap
(GYHKIUSCUHUHT Oy3WIMIIM OUlaH Oupra keynO, KeMMHYAIUMK KapAHOMHOLUTIApAa
Ca’" MOHJIAPMHUHT MUKJIOPY TIACANIIY Ba YIAPHUHT KHCKApHII (haoUIUT! TYIING
KETHUILI aHUKJIaHTaH;

15-AAA Ba 15-TAA ankanounnapuHuHr MaHduit ”HOTpoN GaoJUTUKIapU
opacuaaru (apkiap yIapHUHT CTPYKTYpacHIard Y3ura Xoc Kuxariap Ba
kapauomuonutiapaaru Ca>" nacaitnm napaxacunu 6enrunad 6epysun Na -
KaHaJulapy OJIOKaJACUHUHT TypJinya camapaiopiaurura OOFIMKINTY UCOOTIIaHTaH;
15-AAA  wuHOTpOm Ba AaHTUAPUTMHUK TabCUPU oOpacuiga OeBocHUTa
KOPPEIALMSHMHT  MaBKyJ OMAciurd, OSXTHMOJ, YyHHHI Na'KaHaJlapuHH
OJIOKJIAaHMILIMIa TabCHUpU KaM OYJIMINM, WIYHUHIZIEK YHAA MycOar HMHOTpPOI
(baOJTMKHUHT MaBXKY/UITUTUTA OOFITUK SKAHIUTH UCOOTIaHTaH.

TagKMKOTHHHI aMaJuid  HaTwKajgdapu. Ma3kyp TaJIKUKOTJIApHUHT
HaTIKaJapy JUTEPIEHOU]| aNKaJIOWJIapd HMHOTPON TabCUPUHHUHI VY3Ura XocC
XYCYCHUSTIApH, YJIAPHUHI CTPyKTypara OOFJIMKIWIH XaKUJard TacaBBYpJIapHU
ce3WIapiu Japaxkana KeHrautupuO, xaBpcus Ba HUCOATaH camapalii aHTUAPUTMUK
BOCHUTAJIAPHU APATULI YUYH Ha3apuid acoc XucoOIaHaIu.

Tagkukor HATHKAJIAPUHUHT UIIOHYIHJTUTH HKCIIEPUMEHTA
MabJIyMOTIap TAAKUKOTHUHI 3aMOHABUN KOMIBIOTEPJIALITaH 3JIEKTPOPHU3NOIOTUK
ycyiapaaH ¢oilanaHrad Xojaa OJMHIaHauru Ounian acocnanaau. Mmparu

XyJiocajap MaTeMaTHK CTaTUCTUKAHWHT 3aMOHABUH ycyiiapuan Goiigananrad
X0J1/1a UIIUIOB OepUJITaH HaTHKallap acocH/la KUITMHTaH.



TagKUKOT HATHKAJTAPUHUHT MJIMUI Ba aMaJIUil aXxaMUATH. TagKuKOT
HaTWKaJTapUHUHT WIMHA aXaMUSITH KEATUPUITAaH MabIyMOTIIAp JUTEPIEHOU
aJIKaJIOWJIAPUHUHT UHOTPOIT TAbCUP MEXaHU3MIIAPU XaKuJaru GyHaaMeHTam
OWJIMMIIADHUHT PUBOXKJIAHUIIIUTA MYXUM XHCCa XUCOOIaHAIH.

Tankukot HaTUXaJTapUHUHT amanui axamusITu JTUTEPIIEHOU
ANKAIOUJIADUHUHT WHOTPON TabCcUpW OwiiaH OOFIMK MEXaHW3MIJIAPHUHT SHTH
tapcunommapuan  oun® Oepaad Ba MyXHM aMaJIMid axaMusTra jfra Oyirad
AJKAJIOWIJIADHUHT CTPYKTYpPAaCcH Ba yJIapHUHT UHOTPOI (paoyuturu opacugaru y3apo
ajloKaJdapHU TYUIYHHINTa WMKOH Oepau. MasKyp TaJKUKOTHUHT  HaTHXajlapu
KUAMAW HOXKYS TabCcUpiapaaH xoinu OynraH xaBcw3 Ba IOKOpH  camapaiu
AHTUAPUTMUK BOCHUTAIAPHU OKWJIOHA AW3aiHW Ba SIHTM aBJIOJAWHMU ApaTULl Y4YyH
WJIMUN aCOCHU CE3UJIapiiv Japaxkaaa KeHrauTUpIu.

TaagKUKOT HATHXKAJAPUHUHT KOPUl KWIMHHINM. Maxaniuidi xoMalle/1ad
AHTUAPUTMUK BOCUTAJIAPHUHT SIHTU ABJIOAWHU SIPATUIN YYyH HILIA0 YUKWITaH
CTPYKTypaBuii-(pyHKIIMOHAT TaBCUsTHOMAJAp acoCua:

caMapajy aHTUAPUTMUK MpenapaTiap OJUIIHA TAbMUHIOBYM Ba yIapHUHT
MaH(ui THOTPOIUIN (HAOJUTUTUHYU MTacaUTUpHUILITA €piaM OepyBUM JTUTEPIICHOMU
aJKaJOUIJIAPHU CTPYKTYpaBUil MoauUKAUSTIAITHUHT HUCOaTaH onTuMan Oyiaran
eHmamryBiap «Ysbapmcanoar» JJAK daonustura xopuit sTunran
(«¥Y3dapmcanoar» JJAKuunr 2016 v 14 vHosopaaru BA-06/2069-con
MabJIyMOTHOMAcH). MnMuil TaAKUKOTIap HATUXKACH FOPAK €TUIIIMOBYMIIUTH/IA,
MycOat uHoTpon 3P ekt aHukanran 15-AAA ankanouauHuHT Oy X0ccacw,
YHUHT MaH(}uit “HOTpoN (HAOJTUTHHA Yerapanad, Y3WHUHT aHTHAPUTMUK
TabCUPUHHUHT OIIUIIUTA epiaM OepyBUU SIHTU aHTHAPUTMUK BOCUTAJIAPHU SIPATHUII
UMKOHHHHM Oepajiu;

15-anerokcna3oMeTUH ~ atW3MH  Ba  |5-THJIPOKCHMA30METHH  aTW3UH
JUTEPIEHOU ] AJKAJOUAJIAPUHUHT UHOTPOI TahCUPU OYHHMYa OJIMHTaH HaTHXanap
DA-D5-T084 «MuUTOXOHIIpHUSIIAD HMOH TPAHCIIOPTH Ba METAOOJIMK >KapacHJap
OMOperyIsaTOpIapUHUHT MEBEP Ba MATOJOTUSIIATA TAbCUPUHM TaBCU]IIAD) WIMHUI
noitmxacuna (BKW, 2012-2016 iiit.), sHM MuTOXOHmpHsiiapna Na'/Ca®'-
ANIMAIIMHYBYM TH3UMH OpKanu kupyBun Ca’’ HoHnapura Tabcup 3THO, yaapaard
Ca’ uoHIapu TOMEOCTa3sMHM perymsinus Kuwidmga ¢oiinananmwirad (Pan Ba
TEXHOJIOTUSUIAPHU PUBOKJIAHTUPUIIHU MYBOQUKIAITHUPUIT KyMUTAcUHUHT 2016
mun 22 wHosOpmaru  DTK-03-13/828-con  mabiiymoTHOMacu).  Mnamuit
HATWDKAJTAPHAHT  KYJUTAHMIMIIA ~ MUTOXOHApusiapaa  Na'/Ca® -anmMammuysun
TH3UMUHH JucOyHKIMsACH Tybaimu ymapma Ca’” romeocrasu Oy3WIHILIApHHE
PErynsius KAIUII UMKOHIUHHA OepraH.

TagKuKOT HATHKAJAPMHUHI anpodanusicu. J[uccepranus marepuaiapu
KyWHJara Xxajakapo Ba MWUIMH WIMHA-aMaiuii KoH(epeHUMsuiapja TaKIuM
KwinHrad: «buooprannueckast xumus u 6uorexunonorus» (Ilymuno, Poccus 2011);
«AxtyanbHabie npobdnaeMbl natodusuonorun» (Cankt-IletepOypr, Poccuss 2011);
«Tabunii OupukMaiap KUMECHHUHT 03ap0 myammoinapm» (Tomkent, 2011-2012);
«broopranvuk KMM¢ pUBOMIIAHUIIIMHUHT J10J13ap0 MyaMMOJIap»»
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(Tomkent, 2013); «DxcnepuMeHTanbHas U TeopeTudeckas onodusukay (Ilymmno,



Poccus, 2012, 2014-2015); «@ynaaMmeHTanbHas HayKa U KIMHUYECKAs MEIUITMHAY
(Cankt-IletepOypr, Poccus, 2015); «Euromedica» (I'annoBep, ['epmanus, 2015)
XaJIKapo TUOOUH KOHTpeccHa; Ba «AKTyallbHbIC TPOOIEMBI COBPEMEHHOM
MeauiuHbl U dhapmanun» (Munck, benapycs, 2016).

TagKMKOT HATHXKAJIAPUHMHI JbJOH KHJIMHMIIM. J[uccepraius maB3ycu
6yiinua 28 Ta WIMMH MIIAp YOI 3THIITaH, )KyMJIaJaH, Y36ekncToH Pecrybnmkacu
Onuit arrectamnusi KOMUCCUSICUHUHT JOKTOPJIHMK JUCCEPTAIUsIapU aCOCUN WIMHUI
HaTWXKaJapUHU YOIl HSTUII TaBCUs STWIraH WIMUNA Hampriapaa 11 Ta makona,
XKymilaziad, 9 Tacu pecryOiiuka Ba 2 Tacu XOpPWXKUN WIMHK KypHaiapAa Hailp
ATUIITAH.

JluccepTAMAHMHT Xa:KMHU Ba Ty3wJumm. J(uccepraiust TapkuOu KHUPHUIL,
TyprTa 0600, Xynoca, doinananuwiran agabuernap pyiixatugan —uOopar.
JuccepranussHUHT XXMy 162 OeTHU TallIKUI 3TTaH.

JINCCEPTAIIMSTHUHT ACOCUH MA3ZMYHHU

Kupuim KucMuaa MaB3yHUHT JOJ3apOIMTUA XaMmJia 3apypHUsiTU aCOCIIaHWIITaH,
TaJKUKOTHUHT MakcaJau Ba Baszudayiapu, oObEKT Ba MpeAMETIapu TaBCU(]IaHTaH,
pecnyOnuka  ¢aH  Ba  TEXHOJOTMSUIADM  PUBOXKJIAHUIIMHMHT  YCTYBOP
WYVHAIIMIIJIApUra MOCJIMIM KYpCATWITaH, TAAKUKOTHUHI WJIMHUN SHTWINTH Ba
aMaJiuii HaTukajlapyu O0a¢H KWIMHTAaH, OJIMHTaH HATIKAIAPHUHT WIMHUM Ba amaaui
aXxaMHsITH 04MO OepuiiraH, TAAKUKOT HATHIKaJapUHU aMajueTra >KOpuil KUJIMHUIIIY,
HalIp OTWITaH WIIAp Ba JUCCEepTalus Ty3uluiu Oyinua  MabiaymoTiap
KEJTUPUIITaH.

Hucceprauussauar  OupuHun  “IOpak  apuUTMHSAIIApUMHM  TAAKUK
KWJIMIIHUHT 3aMOHABMH X0JIaTH Ba MCTHKOOLIapu” 0o0uaa IOpaKHUHT
EKTPHK Ba MEXaHHK (DAOJUIMTH XaKuaa, myHuHraek Ca’" HOHIApMHHHI SIEKTp
MEXaHUK Ky(pTiaammumnaaru Ba Iopak pUTMUHUHT T€HEPaIUICH Ba PEryJIsUsICUIaru
€TaKYu POJIM XaKUJaru yMyMud Mabiymotriap Oepuirad. byHmaH Tamkapu ropax
APUTMUSIIADH Ba IOPAKHMHT OOIIKA IATONOTHMsUIapH  puBoxIaHmmmma Ca’’
roMeocTa3u Oy3WIMIIMHUHT aCOCUM POJIU, IIYHUHIIEK YIapHU KOPPEKUUSIIAIIHUHT
SHIM CHIOAUIYBJIAPY Ba IOPAaK KOH TOMUPJIAPU KaCAJUIMKIIAPUHU OJIIMHU OJIMII Ba
JABOJIAUTHUHT UCTUKOOJIIIM CTpaTErusyiapu KeJITUPHUIITaH.

Nxknnun “Kajgamym opard nanuuissp MYIIArHHMHD KHCKapuIl
¢aosmurnam  ypranum”® 0o0uaa Kajgamyll [Opard Nanwuisp MYCKYJIHMHHHT
KUCKapuil  (aommuruHy  TaAKWK ~ KWIMIIHUHT  ycyliapu  TaBcudiIaHuo,
kapauomuoruraap Ca’’-TpaHCIOPT TH3MMHMHMHT  (yHKIMOHAN  (DAOJLIMTHHH
OaxOoNalIHUHT AKCIICPUMEHTAN CHAAIIYBIAapH, IIYHUHIIEK MaTEeMaTUK MWIILIOB
Oepuill Ba MabIyMOTJIAPHUHT CTAaTUCTUK TaXJIUIW OacH KWJIMHTaH.

VYuunun  “15-ruapoxkcuazomerun atu3uH  (15-TAA) jaurepneHoun
ATKAJIOMINHUHT  KAJaMyll Opard Nanwuisip MYCKYJH  KHUCKAPHII
daosnurura TabcupuHu TaBcudaam’” 6o6una 15-I'AAHUHT KaaMyI 1oparu
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TaJIKUK KWIHIIHUHT HaTUXKaJapy KEITUPUIITaH.

15-TAA  ankanouounume  xKaramyw — opazu  HANUWLIAP — MYCKYIUHUHR
Kuckapuwiuea mavcupunune ysuea xoc ocuxamiaapu. 15-TAA Ba 15-AAA
ankanouyiapu  Aconitum  zeravshanicum  YCUMIMTUIAH a@XpaTUO  OJIMHTaH,
AHTUAPUTMUK TabCUpra 3ra OYJiIraH aTU3UH JUTEPIEH AJIKAJIOUIUHUHT XOCHUIIalapu
xucoonmanamu (KommpoBa wu gp, 2010). 15-AAA ankaJOWJUHUHT aTH3WH
ckeneruaaru C-15 ymiepoa aromunuHr OH-rypyx Vypaura CH;0-rypyXuHUHT
MaBXy/UIUTd OuiaH ¢apk Kwind, SKKOJ HAMOCH OYIyBUM aHTHAPUTMUK TabCUpPTra
sra (1-pacm).

CHy

1-pacm. 15-ruapokcnazoMeTu aTu3nH (A) Ba 15-anerokcuazomeTuH
aru3uH (b) TuTepneHoOUx AJNKAJIONIJIAPUHUHT CTPYKTYPACH.

[lly Owran Oupra OyHmaih MomudukauussHUHT HaTwkacuaa 15-TAAra
HUcCOaraH SKKOJPOK HaMOCH OynraH MaH(uil uHOTpomn TabCUpHUHT 15-AAAna
Kamaiinumm pyu Oepaau. bynga 15-TAA ankanouauHuHr Oy TabCUpU MAMUIUISP
MYCKYJIHUHI KHCKapuil Kyud Makcumain 30 mxMpa nHazoparman 7,3+2,1% raua
nacairasjia, go3ara OOFJIMK TaOuaTra SraHIuTy aHuKJIaHraH (2-pacM, b).

Ab

100

80
40
20

1 MH
Ha3zopar
15-T'AA (30 MmxM)
500 mc. 10 Mun.

Kuckapum kyun (%) 15 - TAA (MxM)

60
051015202530

2-pacMm. 15-T'AA ankaTOUMIMHUHT KAJAMYILI IOpPard Nanuuisip
MYCKYJUHHUHI KHCKapHUII (DA0JUIUTUTa TAbCHPH.

A. Hanunnsip myckyau Kuckapuwiunune éa 15-I'AA manghuit uonompon mavcupunume
opeunan 3anucu. b.15-I'4A mavcupunune konyenmpayusicuea o6oznuxiueu. Opounam yKuoa —
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MYCKYIHUHE KUCKapuul Ky4u, maxkcumanea nucoaman 100% 0ed kabyn Kununeaw, ghouzoa



ugooananean. bapua xonamnapoa P<0,05, (n=6).

I15-TAA wmakcuman tabcupunn sipmuan  (Ells,) kentupu® uukaprax
KOHLIeHTpauusicu 8,7 MKMHuM Tamkun Kwiad Ba y 3 ['m gaH rokopu Oyiran
KY3FaTHUIl YacToTajlapua IKKOJI HAMOCH OYIITIH.

IOpak MYCKYIMHHHI KHCKAapuml (aomurd  kapapomuonuriapia Ca®'
([Ca®"]}) woOHMApMHMHT XyXaifipa WYM KOHIGHTPAIUSCH OWIIAaH aHHMKIAHHIIA
MyHocabatu Owmnan (Bers, 2008), ajgkaJOMAHUHT Ky3aTWIIYBYH TabCUPH
kapauomuoruriapaa Ca’” MOHTAapu KOHIEHTPAUMACHHUHT TACAHMIINIAH J1apaK
Gepum MyMKHH. By TaXMMHHH TEKIIMPHII ydyH HMHKyOamus Myxutuga Ca®'
WOHJIApU  KOHUEHTpauusicuHu  ommmuaa 15-TAAHUHT mamwuisp  MyCKYyI
KUCKApUITUHUHT PUBOKJIAHUIIUTA TABCUPHU YPraHUIIN.

Bynna mHKy6armoH Myxutaa Ca’” MOHIAPH KOHIGHTPALMACHHU OIIUIIHMIa
OOFIMK XOJJa NanWuislp MYCKYJIMHUHI KUCKAPHUII Ky4Yd CE3WIapu Japakaja
nacaiiim  (3-pacm, A). Maskyp Taxpuba ImapouTiIapy MyHOcabaTu OwuiaH
NanuuLsp MYCKYJIM KHCKApHUIl KYyYWHHMHT OIIUIINA acOCaH TMOTEHIHara OOFJIUK
Ca”" kanamnapunan xkupu6 xenyur Ca®’ HOHIApH OpKaIM TabMMHIIAHAIH, MA3Kyp
HaTWXanap IIYHU KYpcaTajuKu, aJKaJOUJHUHT Oy TabCUPU KapAMOMHOLIMUTIAPTa
knpu6 kenypun Ca’’ HOHJIAPMHUHT TOPMO3JIAHUIIN Guia 6ormuK. 15-TAA GyHnaii
TabCUPHHUHT KymMua uc6otn Ca’” KaHaIIapHHUHT CeIeKTHB OI0KaTopu GyiraH
Huenunua OwiaH YTKa3wiIraH Taxpudaiapaa OJMHTaH OYnuO, yHUHT
UIITHPOKKIA AJIKAIOWJIHUHT TabCHPU CE3WIapH Japakaaa mnacairan Oyicana,

KHCMaH cakjianub konras (3-pacwm,b).
40 100

A 20 80
100 0 Kuckapum ky4yn (%)
80 Hasopar 60 Hasopar
15-TAA (30 MmxM)
K (0/) 40 Hudennnun (5 mcM)
uckapuum kyau (%
o b 20 15-TAA (30 MkM)
0051,01,52,02,5
2+

[Ca] (M)
0

3-pacm. 15-TAA aaxanouauan Manduii HoHoTpon TabcupuHmHAr Ca®’
MOHJIAPDH KOHIEHTPAlMsiCH Ba NoOTeHHHMaiara oOoramk Ca*'-kamannapn

X0JATHIra OOFIMKIMIU. A.15-TAAnunz [Ca’'], womnapu owwwuda unoyyupnamnean
nanuiap Myckyn Kuckapyguaunueuea mavcupu. b. Hugpeoununnnune MUDea 15-I'4A mavcupu.
Opounama ykuoa — myckyn xuckapuws kyuu, 100% 0ed kabyn Kununean maxkcumanea HucoOaman
gouzoa ugoocananean. bapua xonrapoa P<0,05, (n=4-6).

Ymby Taxpuba HaTWXKalapu IIyHIaH TyBOXJIUK Oepaauku, 15-TAA skkon
HaMo¢H Oynran MU Ora sra 6ynu0, yHUHT acocuia KapJMOMHUOIUTIapaa Ca*
MOHJIApU MUKJOPUHUHT MMacailuim €THo, y CapKaoJIeMMaHUHT OTEHIIMATa
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6ormuk Ca’" KaHaJIapy OpKaju Ca*" HOHJIApU KUPHUO KETUIITUHA TOPMO3JIAHHUIITN
HaATMKAacHU1a KeJanuo YUKaIu.
15-T'AA ankanoudunune KapOUOMUOYUMAAP CAPKANAAIMAMUK PEMUKYIYMU

Ca’ uonnapu mpancnopmuea mawvcupi.

IOkopuna MU aJIKaJIOU HU(ETUTTUH WIITUPOKHIA TYJIUK
TOPMO3JIAHMACJIUTU KypcaTtuiran 0ynu6, Oy YHUHT amaJra OIIUIIN/A MOTeHIIAIra
6ormuk Ca’ kaHa/uIapuuaH TalIkapH, KapaHOMUOLMTIApHUHT 6omka Ca’" Tamysun
TU3UMJIAPU XaM MINTUPOK 3TUIIMHU Kypcataau. bynaa 15-TAA wunr Oy tabcupu
VHHHT capkoruiasmaruk peruxyiym (CP) Ca’" moHIapy TpaHCIIOPTHTa TabCHPH
OwiaH OOFJIUK OYIUIIN MYMKUH, Y KApAUOMUOLUTIAP Ba MUOKAPIHUHT KUCKAPHUII
daommruma [Ca®']; perymsammsacuia erakun ponnu YitHaimu (Bers, 2000). Bynnan
tamkapu 15-TAA ankalouaAMHUHT OyHJal TabCUPHUHT MYMKHHJIMTH XaKuaa y
TOMOHUJAH KY3FaTHIIHUHT MacT yacTtotaiapuna (<1 I'm), ropak MyCKyJIJIapUHUHT
kuckapumu acocad CP  gmaH axpanmu6 unkysun Ca’” HOHIAapM TOMOHHIAH
TabMHUHJIAHAJIUTAH [IApOUTIap/ia TOPMO3JIAHUIIUA OWJIBOCUTA TYBOXJIMK Oepaau
(Honerjager, 2005; Marks, 2000; Satoh et al.,2000). By TaxMUHHU TEKIIUPHUIIT YUYH
15-TAA mumar CP na Ca®’ HOHNAPMHMHI TYIUIAHWINM Ba AXKPAIHO UHKHUIIH
KapacHJIapUHU YpraHull MMKOHUHU OEpyBUYM HOpaK MYCKYJUIAPUHUHT Y3UTa XOC
KUXATH TOCT-PECT TNOTECHLMAIMSACUTA TabCUPU YpraHwiraH. AHUKIAHUIINYA,
MyailsiH THUHYIMK JaBpHUJIaH CYHT IOpaK MYCKYJAWHUHT Kuckapui kyuun CP na
MYyHTa3aM Ky3FaTuIlra Kaparasjaa Kynpok Ca*" VOHJIAPUHUHT MUKIOPU KyLIMMYa
TYIUIaHUIITN HaTWXKacuja Cce3wiapiu Japaxaaa omwub, ylap MYyCKyl
KUCKAPUIIIMHUHT Ky4alWIlld  C€KHUp TOTEHUMAIMIACUHU TabmuHiaiau (Bers et
al.1993). Kamamym moparuHMHT  Oamwuissp MYCKYIHAa YTKa3wiraH Ha3zopar
taxxpubanapuna Bl OupunHum Kuckapuimu ammuidtygacd 30 COHUSIIMK TUHYJIMK
naBpunan ket 100% ne6 kaOyn kununrad BO cranuonap napaxanan 189,7+6.2
% rava omau (4-pacMm, A). bynna uakyOauust myxutura 15-IAAHUHT KUPUTUIUIITN
(30 MmxM) B1 Oupunum kuckapum amruutygacuHuHr 10,24+4,1% raua Tymm6
KeTUIM OuiaH AaBoM 3Tau Ba Oy xosmar ankamougHuHr CP na Ca*" HOHJIApU
TYIUIAHUIIUHU ~ MMacauTupud, TUHWIMKHUHT NOTCHITUUPIIOBYM  TabCUPUHU

TOPMO3JIaIK/IaH gapak oepaau (4-pacm, A).
25,

B (B1/B0)
A IMoreHumnanus HUCOATH, 15- AA (30 M) T’ mx Hazopar

Ha3zopar 1 mH 2,01,51,00,5
P B1

B0 30c¢
15-TAA (30 MkM)

1 mMH

Bo B130c

4-pacm.  15-TAA  ajgKAJOMAMHUHI KAaJaMyll IOpard IoCT-pecT

NOTEHUHALUMSACUIAa TabCUPH. A. [5-IAAnune nanunnap MycKYIUHUHZ NOCM-pecm
nomeHyuayuacuea masCUpunu Kypcamyeyu opeunan sanucu. b. 15-I'AAnune nomenyuayus
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Hucoamuea mavcupu (B1/B0). Opounama yxuoa —B1/B0 nucoamu. bapua xonnapoa P<0,05,
(n=5).

bupoxk, 4-pacm, A na kypunuo Typranunek, 15-I'AA ankanouau
UIITUPOKUIA XaM THHWIMK JaBpUradya KaiJl KWIMHAAUTaH NanuuIsp MyCKyIu
cTanuoHap Kuckapunuiapuauar (B0) ammurynacu macaitu6 keraau. [anumisip
MYCKYJIMHUHT CTAllMOHAP KUCKAPUIIIApUra aJKaJOUHUHT Oy TabCUPU YHUHT
TOMOHH/IAH FOKOPHU/IA KYpPCATHIraH CapKoJeMMaHHUHT TToTeHImanra 6ormuk Ca”'-
KaHaapy opkainu Ca’” MOHJIAPHHUHT KapIMOMHOIUTIAPra KUPHO KeTHIINHMHT
TOPMO3JIAHUIIN OWJIaH TYIIYHTUpUIaau (3-pacm).

Kapnuomuonutiapra noteHuanra OOFINK Ca2+—I<aHaJ1J1apI/I opKajiu Kupuod
kenyBan Ca®" momnapn keiimauamuk CPHMHT IOKIaMacH ydyH (OMIaNaHMIAIIH
xucobra omuaca (Bers, 2000), 15-TAA  ankaJoOWJUIApUHWHT  TIOCT-PECT
TIOTEHIMALAHMHT TOPMO3JIAIIN YHUHT KapauoMuonutiapaa Ca® HoHIapu Tammm
TU3UMUTA TabCUPUHU Kypcaranu. 15-ITAAHMHT TOCT-peCT MOTEHIIUALUITA TabCUP
MEXaHU3MHHM aHMKIAm ydyH yHHHr Ca’’ HOHJApUHMHT IOKIaMa KapacHUHH Ba
ounoOapun CP xaxmuHu akcu XucoOnaHran mnoteHuuanus HucoOarura (B1/B0)
Tabcupu Taxjauin kuauaau (Mill et al., 1992; Bers et al.,1993). bynma 15-TAA
umtupokuaa (30 MxkM) mnoreHnuanus HcuOatuHUHr Kukimatu  1,89+0,10 nan
1,39+0,13 raya nacaiiumu anukiaaHad (4-pacm, b). By Hatwxkamap uryHgaH
ryBoxJIuKk Oepamuku, 15-TAA TtomoHuman ro3ara kenyBuu Bl ammiutynacuHUHT
kamaiimm CP ra Ca”’ VMOHJIApU IOKJIAMACUHUHI NACAaWHWIIM BAa HATWXKaJa yiap
MUKJIOPUHUHI KaMaiiiu OwiaHn Oofnuk. IOpak MycKynu KUCKapyBYaHIMK
(GaoJUIMTMHUHT TIyHra YXIIam TOpPMO3JaHUII MexaHm3mMu | cuHpra mancyO
AHTUAPUTMHUK BOCUTAJIAPHUHT TAbCUPH ACOCHIA XaM CTa/IH.

15-TA4A  anxkanouou MHUD  amanea  owuwuoa  KapOUOMUOYUMAAD
capkonemmacunune nomenyuarea 6oemux Na' -xanannapunune ponu. 1 cung
AHTUAPUTMUK BOCUTAJIAPHUHT TabCUPU ACOCHJA IOPAKHUHT YTKA3yBUM THU3UMUJA
XapakaT MOTEHUUAJUHUHT KYTapwiyBud (a3a PpUBOXKIAHUIN  TE3TUTHHUHT
nacaMily, TAPKAIMIIMHUHT CEKUHJIAIIYBU Ba KY3FAIMIIHUHT TOPMO3JAHUIIN
OMIaH JaBOM OTyBUM CapkoleMMa MHOTeHIManra OOraMK Na' -KaHaJlJapUHUHT
onokanacu eéragu (Mitchell, 2015; Stoelting, 1999). Ly 6unan 6upra aHTHAPUTMUK
BOCUTAJIAp Ma3Kyp CHUHGUHUHT 0ab3u BaKWJUIapu SIKKOJ HamMocH Oyiaran MUD
OwiaH XapakTepjlaHMO, YHUHI acoCHJla UIyHUHIZIEK IOTEHIMaiIra OOFJINK
Na'-kanamnapunudr Onokagacu xam éragu (Heubach and Schule,1998). Bynna
ynap Na' -kaHannapunu 610K1a0, KapauoMuoIMTiIapAa Na HOHIapuHUHT XysKaiipa
WYU  KOHIICHTPAIMSACHHHM TlacalMIvdra 3aMdH sparaad, Oy XoJar [Ca2+]i
MUKJIOPUHHMHT TacCaliMIli Ba IOpPaK MYCKYJIM KHUCKapyBYaHJIUK (HaOJTTUTHHUHT
nacaiiumu Ounan Oupra Oopamu (Navada et al.,1994). Illy cabGabmu 15-TAA
aNKaJOMAUHUHT  TabCUPUHM  TAbMMHJIAILA  HOTEHIManra OOFIMK  Na'-
KaHAJJITADUHUHT POJIMHU aHMKJIAIl Y4yH YHUHT aHTHUAPUTMHUK BOCHUTaJApHUHT [
cuHpura MaHCyO, Ma3Kyp KaHAJUIAPHUHT Crhenu@uk OJoKaTopu XHCOOJaHTaH
JUAOKAauH HINTUPOKWIA MANWUIAP MYCKYJIM KHCKapUIIUIa TabCUPU YpraHWIIH



(Sheu and Lederer, 1985). bBynna yuunr EJls, kuiimarura moc keiayBuu 15 MxkM
KOHIICHTpAMSAaru JIHUJAOKaWH HINTUPOKuAa 15-TAA ankalOWJIMHUHT NanuuIsap
MYCKYJI KUCKapuluura Tabcupu 92,7+5,4% nan (Ha3opar JIMIOKAUHCHU3)

15
72,6£6,3% raya macaiu® ketumu aHukigaHaud. Iy Owran Oupra uMHKyOarus
Myxutuza 15-T'AA ankanoIUHUHT MaBXy[ IIAPOUT/A JIMJAOKAWH YUYYyH 7033 camapa
TPU YM3HUKJAPU YHUHT MaKCHUMal TabCUPUHU Yy3rapTUpMaraH Xojja Jesapiu
napajiesl paBUlla 4Yanra CWDKUIIM aHuKiIanau (5-pacm, A). bynma 30 MxM
15-TAA umrtupokuna nuaokand yuyH EJls, kuitmatu 15 MkM nan 4,1 MkM raua
nacaiu0, ajkajou]l Ba JUIAOKAMH TAbCUPUHHUHT AJJUTHUB TAOMATIM HKAHJIUTUIAH
najonar Oepaau. ByHpmaH Tamikapu JMIOKaWH y4yH YHUHT MaKCUMyM TabCUP
caMapacud y3rapMaraH Xxojja J103a-3QQPeKT HSrpu  UU3UFUHUHT AJIKAJION T
UIITUPOKKUA Mapajuiesl paBullga CUJKUIIN YHUHT JIMJIOKauH OujaH OWTTa HUIIOH,
SbHA  KapAMOMHUOLMTIAPDHUHT Na'-KaHalulapy y4YyH pakobaria — SKaHIMIUHU
KypcaTaJiu.

15-TAA ankanongu MHUDOuu TapMuHIANIIA Na+-KaHaJIJIapI/IHI/IH1“ AXTUMOJIUU
POJIMHU KYIIMMYa PaBUIIAA TEKIITUPHUII YYYH YHUHT JETOJISpU3alus TOMOHHJIAH
Na'-xanannapu uHakTuBanuscH mapoutuaa Myxuraa KCl konuenTpauuscunu 24
MM raua ommwmpuiil #ynu ounan Tabcupu ypranungu (Catterall, 2003).

b Kuckapum xyun (%
A 100 60
40
100) 80 20
80 Kuckapum kyuu (%) 0
110100 Log
Jlupokaun 15-TAA [MTunoxaun] (mM) 4,724

(30 MmxM) 60 40 20 0 K1(CmM)
15-TAA (30 MeM)

5-pacm. 15-T'AA ankaJOUAMHUHT MHOTPON TALCHPUHHU MOTEHIIMAJTA

OOFJINK Na+-KaHa.11.J1ap1/1 X0JIATHTA OOFJIMKJINIH. A. [5-TAAnunz nuookaun 003a

appexm s2pu uusueuza mavcupu. 5. 15-I'AAnunz Na'-kanannapunu oenonsapusayus opxai
Mmewep ea unakmusayusioa mavcupu (24 mM, KCI). Opounama yxuoa — Myckyn Kuckapuut Kydu,
100% 0eb kabyn Kununean maxkcumanea Hucoamaw gouzoa ugpooanranean. bapua xonnapoa

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

5-pacm, b na KypcarunaraH HaTwKajapaaH KypuHuO Typranujex, Na -
KaHAUJIJADUHUHT MHTaKTUBaUWsACH IIapoumiapuaa 15-I'AA  ankanouan HoOpMall
Kpebc spuTmacuna ofuHraH HaTHXajlap Ha3zoparra HUCOATaH COJMIITHpPraHaa
(92,742,4%) manwuisap MyCKylnH KUCKapuiuHU dakar 63,7+£5,6% ra kaMalTupau.
by narmxkanap numoxkanH OWilaH ONMHTAH HaTKaiap OuiaH Oup karopaa 15-TAA
ankanouAMHUHr MUWDHM TabMuHnamga Na'-KaHauaapd MyXuM posl YiiHaIIuaaH
nanonar 6epaau. bynna Na'-kanannapunu 610k1a0 Ba KapauoMuonutiaapaa Na '’
MOHJIApU MUKIOPHHH HacaiiTupran ankanony Ca’” nonnapuaunr Na'/Ca®'-
JIMAILIMHYBYM TU3UM OPKAJIM YUKUO KETUIIMHUHT Kydaluiura 3aMuH sipatuo,
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ylaapHUHT 1uToria3ma Ba CP naru Mukaopvunu nacailtupuiun MyMuH (Bers,
2000).

15-TAA  ankanodunune  kapouomuoyumaapoa Na /Ca’ -armawunysuu
musum opxanu mavmunianysuu Ca’ ‘uonnapu mpancnopmuea mavcupu. FOxopumaa
kypcatu6 yTwmranmnek, 15-TAA anmxanomaum Na'/Ca®’-anMamuayBun — TH3EM
MyXuM pon VitHaiimuran CPra Ca’ MOHNAPMHMHT HUFWIMII SKApa¢HUHH aKC
ATTUPYBUM MNANWIAP MYCKY/UIAPHUHT MOCT-PECT NOTEHUMALUUACUHU CE3UIapiu
napaxana topmosnad kysanu (Bers and Christensen, 1990). llly myHocabar Ouiian
15-TAA ankanouauauar MIUD kelinary TaBcudu yayH yauar Na'/Ca®'-
ANIMAIIMHYBYM TH3MM OPKAIH KapAHOMHOLUTIApra Kupu6 kemysun Ca’'monnapu
OwyiaH TabMHUHJIAHYBYM MoauduKanusiaanran Kpebc spurMacu Ba 0paK TIMKO3UIU
oyabamH OujaH WHAYUUPJIAHYBUM MANWUIAP MYCKYJUITADHUHT  KUCKapHILIUTa
tabcupu ypranunau (Blaustein and Santiago,1977). Bynna 15-T'AA  ankanouau
momuukanusianran Kpe6e sputvacu Ba Na' MOHIapHMHHMHT DAcT MHUKIOPU OMIaH
(35 MM) wuHAYUMpIAHYBUM MANWULIP MYCKYJUIAQPHUHI KUCKapHILHA camapalin
paBHILIJIa TOPMO3JIAH/IH.

AnKanougHUHT Oy TabcUpH jJo3ara OOFnIuK Tabuarra sra 0ynu0 yHuHr 30
MKM KoHIIeHTpanuscuaa, Hazoparaan (72.6+4.8%) kuckapuim kyunau 11.6+3.1%
raya rnacau6 xetuim Ky3arwiau, yHUHT EJls, kuiiMatu 3ca 16.9 MkM HuU Tamkumn
kunau (6-pacm, A). YOy Harmxanap KpeOGcHUHT MoaudukanusiaHrad 3puTMacu
TOMOHUJAH HHAYLUPJAHYBUYA HaNWUIAP MYCKyldl KucKapummHua  15-TAA
ANKAJONIN TOMOHHMJAH KaMmaium yHumerT Na'/Ca’'-aaMammHyBYM TH3MM OpKAaM
knpn6 kemysun Ca®’ MOHIapUra TabCHpH GMIIAH GOFJIMK OYIIMIIN MYMKHHIINIHAH

najnojar oepasu.
Oyabaun (20 Mx ) M 15-TAA 30 mx (M)
Na35M(m)

A B 15 ()raa 30 vkm

100 0 80 0
80 +

an (%)
Kexapm sy (%) KB-R7943+15- 30 M TAA (i) Kuexapuut iy (% KB-R7943+15- 30 M TAA (k)
60 KB-R7943 (20,6 ) MM 40 KB-R7943 (20,6 ) MM

40 100 20
20

6-pacm. Monudukanusiaanran Kpeodc spurmacu (A) Ba oyadaun (b)
TOMOHUJIAH MHAYUMPJIAHTAH KAJaAMYIl I0PArd NANUJLJIAP MYCKYJIMHUHT

KuckKapumura 15-I'AA ankaJOuAMHUHT TabCUPHU. Mooupurayusnanzan Kpebe
apummacu mapkubuoaeu NaCl 35 mMea kamaimupunub, yHune oCMOAAPIUSU IKGUMOISD
KOHYEeHmMpayusaoazu XoauH Xa10puouHu Kyuuw ounan yunad mypunean. Opounama yKuoa -
myckyn kuckapuwi kyuu, 100% 0eb kabyn Kurunean maxkcumanea Hucobamaw gouzoa
ugooananean. bapua xonnapoa P<0,05, (n=4).

Yoy TaxmMuHHu Taxkpudanapn, 15-I'AAnrunr Mmonudukanusinanran Kpeoc
SpUTMacH OWJIaH UHAYLUPIIAHTaH MalWUIssp MyCKYJIU KUCKAPUIIINTa TAbCUPU
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Na“/Ca®’-anmammnyBun  TH3UMHMHT  crneuuduk  Onmokaropy  KB-R7943
umtupokuaa ypranwiau (Satoh, 2000). by Taxpubamapna myxutna 20,6 MxM
KB-R7943 mamxyn mapoutna, mogudukanusiianran Kpedc spurmacu TOMOHUAH
WHIYIUPJAHTaH Manvuissp MYCKYJUIAPHUHT KUCKAPUIL Ky4d SIPMHUTa Iacairanna,
aJKaJOUJIHUHT TabCUPHU XaM CEe3WIapu Aapakana kKamailau. by HaTwkanap niyHH
Kypcaraauku, Moaudukanusianrad Kpebc sputMacu TOMOHMJIaH WHIYIUMpPJIaHTaH
NanuuIsip MYCKYJId KUCKapuil KyuuHu 15-AA ankanouau TOMOHUZAH KaMaluIIH
Ca* WOHJIADUHUHT KUPUO KEIUIIMHU KamMaliiu OwiaH OOFNMMK. Xyqau IIyHra
yxmabd 15-TAA ankanouau oyabavH TOMOHHUAAH HWHIYLUPJIAHYBUM  MAMWILISAP
Myckymiapuauar  Na'/Ca®’-anMamiHyBuM TH3MM OpKAnM  KHPHO KeJTyBYH
Ca’"-HOHIapy TOMOHMIAH TAbMHHIAHYBYH KHCKAPUIIMHU TopMmosnarad (Rossoni
et al., 2006). bynma ankaaoOMIHUHT Ma3Kyp TabCUPH jJo3ara OOFIMK Tabuarra sra
O0ynu6, KucKapunuiap amruuTynacuHUHT 30 MKM  KOHIIGHTpauuscuaa Ha3oparra
HucOaraH (68.6+3.6%) makcuman (6.9+3.1%) xamaittupuinu, Ba yHUHT EJls,-15,8
MKMHM Tamkun Kuigd. bynman tamkapu, 15-TAAHuHr oyabamH TOMOHHIAH
VHIYUHUPJIAHTaH NalWUIsp MYCKYJIHUHT KUCKapuIuura rabcup camapacu KB-R7943
UINTUPOKUIA XaM Ce3WIapu Japaxazia nacaiiran  0ynu6, Oy yHUHT
kapauomuonutiapra Na'/Ca* -anvamunysun Tisum opkamu Ca>” MOHIapUHHMHT
KUpUO KeIWIINra TabCUPUHU siHA Oup Oop wucOoTnaiian. Maskyp Taxpudaiap
HaTWXXKaJTapUHU TaxJIWIW IIyHU Kypcatauku, 15-TAA ankanounu nespiaud Oup Xul
tabcupra Ba EJls, HUHr skuH Kuilmatnapu Owian moaudukanusaanradn Kpe6c
SpUTMAcH Ba oya0aMH TOMOHHWJAH WHAYIUPJIAHTaH HalWUIap MYCKYJUIApHUHT
KUCKapUUUIApUHU TOpMO3Jaiau. Maskyp Typiud XWJl METOIap TOMOHUIAH
VHIYIUPIAHTaH MAUAp MyCKY/UIAapHHHT KucKapumy Na'/Ca®'-anmMammaypun
TU3UM OpKaiu kupu® kenyun Ca’’ monnapura GOFIMK GYIHIIMHU Xuco6ra onuo,
15-TAA aJIKaJIOUIU MWD Tuan TabMHUHJIANIIIA yJap TOMOHMIAH
Na'/Ca*-anmammnyBun TusuM  opkamu kupu® kemyBun Ca’’ HOHIapHHUHT
KaMaluli MyXHM poJ YilHaiinu ae® Xyrnoca YMKapuil MyMKHH. AJIKQJIOUAHUHT
Na/Ca*"-anManmayBun TH3MMuUra OyHAAl TabCHPH MKKHTA TYPIM XHJI METOIIAp
TOMOHMJIaH UHAylupianrad, yHuar KB-R7943 cnenuduk Giokaropu UIITUPOKUIA
NanwUIsp MYYCKYJIM KUCKapUIIIUTa TabCUPHU CE3WIApH Japakasa macailnd KeTUIm
Om1aH ucOoTIIaHaIH.

JluccepranussHuHT “15-aneTokcHa30MEeTHH aTU3HH AUTEePIEeHOU
ATKAJOMINHUHT  KajaMyll Opard Nanwuisp MYCKYJH  KHCKapuil
¢aonaurura tabcupunu taBcudaam” 606u 15-AAAnUHT mMycOar Ba MaH(]wHit
TabCUPIAPUHH Y3UTa XOC XyCYCUITIAPUHU YpraHUIIra OaruiuIaHraH.

15-AAAnuHT nanwuiap Myckynura Tabeupu 15-IAAnan ¢papk Kunnb, UKKU
TOMOHJIaMa xapakrtepra sra 6ynuo, 15-AAA nact koHueHTpanusuiapuaa (<8 MxM)
Ba Ky3raTUIIHUHT nacT yactoranapuaa (0,1-1 I'n) y nanumisip MycKya KUCKapHII
Ky4YUHU OIIMPAIY, FOKOPU KOHLIEHTpALUS Ba KY3FaTUII YacToTajlapuaa 3ca
aKCUHYA, YHU TOPMO3JIa0 KYSAH.

15-AAA ankanoudunune mycoam UHOMPON MALCUPUHUHS Y3Ued XOC
xycycuamaapu. WukyOanus wmyxutura S5 MM 15-AAA  ankanouguHUHT



KUPUTWIMIIN TanWuIIp MYCKYJ KUCKApHIll KYyYWHHHI CTallMOHAp KUCKapuuuiap
Hazopar gapaxacuaas 21,8+3,2% ra ommummm Ounan keuaau (7-pacm). FOpax
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MYCKYJIM KHCKApHIIl KyYWHUHT OyHJail OIIMIIM €KW MycOarT WHOTPON TabCUPH
MUT xarop karexonamMuHiap (agpeHaluH, HOPAIPEHAIMH) TabCUPU YUYH XOC
oynub, 'y  KapauoMHUOIUTIapaa [Ca’™], HuMHr  ommMummra  GOFIHK.
KarexonamunnapHuHr OyHaail TabCcupH B-aipeHOPELENTOPIAPHUHT CTUMYJISLIUSACH
TyQaiinm TabMUHJIAHUO, yiap aJeHWIaTuukiIazaHu (Qaomtamrupaau Ba tAMO
(aonnamumuny Kydaiitupran xonga Ca?’ MOHIapUHUHT cadapOap STUIMIIKMIA Ba
[Ca’"], HMAT omMIIMra 3aMHH ApaTagyd Ba OYHHHI HATHXKACHAA FOPAK MYCKYIH
KUCKapUIIUTApUHUHT Kydaumm pyi Oepamu (Bers, 2000). By mabiymoTiiap Xynau
mryHra yxmam MexaHusm 15-AAA  ankanouaunuar MUT acocupa eTuim MyMKUH
ned TaxXMUH KWJIUIIra acoc Oyiaau.

Ha3zopar 500 mc. IN
120
100
Kuckapum kyun
A
(%)
10 MuH. 80
1 mMH
15-AAA (5 MmxM) 60 4020 0
15 - AAA () MkM
Hazopar
1 MH
10 . 051015202530
500 mc v . 15-AAA (30
MKkM)

7-pacM. 15-AAA ajakajiouau MHOTPON TAbLCHPUHUHT YHUHT

KOHUEHTPALUATIAPUTA OOFIMKIUIH. A. 5 6a 30 mxM 15-AAA unompon mavcupunune
opeunan 3anucu. b. 15-AAAnune nanunnap myckyn Kuckapuuiapuea mabsCupuH YHUHS
Konyenmpayuscuea oonuxnueu. Opounama yxuoa - myckyn kuckapuwi kyuu, 100% oeb kadyn
KUIUHeAH Makcuman nucoaman ¢houzoa ugooanranean. bapua xyonrapoa P<0,05, (n=6).

bupok, ankamougHUHT Oy TabCUpH [-aapeHOpEeleNnTOpIapHUHT crenuduk
OnmokaTopu OYyJraH mpompaHaioi UIITUPOKUIA XaM cakjiaHuo konuod, Oy 15- AAA
ankanouauHUHT MUT B-ampenopenenTopimap Ba ajcHWIATIHMKIA3a TU3UMUHUHT
daomnamyBura OOFIMK SMaciurujaH TryBoxyiuk Oepanu. Illy  Ounan Owupra,
15-AAABuAr Tascupu Ca’’-KaHAJIAUHMHT MOTEHIMANra OOFIIMK OJIOKATOpH —
HUGEIUITMH UIITUPOKHAA XaM Ky3aTHiraH 6yaub, Maskyp kaHamiap opkamu Ca’’
WMOHJIAPUHUHT KUPUO KUK OpKaidu (aosianryBuHu myctacHo 3taau. [y Ounan
oupra, 15-AAA ankanouauHuur MUT ky3rarumnuar nact yvactoranapuaa (0,1-1
'), 10paK MyCKYJIMHHMHT KHcKapuinnm acocaH CP pan  axpamn6 umkysam Ca®’
WOHJIApU XHCOOMTa TabMUHJIAHYBYH IIapouTiapAaa Kysaruiau (Maier et al., 1997)
Ba TaXMHWH KWJIWII MyMKHHKH, YHUHT amanra ommimuaa CP napaxkacumgaru xymmu
IIyHra yXIimam MeXaHu3M UIITUPOK ATaau. by TaxMUHHM TEKIUPUO KYpUII YUYH
15-AAAHMHT Xyoau HOKOpHUIa KYPCATWITAHUJACK, MaNWUILIP MYCKYJIHUHT
TIOCT-PEeCT IOTEHIMAlMACHTa Tabcupu  ypranmm6, y Ca®" monmapurm CP ra
WUFIIIAIIN Ba QKPaTu0 YUKUIIT
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JKapacHIapuHU akc 3Ttupanu. bynaa myxutna 15-AAA (5 MxM) umrupokuaa Bl
OMpPUHYM KUCKAPUIITHUHT aMIutuTynacd 30 COHMSUIMK THHWIMK JaBPHUIAaH KEHUH
Hazopartgan 76,6£8,1% ra ommu (8-pacm, A). Iy Ouman Oupra, Maskyp
niapouTiapia  CTaldoHap  KUCKApUUUIAp  aMIUIMTYAACMHMHT  OMpMyHuYa
KyTapwinmy xam Ky3atwin0O, y Bl ra nucOaran 6upo3 nactpok 0yaubd, HucOui
noteHnuanus kKuimaruan (2,20+£0,18) (B1/B0) nHazopar nmapaxkacura HucOarad
1,89+0,10% ra ce3unapu mapaxaaa omuimuaaH ganonar oepamu (8-pacm, b). Iy
6unan Gupra, MOTeHIMANMs HUCcOaTH KuitMaThaM ommmn Ca”" momnapurmar CP
Huruinm kapaeHuHu kypcarruun Oynu6 (Mill, 1992), 15-AAA ankanouauHUHT
IIOTEHIUPIOBYU TabCUPHU Ca’™ mmur CP ja WUFMIMIIMHUHT Ba Kylumya
OLIUIIMHUHT Ky4yaluiura OOFIuK OYynu0, y manuwuissp MYCKYJl KUCKApHUIIIMHHHT
KydyaluimuHu TabMuHIanaun. FOxkopuma tabkugnad yrunranumusaek, CP ma Ca*
MOHJIAPH MUKJIOPHHHUHT peryismuscuna Na/Ca’ -aiMariHyBad TH3MM MyXUM POl
yitHa6, ymap kapauomuonuriapra Ca®" MoHnapu xupnu6 KeNWIIMHA TabMUHIAAIHA
Ba ynapHuHr CP garu iiurunumman omupuo, 10paKk MyCKYJIMHUHT KUCKAPyBUYAHIIHK
daomuruauHr ommimura uMkoH Oepamu (Bers and Christensen, 1990; Shattock et
al.,2015).

30
Bl 25,

b

Morenunauus HucHaTH,

(B1/B0)
Hasopar Hasopar 30 2,0

A BO 2

15-AAA (5) MM
1 MH

1
1 mH 500,50

B1

15-AAA (5 MxM)

B0

30c¢

8-pacm. 15-AAA (S MkM) HM KaJIaMylll IOPard NANWILISP MYCKYJTHHHHT
NMOCT-PeCT NOTEHUHALMACUTA TABCUPH. A. [5-AAAnune (5 mxM) nanuniap myckyn
nOCM-pecm NOMeHYUayUusaCcuea mavCupuru maceupnosyu e3ys. b. 15-AAAnune nomenyuayus
Hucoamuea (B1/B0) mavcupu. Opounama yxuoa — B1/B0 nucoamu. bapua xonnapoa P<0,05,
(n=>5).

bynna Ca** WOHJIADUHHUHT ~ KapJUOMHUOIMTIAPAAH UYHUKUO  KETUIIMHU
TabMHUHJIOBYU Na+/Ca2+—anMaH1HHquI/I TU3UMHUHT  acocuil  (pyHKIUsICUTAH
TalIKapy, Xap OUp KUCKAPHIN aKTUJAH KEHHWH y IIYHUHTACK XapakaT MOTEHIHAIN
MJIATOCUHUHT TYMHMO KETHI BaKTHAA YJIAPHUHT KUPHUO KEIWIIUIAa XaM HIITPOK
stamu (Bers, 2015). ByHnan Tamkapu 10pak MIUKO3UIJIAPU KEITUPUO YMKapaguTraH
MycOaT HWHOTPOIl TabCUP XaMm Na+/Ca2+—anMamHHquH TU3UM OpKaJIu KUPHUO
kemaguran  Ca®’ MOHJIApU OpKAIM TabMHUHJIAHAIUW Ba OYyHUHT HaTHXacuja



KapAuoMuoLuTIapaa Na MOHIapUHUHT Xy Kaiipa nun gapaxkacu nacasgu (Nishio et
al.,2002). By masnymotnapuu Na'/Ca® -anmamuskuy tr3uMra 15-
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AAAHUHT TOTEHUUPJIOBYM TAbCUPUHU TabMUJIANIATA AXTUMOJUNA POJIUHU
xucobra onran xonga yHuHr cnenuduk Omnokaropu — KB-R7943 moueBuHa

XOCHJIAaCH HUIITUPOKHUIA YHUHT camapanapu Yypranwiau. bynna KB-R7943 nunr
a2t
MaKcHMaJl TabCUp KOHIeHTpanusacu uimtupokuaa (30 mxM), Na /Ca™ -
alMallMHyBUM TH3UM TYJIUK OJIOKJIa0 Kylwiran mapoutiaa Myxutra 5 MM 15-
AAAHUHT KUPUTWITATITN QIKAJOMJIHUHT  TIOTCHIMPJIOBUYM  TAbCUPUHUHT
puBoxJanumura onud kenmamu (9-pacm, A). Illy Owuman Oupra Maskyp
Taxpubanapaa aHukiIaHWIaukd, KB-R7943HuHT macT KoOHIEHTpalusuiapuaa -
Na'/Ca*'- aJIMaIIMHYBYM THU3UMHUHT (PYHKIIMSICH KUCMaH CakKJIaHuO KosraHga 15-
AAA TOTEHIMPIIOBYM TAbCUP KEATUPUO YMKAPHUINTA KOOUIUATIN OYaaau (9-pacwm,
b).
15-AAA 5 MkM ()
A KB-R7943 () 30 MM B 15-AAA 5 MM ()
Ha3zopar Hasopar
KB-R7943 + 15- M AAA (5 Mk) 120 KB-R7943 + 15- M AAA (S mKk)
120
100 0 60
40
Kuckapum kyun (%) 100 20
80 80 0

60 KB-R7943 (20,6 ) MkM
40 Kuckapum kyun (%)

9-pacm. Na*/Ca**- aamammnysun TH3MMHHUHT cnemuduk 610KaTopu
KB-R7943nunr 15-AAA ankaJOMIUHUHT OTEHIUPIOBYH dPPexkTura

TabCUPH. [5-AAAnune 30 mxM (4) éa 20,6 mxM (5) KB-R7943 uwumupokuoa nanuiisip
MYCKyn Kuckapuuuea mavcupu. Opounama ykuoa - myckyn xuckapuw kyyu, 100% oeb xabyn
KUIUHeAH Makcumanea Hucoamawu gouusnapoa ugpooananean. bapua yonnapoa P<0,05, (n=6).

By TaxpubanapHUHI HaTWXaldapu UIYHJAH TYBOXJUK Oepanuku, 15-AAA
HUHT [OTCHUMPIOBYM TabCUPUHM amanra oummpumaa, adrumad, Na'/Ca®'-
AIMAIIMHYBYM TH3MM TOMOHHIAH eTKa3ub Gepunysun Ca’’MOHNApHM HIITHPOK
3Tn0, ynap kevnHuasuk CP  xupub, nmamwmssp MyCKyldl KUCKAPUIIUHUHT
Ky4Jaluumra 3aMUH sipaTajiu.

15-AAA TOTEHIMPIOBUYM TabCUPUHHUHT Oy KaOM MeXaHW3MHUHU HCOOTIIAII
yayn Ca*" momnapunusr fimrmmmmm Ba CP ra axpann6 YHKHUIIH Kapa¢HIApUHH
ypranumiia KeHr KYJUIaHWJIaJuraH KoQeuH UIITHUPOKUIA YHUHT TabCHpiapu
ypranunan. Kodeumn CPnan Ca’* wommapu axpanmb UNMKHMIIMHUHT —Ky4iId
CTUMYJSITOpH OYn10, OyHUHT HaTWXKacuaa TUHWIMK Xojarujaa yaapHuHr sHa CPra



KalTalaH WWFWININ ~ SKapacHmapu okunauii  Oyswmamu  (Stephenson,2008).
HMapxakukar, 10-pacmma kypcarmwiranuaek, 8 MKM KodewH HIITHPOKHUIA
noTeHImanusa Hucoatuaunr kuimaru 1,89+0,10 man 1 raua Tymm0 ketau, Oy Xonar
MOCT-PECT MOTEHIMAIMSAHN TabMUHJIOBUM MEXAHW3M HIIUIAMACIUTUIAH Jajionar
6epn6, GyHuHT HaTkacuaa CPra Ca® MOHNAPHHUHT KMPHG KeHIIHI
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TyxTaiau. byHna mry Hapca aHUKJITaHAWKW, KopenH tTabcupu Ghonuaa 15-AAAHUHT
(5 MKM) KYIIUIUIIM Manwuissp MYCKYJd HOpPMal PEaKIUSCUHUHT TUKJIAHUIIUTa
ou6 KeaMaiian, 6y aiKaJOWIHUHT MOTeHIMpIoBu Tabcupu Ca’” momnapuan CP
Ja TYIUIAaHWIIUHU TabMUHJIOBYM >KapacHyiap OwiaH Oornuk Oyica kepak. by
TaXMUH KO(DEMHHUHT MACT KOHLEHTPALMsUIapyu OWJIaH MOCT-PECT MOTECHIMAIUSHUHT
KMCMaH TOpMO3JIaHulM mapoutiapuaa 15-AAA (5 MkM) TabCcupuHU YpraHuiiia
¥3 wucboruHu Ttomau. byHma 3 MKM kodewH UINTHUPOKUAA  TOTCHIHAIUS
HcOaTtuHuHr Kuiimatu 1,4+0,12 ra tymmbd kerca, 15-AAA uHunr (5 MxM)
Kymmumuaa yHuHr 1,7440,14 ra ommmm ky3arunaau (9-pacm, b). By natmxanap
MOCT-PECT MOTEHLUMAIMSHA TabMUHIOBYM MEXAaHM3MHUHI KHUCMaH  MIUIAIIN

niapouTiapuia 15-AAA aJIKaJIOUIH MOTEHIUPJIOBYH 3¢ HeKTUHUHT
VMHAYLUMPJIAHUII KOOMJIMSATUHU CaKJa0 KOJaIu.
A 25, Kogeunn + 5 MM
25, B N 15-AAA ()
Hazopart Hasopar
Kodenn + 5 MmxM 15-AAA () MKM)

) 2,0
IMorenunanus nucéaru, (B1/B0 Kogenn (8
MKM) 1,5

2,0 1,0
1,5 0,5
1,0 0
0,5

0

)
Motenuuauus nucdaru, (B1/B0 Kodeun 3

10-pacm. Kodennnunr 15-AAA  aJKaJOUJAUHM  TMOTEHIHUPJIOBYHU

dppexkTura TabCUpu. [5-AAAnune 8 mxM (4) éa 3 mxM (B) xogpeun uwmupoxuda

RANULIAP MYCKYI nomenyuayuacu Hucoamuea mavcupu. Opounama yKuoa — NOMEHYUuayusl
ncubamu (B1/B0). Bapua xonnapoa P<0,05, (n=5).

Yoy taxpuba HaTwkamapu 15-AAA  anKaJOWIUHUHT TOTEHIMPIOBUN
spdpextn sxtumon, Ca’” mommapuaumar CP ra HHFWIMIT OKapacHIAPUHHMHT
MonuduKanusacu OunaH OOFauK OViaumum MymkuH. 15-AAA ankamouauHuHT CP ra
Ca”" MOHNAPMHMHT WUFHMIIMIN KapacHIApHra TAbCUPUHM TabpU(IANl MaKCaIwaa
Ca’"-AT®a3aHuHr cenekTHB MHrHOUTOpU OynraH, acocan Ca’ momnapunu CP ra
WWFUNIMIIAHY  TabMUHJIAaUrad nukionua3zoH kucioracu (IIIK) wumrupoxuaa
yHUHT 3¢ dextnapu Ypranwiau (Takahashi et al., 1995). By Taxxpubanapga myxurra
30 MxM HITKHMHT KYIIWIAIIKA MOTSHIIMAIIAS HUCOATHHUHT | raya TymuO KETHUIITH
6unan naBoM 5THO, Oy Ca’’-AT®azanmHr naruOupranmmy Ba CP ra Ca®'
VMOHJIAPUHUHT WUFUIUIITHA TOPMO3JIaHUILIN HaTUXacuaa MOCT-PECT
NOTEHLIUALUSIHUHT Oy3unuiman gapak oepaau (11-pacm, A).

by mapoutnapaa 15-AAA (5 MKM) HUHT KYIIUIWIIN Xyaad kodheuH OusiaH



yTKa3wiran Taxpubajmapaaru KaOM  TOCT-pecT TMOTCHLUUALUMSHUHT  KaiTa
THKIIAHUIIN OWIaH GopMmaraH, Oy alKaJOMJHHHT MOTEHIMPIOBUH Tabcupuau Ca’’
worwnapuad CP ra HUFWIMIIMHU TabMHHJIOBYM JKapa¢H OWJaH OOFIUKIMTHUHU
kypcaranu. lly Ounan Oupra Oy taxpubanapaa LIIIKaunr nact
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KOHIIETpalusijapuia MoCT-pecT NOTeHUMalUs KUCMaH cakiaHub kosca, S MkM 15-
AAAHUHT KYIIWIMIIA —T[OTeHUuanus HucOaru kukMmaruaudr 1,5+0,11 nman
1,72+0,12 raua ommmu Ownad kedaau (11-pacm ,b). By narmwxkanap 15-AAA HuHT
norerrmpnosan  >ddexrn Ca’” wmomnapunamar CPra fuFunnm  kapa¢HUHUHT
daoytanyByd Ba OXMPTUCHJIa YHUHT MUKIOPUHM OIIWINK OWjaH OOFiuK Oyiuo, Oy
Nanuusip MYCKYJHUHI KUCKApWIIJIApUHU Kydaiummra epaam Oepamu. FOpak
MYCKYJIM KUCKapuIll (haOJUIMTUHUHT CTUMYJISIIUACUHM IIyHTa YXIIan MeXaHU3MHU
Aconitum aBIoauTra KUPYBYU YCUMIIMKIAH aXXPaTUO OJIMHTAaH aKOHUTHH aJIKaJIOHIN
yuyH XoC Oynu0, YHMHI acocHia HOTEHIUaira OOFIMK Na' KaHAJUIJAPUHUHT
monupukanusacu éraau (Wright,2002; Zhou et al.,2013). Bynna akonuTHHHMHT Na*

KaHaJuIapu OWIIaH y3apo TabCUPIAIIYBH HaTHKAacH1a
25,

Ab

IIIK (30 mxM) + 5 MmxM 15-AAA () HIIK (MxM) + 5 MM 5 15-AAA ()
Hazopar Ha3zopar
2,0

25,

)
Iorenunauus Hucéaru, (B1/B0 IIIK (30 MxM) 15
2,0 s

1,5 1,0
1,0 0,5

0,5 0
0

)
Horennuanus nucdaru, (B1/B0 LMK (mMkM) 5

11-pacm. [ukJIONMA30H KHCJIOTACMHMHI 15-AAA  ajkaJoOuaMHU
noreHupaoBuM 3PpPexrura tabcupu. 15-AAAununr 30 mxkM (A) Ba 5 MmxM (b)

LIIK umTupokuna manwoissp MyCKya MOTEHIHAIUS HUCOTUTA TabCUpH. Opounama
VKuoa — nomenyuayus nucoamu (B1/B0). bapua xonamaapoa P<0,05, (n=5).

yIApHUHT WHAKTUBAIlMS MEXaHW3MHU Oy3WJIWINM aHUKJIaHTraH OymmO, Oy
KapAuoMHoLMTIapra Na HOHNAPUHUHT KUPUIIMHU KydailuMIoura Ba YyJIapHUHT
MeMOpaHaCUHHUHT 0apKapop JEMNOSIPU3ALUSICUHUHT PUBOXKIIAHUIIUTA OJUO KellaJlu.
Bapkapop jaenonspusanus, y3 Haoarnna Ca’” noHmapueaUHT cadapbap STHIHIINHH
TabMUHJIOBYM KapaCHJIAPHUHT (aosuianryBUra Ba  KapAHMOMHUOIMTIApIAA Yiap
JapaKaCUHUHT Kynmaun® kerummra oiaud kemaau, Oy Xonar 3ca OpaKk MYCKYJId
KUCKAPUIIMHUHT Ky4yalHWIKMra Ba yjaap PUTMUHUHT Oy3WJIUIIUTa OO KeslaJiu.
15-AAA Ba AaKOHMTHH MOJIEKYJIAJIAPUHUHT CTPYKTYpaBUM Ty3WJIUIIWATH
¥Xxamanumka xucoora onub, 15-AAAHUHT TOTEHUHMPIIOBUU d(PPEKTH aKOHUTHH
TabCUpP MEXAaHU3MHIA YXIIaraH MEXaHu3M OWJIaH TabMUHJIAHCA KepakK Je0 TaXMUH
kuium MyMkuH. [y cababmu Oy TaxMUHHU TEKIIMPHUO KYpHILI YUYH aKOHUTUHHU
I0OpaK MYCKYJWHU KHCKapwil (Daoimurura TabCUpUHN Ba YHJIAH KeTUO YUKAJIUTaH
ApUTMUSIHU OJIIMHU OJIaiuraH JiuJoKauH umtupokuaa 15-AAA (5 MkM) HUHT
abdextnapu Ypranwngu (Antzelevitch, 2014). Taxpubanapaa IUAOKAMHHUHT
Makcuman Tabcup  KoHIeHTpamusick ¢onuga 15-AAA (5 MkM) HM Kymumn



Nanuuisip Myliak KUCKAPUIL Ky4yHra ce3wiapiau Tabcup Kypcarmaau (12-pacm, A).
by mapoutnapaa 15-AAA HUHT MOTEHIUPIOBYU dPPEKTUHUHT HYKIUTH, adTHIAH
JMTOKaWHHUHT MakCUMajl ~ TabCHpP  KOHIICHTPALUSACH  MINTHPOKHJIA
Na'-kanaapuHuHr Gapyacu
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Oann OyIMaraHu y4dyH YJIapHUHT ajKajiou] OujlaH TabCHUPJIAIIYBU KUHWWHIIAIIATU
Ba IIYHUHT Y4YyH YHUHT 3((eKTH HaMOoCH OYaMaciuru OujaH TYHIYHTHUPUIIUIIN
mymkuH. By nunoxauHHHr EJls, (15MKM) ra Moc KeldyBUM KOHILIEHTPALMSICUIAH
dolinanann® YkazunraH Taxpudbanapaa Y3 ucOOTMHM Tomran OYnub, OyHAa
NanwUIsp MYCKYJHUHT KUCKApHUII Ky4d Ha30paT JapaKaCHHUHT SPMHUTA TYyIIAO
kerrad. bynma 15-AAA (5 mMxkM) ankanouau MasKyp LIapouTiIapAa Marmuuisip
MYCKYJId KHCKApUIl KyYWHH OIIUPaad, OUPOK Yy JIMAOKAMH MHYKIUTHAarura
HucOataH mnacTpok OYymamu (12-pacm, b). By HaTwxkamap myHmaH TyBOXJIHK
Oepamuky, 15-AAA HUHT noTeHUMpnoBYM >PdexkTH yHUHT Na KaHauiapu OunaH
y3apo Tabcupu Tydaiinum amanra ommbd, OyHUHT HaTHXKAachaa KapAUOMHUOIUTIApTa
Na'vonnapuauAr Kupu® Kenmmm Qaomiamagd, TupoBapauna ymapaa Ca®t
MOHJIAPU MUKIOPH OPTHUO, MANMUIUISIP MYCKYJTHHHI KUCKAPUIIU Ky4asian. DXTUMOI
15-AAA nuHr Oy >pdexkTu akOHUTUHHUHT 0ab3U-OUp CTPYKTYypaBUH 3JIEMEHTIIAp
OWJIaH yMYMHIUINTY, XyCyCaH CUPKa KHUCIOTACUHUHT MaBXYJJIUTUra OOFNIUK OYiIuo,
my cababnau Na'kanannapu OunaH y3apo anoka Ba MMD HMHI pHUBOXK/IAHUIINTA
3aMHH SpaTyBuM kapacHmap ¢aosuramanu. byamna 15-AAA ToMOHHMIIaH YHUHT TIACT
KOHIIEHTpaIusjiapy unuiatwiranga MUD aHuHr maino OYnumm, apTumad okopu
KOHIleHTpanusiapaa y MUD nan ycryH TypyBunm MaH(uii uHOoTpon 3¢ deKTHU
KENTUPUO YMKapUIIM OWiaH TYHIYHTPWIMIIM MYMKHAH Ba IIYHUHT y4yH OyHAai
IapouTIap/ia YHUHT HAMOCH OVIIHINN Ky3aTHJIManIu.

60

40 40
A 20 b 20

120 120
100 15-AAA 5 MM () 100 15-AAA 5 MM ()
Jlnpokaun 30 MxM () Jlnpokaun 15 MmxM ()
Kuckapuur kyan (%) Ha3zopar Kuekapum kysu (%) Hasopar
80 Jlugoxann AAA (Smk)+15-M 80 Jhupokann AAA (5 Mk ) + 15- M

12-pacm.  15-AAA  aakajJouauHM  NOTeHUHPaoBuYd  dddeKTura
JUJIOKAUHHUHT TAbCUPHU. [5-AAAnunz 30 mxM (A) éa 15 mxM (b) nuookaun uwmuporuoa
RANULIAP MYCKYn Kuckapuwiuea mavcupu. Opounama YKuoa - MycKyi KUCKAPUWIUUHE KVUU,
100% 0eb xabyn ununean maxcumanea Hucoamawu gotiuzoa ugpooaranean. bapua xonnapoa

P<0,05, (n=6).
Mynpait kumo, 15-AAA ankanonauHUHT MycOaT HHOTPON YPPEKTUHN YpraHUILl
YKapa¢HUa OJIMHTaH MabJIyMOTIAPHUHT TaXJIWJIUaH YHUHT PHUBOXKJIAHUIIIN
acocuia paKk MyCKyJId KUCKAPUIIMHUHT KYYalUIINHA TabMUHJIOBYH



KapaoMuoruTIapra Na MOHIapHHUHT KMpHO KeNmHIMuAY Ky4daiinmm Ba Ca®"
nonsapu cadapbap KUIMHUIIN KapaCHIAPUHUHT (DaosuiantyBu
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OwmIaH kedyBur Na'kaHamiapu (GyHKIUACHMHUHT MOAU(DUKALUACH STULIH MabIyM
oynaau.

15-AAA anxanouounune maumghuii uHOmMpon 3@gekmunune y3uea Xociueu.
Oxopu konuerpanusnapaa (=8 mMkM) Ba ky3raruin vactoraiapuga (=1 I'm) 15-
AAA ankanouay nanuuiap MyCKYJIH KUCKapHII (DAOJUTUTHHY Ce3UyIapin Japaxkasa
nacatupanu. AnkamougHuHT Oy dddexktn moza-6ornuk O6ynu6, 30 MrM
KOHIIEHTpaUMsA/1a ManuwuIssp MyCKYJHUHI KUCKApUII Ky4yu Hazoparaad 13,9 +4,9%
raua nacadsau. bynna 15-AAA makcuman 3(pQEKTUHUHT SIPMUHHM YaKupaJuraH
KoHIIeHTpanuscu 16,7 pM 6ynub, y KY3FaTUIIHUHT FOKOPH YacToTajapuja SKKOJ
HaMo€H OYynau. by Hatmkanap okopu KoHeTpanusuiapaa 15-AAA ankamouau 15-
['AA narura HucOaTaH KaMpoK HaMo€H OVynraH maHduii uHOTpom ShdexTHHH
(MUC) namoitmm s3traH. byHu keliunru Vypranumnga 15-AAAHuHr 3¢dektu
AHUKIAHIY Ba y MHKyGarms Myxutuga Ca’’ MOHIApH KOHIEGHTPALMSICHTa GOFINK
OYnu0, ymapHUHT KOHIEHTPAUUACH OLITaH MailTaa y Xxam Kydasau. by Hatnxkanap

by mnarwxanap 15-AAA ankanouguHUHT MaHQuil wuHOTpon 3ddexTn
3XTHMOJ YHHHT Kapauomuonutiapra Ca’” HOHTapuHUHT KHPUO KeTUIIHTa TahCHPH
Owitan OOFNUK Oyica kepak. by TaxMuHHU TeKIUpuO Kypuin yuyH 15- AAAHUHT
6y obdextura moTeHmmanra Oormuk Ca’’  kaHaIIAapMHUHT  GOKaTopu
HUDEIUNUHHUHT Tabcupu Ypranwigu. bynaa 5 mMxM Hudenunuu umrupoxuia
15-AAA anxanowmu xymmd Ca’’ kaHaanmapuHUHT GIOKATOpM MAaBXKyl OyiIMaras
HIapOUTIArd KaOu Manuwuisip MYCKYJUIAPHUHT KUCKApPUIIMHU TOpMO3Nad Kysau. by
HaTKanapaan MaHduii wHOTpOon >PPeKTH HUPETUNMUH HIITHPOKUIA CE3WIapU
napaxamga TtymuO kerraH 15-TAA pan dapk kuau6, 15-AAA wuar MUD
KapAMOMHUOINTIAPHUHET TIoTeHImanra 6ormuk Ca*" kamammapu opkamn Ca®' kupu6
KEJIUIIM TOpMO3JaHMINra KaM gapaxana Oornanrad. Llly mynocabGar Ounan 15-
AAA OKOpH  KOHIEHTpaUMSUIAPUHUA  MAOWUISIP  MYCKYJIHUHT  MOCT-PECT
TIOTCHIMALUATA TAbCUPU yprauwiran 6yim6, y CP mapaxanacuna Ca®" nonnapn
TPAHCIIOPTUHU TAabMHUHJIOBYM >KapacHJapHU akc 3Ttupanud. bynma 15-AAA (30
MKM) MOCT-pecT NOTEHUMALMS >KapacHUHHM CE3WJiapu Japa)kaja TOpMO3JIalln
aHuKJIaHraH OYynuO, mnoTeHnuanus HucOatu karranuruHuar (B1/B0) Hazopar
kypcarruungan 1,89 Ba 1,47 ra tymwmb ketumu OyHAAaH TyBOXJIMK Oepanu. By
Hatxkanap 15-AAA auar MWD sxtumon CP na Ca* VOHJIADVUHUHT WUFUITAIIMHAHT
nacaiiumy Ba CP nma ymap MUKIOpWHUHT Kamaiuiiu Ounan Oornuk. CP ma Ca*
noHJIapu MuKIopura 1 cuH(ra MaHCyO aHTHAPUTMHUK BOCHUTAJIap TabCHP KWIHO, Y
noTeHIWIra 60FIMK Na'- KaHaJJIapMHUHT OJIOKagacH HAaTHKACHIA TabMHUHJIAHAIH
(Heubach and Schule,1998). Illy mynocabar 6unan Na'-kaHanuaumar 15-AAA
ankajgouauau MUD TapMHHIAIIJArd pPOJIMHU AHUKIAIL  YYyH JUAOKauH
UIITAPOKUAA YHUHI TabCUpu ypranwiau. bynna nunoxkanHHuHr EJls, Kuiimarura
Moc KenyBuM 15 MKM nupokauH umtupokuaa 15-AAA  ankamoumauauHr MUD
17,3+4,1% wmaprara kamaigu. byHaaH Ttamkapu JeNoJIsIpu3alus  OpKaju



Na+—KaHaJIJIapI/IHI/IHF WHAKTUBAIMACU IapouTiapuga 15- AAA ankalouJIuHUHT
MUD 54,3+4,7% ra mnacaiinu. by HaTwkamap JuJI0KauH OWJIaH OJMHTaH
HaTwXkanapra Owrian Oup Katopaa 15-AAA ankamouamauar MWD  TabMuHIaniga
KapJAMOMUOLUTIAPHUHT Na'-KaHajagapu MyXuM poll VilHamumpaH japak Oepaji.
byHpa mryHu TabKupian 3apypKu, IIyHra yXIiaii Taxpuoanapaa
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JIMJOKAauH Ba Na+-KaHaJ'IJ'IapI/IHI/IHF WHAKTUBAIlMACH KaM Jdapaxaaa 15-TAA
ankaouIuHUHT MallD cura tabcup Kwirad. by HaTwKajiap IIyHAAH T'yBOXJIMK
oepamuku, 15-AAA  ankanoupunuHar MalD  amanra ommuIga  yHUHT
KapAHoMuonuTIapHu Na'-kaHannapu OWIaH ¥3apo TabCUPU MyXHUM oIl YiiHaiau.
Bynna Na'-kaHaanapuHu ONOK KWiraH Xojija Ba Kapaudomuonutiapaa Na'-
WOHJIApU MUKJIOpPUHU mnacaltupub 15-AAA Na+/Ca2+—aJ1MaLuHHquI/I TU3UMU
opkanu Ca’" MOHNAPHHUHT YMKUO KeTUINHMTa Ba YIAPHUHT nuTomiasMazna sa CP na
MUKJIOPUHUHT macaiub kerumura onud kemaau (Bers, 2000). by TtaxmuHHU
TeKIIMpHG KypHml ydyH acocan Na'/Ca’'-aIMammHyBYM TH3UM  OpKAJH
KapJMOMHUOIUTIapra Kupu6 kenyun Ca’’ HOHIApH OpKamy TabMUHIAHAIUTaH 15-
AAA uu KpeOc Ba 1opak DIMKO3UIM OyaOauHHUHT MOAU(UKAIMSIIAaHTaH SPUTMACH
OWjiaH MHAYUUPIAHTaH MaMuuigp MYCYJHUHT KHUCKApHILIWra TabCUPH YPraHUIAH
(Blaustein and Santiago,1977). by Taxpubamnapga 15-AAA Kpebc Ba oyabaun
Monu(UKalMsUIaraH JpUTMAacu OuilaH MHAYLUMPJIAHTaH MNaluiap  MYKYJIHUHT
KHCKapUIIMHU CaMapalii TOPMO3JIallly aHUKJIaH/IH.

bynna 15-AAA Hunr Oy camapacu nosara Oornuk Oynu6, 30 MxM na
ankanona Kpebc Ba oya0auHHMHT MOAM(UKANMIAHTAH JSpUTMacu OujiaH
WHIyIUpJaHrad Kuckapuiau 16,1+3,7% raga Ba EJls, 18,1 Ounan 17,4 mxM
kuiimMatnapuga  15,4+3,8% raua kydadtupran. Kpebc Ba oyaOauHHUHT
MOIU(PUKAIMUIAHTaH SpUTMACcH OWJIaH UHIAYIUPIAHTaH TATUJUISIp MYCKYJIHUHT
knckapuim Na'/Ca? -anvammuayBun TH3uM opkaimu kupu6 kenysun Ca®’ momnapu
OnnaH TabMUHIAHHO, Oy Harmxkamap 15-AAAHMHT Maskyp s¢dextn Ca’'
WOHJIAPUHUHT KapAUOMHOLMUTIApPra KUPUIIMHUHT Oy WYJIMHU TOpMO3Jalira
GOFIMKINIMAAH TYBOXIHK Oepamgu. Na'/Ca®’-anmammnysun Tusum opkamu Ca®’
WOHJIADUHHUHT KUpHO Kenumura 15-AAAHUHT TabCHUPUHHM KYIIMMYa pPaBHUIIIA
ucOotnam yHuHr Onokaropu KB-R7943 umrtupokuaa yTkazuiarad taxpudanapiaa
onuHran 0ynu0, yHuHr umrupokuaa sbdextiap Ba 10,7+2,6% raua kamaiiras. by
HaTtwxkanap 15-AAA  ankanounu TtomoHugaH Kpebc Ba  oyaOauHHUHT
MOIU(UKAIMUIAHTaH JPUTMAcH OWJIaH WHIYIHMPIAHTaH MNanuuiap MYCKYJTHUHT
a’/Ca*"-anmammuyBun Tm3uM Ca’’ WoHIapM Kupn6 KeNWIIMHUHT TacalMIInra
OOFIMKJIUTUHUHT SIKKOJI UCOOTHAMD.

YMyMaH onraHjia, OJIMHTaH MabJIyMOTJIAPHU TaxXJWid KWIUII IIyHH
kypcatauku, 15-AAA Ba 15-T'AA ankanouasiapu uHoTpon (paosuinkka sra 6ynuo, y
kapaomuormriapaa Ca’" HOHIApH TPaHCHIOPTHHMHT MOIM(HKALMACHTA OOFIIHK.
bynna  15-AAA  Ba  15-TAAnapuuar  Manuii  uHOTpom  3ddeKTH
kapaomuormriapaa Ca®’ HMOHNAapM MHKJIOPMHMHT MNAcaliild Ba  yJIApHHHT
KMCKAPYBUYAHIMK (DAOJUIMIMHM TOPMO3JAHMIIM OmnaH Oupra Gopysum, Ca’'-
TallyBYd TH3UMH (YHKIMACUHUHT MOAM(PHKALMACUTA 3aMUH ApaTyBuu Na -



KaHaJUIAPUHUHT Ojokazacura Oornukiauru aHukianras. [y 6unan 6upra, 15- AAA
MycOaT HMHOTpOn 3(QEKTHHHHT acocujaa Kapauomuouutiapia Ca®™ mommapu
MUKJIOPUHHUHT OIIWIIM Ba YJIAPHUHT KUCKAPYBUAHIHMK (DAOJUTUTHHHN KydalWITn
6unan 6upra Gopysun, Ca’ -TamryBun TH3MMH (QYHKIMSCHHUHT MOIH(pUKAIAACHTA
3aMUH sipaTyBud Na'-KaHaaIapuHUHT (aoyutalmlyBu STUINM KypcaTwirad. 15-AAA
Ba 15-TAA ankanoujiapu MHOTPOIN (paoyuTMKIApUAaru aHUKJIaHTaH (apkiap ynap
CTPYKTYpaBUM TY3WIHUIIUHUHT Y3UTra XOCIUKIapu OmiIaH OOFIIUK Ae0 TaXMUH
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KWIMHKO, y Na -KaHaJlJIapu XOJaTHHUHT MOAYJISITUS XOJMaTHHH Ba Ca? -TallyBYU
TH3UM QYyHKIHSICH MOonupUKausICUHN Oenruinad 6epau.

XVJIOCA

1. bupunun mapra 15-I'AA Ba 15-AAA auTepneHoOU]l ajJKaJOWIJIAPUHUHT Y3UTa
X0C XyCycHsiITIapu TabpudiiaHraH Ba YJIapHUHT MaHpuii Ba MycOar
daomHMKIapy acocuaa €TyBUM MEXaHU3MIIAP YPraHWITaH.

2. bupuHum w™mapra 15-AAA HUHr aHTUAPUTMUK (HAOJUIMTUHUHT OIIUIITHHHU
tapMuHJIoBUM C-15 ymiepon aromupmarm OH-rypyxunun CH;O-rypyxura
anMaiutupui iynu ounan 15-[AA CTpyKTypacHHUHT MOAU(DHUKAIUSACH YHUHT
MaH(uil “HOTpON (PAOJUTUTMHU KyyaWTUpMaciaH, akCUHYa, Macaluilura oiuo
KEJIMIIY aHUKJIaHTaH.

3. 15TAA Ba 15-AAAnuHr wmanduii wuHOoTpon »pdextn acocan Na'-
KaHAJJITAPUHUHT OJoKazacu OwiaH OOFNMHMK OYynuO, y KapAuOMHOLMTIApAaru
Ca®" WoHNapnm mapakacMHWHT Nacaiimmmra onu® kemypun Ca’'-Tamrysum
TU3UMJIAPU QYHKIUSACUHUHT MOoAH(pUKauusaapu OusaH Oupra amaira ONIMILIN
AHUKJIAHTaH.

4. 15-TAA Ba 15-AAA ankanouanapuHuHT MaH(uit UHOTpoT YPdEKTUHN
TapMuHIamaa Na'/Ca* -anMammayBan TH3UM MyXuM pon YitHa6, yauar Na'-
KaHaju1apy 61okagacy Ba Na MOHIapU MUKJIOPUHHHT HACaMIIK IIAPOUTHIA
daomnanrysn kapauoMuonuTiapaad Ca’’ HOHIApHHUHT YNKNG KeTHITMHMHT
Ky4YaluId KYypPCATUIITAH.

5. bupunun mapra 15-T'AA Ba 15-AAA ankanonanapy KaJlamyll HOpParduHUHT
OCT-pecT NOTEHLIUALUSICUHU TOpMO371a0 1972702000041 AHUKJIAHUO,
CapKOIIa3MaTHK peTukynymra Ca®’ MOHNap HHMFMIMIIMHHHT HacaifWium,
yAapHUHT MaH(GUi HHOTpON 3(PPEKTUHU TabMHUHJIALITa MyXUM XUCCa KYIIau.

6. bupunum wmapra 15-AAA nact koHueHtpauusuiapaa (3-8 MxM) Ba
Ky3raTummHUHT mact dvactotaiapuga (0,1-1 T'm) mycbar muoTpom sddekt
HAMOGH KWJIHMIIM Ba Kapauomuonutnapaa Ca’” MOHNApH napaKacHHWHT Ba
yIAPHUHT  CApKOIUIa3MaTUK  PETUKYIyMIAard  MHUKIOPWUHUHI  OLUMIIN
HaTIKacuJa KajaMyll opard Nanwuisip MYCKYJIMHMHI KHCKapHILl Ky4YWHU
OLLIMIIN aHUKJIaH/IH.

7. 15-AAA nunr myc6ar uHotpon >¢dexty acocuna Na'-kaHalIapuHUHT
(aonnamysy eTUIIM aHUKIAHKO, Y KapauoMuouuTiapaa Na noHnapu
MUKJOPUHUHT OLIMIINTA Ba KAJIaMYIl I0pard Nanuuisip MyCKYJIH



KMCKAPHILIAPUHAHT Kydaiummay TabMuaIoBan Ca®  moHnapuHunr cadapbap
KWIMHHILINATA 3aMUH sipaTaji.

15-AAA HuHr MycOar HMHOTPON caMapacWHM TabMuHIamja Na'/Ca*'-
aIMAlIMHYBYM  TH3UM  MYyXHM  poi  VHHaAmuM  KypcaTwinO,  YHHUHT
KapauoMuonuTIapaard Na'-kaHaaaapy MHKIOPY OMIMIIMAArd (aoiLlanryBu
Ca®* HOHNAPMHWHT CApKOIIA3MaTHUK pPETHKYIyMra KHpuO KeTWIIHTa Ba
WUFWIMIIMHUHT Kydaiuimmra oiauo Kenaau.
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9. 15-AAA Ba 15-TAA ankanmoumyiapyu MaH(uii HHOTPOIT (HAOJUTUKIApU OpacUiaru

10.

dbapk yJapHUHT CTPYKTypaBUU Ty3WJIMAcCHUIArd Yy3ura XOCJHUKIap OuiaH
OOFIMKIMIM  KypcaTunub, y Na'-KaHaiagapu XOJNaTMHMHT —MOIYJISALHMSACHU
XyCyCUSTUHM Ba Keiimpuamuk Ca’’-TamryBus TH3UM  (yHKUMSCHHUHT
Monudukanusicuau oenrunad oepaau.

15-AAA HUHT HUHOTpPON Ba AHTHAPUTMHUK TabCUPU oOpacuaaru OeBOCUTA
KOPPENALMSAHAHT HYKIUrH, YHUHT Na KaHajulapuHu Oj1okiam >(QeKTHHHHT
nacauIm, MyHUHTACK MycOaT WHOTpomn (aoumrd OuinaH OOFIHMK OYIUIIH
MYMKHH.
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HAYUYHBIN COBET 14.07.2016.B.01.03 11O MPUCYXIEHUIO YYEHOM
CTEIIEHHM JOKTOPA HAYK P HAIIMOHAJIBHOM
YHUBEPCUTETE Y3BEKUCTAHA U UHCTUTYTE
MHUKPOBHNOJIOTI'NN

UHCTUTYT BUOOPTAHUYECKOM XMW



3AMHABUJJIMHOB AHBAP SPKMHKOHOBUY

CPABHUTEJILHASI XAPAKTEPUCTHUKA WHOTPOITHOTO
JEWCTBUS JMTEPIEHOUTHBIX AJIKAJTONI0OB
15-ALIETOKCHUA3OMETHUH ATU3UHA U 15-TUAPOKCUA3ZOMETHUH
ATH3UHA

03.00.08 — ®u3MoI0rNs YeJI0BEKA U JKUBOTHBIX

(Onosornyeckue HayKM)

ABTOPE®EPAT JIOKTOPCKOI TMCCEPTALIMNA

TAIIKEHT - 2016
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BBEJIEHUE (anHoTaunmsi 10KTOPCKOM IMCCEPTALMHI)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbl JAuccepTauuu. Bo BceMm Mupe
BaXHEHIIECH 3a/aueld Kapauoioruu U (HapMaKoJIOTHH SIBISETCS pa3paboTKa HOBBIX
MOJXO/IOB MPOPUIAKTUKYA M JICYEHUS CEepPACYHBIX apUTMUN, KOTOpPbIE 3aHUMAIOT
BEyllee MECTO cpeau (PaKTOpPOB pHCKa «BHE3AMHOM KapAMOTeHHOW cMmepTu». B
OCHOBE naToreHesa CEpAEUYHBIX apuUTMHUI Jexar HapyIICHUS
ANEKTPOPUZHOIOTHUECKUX ~ CBOMCTB  KapAMOMHOIIUTOB, OTBETCTBEHHBIX  3a
BO30yIMMOCTh, aBTOMaTW3M H ¢dopmupoBanre noreHnuana aeicteus (I1/1). B
CBSI3M C JTHM BeIylllee€ MECTO B COBPEMEHHOM KOHUEMIUU MPOPHUIAKTUKU U
JICYEHUs1 CEPIAEYHBIX APUTMHM  OTBOAMTCS CO3JAaHUI0 HOBOIO  IOKOJICHUS
AHTUAPUTMUYECKUX CPEJCTB.

[Tocne oOpeTeHUsT HE3aBUCMMOCTH B pecHyOlMKe OpraHu3alus HaydyHO
HCCIIEA0BATENbCKUX pabor, HaIlpaBJIEHHBIX Ha co3aHue HOBBIX
BBICOKO?(P(EKTUBHBIX  JIEKAPCTBEHHBIX  CPEJACTB U3 MECTHOTO CBIpbS H
MPOBEACHHBIE MAacCIITAaOHbIE MEPONPUITHS MO OOECHEUCHUI0 HAIMOHAIBHOTO
(dbapManeBTUYECKOTO pPHIHKA KAauye€CTBEHHBIMHU JIEKAPCTBEHHBIMH CpEACTBAMH Ha
BBICOKOM YpOBHE MPUBEIIU K OIpe/ieiIeHHbIM pe3ynbraraM. [Ipu 3ToMm 0co60 BaxHO
OTMETUTh JIEKApPCTBEHHbIE IMpemapaTbl, IOJyYaeMble M3 MECTHOTO CbIPbs
(IUTEepIIEHOUTHBIE AJIKAJIOU bl PACTUTEIBLHOTO MPOUCXOXKICHHS), KOTOPBIE IIHUPOKO
WCTIONIBE3YIOTCS TIPH JICYCHUH CEPACYHO-COCYANCTHIX 3a00IeBaHMIA.

Ha ceromnsimiHuii A€Hb BO BCEM MHPE aKTyaJbHOW 3aa4ey sSBISETCS MOUCK
COCIMHEHUN PACTUTENIbHOTO MPOUCXOKJCHUSA, O0JaJalouMX MOTEHIMATbHON
(apMaKoJIOrM4eCKOM aKTUBHOCTBIO, MEPCHEKTUBHOW [UIsi pPa3pabOTKHM HOBBIX
MOJIXOAOB K Tepanuu cepAeyHbIX apuTMuid. C MOMOMIBIO 3THUX COEAMHEHUH
MOJIYYEHbl BAXKHBIE CBEIEHUSA O KIETOYHBIX M MOJEKYJISAPHBIX MEXaHU3Max
CEepJICYHBIX apUTMHUI W HauOoJiee MEePCIEeKTUBHBIX MHUILICHSIX JJIsI UX JICUYCHUSI.
bonee toro, Onaromapst 3THM COEOUHEHUSM YOAJIOCh YCTAHOBUTH Ba)KHbIE
ocoOeHHOCTH  (hapMAaKOJIOTHUECKOH  PETyaslid  MHIICHEW, YTO IO3BOJIMIO
paspabotarb  A(PQeKTUBHBIE  CIOCOOBI  MOAYIAIMU WX  (YHKIIMOHAJIBLHOTO
COCTOsHMS. B 1menoMm, B 1mpolecce H3YyYEHHs COEAMHEHUM pPACTUTEIBHOIO
IPOUCXOXKJEHUS, ObUIM TIOJY4YEHbl LEHHBIE CBEICHHS, KOTOpble OOeCneurin
CYILLIECTBEHHBIN Mporpecc B pa3padOTKE U CO3aHUM HOBBIX MEPCHEKTHUBHBIX
npenaparoB s JIGYEHUS ~ HApyLIEHUW  cepaeyHoro putMa. B cBere
BBIIIECKA3aHHOTO, TeMa JHUCCepTaldy  SBJISETCS BeCbMa aKTyaJlbHOM H
BOCTPEOOBAaHHOM, Tak Kak JIaHHbIE IIOJIyYEHHbIE MPU  XapPAKTEPUCTHKE
0COOCHHOCTEW MeXaHW3Ma MHOTPOIHOTO JEUCTBUS TUTEPIECHOUAHBIX aJKaJIOUOB,
CIIOCOOCTBYIOT CO3JIJaHUIO HOBOTO TOKOJCHUS A()(PEKTUBHBIX aHTHUAPUTMHUUYECKUX
CPEICTB, JIMIICHHBIX OMACHBIX MOOOYHBIX 3(PPEKTOB.

JlaHHOE JMCCEPTAIMOHHOE MCCIIENOBAHUE B ONPENEICHHON CTETIEHU CIIYXKUT
BBITIOJIHEHUIO 3ajJla4y, MpeaycMOTpeHHbIX B VYkazax IlIpesugenta PecnyOnuku
V36ekucran Nellll-1652 ot 28 nHos0Ops 2011 roma «O mepax mo ganbHEHIeMy
yryOsieHuo pe(opMHUPOBAHUS CUCTEMBI 31paBooxpaneHus» u NePP- 1855 u ot 21
HOs10ps 2012 rona «O6 NuBecTumonnoi nporpamMmme Pecnyonuku Y30ekucran
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Ha 2013 roay, a Takke B APYTrUX HOPMATUBHO-TIPABOBBIX JJOKYMEHTAX, IPUHSATHIX B
naHHOU cdepe.

CooTBeTcTBHE HCC/IEI0BAHUS MPUOPUTETHBIM HANIPABJIEHUAM Pa3BUTHS
HAYKH W TeXHOJoruii pecmyOauku. JlaHHOE wHcCClieOBaHHWE  BBIMIOJIHEHO B
COOTBETCTBUU C IMPUOPUTETHBIM HAMPABICHUEM Pa3BUTUS HAYKU M TEXHOJIOTUH
pecryonuku VI «Menuunaa v papMaKoIoThsy.

OG630p 3apyOe:KHBIX HAYYHBIX MCCJIEIOBAHHMI 1O TeMe AMCCEPTAINM .
HayuHnble uccrenoBaHus, HanpaBlICHHbIE Ha Pa3pabOTKy COBPEMEHHBIX IMOAXOI0B
JICUCHUS] CEPJICYHBIXapUTMUM OCYHIECTBISIOTCS B BEAYUIUX HAyYHBIX LIEHTPAX U
BBICIIMX OOpAa30BaTENbHBIX YUPEKICHUAX MHpa, B TOM uwncie, B KomymoOuiickom,
Kamudopuuiickom, Hpro-itopkckom ynuBepcutetax (CIIIA), B yHUMBepcuTeTax
Kenbna (I'epmanus), mrara lOrta (CIIA), Kanrapu (Kanama) u BangepOunra
(CIIIA), a takxke B MHcTUTYyTaX OMOOPTraHUYECKOM XUMUU U XUMHUU PACTUTEIIbHBIX
BemiecTB (Y30ekucran).

B pesynbrare uccienoBaHuii, NPOBEAECHHBIX B MUpPE B 00JaCTU pa3pabOTKu
COBPEMEHHBIX TIOJXO/IOB JICUCHUSI CEPACUHBIX ApPUTMHUN TONYyYEeH P HAyIHBIX
PE3yJIbTaTOB, B TOM YMCIIC: YCTAHOBJIEHBI MOJEKYJISIPHbIE MEXaHU3Mbl HAPYIICHUM
CEepIEYHOIr0 pUTMa, 4YTO obecreymwio pa3paboTky Haubonee 3PHEKTUBHBIX
MOJIXO/IOB  JAMATHOCTUKH, JICYCHHUS] U MNPOPWIAKTUKU CEPACYHBIX apUTMUI
(KomymOuiickuii yHUBEpPCUTET); OXapaKTepu30BaHbl (PYHKIIMOHATIHLHO Ba)KHBIC
CUCTEMBI CEpJCYHBIX KJIETOK C JAedeKTaMu, C KOTOPBIMU CBSI3aH I1aTOTEHE3
pa3IMYHBIX TUNOB apuTMuil (yHuBepcuter KenbHA); NOCTUTHYT CYIIECTBEHHBIN
nporpecc B (apmakoTepanud Pa3NUYHBIX BUJOB ApUTMUH H  CO3/aHbI
abdexTuBHBIe aHTHapuTMUYeckue cpeacTBa (KamudopHuiickuili yHUBEpPCUTET);
pa3paboTaHbl COBPEMEHHBIE METOJbl JICUCHUS] AapUTMUMN, TIJe ocobas poJib
yaensercs OnoKaTopaM ObICTphIX Na KaHalIoOB, KOTOphIE OCTalOTCS Hamboiee
NEePCHEKTUBHBIMU MUILIECHSIMU JUTSt co3JaHus HOBOT'O MOKOJICHUS
aHTuaputTMuyeckux cpeacts (Yausepcurersl Kanrapu u mrara FOta).

B mwupe mnpu pa3zpaboTKe COBPEMEHHBIX IOIXOAOB JICUCHHUSI CEPACUHBIX
apUTMUHN TIPOBOJSATCS UCCIEAOBAHUS IO PSAY MPUOPUTETHBIX HAMPABICHUM, B TOM
YUCJie: AHAJTU3UPYIOTCS KIETOYHbIE W MOJEKYJISPHBIE MEXaHU3MBbI, JIeXKalue B
OCHOBE DAa3JIUYHBIX THUIIOB CEPJACYHBIX APUTMHUN; BBISICHIETCS POJb HOHHBIX
KaHaJIOB M PEILENTOPOB B TAaTOT€HE3€ CEPJCYHBIX APUTMHUMN; YCTaHABIMBAIOTCS
HOBBIE MOJIEKYJISIPHBIE MUIIICHH JJISl aJICKBATHOTO JICUCHUSI HAPYIICHUN CEepJIeYHOTrO
pPUTMA; CO3/Ial0TCSl MPEANOCHUIKY JI PAIlMOHAIBHOTO JU3aifHa HOBOTO MOKOJIEHUS
NEPCHEKTUBHBIX MPENapaToB JJIsl JICUCHUS] HAPYIIEHUN CEpAEYHOTO pUTMA.

CreneHb W3Yy4YeHHOCTH TpoOJeMbl. JIUTEprieHOUIHbIE  AJKAJIOUIbI,
BBIJICJICHHBIC M3 PAacTeHUM poaa Aconitum, B HACTOAIIEE BPEMSI pacCMaTPUBAIOTCS
B KauecTBe HauOoyiee MEPCHEKTUBHBIX COCAMHEHUN [JIsi pa3pabOTKU HOBOTO
MOKOJICHUS aHTHAPUTMHUYECKHUX CPEACTB. BaxkHeiline cTpyKTypHble 0COOCHHOCTH

10630p 3apy0eKHBIX HAyYHBIX-UCCIIEIOBaHU 110 TeMe nuccepranuu 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. 1le.
McGraw-Hill; Antzelevitch C, Burashnikov A (2011): Overview of basic. u Ha OCHOBE IPYI'X UCTOYHHKOB.
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TUX AaJIKAJIOUJIOB, OTBETCTBEHHbIC 3a UX AHTUAPUTMUYECKYH) aKTHUBHOCTb,
JIeTajJIbHO M3yUYeHbl B BeAylIUX Jlaboparopusix mupa. [Ipu 3ToM ObLIO yCTaHOBIIEHO,
YTO OOMIMMH CTPYKTYPHBIMU SJIEMEHTaMH HanOoJiee aKTHUBHBIX JTUTEPIICHOUIHBIX
aJIKaJIONIOB SIBJIAFOTCSL OCTATKU aleTUJIAHTPAHWUJIOBOM WM  aMHUHOOCH30HWHOM
KHCIIOT y aroma yrepoga C-4, metokeu rpymn y C-1, C-14 u C

16, u ruapokcuibHOU rpynnsl y C-8. Bmecte ¢ TeM, moka3aHo, 4To O€H30JIbHAS
rpynmna y C-14 u 0CHOBHOCTh aroma a30Ta TAKXE OYEHb BaKHBI JJis1 0OecredeHust
AHTHAPUTMUYECKOM AaKTUBHOCTH DOTHUX aJKaJOMUIIOB. ODIEKTPOPU3UOIOTHUECKUI
MEXaHU3M aHTHAPUTMUYECKOTO NEUCTBUSI ITHUX COCAUHEHUN XOPOIO H3y4YeH, U B
OCHOBHOM 0OYCJIOBJIEH OJIOKa0i MOTeHIMA-3aBUCUMBIX Na' kaHanoB. OCHOBHBIM
sbdexToM Takoh OJIOKaIbl SBISETCS CHUXKEHHE CKOPOCTH  JACHOJspU3aIluu
NOTEeHIMaa AEHCTBUS CEp/lla, KOTOPOE COMPOBOXKIAETCA 3aMEIJIEHUEM CKOPOCTH
€ro pacrpocTpaHeHUs U yBeaudeHueM 3(PQGeKTHBHOTO pedpaKkTepHOro NEpHoa,
YTO NPHMBOJIUT K CHUKEHMIO BO30OymuMocTu cepaua. Onnako, 6nokana Na' kaHaioB
MOJKET BIIHMSTH M HA TPaHCIOPT MoHOB Ca’’ Tak, 4TO yMEHbIIEHHE KOHICHTPALUH
Na" MOKeT crloco6CTBOBATh yMEHbIICHNIO coepxkanns Ca’’ B KapaMOMHOLIUTAX 1
MOCJEAYIOIIEMY CHIDKEHUIO COKPATUTEIbHOM aKTUBHOCTU CEPACYHON MBIIIIIHIL.
CHIKEHHE COKPAaTUTENIbHOW aKTUBHOCTU CEPACYHOMN MBIIIIBI WM OTPULIATEIbHBIN
WHOTPOMIHBINA YPQEKT, SBIACTCS XapaKTEPHBIM CBOMCTBOM BCEX aHTHUAPUTMHUYECKUX
npernapatoB | kiacca, 6maromapsi KOTOpOMY HMX HCIIOJNB30BaHUE OIPAHUYEHO B
CBSI3U C TEM, YTO OH CIIOCOOCTBYET IO/IaBJIICHUIO HArHETATEIHbHOW (PYHKIIMU CepAlla.
[TosTOMY, HECMOTpS Ha YCIIEXU B UCIOJIB30BAHUM FTOTO KJIACCa aHTUAPUTMHUECKUX
CpPEeICTB B TEpanuu HapYLIEHUW CEepJEYHOr0 pHUTMA, COXpPAHSAETCS OcCTpas
HEOOXOANUMOCTHh B CO37JaHUM HOBOTO TMOKOJICHUS Oosiee A(P(PEKTUBHBIX W
0e30MacHbIX MpernapaToB C MEHEe BBIPAXCHHBIM OTPHUIATEIBHBIM HHOTPOIHBIM
abdexToM. B CBS3M ¢ ITUM  COBPEMEHHBIE HUCCIEIOBAHUS COCPEIOTOYCHBI Ha
aJbTEPHATUBHBIX MOAXOJAX, BKJIOYAas MOAU(PHUKALMIO CYIIECTBYIOIIUX MOJEKYII
JTUTEPIICHOUAHBIX  AJIKAJIOMIOB, KOTOpasl JOJDKHA OOECTHEeYUTh COXPAHEHHE HX
MOJIC3HBIX CBOWCTB W YHAJICHUE HEXENATeNbHBIX, YTO TO3BOJIUT TMOJYYUTh
coenunenne, >(pQpekTBHO  jelicTByromee Ha Na'KaHalbl C MUHUMAJIbHBIM
OTPHULIATEIBLHBIM UHOTPOIHBIM 3 (HEKTOM.

CBsi3b TeMbl JUCCEPTAIMM € HAYYHO-HCCJIEA0BATEIbCKUMHU padoTamMu
HHCTUTYTA, I7e BBINOJIHEHA auccepramusi. JluccepTallMoOHHOE HCCIEIOBAaHUE
BBITIOJIHEHO B pamMkax  (QyHAaMEHTaJIbHBIX W  NPHUKIAAHBIX  HAy4YHO
uccienoBarenbCckux nporpaMMm HHctutyTta Omoopranmyeckoil xumuun: DA-D3-
T144 «3ydyeHne MeEXaHU3MOB MOIYJSIMA HMOHHBIX KaHAJIOB CEPACYHBIX U
IJ1aIKOMBIIIEYHBIX KJIETOK IPUPOAHBIMU OMOJIOTUYECKU AKTUBHBIMU
coenuHeHussMu»  (2007-2011rr); DA-A-12-T068 «Pa3paboTka KOMIIJIEKCHOTO
NnoJaxoAa, CKpPUHMHTAa U XapaKTePUCTUKU  CTPYKTYPHO-(PYHKIIMOHATHHBIX
0COOCHHOCTEH B3aMMOJEHCTBUS IPUPOAHBIX OMOJOTUUECKU AKTUBHBIX COEAUHEHUN
C MOHHBIMHM KaHaJaMHu M perentopamMu Ouojornmueckux memOpan (2009-2011rr.);
DA-D6-T083  «Ilock u  XapaKTepuCTUKa  OUOIOTUYECKH AKTUBHBIX
coenuHeHuii—MoayaTopoB Ca’’-roMeocrasa B KIETKaX CEPIACUHBIX M IVIAJKHX



Mbiy (2012-2016 rr); @A-A11-T057 «Coznanue LienTpa
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BBICOKO?(P()EKTUBHOTO CKPUHUHTA OMOJIOTMYE€CKHA aKTUBHBIX COECTMHEHUIM
MPUPOTHOTO ¥ CUHTETUUECKOTO TTpoucxoxkacHus» (2015-2017rr.). Heabro
HCCJIeIOBAHMS SIBIICTCS XapaKTEPUCTUKA MHOTPOITHBIX 3PP eKkToB
JUTEPIEHOUAHBIX ankamouaoB 15-I'AA u 15-AAA v BbIICHEHUE IPUYHHBI
OTCYTCTBHS KOPPEJSIIUU MEXKYy aHTHAPUTMUYECKON U OTpULIATEIbHOMN
MHOTPOITHOM aKTUBHOCTHIO y 15-AAA.

3agaum uccjie OBaHMSA:

uccaenoBarb Aeicteue ankanouaoB 15-IAA u 15-AAA Ha COKpaTUTEIBHYIO
aKTUBHOCTh MANWUISPHON MBI CepAlla KPhIC U U3YYUTh 3aBUCHUMOCTH HUX
3¢ (HEKTOB OT KOHIICHTPAIUH;

UCCTIENOBAaTh BJIUSHUE YACTOThl CTUMYISIIIMM Ha HWHOTPONHBIE 3(PQEKThI
ankanounoB 15-TAA u 15-AAA U u3y4uTh UX OCOOCHHOCTH MpPHU PaAZTUYHBIX
4acTOTaX CTUMYJISALINHY;

hccienoBarh BiusHUE ankaiaounoB 15-TAA m 15-AAA Ha KUHETHYECKUE
napaMeTpbl HM30METPUYECKOrO COKpalleHusi nanuuisipHod Mbimel (+dF/dt,—
CKOPOCTb pa3BUTHsA cokpaeHus, -dF/dt, . —ckopocts paccmabnenus, T,g,—BpeMs
LUKJIAa COKpallleHue-pacciabnenue, T,,—Bpems mnoiypaccialOieHus), OIECHUTh
XapaKTep UX U3MEHEHUN U BO3MOXHBIE MEXaHU3MBI, JIeJKalllMe B UX OCHOBE;

HccienoBaTh aeicTBre ajakaiaonaoB 15-IAA u 15-AAA Ha noTeHIHall
3aBucumbie Ca”'- n Na'- KaHaIbl, H3YUNTh B3aNMOCBSA3b MEXTy OIOKAI0H STHX
KaHaJIOB, YMEHbIIICHUEM [Ca2+]i B KapJIMOMHUOIUTAX U MTOAABICHUEM
COKPaTUTEJIbHOW aKTUBHOCTH MAMWIIIPHON MBIIILIBI;

uccienoBarb BiaugHUE ankaiaougoB 15-IAA u 15-AAA Ha coxaepxkaHue
noroB Ca’" B CP, OleHHTH CBA3b MEX]y €ro HM3MEHEHHEM M HWHOTPOIMHBIM
2
s dexToM ankanon 0B U poiab Na'/Ca™ -0OMEHHHUKA ITPU ITOM;

MPOBECTH CPABHUTEIBHBI aHAJIU3 B3aWMOCBSI3M MEXIYy HWHOTPOIHON
aKTUBHOCTBIO ankamouaoB 15-TAA u 15-AAA u ux cTpyKTypoH, chHopMyIHpoBaTh
MOJIOKEHUSI O BO3MOXKHBIX MPUYMHAX PA3JIMUUsl B UX HWHOTPOITHOM JEUCTBUU U
OTCYTCTBHUSl KOPPEJSIIUM  MEXAY aHTUAPUTMHUYECKOU U OTpHUIIATEIILHOU
MHOTPOITHOM aKTUBHOCTHIO 15-AAA;

O0BbeKTOM HCCTIET0BAHNA IBISIINCH aKaIonuanl 15-IAAA n 15-AAA,
MIPOU3BOAHBIC TUTEPIICHOUIHOTO AJIKAIOW 1a aTU3UHA, BBIJICJIEHHOTO U3 PACTEHUS
BUsa Aconitum zeravshanicum.

IIpeamMeToMm mccjieqOBaHUsI —  SBISICTCS  HW3y4eHUE  OCOOCHHOCTEH
UHOTPOMHBIX 3¢dekToB ankagounoB 15-TAA u 15-AAA, ux 3aBUCUMOCTH OT
cTpykTypsl ¥ pomn Ca’’ -TpaHCIOpPTHPYIOMMX CHCTEM KapAHMOMHOIMTOB B HX
o0ecCTIcueHNH.

Mertoabl ucciienoBanus. B guccepranuy  MCHOJb30BaHbl COBPEMEHHbBIE
ANEKTPOPUZUOTOTUYECKUE METOMbl PErucTpallid W aHajdu3a COKPATUTEIbHOU u
(YHKIMOHAIILHOW aKTUBHOCTH CEpJICYHON MYCKYNIaTypbl. Bce skcnepuMeHTaIbHbIE

JaHHBIE COOMpANTUCh M 00pabaThIBAIMCH C TMTOMOIIBI0 KOMIIBIOTEPHON MPOTPaMMBbI
OriginPro 7.5 (OriginLab Corporation; CILIA).



Hayuynasi HOBH3HA MCCJIeI0OBAHMS 3aKITIOUACTCS B CIEAYIONIEM: YCTAaHOBJICHBI
0COOCHHOCTH MHOTPONHBIX d(pdekToB amkamouoB 15-IAA u 15-AAA, ux
B3aMMOCBS3b CO CTPYKTYPOH M OCHOBHBIC MEXaHU3MBI, JIC)KAIINC B
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OCHOBE UX MOJOKUTEIBHOIO U OTPULIATEIILHOIO HUHOTPOITHOTO JEHCTBHS;
O0OHapyEHO OTCYTCTBUE BIAUSHUS MOAU(DUKALIMK CTPYKTYpHI ankaiouga 15-TAA,
nytem 3ameHsl OH-rpynmnsl y atoma ymiepona C-15 va CH;O-rpynmy, Ha
OTPULIATEIBbHYIO HHOTPOIHYIO aKTUBHOCTH ankainonaa 15-AAA; ycraHoBieHa
3aBHUCHUMOCTbH XapakTepa HHOTpomHoro ¢ dekra ankamonaa 15-AAA ot
HCIIOJIb3YEeMOM KOHIIEHTPAILIMH, KOTOPBIN MIPU HU3KUX KOHIIEHTpauusax (3-8 MkM) u
HU3KuX yactorax ctumyisiuuu (0,1-1 ') BeI3bIBA MONOKUTENbHBIN, a IPH
BBICOKUX KOHIIEHTpanusax (>8 MkM) u yactorax ctumynsiuu (>11'1)
OTPHUIATEILHBIN HHOTPOITHBIN 3P QeKT;

oOHapykeHa 3aBHCHUMOCTb  IIOJIOKUTEIIBHOTO  MHOTPOMHOro  3ddexra
ankanmonna 15-AAA or nocrymienus uoHoB Ca’® B capkoruiazsMaTH4ecKHil
peTnuKynyMm, KoTopoe obecreunBaroT Ca’’-TpaHCHIOPTHPYIOIIME CHCTEMBI, HE
CBA3aHHBIE C AKTHBAIMEH B-aJPEHOPEIENTOPOB M IIOTEHIHA-3aBHCHMBIX Ca®’
KaHaJIOB;

YCTaHOBJIEHA CBSI3b MEXKIy OTPUUATEIbHBIM HMHOTPOIHBIM 3(dexTom
ankanounoB 15-TAA wu  15-AAA u Onokajoii Na'-kaHalmoB, KoTopas
CONPOBOXK/IACTCS HApYyIIEHHEM TpaHcrmopra uoHOB Ca’’ M CHMKeHHMEM HX
COZIEpKaHusl B KAPAHMOMHUOILIUTAX;

OOHapyXeHbl pa3iuuusg B OTPHULATEIBHOM HMHOTPOIHON aKTUBHOCTHU
ankaimounoB 15-AAA u 15-'AA, koTopbie OOYCIOBJIEHBI OCOOCHHOCTSIMU HUX
CTPYKTYDBI U Pa3InuHOil 3P (PEKTUBHOCTBIO O110Kazbl Na'-KaHaIoB, onpesensionei
CTENeHb HapylleHHs TpaHcropTa HoHOB Ca’” M CHIDKGHHS MX  ypOBHA B
KapJAUOMUOILINTAX;

YCTaHOBJIEHO OTCYTCTBHE MPSMON KOPPEISILMU MEXAY HHOTPOIHBIM U
aHTHapUTMUYECKUM JeiicTBueM 15-AAA, oOycnoBieHHoe MeHee 3(PGEeKTUBHOU
Onokamoii Na'kaHaloB M €ro CIOCOOHOCTBIO HMHIYLUPOBATh MOIOKHUTEIbHBIN
MHOTPONHBIN 3P (DEKT;

IIpakTnyeckue pe3yabTaTbl MCCJIAEIOBAHUSL CYLIECTBEHHO pPaCIIUPSIOT
npencTaBIeHusT 00 OCOOCHHOCTSX WHOTPOMHBIX 3(PPEKTOB TUTEPIICHOUIHBIX
aJNKaJIOUOB, WX 3aBUCHUMOCTH OT CTPYKTYPHI M SIBISIIOTCA TEOPETHUECKON 0azoit
JUIsL  CO3JaHMsI HOBOTO TOKOJEHHs Oe3omacHbIx UM Oonee 3(PEeKTUBHBIX
AHTUAPUTMUYECKUX CPEJICTB.

JI0CTOBEPHOCTDH Pe3yJIbTATOB HCCJIeJOBAHUSA. OOOCHOBBIBAECTCS TEM, YTO
AKCIIEPUMEHTAJIbHBIE IaHHBIE MTOJIYYEHbI C IPUMEHEHUEM COBPEMEHHBIX
KOMITbIOTEPU3UPOBAHHBIX AIEKTPOPUZUOIOTMUECKUX METOIOB UCCIIEIOBAHUSI.
BbiBobI B paboTe c/iesianbl Ha OCHOBE PE3yibTaToB, 00pabOTaHHBIX €
UCIIOJIb30BaHUEM COBPEMEHHBIX METO/I0B MAaTEMATUYECKON CTATUCTUKH.

Hay4yHnasi m npakTH4ecKasi 3HaYMMOCTb Pe3y/IbTATOB HCCJIeI0BAHUS.
TeopeTnyeckas 3HAY4UMOCTh JUCCEPTALMU 3aKIFOYAETCSA B TOM, UTO JaHHBIE
Ipe/ICTaBICHHbIEC B HEW SIBIISIOTCS CYIIECTBEHHBIM BKJIAJIOM B Pa3BUTUHU



(byHIaMEHTaIbHBIX 3HAHUW O MEXaHU3MaX HHOTPOITHOTO JCUCTBHSI
JUATEPIICHOUIHBIX AIKAJIOUIOB.

[IpakTueckass 3HAYUMOCTb TOJYYEHHBIC JAHHBIE PACKPBIBAIOT HOBBIE
JIeTald MEXaHU3MOB, OTBETCTBEHHBIX 32 MHOTPOIHbIE 3P(DEKThl TUTEPIICHOUTHBIX
aJIKaJIOUJIOB U MO3BOJISIOT MOHATH B3AUMOCBS3b MEXKY CTPYKTYPOU AJIKaJIOUI0B U
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UX HMHOTPOMHOM AaKTUBHOCTBIO, YTO HMMEET BaXHOE MPAKTHUYECKOE 3HAYCHHE.
PesynbTarhl ATHX HCCIEIOBAHHWN CYIIECTBEHHO PACHIMPUIN HAydyHyIO0 0aszy s
palMOHAILHOTO JU3aliHa H CO3/[aHUS HOBOTO TIOKOJIEHUSI O€30MacHBIX U
BBICOKOO(P(EKTUBHBIX ~ AHTHAPUTMHUYECKUX CPEJCTB, JIUIIEHHBIX CEPbE3HBIX
no00YHBIX AP (PEKTOB.

BHenpenue pe3syabrartoB wucciaegoBanusa. Ha ocHoBe pa3paboTaHHBIX
CTPYKTYpPHO-(QYHKIIMOHATBHBIX PEKOMEHJALWN NJisi CO3/[aHHUS HOBOTO TMOKOJICHUS
AHTUAPUTMUYECKUX CPEJICTB U3 MECTHOTO CHIPhSI:

Haubonee  omTtumanbHble  TMOAXOABI  CTPYKTYPHOM  MoOmuDUKAIIH
JTUTEPIECHOUIHBIX alIKAJIOWJO0B OOecreunBarole MmoiaydyeHue dPEGEeKTUBHBIX
AHTUAPUTMUYECKUX  NpenaparoB U  CIOCOOCTBYIOUIME  CHWXKCHUIO  UX
OTPUIIATEILHOM HMHOTPONMHON aKTUBHOCTHM BHEIPEHbI, B JAesATeabHOCTh [AK
«Y3dapmcanoar» (cnpaBka bA-06/2069 or 14 wHosOps 2016 1 TAK
«Y3papmcanoar»). Pe3ynprarbl HayuHbBIX HMCCIEAOBAHUNA NAOT BO3MOXHOCTH IS
CO37IaHUsl HOBBIX AHTUAPUTMHUUYECKUX CPEACTB, Yepe3 CIIOCOOHOCTh ankanouaa 15-
AAA BbI3BIBaTh MOJOKUTEIBHBIN HHOTPOMHBIA A((EKT, KOTOPHI OrpaHUYUBAS €TO
OTPULATENIbHYI0  MHOTPOIHYIO  aKTUBHOCTh,  CIOCOOCTBYET  IOBBIIICHHUIO
aHTUAPUTMUYECKOTO JEHCTBUSA MIPU CEPACUHON HEIOCTATOUHOCTH;

Pe3ynbrarel, MOMy4eHHBIE MO WHOTPOMHOMY JCUCTBUIO AUTEPICHOUIHBIX
aJKaJIoOuI0B 15-aleTOKCMa3oMeTHH aTu3MHa H  15-TUIPOKCHMA30METUH AaTU3MHA
ucnonp3oBanbl B mpoekte  DA-O5-T084  “Xapakrepucrtuka  3pGheKToB
OMOPEryJasATOPOB TPAHCIIOPTA MOHOB MUTOXOHJPHM M METaOOIMYECKUX MPOLIECCOB
B HopMe u mipu narosorun” (MBOX, 2012-2016 iiii.), a UMEHHO BO3/JCUCTBYs Ha
Ca”" monsl uepe3 Na/Ca*"-00MeHHHUK B MUTOXOH/IPUSX, JUIS PEryISIHN I'eMeocTa3a
Ca’ moHoB B HHX (cnpaBka KomuTeTa IO KOOpAMHALMH DA3BUTHS HAyKH M
texHosorun MTK-03.13/828 ot 22 HOos0ps 2016 roxa). Mcnonb3oBaHue Hay4dHBIX
PE3yIBTAaTOB JIAN0 BO3MOXKHOCTH perynsimm Hapymenmii Ca®’ TomeocTasa B
MHTOXOHIPHSX uepes qucdyHKimio cuctembl Na/Ca’ -00MeHHHKa B HUX.

AnpoGauuss  padorbl. OCHOBHBIE TMOJIOKEHUA JUCCEPTALMU  OBLIU
MPEACTABICHbl Ha MEXIYHAPOAHBIX M PECIyOJUKAHCKUX HAyYHO-TIPAKTHYECKHUX
koHbepenuusax: «buoopranundeckas xumusa u omorexnonorus» (Ilymwmno, Poccus
2011); «AxrtyansHbeie npoOnembl naropusuonorun» (Cankt-IletepOypr, Poccus
2011); «AxTyanbHBIC TpPOOJIIEMBl XUMHUW TPUPOAHBIX coeauHeHui» (TamikeHT,
2011-2012); «AkTtyanbHble TPOOJEMbI Pa3BUTHS OHOOPTaHUYECKOW XUMHUN
(Tamkent, 2013); «DkcnepuMeHTanbHasi U TeopeTudeckas onodusukay (Ilymuno,
Poccus 2012, 2014-2015); «dynmpameHTanbHas Hayka W KIMHAYECKAs] MEIUIIMHA)
(Cankr-IletepOypr, Poccus 2015); MexayHapogHoM MEIUIIMHCKOM KOHIpecce
«Euromedica» (I'annoBep, Iepmanusa 2015); u «AkTyalbHble TPOOJIEMBI
COBPEMEHHOM MenuLMHbI U papMauun» (Munck, benapycs, 2016).



Ony01uKOBaHHOCTH Pe3y/ibTaTOB McciieaoBaHudA. [lo Teme nuccepranuu
omyOymMKoBaHbl 28 HayuyHbIX paOoT. M3 Hux 11 HaydHBIX cTarei, B TOM 4ucie 9 B
pecnyONMKaHCKUX M 2 B 3apyOeXHBIX >KypHaJlax, PEKOMEHJOBaHHbIX Briciiei
arTecTallMOHHON komuccuen PecryOnuku Y30ekucTan 1uisi myOiauMKaud OCHOBHBIX
HAy4HBIX PE3yJIbTAaTOB JOKTOPCKUX UCCEPTALIHA.
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Crpykrypa n 0o0bem auccepranuu. CTpyKTypa AMCCEPTAIlUU COCTOUT W3
BBEJCHHUS, YETHIpEX IJIaB, 3aKIIOUCHMS, CIIHCKA HCMOJb30BAHHOW JMTEpaTypHI.
OO6beM nuccepTamu cocTapiser 162 cTpaHuIl.

OCHOBHOE COAEPKAHUE IJUCCEPTAIIUN

Bo BBegeHMH O0O0OOCHOBBIBAETCS aAKTyaJIbHOCTb W BOCTPEOOBAHHOCTH
MIPOBEJICHHOTO HCCJIENOBAHUA, LEIb W 3aJa4d HWCCIEIOBaHMS, XapaKTEPU3YIOTCS
OOBEKT MW TPEIMET, IIOKAa3aHO COOTBETCTBHE WCCIEAOBAHUS TMPUOPUTETHHIM
HaIpaBJICHUSM Pa3BUTHUS HAYKU M TEXHOJIOTMH peCHyONHMKU, W3JIaraloTcsl HaydHas
HOBHM3HA M NPAKTUYECKUE PE3YJbTaTbl MCCIEAOBAHUSA, PACKPBIBAIOTCS HAy4yHas U
MIPAKTUYECKasi 3HAUMMOCTh TIOJYYEHHBIX pE3yJbTaTOB, BHEAPEHUE B IPAKTUKY
PE3yABTaTOB MCCIENOBAHUS, CBEACHHS TI0 OMyOIMKOBAaHHBIM pad0oTaM M CTPYKTYpe
JTUCCEpPTALUU.

B nepBoii mage nuccepraunn «CoBpeMeHHOe COCTOSTHHE U NMePCIeKTUBBI
HCCJIeIOBAHNS CepAeYHbIX APUTMMID) MIPEACTaBICH NOAPOOHBINH 0030p
JUTEPATYPHI, BKIFOUAIONIUN OOIITHE CBEICHNUS O MEXaHU3MaX MIEKTPUICCKON 1
MEXaHMUIECKOi aKTHBHOCTH CEpIIa, a TaKxkKe o Beaymeil pomi noros Ca*'s
IEKTPOMEXAHUYECKOM CONPSIKEHUHN, B TEHEPALIMU U PETYJISLIUU CEPACYHOIO
put™Ma. KpoMe TOro, mprBeieHs! CBEJIEHHS 0 KITI04eBOii poiy Hapymenuii Ca”’
rOMeOCTasa B Pa3BUTUM CEPACUHBIX APUTMUI U JPYTUX MATOJIOTUNA CEPJIlla, a TaKKe
HOBBIX MOAXO0JIaX UX KOPPEKIUHU U MEPCIEKTUBHBIX CTPATErusiX MpO(UIaKTUKU U
JICUECHUSI CEPIIEUHO-COCYIUCTHIX 3a00JIEBaHUIA.

Bo Bropo maBe  «M3yyeHHe  COKPATUTEJbHON  AKTUBHOCTHU
NANWJUISPHONT  MBIIIIBI  CepPaAlla KPbIChD» TOAPOOHO OINMUCAHBI  METOMbBI
WCCIICIOBAHUSL COKPATUTEIBbHOM AaKTUBHOCTH MANWUISIPHOM MBIIIIBI  Ccepaua
KPBICHI, HW3JIOKEHBbI HKCIIEPUMEHTAIbHBIE TMOAXOAbl OIEHKH (PYHKIIMOHAIHHOM
aktuBHOCTH Ca’'-TpaHCIIOPTUPYIOIMX CHCTEM KapIMOMHUOINTOB, a TAKXKE METOIBI
MaTeMaTU4YeCKO 00pabOTKH M CTATUCTUYECKOTO aHAIN3a JaHHbBIX.

B tpetpent maBe «XapaKkTepucTHKa 3P (PEeKTOB IUTEPIEHONTHOI0
aakanouaa 15-ruapoxcuazomeTn atusnHa (15-I'AA) Ha COKpaTUTEJIbHYIO
AKTHUBHOCTb NANMU/UISIPHOM MBIIIIbI CePALA KPbIChD) IPUBEACHBI PE3YJIbTaThI
rccienoBanus aercteusa 15-'AA Ha cokpaleHus: NanuIIPHON MBIIIIBI CEPALA
KPBICHI, MHIYLUPYEMBIE AIEKTPUUECKON CTUMYIISLIUEH.

Ocobennocmu Oeticmeus ankairouoa 15-I'AA uma coxpawenus nanuiisipHoll
mobluybl  cepoya kpwvicol. Ankanounsl 15-TAA u  15-AAA, npousBoaHbIC
JUTEPIICONIHOTO aJIKaJIOWJa AaTW3WHA, BBIJCICHHOTO U3 pacteHus Aconitum
zeravshanicum, oOnaIarOT BEICOKOW aHTHAPUTMHYECKOM akTUBHOCTHIO (KomupoBa u
ap., 2010). Ilokazano, yto ankaigoun 15-AAA, ormmyarouuiics ot 15-TAA
HammuueM CH;O-rpynmsl y yrepogHoro aroma C-15 B €ro aru3smHOBOM CKEJlETE,



BMecTo OH-rpynnbl, o6Onagaer ©Oojee  BBIPAXEHHBIM  AHTHUAPUTMHYECKUM
nericteuemM (puc.l). Bmecre ¢ Tem oOHapykeHO, 4YTO B pe3yJbTare TaKoh
MOIU(PUKAIIMK TPOUCXOAUT CHUIKEHHUE OTPHUIATEIHBHOTO WHOTPOIHOIO JACHCTBHUS
15-AAA, xotopoe 6omnee BoipaxeHo y 15-I'AA (3alinaOunaunoB u np.,2011). Ilpu
3TOM OBLIIO YCTAHOBIIEHO, YTO ATOT 3 dekT ankanouaa 15-I'AA umeer no03a-
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3aBUCUMBIA xapakTep ¢ MakcumymoM npu 30 MKM, Koraa cujia COKpalleHHs
NanuUSIPHOW MBIIIIBl  CHMWXKanack A0 7,3+2,1%, ot xontpons (puc.2, b).
Konnentpauus 15-'AA, koTtopasi BbI3bIBaja IOJOBHHY €ro MAaKCHUMaJbHOIO
apdexra (E/s,), cocrapmsia 8,7 MKM, u 3TOT 3¢ deKT ObI1 HanboJiee BRIpaXKeH IMpHU
4acTOTaX CTUMYJIALMHU BbIe 3 1.

Ab

TH,

Puc. 1. CrpyKkTypa IMTepleHOUAHBIX aJKaJI0U10B 15-
TUAPOKCHA30MeTHH aTu3uHA (A) u 15-aneroxkcuazomerun atusuHa (b).

B cBs3u ¢ TeM, YTO COKpaTUTelbHas AKTUBHOCTb CEPACUYHOM MBIIIIIHI,
onpesenseTcss BHYTPHKICTOUHOH KoHIeHTparmeii monoB Ca®’ ([Ca®]) B
kapauomuonutax (Bers, 2008), nabmomaembiii 3¢dekT ankajiouga MOXKET
CBUJICTEIILCTBOBATH O CHIKEHHH cofepxkanust noHoB Ca’’ B KapIHOMHOLUTAX.

JIns TpOBEpKH ATOTO MPEATNONIOKEHUsT ObUI0 u3ydeHo BiusiHue 15-TAA Ha
pa3BUTHE COKpAIICHUN MaNMWIISPHON MBI, TPU YBEIUYEHUU KOHILECHTPALUU
nonoB Ca”" B cpene MHKyOaIMH.

Ab

100

Cunia cokpauieHus (%)

1 MH
Kontpoanb

500 mc. 10 MuH.

15-TAA (30 mxM) 806040200
15 -TAA (MxM)
051015202530

Puc. 2. Bausinue ankajgouna 15-I'AA Ha cokpaTtuTe/ibeyl0 aKTUBHOCTH
NANWLUISIPHON MBIIIIBI CePANA KPBICBL. A. Opueunanvhas 3anucb COKpAujeHull



RANUIAPHOU MbILUYbL UWITIOCIPUPYIOWAs OmpuyamenbHulit uoHomponusiil sggexm 15-I'AA. b.
3aasucumocmov s¢ghghexma 15-I4A om eco konyenmpayuu. Ilo ocu opounam — cuna cokpawjeHus
MblUYbl, 8 NPOYeHmax om makcumanvruou, npunusmou 3a 100%. Bo ecex cayuasax P<0,05, (n=6).

[Tpu 3TOM OBLIO OOHAPYKEHO, UTO B pUCYTCTBUU 15-I'AA poct cuibl
COKpAIICHUS NaNULIPHOW MBIIIIBI, B OTBET HA YBEJINYEHNE KOHLEHTPALUN
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nonoB Ca’" B cpene MHKyGalMy CylIecTBEHHO cHikaercs (puc.3,A). B cBss3u ¢
TE€M, YTO B 3TUX IKCIEPUMEHTAJIbHBIX YCJIOBHUSX YBEIUYEHUE CHIIBI COKpAILEHUS
NaNWIIAPHON  MBNIIEl  ObGecriedmBaeTcs B OCHOBHOM  woHamm — Ca®’,
TNIOCTYMAIONIAMK 4epe3 IOTeHIMAaN-3aBucuMble Ca’’ KaHabl, 3TH pe3yiIbTaThl
YKa3bIBalOT Ha TO, YTO 3TOT 3(PPEeKT ajmkasouia CBs3aH C MOJABICHUEM 3TOTO MyTH
noctymiennss noHoB Ca’" B kapmuoMuormuthl. JONMOTHUTENBEHOE MONTBEPHKICHHUE
Takoro geiictBusi 15-I'AA, ObLIO MOJYyYEHO B SKCIEPUMEHTAX € HUDETUITUHOM,
CEJIEKTHBHEIM OJIOKATOPOM MOTEHIHAI-3aBHCHMBIX Ca’” KaHaloB, B IPHCYTCTBHH
KOTOpOro, 3(@exT ankaaouga TaKKe CYLIECTBEHHO CHIXXAJICA, HO YacTHYHO
coxpansuics (puc.3,b).

100 100
KonTpoun
00,51,01,52,02,52+
Cuia cokpauieHust (%)IS-FAA 30 60
MKM) [Ca | (MM) 40
80 0
60 20
40 Cuiia cokpanieHust (%) 0
20 KounTpoas
Hudexunun (5 MmxM) 15-T'AA (30 mxM)
0
80

Puc. 3. 3aBUcHMMOCTB OTPULIATEILHOI0 HHOTPOITHOIO 3 eKTa ajaKajaouaa
15-T'AA oT KOHIleHTpallMu HOHOB Ca’" 1 cocTOSIHUS TOTEHIHAT 3aBHCHMBIX

Ca’*-xaHanoB. 4. Buusnue 15-TAA na COKpAWeHUs NANUIAPHOU MbIlUYblL UHOYYUDYeMble

2+ o o
npu yeeauvenuu [Ca”" ], b. Biuanue Hugeoununa na ompuyamensuviil. UHOMPONHbI dhdexm
15-TAA. Ilo ocu opounam — cuna coKpaujeHusi Mblulybl, BbIPANCEHHASL 8 NPOYEHMAX Om
maxcumanvrou, npunamot 3a 100%. Bo ecex cnyuasx P<0,05, (n=4-6).

Pe3ynprarel 3TOM CEpUM AIKCIEPUMEHTOB CBUIETEIILCTBYIOT O TOM, uTO 15- TAA
o0aiaeT BhIpaXXEHHBIM OTPULIATENIbHBIM HHOTPOIHBIM 3¢ dexktom (OM3I), B ocHOBE
KOTOPOTO JISKUT YMEHbBIIEHHE cofepKanus HoHOB Ca’'B KapHOMHOLMTAX,
KOTOPO€ IPOUCXOJIUT B PE3YIbTATE MOAABICHUS AJIKAIOUIOM HX NOCTYIUICHUS
uepes moTeHIuan-3apucuMble Ca’ -KaHaIbl capKOIEMMBbL.

Buusnue — ankanouda  15-TAA  ma  mpauncnopm  uonos Ca’" &



CAPKONAAZMAMUYEecKoM pemuxyiyme Kapouomuoyumos. Bpliie ObUI0 MoKa3aHo, 4YTO
OUD ankamouga B NMPUCYTCTBUM HU(EAUNMHA TOMABISAETCS HE TMOJHOCTBHIO, YTO
YKa3bIBa€T HA TO, YTO B €r0 peau3ally HApsLy ¢ HOTeHIMan-3aBucuMbiMu  Ca®’
KaHAJaMH, Y4acTBYIOT W  jpyrue  Ca’ -TpaHCHOPTUpYIOIIHE  CHCTEMBI
kapauomuonutoB. Ilpu 3toMm, 310T 3ddext 15-TAA MoxeT ObITH CB3aH C €ro
BIMAHMEM Ha TpaHcropT uoHoB Ca’’ Ha ypoBHE CapKOILIa3MaTHYECKOrO
perukynyma (CP), koTopelii wurpaer Bemymyro pons B perymsmuu [Ca®’]; B
KapJIMOMUOLIUTAaX U COKpaTUTENIbHOW akTuBHOCTH muokapaa (Bers, 2000). bonee
TOr0O, O BO3MOXHOCTH TakKoro jAcWcTBUg ankaigouga 15-TAA, KOCBEHHO
CBUJICTEJILCTBYET MOIABICHUE UM COKPAILICHUH MTPU HU3KUX YaCTOTAX CTUMYJISALINU
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(<I T'm), B yclnoBUAX, KOIJa COKpAILEHHUS CEpPACUYHOM MBIIIIbI B OCHOBHOM
obecreunBatorcss moHamu Ca®’, BeIcBoGOXmaemeiMu u3 CP (Honerjager, 2005;
Marks, 2000; Satoh et al.,2000). [Ins mpoBepKH STOrO MPEANOTOKEHHUS, ObLIO
n3yueHo BiusiHue 15-TAA  Ha T1OCT-pecT NOTCHUHMALMIO, XapaKTEPHYIO
0COOCHHOCTh CEPJICYHOM MBIIIIIbI, TO3BOJISIONIEH U3ydaTh MPOIECCHl HAKOTUICHUST U
BbICBOOOXKIeHHsT moHoB Ca’’ B CP. YcraHOBIEHO, 4TO mHOCHE OIPEICTIEHHBIX
NEPUOJIOB MOKOSI, CHJIa COKPAIICHUSI CEPJIEYHON MBIIIIbI CYIIECTBEHHO BO3PAaCTaET,
B pe3yNbTaTe HAKOILICHHS JOTIOHUTEILHOTO KoJnyecTBa noHoB Ca”’
B CP, Gomnpiiero yem mpu peryispHON CTUMYJSLIUU, KOTOPbIE M O0ECIEeYHBaIOT
yCWJICHUE WM TOTEHIHANWI0 CcokpameHuss wmuimmbl. (Bers et al.1993). B
KOHTPOJBHBIX OJKCIEPUMEHTaX, Ha TMaMWUIIPHOM MBIIIIE Cepalla KpPBICHI,
aMIUIMTyaa nepBoro cokpamenuss Bl mocne 30 cexkyHaHOro mnepuoga MOKOS
BO3pacTaja OT crauroHapHoro ypoBHs B0, mpunsaroro 3a 100%, no 189,7+£6.2 %
(puc.4,A). Ilpu sTom ObBUTIO OOHAPYKEHO, YTO BHECEHHE B Cpemy MHKyoOaruu 15-
'AA (30MKM), cOnpoOBOXKIAETCS CYIIECTBEHHBIM CHHUKEHUEM aMILTUTYAbl TEPBOTO
cokpameanss Bl mo 10,244,1%, 4TO CBUAETENBCTBYET O TOM, YTO  aJKAJIOW]
MOJIaBJIAECT MOTCHIUPYIOMHHN 3(DPEKT MOKOs, BEPOSATHO CHHKASI HAKOIUICHHE MOHOB
Ca* B CP (puc.4, A).

Ab
B0 a1 KonTpoasb
MOTEHIHALH
Kourtposn 1 mH , (BI/BO)
25,2,01,51,0
B1 15- AA 30 M)
OtH
30c I Mmx
15-TAA (30 MxM)
0,50

B130
1 mH B0 ¢



Puc. 4. Buusinue anaxkasgouaa 15-TAA Ha mocT-pecT NOTEHUHUAIMEIO
NANMUJUISIPHOM MBIIIIbI CePANA KPbICbI. A. Opuzunanvuble 3anucu uiioCmMpupyowue
agpgpexmor 15-IAA na nocm-pecm nomenyuayuio nanuiiapro moiuysl. b. Bausnue 15-1'4A4 na
omnocumenvryro nomenyuayuro (B1/B0). Ilo ocu opounam — ommnowenue B1/B0. Bo ecex
cayuasx P<0,05, (n=5).

Opnnako, Kak BUJHO U3 puc.4, A, B mpucyrctBuu ankaimouaa 15-I'AA, Takxke
CYIIECTBEHHO CHWIKAeTCs aMIUIMTyJa CTalMoOHapHbIX  cokpamieHuid  (BO)
NaMWUSIPHOW MBIIIIBI, PETUCTPUPYEMBIX JO TMepuoaa Mokosi. ITOT IPheKT
aJKaJion/la Ha CTallMOHAPHBIE COKPAIICHUS TAWJIISPHOM MBIIIIBI OObSICHICTCS

40

TOJABJICHAEM MM HOCTYILICHHs MoHOB Ca’’ B KapAHMOMHOLMTHI, Yepe3 HOTEHIHA
3aBucuMble Ca’’-KaHaibl CApKONEMMBI, Kak OBUIO I10KA3aHO Bbime (pHC.3).
VuuteiBass TO, uro uoHsl Ca’’, mocTymamoomme B KapAHOMHOLHTHI depe3
noTeHIman-3aBucumple Ca’ -kaHaibl, B AaibHEHIIEM HUCIIONB3YIOTCS IS 3arpy3KH
B CP (Bers, 2000), mogaBnenue ankaimougom 15-TAA mocT-pecT MOTEHIIMAIINU
yKa3blBaeT Ha ero BIMSHHE HA STH CHCTeMbl TpaHcrmopra uoHoB Ca’'B
KapauoMuouuTax. Jjisi yTodHeHMs MexaHu3Ma JeUcTBUs ankainouga 15-I'AA Ha
MOCT-PECT  TMOTCHIMAIMI0O  ObUIO  NPOAHAIM3UPOBAHO €r0  BIUSHHUE  HA
OoTHOcUTeNbHYIO mnoreHnuaiuioo (B1/B0), kotopas sBisieTCss  OTpakeHUEM
COCTOSIHMS Ipoliecca 3arpy3ku noHoB Ca’’ u, coorBercTBeHHO, eMrocti CP (Mill

et al., 1992; Bers et al.,1993). [Ipu 3TOM OBLIO YCTAaHOBIIEHO, YTO B MPHUCYTCTBUU
15-TAA (30MxM) 3HaueHHE OTHOCUTEIBHOM TMOTEHIMAIMK YMEHBIIACTCS C
1,89+0,10 no 1,39+0,13 (puc.4, b). OTu pe3ynbraThl CBUAETENBCTBYIOT O TOM, YTO
nojapiieHne amrumaTyabl Bl, BeBbIBacMoe ankamougom 15-TAA, oOycioieHO
CHIKeHHEeM 3arpy3kd noHoB Ca’” B CP W yMeEHBbIIGHHEM MX CONCPKAHHS B
nocjaeaHeM. AHAJOTUYHBIA MEXaHU3M IMOJABJICHUS COKPATUTEIHHOM AKTUBHOCTH
CEpICYHOI MBIl JEKUT B OCHOBE JACHCTBUSI aHTHAPUTMHUYECKUX CPEICTB 1
KJ1acca.

Ponb nomenyuan-3agucumvlx Na' -Kananoe capkonemmol KapOUOMUOYUMos 6
peanusayuu OUD anxanouoa 15-IAA. B ocHOBe NEUCTBUS aHTHAPUTMUUYECKUX
cpercts 1  Kkmacca JeKMT ONOKajga IMOTEHLUAN-3aBUCUMBIX  Na'-KaHaloB
CapKOJIEMMBbI, KOTOpasi  COMPOBOXKIAETCS  CHIDKEHHEM CKOPOCTH  Pa3BUTHS
BOCXO/sIIeH (a3pl MOTeHIMaNa JACUCTBUS, 3aMEIJICHUEM €ro pacinpoCTpaHEHUsl U
MOJABJICHUEM BO30YyIMMOCTH MpoBosIIei cuctembl cepama (Mitchell, 2015;
Stoelting, 1999). BmecTe ¢ TeM, HEKOTOpbBIE MPEACTABUTEIIM aHTHAPUTMUUYECKUX
cpenctB 1 kiacca xapaktepusyrTcst BeipaxkeHHbIM O, B OCHOBE KOTOPOTO TaKkKe
NEXUT OIOKafa MoTeHIHan-3aBucuMbix Na'-kananos (Heubach and Schule,1998).
IIpu »tom Gnokupys Na'-kaHalbl, OHHM  CIOCOOCTBYIOT  YMEHBIICHHUIO
BHYTPMKJIETOYHOI  KOHLEHTpalud MOHOB Na'B  KapJHOMMOLHUTAX, KOTOpOE
COITPOBOXJIAETCA CHUKEHUEM YPOBHS [Ca®'], u nonaBieHHEM COKPaTUTEIbHOM
akTUBHOCTH cepacuHor wbimibel (Navada et al.,1994). B cBsa3u ¢ stum s
BBICHEHUS POJIM NOTEHIMAN-3aBUCUMBIX Na -KaHalloB, B obecrieueHun d(PPeKToB
ankajnonga 15-I'AA, ObUTO M3y4YeHO €ro JEWCTBHE HA COKPAIICHHS IMAIMIIISPHOMN
MBIIIIBI B MPUCYTCTBUM JUIOKaWHA, CIENU(PUUISCKOro OnoKaropa ATHUX KaHAJIOB,



OTHOCSIIETOCS K aHTHapuTMudeckuMm cpeactBam [ kmacca (Sheu and Lederer,
1985). Ilpu stom ObUIO OOHApYXEHO, YTO B MPHUCYTCTBUH 15SMKM mnupokauwHa,
KOHIICHTpAIlMU COOTBETCTBYIOMIEH ero 3HaueHuto EJls), rabdexr ankamonma 15- TAA
Ha COKpaIleHUs] ManuUISIPHOW MBIIIIBI YMeHbancs ¢ 92,7+5,4% (koHTposib 6e3
auaokauHa) o 72,6+6,3%. Bmecte ¢ TeM, ObUIO YCTAHOBJIEHO, YTO MPU HAJMYUU B
cpene wHKyOaruu ankaigouga 15-TAA kpuBbie no3a-apdext i JIuaoKanHa
CMEIIAIOTCS MOYTH MapajuIeNbHO BIEBO, 0€3 CYIIECTBEHHOTO W3MEHEHHS BEJIMYUHBI
ero MakcumanbHoro sddexra (puc.5, A). Ilpu stom  Benmumna EDs, nns
muaokauHa, B npucyrctBun 30 MxM 15-T'AA, ymensmanace ¢ 15 MxM o 4,1
MKM, 4TO CBHUJETENbCTBYET OO0 aJJUTUBHOM XapakTepe NEUCTBUSl ajKajJouaa u
nuaokanHa. bonee Toro, napauienbHOe CMEIEHUE KPUBOW J1034a-
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s dexT s nupokanHa, 6€3 U3MEHEHUs MakcuMyMa ero 3(pQekra, B IpUCyTCTBUU
aJNKaJIoONa, YKa3bIBa€T HA €r0 KOHKYPEHIUIO C JIMJIOKAWHOM 32 OJHY MHUIIICHb T.C.
Na'-kaHasbl KapJMOMUOLMTOB. J{jisi JOMOJHUTENLHON IPOBEPKH BO3MOXKHOM pOIIH
Na'-kananos, B obecrnedeHun OWD anxanoupa 15-TAA, OblM HM3ydeHHl €ro
>pdeKTsl B YCIOBUSAX HHAKTHBALMU Na -KaHaJoB, [EHOJSpU3alueil, KOTOPYIO

BBI3BIBANIN TyTeM yBenumdeHus: koHreHTparuu KCl B cpene mo 24 MM (Catterall,
2003).

Ab
100 JIngoxkaun 100
) MKM) 80
15-TAA (30 ) 15-TAA (30 MxM)
80 60 40 20
CuJia cokpaumeHust 40
(% Cuia coxkpauieHust (% 20
60
K1(C mMM)

110100 47240
Log [JInnokaun] (McM) 0

Puc. 5. 3aBucuMocTh OTpHMUATENBHOIO HOHTPONMHOIO 3¢dexra

ankajgonaa 15-TAA oT cOCTOSIHMSI TOTeHIHAJ-3aBUCMMBIX Na'-kaHanoB. A.
Bausnue 15-I'AA na xpusvie 003a-3¢hgpexm nudoxauna. b. Dppexmor 15-I'AA 6 nopme u npu
unaxmueayuu Na xananos oenonspuzayueii (24 mM, KCI). ITo ocu opounam — cuna cokpaujenus
MbLUYbL, BLIPANCEHHAS 8 NPOYEHmMax om maxcumanbrou, npunuamot 3a 100%. Bo ecex ciayuasx

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

Kak BuUIHO u3 pe3ynbTaToB, MNPEJCTABICHHBIX Ha puc 5,6 B ycroBusix
uHakTHBamMK Na'-kaHanmoB, ankamoun 15-TAA  momasisier COKpAIllCHUS
NanWUISpHOW MBIl BCero Ha 63,7+45,6%, 1o CpaBHEHHUIO C KOHTPOJIEM
(92,742,4%), nonydyeHHbIM B HOpMallbHOM pactBope KpeOca. DTu pesynbrarsl
Hapsily C pe3yJbTaTaMy, I[IOJYyYEHHBIMU B JKCIIEPUMEHTaX C JIMJIOKAUHOM,
CBUJICTEIILCTBYIOT O TOM, 4TOo B obOecriedeHun OUD ankanounma 15-I'AA BaxHyro
ponb urparoT Na'-kaHasbsl kapauoMuouuTos. Ilpu stoM, 610okupys Na'-kaHaubl, U



yMeHbIIlasi cojiepsKaHne HOHOB Na' B KapaMOMHOLUTAX, AalIKaJOHJ MOMKET
CII0COGCTBOBATh YCHJICHHIO BbIBeleHHs HoHOB Ca’™ uepes Na'/Ca’’-06MeHHUK
CHIDKATh MX COEpKaHUE Kak B 1uToriasme, Tak u B CP (Bers, 2000).

Buusnue anxanouda 15-TAA na mpancnopm uonos Ca’" obecneuugaemvii
Na"/Ca’*-obmennuxom xapouomuoyumos. Bpilme 6BIIO TTOKA3aHO, YTO ANKAIOUN
15-TAA 3aMeTHO MOJABISIET MOCT-PECT MOTCHIMALMIO MNANUJUIIPHON MBIIIILIBI,
KOTOpasi OTpa)kaeT mpolecc 3akaukn noHoB Ca’" B CP, B KOTOPOM Ba)KHYIO POJIb
urpaer Na'/Ca*"-o6mennnk (Bers and Christensen, 1990). B cBsi3u ¢ 3TuM s
nanpHenmen xapakrepuctuku OO ankanouna 15-I'AA ObLTu U3y4YeHBI €10
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apdeKkTel  Ha  COKpalleHWs  NaNmWUIIPHOW  MBIIIIBI,  WHIYIHPYEMbIE
MOIU(pUITMPOBAaHHBIM pacTBOpoM KpebGca M cepAcUHBIM TIIMKO3HIOM OyaOanHOM,
KOTOPEIE B OCHOBHOM obecreumBaroTcss uoHamm Ca’" mocTymaromumu B
KapauoMuonuThl yeped Na'/Ca**-o6mennux (Blaustein and Santiago,1977). Ipu
3ToM ObUlO OOHapyxkeHo, 4to ankajgoun 15-TAA »sddextuBHO TOHABISAET
COKpallleHUs MaNWUISPHOM  MBIIIIBI, HWHAYIHUPYEMbIE MOAUPUIIUPOBAHHBIM
pactBopoM Kpebca c MOHMKEHHBIM cozepskaHueM HoHoB Na'(35 MM). DtoT
s deKT ankarouaa UMeEN 103a-3aBUCUMBIA XapaKTep W MaKCHUMAallbHOE CHIDKEHUE
aMIUIuTyabl cokpameHuid 1o 11.64+3.1%, ot koHTposbHOro ypoBHs (72.6+4.8%),
HaOmonanock npu ero koHnentpanuu 30 MxM, a 3nadenue EJl5, cocrarmsuio 16.9
MKM (puc.6, A). N3 mnonydeHHbIX pE3ylbTaTOB CJEIyeT, 4YTO I0/IaBJICHUE
ankamounoM 15-'AA  cokpamieHMid DanWwUIIPHOM MBIIIIBL, HWHIYLUUPYEMBIX
MoaudUIIPOBaHHBIM pacTBOpoM Kpebca, MOKeT ObITh 00YCIOBICHO €r0 BIHUSHUEM
Ha nocTyruienne nonos Ca”" uepes Na/Ca*"-06MeHHHK.

Ab
100 0 20
Na35M (m)
Cuuia coxpamenus (%) ) 100 0
80 15 () TAA 30 MM ) Oya6anu (20 Mk ) M
Cuaa cokpamenus (% 15-TAA 30 Mk (M
60 KB-R7943+15- 30 M TAA ( Mgy KB_R7943+15_(30 _— (e
40 ) KB-R7943 (20,6 ) MM 60 ) KB-R7943 (20,6 ) micM
9
20 40

Puc. 6. Bausinue ankajgouaa 15-IT'AA Ha cokpameHusi NANWLISIPHOMN
MBIIIIBI CepAla KPbIChbl, HHAYHHUPYeMble MOAU(HUUMPOBAHBIM PACTBOPOM
Kpeoca (A) n oyabamnom (B). Moouguyuposansiii pacmeop Kpebca codepaican 35 mM
NaCl, ocmonapuocms  n000epicUBAIaAcL  00OaABIEeHUEM — IKBUMONAPHOU  KOHYEeHmMpayuu
xonunxnopuoa. Ilo ocu opounam — cuna COKpaAuwjeHust Mbluiybl, SbIPANCEHHASL 8 NPOYEHMAX OMm
makcumanvuou, npunamou 3a 100%.. Bo ecex cnyuasx P<0,05, (n=4).



OTO MpEenAnoyioKeHWe HaIUIO MOATBEPKACHUE B SKCIIEPUMEHTAX, B KOTOPBIX
apdexter 15-TAA Ha cokpameHus TanWUSIPHOW MBIIIIB, WHIYIUPYEMbIe
MonupuuupoBaHHbIM  pactBopoM  Kpebca, wu3yuanuch B IPHUCYTCTBUU
cniermuueckoro Gnokaropa Na'/Ca®"-o6mennnka KB-R7943 (Satoh, 2000). B
TUX DKCHEpUMEHTax, npu Hamuuuu B cpene 20,6 MxM KB-R7943, xornma
aMILTUTYIa COKpAIIEeHU’ NanWUISIPHON MBIIIIIB, WHIYLIUPOBAaHHBIX
MoIU(pUITMPOBAaHHBIM pacTBopoM Kpebca ymeHbIazach Ha TOJOBUHY, 3PdEKT
aJKaJoua 3aMETHO CHIYKAJICS. DT pe3yJibTaThl yKa3bIBAIOT HA TO, UTO IO/IaBJICHUE
ankanounoM 15-I'AA cokpanieHui NanuuIsIPHOW MBILIIBI,
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UHAYLIUPYEMbIX — MOAUGUIMPOBaHHBIM  pacTBopoM  Kpebca, o0ycnosieHo
CHIDKGHHMEM TIOCTyIuIeHHss uoHOB Ca’B  KapIMOMHMOLMTH depe3 Na'/Ca*'-
OOMEHHHMK. AHaJOTMYHBIM o0pa3zoMm ankamoua 15-TAA monmaBisyi COKpalleHUs
NaNWUIAPHOW ~ MBIIIIBI,  UHAyUUpPYEMble  OyaOaWHOM,  KOTOpbIE  TaKxKe
o6ecreunBarorcs noHamu Ca’nocrymnaromumu depe3 Na'/Ca® -o6menHux (Rossoni
et al., 2006). [1pu 3ToM 3TOT 3D PeKT ankamonaa, TaKxKe UME 103a
3aBUCHUMBIA XapakTep M MaKCMMalbHOE TOJABJICHHE aMIUIUTYIbl COKpAIICHUH OT
KOHTPOJIbHOTO ypoBHS (68.6£3.6%) mo 6.9+£3.1%, Habmoganoch Mpu  €ro
koHreHTpanuu 30 MxM wu 3Hadenun EJls, -15.8 MxM. Bonee Toro, stor 3ddekr
15-'AA Ha cokpalleHusi ManWUISIPHONM MBIl HHAYLUUPYEMBbIH OyabanHOM,
TaKKe€ 3aMETHO CHwkaica B npucyrcrBun KB-R7943, 4yro nonomHHATENbHO
YKa3bIBA€T HA €TI0 BIMSHHE HA MOCTyIUIeHHE HOHOB Ca’’ B KapIHOMHOLMTHI uepes
Na/Ca’’-0o6MeHHuK. AHANU3 pPe3y/ILTAaTOB ATUX OSKCIEPUMEHTOB II0KA3aj, UTO
ankanoun 15-T'AA noutu onuHakoBO 3PGHEKTUBHO U ¢ Ou3KuMHU 3HaUeHusIMu  EJl 5,
MOJIaBJISAET COKpaIieHus NanuUISIPHOM MBIIIIIBL, UHyLUPYyEMbIE
MomupuIUpoBaHHBIM pacTBopoM Kpebca u oyabawHOM. YUuThIBas TO, 4YTO
COKpAIllEeHUs MNaNWUISIPHOM  MBILIIBI, HHAYUUPYEMBIE ATUMH  Pa3IUYHBIMU
MeTofaMH, 06yciosieHsl noHamu Ca>" moctynarommmu uepes Na'/Ca®' - oGMeHHHK,
MOKHO 3aKJIIO4MTh, 4TO B obecneueHun OUND ankanoumpa 15-TAA BaxHyro posb
MOXET  WrpaTh IIOJABICHME WM  TIOCTyImneHHs uoHOB Ca® uepes
Na’/Ca’"-o6mennuk. Takoe jeiictBme amkanoumna Ha Na'/Ca’"-06MeHHHK
NOJATBEP)KJIAETCA CYIIECTBEHHBIM CHMXEHHEM €ro 3((EeKTOB Ha COKpALEHUs
NaMWUSIPHOW ~ MBIIILBL, HHAYLUUPYEMbIE ABYMsI pa3IMYHBIMU METOAAMH, B
NPUCYTCTBUU €ro crneruduyeckoro 6mokaropa KB-R7943.

B derBéproii miaBe guccepraumu  «XapakrepucTuka 3¢ eKToB
AUTEPIEHONITHOrO aJjgkajgonaa 15-ameroxkcuazomernn arusuHa (15-AAA) Ha
COKPATUTEJIbHYI0 AKTHBHOCTh MNANWLISIPHOH MBIIIIBI CepANA KPbICH»
MOCBSIIIEHA W3YYEHHIO OCOOEHHOCTEH TMOJIOKUTEITFHOTO U OTPUIIATEIBHOTO
MHOTPOIHOTO AeicTBus 15-AAA.

B ommuuun or 15-TAA, sdbdexr 15-AAA Ha cokpalleHHus NaNmLIIPHON
MBIIIIBl UMEJ JIBOSKUN XapakTep M NpH HU3KUX KOHLEHTpauusx 15-AAA (-8
MKM) u Hu3kux yacrorax crtumyimsauun (0,1-1 I'm) oH yBenuuuBanm cuiy
COKpAalleHUsl MaNWUISPHON MBIIILBI, a MPU BBICOKUX KOHIIEHTPALUSAX M 4acTOTax



CTUMYJISIIIM, HA00OPOT TOJABJISIT €¢.

Ocobennocmu  NONOHCUMETbHO20 UHOMPONHO20 Oeticmeus ankaiouoa 15-
AAA. Buecenue B cpeny mHkybOauuu 5 MkM ankanouaa 15-AAA comnpoBoxaaercs
pPOCTOM CHJIBl COKpAIlleHHWs NanWUISPHOW MBIIIIBI, KOTOpas YBEJIWYUBACTCS Ha
21,8+3,2%, OT KOHTPOJILHOTO YPOBHSI CTAallMOHAPHBIX coKpauleHui (puc.7). Takoe
YBEJIMUEHHWE CHJIBI COKpAIEHUS CEPJACYHON MBIIIIBI WM  TOJOKHUTEIbHBIH
uHoTponHsii a3 ekt ([TNI), xapakrepHo /Uit 1EHCTBUA psAa KaTeX0JIaMUHOB
(azpeHa MH, HOPAJAPEHANMH), KoTopoe oO0ycioBieHo yBenuueHmem [Ca’’]; B
KapAHMOMHUOLMTAX. ITOT 3(PPeKT KaTrexoJaMUHOB obecrieuynBaeTca Onaronaps
CTUMYJISILIUK ~ B-aJJpEHOPELIETITOPOB, KOTOPbIC AKTUBHUPYS aJCHUIATIMKIA3Y H
yBeJIUUMBas INPOAYKIHIO HAM®, crnocobcTByloT Mobmnusanuu uoHoB Cal'u
yBermmuenuio [Ca®'];, B pe3ynbrare KOTOPOTro POMCXOIHUT YCHIICHHE
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cokpanieHui cepaeunoil wmbimnbl (Bers, 2000). YuutbiBag 3T0 MOXHO OBLIO
MPEANOJIOKNTh, YTO AaHAJOTMYHBI MEXaHU3M, BO3MOKHO, JISKUT B ocHoBe [11D
ankanouga 15-AAA. Onnako, ObUTO OOHApYXEHO, 4TO 3TOT 3(h(deKT ankamonaa
COXpaHsJICS U B IPUCYTCTBUU MPOMpaHaioia, cneruduueckoro 6Jiokaropa B
aJpEHOPELEIITOPOB, UYTO CBUIAETEIBCTBYIOT O TOM, uto IIMD ankamouma 15-AAA
HE CBSI3aH C aKTUBAlMEW B-aIpEHOPELENTOPOB U aJCHUJIATIUKIIA3HON CHUCTEMBI.
Bwmecre ¢ tem ator addexr 15-AAA nHabmromasics U B NMPUCYTCTBUU OJ0KaTopa
ToTeHIMAaN-3aBUCUMEIX Ca’ -KaHaI0B HU(pEIUITNHA, YTO HCKITIOYAET aKTHBALMIO MM
nocryrenus noHoB Ca*’ uepes 3Tu KaHanel B cBa3u ¢ TeM, uto IIUD ankanouza
15-AAA nabnronaercs TOJIbBKO B 00JIaCTH HU3KUX YACTOT CTUMYIISILIUH
(0,1-1 I'ry), B ycnoBuUsAX, B KOTOPBIX COKPAIIEHUS CEPACYHON MBIIIIIBI
oGecreunBaroTcs B ocHoBHOM HoHamu Ca®’ BeicBoGoxmaempim n3 CP (Maier et al.,
1997), MOXXHO MPEMOTI0KHUTH, YTO B €T0 peaan3alluy 3aeCTBOBAH aHAJIOTUYHBIN
MexaHu3M Ha ypoBHe CP.

A

b

KounTpoan 120 100
1mMH 1 MH MKM
Cunana

COKpaleHust (%)
15-AAA (5 mxM) 80 60 4020 0

KonTpoun

10 MuH.
500 mc.

15 - AAA ()

500Mc10M“H'.15-AAA(30MKM) 051015202530

Puc.7. 3apucumMocTb HHOTPONHBIX 3P PeKkToB ajkajgouaa 15-AAA or ero

KOHUEHTPAIUH. 4. OpucunanbHele 3anucu uIiocmpupyrowue unomponuvie s¢pgpexmor 5 u 30
MKM 15-AAA. B. 3aeucumocms Oeticmeus 15-AAA na coxpawjeHus nanuiispHoL Mbllybl OM €20
Konyenmpayuu. Ilo ocu opounam — cuna cokpawjeHus Movlulybsl, 8bIPANXCEHHAS 8 NPOYEHMAX Om



makcumanvrou, npunsamou 3a 100%. Bo ecex cayuasx P<0,05, (n=6).

JIns IpoBEpKU 3TOTO MPEATIONIOKEHHUS ObLI0 M3yueHo BimsHuEe 15-AAA (5
MKM) Ha MOCT-pecT MOTEHUHMALMIO0 NaNWUISPHON MBIIIbBI, KOTOpas Kak ObLIO
MOKA3aHO BBIIIE, OTPAXKACT COCTOSHUE TPOIECCOB 3arpy3kd M BBICBOOOXKICHUS
nonoB Ca®" B CP. Ipu 3T0oM 6bII0 0GHAPYKEHO, YTO IIPH HAJIUYMH B cpeze 15- AAA
(5 MxM), ammmuTyasl iepBoro cokpamienus Bl, mocne 30 cekyHmHOrO mepuoaa
MOKOSI, yBeNnuuBaeTcs Ha 76,6£8,1%, OT KOHTPOJIBHOTO YPOBHS, MOJYYEHHOIO J0
nobasnenus ankamouga (puc.8, A). Bmecre ¢ Tem, B 3TUX YCIOBUSX TaKKe
HAOJI0AIOCH HEKOTOPBIN POCT aMIUIUTY/bI CTAllMOHAPHBIX

cokpaienuit (B0), koropblit ObUT MEHEE BBIpaXkeH Mo cpaBHeHHUIo ¢ B1, o uem
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CBUJICTEIILCTBYET  CYLIECTBEHHOE  YBEJIMYEHHUE  BEJIMYMHBI  OTHOCUTEIHHOU
noredmanuu (B1/B0) mo 2,2040,18, mo cpaBHeHuio ¢ koHtponem 1,89+0,10
(puc.8, b). B cB3M c Tem, 4YTO YBEIWYEHHE BEJIUYMHBI OTHOCHUTEIILHOMN
TOTEHIMALNHY, SIBIIAETCS TI0Ka3aTeleM mporiecca 3arpy3ku nosos Ca’'s CP (Mill,
1992), MOXKHO OBLIO MPEIONIOKUTh, YTO MOTCHIUpYIOMU 3hdexT ankanouaa 15-
AAA, BO3MOXHO OOYCIOBJIEH YBEIMYEHUEM 3arpy3Kd U JIOMNOJHUTEIbHBIM
HakoruteHreM noHoB Ca’™ B CP, KoTOpble M 06ECIIeUNBAIOT YCHIICHHE COKPAIICHHIT
NanWUISIPHONW MBIIIIEL. Beile yxe oTMedanoch, 4TO BaXHYIO POJIb B PETYJISIIUU
conepkanus noHoB Ca’’B CP urpaer Na'/Ca’ -00MeHHHK, KOTOpPBIil obecrieunBast
nocryrenre noHoB Ca’” B KapIMOMHONIHUTEl M yBeNWuMBas nx 3arpy3ky B CP,
CIIOCOOCTBYET YCHUJICHHUIO COKPATUTEIHHOW aKTUBHOCTH cepieuHor MbIibl (Bers
and Christensen, 1990; Shattock et al.,2015). [Ipu 3TOM ycTaHOBIIEHO, UTO HapsIAy C
ocHoBHON (ynkimeii Na“/Ca®"-o6MeHHMKa, 00eCIICUMBAONICH BBIBEICHUE HOHOB
Ca”" U3 KapIMOMMOLMTOB, TIOC/IE KAXIOTO aKTa COKPAIIEHHS, OH TAKXKE yJacTBYET
B UX MOCTYIUICHUH BO BpPEMS pa3BUTHS IU1aTo NoTeHiuana aeicraus (Bers, 2015).

A
KonTpoans 3,0
B1
b
Kontpoan
B0 15-AAA (5) MM
(B1/B0)
OTH. OTEHI[HAIUS , 25,
1 mMH 1 mH
30c¢
15-AAA (5 MkM)
B1 3¢
B0 2,01,51,00,50

Puc.8. Bausinue 15-AAA (SMKM) Ha mOCT-pecT NOTEHUHAIIAIO

NANUUISIPHON MBILILBI CEPALA KPBIChI. A. Opucunanshvie 3anucu uiioCmpupylouue
aghghexm 15-AAA (5 mxM) na nocm-pecm nomenyuayuro nanuiisapHou movliuysl. b. Brusanue 15-



AAA na omunocumenvryro nomenyuayuto (B1/B0). I1o ocu opounam — omuowenue B1/B0. Bo
ecex caydasax P<0,05, (n=5).

bonee Toro, mojaoXUTEIbHBIA MHOTPOMHBIN 3((EKT, BbI3BIBAEMBINH CEPACYHBIMU
IIMKO3HJAMH, TakKe obecrednBaeTcss nMoHaMu Ca’’, MOCTymaromuMu uepes
Na"/Ca®"-06MeHHHMK, B pe3y/bTaTe H3MEHEeHHsI HarpasiieHus ero padots (Nishio et
al.,2002). B cBa3u ¢ 5TUM 1 noxrBepxkaeHus ponn Na'/Ca®- o6MeHHuKa B

oOecreueHnH MOoTeHIUpyomero Aecreus 15-AAA, 0btu uzydeHnsl ero 3¢ GeKTbl
B npucyTcTBUHU ero 6mokaropa KB-R7943. [1pu 3tom ObL1o
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OOHapyeHO, 4YTO B MPUCYTCTBUM MAaKCUMaJbHO 3(P(PEKTUBHON KOHIEHTpPALUU
KB-R7943 (30MkM), B ycioBusx, korma Na'/Ca’’-06MEHHHK HONHOCTBIO
3a0710KMpOBaH, BHeceHue B cpeay S MKM 15-AAA He conmpoBOXIaeTCA pa3BUTHEM
noteHupyromiero 3gdekra ankanonna (puc.9, A). Takxke ObIII0 0OHAPYKEHO, UTO
IpH HM3KKMX KOHIeHTpamusx KB-R7943, korma dymkmus Na'/Ca’'-oOMmeHHHKa
4acTUYHO coxpansercs, 15-AAA Obul crnocoOeH BBI3BIBATH MMOTEHIUPYIOLIUI
3¢ (deKT, KOTOPBIA OHAKO ObLI MEHEE BBIPAXEH, 0 CPaBHEHUIO C e€ro 3(h(eKToM B
orcyrctBun  KB-R7943  (puc.9,b). Pesynbrarthl 3THUX 3KCHEPUMEHTOB MOTYT
CBUJICTEIILCTBOBATH O TOM, YTO B peasiu3alliy MoTeHIMpyomero agdekra 15- AAA,
T0-BHANMOMY, y4acTBytoT HoHbl Ca>” obecnieunBaembie Na'/Ca”'-

O0OMEHHHMKOM, KOTOPBIE B JasibHEIeM nocTtynas B CP crnocoOCTBYIOT yCUIIEHUIO
COKpAILEHUs NAaTUUIIPHON MBIIILIBI.

AB
0 40

120 15-AAA S MM () 20
100 KB-R7943 () 30 MmxM 0

KonTpoan 120 15-AAA S MM ()
Cuna coxpamiensi (%) KB-R7943 + 15- M AAA (5MKk) 100 KoHTpoJth

80 KB-R7943 + 15- M AAA (5 Mk )

60
40 go"“a coxpanenis (%) KB-R7943 (20,6 ) MkM

20 60

Puc.9. Bausnne cnenuduueckoro 6rokaropa Na'/Ca’'-o6mennnka KB

R7943 na norenunupyromuii 3¢ dexr ankanonnga 15-AAA. Busnue 15-AAA (5 mxM)
Ha cokpawerue nanuiiaproi moviuyvl 6 npucymemeuu 30 mxM (A) u 20,6 mxM (b) KB R7943.
1lo ocu opounam — cuna cokpawyenus Moluiybl, BbIPANCEHHAS 8 NPOYEHMAX OM

makcumanvrou, npunamoiu 3a 100%. Bo ecex cayyasax P<0,05, (n=6).

Jns moATBEp:KIEHUS TAKOTO MEXaHW3Ma INMOTEHLUPYIOIIEro AercTBUs 15-
AAA 0Obumu u3yuyeHsl ero 3(p@exTsl B NPUCYTCTBUHU ajKajiouga KopernHa, KOTOPhIi
HIMPOKO HCIONB3YETCA IMPU H3YYEHHHM MPOLECCOB 3arpy3KH W BBICBOOOXKICHUS



noroB Ca’" B CP. KodeHH sBISeTCS MOIIHBIM CTHMYJISTOPOM BBICBOGOXICHHUS
nonoB Ca’" u3 CP, B pE3yNbTAaTe KOTOPOTO CEPHE3HO HAPYIIAETCS MPOLECC HX
obparnoii 3arpy3ku B CP (Stephenson,2008). JlelicTBUTENbHO, KaK MOKa3aHO Ha
puc.10, A B mnpucyrctBuu 8 MKM kodenHa, BeIWYHHA OTHOCHUTEIHHOM
noreHuranuu ymenpmaercsa ¢ 1,89+0,10 mo 1, 4TO CBUAETENBCTBYET O TOM, YTO
MEXaHU3M, OO0€CHEeUMBAIONIUNA MOCT-PECT MNOTCHIMAIMI0O HE (YHKIHOHUPYET, B
pesyisTate oTcyTcTBHs mocTymienus moHos Ca®’ B CP. Ilpu 3ToM 0GHapysXeHO,
gyT0 AobasieHue 15-AAA (5 mxM) Ha pone neiicTBus KopernHa, He
CONPOBOXKAAETCS BOCCTAHOBIIEHHEM HOPMAJIbHOM PeaKLMK NalWUIIPHON MBIIILbI
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Ha TECT TMOKOEM, YTO MOXKET YKa3blBaTh Ha TO, YTO MOTCHIUPYIOMIMH 3PEHEeKT
aJKaJouJa BO3MOXHO CBSI3aH C IIpollecCaMU, OOECIEYMBAIOIMIMMHU HAKOIUICHUE
nonoB Ca’" B CP. DT0 NpeanonoXeHue HAIUIO MOATBEPKICHHE HPU HM3y4eHHH
sbpdextoB 15-AAA (5 MKkM) B yCIOBHUSIX YACTUYHOIO MOAABICHUSI MOCT-PECT
MOTCHITMAIIMN, HU3KUMHU KOHIICHTparusiMu kodenHa. [Ipu atom Obu10 0O0HApPYKEHO,
yT0 B npucyrctBuu 3MKM kodenHa, Korhga BEIHMYMHA OTHOCHUTEJIbHOM
noTeHIManuu cHmwkaercs g0 1,4+0,12, nob6asnenue 15-AAA (5 MKM)
compoBoxaaercss e¢ ypenauuenuem no 1,74+0,14 (puc.9, B). Dtu pesynbrarsl
YKa3bIBAlOT HA TO, YTO B YCIOBHUSX YACTUYHOTO (PYHKIIMOHUPOBAHHS MEXaHU3MAa,
00eCIeunBarOIIero IMOCT-PECT MOTEHUMANuio, ankaious 15-AAA  coxpaHser
CIIOCOOHOCTh MHAYLUPOBATH MOTCHIUPYIOMIHM 3D (DEKT, XOTsI B MEHBIIICH CTENEHH,
YeM B YCJIOBUSIX OTCYTCTBHS KOperHa.

A B2s,
KonTpoan Kodeun + 5 MmxM 15-AAA ()
Kodeun + 5 MmxM 15-AAA ()
25, Kontpoub
2,0
Orx. norenuuanusi, (B1/BoyKodenn (8 mxM)

2,0 1,5

1,5 1,0

1,0 0,5

0,5 0

0

OTH. NOTeHIHAIHS, (Bl/BO)KO‘l’e“H (3 MxM)

Puc.10. Bansinue kodenna Ha noreHuupywomuii 3pdexr aakaaonga 15-

AAA. Brusnue 15-AAA (5 mxM) na omnocumensuyio nomesyuayuio nanuiiapHot Mblybl 6
npucymcmeuu 8 mxM (A) u 3 mxM (B) kogeuna. I[lo ocu opounam omuocumenvuas
nomenyuayus (B1/B0). Bo ecex cnyuasx P<0,05, (n=5).

Pe3ynbrarel 3THUX SKCHEPUMEHTOB MOTYT CBHUAECTEILCTBOBATH O TOM, UTO
noTeHIupyomui dddext ankanonna 15-AAA BO3MOXKHO CBs3aH ¢ MoaudUKaIuen
npouecca 3arpy3kn uonoB Ca’” B CP. C nemblo naipHelIIeldl XapaKTepUCTUKHU
neiicTBus ankamompa 15-AAA Ha mpouecc 3arpy3ku uonoB Ca’’ B CP Gbumm



u3ydeHbl ero 3(G@dEeKThl B MPUCYTCTBUU MHKIONUA30HOBOW KucioTel  (LII1K),
cenekTHBHOTO MHTHONTOpa Ca’’-AT®a3sr CP, KoTOpas B OCHOBHOM 00E€CIIeYHBACT
3arpy3ky nonoB Ca®’ B CP (Takahashi et al., 1995). Buecenne B cpexy 30 MkM
HITK conpoBOXAaI0Ch CHUKEHUEM BEJIMUUHBI OTHOCUTEILHON TMOTEHUMAIUU 110 1,
YTO CBHJCTEJIBCTBYET O HaApYLIEHUU TMpolecca MOCT-pecT  MOTCHIMAlUU B
pe3ysibTaTe MHrMOMpPOBaHUS Ca*"-AT®a3bl U nonaBlICHHS 3arpy3Ku HOHOB Ca’" B
CP (puc.11,A). JobGaBnenue B »Tux ycioBusix 15-AAA (5mMxkM), kak u B
HKCIIEPUMEHTaX C KOQEHHOM, HE COMPOBOXKIAIOCH BOCCTAHOBIECHUEM IOCT-PECT
MOTEHIMALIMU, YTO TAKKE MOXKET YKa3bIBaTh Ha CBSI3b
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MOTEHIUPYIOIIETO JEHCTBUS alIKaJIOUa C MPOIIECCOM, OOECIIEUNBAIOIINM 3arpy3Ky
nonoB Ca’” B CP. BMecTe ¢ TeM, B 3TUX JKCIICPHMEHTaX ObLIO OOGHAPYXKEHO, YTO
IIpU HKCNOJb30BaHUM HU3KKUX KOoHUeHTpauuid LIIK, npu koropeix  mocT-pect
NOTCHIIMAIUA ~ YaCcTHMYHO  COXpaHseTrcsi,  ngobOaeimeHue  SMKM 15-AAA
CONPOBOXKAAIOCH YBEIUYEHUEM BEJIIMYMHBI OTHOCHUTEIIBHOW MOTEHUUALUH C
1,5+0,11 pgo 1,72+0,12 (puc.11,b). Pesynprarsl yka3bplBalOT Ha TO, UTO
noteHupyomuit  3dpdexr 15-AAA  Moxker ObITh OOYCIOBIEH aKTHUBAIUEH
MpOoIIECCA 3arPY3KHA HOHOB Ca’*BCPu YBEJIMYEHUEM UX COJCPKAHUSA B TTOCIICTHEM,
YTO W CIMOCOOCTBYET YCHUJICHHIO COKpAIICHUN MamUISIPHOW MbIibl. [1ogoOHbIM
MEXaHU3M CTUMYJSIHUM COKPATUTENIbHOM AaKTUBHOCTH CEpACYHOMN MBIIIILbI
XapakTepeH sl ajlKaJlonla aKOHUTHUHA, BBIJEJIEHHOTO U3 PaCTeHU poja Aconitum,
B OCHOBE KOTOPOrO JIEKHMT MOAM(UKALUSA MOTEHIMANI-3aBUCHMBIX Na' KaHaloB
(Wright,2002; Zhou et al.,2013). Ilpu 3TOM yCTaHOBJIEHO, YTO B pe3yJbTaTe
B3aNMOJICHCTBUS AKOHUTHUHA

25,
25,
A BOru. norenunanus, (B1/Bo)LIIK (MxkM) 5

KonTpoasn
LK + 5 MM 15-AAA () 1,5

1,0
OTH. HoTeHUUAIUSA, (Bl/BO)uHK 2,0151,00,50
(30 MmxM) 0,5 KonTpouanb
2,0 HIIK + 5 MmxM 15-AAA ()

0

Puc.11. BausiHue NUKJIONMA30HOBOI KHCJOTHI HAa NMOTEHIUPYIOIIMMA

dpdexkt ankamoupa 15-AAA. Buusnue 15-AAA (5 mxM) na omnocumensiyio
nomenyuayuio nanuiiaprou meiwyst 6 npucymemeuu 30 mkM (4) u 5 mxM (B) LHIIK. Ilo ocu



opournam omuocumenvras nomenyuayus (B1/B0). Bo ecex ciyuasx P<0,05, (n=>5).

¢ Na'kaHanmamMM HapyIIaeTcs MEXaHM3M HX HWHAKTHBALMM, 4YTO IPUBOIUT K
YCHJICHHIO TOCTYIUIEHHs HOHOB Na'B KapIHOMHOLMTHEI U Pa3BUTHIO CTOMKOI
nenonsipu3auuMu  ux MemOpad. Croiikas Jenojisipu3alus, B CBOIO OuY€pelb,
CHOCOOCTBYET AaKTHMBAllMM IPOLECCOB, OOECHEYMBAOIIMX MOOMIM3ALUI0 HOHOB
Ca’", YTO NPUBOIMT K UYPE3MEPHOMY HX HAKOIUICHHIO B KAapIMOMHOLHMTAX M
HapylLIEHUIO HOPMAJIBHOM COKPAaTUTEIBbHOW CEPACYHOM MBIIILBL. Y UYUTHIBAS
OOJIBIIIOE CXOACTBO B CTPYKTYPHOM OpraHu3anuu Mosiekyna 15-AAA u akoHUTHHA,
Opeanoyorajoch,  4YTo  noTeHuupyroumii  3pdexr  15-AAA,  BO3MOXHO
o0OecrneurnBaeTcsi MEXaHU3MOM, IMOAOOHBIM MEXaHWU3MY JEUCTBUS aKOHUTHHA. B
CBSI3U C OTHUM JUJIS MPOBEPKH ITOTO MPEIINOJIOKECHHS, ObIITN U3y4deHbl dhdeKTh 15-
AAA (5 MxM) B npHUCYTCTBMHU JIMJIOKaWHA, KOTOPBIM mpeaoTBpaiiaer 3¢ eKTsl
AKOHUTHHA HA COKPATUTENIbHYIO aKTUBHOCTh CEPIEYHOM MBIl U BBI3BIBAEMYIO
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uM aputmuto (Antzelevitch, 2014)._ B stux skcnepumentax pobapieHue 15-AAA
(5 mMxM) nHa QoHe pgeicTBUS MakCUMalbHO 3((EKTUBHOM KOHIEHTpAIUH
muaokanHa (30 MkM), He OKa3bIBajO CYIIECTBEHHOIO BIMSHHUS Ha CHILY
COKpalleHUu! NanuuisipHo Mmbimibl (puc.12,A). OTcyTCTBHE MOTEHIUPYIOIIETO
nerictBus 15-AAA B 3THX YCIOBHUAX IO-BUJIUMOMY, OOBSCHSETCS TEM, UYTO B
MPUCYTCTBUN MaKCUMaJIbHO 3(PPEKTUBHON KOHIICHTPAIUH JIMJOKanHa, KOTAa IOYTH
Bce Na'KaHanbl 3aHATH, WX B3aUMOJCHCTBHE C AlKAJIOUIOM 3aTPyIHACTCA M
nodToMy ero 3¢hdeKT He NposBIAEeTCS. ITO HAXOAUT TMOATBEPXKICHUE B
DKCIIEPUMEHTAaX, B KOTOPHIX ObLJIa WCIOJIh30BaHA KOHIICHTpAIUS JIHIOKAWHa,
cooTBeTcTBYIOIIas ero 3HaueHuto EJls, (15MkM), mipu KoTOpoil cuiia cokpalieHui
NanWUISIPHONM MBIIIIIBI CHUYXKATAch Ha TMOJIOBUHY OT KOHTPOJIBHOTO ypoBHS. [Ipu
3TOM OBUIO OOHAPYKEHO, 4YTO B ATHUX YyCIoBUAX ankaigouna 15-AAA (5mMkM)
YBEIIMYUBACT CUJIY COKpAIleHUS MANMULIPHOW MBIIIIBI, HO HE B TAaKOW CTEIMEHH,
KaK B OTCYTCTBUHU JM0KanHa (puc.12,b).

A ’ ’
120 120
100 15-AAA 5 MM () 100 15-AAA SMkM ()

JInpoxkaun 30 MM () Jluokaun 15 MmxM ()
Cuia cokpamennus (%) Kontpoas CuJjia coxkpaueHus (%) Kontpoas
80 Jlunokann AAA (Smk)+15-M 80 Jlunokaun AAA (Smk ) +15-M
60 60

40

40

b 20

20

Puc.12. Bausinue JuJI0KAUHA HA MOTeHUUupywumuii 3¢dexT aaxkaaonnga

15-AAA. Buusnue 15-AAA (5 mxM) na coxpawenue nanuanapnoi mviuysl 6 npucymcemeuu 30
MKM (A) u 15 mxM (B) muodokauna. Ilo ocu opounam — cuna cokpauyeHust Mbiliybvl, 8 NPOYEHMAX
om maxcumanvrou, npunamou 3a 100%. Bo ecex cnyuasx P<0,05, (n=6).



OTU pe3yabTaTbl CBUJIECTEIBCTBYIOT O TOM, YTO MOTECHUUPYIOMIHUN 3 deKT
15-AAA B0O3MOXHO oOecneunBaeTCs Ojaromaps €ro B3aUMOJICUCTBHUIO C Na'
KaHalaMH{, B pe3ylbTaTe KOTOPOro AaKTHBMpPYeTCs MOCTyIUIeHHE HOHOB Na'B
KapIMOMHOIIUTEI, COTIPOBOXKIAEMOE YBEINUECHIEM B HUX coziepkaHus noHo Ca’' u
YCUJICHHEM COKpAlleHUH NanwuispHOd MbImmbl. [lo-BuaumMomy, 31oT 3ddexT
15-AAA 00ycnoBieH OOIIHOCThIO €r0 HEKOTOPHIX CTPYKTYPHBIX DJIEMEHTOB C
AKOHUTUHOM, B YAaCTHOCTH HaJIMYMEM OCTaTKa YKCYCHOM KHCJOTHI, Onaromaps
KOTOpOM oOOecrneunBaeTcs B3aWMOJCHUCTBUE C Na'kaHamamu u MOCJIEAYIOIIast
aKTUBAIMS MPOLECCOB, criocoocTByoMMX pazsututo 1IN, Tlpu s3Tom, nposiBieHue
[MMD ankanmoumom 15-AAA  TONBKO TIpU  HCIHOJIB30BAHUM €r0  HU3KUX
KOHIIEHTpAIUi MO-BUAUMOMY OOBSICHIETCSI TEM, YTO MPHU BHICOKUX KOHIICHTPAIUAX
oH BbI3bIBaeT OND, xotopslil npeobnanaer Hax I3, u 103TOMY B 3THUX YCIOBHSX
€ro MpOsIBJIICHUE He HaOmomaeTcs. TakuM 00pazom, U3 aHaIU3a
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JAHHBIX, TOJMy4YeHHBIX B mporecce uzyuenus 111D ankamompa 15-AAA cnenyer,
YTO B OCHOBE €ro pa3BUTHs JeXUT Moaudukauus (QyHKuuM Na KaHamos,
CONPOBOXKIaeMasi yBEIMYEHUEM MOCTYIUIEHHs HOHOB Na'B KapIHOMHOLMTHI U
aKTHBALMeil MpoIleccoB MOoOHMmHM3anuu HoHOB Ca’’, KoTopble M 06eCIeYnmBaroT
YCHJICHUE COKPAIIEHUN CEPICYHON MBIIIIIBI.

Ocobennocmu ompuyamenbHo20 UHOMPONHo20 3Ggexkma ankarouoa 15-
AAA. Tlpu BbicOKUX KOHIEHTpamusx (=8 MkM) u yactorax crumyssiiuu (>1 I'),
ankaonlT 15-AAA  CyLIECTBEHHO TOAABISI COKPATUTENbHYI0 AKTUBHOCTH
NaNWUSIPHOW MBIIIBL. JToT 3ddekr ankamowma 15-TAA umen no3a-3aBUCUMBIN
xapakTtep U npu KoHueHTpauu 30 MKM cuiia COKpallleHHs] NanuUISIPHOW MBILIIBI
cHmxkanace 10 13,9 + 4,9% or kontposa. Ilpum stom koHuentpamus 15-AAA,
KOTOpasi BhI3bIBaja MOJOBUHY ero MakcumanbHoro sddexra (Ells)) cocramisiia
16,7 uM u oH Obu1 HanboJee BhIpAXKEH MPU BBICOKUX YaCTOTAX CTUMYJISIIIUU. DTH
pe3yJbTaThl CBUJETEIBCTBYIOT O TOM, YTO IPU BBICOKUX KOHUEHTPALHUAX aJIKAJIOU]L
15-AAA Taxxe MPOSIBISIET OTPUIATENIbHBIM HOHTPOIHBIN 3 ekt (OND), KoTOphIit
OJIHaKO MeHee BelpaxkeH, ueM y 15-IAA. Ilpu nanpHeWlieM H3y4EHUU ATOTO
apdexra 15-AAA ObUI0 OOHAPYKEHO, UTO OH 3aBUCUT OT KOHIEHTpAllMUd HWOHOB
Ca’™ B cpene MHKYOAIMHM M CyIIECTBEHHO BO3PACTaeT NPU €¢ YBEIMUYCHHH. DTH
pe3yabTaThl YKa3biBaloT Ha To, 4To OND ankanouma 15-AAA BO3MOXHO CBSI3aH C
ero BIMSHHAEM Ha HocTymuieHne noHo Ca®’ kapauoMuonuToB. {1 TIpOBEPKH ITOTO
MPEANOIOKEHN OBbUIO M3y4eHO BIMsSHUE Ha 3TOT 3ddexr 15- AAA Omokaropa
noTeHnHan-3aBucuMbix Ca’ kaHanoB HudeaumuHa. IIpu 3ToM 6BIIO OGHAPYKEHO,
4yTO B IpUCyTCTBUU 5 MKM Hudenumnuua ankagous 15-AAA Ttaxxe 3pPexTuBHO,
KaK U B YCIOBUSAX OTCYTCTBHs O0katopa Ca’” KaHalOB, NOIABISET COKPAIICHHS
NaNVJUBIPHOW MBIIIIBL. M3 3THX pe3ynbraroB ciaemyeT, 4To B omimuuu oT 15-T'AA,
OUD koTOpOTO CYIIECTBEHHO CHWXAJICA B  TpHUCYyTCTBUM Hupemunuua, OUD
15-AAA B MeHbIIIEH CTENEHU CBSI3aH C MOJABJICHUEM IOCTYIUICHUS MOHOB Ca*
yepes MoTeHnHan-3apiucuMble Ca®” KaHaJBl KapIHOMHOLIUTOB. B CBA3M C ITHM Ul
nanpHenmen xapakrepuctuku OWD ankanonma 15-AAA ObUIO M3YyYEHO BIUSHHE



€ro BBICOKMX KOHLIEHTpAllMi Ha MOCT-peCT MOTECHIMAIUI0 MNaNWUIIPHON MBIIIIIBI,
KOTOpasi OTPaXkaeT MPOLECCHl, 0OecIeUNBAIOIINe TpaHCTIOpT HoHOB Ca’” Ha ypoBHe
CP. IIpu sTom 6110 OOHaApy)eHo, uTo 15-AAA (30 MKM) CyIiecTBEHHO TOJIaBIIsET
MPOIIECC MOCT-PECT TMOTEHIIMALUA, O YEeM CBHJICTEIILCTBYET CHUKEHUE BEIIMYMHBI
otHocuTenbHOM TmoTeHImanuu (B1/B0) ot xoutponbHoro 3nauenus 1,89 no 1,47.
DOTH pe3ysbTaTbl yKa3bIBAlOT Ha TO, yTo OMD ankamouma 15-AAA, BO3MOXHO
0OyCIOBIEH  CHIKEHHMeM 3arpy3ku HoHoB Ca’s CP ¥ yMeEHBIIGHHEM HX
ColEpX)aHusl B IMOCJIEAHEM. Takoe IEHMCTBHUE HA COACPHKAHUE HMOHOB Ca*' B CP,
XapakTepHO JIi aHTHAPUTMHUYECKUX CPENCTB | Kiacca, KOTOpoe 00ecreuynBaeTcs B
pesynbTare  OlOKaasl IIOTEHIMAl-3aBUCUMBIX Na'-kananos (Heubach and
Schule,1998). B cBs3u ¢ 5TuM, uist BblAcHeHUs pony Na'-KaHajloB B 00ecredeHu
OUD ankanouna  15-AAA, Obuin wu3ydeHbl e€ro 3¢GQeKTbl B MNPUCYTCTBUU
muaokauHa. [Ipu s3ToM ObLIO OOHApYKEHO, YTO B MPUCYTCTBUU 1 SMKM nuaokauHa,
KOHLEHTPAM COOTBETCTBYIOIIEH ero 3HaueHuro EJls,, OMD ankanoupa 15-AAA
yMmeHbinancs Ha 17,3+4,1%. Bonee Toro, B ycloBHAX MHAKTHBALMU Na'-KaHaIoB
JIeTNOJISIpU3alueH,
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TaKke HaOmomanock cHrmkenne OMD ankamomma 15-AAA Ha 54,3+4,7%. DT
pe3yibTarbl HapsAay C pe3yJbTaTaMy, I[OJIyYEHHbBIMH B OKCIIEPUMEHTaX C
JUJ0KAaWHOM, CBHJICTEILCTBYIOT O TOM, 4TO B obecrneuennn OWMD ankamoumpa 15-
AAA BaxHy0 poib urparoT Na'-KaHajbl KapauoMHoLuToB. IIpu 5TOM ciexyer
OTMETUThb, YTO B AaHAJOTMYHBIX OJKcnepumeHTax ¢ 15-TAA, nugokauH wu
MHaKTHBalMsA Na'-KaHaJI0B B MEHbIIEH cTeneHH Biusud Ha ero OUD. PesynsTarhl
CBHJIETENBCTBYIOT O TOM, 4TO B peanuzauumu OUD ankamompa 15-AAA BaxHyrO
poJb MTpaeT ero BzamMmojeicTBue ¢ Na'-kaHajaMu KapIuOMHOLUTOB. IIpu 5ToM,
onokupys Na'-kaHanbl M yMeHbLIAs COAEp:KaHHe MOHOB Na'B KapIHMOMHOLUTAX,
15-AAA MOXeT CIIOCOOCTBOBAaTh YCHJICHHIO BhIBeieHHMs HoHOB Ca’’ uepes
Na/Ca*"-00MeHHHK M CHIDKCHHIO HX COIEpXKAaHMS KaK B IUTOIUIasMe, Tak u B CP
(Bers, 2000). s mpoBepKH 3TOTO MPEAONIOKEHUS OB M3ydeHbl dhdeKTh 15-
AAA Ha COKpaIeHus NanuUISIPHOM MBIIIIIIBI, WHIyIUPYEMbIe
MonupUIMPOBaHHBIM pacTBOpoM KpeOca M cepAeuHbIM TIIHUKO3UIOM OyaOauHOM,
KOTOphIC B OCHOBHOM ofecreumBaiorcs uoHamu Ca’’, mocrymarommMu B
KapaomMuormthl yepe3 Na/Ca?*-o6mennuk (Blaustein and Santiago,1977). B atux
JKCIIEpUMEHTaxX Obuio oOHapyxeHo, 4To 15-AAA »3¢dekTuBHO mOIaBIsAET
COKpAIllEeHUsI  MalWUISPHON MBI, HHIYIUPYEMbIE MOAU(PUIIUPOBAHHBIM
pactBopoM KpebGca u oyabamHoMm. 10T 3ddext 15-AAA umen 103a-3aBUCUMBIMA
xapaktep u npu 30 MKM ankagoua CHIXXKaJI COKpAICHUs, WHIYIUPYyEeMbIe
MonuduuupoBaHHbIM pacTBopoM Kpebca u oyabaunom, gm0 16,1£3,7%, wu
15,443,8%, co 3nauenusmu Ell5, 18,1 u 17,4 MkM, COOTBETCTBEHHO. YUUTHIBAs TO,
YTO COKpAIICHHS MalMWUISPHON MBIIIIBI, WHAYLIHUPYEMblE MOAU(PUIIUPOBAHHBIM
pactBopoM Kpebca 1 oyabamHoM, obecrieunBatoTcst nonamu Ca”’, OCTynaommMu
uepe3 Na'/Ca’ -06MeHHHK, TIOTydeHHbIE TaHHBIE MOTYT CBHETEIECTBOBATE O TOM,
410 3TOT 3pPexT 15-AAA 00ycClOBIEH MOAABICHUEM 3TOTO MYTH MOCTYILICHUS
nonoB Ca’" B kapamomuoruthl. JIOHONHUTENBHOE  MOATBEPYKICHHE BIMSHUS



15-AAA Ha nocrymienue nonos Ca’uepe3 Na/Ca?'- 0GOMeHHHK GbIIO MOTY4CHO B
skcriepuMeHTax ¢ ero OmokatopomM KB-R7943, B mpuCyTCTBHH KOTOPOIO €ro
ah¢deKkTbl  Ha  COKpallleHHs  MamWUIIPHOW  MBIIIIIHI, UHIYLIUPYEMBIE
MoaupuLuupoBaHHBIM pacTBopoM Kpebca u oyabauHOM,  yMEHBIIAJIWCh Ha
11,5€2,1% wu 10,7£2,6%, coorBercTBeHHO. [lomydyeHHbBIE pE3yNabTaThl SBISIOTCS
yOeIUTENbHBIM CBHUJICTEILCTBOM TOTO, 4YTO TOJABJICHHE ankajoujgoMm 15-AAA
COKpallleHUH NanWUISIPHOW MBIIILBI, WHIYIUPYEMBIX MOU(ULIUPOBAHHBIM
pactBopoM Kpebca u oyabamHOM, OOYCIIOBICHO CHM)KCHHEM IMOCTYIUICHUE WOHOB
Ca’B kapauomuouuTs yepes Na/Ca* -06MeHHHK.

B uenoM, aHanu3 NOMYyYEHHBIX [AaHHBIX CBUAETEIBCTBYET O TOM, YTO
ankamounbl  15-TAA u  15-AAA  oOnagaroT  BBIPpAXEHHOM  MHOTPOITHOM
AKTHBHOCTBIO, KOTOpas oOycioBieHa Mojudukanmei TpaHcropra noHoB Ca’'B
KapauomuouuTax. [Ipy 3TOM yCTaHOBJIEHO, YTO OTPHUUATEIbHBIA HWHOTPOIHBIN
spdexr 15-TAA u 15-AAA, B 0CHOBHOM, 00ycioBieH Onokanoii Na'-kaHanos,
KOTOpasi cIIoco6eTByeT Momudurayy GyHKImy Ca> -TpaHCIOPTHPYIOIMX CHCTEM,
COTIPOBOXKIAEMOH CHIDKEHHEM cojepkanus noHoB Ca’'B  KapIMOMMOLMTAX M
MOJIaBJICHUEM MX COKPAaTUTEILHON aKTUBHOCTH. BMecTe ¢ Tem

MOKa3aHO, YTO B OCHOBE MOJIOKUTEIBHOTO HHOTPOMHOTO 3hdekra 15-AAA nexut
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akTHBauMs Na'-KaHaJOB, KoTopas crocoOcTByer Momubukauun ¢yHkimu Ca®'-
TPAHCIIOPTUPYIOIIUX CUCTEM, COMPOBOXKIAEMON YBEIUUYECHUEM COJICpPYKAHUS MOHOB
Ca’" B KapJMOMHUOILIUTaX W YCUJIEHUEM COKPATUTEJIbHOW aKTUBHOCTU CEPICUHOM
MmbImel.  [Ipennonaraercs, 4Yto OOHApY)XEHHBbIE pAa3au4usi B HUHOTPOMHOM
aKTUBHOCTH ankajougoB 15-AAA u 15-'AA 00ycnoBiaeHBI OCOOCHHOCTSIMU HX
CTPYKTYPHOM OpraHu3alliM, KOTOpas OMpeiesseT XapaKTep MOMYJISIUUA COCTOSHUS
Na'-KaHaJIOB ¥ HOCJIEAYIOILYI0 MOAU(PUKALUIO (yHKLIUK Ca*'- TPAHCTIOPTUPYIOIINX
CHCTEM.

BbIBO/IbI

1. BriepBbie oxapakTepu30BaHbl 0COOCHHOCTH HHOTPOTHBIX A PEeKTOB
JATEPICHOUAHBIX ankaaouaoB 15-I'AA u 15-AAA v u3ydeHbl MEXaHU3MBI,
JIe)KAIIME B OCHOBE UX OTPHUIIATEILHOM U MOJ0KUTEIIbHON HHOTPOITHOM

aKTUBHOCTH.

2. BnepBbie ycTaHOBIICHO, 4TO MoAauduKaus CTPyKTyphl 15-TAA, myrem 3ameHbI
OH-rpynner 'y aroma ymiepoga C-15 na CH;O-rpynmy, oGecnednBaromiast
MOBBIIICHUE AHTHAPUTMUYECKOM aKTHUBHOCTH |5-AAA, HeE CONpoBOXKIAETCS
YCWJICHHEM €T0 OTPUIIATEIIbHOW WHOTPOITHON aKTHBHOCTH, 2 HA00OPOT, MPUBOANUT K
€¢ CHIIKEHHIO;

3. YcTaHOBIEHO, YTO OTPULIATENIbHBIN HHOTPONHbIN 3PdekT 15-T'AA u 15- AAA B
OCHOBHOM 00ycJI0BIIEH 6110Kanoii Na'-KaHaloB, KOTOpas COIPOBOXKIAETCS
momudukanueit Gpynkuun Ca> -TpaHCIOPTUPYIOLMNX CHCTEM, CIIOCOGCTBYIOMICH
CHIDKCHHIO ypoBHs HOHOB Ca’’ B KapIMOMHOLIUTAX.

4. TTokazaHo, 4TO BaXXHYIO pOJIb B 00€CTIEYEHUN OTPHUIATETLHOTO WHOTPOITHOTO
s¢dekra ankanonnos 15-TAA u 15-AAA urpaer Na’/Ca® - 06MeHHUK, aKTHBALHS



KOTOPOTO B yCJIOBMs O10Kabl Na -KaHaJloB U yMEHbIIEHUS

conepxanue HoHOB Na ', ycunmBaer BbiBefieHre HOHOB Ca’’ 13 KapMOMHOLHUTOB. 5.
Bnepsble ycTaHOBIEHO, 4TO ankayiouabl 15-IAA u 15-AAA nogaBiasiroT NOCT-pecT
MOTEHIMALMIO NaNWUIIPHON MBIIILBI CEPALA KPBICBL, YTO CBHUJETEIIBCTBYET O TOM,
YTO CHIKEHHME 3arpy3kn HoHoB Ca’'B CapKOIIa3MaTHUECKUI PETUKYITYM, BHOCHT
CYLIECTBEHHBIN BKJIaJ B 00ecrieueHne UX OTPULIATEIHHOIO HHOTPOIHOTO 3¢ deKTa.
6. BriepBeie oOHapyxeHo, uTo 15-AAA 1mpu HU3KUX KOHIEHTparusax (3-8 MkM) u
HU3Kux yactorax crumyimsauuu  (0,1-1  T'm) mOposiBAseT  MOJOXKUTEIbHBIN
WHOTPOIHBIA A()PEKT W yBEIUUMBACT CHUJIY COKPAIICHWH NaNUUISPHONW MBIIIITBI
cepila KPBICHl B pe3ylbTaTe yBEIMUeHNs YpoBHs HOHOB Ca’’ B KapMOMUOINTAX U
UX COAEPKAHUS B CAPKOILUIA3MAaTUYECKOM PETUKYIYME.

7. YCTaHOBIIEHO, YTO B OCHOBE MOJOKHUTEIBHOI0 HTHOTPOIHOTO 3P dekra 15- AAA
NeXUT akTHBanus Na'-KaHajloB, KOTOpas CII0OCOOCTBYET YBEIMIEHUIO YPOBHS
noHoB Na'B KapIHOMHOIMTAX U MOGMIM3amy noHos Ca’’,

o0ecreyrBarOINX YCUIICHUE COKPAIleHUH ManuJUIIPHOM MBIIILBI CEP/ILa KPBICHI. 8.
YcTaHOBIIEHO, YTO B 00€CIIEYEHUH TOJI0KUTEIBHOIO HTHOTPOITHOTO 3P deKTa
15-AAA, BaxHyI0 poib urpaer Na'/ Ca’"-00MeHHHK. aKTHBAIHS KOTOPOTO IPH
YBEJIMYEHUN YPOBHS HOHOB Na'-KaHaJI0B B KApAMOMHOLMTAX, CIOCOOCTBYET
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YCHIIGHHIO TIOCTYTLIEHHS | 3arpy3ku noHos Ca’’ B capkomiasMaTHyaeckuit
PETUKYIIYM.
9. Iloka3zaHo, 4YTO pa3nuuusgd B OTPULATEIBHOW HWHOTPOIMHON aAKTUBHOCTH
ankanousoB 15-AAA u 15-'AA o0ycnoBieHbl 0COOEHHOCTAMH UX CTPYKTYpPHOM
OpraHM3aluy, KOTOpas ONpeleNseT XapaKTep MOLYISLMH COCTOSHUS Na'-KaHayoB
¥ TIOCIIey IOy 0 MoauuKarmio Gpyrkimn Ca’ -TpaHCIIOPTHPYIOIMX CHCTEM.
10. Iloka3aHO, YTO OTCYTCTBUE IPSAMOM KOpPPENSLUMU MEXKIAYy HHOTPOIHBIM U
aHTHAPUTMUYECKUM JieiicTBUEM 15-AAA, BeposTHO, 0OYCIOBIEHO €ro CHMXKEHHOMN
3 dexTUBHOCTEIO OnokupoBaHus Na KaHaloB, a TakKe, HaJIMYMEM Yy HEro
MTOJIOKUTEIIBHOM MHOTPOITHOM 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 aresult 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 Koln); it
was reached essential progress in pharmacotherapy of  different types of
arrhythmias 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
1s 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. 1le.



McGraw-Hill; Antzelevitch C, Burashnikov A (2011): Overview of basic. u Ha OCHOBE IPYTUX UCTOYHHKOB.
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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 antiarrhythmic 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/d,,,, - the velocity of
contraction development, -dF/4,., — maximum velocity of relaxation, T, —time of
contraction-relaxation cycle, T,;,— 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®']; 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 CH;0 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;

60

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, P, 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 CH;0 group at
carbon atom C-15 in its skeleton instead OH group has a more pronounced
antiarrhythmic action ( Fig.1).

AB

CH,

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).

Control 500 ms. B
100
Force of contraction
(%)
80

A 60
40
20

1 mN 10 min.
15-HAA (30 pM) 0 15-HMAA (p)

051015202530

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).

Force of contraction (%)15- AA (n) H30 M Nifedipine M (5 p)
100 80
Control g(;’“t"’l 15-AA(G0p)HM
100 )
60 Force of contraction (%
40 60
20 40

0
00,51,01,52,02,52+

[Ca ] (mM) 0
0

20

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, (n=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’" tramsport 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). 25,

B
A

Control

15-HAA (30 M)

Control 1 mN "
B1

Relative
potentiation,

(B1/B0)
B0 30s 2,01,51,0

0,5

15-HAA (30 pM)

1 mN
B0 B130 s

0

Fig. 4. Effects of alkaloid 15-HAA on post-rest contractile behavior in

rat papillary muscle. 4. Original tracings representing the effect of 15-HAA (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 Bl 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).

B contraction(%
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A 40

100 Force of contraction (%) 20

) 0

80 110 100 Log

[Lidocaine] (uM)
Lidocaine 15-HAA 80
(30 pM) 1ISSHMAA (30 p) 4,724
6040200 K1(mM C)
Force of

Fig. 5. The dependence of negative inotropic effect of the alkaloid 15-
HAA on the state of voltage-dependent Na'-channels. 4. Effect of 15-HAA (30uM)



on the dose-response curves of lidocaine. B. Effects of 15-AA (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 EDs, 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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10 ?Sasls(r;lll\\/[;;() M Force of contraction (%) 15- AA 30 p H (M)

- u - -
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80 K B -R 7943+ H 30 M 15- A A (60 1) KB-R7943 (20,6 M) p
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Fig.6. Effect of alkaloid 15-HAA on rat papillary muscle contraction
induced by low Na" Krebs solution and ouabaine. 4. 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 pM maximally
reduced it from 72.6+4.8% to 11.6+£3.1% (Fig.6, A). The ED;, value of 15-HAA, a
concentration producing 50% of maximal inhibition, determined graphically, was
16.9+£3.9 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 Nasolution 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 6.9+3.1% 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 EDs, 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*']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 Ca?’, 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.
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Fig. 7. The dependence of the mode of inotropic action of the alkaloid
15-AAA on concentration. 4. 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

AB
B0 Relative potentiation, (B1/B0)
Control 20
B1 1 mN 15
Control 3:0 30s 15-AAA (5Mp)
25,
1 mN 1,0 0,50
B1
15-AAA (5 pM)
B0
30s

Fig.8. Effect of alkaloids 15-AAA on post-rest potentiation in rat

papillary muscle. 4. Original tracings representing the effect of 15-AAA (5 uM) on post-rest
potentiation. B. The effect of 15-AAA (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 Bl 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 B0 also
simultaneously increased, however, this increase of BO was less pronounced in
comparison with the Bl, 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

70
in the presence of a maximally effective concentration of KB-R7943 (30 uM),
when the Na"/Ca?"-exchanger was completely blocked, application of 5 uM 15-

AAA is not accompanied by development of potentiating effect of 15-AAA (Fig. 9,
A).

80 40
60 B 20
A 40 0
20
0 :zg 15-AAA 5(M) g
i;g 15-AAA5(M) p Control
KB-R7943 (M) 30 Force of contraction (%) KB-R7943 + 15- M AAA (5) p

Control 30

Force of contraction (%) KB-R7943 + 15- M AAA (5) p 60 KB-R7943 (20,6 M) 4

Fig.9. Effect of KB-R7943, a specific blocker of Na+/Ca2+-exchanger, on

potentiating action of alkaloid 15-AAA. Effects of 15-AAA (5 uM) on papillary muscle
contraction in the presence of 30uM (4) 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 uM) accompanied by increase of the relative potentiation
from 1.4 to 1,74 (Fig.10, B).

25, A 25, B
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2,0 2,0

1,5 15

1,0 1,0

0,5 0,5
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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-AAA (5 uM) on relative
potentiation in the presence of 8 uM (4) 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 pM CPA
significantly decreased both BO and B1, as well as, the ratio B1/B0, 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

25,
25,

Relative potentiation, (Bl/BO)CPA M@Op )B
A )Control

Control
CPAM 15-AAA (pM) 30 pn) +5

Relative potentiation, (B1/BO)CPA S M (n
2,01,51,00,50 CPA 5 M 15-AAA (M) (p)+5p

2,01,51,00,50



Fig.11. Effect of alkaloid 15-AAA on relative potentiation in rat

papillary muscle in the presence of cyclopiazonic acid. Effects of 15-44A4 (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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80 20
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A 40
20
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Fig.12. Effect of lidocaine on potentiating action of alkaloid 15-AAA in

rat papillary muscle. Effect of 15-A44 (5 uM) on papillary muscle contraction in the
presence of 30 uM (A) and 15 uM (b) 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 uM) 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 13,9+4,9%, from the control. The
concentration of 15-AAA, which caused half of its maximal effect (ED5y) 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 EDs, 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 EJl5, 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 10,7+2 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 CH;0-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. 9. 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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