CMIBSACHOBHUWKHA

HauioHanbHa akagemisa Mean4yHux Hayk YkpaiHum ¢
JepxaBHa ycTaHoBa «IHCTUTYT papmMakosiorii Ta TOKCUKONOT i
HauioHanbHOI akagemii MegmnyHnx Hayk YkpaiHu» ¢
JepxaBHe nignpuemMcTBo «[epXXaBHUiN eKCNePTHUN LEeHTP
MiHicTepcTBa OXOPOHU 300PO0B’A YKpaiHm» *
BceykpaiHcbka rpoMancbka opraHisauis «Acoujais ¢papmakonoris YkpaiHm»

®APMAKO/OrIA

TA NIKAPCbKA TOKCUKOJOTIA
PHARMACOLOGY AND DRUG TOXICOLOGY

HaykoBo-npakTnyHe BUOaHHA

XKypHan 3acHoBaHwi y ceprHi 2007 p. NQ 2 (58)/20 18

BuxoanTb 1 pas Ha 2 micsaui

ISSN 2524-2563 (Online)
ISSN 2227-7943 (Print)

SMICT

ByxrtiapoBa T. A., lpurop’esa I'. C., Mucamseups C. O. o 25-pivya HauioHanbHOI
akagemii MmeamyHux Hayk Ykpainm. CeorogeHHs Y «lHctntyT dhapmakonorii
Ta TOKCUKONOTTT HAMH YKDATHU? ..t e e e e e e 3

Y HAYKOBUX JIABOPATOPIAX

JHemyveHko C. A., LLapukiHa H. I., Byxtiaposa T. A., bobkosa /1. C.,
JemyeHko A. M. CuHTE3 i NpoTUNYXJIMHHA aKTUBHICTb rigpobpomiais
1-(4'-umknorekcundetin)-2-[5,6-aurinpo-4H-[1,3]TiasnH-2-in)-apunamiHo]eTaHOHIB......... 7
Jobpens H. B., l'yna H. C., Kapauy6a T. A., Xpomos O. C. Nepcnektuau
BUKOPUCTaHHSA NinocomMasnbHoi dopmu umtoxpomMy C 19 NONOBHEHHS FOCTPOI
Y o To =TT o TR oTo]=Te )=y o = 1 S 14

IBaHoBa I. B., MenbHuk M. I., ConosrioB A. |. PO3BUTOK EKCNEPUMEHTAIBHOIO
LLYKPOBOro AjabeTy NpurHidye 3aranbHy KasieBy NpoBiAHICTb Y raaeHbKOM’ a30BUX
KNiITMHaxX aopTun, ane 36inbLUYE ii B KJITUHAX IEFEHEBOI apTEPIi LLLYPIB ...vvvevrereirieineeieeanenn 25

KoaneHko B. M., TkadeHko O. €., LLlasxmeToBa I. M., MaTtBieHko A. B. Bnnus
MeTPOPMIiHY Ha MOPPODYHKLIOHANBHI XapaKTePUCTUKN CiM’SHUKIB LLYyPIB
3a MeTaboNiyHOro CUHAPOMY, LU0 PO3BUHYBCS B IOBEHIMIBHOMY Billi.....cvuiveiiieieiiieieeiaiannes 32

Kyaina O. B., LLtpurosns C. 1O., Kono6os O. O. JokniHiYHe O0CNiAXEHHS
TPECNPOTEKTOPHMUX BIACTUBOCTEN ONironenTuAiB — roMooriB pparmMeHTa
AKTT 5 ;g HA MOAENI FOCTPOIO XOJIOA0BOTO CTPECY .uiiiiesiaesseeaeeeeeeeesesseessaseseeeenennnnnnnnenes 41

CepeaunHcbka H. M., Moxopt M. A., Kupundok J1. M., XomeHko B. C.,
Bepuioa T. A., Cysoposa O. C. NMpoTnbosbLoBa akTUBHICTb 1edIyHOMIay
3a KOMBIHOBAHOIO 3aCTOCYBaHHSA 3 LIeNekoKCMOOoM Ta aMaoanniHOM Ha Thi
€KCMePUMEHTASIbHOIO PeBMaTOigHOrO apTPUTY, acoLinoBaHOrO
3 APTEPIANIBHOK TIMEPTEHBIEID ... iuititiit ettt et ettt et e e e et e e et et e et et e e e et e e eaaeaaenanataeananns 49



file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\2.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\3.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\4.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\5.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\6.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\7.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\8.pdf

Soloviev A. I. The BK, channels deficiency and high protein kinase C activity
as a main reasons for radiation-induced vascular hypercontractility ..............ccoocoiiiiiiinnns 57

Laposa A. O., Ipuryyk H. I., Aynikoea [. M., Henatlukiecbka B. B.,
CyBopoBa 3. C., BpuH4aHy H. O. AHTubakTepianbHa akTUBHICTb 4-(1-agamaHTuN)-
(1-aMiHOBYTNN)BEH30J1Y BIGHOCHO BGIOMMBOK S. AUMEUS. . .ceviiieeieieee e 79

Llepemerta J1. M., laviHiok M. b., barpiii M. M. Bnnue nekTnHy a61y4HOro
Ha FiCTOCTPYKTYPY NEeYiHKK WypiB 1 akTUBHICTb npouecis NOJ1 3a yMOB XPOHiYHOI

AITKOTOJTBHOT THTOKCUIKALLIT +.vtvutesisiseteteteetee e et et aeaeaeaeaea et ea et e e e e e e e ee s sa et eaesenanenenenenens 86
KJIHIYHA ®APMAKOJIOTIA

JporoBo3 C. M., MateeeBa E. B., JlykusiHuyk 1O. O., Pakees [1. B. ®akTopbl,
cnocobceTBytoLIMEe NOOOUYHBbIM addekTamM Off label MPENAPATOB. .......c..vvvueeieeieiieeieeieeeannns 92

MUTAHHA PAPMALEBTUKU, DAPMALEEBTUYHOIO PUHKY,
PAPMAKOEKOHOMIKHA

bpuuyH B. M., OctaHiHa H. B. OcobnnBOCTi KOHOYKTOMETPUYHOIrO KOHTPOJIO

AKOCTI ANCTUNbOBAHOI BOAN ANA GAPMAKONEMHUX MOTPED.....ceuivier e ee e 97
OCOBUCTOCTI

Mam’aTi BY4eHOro, konerun, gpyra Biktopa Mukonanosuya BOOUPBLOBA.............ceeuvvneannns 104
COLAEPXKAHMUE ... 106
CONTENT ... ettt e et e e e e e e e e eea s 107

. © «Papmakosioris Ta nikapcbka
M. Kuig Tokcukonoris», 2018 p
Bupaseub: TOB «BupgaBHuunii ’ ’
aim «AiueHa», 2018 p. © BJ, «ABiugHa», 2018 p.



file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\9.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\10.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\11.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\12.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\13.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\14.pdf

CONEPXXAHUE

Byxtnaposa T. A., lpburopbeBa A. C., Mbicinsew C. A. K 25-netuio HaumoHanbHown
akageMum MeguLMHCKNX Hayk YKkpaunHbl. CerogHawHMn oenb 'Y «MHcTuTyT
dapmakonorum 1 TOKCUKOIOTUN HAMH YKDAUHDBI» .....c..iuieiiiiiiiie e 3

B HAYYHbIX JIABOPATOPUAX

Jemuenrko C. A., LLapbikuHa H. U., Byxtuaposa T. A., bobkosa J1. C.,
JemyeHko A. M. CnHTE3 1 NpoTMBOOMNYX0JieBasi akTMBHOCTb rMapo6poMnaoB
1-(4"-umknorekcundgenun)-2-[5,6-aournapo-4H-[1,3]TmasnH-2-mn)-
APUNIAMUHOTBTAHOHE . et eete et ettt et e ettt ettt ettt e et ettt et e e e nns 7
Jlobpens H. B., l'yna H. C., Kapauy6a T. A,. XpomoB A. C. lNepcnekTuBbl
MCMNOIb30BaHNS NMNOcoManbHOM dopmbl LmToxpoma C npy BOCMOMHEHWM OCTPOW
MACCUBHOM KPOBOMMOTEDM 1 vuetietneteteteteaete e e e et e e e e e e e e e e e e e e e e e aneaneanns 14

UBaHoBa U. B., MenbHuk M. U., ConoBbeB A. V. Pa3Butne akcnepumMeHTanbHoro
caxapHoro avabeTta nogasnseT 0bLLyO KanmeByto MPOBOANMOCTb B IMaAKOMbILLEYHbIX
KJleTKax aopTbl, HO YBENIMYMBAET €€ B KJIETKAX IEFOHHOM APTEPUM KPbIC ...vvvneeeneneeeenannanen. 25

KoBaneHko B. H., TkadeHko A. E., lLlasxmeTtoBa A. M., MatBueHko A. B. Bnuanue
MeTPopMMHA Ha MOPDODYHKLIMOHASIbHBIE XapaKTEPUCTUKN CEMEHHUKOB KPbIC
¢ MeTabonmMyeckmmM CUHAPOMOM, Pa3BMBLLEMCS B OBEHUIBHOM BO3PACTE .....ucvuevnernnnenss 32
KyaunHa O. B., LUtpseirons C. (0., Koio6os A. A. JOKNNHMNYECKOE U3yHeHne
CTPECCNPOTEKTOPHbLIX CBONCTB OIMFONENTUAOB — FOMOJSIOrOB pparmeHTa
AKTT |5 15 HA MOAEN OCTPOMO XONOLAOBOIO CTPECCE ..uvvvvviviviiiiiiiiiiriieeeseeeeeeeaa e s s e s s 41
CepeaunHckasi H. H., Moxopt H. A., Kupnyok J1. M., XomeHko B. C., bepiuoa T. A.,
CyBopoBa A. C. NpotneBoboneBast akTMBHOCTb NiedyHoOMMAa Npy KOMOUHNPOBAHHOM
NPUMEHEHUW C LeNIEKOKCUBOM 1 aMNoAUNNHOM Ha pOoHe 3KCNEPUMEHTASIbHOMO
pPEBMATONAHOro apTpuTa, aCCOLMMPOBAHHOIO C apTePUANbHON TMNEPTEH3UEN. ............... 49
CosioBbeB A. W. HapylieHve ¢pyHkummn Ca2t-3aBMCHMbIX KaIMEBbLIX KAHANOB GOJbLLION
NMPOBOAMMOCTMU U BbICOKasi akTMBHOCTb MPOTENHKMHA3bl C — rmaBHbIE NPUYNHBLI PA3BUTUS
rmnepcokpaTMMoCTy COCYO0B, BbiI3BAHHOM BO3OENCTBUEM PAANALUNM...c.cveneneeenaneenenanens 57
Laposa A. A., puryyk H. W., Ayavkosa . M., Heaawukosckasi B. B.,
CysopoBa 3. C., BpbiH4aHy H. A. AHTnBakTepmnanbHas akTMBHOCTb 4-(1-agamaHTun)-
(1-aMnHOBYTNN) 6BEH301a OTHOCUTENBHO OUOMNEHOK S. QUIEUS ......ueveveieieiieeeeeaeaeanes 79
Llepemerta J1. M., laviHiok M. b., barpuii M. M. BnusHne 967104HOro nekTnHa Ha
TMCTOCTPYKTYPY NEYEHM KPbIC 1 aKTUBHOCTL npoueccos MNMOJ1 B yCnoBMsaX XpOHNYECKON
ANIKOTOSTBHOM MHTOKCUKALLMM «.vvveeeteeeteeeeeaeeeeeaeeassaasaesa e e sa e s e seee s e seaeaeeesaneeaeneaeneens 86

KJIMHUYECKAS PAPMAKOJ1IOIrnd

Jporoeos C. M., MateeeBa E. B., JlykusiH4yk 0. O., Pakees [1. B. ®axTopsl,
crnoco6CTByOLME NOOOYHBIM apdekTam Off label NPENAPATOB. ... ...c.ivveeieeeeeeieieiieaeanns 92

BOMNPOCbI ®APMALEEBTUKU, PAPMALIEBTUYECKOIO PbIHKA,
DPAPMAKO3KOHOMUKHU

BpuuyH B. H., OctaHyuHa H. B. OCO6eHHOCTN KOHOYKTOMETPUYECKOro KOHTPOS
KayecTBa ANCTUIIMPOBAHHOW BOAb! A1 dapMaKONeNHbIX MOTPEOHOCTEM ......vvvneeenaanneee. 97

JINYHOCTH

MamaTu yyeHoro, konneru, apyra Buktopa Hukonaesuya BoObIPEBA ...........evvenneeen.. 104



file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\2.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\3.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\4.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\5.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\6.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\7.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\8.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\9.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\10.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\11.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\12.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\13.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\14.pdf

CONTENT

IN SCIENTIFIC LABORATORIES

Demchenko S. A., Sharikina N. I., Bukhtiarova T. A., Bobkova L. S., Demchenko A. M.
Synthesis and antitumor activity of hydrobromides 1-(4'-cyclohexylphenyl)-2-
[5,6-dihydro-4H-[1,3] thiazin-2-yl) arylamino] ethanone..............ccooiiiiiiiii

Dobrelya N. V., Gula N. S., Karazuba T. A., Khromov O. S. Prospects of using
the liposome encapsulated cytochrome C at replenishment of acute massive
NEMOITNAGE .o e aaas 14

Ivanova I. V., Melnyk M. I., Soloviev A. I. Experimental diabetes mellitus inhibits
the total potassium conduction in the rat aorta smooth muscle cells, but increases
itin the rat pulmonary artery CellS. ... 25

Kovalenko V. N., Tkachenko A. E., Shayakhmetova A. M., Matvienko A. V. Impact
of metformin on testis morpho-functional characteristics in male rats induced
by metabolic syndrome developed at the juvenile age..........ccovvviiiiiiiiiiii 32

Kudina O. V., Shtrygol’ S. Yu., Kolobov A. A. Preclinical investigation
of stress-protective properties of oligopeptides — homologs of the ACTH,; ..
fragment on the model of acute COId SIrESS. ... 41
Seredinska N. M., Mokhort N. A., Kirichok L. M., Khomenko V. S., Bershova T. A.,
Suvorova A. S. Analgesic activity of leflunomide in combination with celecoxib
and amlodipine under experimental rheumatoid arthritis associated
with arterial NYPErtENSION ... ... e 49

Soloviev A. I. The BK_, channels deficiency and high protein kinase C activity
as a main reasons for radiation-induced vascular hypercontractility .............coocovviiiiiininnns 57

Sharova A. O., Hrynchuk N. I., Dudikova D. M., Nedashkivska V. V.,
N. O. Suvorova, Z. S. Vrynchanu Antibacterial activity of 4-(adamantyl)-
(1-aminobutyl) benzole against S. aureus biofilms..........cccoiiiiiiii 79

Sheremeta L. M., Haynyuk M. B., Bagriy M. M. The influence of apple pectin
on the rat’s liver histological structure and activity of the lipid peroxidation

in experimental chronic alcohol INTOXICAtION ..o 86
CLINICAL PHARMACOLOGY

Drogovoz S. M., Matveeva E. V., Lukianchuk J. O., Rakeev P. V. Factors which
promote adverse effects off l[abel ArugS.......ovuiiiiiii 92

ISSUES OF PHARMACY, PHARMACEUTICAL MARKET,
PHARMACOECONOMICS

Britsun V. M., Ostanina N. V. Features of conductometric quality control
of distilled water for pharmacopoeial NEEAS ............uiiiiiiii i 97

PERSONALITIES ... 104



file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\3.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\4.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\5.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\6.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\7.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\8.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\9.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\10.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\11.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\12.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\13.pdf
file:E:\IVD\work\%21AVI\ready\FLT_02_2018\JRN\pdf\14.pdf

T. A. Byxriapora, I'. C. I'purop’esa, C. O. MuciauBens

10 25-piyya HauioHanbHOi aKaaeMii

MeAWYHUX HaYK YKpaiHu
CoborofneHHsa AY «IHCTUTYT hapMaKonorii

Tda TOKCUKOANOrII

HAMH Ykpaiuu»

Y «IacTuryT dapmarosorii Ta ToKcu-
Kosorii HamiomanpHol axagemii MegmuHmx
HayK YKpaiHm», 1m0 OyB B3acHOBaHUU Y
1934 porii, 3HaXOAUTHCA B MiAIOPSAIKYBaH-
Hi HamionasbHOl akageMii MeIUUYHUX HAYK
VYrpainu nporarom 25 pokiB il AiAabHOCTI.
VYV mei#r wac IHCTUTYT OUYOJIOIOTH aKamAeMiK
HAMH Vxkpaiau O. B. Credanor (1992—
2007 pp.) Ta uneH-kopecnongenTr HAMH
Vrpaiau T. A. Byxriaposa (3 2007 p.).

ImcTuryr € mnpoBimHOIO cmemiasizoBa-
HOIO HAYKOBO-ZOCJiJHOIO YCTaHOBOIO
VYxpainu B ranysi ¢papmarosorii Ta sikap-
CbKOI TOKCHUKOJIOTiI.

YurHa CcTpyKTypa IHCTUTYTY BKJIIOUAE
5 HayKOBUX MHiApO3airiB:

— Bigmin dapmakosorii (3aBigyBau — IOK-
Top menuuaux Hayk H. M. Cepenuuachpka)
y ckaaxi 3 Jjabopartopiii: Jsaboparopis
oHKo(apmakroJorii (3aBigyBau — TOKTOD
MeIWUYHUX HayK, npodecop H. I. Ilapwn-
KiHa), JstabopaTopia dapmakoJsiorii mpo-
TUMiKPOOHUX 3aco0iB (3aBigyBau — MOK-
Top MeamuHux Hayk H. O. Bpuruany),
Jnaboparopisa dapmarosorii epeKTOPHUX
opraHiB i cucteM (ZOKTOp MeIUYHUX
nayk H. M. CepenuncbKa);

— Bigminm TokcukoJiorii (3aBimyBau — mOK-
Top OiosoriurEmx Hayk, mpodecop
B. M. Kosanenko);

— Bigminm dapmarosorii KJIITUHHUX CHUT-
HaJbHUX CHUCTEM Ta EeKCIIePUMEeHTAJb-
HOI Tepamnii (3aBigyBay — JOKTODP MeaMY-
HUX HayK, npodecop A. I. ConoBiioB);

— Bigminm wmemmuHol Ximii (3aBimyBau —
IOKTOP (hapMaleBTUYHUX HAYK, IIPO-
tdecop A. M. JlemueHKO);

— Hep:xaBHa JabopaTopid 3 KOHTPOJIO
AKOCTI JiKapchbKuxX 3acobiB (3aBigy-
BaY — KaHAugaT (apManeBTUUYHUX
mayk O. II. Komaguu);

— Bigminm HayKoBO-MeAWYHOI iH(popmaril
Ta IaTEeHTHO-JileH3ifiHOI  pobGoTu
(BaBimyBau — KaHAUAAT MEIUUYHUX HAYK
C. C. Tauina).

© KonekTtus aBTopis, 2018

Y crkaani Iacturyry GyHKIioOHYye Bifm-
moBimHO mo mpaBua «Hasesxuol sabopa-
Topuoi mpakTuru» (GLP) excmepumen-
TajabHO-0i0JIOTiUuHA KJIiHiKa (BiBapiii).

HaykoBa rtemarura IncTuryTty, 1110
KoopauHyeThcsa HalioHambHOI0O akaje-
Mi€el0o MeAWUYHUX HayK YKpaiHu, BiAmoBi-
Ia€e MPIOPUTETHUM HANPSAMaM PO3BUTKY
HayK!W Ta TeXHIKW: HAyKU IIPO KUTTAH,
HOBi TexHOJIOTII HmpodiJlaKTUKU Ta JiKYy-
BaHHA HAWUMOIIUPEHIINX 3aXBOPIOBAaHb;
HOBi peuoBMHU Ta MaTepianu (3aKoH
Vxpaiau Big 11 aumaa 2001 p. Ne 2623-
IIT (3i sminamu) «IIpo mpiopurerHi HATIPA-
MU PO3BUTKY HAYKU i TEXHIKM»).

o aKTyaJdpHUX HANPAMIB HAYKOBUX
JOoCaimkeHb [HCTUTYTY HaJIesKaTh:

— CopsMoOBaHUH IIOIIYK IIOTEHI[IMHUX
JiKapcbKUX B3acobiB y HOBUX psamax
XiMiYHHX CHONYK (CHMHTEe3, CKPUHIHT) 3
BU3HAUEHHAM CIIOJIYK JiflepiB, IXHBOIO
MOaJIBIIOI ONTUMi3alliel0, BU3HAUEH-
HAM KaHAWJATiB [AJS [OTJIubJIeHOTO
BUBUEHHSA K TOTEHI[INHUX 3acobiB
JiKyBaHHS CEPIEBO-CYAUHHUX, OHKO-
JIOTiYHUX 3aXBOPIOBaHb, IIPOTUMIKPOO-
HUX 3ac00iB, 3acobiB (hapmMarosoriuuoi
KOpekKIrii 6oJito Ta 3amajieHHd.

— HociigxeHHA HOBUX acCIIeKTiB )apMaKo-
IUHAMIiKK BifOMHUX JIiKapCchbKUX 3ac0o0iB
3 METOI0 IXHBOTO MEIUYHOTO 3acCTOCy-
BaHHA 3a HOBUM ITPU3HAYEHHSIM.

— ExcmepumeHTasbHe OOI'PYHTYBaHHSA
ontuMmisallii cxem i metoxmiB apmako-
Tepalmii IOmMIKMpeHUWX B3axXxBOPIOBaHb,
BKJIIOUHO 32 KOMOPOiZHOI maToJiorii.

— Ilomyk HOBUX NUIAXiB (hapMaKOKOPEKIIil
[aTOJIOTIYHUX CTAHIB Ha IiJcTaBi BUBUEH-
HA IXHBOTO ITATOTeHEe3y Ta MeXaHisMiB mii
JiKapchKUX 3aco0iB pisHUX KJjacis.

— JlocmimyKkeHHsA B Tary3i JIIKapchbKOl TOK-
CUKOJIOTi1, HaHO(MapMaKoJorii, (hapmako-
npoTeoMiku, papmMakoruosii Ta gpapma-
HMeBTUYHOI Ximii.

— Bmposamxenns GLP y mporec QoOKJIi-
HiYHOT'0 BUBYEHHS JiKapChbKUX 3ac00iB.
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IHCTUTYT Mae BUCOKUII KaJgpOBUU
norennian (168 cmiBpobiTHUKIB, ceper
AKUX: uUJeHiB-kKopecmoHgeHTis HAMH
VYkpaiau — 2; mpodecopiB — 7; JOKTOpiB
Hayk — 15; kanmgumartiB mayk —23, MOJO-
Iux yueHUX — 25; 4 cHoiBpoOiTHUKHT
THCTUTYTY MalOTh ITOYECHE 3BaHHA «3aCJIy-
JKeHUU iy HAYKU i TeXHIKM»).

TmcTuryr 3pificHioe miATOTOBKY KaapiB
BuImoi KBasidikaiii 3i cmemiambHOCTEH
«Menumuna», «Biomoris» (cmeriamisaiia
«hapMaKoJIoria», «TOKCUKOJIOTiA»).

3 MeTOoI0 TMOTrJubJeHHA 3HAHb 3 QyH-
IaMEeHTAJbHUX 1 NPUKJIAJHUX IUTaHb
¢dapmakoJsgorii Ta TOKCuUKoJOrii mixg eri-
noo Iumcturyry 3 1994 poky mpoBo-
narbea HamioHanbHi IKOJH-ceMiHapu
MOJIOOUX ydYeHUX-(papmaxosgoriB Ykpai-
HU. [I19 DiATPUMKY TaJIaHOBUTOI MOJO-

ni B ImcturyTi 3amouarkoBaHi cTHUHeH-
nii imeni akagemikiB O. I. Uepkeca Ta
0. B. Credanosa.

IInigma coiBmpama HaAyKOBIIIB pi3HOTO
daxy (mikapi, 6iomorm, ximixku, dapwma-
IIeBTU) TA Pi3HUX MOKOJiHBb CIIPUSIE BUPi-
IIeHHI0 aKTyaJbHUX IIpobyieM (apmMaxo-
JIOTiYHOI HayKW, CTBOPEHHIO IiATPYHTA
cyuacHOl parioHaJsbHOI Teparii, 3abeare-
uye CHaIKOEMHICTh HAYKOBUX IKiJ, 30e-
PeKeHHs Kpalllux TPagulliii HayKOBO-
mocaigHol misgapHOCTI.

OcHoBY HaykKoBoOi gistabHOCTi IHCTHTYTY
CTAHOBJATH (PyHIaMEHTAJbHI JOCJiIiKeH-
HA, AKi cIpsSIMOBaHi Ha BUBUEHHS IIaTOTe-
HETUYHUX MexXaHi3MiB (popMyBaHHS IIaTo-
JIOTIYHUX CTaHiB, 3araJbHUX Ta cHeru@iu-
HUX 0co0JmMBOCTEM Mii (hiziosmoriuHo-aKTHUB-
HUX PEUYOBHMH HA Pi3HMX DPIiBHAX opraHisa-
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mii »XuBoi MaTepii 3 METOI CTBOPEHHA Ta
BIIPOBAJ’KE€HHSA HOBUX e(PeKTWBHUX i 0es-
MeYHUX JIIKapChKUX IIpernaparis.

IIpuknagui pospobku IHCTUTYTY OXO-
ILJIIOIOTh MOBHUI IIUKJ AOCJisKeHb — Bif
CUHTe3y Ta NePBUHHOI (hapMaKOJJIOTiuHOI ¥
TOKCHUKOJIOTiYyHOI oOIiHKM Qisiosmoriuno-
AKTUBHUX PEUOBUH O CTBOPEHHS HA IXHil
OCHOBI JIIKAPCBKUX IIperapaTiB 3 MMoJgajb-
IITUM BIIPOBAJKEHHAM Yy BUPOOHUIITBO.

3a poku HesdajeyxkHOCTi Ykpainu IHCcTH-
TYyTOM pPO3PO6JIEHO Ta BIPOBAIKEHO B
MeIUYHY MPAaKTUKY HU3KY OPUTIiHAIBHUX
KOHKYPEHTHO3JZATHUX IpemapariB, a
came: «AwmisoH», «Xiaodiner», «Bporeo-
din», «Mebidou», «AuTpanb», «Biram»,
«Ecmin» Ta iHmmi.

ITioHepchbKi po3pobKU B rasrysi Jimocomo-
dapmakosorii, 3amouaTKoOBaHi axamgeMi-
kom HAMH Vkpaiau O. B. CredanoBum,
3aBePIIUINCh, CTBOPEHHSM i BIPOBAMKeH-
HAM y BUPOOHUIITBO Ta MEIUUYHY IIPAKTHU-
Ky iHHOBaIilHMX 3aco0iB, ofep:KaHUX Ha
OCHOBi HAHOTEXHOJIOTII — mpemapariB
«Jlimia», «JlioniB», «JlimodaraBou».
IscTuryr roroBuii mepemaTtu (apMalieB-
TUUYHUM BUPOOHMKAM MaTepiajiu saBep-
IMIeHNX MOKJiHIYHUX BUNPOOYyBaHb Ie 4
OpUTiHAJBHUX JIIKapPChKUX 3aCO0iB.

Imcturyr mepmum B YKpaimi Bmposa-
IWB HOBI Imigxoau AJid JoBeleHHS 0ioexBi-
BAJIGHTHOCTi JIiIKApCBKUX 3aco0iB cucTeM-
HOl mil B ymoBax in vitro 3a MeTOIOM
NIPOHUKHOCTI KPidh MOHOIIAD KJIITHHHOI
KyabTypu Caco-2; c)opMOBaHO eKCIIepH-
MeHTaJabHy 0a3y AJsa MPOBEAEHHS TOKJIi-
HiYHUX [IOCJi)KeHb CTOBOYPOBUX KJITUH
i BmepIrte mpPoBeeHO MOCTIAMKEHHSA JOPOC-
JIUX Me3eHXiMaJbHUX CTOBOYPOBUX KJIi-
TUH JIOJUHU HA MOJeJsaX aprepiasbHOI
rimepreHaii.

IacTuTyT craB iHimiaTopom BHOpoBa-
I:keHHA B YkKpaimi crampapris GLP y
mporec JOKJiIHIUYHUX JOCTiAKeHb JiKap-
CbKUX 3acobiB, mepmumM B YKpaiHi
OPOMUIIOB MiKHAPOAHY cepTudikaIiro
Ha BigmoBimuicTh mnpuHnuonam GLP.
IHCcTUTYT aTecToBaHUIT HA BiAMOBigHICTH
MiKHapoOZHOMY CTaHIApPTy CHCTEMHU
MeHemKkMeHTY AKocti — ISO 9001:2008
(OCTY ISO 9001:2009, IDT).

Y crpykrrypi Imcruryry QyHKIioHYE
HepsxaBHa JgabopaTopis 3 KOHTPOJIO
AKOCTiI JiKapchbKuX 3acobiB, sAKa Ha
3aMOBJIEHHA (apMnoigupumemMcTB i 3akJa-

IiB OXOPOHU 3I0POB’A BUKOHYE POOOTU 3

KOHTPOJIIO 32 AKICTI0O MeIUUHUX IIpemnapa-

TiB. Pospo6isieni opuriHaspHi MeTOOUKU

BU3HAUYEHHsS 0iOJIOTIYHO AKTUBHUX PEYO-

BUH Yy POCJMHHIN CUPOBWHI, IIJ0 BUKOPHC-

TaHi IJA cTaHIapTU3alliil JJiKapchbKUX poc-

JUH i HOBUX (iTOKOMIIOBUIIIN I/ IpakK-

TUKY OXOPOHU 3I0POB’d.

Buronyoun (QyHKIiT HayKOBO-IIPAKTUU-
HOTO, METOAWUYHOTO Ta KOHCYJIHTATUBHOTO
3aKjgany, IHCTUTYT Mae BEIUKUI JOCBif
cuiBmparyi 3 BiTUM3HAHUMU Ta iHO3eMHUMN
dipmamu, mignpueMcTBaMM, yCTaHOBAMU
Ta MPOIIOHYE HACTYIIHI ITOCTYTH:

— MOKJiHiuHe BHMBUYEHHS TOKCHYHOCTI,
cuenu®pivyHUX BUIIB TOKCUYHOCTI Ta
dapmakrosiorii 06e3meKuW JiKapCchbKUX
3aco00iB;

— IOOKJiHiuHe BUBYeHHs crenu@iyaol
dapmakosioriunoi mil (IPOTHMHYXJIWH-
HOI, aHTHMMeTAacTa3HOi, IIPOTU3aIaJb-
HOi, CIIa3MOJIITHUYHOI, AaHTUTimepTeH-
3WBHOI, aHTHMAPUTMiuHOI, mnpoTuimre-
MiuHOI, IPOTHMiIKpPOOHOI, MeMOpawHo-,
remaTo- i TeHOMOIIPOTEKTOPHOI TOII0)
JiKapchbKUX 3aco0iB B eKCIepUMeH-
TaJIBHUX MOJEJAX in vivo Ta in vitro;

— MOJIEKYJIAPHO-T€HETUYHI [TOCTiIKeHHSI
3 Bukopucraunuam [IJIP;

— JOCHigsKeHHS OioekBiBaJeHTHOCTI
JiKapcbKUX 3acobiB 3a MeTOIOM IIPO-
HUKJIUBOCTI KPidh MOHOIIIAP KJITUHHOL
KyasTypu Caco-2;
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— ToIlepenHili, mepeapeecTpamiiHui i
BUXIZHUN KOHTPOJL SAKOCTI cyOcTaH-
mifi, TOTMOMiKHUX PEYOBHH W TOTOBUX
JiKapchbKUX 3aC00iB;

— pO3POOKY Ta BajifaIiilo METOIWK aHa-
Jigy JiKapchbKuX 3acobiB i hopMyBaHHSA
HOPMAaTHUBHO-aHAJITUYHOI ITOKYMeEHTa-
mii;

— KOHCYJIbTATUBHY Ta METONUYHY JIOIO-
MOTY II[OJI0 PO3POOKM mporpam i mpo-
BeJIeHHA TOKCUKOJIOTiYHUX i (hapmakro-
JIOTIUHUX MOCHiJsKeHb BiAHOBiZHO 10
mpasux GLP (The OECD Series on
Principles of GLP).

Mixxuapoaue cmiBpobiTHUIITBO [HCTHTY-
Ty 0XOILIIO€E GisbIicTh Kpain CxigHol €Bpo-
nu, CIIA, BenukoGpurauito, Ipnangiro ta
Ascrpaniro. Haykosui Ixcruryry 6epyTh
y4acTb y po0oTi 6araTboxX MisKHAPOZHUX
HAyKOBUX OpTraHisaIliii Ta € iIXHiMU ITOCTiHi-

HUMU 4YJieHaMu, a came: MixkHapomHoi aco-
miamii pyHmaMeHTaIbLHOLI Ta KIiHIYHOI (hap-
maxkosorii (IUPHAR), Bpuraucskoro ¢isio-
JIOTiYHOTO TOBApHUCTBA, DBPHUTAHCHKOTO
Kopoaisecbkoro ToBapucta, MiskHapOAHOTO
JrimocoMaJIbHOTO TOBapucTBa, MiskHapoaHOl
acoriarii KaiHiuHOI MiKpo6ioJsorii Ta aHTH-
MikpoOHOI ximiorepamii, Acormiamii €EBPO-
TOKC, €BpomeiicbKoi acoriarii HeTpoeHI0-
KPUHOJIOTIB Ta iHmwuxX mpodeciiiHmx ToOBa-
PUCTB Ta acoIlialriii.

IHCcTHTYT € 3aCHOBHHMKOM Ta KOJEKTUB-
"HuM uireHoM BI'O «Acoriatia ¢papmakosio-
TiB YKpaiHm», CIIiB3aCHOBHUKOM KYypPHAJTY
«@PapMaKoJIoTis Ta JiKapchKa TOKCUKOJIO-
risi» /Pharmacology and Drug Toxicology,
AKUN BKJIOYEHO OO0 IIepetiky (axoBUX
Bumanb MOH Vkpainu Ta Haibiabimol
6asu cepitnux Buzanb ULRICHSWEB
Global Serials Directory.
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Y HaykoBux na6oparopisax
VIIK 615.21/26:547.85

C. A. lemuenko, H. I. lllapuxkina, T. A. ByxTtiaposa,
JI. C. BookoBa, A. M. /leM4eHKO

CuHTE3 i NpoTUNYX/IMHHA AaKTUBHICTb rigpoOpoMifais
1-(4'-umknorekcundenin)-2-[5,6-guriapo-
4H-[1,3]Tia3un-2-in)-apunamMiHo]eTaHOHIB

LZepxaBHa yctaHoBa «IHCTUTYT papMakosiorii Ta TOKCUKOIOT i

Knro4oBi csioBa: npoTunyxanMHHa akTUBHICTb,
5-¢ropypaunn, noxigHi
1-(4'-umknorekcungenin)-2-[5,6-aurigpo-
4H-[1,3]Tia3uH-2-in)-apunamiHoJeTaHOHy

dapmakoTeparnia IyXJIWHHOI IaTOJIOTI €
HaWBaKJIUBIIIIOI CKJAJ0BOIO B OOPOTHOi 3
OHKOJIOTiUYHUMHM 3aXBopioBaHHAMU. OcTaH-
HiMU poKamMu BOHA 36araTuiaach YNCJIEHHU-
MU HOBUMWU IIperrapaTaMu, 10 30iJIbIITyIOTh
ii edexruBHicTH Ta Oesmeunictsy [1]. 3a
maanumu BOO3, 1110poKy 3’ ABIAETHCA ITOHAT
10 MJTH HOBUX OHKOXBOPUX. PU3UK PO3BUT-
Ky OHKOJIOTIUHMX 3aXBOPIOBAHb CTAHOBUTH
27,7 % pnsa gomosikiB 1 18,5 % mua xi-
HOK. 3JIOAKICHI HOBOYTBODEHHS BPaKalOTh
B YKpaiHi KO’KHOTO YeTBEPTOr'0 UOJIOBiKA ¥
Ko:KHY 1mocTy Kiuky [2]. Tomy pospobka
HOBUX MPOTUNYXJUHHUX 3aC00iB € Harajb-
HOIO IIPo0JIeMOI0 cydacHOi hapMaleBTHY-
HOI Ximii.

Apcenan cydvacHuUX (hpapMaleBTUYHUX
cyOCTaHITiH A JOCATHEHHS IIaJiaTUBHOTO
eeKTy Ta 3MEeHIIIeHHA IIyXJMHU Ta BiAmo-
BimHO KJiiHiuHOI pemicii gocuTh MIMPOKUIA.
Bigomi mporunyxjauHHI npemnapatu MaioTh
pisHmMil MexaHi3M nii Ta 3aCTOCOBYIOTBHCA Y
BIITIOBIAHMX cXeMax JIIKYBaHHA, BUpPake-
Huil KiaiHiuauii edpekTt ckiaamae Bim 20 mo
80 % . B okpemMux BUMaJKax peMicis ckJja-
mae mo 2 pokis, a moHax 10 % xBopux
MaioTh pewmicito monany 3 poru. IIlupoxe

3aCTOCyBaHHA HaOyJau JETUIlEH, METaTPeK-
caT, BIHKpUCTHUH, aapiabmactuH. JIikapchKi
3acobu, IO TepeJivueHi, MalOTh HEOOXimHi
JIIKYBaJIbHI BJIACTUBOCTi, aje IPOABIAIOTH
3HayHi m1OOiuHi edeKTH, IO CYIPOBOJI-
JKYIOTbCA POBBUTKOM IATOJOTiUYHUX IIPO-
1eciB B opraHismi.

Sk eranmoH A MOPIBHAHHA NPOTUNYX-
JIMHHOI aKTUBHOCTI HOBUX IEPCIEKTUBHUX
CIIOJIYK BUKOPWCTOBYIOTH IIpEIapar 3 Ipynu
aHTaroricriB — 5-¢propypanusn. Bin mpu-
THiUye Iporec AiJIeHHSA PaKOBUX KJITUH,
6nokyioun cunTes JTHK. Moro Bukopucto-
BYIOTHb y JIIKYBaHHI MeJaHOMU, PaKy TOB-
CTOT0 KWIITKiBHUKA, NMPAMOI KUIIKU, PaKy
MOJIOYHOI 3aJ108U1, IILTYHKA, IMEYiHKN, Kap-
IIMHOMY €eHIOMETpPilo, PaKy AE€UYHUKIB Ta
ceuoBoro Mmixypa. IloGiuHOIO mi€i0 IIHOTO
IpenapaTry €: IPUTHiYeHHA KPOBOTBOPEH-
Hf, IIEHTPAJIbHOI HEPBOBOI CHCTEMU, IIOPY-
IIeHHs CcepleBO-CyAWHHOI, TpaBHOI Ta
PEnpPOAYKTUBHOI CHUCTEM, [IePMAaTOJIOTiUHI
Ta ajepriuHi peakxii [3].

Mema 0docnidxceHHs — CUHTE3YBATU Ta
BUBUYUTU NPOTUNYXJIUHHY aKTUBHICTH
moxizHuUxX rigpobpomizis  1-(4'-mukio-
rekcuadenin)-2-[5,6-gurigpo-4H-[1,3]
TiasuH-2-i1)-apuiiaMiHo |eTaHOHY TOPiBHSA-
HO 3 BiIOMUM TPOTUNYXJUHHUM IIperapa-
TOM 5-GTOPYpaIAIOM HA eTalli IIePBUHHOTO
dapmaxrosioriunoTO CKpUHiHTY (puc. 1).

CH,CH,

_ZE
<
o

NH

Puc. 1. CmpyxmypHi
Gopmyau 5-¢pmopypayury (a)
ma 2idpobpomidy
1-(4'-yurnozerxcunpenin )-2-
[5,6-0uciopo-4H-[ 1,3 Jmiasun-
2-in )-(4%-emunenin Jamino |
emanory (6 e)
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R Br.
HBr R
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- N N
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N O
6 a-e 4 a-e

ne 1, 3, 4, 6: a) R = H; b) R = 2-CH,; ¢) R = 2-OCH,CH,;

d) R = 4-CH,; e) R = 4-CH,CH,.

Marepiamu ta meromu. [ocuimxysani
cmoayku (6) rigpo6pomizm 1-(4'-muxio-
rexkcuadenin)-2-[5,6-gurigpo-4H-[1,3]
rTiasuH-2-11)-apuaaminoleraHony Oyau
CUHTe30BaHI y Bigmini megmunoi ximil
Y «Iacturyr hapmaxosorii Ta TOKCUKO-
norii HAMH Vkpainm» 3a cxemoro, HaBe-
JIEHOI0 BHUIIE.

(5,6-Ourinpo-4H-[1,3]riaszuu-2-i1)-
apunaminu 4 a-e omep:KaHo 3a MeTomoM [4]
KOH/JIeHCalli€l0 BiATIOBIAHOr0O apumiisoriolia-
Haty 1 a-e 3 mpomaHosaMiHOM 2 Ta ITOJANB-
110I0  O0POOKOIO OJep:KaHUX TiOCEYOBUH
3 a-e BOZHUM DO3UYMHOM COJITHOI KHCJIOTH.
2-Bpomo-1-(4-nukgorexkcuiideHina)-eTaHOH
5 OyB omep:kaHumii 3a MmetogoMm [5].

Cunexkrpu IIMP 6ynu 3apeecTpoBaHi Ha
cuexrpomerpi Bruker DRX-500, poGoua
gacrora 500,13 MI'nm, BHyTpimHii craH-
napt TMC y posummi DMSO-d6 + CCl,
(1:3). KoHTpOJIbL 32 YMCTOTOIO CHUHTE30Ba-
HUX CIIOJYK 3IiliICHIOBABCS 3a JOIOMOTOIO
TXC ma mracruakax Silufol UV-254 y
cucremi xsopodopm — meranoa 9:1. Jlimo-
dinpHicTs (LogP) cuHTe30BaHUX CIIOJYK
OyJsia pospaxoBaHa 3a JOIIOMOIOIO IIporpa-
mu ACD LogP.

Cunres rigpoopominy 1-(4!-murmaorex-
cundgenin)-2-[5,6-gurigpo-4H-[1,3]
TiasuH-2-i1)-heninaminoleranony 6 a:
Cywmim 1,92 r (0,01 mous) (5,6-guriapo-
4H-[1,3]riasun-2-in)-penimaminy 4 a Ta
2,81 r (0,01 monb) 2-6pomo-1-(4-11mKIIO-
rexkcuidenin)-eranony B 50 M etuiarie-
TaTy KU ATUINA 31 3BOPOTHUM XOJOAMJIb-
HuKoM npotarom 1 rox. ITicias doro ocapn,
110 yTBOpPUBCH, BiAdiabTpyBaim Ta KpUc-

TayidyBasu 3 mpomnaHosay-2. Buxig — 3,03 r
(64 %). T = 205-206 "C. 3maiineno, %:
N = 5,79 Br = 16,6 C,,H,,BrN,0S. Bupa-
xyBauo, %: N = 5,91 Br = 16,9. Cruexrp
IIMP (OIMCO-d6, TMC): 1,26-1,84 (wm,
10H, (CH,),), 2,10 ra 2,23 (m+m, 2H,
5-CH,), 2,56 (m, 1H, CH), 3,08 Ta 3,49
(m+wm, 2H, 6-CH,), 3,30 (m, 2H, 4-CH,),
4,31 ra 4,49 (z-n, 2H, NCH,CO), 7,33
ra 7,61 (z-m, 4H, C;H,), 7,49-7,68 (m,
5H, CsH5), 8,10 (c, 1H, HBr). Log P =
5,85 = 0,40.

Cunres rigpoopominy 1-(4!-mMKaorex-
cundenin)-2-[5,6-gurigpo-4H-[1,3]
rTiasun-2-i1)-(22-MeTuAPenia)aminoJera-
HOHY 6 b Oyn0o omep:KkaHO aHaJOTiYHO
rizpo6pominy 6 a iz 2,06 r (0,01 moxab)
(5,6-gurinpo-4H-[1,3]riasun-2-i1)-(opToO-
rosinm)aminy 4 b ta 2,81 r (0,01 moun)
2-6pomo-1-(4-nmukaorekcuadenim)-
eraHorny 5. Buxix 2,88 r (59 %). T =
248-250 °C (i mpomanosy-2). 3HalgeHO,
%: N = 5,57 Br = 16,2 C,.H, BrN,0S.
Bupaxysauno, %: N = 5,74 Br = 16,4.
Coexrp IIMP (IMCO-d6, TMC): 1,25—
1,89 (m, 10H, (CH,),), 2,20 Ta 2,44
(m+wm, 2H, 5-CH,), 2,36 (c, 3H, CH,),
2,55 (m, 1H, CH), 3,11 Ta 3,78 (Mm+m,
2H, 6-CH,), 3,28 ra 3,45 (m+m, 2H,
4-CH,), 4,20 ra 4,49 (z-n, 2H, NCH,CO),
7,27-8,25 (m, 8H, C;H, + C;H,), 8,37 (c,
1H, HBr). Log P = 6,31 = 0,40.

Cunres rigpoopominy 1-(4!-mMKaorex-
cundenin)-2-[5,6-gurigpo-4H-[1,3]
riazun-2-in)-(22-erokcudenin)aminolera-
HOHY 6 ¢ OyJ0 ofiep;KaHO aHAJIOTiUHO Tif-
po6pominy 6 a 3 2,36 r (0,01 wmoun)

8
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(5,6-gurigpo-4H-[1,3]riasuu-2-i1)-
(22-eTokcudenin)aminy 4 ¢ Ta 2,81 T
(0,01 mosap) 2-6pomo-1-(4-IUKJIOTeKCUI-
(enin)-eranony 5. Buxin 2,85 r (55 %). T
= 247-248 °C (3 mpomanosy-2). 3HaUIeHO,

: N = 5,28 Br = 15,3 C,;H,;;BrN,0,S.

267733

BnpaxyBaHo, %: N = 5,41 Br = 15 4
Crnexkrp IIMP (IMCO-d6, TMC): 1,26—
1,85 (m, 10H, (CH,),), 1.41 (r, 3H,

CH,CH,), 2,11 Ta 2,19 (m+m, 2H, 5-CH,),
2,56 (m, 1H, CH), 3,05 ra 3,53 (m+wm,
2H, 6-CH,), 3.27 (m, 2H, 4-CH,), 4,15 Ta
4,18 (m-1, 2H, NCH,CO), 4,24 (xB, 2H,
CH,CH,), 7,10-7,55 (m, 4H, C;H,), 7,34
ra 7,59 (1-n, 4H, C;H4), 8,09 (c, 1H,
HBr). Log P = 5,69 = 0,40.

Cunres rigpoopominy 1-(4!-mMKaorek-
cundenin)-2-[5,6-gurigpo-4H-[1,3]
riazuu-2-in)-(42-mMeTundenint)aminolera-
HOHY 6 d Oyno ofep:KaHO aHaJIOTiYHO
rizpo6pominy 6 a 3 2,06 r (0,01 moxan)
(5,6-gurinpo-4H-[1,3]riazun-2-in)-(mapa-
roain)aminy 4 d ta 2,81 r (0,01 moib)
2-6pomo-1-(4-nukaorekcuadenim)-
eraHorny 5. Buxix 2,85 r (55 %). T =
172-173 °C (3 mpomanoJiy-2). 3HaiigeHo,

%: N = 5,61 Br = 16,6 C,,H, BrN,OS.
Bupaxysano, %: N = 5,74 Br = 16 4.
Crnexrp IIMP (IMCO-d6, TMC): 1,26—

1,84 (m, 10H, (CH,),), 2,07 Ta 2,23
(m+wm, 2H, 5-CH,), 2,387 (¢, 3H, CH,),
2,51 (m, 1H, CH), 3,08 ta 3,47 (M+wM,
2H, 6-CH,), 3,26 (m, 2H, 4-CH,), 4,26
ra 4,43 (n-1, 2H, NCH,CO), 7,31 ra
7,60 (n-m, 4H, C;H4), 7,35 Ta 7,49 (n-7,
4H, C,H,), 8,06 (c, 1H, HBr). Log P =
6,31 = 0,40.

Cunres rigpoopominy 1-(4!-mmKaorex-
cuangenin)-2-[5,6-gurinpo-4H-[1,3]
tiazuu-2-11)-(42-eTnndenin)aminolerano-
Hy 6 e O0yJi0 omeps;KaHO aHAJOTIYHO Tipo-
6pominy 6 a 3 2,20 r (0,01 wmoun)
(5,6-murinpo-4H-[1,3]riasur-2-inx)-(napa-
eruidenin)aminy 4 e ta 2,81 r (0,01 mosb)
2-6pomo-1-(4-nukaorekcuadenim)-
eraHony 5. Buxin 3,36 r (67 %). T , =
176-178 °C (3 mpomanoJy-2). 3Ha1/111eH0,
%: N = 5,39 Br = 15,6 C,;H,,BrN,OS.
Bupaxysano, %: N = 5,58 Br = 15,9.
Cnexrp IIMP (IMCO-d6, TMC): 1,26 (T,
3H, CH,CH;), 1,44-1,83 (m, 10H,
(CH,),), 2,28 Ta 2,30 (m+m, 2H, 5-CH,),
2,57 (m, 1H, CH), 2,72 (8, 2H, CH,CH,),
3,10 ra 3,64 (m+m, 2H, 6-CH,), 3,30 ra
3,39 (m+wm, 2H, 4-CH,), 4,39 (c, 2H,

NCH,CO), 7,26 ra 7,60 (x-n, 4H, C;H,),
7,35 Ta 7,64 (n-n, 4H, C;H,), 8,15 (c, 1H,
HBr). Log P = 6,85 = 0,40.

IIporunyxivHHY aKTWUBHICTH BiJHOCHO
60 uinifi pakoBux KJiiTMH (JIeiikemii,
JiereHb, TOBCTOrO KuInkKiBHukKa, I[HC,
MeJIJaHOMHU, AE€UYHUKIB, HUPOK, IPOCTATH Ta
MOJIOUHOI 3a7103u) 6yJ10 mpoBegeno B Hairi-
onanpHOMY iHcTuTyTi paky CIIIA (National
Cancer Institute of Health, USA) y pawm-
rax Development Therapeutic Program sa
cTaHAapTHOIO mporexaypow [6]. Iasa mpo-
BeJleHHA (apMaKOJOTiuHOTO CKPUHIHTY
HaMu OyJI0 00pPaHO CIOJNYKY, sIKa Ma€ Haii-
Buie 3HaueHHA LogP = 6,85 — rigpobpo-
mig  1-(4'-mukrmaorexcuadenin)-2-[5,6-
nurigpo-4H-[1,3]riasun-2-ix)-(42-
etuiderin)aminoleranony 6 e.

BusHaueHHA NOPOTUIIYXJIUHHOI aKTHUB-
HOCTi IPOBOAWMJIV BUCOKOUYTJIUBUM (DJIIfo-
OPOMETPUYHUM METOJO0M, KiJIbKiCHO OIli-
HIOIOUY iHTEHCUBHICTH KOJIbOPY (iryopec-
IIEHTHOTO BUIPOMiHIOBaHHA (6apBHUK —
cyabdoponamin B) uepes 48 rog ompowmi-
HEHHs KJITMHU 31 CIOJYyKOI0, IO Tec-
TyeThCcsA. PesgysbTaT mpoBemeHUX HOCIif-
'KeHb BUpa’KaJu y BiICOTKax POCTY KJIi-
THUH PaKy A0 KOHTPOJIIO — 5-QTOpypaIuiy.
Bukopucrana cucrema Bifbopy Ta BUBUEH-
Hf CIIOJIYK 3 IIOTEHI[IHOI0 MPOTUIYXJINH-
HOI0 aKTHUBHICTIO in vitro 6a3yerbcd Ha
BUBHAYEHHI BifICOTKA POCTY KJITHMH IIyX-
auau (PG) mip BmjimBOM CHOJNYKHM, IO
TECTYETHCH.

PesyabpraT Ta iX 0oOroBopeHHs. AHa-
JIi3 pe3yJIbTaTiB IPOTUMYXJIUHHOI aKTUB-
HOCTi Tigpo6pominy 1-(4!-nuKTorekcuade-
Hin)-2-[5,6-gurinpo-4H-[1,3]riasun-2-11)-
(42-etundenin)aminoleranony 6 e moka-
3aB, IO B KoHIeHTpamii 107 wMouab/x
croiykKa 6 e BuABMJA 3NATHICTH IIPUTHIi-
YyBaTU PiCT KJIITMH pakKy, AKi O0XOm-
JIIOIOTH IIPAKTHUYHO BECh CIIEKTDP OHKOJO-
riYHMX 3aXBOPIOBAHDL JIOAUHU (TaOIUIA).

BigmoBigHo 1o pesysbTaTiB, HaBEeJEHUX
y Tabauili, Hale(peKTUBHIIIIO0 HOCIIiIKY-
BaHa CIIOJyKa BUABUJACA BiIHOCHO BCiX
kaitus Jgeiikemii CCRF-CEM, HL-60(TB),
K-562, MOLT-4 ta RPMI-8226 3i 3HaueH-
HAM MitoTmuHOl axTuBHOCTi -3,76 %,
-55,48 0/0, -13,40 %, -24.41 % Ta -37,55 %
BigmoBiguo. Bim’emui sHaueHHs cBimuaTh
IIpo Te, IO CIIOJyKa 6 e He TiIbKU 3aTpu-
My€ piCcT myXJIMHU, ajle ¥ 3HUIIY€E 3a3Ha-
veHi JiHil pakoBux KJiituH. Taxox
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Tabauis

Hpomunyxnunna axmuenicme 2idpobpomidy 1-(4'-yuxnozexcungenin)-
2-[5,6-0uzidpo-4H-[ 1,3 Jmiasun-2-in)-(4*-emungpenin)amino] emanony (6 e)
in vitro na ainiax kaimun paxky 6 koHyenmpayii 10~ mons/n ma 6 zpadienmi

wonuenmpauiti 10°'-107% monv/n

JTinii pakoBux

MapameTpn NPOTUNYXJIMHHOT aKTUBHOCTI 6 e

Tun paky KNiTUH aK“_:_'::;Z::? % IgGl,, IgTGI | IgLC,,
CCRF-CEM -3,76 -5,76 -5,32 -4,57
HL-60(TB) -55,48 -5,71 -5,38 -5,06
Neiikenis K-562 -13,40 -5,84 -5,44 -5,05
MOLT-4 -24,41 -5,81 -5,40 -4,92
RPMI-8226 -37,55 -5,84 -5,45 -5,06
SR -5,84 -5,43
A549/ATCC 27,62 -5,79 -5,51 -5,23
HOP-62 0,54 -5,74 -5,49 -5,24
HOP-92 -17,44
Dpi6HokniTuHHmie | NCI-H226 16,87 -5,80 -5,50 -5,20
pak nereHis NCI-H23 17,02 -5,72 -5,38 -5,05
NCI-H322M 61,73 -5,62 -5,23 -4,59
NCI-H460 -73,50 -5,75 -5,45
NCI-H522 -23,31 -5,74 -5,45 -5,16
COLO 205 2,00 -5,78 -5,50 -5,22
HCC2998 4,65 -5,78 -5,48 -5,18
HCT-116 -31,69 -5,85 -5,55 -5,26
PaK ToscToro HCT-15 11,33 58 | 552 | -522
HT-29 -26,75 -5,83 -5,51 -5,20
KM12 1,98 -5,75 -5,49 -5,22
SW-620 28,24 -5,79 -5,50 -5,21
SF-268 11,66 -5,75 -5,46 -5,17
SF-295 13,41 -5,78 -5,51 -5,24
Pak ronoBHOro SF-539 -26,88 -5,80 -5,53 -5,27
MO3KY SNB-19 35,20 -5,86 -5,56 -5,26
SNB-75 28,35 -5,85 -5,39 -4,81
U251 -45,57 -5,83 -5,55 -5,26
LOX IMVI -90,06 -5,74 -5,46 -5,18
MALME-3M -5,83 -5,53 -5,24
M14 -37,64 -5,77 -5,49 -5,22
MDA-MB-435 19,52 -5,81 -5,53 -5,24
MenaHoma SK-MEL-2 48,64 -5,70 -5,45 -5,20
SK-MEL-28 31,81 -5,81 -5,54 -5,27
SK-MEL-5 -86,39 -5,83 -5,55 -5,28
UACC-257 -12,90 -5,78 -5,50 -5,22
UACC-62 27,92 -5,80 -5,53 -5,25
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ITpomoB:kenHA TabGIUITL

. MapameTpu NPOTUNYXJIMHHOT aKTUBHOCTI 6 e
Tun paky Riwi p.al(osux MiTOTUYHA
KaTn aKTUBHICTb, % IgGly, | 19 TGl | 1gLCy,
IGROV1 33,02 -5,74 -5,41 -5,07
OVCAR-3 37,47 -5,77 -5,51 -5,25
OVCAR-4 27,55 -5,82 -5,44 -5,05
Pak sae4HukiB OVCAR-5 23,52 -5,71 -5,33 -4,89
OVCAR-8 6,89 -5,80 -5,52 -5,23
NCI/ADR-RES 32,38 -5,72 -5,36 -4,95
SK-0OV-3 36,42 -5,70 -5,39 -5,09
786-0 8,76 -5,78 -5,51 -5,23
A498 13,87 -6,26 -5,68
ACHN 13,62 -5,77 -5,48 -5,18
CAKI-1 33,15 -5,79 -5,48 -5,17
Pak Hnpok
RXF 393 9,39 -5,88 -5,56 -5,24
SN12C 24,18 -5,90 -5,57 -5,23
TK-10 29,40 -5,76 -5,48 -5,20
UO-31 29,02 -5,86 -5,39 -4,78
PC-3 12,89 -5,86 -5,56 -5,27
Pak npoctatn
DU-145 34,57 -5,76 -5,51 -5,25
MCF7 4,83 -5,86 -5,57 -5,27
MDA-MB-231/ATCC 10,34 -5,82 -5,53 -5,23
Pak mono4Hoi HS 578T 33,54 -5,69 -5,32 > -4,00
3anosu BT-549 25,56 -5,72 -5,47 -5,22
T47D -3,52 -5,68 -5,27 -4,44
MDA-MB-468 -22,84 -5,91 -5,58 -5,26

croJiyKa 6 e SHUIIye KJIiTUHU APiOHOKJIi-
TuHHOrOo pary Jerexnis HOP-92, NCI-
H460 ta NCI-H522, ii miToTHYHAa aKTHUB-
HicTh ckiaazae -17,44 %, -73,50 % mTa
-23,31 % sBigmosiguo. HaliaxTuBHIiIIOIO
crmonyka 6 e BuABWJIaCA TPOTU KJIITUH
menanomu LOX IMVI ta SK-MEL-5 3i
3HAUEHHAMMN MIiTOTHYHOI aKTHUBHOCTI
-90,06 % Ta -86,39 % BigmosigHo. Taxum
YMHOM, y KoHIeHTpamnii 10~ mMoab/x cmo-
ayka 6 e Ha BCiX OOCHiI:KeHUX JTiHigx
PaKOBUX KJITUH IIePeBUIIYyE IIpermapar
MOPiBHAHHSA — 5-(Topypamnuia 3a rajabMy-
BaHHAM pOCTY BiATOBiqHMX nOyxaumH. A
nnst 18 BuAiB paKoBUX KJITHUH BCTaHOBJIE-
HO IXHE IOCTOBipHE 3HUIeHHA (TabaMUILsT).

Ha gpyromy erami pmocaimskeHHd,
noriaubyieHoMy in vitro CKpUHIHTY, CIIO-
JYKy 6 e TecTyBaJu B 5 KOHIIEHTpAIlisix
3a 10-pasoBoro possenenus (100 pM, 10 nM,
1 puM, 0,1 uM ta 0,01 pM) ma mepemiue-

HUX JIiHIIX paKOBUX KJITUH JIIOAUHU.
V¥ pes3ysabTaTi eKCIePUMEHTY PO3PaX0BAHO
3 nmososaseskHi mapamerpu, a came: Gl ) —
KOHIIEHTPAIiA CIOJYKH, AKa BUKJIUKAE
npurHivenus pocty 50 % wuaitun ainii;
TGI — KoHIleHTpaIlisl, 1[0 CTBOPIOE IIOBHE
npurHiveHHa pocty kiitul; LC,, — KoH-
LEeHTpAaIlidA, AKa BUKJIUKae 3arubeab 50 %
nyxJuHHUX Kaitue. GL ) inTepnperoBano
AK eeKTUBHUI piBeHb iHriOyBaHHSA, TGI —
Ak nurocratuuHuil ederr, a LCy,
JeTajibHA KOHIIEHTPAIlid, 110 XapaKTepu-
3ye IUTOTOKCUUHY airo. AKIimo Jorapud-
MiuHi 3HaUEeHHSA MOCJTiIKyBaHUX IIapaMe-
tpis (1gGl,,, 1gTGI Ta 1gLC,)) e menmu-
mu, HixK -4,00, TO CIOJyKa BBasKAE€ThCS
aKkTuBHOIO [7—9].

BcrazoBieHo, 110 rigpodpomis 1-(4!-muk-
gorekcuyadenin)-2-[5,6-gurigpo-4H-[1,3]
TiasuH-2-in)-(42-eTriadeninz)amiznoleranory
3a MOrJMOJIEHOr0 CKPUHIHTY in vitro Ha
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JiHIAX KJIITMH pakKy B KOHIIEHTpAIliax
1074-10"8 moab/1 Mae epeKTUBHUI PiBeHDb
iHribyBaHHA IMOJO BCiX JiHIN paxKoBUX
kiaitme. Tak, mna JgiHidl pary Jjaerkemii
noxkasHuk Log,, GI,, sHaxomguTbca B
Mexkax Bim -5,84 mo -5,71, mua Kiitua
IPiOHOKJITUHHOTO paKy JiereHiB — y
mexax Bix -5,80 mo -5,62, mia KiaiTuH
PaKy TOBCTOrO KHINKIBHUKaA — y MeKax
-5,83 — -5,75, mia KIITUH paxKy roJIOBHOI'O
MOBKYy — B imTepBaji Bim -5,86 mo -5,74,
I KJIITHH MeJIJaHOMU — B iHTepBaJi Bin

HY TPOSABJSE IOBeAEHY NPOTUNYXJIUHHY
AaKTUBHICTHL BiTHOCHO IITMPOKOTO CIIEKTpPa
PaKOBUX KJITUH i MOMe CTaTH OCHOBOIO
I CTBOPEHHA HOBUX e(DEeKTHUBHUX IIPO-
TUNYXJIUHHUX 3aC00iB.

BucHoBku

1. Tigpo6pomiz 1-(4!-mukmorexkcuaderin)-
2-[5,6-qurinpo-4H-[1,3]riasdun-2-im)-
(42-etundenin)aminoleranony (6 e)
MIPOSABJISAE HOBEeAEHY IMPOTUNYXJIUHHY
AKTUBHICTHb BiJHOCHO HIMPOKOTO CIIEK-

-5,83 mo -5,74, njna KJIiTUH paKy HUPOK —
Bix -6,26 mo -5,76. BigHOoCHO KIiTHH paKy o
MOJIOYHOI 3aJ103U ITOKA3HUK B3HAXOIUTHCS

B Meskax Bim -5,91 mo -5,72.

IToBHe mpurHiUYeHHA POCTY BCiX HOCIIi-
mxeHnX pakoBux KiaitTuH Log,, TGI min 3
Iiero crmonyku 6 e 3HAXOOUTHCA B iHTEp-
Baii -5,68 — -5,23.

TakuM uMHOM, Tigpobpomin 1-(4!-mux-
aorekcundenin)-2-[5,6-gurigpo-4H-[1,3]
riasuH-2-11)-(42-eTundenin)aminolerano-

Tpa PaKOBUX KJIiTHH.

. HaitakTuBHimomo crmosyka 6 e BUABU-
Jachk mpoTu KJiaituH Memanomu LOX
IMVI i SK-MEL-5, sauiymouym mi KJi-
T Ha 90,06 1 86,39 % BigmomigHO.

. Orpumasni gami o6T'PYHTOBYIOTH MOIL1JIb-
HiCTb IIOZAJBIIIOr0 BUBYEHHSA IIOXiTHUX
1-(4'-murnorexkcundenia)-2-[5,6-
purigpo-4H-[1,3]riasun-2-im)-(42-
etTuadeHing)amMmino]eTaHOHY #AK IIOTEH-
MiTHUX OPOTUIYXJIUHHUX 3ac00iB.

1. MpoTunyxnuHHi (NMpOoTMBNACTOMHI) nikapcbki 3acobu. [EnekTpoHHMIA pecypc]. — Pexum goctyny:
http://pidruchniki.com/68392/meditsina/protipuhlinni _protiblastomni_likarski_zasobi — Hassa 3 ekpaHy.

2. Ctatnuctuka OHKOJMOTYHUX 3aXBOPKOBaHb B YKpaiHi. [EnekTpoHHUI pecypc]. — Pexum poctyny:
http://diapharma.ua/articles/statistika-onkologichnih-zahvoryuvan-v-ukrayini — Ha3sa 3 ekpaHy.
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A4%D1%82%D0%BE%D1%80%D1%83% D1% 80%D0%B0%D1%86%D0%B8%D0%BB - Ha3ga
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4. Aminothiazine and aminthiazole open analogs of levamisole: synthesis and antihelminthic activity /
R. Caujolle, H. Amarouch, M. Payard [et al.] // European Journal of Medicinal Chemistry. — 1989. —
V. 24. - P. 287-292.

5. Structure-activity relationship study of 4EGI-1, small molecule elF4E/elF4G protein—protein interac-
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8. Photochemically enhanced binding of small molecules to the tumor necrosis factor receptor-1 inhib-
its the binding of TNF-a / P. H. Carter, P. A. Scherle, J. A. Muckelbauer [et al.] // Proc. Natl. Acad.
Sci. USA. - 2001. - V. 98. - P. 11879-11886.

9. Grever M. R. The National Cancer Institute: cancer drug discovery and development program / M. R.
Grever, S. A. Schepartz , B. A. Chabner // Seminars in Oncol. — 1992. — V. 19, N2 6. — P. 622-638.

C. A. flemyeHko, H. I. LLapukina, T. A. ByxTiapoBa, J1. C. bo6koBa, A. M. Jem4yeHKO
CuHTE3 i NPOTUNYX/IMHHA aKTUBHICTb rigpob6pomigie 1-(4'-umknorekcundenin)-2-
[5,6-puripnpo-4H-[1,3]TiasnH-2-in)-apunamiHo]eTaHoHy

dapmakoTepanisa nyxAMHHOI natonorii € HaliBaX/MBILLOIO CKagoBod 60poTbOU 3 OHKOMOTYHUMMK
3aXBOPIOBAHHAMM, OCKiNIbKM 3M105IKICHI HOBOYTBOPEHHS BpaXatoTb B YKPaiHi KOXXHOro YHeTBEPTOro YonoBika
Ta KOXHY LLIOCTY XiHKY.

MeTta pgocnigXeHHss — CUHTEe3yBaTW Ta BUBYUTU MNPOTUMYXJMHHY aKTMBHICTb rigpobpomiais
1-(4"-umknorekcundenin)-2-[5,6-aurinpo-4H-[1,3]TiasnH-2-in)-apunamiHo]eTaHoHy NOPIBHAHO 3 5-¢pTop-
ypaumaom Ha etani NnepBMHHOrO GapMakooriYyHOro CKPUHIHIY.

B3aemogieto ekBiMONSIPHUX KiNlbkOCTel BignoBigHux (5,6-auriopo-4H-[1,3] Tia3auH-2-in)-apunamivis 3
2-6poMo-1-(4-umknorekcundeHin)-eTaHoHOM B eTunauertari cuHTe30BaHi rigpobpomian 1-(4'-umkno-
rekcundeHin)-2-[5,6-gurinpo-4H-[1,3]TiasnH-2-in)-apunamiHoletaHoHy. BynoBy Ta YMCTOTY BCiX OTpU-
MaHUX PEYOBUH NiaTBepaXeHo aaHumMm AMP 'H cnekTtpockorii.
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OUiHEHO NPOTUMYXIMHHY aKTUBHICTb riapobpomigy 1-(4'-umknorekcundenin)-2-[5,6-auriopo-4H-[1,3]
TiasuH-2-in)-(42-etundeHin)amiHo]eTaHoHy B AOCIAAX iN Vitro Ha NiHisX PakoBUX KITUH AK B KOHLEHTpaLji
10-% Mmonb/n, Tak i B rpagieHTi KoHueHTpauiti 1074 —10-8 monb/n. MokasaHo, Lo A0CHiAXyBaHa PeYoBMHa Ha
BCiX TECTOBAHMX NiHiSX pakOBUX KNITUH NEPEBULLYE npenapar NOpiBHAHHSA — 5-dTopypauunn 3a ranbMyBaH-
HSIM POCTY BiANOBIgHUX NyxavH. A gnsi 18 BUAIB pakoBUX KNiTUH BCTAHOBJIEHO IXHE AOCTOBIPHE 3HULLEHHS.
OTpuMaHi gaHi 06rpyHTOBYIOTL AOLIbHICTL MOAALLIONO BUBYEHHS noxigHux 1-(4'-umknorekcundeHin)-2-
[5,6-pvrinpo-4H-[1,3]Tia3nH-2-in)-apunamiHo]eTaHOHY SIK HOBUX MOTEHLNHUX NPOTUNYXJIMHHMX 32C00IB.

Knto4oBi cnoBa: npoTunyxanHHa akTuBHICTb, 5-@Topypauunn, rinpobpomign
1-(4"-umknorekcungeHin)-2-[5,6-auriapo-4H-[1,3]tiasunH-2-in)-apuaamiHo] eTaHoHy

C. A. flemyeHko, H. U. LLapbikuHa, T. A. Byxtnaposa, J1. C. Bob6koBa, A. M. Jlem4yeHKo

CuHTE3 1 NPOTMBOONYX0JIeBas aKTMBHOCTb ruapobpomuaos 1-(4'-uuknorekcun-

denun)-2-[5,6-purnapo-4H-[1,3]Tmasnu-2-un)-apunaMmmHo]3TaHOHa

dapmakoTepanus onyxosieBol NaTonorumn SBAsSIETCS BaXHeLLen cocTaBnsioLleli B 6opbbe ¢ OHKONOo-
rmyeckumy 3abonieBaHNs MU, MOCKOJIbKY 3/10Ka4eCTBEHHbIE HOBOOOPa30BaHWsS MopaxarT B YKpauHe
KaX[,0ro 4eTBEPTOrO MYXUMHY 1 KaXAYIO LLECTYIO XEHLLMHY.

Llens nccnenoBaHus — CUHTE3NPOBATb U U3YYNTb NPOTUBOOMYXONEBYIO aKTUBHOCTb MMapOOpPOMUIAOB
1-(4"-umknorekcunderun)-2-[5,6-agurnapo-4H-[1,3]TmasuH-2-un)-apunammHo]aTaHoHa B CPABHEHUU C
5-dTopypaumnom Ha atane NnepBnYHOro hapmMakosormiyeckoro CKpUHMHra.

B3anmopencTBmem akBUMOJISIPHbIX KOJIMYECTB COOTBETCTBYIOLLMX (5,6-anrnapo-4H-[1,3]tmasunnH-2-mnn)-
apunamMmnHoB ¢ 2-6poMo-1-(4-umknorekcundeHnsn)-aTaHOHOM B aTuaueTaTe CUMHTe30BaHbl rmapobpomMm-
obl 1-(4"-umknorekcundennn)-2-[5,6-amrnapo-4H-[1,3]tmasumH-2-un)-apunammHo]ataHoHa. CTpoeHune n
YMCTOTA BCEX MOJYYEHHbIX COEANHEHWNI MOATBEPXAEHbI AaHHLIMU AMP 'H cnektpockonuu.

M3yyeHa npoTMBOOMyXoJfieBas akTMBHOCTbL ruapobpomupa 1-(4'-umknorekcundenun)-2-[5,6-aurn-
npo-4H-[1,3]tmasuH-2-un)-(42-atundeHnn)aMmHo]aTaHoHa B ONbITax in Vitro Ha NVHUAX PaKOBUX KJIETOK
Kak B KOHUeHTpauun 10-5 Monb/n, Tak 1 B rpagmeHTe koHueHTpaumi 1074 —10-8 monb/n. MokasaHo, 4To
NCCef0BaHHOE COeMHEHME Ha BCEX MPOTECTUPOBAHHBIX JIMHUSX PAKOBUX KJIETOK NMPEBLILLAET npenapar
CpaBHeHUs — 5-dTopypauunn No TOPMOXEHMIO POCTa COOTBETCTBYIOLLMX onyxonen. A ona 18 BMaoB pako-
BbIX KJIETOK YCTAHOBJIEHO VX JOCTOBEPHOE YHUYTOXEHME. MNoNyYeHHble JaHHble 0OOCHOBLIBAIOT LIENeco-
06pa3HOCTb AasibHENLLIEro U3y4yeHus npousBoaHbIX (4'-umknorekcundenun)-2-[5,6-agurnopo-4H-[1,3]
TNa3WH-2-UJ1)-apunamMmmHO]aTaHOHa B KQ4ECTBE HOBbIX NMOTEHLMANbHBIX MPOTMBOOMYXONIEBLIX CPEACTB.

Kno4deBble cioBa: npoTnBOOMyxoseBasi akTuBHOCTb, 5-pTopypaLms, ruapobpomuabl
1-(4'-umknorekcungpennn)-2-[5,6-anrnapo-4H-[1,3]masuH-2-u)-apunammHo JaTaHoHa

S. A. Demchenko, N. I. Sharikina, T. A. Bukhtiarova, L. S. Bobkova, A. M. Demchenko
Synthesis and antitumor activity of hydrobromides 1-(4'-cyclohexylphenyl)-2-
[5,6-dihydro-4H-[1,3] thiazin-2-yl)-arylamino] ethanone

Pharmacotherapy of tumor pathology is the most important component in the fight against cancer since
the malignant neoplasms affect every fourth man and every sixth woman in Ukraine.

The aim of the study was to synthesize hydrobromides of 1-(4'-cyclohexylphenyl)-2-[5,6-dihydro-
4H-[1,3]thiazin-2-yl)-arylamino]-ethanone and investigate its antitumor activity in comparison with 5-fluo-
rouracil at the stage of the primary pharmacological screening.

Under interaction of equimolar amounts of the corresponding 5,6-dihydro-4H-[1,3] thiazin-2-yl) aryl-
amines with 2-bromo-1-(4-cyclohexylphenyl) -ethanone in ethyl acetate have been synthesized 1-(4'-cyclo-
hexylphenyl)-2-[5,6-dihydro-4H-[1,3] tiazin-2-yl)-arylamino] ethanone hydrobromides.

The structure and purity of all obtained compounds were confirmed by NMR 'H spectroscopy.

Antitumor activity of 1-(4'-cyclohexyl-phenionyl)-2-[5,6-dihydro-4H-[1,3]-thiazin-2-yl)-(42-ethylphe-
nyl) amino] ethanone hydrobromide in experiments in vitro on cancer cell lines has been studied both at a
concentration of 10~ mol/l and in a concentration gradient of 10-4~10-8 mol/I.

It was shown that the investigated compound exceeds the reference drug — 5-fluorouracil by the degree
of inhibition of growth of the corresponding tumors on all tested cancer cell lines. Studies also established
with high reliability that 18 species of cancer cells were destroyed.

The data obtained justified the expediency of further investigations of the 4'-cyclohexylphenyl)-2-[5,6-
dihydro-4H-[1,3]thiazin-2-yl)-arylamino]-ethanones derivatives as new potential antineoplastic agents.

Key words: anticancer activity, 5-fluorouracil, hydrobromide of 1-(47-cyclohexylphenyl)-2-[5,6-
dihydro-4H-[1,3]thiazin-2-yl)-arylamino]-ethanone
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MepcneKTUBU BUKOPUCTAHHA NiNOCOMaNbHOI
thopMu uuToxpoMy C Ana nonoBHEHHA rocTpoi
MacUMBHOI KpOBOBTpaTH

1Y «IHCTUTYT hapmakosiorii Ta Tokcukosiorii HatiioHansHoT akaaemii
MeanYHUX Hayk YkpaiHu», M. Knis

2Anb6epTchbkuii yHiBepeuTeT, M. EnMoHToH, KaHaaa

Knto4oBi ciioBa: roctpa MmacvBHa
KpOBOBTpATa, JinocomMmasbHa popma
umtoxpomy C

KpoBoTeua Ta, AK HaCJIiJOK, KpPOBO-
BTpaTa € IPUUYNHOI0 01u3bKo 28 Y% cmep-
Teil, aKi moB’a3aHi 3 TpaBmoio [1, 2].

Toctpa macuBHa KpoBoBTpata (I'MK),
3a AKOl 00’eM BTpaueHOi KPOBi He MeH-
muit, HiK 30 % 00’eMy IUPKYJIIOOUYOL
kpoBi (OIIK), mpusBoguTh mO rimoBoJe-
mii, mamiHmHA apTepiasbHOTO THCKY 3
MOJAJBIIIUM PO3BUTKOM CTiMKOI TimoTo-
Hii, rimokcii, cuHAPOMY IHCEMiHOBAHOIO
BHYTPIIITHBOCYIUHHOTO 3TOPTaHHS KPOBi
(IB3-cuaapOMY), NOpPOSABY O3HAK IIOJIi-
OpraHHOI HEeZOCTATHOCTI Ta MeTaboJIiuHO-
ro anungosy [3, 4]. OcHoBHuUMEU @isioso-
riYHUMU peakKlliiMy opraHisMy Ha KpPOBO-
BTPATy € IleHTpaisaIis KpoBooGiry, KoMm-
IIeHCAaTOpHA AayTOTeMOJUJIIOIiA, aKTHBa-
I[is reMoIoe3y, 301IbIIeHHS XBUJIMHHOI'O
00’eMy KpOBI, rinepKoaryadiisa. 3a Takux
YMOB IleHTpaJjisaiisg KpoBoobiry, 1o
3a0esneuye QYHKIIOHYBAaHHA JKUTTEBO
BaXKJINBUX OPraHiB, I'PYHTYETHCSA HA TPU-
BaJIOMy Ta BUPaKeHOMY CIa3Mi IIpekari-
JAPHUX aprepianbHUX cdiKTepiB i
MOCTKAMIJIAPHUX BEHYJ, IO IPU3BOAUTH
IO B3HI)KEHHA KPOBOTOKY B HHUDKax,
medinii, m’dA3ax, HAKOIWYEHHS B HHUX
HEJJOOKMCHEHUX TMPOAYKTIiB 0OMiHy Ta
BasoaKTUBHUX peuoBuH [5]. Iimeproary-
AAMiA, M0 MTiABUINYE TeMOCTAaTUUYHUNA
TIOTeHIIiaJ KPOBi Ta cIIpUse NiATPUMaHHIO
reMocTa3dy B IOMIKOMKEHUX CYIMHAX, 3a
MacUBHOI KPOBOBTpPATU TpPaHCHOPMYETHCA
B BakKKy mnarojorito — J[B3-cuuapowm,
KOJIM piBHOBara Mijk MexaHi3ZMaMH TPOM-
60yTBOpeHHs Ta (QiOGPUHOJIZY MOPYIIYETH-
ca [6]. Ilbomy cipuAOTh TKAHUHHA T'iIOK-
cisz, ammmo3, SHUIKEHHA MIiKPOIIUPKYJIA-

© KonekTtus aBTopis, 2018

1ii, arperamisa eaeMeHTiB KPOBi, €HIOTOK-
CUKO03, 3HauHAa TpaBMa TKauwuH [7]. Ilorip-
IIeHHsS PEOJIOTIYHUX BJIACTUBOCTEN KPOBi
B yMOBaxX MeTabO0JIiYHOTO aIu03y CIPUAE
YTBOPEHHIO CJIaJ’KiB 3 (DOPMEHUX eJeMeH-
TiB KpOBi, IO IOBHiCTIO GJIOKy€e MiKpo-
IMUPKYJISITOPHE PYCJIO, 3YMOBJIIOE I1e 6iJIb-
me 3meniienHsa OI[K Ta mporpecyBauHs
rimokcii [8]. Ha swmimy menTpamnisamii
KPOBOOOITY mpUXOAUTH e(eKT mereHTpa-
Jisarfii — BUHMKAaeE cTifika rimoToHisa, 3HU-
JKYEThCA [HOiype3, PO3BUBAETHCA TIe€MOJU-
JIIOIiA Ta pPecHipaTOpHU# [AuCTPec-CUH-
IPOM, IIPOTPECUBHO 3MEHIIYETHCS CepIie-
Buii Bukupn [9, 10]. ¥V Hacxizoxk BasKkkoi
rimokcii opraHiB i TKaHWH 3aMicTh ciazMmy
CYyOIUH BUWHHUKAE IXHE POIIIUPEHHA Ta
IIEePelOBHEeHHA B3aCTifilHOI KpPOB’I0, IO
pisKo 306ispIrye cTymiHb rimoBosemii.
Ocuogoto gdikyBauasa 'MK e cBoeuacHa
1 azmekBaTHa iH(QYy3iliHO-TpaHCchy3iiHA
Tepalrisg, OCHOBHiI 3aBIaHHA SKOI — Bi-
noBaenHs OILK, Hopmasizaia MiKpomup-
Kyuaamnii Ta peosorii KpoBi, yCcyHeHHS
medinuTty iHTepcTUNIiasbHOI pigwHU,
KOPEeKI[isl IMOPYLIeHb CUCTEMH TI'eMOCTa3y
Ta mpodinakTuKa abo yCcyHeHHS Timokcii
3 ypaxyBaHHAM CyYaCHUX YABJIEHb IIPO
TOJIEPAHTHiCTHL [0 auHemii-rimokcii [11-
14]. BpaxoByiouM CTATHUCTUKY CMEPTHOC-
Ti, 3araJbHONPUUHATI MeTOAU JiKyBaH-
Hf, Y TOMY YHCJi I MacuBHA TpaHChy3iii-
HO-iH(Yy3iliHa Tepamis, YacTO BUABJIAIOTH-
ca Hee()eKTUBHUMHU, OTIKe iCHY€E HE0OXif-
HiCTHh TOJAJBIIOrO0 BUBUEHHA MeXaHi3MiB
T'MK Ta momykKy HOBUX migxomiB i ¢ap-
MaKOJIOTIYHMX TpenapaTiB, CIPAMOBAHUX
Ha MmigBumieHHsa eQeKTUBHOCTI Teparii
reMopariusaoro moky [15, 16].
IlepcuektuBHuUM 1isa Kopekiii I'MEK
MOJKe BUABUTHUCA IIpemapaTr, B AKOMY
OyayTh MOETHAHI AHTUrIIIOKCHUYHi, MeMO-
PaHOTPOIIHI, JEeTOKCHUKYIOUi BJIACTHUBOCTI

14

®apmakonoris ta nikapcska rokcuxonoria, No 2 (58)/2018



JimocoM B3 KOMIOHEHTaAMU JUXAJBHOTO
naHIpora. EKcnepuMeHTaNbHI Ta KIiHiuHI
IOCJIII’KeHHsA cBiguaTh, mio dochaTmmani-
XOJIIHOBI JritocoMU MAalOTh aHTUTIIOKCHUY-
HY, aHTHOKCHUJIAHTHY, MeMOpaHocTabisri-
3yI0uy Ta HecnenupiyHy IeTOKCUKYIOUY
nifo. YBemeHHA B opraHism dochaTummi-
XOJIIHOBUX JIITIOCOM IIiIBUINYE IMBUIKiCTH
nu@dysil KucHIO Kpisk Oiosoriuni Mmem6Gpa-
HU, 3HHWIKYE CTYIOiHb Tinokcii TraHumH
opraHismy, iHribye BinbHOpazmKaJIbHI
IIPOIeCH, BHMIKYE KOHIIEHTPAIIil0 ITPOAYK-
TiB IepeKUCHOT0 OKMUCHEHHdA JimifgiB y
rraanHax [17-19]. ITuroxpom C, axwuit
KOPUTY€E NPOIECH KJITUHHOTO AUXAHHAI,
HOpMaJidye OKUCHIOBaJIbHE (HOoChHOpUIIO-
BaHHA Ta eHeprosabe3meyeHHA KJIITUH,
gmaTHuY wniarpumyBatu  Gisiosoriuni
noxkasuuku 3a I'MK y Buriaazi BogHOTO
posumny [20], a B pasi 3aBaHTa)KeHHA B
JIIIIOCOMM IIPOSABJISE€ KapAioNpPOTEeKTOPHI
BiactuBocTi [21].

Mema 0OocniOxeHHA — BUBUUTU BILJIUB
gimocomanbpHOol Qopmu 1muroxpomy C
(mimoxpomy) Ha aprepiajJbHUII THCK Ta
remocrta3 3a I'MK.

Marepianu Ta metomu. [ocraimykeHHSA
Oyyin 1poBegeHi 3 BuropucraHHam 70
caMI[iB cTaTeBO3piaux Oinux JabdopaTop-
HUX mIypiB macoio (275 = 25) r, arux
yTpUMYyBajJu Ha CTaHJApPTHOMY paliioHi
BiBapito 6e3 00MesKeHHs JOCTYITy 1O BOJM.
Metozom BHUIAnKOBOI BUOIpKM TBapuH
posnisuam Ha 8 Tpy.

V¥ rpynax I-V 6yso mo 8 miypis. ¥ TBa-
puH I rpynu T'MK He KoMmeHCyBaJu JKOJ-
HuM posduymHOM. IIlypam II Ta IV rpyn
BHYTPIITHbOBEHHO (B/B) BBOgmiM (hidioso-
riuauii posumH (p/p) B 06’emi, 110 BiAmo-
Bijae 00’emy BTpaueHoi KpOBi, TBapuHaAM
IT rpyniu — uepes 5 xB, mypawm IV rpynu —
uyepesd 30 xB micia T'MK. Ilypam IIT i
V rpyn micia 'MK B/B BBOguiu Jiinoco-
MaabHy popmy muroxpomy C (rimoxpom) y
mosi 5 mr / 100 r sa (ochornimirom B
06’emi (/p, 110 BixmoBizae 06’emy BTpaue-
HOI KpOBi, HACTYIHUM YWHOM: IIypaM
III rpynu — uepes 5 xB, mypam V rpynu —
gepesd 30 XB micaAg KPOBOBTPATH.

TBapun VI-VIII rpyn BuKopucTOBYyBa-
U OAs JOCHiIKeHHs remocrady. ¥ 14
mrypiB VI rpynu KpoBOBTpaTy HE KOMIIEH-
cyBajmW KOZHUM posumHOM. KpoB nia
aHayisiB OyJia B3ATa mepes KPOBOBTPA-
To10, uepe3d 30 i 45 xB micasa KpoBomyc-

kaHHdA. 8 mypam VII rpynu B/B BBOgUMIN
¢/p uepes 30 xB mmicada KPOBOBTpPATHU B
00’emi, 110 BigmoBimae 00’eMy BTpaueHOI
KpoBi. 8 mypam rpynu VIII B/B BBOgUIN
gimoxpom y mo3i 5 mr/100 r 3a docdouri-
mijom B o00’emi @/p, 1o Biamosigae
00’emy BTpaueHoi KpoBi. KpoB ana amauri-
3iB y tBapun VII-VIII rpyn GyJsa B3dATa
mmepes KpoBoBTparoio Ta uepe3d 30 xB
micjisi BBEJeHHSA PO3UYUHY.

Maninynanii 3 TBapuHaAMM ITPOBOSUIIN
BiAMOBiIHO 10 3aKOHOIABCTBA YKpaiHU
[22], mpaBunm €Bponeiicbkoi KomBeniii
OO0 3aXMWCTy XpeOGeTHUX TBaApWUH, SKi
BUKOPHUCTOBYIOTHCSI B eKCIepUMeHTalb-
HUX IOCJIiIMKEHHSIX Ta 3 iHIT0I0 HAYKOBOIO
metoio [23].

VYcix TBapuH BUBOAUWIU 3 €KCIIEPUMEH-
Ty ILJIAXOM B/B BBeIeHHS JIeTAJbHOI 103U
XJIOPUAY KaJbIlifo (3 Mr/Kr).

3Hebon06aHHA ma onepauiilna nidzo-
moskxa. 3He0OJI0BAaHHSA B TBApPWUH IIPOBO-
OUIN 38 JOTIOMOTOIO0 CYMIIITi XJiopanxosu i
yperany (1:10 3a macoro, 2 Mr/Kr 3a XJoO-
paios30i0, BHYTPIiITHROOUEpeBUHHO). TBa-
puH y XipypriuHiii cranii HapKo3y poara-
IIOBYBAJIU Ha TepMocTabilizoBaHOMY oIle-
pamiiHOMYy CTOJII Ta IPOBOAMJIN Xipypriu-
HY OiITOTOBKY — TPaxeoTOMil0, KaTeTepu-
3arito a.a. carotis comm., v. jugularis sin.

Tuck kKpoBi B JiBi#i coHHIilI apTepii
BuMipoBasu garuunkamu Tucky ISOTEC
(HSE, HimeuuwnHa) 3 HacTymHHUM IiJgcu-
JeHHAM 1 audepeHIilOBAHHAM OTpHMa-
HUX CUTHAJIIB 3a HOIOMOTOI0 MiJCUIIOBA-
va DBA, tun 660 (HSE, Himeuuwuna) i
npuctpoio DIF, Tun 664 (HSE, Himeuun-
Ha). OnudpyBanHa HaHUX 3OiHCHIOBAJIN
aHaJIOTOBO-IIMMPOBUMHU KOHBEPTOPAMU
Power Lab 4/30 (ADInstruments;
Ascrpania) ra ADC (HSE, Himeuuwnsna).
OOpoOKy cuTHAaJIiB, IO OAEP;KYBAIU, IPO-
BOAMJIM 3a Jormomoroio mporpam «Chart 5»
(ADInstruments, AscrpaJris).

Moodenwsannas I'ME y wypis. TMEK
mpopoguau B o6’emi 2,5 mua/100 r 3i
IMBUAKICTIO 2 MJI/XB, IO 3arajioM CTAHO-
BUTH On3bKO 35 % Big s3aranbHOI Kilb-
KoCTi nupryJo04oi Kposi [24—-26]. Kpos
OyJsia BimiOpana 3 KaTeTepus3OBaHOI JiBOI
COHHOI apTepii.

Ilocnidncenus cucmemu 320pMAHHS
kposi. KpoB Oysia 3i6paHa 3 COHHOI apre-
pii o moUaTKy KPOBOIIYCKAHHS Ta uepes
30 Tta 45 xB micas mporo (rpyma VI) a6o
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yepes 30 XB mmicasA TOMOBHEHHS KPOBO-
Brpatu (rpynu VII-VIII) y mpobGipxku 3
3,8 % mwurparom Harpito (Vascutest
Kima, Itanis). Bugiieno miaasmy 3 BHUKO-
pucranaam uneatTpudpyru MPW - 340
(Mechanika Precyzyjna, Ilosabma). 3a
momomoroio Koarynaomerpa K-3002 OPTIC
(Ksel Med, IlosabIrta) BU3HAYAIU TPOMOi-
voBuii uac (TY), nporpombiHoBuITI uac
(ITY9) Ta akTUBOBaHUI APIiaJbHUAN TPOM-
6ommactuHONIOBUM yac (AIITY).

Memoldu 8u84eHHA KUCLOMHO-LYHHOZO
cmany (KJIC) ma easie apmepianvroi
kposei. Ilokasuuku KJIC xpoBi BusHaUaIN
Ha aHaJjizatopi rasiB Gastat-mini (Techno
Medica, fAmoHisz) 3a MOMOMOTOI0 KapTpu-
mkiB Gastat-mini 981 (Techno Medica,
Amnoniss) y KpoBi, saxa Oyna 3i0pana 3
COHHOI apTepil A0 moyaTKy KPOBOBTDPATU
Ta uepes3 30 xB micua mei (rpyma VI) a6o
uyeped 30 XB Iicsia BBeJEeHHA PO3UYMHIB
(rpynu VII-VIII).

IlapameTpu, 1[0 BUMiploBajau: KOHIIEH-
Tpalig BogHeBuX ioHiB (pH), mapmianbpHa
Hampyra ByrJekucaotTd B Kposi (pCO,),
napuianbHa Hanpyra xucHio (PO,); mapa-
MeTpHu, IO PO3PaxoByBau: OiKapboHATH
nnasmu (HCO,), HacuuyeHHA KpOBi Kwuc-
uHem (0O,SA), Hagnmumok ayrie kposi (BE),
cyma aHioHiB OydepHUX cucteM KpOBi
(BB).

BukxopucmaHi peakmusu ma pO3LUHU.
Y xomi mocnmimkeHb OyJM BUKOPUCTAHI:
anbda-xgopanosa (Sigma, CIITA), erwmi-
Kapbamar (yperan, Sigma, CIIIA), rema-
puH (TOB ®apwma Jlaiid, YKpaiHa), Kaiab-
niro xjopun (10 % posumn CaCl,,
Arterium, Vkpaiua), NaCl (Peaxiwm,
Yxpaina), KH,PO, (Sigma, CIIIA), NaOH
(Sigma, CIITA), aimoxpom (TOB «Hano-
MenTex», YKpaina). fIk mimig nns dopmy-
BaHHA JinmocoM OyB BUKOPUCTAHUI sS€U-
HUHN JeIUTUH.

AHaniz ma cmamucmuyHa 006pobKa
ompumanux Odanux. PaKTUIHUN MaTepi-
anm Oyao o0poOseHo MerogaMy Bapiariii-
Hoi crarucTuku. IIpoBommiam TecT Ha
HOpMasnbHicTE podmoxiny Ilamipo-VYinka,
HOPMAJBHO PO3MOMijJieH] maHi o0umcII0Ba-
aueca 3a kpurepiem CrboogeHTa mJd
3aJIe’KHUX BUOIPOK 3 ypaxXyBaHHAM TECTY
JleBena Ha romoreHHicTh BubGipku. Hase-
JleH1 NaHi mpejcTaBJyieHI y BUIIQAKY HOD-
MaJILHOTO PO3MOAINTY Y BUTJIALL CepegHbO-
ro apudmermunoro (M) rTa cramapTHOI

MoXuUOKM cepelHbOTo apudmMeTuyHOTrO (M)
IS TIeBHOI BUOipKU (n), Y BUIAAKy PO3-
nmojisy, NI0 BiApisHAETHCA Bij, HOpMAaJb-
Horo, y Buraazni meniauu (Med), mepimoro
Ta TpeThoro KBaptuieii (Ql; Q3) mua
neBHOI BuOipKu (n). MHOXKUHHI TOpPiB-
HAHHA IPOBOAMJN 3a JOIOMOTOIO TECTy
Marna-¥YiTHi (y pasi HOpMaJabHOTO PO3IIO-
Iiny), HemapamMeTpu4yHOro TecTy Kpacke-
na-Yojica Ta 3aKJIOYHOI amocTepiopHOI
nepeBipku 3a Kpurepiem Hriomena-Keii-
ca. CTaTHCTUUHO 3HAUYITUMU BBAKAJINCH
3MiHN B JOBipYOMy iHTepBaJjli He MeHIIIe
HixK 95 % a6o p < 0,05.

Vci posdpaxyHKM TPOBOJUJIM Ha IIEPCO-
HAJIBHOMY KOMII’IOTePi 3 BHKODPUCTAHHSAM
mporpamu Statistica 8.0 (StatSoft Inc.,
CIITIA).

PesynapraTtn Ta ix 00roBopeHHs. Y TBa-
pua I rpynu micaa T'MK coocrepiranm
3HaUHy rimoToHiro 0e3 mepioxiB crabiii-
3arii cepegHBLOTO apTrepiaJibHOTO TUCKY
(CAT), mo cBifunTh PO PO3BUTOK I'eMO-
pariuyHOro IIOKYy, AKUHA CYIPOBOIKYBaB-
cA B3arubesyIl0 BCiX TBapWH IIPOTATOM
(49,7 = 4,4) xB (puc. 1). Takoxx I'MK
IIPU3BOAMJIA O PO3SBUTKY Pi3HOCIPAMO-
BaHUX NOPYIIEHb Yy CUCTEMi 3TOpTaHHSA
KpoBi, aKki ueped 30 XB micasa KpoBomyc-
KaHHA IPOABJIAINCS IiJBUIEHOIO aKTUB-
HICTIO cHCTeMU B3rOpTaHHA KpOBi, a [0
KiHIIA mepiomy cmocTepeskeHHA — 11 3HU-
KeHHAM (puc. 2). BpaxoByiouu 11e, momo-
BHEHHA mnOpoBomuau dyepe3d 5 Ta 30 xB
micasA KPOBOIYCKAHHS, BHYTPiITHbOBEH-
HO 3i mBuAKicTIO 2 MJI/XB.

Bupasuinie pisHOHanmpaBjeHi B3MiHU
CHUCTEeMHU TIeMOCTady BiCTEKYIOTBCA Ha
npukgani IIT, saxuil xapakTepusye
30BHIMTHIA IMIJIAX 3ropTaHHA KpoBi. Yepes
30 xB micsia KpPOBOBTpATU Ileli MOKA3HUK
cxopouyetbcss Ha 31,5 %, mo cBiguuTh
IIPO TOCHMJIEHHS KOATyJIAIINHOI aKTUBHOC-
Ti KpoBi, HajaJi cnocTepirasy MOLOBIKEH-
ua IIT ma 29,7 %, AKe xapakTepHe IJs
cramii rimokoaryadAlii 3 BUCHAKEHHAM
daKTOpiB 3ropTaHHA W aHTUKOATYJISHTIB,
BUpa)XeHo rinodibpuHOreHEeMier0 Ta
TPOMOOITMTONEHI€I0, & TaKOXX IIOCUJIEH-
HAM (QiObpmHOsMiTHYHOI axkTmBHOCTLI [2T].
ATITY, mo Bigobpaskae HIAX BHYTpilI-
HBOI aKTuBaIllii 3ropraHHa KpoBi [28],
HaBiTh y pasdi BigcyTHOCTi BiporizHUX
3MiH 3a KOPOTKHUU ITPOMIKOK dYacy, CBif-
YUTH IIPO TEeHAEHIIiI0 [0 TilepKoaryadallii
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Puc. 1. Bminu cepednvozo
apmepianvH0z0 Mucky nio
8NJAUBOM 20CMPOL MACUBHOL
kpososmpamu (2,5 ma/100 2 3i
weudkicmio 2 ma/xe, n = 8)

25 30 xB 35x8B

uyepes 30 xB micias I'MK Ta mocroBipHO
BKasye Ha TiIOKOoaryJjdAllilo B OiJbIm mis-
Hill yac (puc. 2).

Cepen dakTopiB, IO CIPUAITH MIOPY-
IIeHHAM y CHCTEMi remMocTasy, alumo3 €
OMHUM 3 HaAWBaKJIUBININX IIPEIUKTOPIB
Koaryjgomarii B TpaBMOBAaHUX XBOPUX
[29], mo Toro K 30iibIlIEHHA IPOABIB aIu-
o3y migBuInye iHMoBipHicTh cmepTi [30—
32]. Uepes 30 xB miciid KpPOBONYCKaHHSA
nopAn i3 B3as3HAUEHUMU I[OPYIIEHHAMU
CcIoCcTepirajm po3BUTOK JAEKOMIIEHCOBAHO-
ro merabosiuyHoro amuaosy. Ha Kopucrtsb
IIOTO CBiAYMJIM XapaKTepHi 3MiHU Ilapa-
merpiB KJIC kposi (tabsa. 1). Iamri mokas-
HUKHM TaKOX 3MiHIOBaJUCA XapaKTEpPHO
IJI PO3BUTKY MeTa0OJIiYHOrO anumosy:
BigOyBasoca smenmennsa Hanpyru CO,,

3poctaB gedimur 6ydepuux ayris (BE) B
aprepianpHiil KpoBi. 3TyOHUMU HacJigKa-
mu anunody 3a I'MK e mopyiieHHsS aKTHB-
HOCTi (hpepMeHTiB, B3MEHINIEHHA KOHIIEH-
Tparii ¢iOpuHOTEHY, IOJOBXKEHHA UYacy
3rOpTaHHA KpOBi Ta 30iJbIIeHHA dYacy
kpoBoreui [33].

HaHi mocaigkeHHS MiATBEepAUIN He3HAU-
HY eeKTUBHIiCTD (isiosoriunoro posumnuy
da ymoB I'MK. BHacaigok ImIBHUIKOTO
mepeMiIlleHHs 3 CYIUHHOTO pycJja B iHTep-
cTuIianbHU# mpoctip disionoriunmii pos-
uuH He Mo:Ke nigrpumysatu OIIK i agex-
BaTHY 'eMOJAMHAMIKY TPUBAJIUHN Yac Iicjia
3akinuenHda iHdysii Ta, KpiMm TOrO, MOXKe
BUKJIMKATHU HAOPAK, CTUMYJIIOBATU Jiypes
Ta HOPYLIYBAaTH BOJHO-COJILOBUI OajamHc
[34]. BBemeHHs isoBosemiuHOro 006’€eMy
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Puc. 2. Akmuesosanuil napyiaavHuii mpomoonaacmurosuil vac (AIITY ), npompombinosuil wac
(IT9 ), mpomoinosuit wac (TH) uepes 30 i 45 x6 nicas 20cmpoi MACUBHOL KPOBOBMPAMU

ITpumimka. *p < 0,05 nopi6HAHO 3 NOYAMKOE0I0 GEAULUHOIO.
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Ta6aumsa 1

ITapamempu KUCLOMHO-LYHHO20 CMARY APMEPiIALbHOL KPO6L 3a 20cmpOi MACUEHOL
Kpoeoempamu ma ii NONO6HEHHA

MokasHuk
Mepio,
pion, oH pCO,, HCO, | 0 sa % BE, BB,
MM pPT. CT. | MMOJb/N 2 MMOJIb/J1 | MMOJb/N
MoyatkoBa Benu- | 7,465 + 38,62 * 20,52 99,29 + -0,75 46,99 +
ynHa (n = 8) 0,003 0,60 0,42 0,01 0,04 0,36
[0‘;;%1 VAN | 7302 | 34p4r | 1837+ | 904% | -24% | 398+
PoBOBTPATa, 0,003* | 0,45 0,56* 0,02 0,09* 0,27
30 xB (n =6)
[ocTpa macueHa
KpoBoBTpaTa + 7,333 £ 36,5 % 19,4 + 98,5+ -5,4 % 42,5 +
izionorivyHnin 0,004* 0,24*# 0,44 0,03* 0,06*# 0,38*#
PO34KH (N = 6)
Eozgiifaaigafa 7,442+ | 3564+ | 2421+ | 9934+ | 1,30+ | 49,34%
POBOBTpaTa - 0,003% 0,29 0,28 0,02% 0,07% 0,41%
ninoxpom (n = 6)

Ipumimka. Tym i 6 maba. 3: *p < 0,05 nopienano 3 nowamrosowserusunoio; *p < 0,05 nopisnano 3 epynoio I'ME.

¢disiosoriunoro posunHy yepes 5 XB Mmicis
KPOBOBTPATH NPUSBOAUIO [0 Maiiixke
nmoBHOro sBimHoBiaeHHaMm BeaumuuHu CAT
Ha MOMEHT 3akKiHueHHA iHQy3ii. OpHak,
mounHaoun 3 20 XB CIIOCTEPEKEHHs, Bif-
oyBasoca sHmKeHHA CAT, BemuumHa
SAKOTO JocdArajia KPUTUYHUX 3HAYEHb
(rabn. 2). 3 8 TBapuH 1iei rpymnum 1o
KiHIIA mepiofy CHIOCTepe:KeHHS BUMKUIN
5. IlonoBHeHHA KpoBOBTpaTH (isiosoriy-
HUM PO3UYMHOM Ha TJi BiKe JeKOMIIeHCOBa-
HOTO IeMOpPariyHOro IIOKY 3YMOBJIIOBAJIO

JINIIIe KOPOTKOYacHe He3HauHe 30iJbIleH-
HA THUCKY KpPOBI.

BBegennsa pinocomanbHOI hopMU ITUTOX-
pomy C sk uepes 5, Tak i uepes 30 xB
ImicJIsi KPOBOBTPATU HE BUKJIUKAJIO HOPMa-
naigamito CAT (Tab6xa. 2, puc. 3, 4), ajge Ha
Kimens mepiogy cmocrepexxkenns CAT vy
mypiB III i V rpyn 6yB 3HAYHO BUIIWI,
Hi’K y TBapuWH, AKUM BBOAWJIN (hidiomoriu-
Hu# posumH. JlimocomanbHa (opma
nutoxpomy C y 3asHaueHill [031 Takoxk
MMPaKTUYHO yCcyBaJsia 3MiHU (PYHKI[iOHAIb-

Tabaumsa 2

Cepedniti apmepianvHull muck nicis 20cmpoi MacuéHoi KPo6oempamu ma nONO6HEeHHA

ninoxpomom (%, M + m,n =

8)

G| & = Yac nicnga BBeAeHHN
Fgs| O I 3 npenapary, X8
Ymoga 28I s o2
O¥E| 00 o]
c¥g| 28| ¥§ 15 30 45 60
f:i';’go' 12,9+ [255+| 63,9+ | 657+ | 625+ | 44,6+ | 362+
5x8 16 | 08 1,2 1,5 1,7 4,5 1,2
nicnsa PO34MH
KPOBO- . 164+ | 0104 | 522% 546+ | 482+ | 450+ | 48,7+
BTPATN | Jlinoxpom 1’0 0’4 1,0 4,6 5,6 5,5 5,0
’ ’ p<0,05 [p<0,05|p<0,05|p<0,06|p<0,05
f:“:'mo;o' 1278+ 286+ | 563+ | 354+ | 32,6+ | 305+ | 296+
30 x8 44 | 15 2,1 3,1 4,3 2,5 3,0
nicns PO34K1H
KpOBO- . 1224+ | 213+ 110,4 84,6 £ 50,1+ 70,7 £ 54,7
BTPaT | Jlinoxpom 1 ’9 0’7 2,3 2,4 5,6 1,3 1,4
’ ’ p<0,05 [p<0,05|p<0,05|p<0,06|p<0,05

ITpumimka. p — 6ipozi0nicme 6i0MinHOCMEl NOPIBHAHO 3 NOKASHUKAMU 2DYNU, W0 OMPUMALA (Pi3i0N02I4HUL POZHUH.
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Tabaums 3

DYHKYIOHALbHUIL CMAH cucmemu 320pMAHHA KPO6i Nicia 20cmpoi Macu6Hol
Kpoeéoempamu ma ii NONO6HEHHA

Moka3Huk
aKTUBOBaHUN
lpyna TBapuH napuianbHuUn npoTpomOGi- | TPoMOiHO- | PiGpuHOreH,
TpombGonnacTu- | HOBUiA Yac, C | BUiA 4ac, C r/n
HOBMM Yac, C
'("nojﬂ()osa BeNMMHa 39,4+4,0 4,0£37 | 472+4,1 | 2,07£0,02
[ocTpa macusBHa
KpoBoBTpara 45 xB 50,4 +4,8 53,2 +5,4* 65,7 £6,9 1,77 £ 0,08*
(n=38)
[ocTpa macueHa
KPOBOBTPATA * QISIONO- | 468 g4 126+ | 357+09 | 65458 | 1,36+0,08"
rYHMA PO3YMH
(n=38)
[ocTpa macusBHa
KPOBOBTpara + inoxpom 23,73+ 2,7* 39,6 +4,5% | 48,2+5,5 | 1,89 +0,08**
(n=38)

HOTO CTaHy CHUCTeMH! 3TOPTAHHS KPOBi Ta
nopymienaa KJIC kposi (taba. 1, 3).
Pazom 3 Tum, 3menmenuHa Ha 39,4 %
ATITY cBigunTh MPO MOKJINBE 30€perKeH-
HA rineproaryadiii.

Posromaparoun BoamB Jimoxpomy Ha
nepebir remMoAMHAMIUHWX IOPYIIEHb,
ukgukanux 'MK, HeoOxifHO BpaxoBy-
BaTU CYKYIHY fAito dochaTunmuixoaino-
Bux Jimocom Ta muroxpomy C. Icuye
BeJIMKa KIJbKicTh JaHUX JiTeparTypu,
OI0 TifTBEPAIKYIOTH B3aJIEKHICTH (MYHK-
IioHyBaHHA KJIITWH, OpraHiB Ta opra-
Hi8My B IIiJloMy Bif cTaHy JjinigiB mem6-
paH, IXHBOTO KiJBKiCHOTO Ta AKiCHOTO
CIIiBBiIHOIIIEHHS Ta 3MiH IIiJ mielo pis-
HoOMaHiTHUX (akKTopiB. IloKasaHO KJIIO-
YOBY POJIb meperyJisaiii oominy gocdoi-
OigiB miaasMaTUYHUX MeMOpaH y PO3BU-
TKY IIOMIKO:KEeHb KJIITHH, a TAKOK 3MiH
ckjaany docdouininie MiToXOHApPiaab-
HUX MeMOpaH, SK OJHOTO 3 OCHOBHUX
MaTOTeHeTUUYHUX YWHHUKIB 3HUIKEHHS
IXHBOI eHeprompoayKyouoi GyHKIII Ta
TMOCUJIEHHS aIlOIITO3y KJITHUH TOJOBHOTO
MO3KY 3a YMOB TIeMOpariyHoro IIOKY
[35, 36].

3a ymoB I'MK BaXauBUM MapKepom
merpagaltii KJIiTHHHUX MeMOpaH € BTpaTa
dochaTuanIXOJiHY, 0 HA ITOYATKOBOMY
eTari MoJKe MOACHIOBATUCSA aKTHUBisallieio
IpOIeciB MePeKMCHOTO OKWCHEHHS JIilri-
IiB 1 HAAXOMKEHHAM y KPOB KaTexoJaMi-

HiB, cTUMYyJIIOIOUUX po3mnaj dochaTuami-
XOJIIHY, a B Ii3HIINIOMYy mepiofi 0cobGauBy
Bary Moske HaOyBaTu nedimuTt XOoJiHy,
10 IPU3BOAUTH [0 HOPYIIEHHS CUHTE3Y
docharuguaxosiny B meuinmi. Haxomwu-
ueHHA Jidodopm docdornimixis (1izodoc-
dbaruguiaxoniny (JIDX), mizodocharumu-
JeraHojJaMiny Ta Jisodocharuauiacepu-
HY) Y MeMOpPaHHUX CTPYKTypax CBIOUYUTH
mpo rimepakTuBaIlliio (ocdosinas, Hemo-
CTaTHIO INBUAKICTHL peanuJioOBaHHA Ta
3MEHIIIeHHsI aKTUBHOCTiI Jisodocdorinas
[37]. JI®X mae Ba3oaKTWUBHI BJIaCTUBOC-
Ti, IPUTHiUYE eHIOTeTiN-3aJIe}KHY PeJlaK-
calito aprepiii, MTOpPYyUIye eHAOTEeJii-
3aJIeXKHUN Ba3OMOTOPHUHN KOHTPOJH i
CIIPUYMHSE MOJYJIIOIUYNI BIJIUB HA T'OP-
MOHM ¥ aroHiCcTu, IIPOBEeNEeHHS CUTHAJIY
BiT AKWUX B3OiliCHIOETHCA Uepe3 IIeBHi
G-6inku ¥ axTuBaiiio mporeinkinasu C
[38—40]. Ileit ¢ocdosinig BHIMBae Ha
arperaiiro TPOMOOIUTIB, IHAYKYE e€Kc-
IIpecifo TeHiB pocTOBUX (PaKTOPiB, BKJIIO-
YeHUX B aTeporeHe3 i 3amaJibHi mporiecu
[41, 42], peryiioe eKcHpecito MOJIEKYJ
axaresii enporemionuramu [43, 44]. Takum
YMHOM BiH CIIpUsAE MOAJIBIIIOMY 3HUKEH-
HIO PEOJIOTIYHWX BJIACTMBOCTEI KPOBi Ta
PO3BUTKY CJIAIK-CUHAPOMY. 3a PaXyHOK
mHaaBHocTi B JI®X rigpodinbHOi rpynum
Ta BeJUKOi rigpodobHOI rpymnum BiH
MOPYIIyE CTPYKTYPY KJIITHHHOI MeMO-
panu, sMmiHOOuu ii (asoBuit craH, 110,
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Puc. 3. Bminu cepednbozo apmepianbH020 MUCKY 3a 20cMpPOl MACUBHOL KPOB06MpaAmu ma
66e0enHA ninoxpomy uepes 5 x6

ITpumimka. IIe — novamkoea eeauvuna; K1-K5 — uac nicas kposoesmpamu, Ke — Kineyb 66e0enns 1inoxpomy,
*gipoziOHa 6IOMIHHICMb NOPIGHAHO 3 NOYAMKOB0I0 6ELULUHOI.
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Puc. 4. 3minu cepedHb020 apmepianbH020 MUCKY 3G 20CMPOi MACUBHOL KPOBOBMpPAmMu ma
66edenHs ainoxpomy uepes 30 xe

ITpumimka. II8 — nowamrosa eeruvuna, K1-K30 — ywac nicas xpogosmpamu, Ke — kineuyb 66edenHs ninoxpo-
ny, *eipoziona 6i0MiHHICMb NOPIBHAHO 3 NOLAMIK0B0I0 BEJLULUHOIO.

B CBOI0 Yepry, BILIMBae Ha (yHKILiO-
HaJbHY aKTUBHiCTL MeMOpaHHUX OilIKiB
[45, 46]. HemomaBHO HA KepaTHHOIIUTAX
¥ epuTponuTax JIIOAUHU OYJI0 IPOZEMOH-
CTPOBAHO 3aXWMCTHY Aif0 OGoKarTopa (oc-
doaimasu A2, 1o 3abesmneuye CHHTE3
JI®X 3a yMOB OKCHUAZATHUBHOTO CTPECY, Ta
migTBepaiKkeHo poab L-o-JIPX ax darTo-
pa TOUIKOAKEeHHA KJITUHHUX MeMOpaH
[47]. BBemenHnsa mpemapaTy caMe B JIiIIO-
coMaJIbHI#A (hopmi 3a yMOB remopariuaoro
mrory Bsamobirae HakonwyenHio JIDPX y
KJITHHHUX MeMOpPaHHUX CTPYKTypax Ta
BifHOBJIOE BMicT (ochaTUAMIXOIIHY Ta

dochaTuANIIHOZUTONY B ILIA3MATUUYHUX
MeMOpaHaxX KJITUH HMEeYiHKU Ta TOJIOBHO-
ro Mo3kKy [35, 48].

IMuroxpom C — remomporein, 1o Mic-
TuTh reM Tuny C, € HeoOXigHMM KOMIIO-
HEHTOM AuxaJibHOro Jaiora [49]. 3mart-
HIiCTh NIEPEXOIIIOBATH Ta 3HEIIKOIIKYBa-
T aKTUBHI (OPMU KHCHIO 3YMOBJIIOE
3acrocyBaHHa nuroxpomy C misa Teparmii
MeTa0OJIiYHUX TOPYIIeHb B3a TOCTPOTO
KopoHapHoro cuazpomy [50, 51], mopy-
IIeHb MO3KOBOTO KpoBoobiry [52], aTepo-
CKJIEDOTUYHOTO ypa’KeHHs mnepudepuu-
HUX CYAWH, XPOHIUHOI AMXaJabHOI HeJo-
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cratHocTi [53], 3amizomedinmurHol amemii
[64] Ta iHIIMX ™[ATOJOTiYHMX CTaHiB,
noB’sa3aHuxX 3 rinmokciew. Iluroxpom C
BUXOAUTH 3 MITOXOHZApPi#l 3a immemiuHOrO
TOIITKOYKEeHHs, & €K30TeHHUHN IIUTOXPOM
Moke Woro samimyBatu [55]. MiToxoH-
npii, 10 BTpaTUIM €HJOT€eHHUNA ITUTOXPOM
C, moriMHamTh eK30TeHHY CYOCTaHI[iI0 Ta
BiTHOBJIIOIOTH AUXAJNBHY Ta (OCHOPUIIOI0-
Uy aKTHUBHICTb, HiATPUMYIOUN €HepreTuu-
Huii 6anamc Kiaituuu [50].

IlepciekTHBY 3aCTOCYBaHHA JiIOXPOMY
3a ymoB I'MK symosseni smarmicTio 1iei
KOMITIO3UIIil BILIMBATH HA B3a€MOIIOB’si3aHi
Ta B3a€EMO3YMOBJI€HI MeXaHi3Mu, 1110 aKTH-
BYIOTBCS B pasi rocrpoi KpPOBOBTpaTH, a
caMe: TiIIOKcisA TKaHWH, aKTUBi3aIisa mpo-
IeciB BiTbHOPAAUKAJIBHOTO OKUCHEHHA,
MIPUTHIUEeHHS eHEePreTUYHOTo MeTaboJIi3-
My, II[0 IIOCHWJIIOE PO3JIaJHAHHS IEHTPAIh-
HOro Ta mnepudepuyHOro KpOBOODIry Ta,
3PEIITOI0, IIPU3BOJUTH 0 POSBUTKY IIOJIi-
opranHoi HexocraTHocti [56, 57]. IligTpu-
MaHHA apTepiaJibHOTO THCKY Ta HOPMAJIi-
sania KJIC 3a kpoBoBTpaTu miciasa indysii
JimocomasibHOI opmu 1mmroxpomy C mifm-
TBEP/’KYE [OIIJIBHICTh IIOAAJIBIIIOTO BUB-
yeHHs Mo:kJuBocTell Kopekiii I'MK sa
JIOTIOMOT'OI0 JIiTIOXPOMY.

BucHoBku

KpoBomyckanus 3 3arajbHOI COHHOI apTepii
B 00’emi 2,5 mu/100 r 3i mBuaKicTio 2 M/
XB BUKJIWKAE PO3SBUTOK TI'€MOPATiYHOTO
IIOKY, KU XapaKTepu3yeTbCs BUPAKEHOIO
riIloToHi€I0, MTEKOMIIEHCOBAHUM MeTabo0JIiu-
HUM anuao3oM, po3BuTKoMm [[B3-cuaapomy
B cTafii rimoxoaryssirii, 1o Ipu3BOINIIO IO
sarubesi TBapuH nporarom (49,7 = 4,4) xB.
Po03BUTOK IIOKY CYIIPOBOAIKYETHCA Pi3HO-
CIPAMOBAHUMHU 3MiHAMHU KOATyJIAIiAHOTO
reMocCTasdy: y paHHBOMY mepiofi cmoctepi-
raroThCcA O3HAKU Trimep-, a Ha I3HIX eTa-
max — TioKoaryJAlii, 1Mo cJjig posiiiHooBa-
™ aK mouarok [[B3-cungpomy.

BuBueHHs mOIIJIBHOCTI 3acTOCYyBaHHSA
sginocomanbpHOi (opmu nuroxpomy C 3a
I'MK 3 MeTo0 KOpPeKI[ii reMoOgMHAMIYHIX
MIOPYIIeHb MOKa3aJo, 110 BBeJeHHS JIilMoX-
poMy B izoBosiemiuHoMy 06’emi isioso-
riyoro posumnHy yepes 30 XB micia Kpo-
BOBTPATU CIPUUYUHAE NOMIpPHY T'eMOJWHA-
MiUHy [il0 Ta He AONYyCKae BUHUKHEHHA
JIeKOMIIEHCOBAHOTO MeTab0JIiuHOTO aIuo-
3y. 3acrocyBaHHA Jinoxpomy micaa 'MEK
3amobirae po3BuTky [IB3-curmpomy.

HormispHiCTE BUKOPUCTAHHA JIiIIOCO-
MaabHOI (hopmu muroxpomy C I KOpeK-
1Iil TOpyIIeHb reMOAVHAMIKY Ta TeMOoCTasy
3a 'MK moTpebye momajbIlioro BUBUEHHS.
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H. B. lo6pens, H. C. l'yna, T. A. Kapauy6a, O. C. Xpomos

MepcnekTUBM BUKOPUCTaAHHS NinocomanbHol popmu uutoxpomy C Ana nonoBHEHHS

rocTpoi MacMBHOI KPOBOBTPATH

MerTa focnigxeHHs — BUBYUTU BIIMB NinocomasibHoi popmu umTtoxpomy C (ninoxpomy) Ha apTepianb-
HWI TUCK Ta reMoCTas 3a YMOB roCTpoi MacuBHoOi kpososTpatu (FMK).

MpoBeneHi focnigxeHHs nokasanu, wo NMK 3 3aranbHoi coHHoi apTepii B 06’emi 35 % Big, 06’emy
LMPKYJIIOI0HOT KPOBI BUKJIMKAE PO3BUTOK AEKOMMEHCOBAHOr0 reMopariyHoro oKy, Lo XapakTepuayeTbes
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BMPAXEHOIO rinoBonemieto Ta 3arnbensito TBapuH npoTsarom (49,7 + 4,4) xB. PO3BUTOK LLOKY CYNpOBOAXY-
E€TbCS PIBHOCMPSAMOBAHVMM 3MiHAMU KOArynsiLinHOro remMocTady: y paHHbOMY Mepiodi CnocTepiranTbCa
03Haku rinep-, a Ha Ni3Hix eTanax — rinokoarynsuji, Wo cnif po3uiHioBaTh sk nodyatok OB3-cuHgpomy.
CrocTepiraBcs pO3BMTOK CyOKOMMNEHCOBAHOMO METaboIiMHOrO aumao3y 3i 3MeHweHHsm Hanpyrn CO, Ta
nediunt 6ydbepHux nyris B apTepiasbHili KPOBi.

BBepneHHs ninocomasnbHoi dopmn LmToxpoMy C B i30BONEMIYHOMY 06’eMi i3ioNoriyHOro po3ynHy
yepes 5 xB nicns MK He BMKIMKano Hopmanisauilo CepefHbOro apTepianbHOro TUCKY.

BBeneHHs ninoxpomy vepes 30 xB nicns kpoBoBTPaTV Nnpu3soanno Ao 100 % BMXMBaHHS TBAPWH yNpo-
[OBX BCbOro nepiofly cnocrepexeHHs (60 xB), CynpoBOAXXyBaNOCb BUPaXEHOI0 cTabinizalieto reMoanHa-
MiK/ Ta 3HA4YHOK MIPOIO CMPUSNIO YCYHEHHIO MOPYLLEHb reMocTady Ta 3anobirano po3BUTKY 4EKOMMEHCO-
BaHOro MeTabosliyHOro aumaoay.

JouinbHICTb BUKOPUCTaHHA NinocomManbHoi dopmMn umtoxpomMy C 3a rocTpoi MacuBHOI KPOBOBTPATH
notpebye NOAaNbLIOO BUBYEHHS.

Knto4oBi c/i0Ba: roctpa MacvBHa KpOBOBTPATa, JinocomMasibHa popma umtoxpomy C

A. C. Xpomos, H. B. flobpens, H. C. lyna, T. A. Kapauy6a
MepcnekTUBbI UCNOJIb30OBAHUSA NMNOCOMabHOM popMbl LuToXpoma C
npu BOCNOJIHEHUM OCTPOI MaCCUBHOW KPOBOMNOTEPU

Llesnb nccnenoBaHusi — N3y4uUTb BIMSTHUE NMNOCcoMasnbHoM popmbl Lmtoxpoma C (nmnoxpoma) Ha apTe-
puanbHOE faBfIEHME N FeMOCTa3 Npu OCTPOI MaccuBHoM kposonoTtepe (OMK).

MpoBeneHHble nccnegoBaHus nokasanu, 4to OMK 13 obLuen coHHol apTepun B o6beme 35 % oT obbema
LMPKYNIMPYIOLLE KPOBM BbI3bIBAET PA3BUTMNE AEKOMMNEHCMPOBAHHOIO reMOPParnyeckoro LWoKa, xapakTe-
PU3YIOLLLEroCs BblpaXKeHHOW MMnoBosieMmnein 1 robenbio XXNBOTHbLIX B TedeHue (49,7 + 4,4) muH. Pa3BuTne
LLIOKa COMPOBOXAAETCS Pas3HOHAMNPaBAEHHbIMU N3MEHEHUSMUN KOAryisLMOHHOIO reMocTasa: B paHHEM
nepvoae HabnoalTCs NPU3HaKK rmnep-, a Ha No3aHNX aTanax — rmnokoarynsaumm, 4To creayeT pacue-
HMBaThb kKak Ha4ano ABC-cuHapoma. Habnoaanoch pa3sutie CyokOMMNEHCUPOBAHHOIO METaboINYEeCKOro
aunaosa ¢ ymeHblieHnem HanpspkeHns CO, n aeuumntom GydepHbiX OCHOBaHUI B apTeprianbHON KPOBU.

BBepneHne nunocomansHon ¢dopMbl LuToxpoma C B M30BONIEMUYECKOM 06bEME (PUINONOrNMYECKOro
pacTtBopa yeped 5 MuH nocne OMK He BbI3biBano HopmMannaaumio CpefHero aptepuanbHOro AaBfeHus.

BBeneHne nunoxpoma yepes 30 muH nocne kposonotepu npusoamno k 100 % BbRKMBAEMOCTUN XUBOT-
HbIX B TeYeHMe Bcero nepuoga HabnwoaeHus (60 MyMH), CONPOBOXAANOCH BbIPaXEHHOM cTabunmsaumei
reMoauHaMuKy, CrocoO6CTBOBASIO YCTPAHEHMIO HApPYLUEHWI remocTasda M npenoTspallano pasBuTue
[,EeKOMMEeHCMPOBAHHOMO MeTaboM4ecKoro aunaosa.

Llenecoobpa3HOCTb MCMOJIb30BaHUSA NMNOCOMasIbHOM GopMbl LmToxpomMa C npu OCTPO MaCCUBHOM
KpoBonoTepe TpebyeT fanbHENLLEro n3y4yeHus.

KntodeBble cioBa: 0CcTpasi MaccuBHasi KPOBOIOTEPSI, INMOCOMaJIbHas popma LnToxpoma C

N. V. Dobrelya, N. S. Gula, T. A. Karazuba, O. S. Khromov
Prospects of using the liposome encapsulated cytochrome C at replenishment of
acute massive hemorrhage

This study was aimed to investigate a haemostatic activity and correction of hemodynamic disorders of
the liposome encapsulated cytochrome C (Lipochrom) in acute massive blood loss.

The received data showed that acute massive exsanguination from the common carotid artery above
35 % of blood volume resulted to the development of decompensated hemorrhagic shock with lowering of
blood pressure accompanied by death of the animals within 49 min. The shock development was accom-
panied with the multidirectional changes in coagulation haemostasis: hypercoagulation in the early period
and hypocoagulation in the later stages, which should be regarded as the onset of disseminated intravas-
cular coagulation (DIC). The subcompensated metabolic acidosis was developed with decrease in CO,
tension and lack of buffer bases in the arterial blood.

Infusion of the liposome encapsulated cytochrome C in saline isovolumic volume 5 min after hemor-
rhage does not have significant hemodynamic effects.

Infusion of the lipochrome 30 min after hemorrhage led to 100 % survival of animals throughout the
follow-up period (60 min), has essential hemodynamic effects and contributed significantly to the elimina-
tion of hemostasis disorders, and prevents the development of decompensated metabolic acidosis.

An expediency of use of the liposome encapsulated cytochrome C in acute massive hemorrhage
requires further studies.

Key words: acute massive blood loss, liposome encapsulated cytochrome C
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I. B. IBanoBsa, M. I. Measuuk, A. I. CoxoBiioB

Po3BUTOK eKCcnepuMeHTaNIbHOro LyKpoBoro fliabety
NPUrHivYye 3aranbHy KanieBy NPoBiAHICTb

Y rnaileHbKOM’A30BUX KNITUHAX aOpTH, ane 30inbLuye
Tl B KNiTUHAX NereHesol apTepii LWypis

JepxaBHa ycTtaHoBa «IHCTUTYT papMakosiorii Ta TOKCUKOOTi
HavuioHanbHOI akagemii meamnydHnx Hayk Ykpainu», M. Knis

Kntoyosi cnoBa: uykpoBuii giabet, aopra,
JlereHeBa apTepis, nia3matniyHa MmemopaHa
11a4€HbKOM’S130BUX KJiTuH, Ca?*-aktnBoBaHi
K*-karan Beskoi nposiaHocTi (BK )

Bimomo, 1m0 cepes OCHOBHUX NIPUYUH
CMEPTHOCTI Ta BTpaTu IIpPaIEe3qaTHOCTL
HaceJeHHA YKpaiHU Ta BCbOT'O CBiTYy Hai-
MOINMVPEHIMUMY 3aJIUMIAIOTHCA CYAUHHI
YCKJIQJHEHHA, IO BUKJIWKAHI I[yKPOBUM
miaberom (IIM). I 3maTeH migBUIyBaTU
PU3UK BUHUKHEHHA CYyAMHHUX MOPYIIEHb,
0 TPU3BOLATH IO TOCTPOTO iH(APKTY
MioKapza, aTepoCKJIepo3y, apTepiajbHOI
rimeprensii, iHCyJbTy, raHIPEHU HUIKHiX
KiHIiBOK, areporpom60o3y Ta iH. Byio
IIOKa3aHo, IO ypakeHHA cyauwH 3a I[][
00yMOBJIEHO TIOPYIIEHHAM yTuJisarii
TJIIOK03U1, OCKiJNIbKY i BUCOKiI KOHIIEHTpA-
Iii B ma3Mi KpoBi COPUAIOTH MiJBUIIEH-
HI0O IPOHUKHOCTI CYAWHHOI CTiHKM AJISA
iHTepcTUIliaJIbHOI PiIIVHY Ta €JeKTPOIiTiB
[1]. 3a ymoB IIIl B ocHOBHOMY BinsHa-
YaeTbCA YpasKeHHA apTepiil, y mepiny
uepry, napi6bHOTO [mgiamMerpa, TaK 3BaHi
MikpoanriomaTii. 3a mporpecyBaHHsS IIPO-
mecy MeTaboJIiuHI TOPYIIEeHHS B CYKYII-
HOCTi 3 [IOJATKOBUMH! (DaKTOpaMMU CIIPHU-
YNHSIOTh YPasKeHHs BeJIUKUX cyauH [2].

3a pesynabTaTaM! [eAKUX JJOCJTiIKEHDb
€ BaroMi mpwuwmHM npunyckartu, mo I[J{
MOKe 3HAUHOI0 MipOIO BILJIMBATH HAa Jiere-
HEBY MIiKPOIUPKYJIAIif0, 30iabIIyioun
TOBIIVMHY CTiHKMW JIET€EHEBUX CYAWH, 3Mi-
HIOIOUN iXHi#I TOHYC Ta CKOPOTJIUBICTH i
IOPYIIYIOYM Ta3o00MiH y JereHax, IO
IPU3BOAUTL OO IOMITHOI BTpaTH JieTeHe-
Bol (yHKIiI Ta AmMXanbHOI e(deKTUBHOCTL
[3]. Kpim TorO, B €KcIlepuMeHTax Ha TBa-
puHax OyJI0O IPOJAEMOHCTPOBAHO, IO Hia-
6erT Bimirpae omHY 3 TOJIOBHUX POJIel ¥

© KonekTtus aBTopis, 2018

DO3BUTKY JiereHeBOi rimeprensii uepes
IpAMUN BIJINB TillepriikeMii Ha JereHeBi
cypunu [4, 5].

KamieBi rkaHasm BifirpamoTh BaKJIUBY
posib y (GOpMyBaHHI IOTEHIIiaJly CIOKOIO
rurageHbkoM’ A30BuX Kiaitus ('MK) cynun
Ta peryaanii ixHporo ckopouenusa. Ilpu-
ruivennsa axkrtuBHocti K'-gamami y
cynuaaux I'MK symoBiioe pemoJisgpusa-
I[if0 KJIITUHHOI MeMOpaHu Ta MiABUIIEHHI
3POCTAHHA BHYTPINIHBOKJITHHHOI KOH-
IeHTpaIii ioHi30BaHOTO KAJbI[iI0 ([Ca2+]i),
BUKJHKAao4Yu cKopouenHs I'MK Ta, BHa-
CJiIOK IIhOTO, 3BY}KEHHA KPOBOHOCHUX
cyzua [6]. Cepexm uwcesbHUX THUIIB
K'-kanainis, mo npexacrasiaeni 8 TMK pis-
HUX TUIIB KPOBOHOCHUX CYAWH, IlepeBa-
JKAIOUNMH A Oinemrocti aprepiit € Ca?'-
aktuBoBaHi K'-KaHasm BeJIUKOI IPOBif-
HocTi (BK(,), AKi 3AIACHIOIOTH CYyTTEBWI
BILUIUB HA PETYJAIII0 CYAWHHOTO TOHYCY
yepe3 iXHe BasyuyeHHA [0 (DOpMYyBaHHA
3MiH wMmemOpanHOoro mnoreniiianry I'MEK
[6—-8]. BK  -kanaiu excnpecoBaHi B ycix
Tunax cysuaaux 'MEK, Bigirparoum ocmo-
BHY pOJb y Tpolleci rimepmoJssapusartii
nnasmatuuHoi mem6panu I'MK 3 Hacty1-
HOIO Baszomuiaraitiero [7]. IcuyroTs mawmi,
mo akTuBHiCTE BK -Kanamie moske OyTm
3HUIKeHa 3a ymMoB pmiabery [9]. OckinbKu
BK,, MaioTh BHUCOKY YyTJHUBICTH AK M0
[Ca2+].1, Tak i 1o MeMOpaHHOTO IOTEeHIia-
a1y, ixHA AucYHKIiA MOXKe BimirpaBaTu
Ba)KJIMBY POJIb Yy TIIaTOreHe3i BeJMKOI
KiZTBKOCTI CYIMHHUX IMOPYIIEHb, BKJIOYA-
I0YU ¥ CyAWHHI yCcKIagHeHHA 3a ymMoB I1]]
[8, 10-15].

Jlikapcbki mpemapaTtu, IO 3aCTOCO-
ByloThbca A nikyBanua [T (B-6s1okaTopu,
iHri6iTOPM aHTiOTEeH3WH-TIEPETBOPIOIOYOTO
depmenTy, Ca?'-610KaTopm, IiypeTUKH
TOII0), € CUMITOMATUYHUMHU, i MUTAHHA

®apmakonoris ta nikapcska rokcukonoria, No 2 (58)/2018

25



JiKyBaHHA CYIUHHUX YCKJaJHEHb IIiel
XBOPOOM BaJMIIAETHCSA [OOCI BIAKPUTHM.
Tomy BCTAHOBJIEHHA MeXaHi3MiB PO3BUT-
Ky auchYHKIII cynImH 3a YMOB DO3SBUTKY
II0 i Bu3HAYEHHA OCHOBHUX MiIllleHeH
BILJIMBY MOYKe BiIKPUTHU IEePCIEKTUBU AJISA
CTBOPEHHS HOBUX NLIAXIB mjid il dapma-
KOJIOTiUHOI KOpeKIrii.

Mema OocaiOxenHs — BCTAHOBUTU
MOJKJMBI 3MiHM aKTWBHOCTI KaieBux
KaHaniB niasmaruuHoi memOpanu I'MEK
CYAVH BeJIMKOTO (a0pTH!) Ta Majaoro (OCHO-
BHOI JiereHeBoOl apTepii) Kis KpoBoobiry 3a
YMOB PO3BUTKY eKcmepuMeHTasbHOrO 1]
y mypis.

Marepiamu Ta meromm. [ocrimxeHHSa
TIPOBOJUJIN 3 BUKOPHCTAHHAM CBiK0-i30-
aboBaHux 'MK aopTu Ta OCHOBHOI JiereHe-
Boi aprepii (JIA) camniB miypiB uimil
Wistar macoro 170-220 r. [DexamiTaiiro
TBapUH BAiMCHIOBAJMW IiCJsA IIONIEPeIHbOL
amecresii dpenobapbiTasom Harpito (50 mr/
Kr). ¥Yci gocsigu mpoBOAUIN BiATIOBIAHO 10O
BuMOT €BpoImelichKOi KOHBEHIIII 3 3aXUCTy
TBapWH, II[0 BUKOPUCTOBYIOTHCSI B €KCIIe-
PUMEHTAJBLHUX Ta IHIMHUX IiIAX. ¥ TBapuH
BUAAJIANN CYAWHU, OUUIIATIM iX Bil JKUPO-
BOI Ta CHOJYYHOI TKAHWH, Hapisanm Ha
cermeHTH posmipom (1,5 x 3) mm, axi
nmoMimanam B pPO3UMH, M0 MictuB (y
mmoib/a): 120 NaCl; 6 KCI; 12 ratokosu,
10 HEPES; a takoxx 1 mr/ma nanaimy
(11,55 U/mg), 1 mr/ma dithiothreitol Ta
1 Mr/ma 6myavoro CHpPOBATKOBOTO AaJIbOy-
miny. CermeHTH iHKyOyBaJINCh Y TEPMOCTA-
ti (+37 °C) mporsirom 22 XB, micJs 40ro iX
IIePEeHOCUJIM B PO3YMH aHAJOTIUYHOTO CKJIa-
Iy, aje skuit mictuB 1,5 Mr/mi KoJsiareHa-
3u (tTun IA) samicte mamaimy. TxkaHuHUM
imkyOyBasuch y Tepmocrari (+ 37 °C) e
npotsarom 15 xB, micja yoro ix BigMuBaIu
Bix dbepMeHTIB y Ge3KaJIbIiIEBOMY PO3UYMHI
Ta BUMIJIAJN KJIITUHU IIJIAXOM Oararopa-
30BOT0 IMimneTyBaHHA. AJIIKBOTH OTpUMA-
Hux isosboBanux I'MK mowmimtanm B pos-
YMH 3 HOPMAaJbHOIO KoHIeHTpamico Ca?",
o mictus (y mmous/i): 120 NaCl; 6 KCl;
1,2 MgCl,; 2,5 CaCl,; 10 HEPES; 12 ruio-
kosu; (pH = 7,4). Tpaucmembpauni ionui
CTPYMHU OOCHiIKyBaiuch meromom patch-
clamp y xoudiryparii whole-cell. ®ikca-
Iil0 TOTEHIiaJly Ta PeecTpalilo CTPyMiB
3IiMICHIOBAJIM 3a JJOIIOMOTOIO IIifICHJIIOBava
Axopatch 200B Tta amajoro-mugpoBoro
neperBopioBaua Digidata 1200B (“Axon

Instruments”, CIIIA). Pesyabratu anasi-
gyBaJsim 3a gormomoroio nmporpamu pPCLAMP
9.0 Ta Origin 7.5. CxknaHi erekTpoau IJis
BUMIpPIOBaHHSA TPAHCMEMOPaHHOTO CTPYMY
BUTOTOBJIAIN 13 OOPOCHMIIIKATHUX CKJISHUX
kaminmapis. Eaexrtpomm, 1mo Masum omip
2,56—-5,0 MOwm, 3amoBHIOBAJU POSUNMHOM
HacCTymHOTO cKJany (B mmosb/a): 130 KCl;
1 Na,ATP; 1 MgATP; 0,3 EGTA; 10 ruio-
Koza, 10 HEPES; pH 7,3.

HiabGer y mypiB OyB iHAyKoBaHUii 3a
3araJbHONPUNHATAM METOJOM OJHOPA30-
BOI0 BHYTPiIITHHOOUYEPEBUHHOIO iH’EKIIi€IO
crpenTto3oronuny (STZ), AKuii € cejex-
TUBHO TOKCHYHHUM BiIHOCHO 10 OeTa-KJIi-
TUH ocTpiBniB JlaHrepranca migIIIyHKO-
BOl 3ajos3u, y KoHieHTparii (60—-65) mr/
Kr [16]. BusHaueHHA €KCIIEPUMEHTAJIBHO-
ro pgiabery mpoBOAMAM 3a HAABHICTIO
rimepriikemii. KoHIleHTpaIlito IJI0KO3U B
miaa3Mi KpoBi BumipioBanu uepes 30 ni0
micaa in’eknii STZ i B meHb eKCIIepUMEeH-
Ty B JOCJHiJJKYBaHUX TBAPUH yCiX T'PYII.
STZ posumHsaau B mMuTpaTHOMY GydepHOo-
My posumHi, axuit mictuB 9 % NaCl Ta
10 mmous/n murpary (pH = 4,6). Kon-
IeHTpAaIlifo TJIIOKO3UW BU3HAYAJIU 3a [JOIIO-
Mororo riiokozomerpa Bionime (BIONIME
Rightest GM 300, Illseiiapis).

Orpumani pesyabTatTu 06pPOOIAIU
MaTeMaTH4YHO B3a MeTOAOM BapiarmiitHol
CTATUCTUKY 3a JOTIOMOTOI0 KOMII FOTePHOI
nporpamu Origin 7.5 3i 3HaxomKeHHAM
cepeHHOTO apupMeTHUHOTO Ta CTaH-
JapTHOI MOMHJIKHU CEePeJHbLOTO 3HAUYEHHS
(M = m). IlopiBHAHHSA BUGIPOK ITPOBOLM-
au 3a xpurepiem t-CrhiogeHTa. 3HAUEH-
ua P < 0,05 BBa)kaJaum CTATHUCTUYHO
JIOCTOBiIpHUMU.

PesyabsTraTu Ta ix o6roBopenHsa. OgHO-
pasoBe BHYTPilIHLOOUEPEBUHHE BBEIEHHS
mypam STZ (65 Mr/Kr) BUKJIUKAJIO XPO-
HiyHy rinepruikemiro. Ileii nokasHUK
OyJI0O BUKOpHCTAHO aJs1 Bepuiramii pos-
Butky IIJ. o mnouarrky imgywmii ITJT
PiBEeHB TJIIOK0O3UW B KPOBi ITypiB CTAaHOBUB
(5,83 = 0,14) mmoab/a, n = 15. Ha gens
excnepumenty (60—-70 mi6) y Kposi nmia-
0eTMUYHUX TBapWH BiH ckJajgaB (27,3 =+
3,6) mmouan/n, P < 0,001 mopiBHAHO 3i
mypaMu KOHTpoJsbHOI rpynu: (6,2 + 0,4)
MMOJB/J, n = 15.

V¥ BiAmOBigh HA CTYyHiHUACTY IEeNOJIAPU-
samiro mrasmatuunol memOpauu I'MEK Bif
-100 mo +70 MB uepes KoxHi 3 ¢ 3a mig-
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TpUMyBaHOTO moTeHIiany -60mMB 6Gyio
3a(ikcoBaHO CyMapHUil BUXITHUN CTPYM.
Orpumani maHi moKasajauw, M0 B IIJIasMa-
Tuyanx MemoOpanax I'MK aoptu mrypis
PO3BUTOK eKcnepuMeHTanabHoro 1]l 3HaU-
HO 3HI)KYBAB aMILIITyAy IIiJILHOCTi CTPY-
my. $IK [eMOHCTPYIOTb KpPUBi BOJIBT-
aMIIePHUX XapaKTepPUCTUK, BiporigHe 3HU-
'KeHHaA BesmumHu ctpymy B I'MK aoprtu
tBapuH 3 STZ-iuayxkosarum I1]] cocrepi-
raju 3a OiJbII IMO3BUTUBHUX MHOTEHIiaJiB,
Hisk +10 mMB, a mpu MakcHMaJIbHOMY
piBHIi menonspusanii memopanu (+70 mB)
poro miiapHicTs cranoBmia 40,2 oA/nd +
3,6 A /1P nopiBHAHO 3 KOHTPOJIEM, AKUH
cranoBuB (84,7 = 5,1) mA/u® (n = 8§,
P < 0,001; puc. 1 A).

V¥ rToii camuii yac BeJIUUYMHA TPAHCMEMO-
pauHux iomHumx crpymiB y 'MK JIA TtBa-
pur 3 STZ-imgyxkoBaumum I[Jl, HaBHmakwu,
3HAYHO 3pocTajia 3a IIOTeHI[iaJiB BUIIe,
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Puc. 1. Borvm-amnepri xapaxmepucmurxu
CYMAprHUX 6UXIOHUX cMPYMié uepe3
naasmamuiny memobpany I'MK aopmu (A)
ma ocHo8HUX JezeHnesux apmepiil (B)
30oposux wypié (KOHRmMpPoav) i wypie 3
excnepumenmaanvrnum LT (Oiabem ).
Cmpymu 6yau ompumani 3a 00nomozow
CMUMYAAYIL KAIMUH imnyavcamnu
mpusanicmio 300 mc y diana3oni 6id
(-100 0o +70) mB, 3 kpokom 10 mB 6id
niompumyeanozo nomenyiary -60 mB
ITpumimka. *P <0,05 nopiéHano 3 KOHMPOJLEM.

Hi’k -20 mB Ta B pasi +70 mB mocarana
(234,4 = 17,6) mA/u® nOpiBHAHO 3 KOHTP-
oyieM, 1o ckJazaB (85,1 = 6,3) mA/nd®
(n=17, P <0,001; puc. 1 B).

His sa TMK aoptu cesnekTuBHOro 6.J0-
katopa BK -kamanis makcuiiny (IIK,
5 « 1077 Moxb/JT) BiporifiHO 3MeHIIyBaJa
aMILIITyLy CyMapHOTO BUXiZHOTO CTPYyMY
B KOHTPOJIi 3a IIOTeHIliaJIiB BUIIE, HiK
+10 ~mB, sumxkyoumcsr 3a +70 mB gmo
27,3 = 1,8) ntA/u® (n = 8, P < 0,001;
puc. 2 A). 3a ymor II[] sBusius IIK, HaBmna-
KM, B3MiHIOBAaB IIiJIbHICTH CyMapHOTO
BUXiTHOTO CTPyMy B 3HAYHO MEHIIOMY
CTyIeHi: HOro BeJWYMHA 3MEHIITyBajslach
JUIIe 3a MaKCUMAaJbHOI JermoJapusaalrii
mem6panu (+70 mB) mo (29,5 = 3,3) mA/
n® (n = 8, P < 0,05, puc. 2 B). 3a xii ITK
Ha 'MK JIA aK KOHTPOJBbHUX ITyPiB, TaK
i mypis 3 IIJl BesmumHA TpaHcMeMOpaH-
moro K'-ctpymy sa +70 mB mocrosipHO
ameHIryBaaach 1o (56,1 = 5,5) nA/a® ra
mo (166,9 = 14,8) mA/nd® sBigmosigmo
(puc. 3 A i puc. 3 B).

TakuM YMHOM, OTPUMaHi JaHi cBiguaTh
upo Te, mo I[Jl BuKJIMKae 3HAUHE HOPU-
THiYeHHA aMILIITyJu KajlieBUX CTPYyMiB
yepe3d maasmMartuuHy wmembpany I'MK
aopPTH IIYPiB, IO IPOABJIAETHCI 3HUIKEH-
HAM npoBigHOocTi uepe3 ii kamammu. Ile
MoiKe OyTU OJHUM 3 (haKTOPiB, I1T0 MOXKYTh
IPU3BEeCTH [0 B3MEHIIIEHHS Bas3oAmjaTa-
TOPHOTO IIOTEHIliaJy Ta PO3BUTKY TiIep-
TOHYCY CTiHKHW CYAWH BHACJIiJOK PO3BUT-
ry IIJT.

PesynbraTu Takok moxasasu, IO Hau-
OiJIBIIIOI0 CKJIAZ0BOIO YACTHMHOIO CyMapHO-
ro Buxiguoro crpymy I'MK aoptu 3mopo-
BUX IIyPiB € HOro HaKCUIiH-YyTIUBUHN
KOMIIOHEHT, To0To cTpyM uepes BE -
KaHaj W, BeJMYMHA AKOro Oyja 3HAYHO
samkena 3a I[I]. To6To, MOKHa TIPUIYC-
TUTU, IO IPUTHIUEHHA IIIJILHOCTI 3arajb-
HOTO BHUXimHOro ctpymy 3a ymoB IIJ[ Bix-
OyBaeThbCA 3a PAXYHOK PiBKOr0 3MEHIIIEH-
Ha akTuBHOCTI BK  -Kananis. 3HmXKeHHA
sennunau BK -ctpymy B TMK niaGerwu-
HUX TBapuWH OyJO TaKOMK IIOKasaHo U y
IesAKUX MOCJiMKeHHAX Ha iHIIUX THUIIaxX
cynua: MK Opu:koBux aprepiii mrypis,
apTepios CiTKiBKM HIypiB i KOpPOHApHUX
aprepiit muteii [15, 17-19]. IIpuruiuen-
HA aMIUTIITyAM KaJi€eBUX CTPYMiB y CyAUH-
uux I'MK za ymoB II]] moxke 6yTu HacJim-
KOM B3HUKEHHsS aKTHUBHOCTiI IIOTeHIiaji-
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Puc. 2. Epekm naxcuniny (IIK,

5+ 1077 moav/n) na euxioni kaniesi
cmpymu 6 'MEK aopmu wypié KOHMPOALHOL
epynu (A) i wypie 3 excnepumenmanbHUuM
I (B). Cmpymu 6yau ompumani 3a
00nom02010 cMUuMYAYil KAIMUH iMNYyabcam
mpueaaicmio 300 mc y dianasoni (-100 —
+70) mB, 3 kpoxom 10 mB 6id
niompumyeanozo nomenyiany -60 mB

ITpumimka. Tym i na puc. 3: *P < 0,05.
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Puc. 3. E¢pexm naxcuniny (IIK,
5 « 1077 monv/n) Ha 6uxiowni Kaniesi
cmpymu 8 I'MK ocnoeHoi nezenegoi apmepii
(JIA) wypie konmpoavroi epynu (A) ma
wypie 3 excnepumenmanvrum L[] (B).
Cmpymu 6yau ompumani 3a 00nomozow
CMUMYAAYIL KAIMUHW imnyabcamu
mpusanicmio 300 mc y diana3oni
(-100 — +70) mB, 3 kpoxom 10 mB 8id
niompumyseanozo nomenyiary -60 mB

sanesxHux Ca’"-kamanis L-tuny i, Bigmo-
BizHO, BXigHoro Ca?'-cTpymy, AKuii came
it obymomiroe axruBamnito BE, -kanamis
[20].

Amnajis gfaHUX mOCHigyKeHHSA CBiOUYUTH,
mo, Ha Bigminy 'MK aoptu, y TMK JIA
akTuBHicTe BK_ -kananiB He 3smiHIOBa-
Jach 3a yMOB giabeTy, He3BaKaiuW Ha
Te, 110 3araabHuil K'-cTpy™m sHauHO 3poc-
TaB. IlokasaHO TaKO’K, IO TpPaHCMeMO-
pauHuii crpym uepes BK_ -kananu 8 TMK
JIA 6yB BUpaskeHWH y 3HAYHO MEHIIIOMY
CTYyIIeHI TOPiBHAHO 3 IUM IIapaMeTpPOM
aopranbuux I'MK, 110 Mmosxe 6yTu HacJiI-
KOM 3HU’KEHOI aKTUBHOCTI [,-cybomuuuIi
B BK -kananax JIA [21].

PesynbraTtu pmociigiKeHHS JEeMOHCT-
PYIOTH, 1110 3HAYHE MiABUINEHHS BEeJINYMU-
Hu migbHocTi Kf-cTpymy He moB’sasame 3
aktusaniero BK_ -kamamxiB, a omxe,
IPUYNHOI IHOTO (heHOMeHa MOKYTh
0yTy B3MiHM AaKTHBHOCTI IiHIIWUX THUHOIB

K*-xganmamis. IIpoGsema BmimBy I[J] Ha
JIA crorogHi BMBUeHA HENOCTATHLO, OTXKE
IOCUTH CKJAIHO MPUNYyCTUTH, K-KaHamm
caMe SAKOr0 THITy aKTUBYIOThCA. Bimomo,
mo kpim BK  -kamamis, y MK JIA y
IOCTaTHiM Mipi eKcIpecoBaHi IOTeHIiaJI-
same:xmi K™-xamamm (K,), saxum mpura-
MaHHe 3HAYHEe NPUTHIUYeHHA CcBOel QYHK-
miomayspuoi axtmBHOocTi B I'MK JIA 3a
PO3BUTKY TaKHX CYAMHHUX I[OPYIIEHb,
AK JIeTeHeBa TimepTeH3iA Ta XpOHiUHA
rinokcia [22-25], y To#t wac ax BK,-
KaHaJIM 3a IIUX YMOB XapaKTepU3YITLCA
MiABUINEHHAM eKcIIpecil Ta IpoBigHOCTI
[26]. IIpore icHyloTH maHi, IO 3a YMOB
T excnpecia Ky -kananis y TMK JIA ne
npurHiuyerbea [25], oT:Ke MOKYThH OyTH
OOIIJIPHUMHU TONAJbIIL JOCIiIKeHHS
ObOTO THUNY KaHaJNy IOA0 BUABJIEHHA
MeXaHi3My 3pOCTaHHA BeJIUYNHU KaJlieBo-
ro crpymy 3a I1[]. Pasom 3 TuM, BpaXxoBYIO-
un, mo BK_ -kananmu BuABUIM CTIAKiCTH
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mo BoauBy LI, To, He 3Bakaro4yu Ha Te,
110 HAaIli pe3yJabTaTH He IIOKAa3aJid 3POoC-
TaHHA IXHBOI AKTHBHOCTI, MTOJAJbIIi
OOCTiMKeHHs 3 BHUKOPUCTAHHAM O1lJIBII
TOYHUX METOHIB MOKYTH BCe K ii BUABU-
. JocaimKeHHA B IBOMY HampAMi
MOKYTb OyTH HaWNEePCIeKTUBHIIIINMU,
ockinmpku came B 'MK JIA BE_ -xkanaiu
MIPOSIBJSAIOTh CTifiKicTh Ta HaBiTH HmigBU-
HIeHHA PiBHA eKcIIpecii 3a CyAUHHUX PO3-
naxpis [26, 27].

BucHoBku

1. I BuUKJWKae 3HAUHE IIPUTHIYEHHS
aMILTITYyAu KaJieBUX CTPYMiB uepes
nimagmatTuuny wMemoOpany I'MK aoprtu
o1ypiB, IO MOYKEe IPU3BOAUTU OO 3MEH-
IIeHHA Ba30JUJIATATOPHOTO IOTEHILiaJy
Ta PO3BUTKY TillePTOHYCY CTiHKH aOpTH.

2. BesmuuHa TpaHCMeMOpaHHUX 10OHHUX
crpymiB y MK JIA tBapuu 3 I1]] pisko

30isplryBajiacsa 3a IOTEHIIAJIIB BHIIE,
Hi’k -20 MB mopiBHAHO 3 KOHTpOJIEM,
10 IIPOSABJIAJOCSI 3POCTAHHAM IIPOBif-
HOCTi uepes il KaHaAJIH.

. His ma TMK aoptu ceieKTUBHOTO 6JiO-

rkaropa BK -kananis makcuiiny (IIK,
5 « 1077 MoJIb/J1) BipOTiJHO 3MeHITyBaJIa
aMILTITyZly CyMapHOTO BUXiJHOTO CTPYMY
B KOHTPOJI 3a TOTEeHIIiaJiB BUINE, HiXK
+10 MB, y Toit wac ak 3a ymoB IIIT
piuuB IIK 3miHIOBaB HIibHiCTHL cymap-
HOTO BUXIHOTO CTPYyMy B 3HAUHO MEH-
IIIOMY CTYIIEHi, IO CBigYUTH IIPO 3HU-
YKeHHsA aKTUBHOCTI came BK -KanamiB.

. 3a gmii IIK ma 'MK JIA AK KOHTPOJb-

HUX IIypiB, Tak i mrypis 3 1]l Beswyu-
Ha TpaHcMeMmOpanHOoro K'-ctpymy
3MeHIITyBaJjacsa 3a IIOTeHI[iajiB BHIIe,
Hisk +60 MB, T06ro axTuBHicTE BK,-
KaHaJIiB 3a yMOB fAiabeTy He 3MiHIOBa-
Jacs MOPiBHAHO 3 KOHTPOJIEM.

10.

1.

12.

13.

14.

. Emerging risk factors collaboration. Diabetes mellitus, fasting blood glucose concentration, and risk

of vascular disease: a collaborative meta—analysis of 102 prospective studies / N. Sarvar, P. Gaio,
S. R. Seshasai [et al.] // Lancet. — 2010. - V. 375, N2 9733. — P. 2215-2222.

. Follow up report on the diagnosis of diabetes mellitus: The expert committee on the diagnosis and clas-

sification of diabetes mellitus (11 November.- 2003). Diabetes Care. — 2003. - V. 26, N2 31. — P. 60-7.

. Pulmonary complications in diabetes mellitus: the role of glycemic control / D. Ardigo, S. Valtuena,

|. Zavaroni [et al.] // Current drug targets—Inflammation & Allergy. — 2004. — V. 3, N2 4. — P. 455-458.

. Pulmonary arterial hypertension is linked to insulin resistance and reversed by peroxisome prolifer-

ator-activated receptor-gamma activation / G. Hansmann, R. A. Wagner, S. Schellong [et al.] //
Circulation. — 2007. - V. 115 (10). — P. 1275-1284.

. Insulin resistance in pulmonary arterial Hypertension / R. T. Zamanian, G. Hansmann, S. Snook [et

al.] // Eur. Respir. J. - 2009. - V. 33. - P. 318-324.

. Studies of mortality of atomic bomb survivors. Report 13: Solid cancer and noncancer disease mor-

tality: 1950-1997 / D. L. Preston, Y. Shimizu, D. A. Pierce [et al.] // Radiation Research. — 2003. -
V. 160. — P. 381-407.

. Nelson M. T. Physiological roles and properties of potassium channels in arterial smooth muscle /

M. T. Nelson, J. M. Quayle // American Journal of Physiology. — 1995. — V. 268. — P. C799-C822.

. Vasodilation of retinal arterioles induced by activation of BK., channels is attenuated in diabetic

rats / A. Mori, S. Suzuki, K. Sakamoto [et al.] // European Journal of Pharmacology. — 2011. - V. 669,
N2 1-3. - P. 94-99.

. Miller J. A. Relationship between diurnal blood pressure, renal hemodynamic function, and the renin-

angiotensin system in type 1 diabetes. / J. A. Miller, J. R. Curtis, E. B. Sochett // Diabetes. — 2003. —
V. 52, Ne7. — P. 1806-1811.

lonizing non-fatal whole-body irradiation inhibits Ca?*dependent K* channels in endothelial cells of
coronary artery: possible contribution to depression of endothelium-dependent vascular relaxation /
S. Tishkin, V. Rekalov, I. lvanova [et al.] // International Journal of Radiation Biology. — 2007. - V. 83. —
P. 161-169.

Erdds B. Alterations in Ky, and K, channel function in cerebral arteries of insulin-resistant rats /
B. Erdds, A. W. Miller, D. W. Busija // Am. J. Physiol. Heart. Circ. Physiol. — 2002. - V. 283. — P. H2472-
H2477.

Calcium-activated potassium channels contribute to human skeletal muscle microvascular endothe-
lial dysfunction related to cardiopulmonary bypass /Y. Liu, E. W. Sellke, J. Feng [et al.] // Surgery. —
2008. - V. 144, N2 2. — P. 239-244.

Soloviev A. Quercetin-filled phosphatidylcholine liposomes restore abnormalities in rat thoracic aorta
BK,, channel function following ionizing irradiation / A. Soloviev, S. Tishkin, S. Kyrychenko // Acta
Physiologica Sinica. — 2009. - V. 61, N2 3. - P. 201-210.

Calcium-activated potassium channels contribute to human coronary microvascular dysfunction after
cardioplegic arrest / J. Feng, Y. Liu, R.T. Clements [et al.] // Circulation. — 2008. — V. 118, Suppl. 14. —
P. S46-S51.

®apmakonoris Ta nikapcska Tokcukonoris, No 2 (58)/2018 29



15. Diabetes downregulates large-conductance Ca?*-activated potassium B, channel subunit in retinal
arteriolar smooth muscle / M. K. McGahon, D. P. Dash, A. Arora [et al.] // Circ. Res. — 2007. — V. 100. —
P. 703-711.

16. Rho kinase and protein kinase C involvement in vascular smooth muscle myofilament calcium sensi-
tization in arteries from diabetic rats / I. V. Kizub, O. O. Pavlova, C. D. Johnson [et al.] // British
Journal of Pharmacology. — 2010. - V. 159. — P. 1724-1731.

17. Burnham M. P. Reduced Ca?*-dependent activation of large-conductance Ca?*-activated K*channels
from arteries of type 2 diabetic Zucker diabetic fatty rats / M. P. Burnham, |. T. Johnson, A. H. Weston
// Am. J. Physiol. Heart. Circ. Physiol. - 2006. — V. 290. - P. H1520-H1527.

18. Potassium (BK,) currents are reduced in microvascular smooth muscle cells from insulin-resistant
rats / C. Dimitropoulou, G. Han, A\W. Miller, [et al.] // Am. J. Physiol. Heart. Circ. Physiol. — 2002. —
V. 282. - P. H908-H917.

19. Calcium-activated potassium channels and the regulation of vascular tone / J. Ledoux, M. E. Werner,
J. E. Brayden [et al.] // Physiology — 2006. — V. 21, N2 1. — P. 69-78.

20. Altered L-type Ca?* channel currents in vascular smooth muscle cells from experimental diabetic rats
/ R.Wang, Y. Wu, G. Tang [et al.] // Am. J. Physiol. Heart Circ. Physiol. — 2000. - V. 278. - P. H714—
H722.

21. Distinct activity of BK channel B,-subunit in cerebral and pulmonary artery smooth muscle cells /
Y-M. Zheng, S. W. Park, L. Stokes [et al.] // Am J Physiol. — 2013. — V. 304. — P. 780-789.

22. Dysfunctional voltage-gated K* channels in pulmonary artery smooth muscle cells of patients with
primary pulmonary hypertension / Yuan J. X-J., Aldinger A. M., Juhaszova M. [et al.] // Circulation. —
1998. - V. 98 (14). — P. 1400-1406.

23. Chronic hypoxia inhibits K, channel gene expression in rat distal pulmonary artery / J. Wang,
L. Weigand, W. Wang [et al.] // Am J Physiol. - 2005. - V. 288 (6). — P. 1049-1058.

24. Platoshyn O. Acute hypoxia selectively inhibits KCNA5 channels in pulmonary artery smooth muscle
cells / O. Platoshyn, E. E. Brevnova, E. D. Burg // Am J. Physiol 2006. — V. 290 (3). — P. 907-916.

25. Moral-Sanz J. Different patterns of pulmonary vascular disease induced by type 1 diabetes and
moderate hypoxia in rats / J. Moral-Sanz , J. G. Lopez-Lopez, C. Menendez // Exp Physiol. — 2012. —
V.97, N2 5. - P. 676-86.

26. BK channels in rat and human pulmonary smooth muscle cells are BKa-B, functional complexes
lacking the oxygen-sensitive stress axis regulated exon insert / N. D.Detweiler, L. Song, S. J. McCle-
nahan [et al.] // Pulm Circ. — 2016. - V. 6 (4). — P. 563-575.

27. Oxygen tension modulates the expression of pulmonary vascular BK, channel a- and B-subunits /
E. Resnik, J. Herron, R. Fu [et al.]. // Am J Physiol. — 2005. - V. 290 (4). — P. 761-768.

I. B. IBaHoBa, M. I. MenbHuk, A. I. ConosiioB

P03BMTOK ekcnepuMeHTaNnbHOro LlYKPOBOro AiabeTy NPUrHivyye 3aranbHy KanieBy

NPOBigHICTb Y rNaAeHbKOM’I30BUX KJiITUHAX a0PTU, ane 30iNbLuye i1 B KJiTUHaX

JiereHeBoiI apTepii Wypis

LlykpoBuia giabet (L) 3naTeH CNpUYNHATU YPaXKEHHS Pi3HUX TUMIB KPOBOHOCHUX CYAVH, MPU3BOASYM
[0 iXHBOT AnCdYHKLji. BaxnnBy ponb y perynsuii TOHyCy Ta CKOPOYEHHS rMaaeHbKoM’ a30BUX KNiTUH (FTMK)
cyauH Bigirpatote Ca?*-akTmBoBaHi K*-kaHanv BenvKoi NpOoBiaHOCTI (BKc,)s SIKi 3LIACHIOTL CYTTEBUI
BMJIMB HA PerynsiLiio CyAMHHOIo TOHYCY Yepea iXHE 3asly4eHHst 10 GOopMyBaHHS 3MiH MEMOPaHHOIO NOTEH-
uiany FMK.

MeTa aocniaxeHHs — BCTAHOBUTU MOXJIMBI 3MiHM aKTUBHOCTI KanieBUX KaHariB niasmartuyHoi memopa-
HM TMK aopTu Ta OCHOBHOI nereHesoi apTepii (JTA) 3a yMOB pO3BUTKY CTPENTO30TOLMH-iHAYKOBAHOrO LI,
y LwypiB.

JocnigXeHHs NpoBOANAMN 3 BUKOPUCTAHHSAM CBiXXO-i301boBaHMX MK aopTn Ta OCHOBHOI NereHeBoi
apTepii (J1A) camuiB wypis niHii Wistar. TpaHcMeMOpaHHi iOHHI CTpyMKW AochigXyBanncb Metonom patch-
clamp y koHirypauii whole-cell.

BcTtaHoBneHo, wo L[, BuknMkae 3Ha4yHe NpUrHiveHHs amnnityan kanieBux CTPyMiB 4epes nnasmMaTnyHy
MembpaHy TMK aopTu wypis. BennumHa BuxigHmx kaniesux ctpymis y 'MK JIA tBapuH 3 LI, HaBnaku,
pi3ko 36inbLUyBanack Npu NoTeHuianax BuLLe, Hix -20 MB.

Lis Ha TMK aoptv cenektusHoro 6nokaropa BK,-kaHanis nakcuniny (MK, 5 - 107 Monb/n) BipOrigHO
3MeHLUyBasna aMmniiTyay CyMapHOro BMUXiZAHOMO CTPYMY B KOHTPOI NP NOTeHUjanax suwe, Hix +10 mB, y
TOM 4ac sk 3a ymos LLJ, BnamB MK 3MiHIOBaB LLUiIbHICTE CyMapHOro BUXIZLHOrO CTPYMY B 3HA4YHO MEHLLOMY
ctyneHi. 3a aji MK Ha MK JIA K KOHTPONBHMX LWYpPIB, Tak i wypis 3 L[, BennynHa TpaHcMeMOpaHHOro
K*-cTpymy 3MeHLIyBanachk 04HaKOBO, TOGTO akTMBHICTL BK -kaHanis 3a ymoB ajaGeTy He 3MiHioBasach,
Hes3BaxXkaloun Ha Te, Lo 3aranbHuii K*-cTpym 3a umx yMOB 3HAYHO 3pOCTaB.

Takum YnHom, L1 BUKANKAB 3HUXXEHHST BENIMYMHU TpaHCMeMbpaHHux K*-ctpymis y TMK aopTtu wwypiB 3a
PaxyHOK NPUrHiYeHHs akTMBHOCTI BK ., -kaHanis, y TOM 4ac Ak CyTTEBE 3POCTaHHSA 3arasibHOi Kaniesoi nposia-
HOCTi He B0 NoB’A3aHe 3 aKTUBHICTIO BK . -kaHanis.

Knto4yoBi cnoBa: LykpoBuii fiabeT, aopTa, AereHesa apTepis, nia3matndHa MemopaHa
1aAeHbKOM 'I30BUX KAiTnH, Ca®t-akTneoBaHi K*-kaHaiv BenvKoi npoBiaHocCTi ( BK,)
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WU. B. UBaHoBa, M. U. MenbHuk, A. U. ConoBbeB

PasButue 3KCNnepuMeHTaJibHOro caxapHoro p.uaGeTa nopgasnget o6u.|.y|o Kanuesyto
NMPOBOAUMOCTb B M1aAKOMbILLEYHbIX KJIeTKax aopTbl, HO YBEeJIMMUBAET €e B KieTkax
JIEero4yHo apTepumn Kpbic

CaxapHblli gnabet (CLl) cnocobeH Bbi3biBaTb NOPAXEHUsT PA3/INYHbIX TUMOB KPOBEHOCHbIX COCYO0B,
NPMBOASA K NX AUCHYHKUMN. BaxKHyO ponb B perynauum ToHyca U COKpPaLLeHUs raakoMbILLEYHbIX KNeTOK
(TMK) cocynog urpatot Ca?*-akTmenpoBaHHble K*-kaHasibl 60MbLLION NPOBOAVMOCTA (BK¢,), koTOpbBIE OKa-
3bIBAIOT CYLLECTBEHHOE BJIMSHME Ha PErynsaumio COCyaMCTOro TOHyca nocpencTsoM  (opMUpoBaHUS
M3MeHeHn MembpaHHoro noteHumana MMK.

Llenb nccnenoBaHus — yCTaHOBUTb BO3MOXHbIE U3SMEHEHUS aKTUBHOCTU KanueBbIX KaHaNoB niasmartu-
yeckoi membpaHbl 'MK cocy0oB aopThl 1 OCHOBHOU Nlero4Holi aptepun (J1A) B yCnoBUsIX pasBuTUs CTpen-
TO30TOUUH-MHAYLMPOBaHHOrO C/1 y KpbIC.

ViccnepoBaHvs IPOBOAMAN C UCMOSIb30BAHUEM CBEXEN30NMPOBAHHbLIX TMK aopThbl 1 OCHOBHOWN Neroy-
Holi apTepun (J1A) camuoB Kpbic NMnHUK Wistar. TpaHcMeMOpaHHbI€ MOHHbIE TOKW UccegoBann MeToA0M
patch-clamp B koHdurypaumm whole-cell.

YcTtaHoBneHo, 4To C/l BbI3bIBAET 3HAYNTENBLHOE YTHETEHME aMMIUTYAbl KanueBbix TOKOB B MK aopThbl
KpbIC. BennunHa BeixoasLmx kannesbix TOKOB B TMK JIA xu1BoTHbIX ¢ CL1, Ha060pOoT, pe3ko yBennymeanacb
npv noTeHumanax ebille, 4em -20 mB.

BospeicTteue Ha TMK aoptel 6nokatopa BKCa-kaHanoe nakcunnmta (MK, 5 + 10~7 Mosb) 4OCTOBEPHO
YMEHbLUAN0 aMMiMTyay CYMMapHOro BbIXOASLLEr0 TOKa B KOHTPOJIE Npu NoTeHuuanax Beilwe, 4em +10 mB,
B TO BpeMms Kak B ycnosusix C, BnusaHue MK n3mMeHsno naoTHOCTb CYMMApPHOro BbIXOASLLErO TOKa B 3HA-
4ynTenbHo MeHbluen cteneHun. Mpu gelicteum MK Ha TMK JIA Kak KOHTPOJIbHbIX KPbIC, Tak U Kpbic ¢ C/,
BE/IMYMHA TpaHCMeMOpaHHoro K*-Toka oAMHaKoBO yMeHbluanach, TO €CTb akTMBHOCTb BK, -kaHanos B
ycnoBusix ouabeta He N3MeHsINacb, HECMOTPS Ha TO, 4TO 06LwmMiA KF-TOK Npy 3TOM 3HA4YMTENIbHO BO3pa-
cTan.

Takum obpasom, BansiHue CJL, BbI3bIBANO CHUXEHME BENNYUHbI TPaHCMeMOpaHHbIX K*-TtokoB B TMK
aopTbl KPbIC 32 CHET NOAABNEHMS aKTMBHOCTM BK . -KaHanos, B TO BpeMs Kak 3Ha4nTesibHoe Bo3pacTaHue
o6Luelt KanneBoi NPOBOAMMOCTM He BblIo CBA3AHO C aKkTUBHOCTbIO BK ., -kaHanos.

KnroueBble croBa: caxapHbiii AnabeT, aopTa, J1ero4Has apTepus, niaamatnyeckas MemopaHa
1aAKOMBbILLIEYHBIX KNETOK, Ca*-akTnBupoBaHHbIe K*-kaHasibl GOJbLLION NPOBOAUMOCTY ( BK_,)

I.V. Ivanova, M. I. Melnyk, A. I. Soloviev
Experimental diabetes mellitus inhibits the total potassium conduction in the rat
aorta smooth muscle cells, but increases it in the rat pulmonary artery cells

Diabetes mellitus (DM) severely damages various types of blood vessels, leading to their dysfunction.
Large conductance calcium-dependent K* channels (BK.,) play an important role in vascular tone
regulation and smooth muscle cells (SMCs) contractility. This type of ion channels has a significant role in
the vascular tone regulation due to its involvement to the membrane potential regulation in the SMCs. The
study purpose was to determine the possible changes of the potassium channels activity in the rat aorta
SMCs comparatively to the rat main pulmonary artery (PA) SMCs in streptotrozine-induced DM.

The studies were conducted using freshly-isolated SMCs from aorta and main pulmonary artery (LA) of
male Wistar rats. Trans-membrane ionic currents were studied using the patch-clamp method in the
whole-cell configuration.

It has been established that DM causes a significant inhibition of the outward potassium currents
amplitude in the aortic SMCs. Contrary, the total outward potassium currents amplitude in diabetic SMCs
from rat PA sharply increased at potentials higher than -20 mV.

Selective BK,-channels blocker, paxillin (Pax, 5 - 10-7 M), reduced the total outward current amplitude
in the control at potentials higher than +10 mV, while Pax decreased the total current density in the diabetic
SMC in significantly lesser degree. Pax equally reduced K*-currents in SMCs from PA in both control rats
and rats with DM, indicating that the BK_,-channels activity did not change in diabetes despite the total
K*-current was significantly increased. Thus, the DM decreased the trans-membrane K*-currents
amplitude in the rat aorta SMCs mainly due to inhibiting of the BK,-channels activity, while a significant
increase in total potassium conductivity in SMC of PA was not associated with BK_-channels activity.

Key words: diabetes mellitus, aorta, pulmonary artery, plasma membrane of smooth muscle cells,
large conductance calcium-dependent K'channels (BK_,)
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B. M. Kosaaenko, O. €. Tkauenkxo, I'. M. IllaaxmeTroBa, A. B. MaTBicHKO

Bnaus MeTthopMiHy Ha MopthoyYHKLIIOHANDbHI
XapaKTepUCcTUKKU CiIM’AHUKIB LLLYpIB 34
MeTa00iyHoro CHHApPOMY, L0 PO3BUHYBCA B
IOBEHiNIbHOMY Billi

JepxaBHa ycTtaHoBa «IHCTUTYT papMakosiorii Ta TOKCUKOOTi
HavuioHanbHOI akagemii megmnyHnx Hayk Ykpainu», M. Knis

Kno4oBi crioBa: metabosiaHu CUHAPOM,
Lypu, roHaam, MetehopmiH

CporomHi He BUWKJWUKAE CYMHIBY TOH
dakT, 110 KOpeHi MeTaboIiYHIX MOPYIIIEeHDb
JeKaTh y JUTAUYOMY Ta IiJJIiITKOBOMY BiIli
[1, 2]. CrpiMKe POBIIOBCIOAKEHHS OKUPiH-
Hs, 0CO0JIMBO B PO3BUHEHUX KpaiHax, Ipu-
3BOAUTL [0 CYTTEBOTO 30iJBIIIEHHA KiJIb-
KocCTi mgiTei i migaiTKiB, 1110 MalOTh O3HAKU
iHCYJIiIHOPEe3UCTEHTHOCTI Ta PUBUK MeTa-
OosriuHMX mopymieHs [3]. S3HUKEeHHA PiBHA
TeCcTOCTepoHy (aHAporeHHMH nmedinmuT) —
HOBUU CYTTEBUII KOMIIOHEHT IIaTOTEHe3y
meraboaiurnoro cuaapomy (MC) y doJioBi-
KiB, 110 BU3HAYAE€ BaKJIUBY 3 TOUKU 30Dy
menunuHu, aemorpadii Ta cormiosorii mpo-
OeMy TOPYIIEHHSA cTaTeBoi QYHKINI B
YOJIOBiKiB MOJIOZOTO Ta CEpPeIHBOTO BiKY,
mo crpaskgaroTs Ha MC Ta oxxupinua [4,
5]. ¥V momnepegHixXx MOCHiI:KeHHAX HAMU
nmokasauo, 1o MC B [OBeHiNIbHUIT mepion
POSBUTKY CaMI[iB IIyPiB IIPU3BOJUTH [0
CYTTEBUX IOPYIIIeHb MOP(OGYHKIIiOHATE-
HOTO CTaHy ciM’SIHUKiB yiKe B myGepTaTHO-
my Bimi [6]. He 3Baskatoum Ha Te, IO B
OCHOBI JIIKYyBaHHSA OXKUPIHHSA € MOETHAHHSI
gietoTepamii Ta pmol3oBaHUX (PIBMUHUX
HaBaHTAKe€Hb, Ha MIPAKTUIl BUKOPUCTAH-
HA JIAIle TAKWUX METOJiB YacTo € MaJioe-
(GEeKTUBHUM, IO CIIOHYKAa€ BAABATUCH [0
dapmakorepamnii. [[o JgikapchbKuX 3acobiB
neprrnoi JriHil HameXuTsr MeThopMiH — mpe-
mapar KJjacy 6iryaHifiB, IIT0 aKTHBYE UyT-
JauBicTh no imcysmimy, i, #aK mpaBmio,
3aCTOCOBYETHCA Ha IIOYATKY JIIKYBaHHA
rimepriurikemii B marieHTIiB 3 IIYKPOBUM
niaberoM 2 TUIy Ta HAIJIUIITKOBOIO MAacCOIO
tisa [7]. IIpore mani 100 BUJIUBY MeT-
dopMiHy Ha pPenpoAyKTUBHY (QYHKIIO €
OCUTH HeoxHO3HauHUMHU [8, 9].

© KonekTtus aBTopis, 2018

Mema Oocnidxenns — eKCIepuMeH-
TaJbHEe BUBUEHHS BILINBY MeT(HOPMiHY Ha
CTaH TOHAJ 1 PempomyKTUBHY (PYHKILiIO
camrliB mrypiB 3a MC, 1110 pO3BHUHYBCA B
IOBEHiTbHOMY BiIri.

Marepianu Ta metomu. Ilmam mocii-
[UKeHb OyB DPOBTIAHYTHUI Ta CXBaJeHUM
Kowmiterom 3 6ioetmru IOV «IacTutyT
dapmakosorii Ta JiKapchbKol TOKCHKOJIO-
rii HAMH Vkpainum»; yci npomexnypu,
TOB’si3aHi 3 T'yMaHHUM IIOBOKEHHSM 3
TBApUHAMU Ta IXHIM BUKOPHUCTAHHSAM ¥
eKCIIepUMeHTaxX, OyJin JOTPUMAaHi.

Hna sBinTBopernuna moxmeni MC y ekcme-
puMeHTax OyJI0O BUKOPUCTAHO (GPYKTO3Y
KpHUCTaJiyYHy Xap4yoBy (BUDOOHUK —
Typeuunna, mocrauansauk — losranpgis,
cepig LS2P00251506-247). ¥V mocmimxen-
HAX BUKOPUCTOBYBAJU CAMILiB ITYPAT-Bif-
MOMMUIIIIB 3 MOYATKOBOIO Maco Tijma (50—
70) r, Bikom 3 Twkui. Kpim Toro, masa
IapyBaHHA 3 CaMI[IMU BUKOPUCTOBYBAaJH
BIITIHHUX CTATEBO3PLIMX CAMHUIIbL MAaCOIO
rina (160-180) r. TBapurnu Gynu Hanzaui
posmaigaukom IIII «BiomogennscepBic».
IlypiB yTpuMyBaau B CTAHIAPTHUX YMO-
Bax BiBapiro s3a Temmeparypu 22-24 °C Ta
BigHOCHOI BoJsorocti 30—70 %, 3 BiTbHUM
JOCTYIOM MO0 KOpMYy Ta BoAu. TBapuu
0yJIO POBIOAIIEHO METOAOM paHaoMisalrii
Ha 3 rpynu mo 10 mypaT y KOMKHIIf:
1 rpyna — KOHTPOJIb — TBAPUHU, 110 OTPU-
MyBaJIl IUTHY BOAY; 2 rpyla — TBapWHWU,
AKi B3amicTh IHTHOI BOAW OTPUMYBAIHN
10 % posumr GQpykTo3u mporarom 60
nuis [10]; 3 rpyma — TtBapmHH, £Ki
3amicTs muTHOI BoAum orpumyBasu 10 %
posuuH (GPYyKTO3U, Ta BHYTPINIHLOIILIYH-
KOBO 30HJOM yBOAWJIM MeT(HOPMiH y n03i
266 mr/kr macu Ttiza B 1% KpoxMmaabHO-
My reji mporsarom octauHix 30 mHIB exc-
IIepUMeHTy. 3a3HayeHa [03a (3 ypaxyBaH-
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HAM KoedimieHTa BHAOBOI YYTJIUBOCTIi)
3acTocoByeTbes B gionuuau [11]. Uepes 42
OHI BiJf IIOYATKy eKCIepUuMeHTy MNIypiB
mapyBajau 3 IHTAaKTHUMU CaAMUIOAMU Y
cIiBBigHOIIIeHHI camenb : camunda — 1 : 1
mpoTsaromMm 2—3 ecTpaJbHUX IUKJIIB IJs
Bu3HaUeHHA (epruabHocti. Ilicaa sakiu-
YeHHA TepMiHYy IIapyBaHHA CaMI[iB IIif
JerkuM edipHMM HaApPKO30M IIiAfaBajiu
eBTaHAa3il qucIoKaIieio MUHHUX XPeOIliB.
Hna mopdosoriyHmMx AOCaifKeHb OpaJsu
JiBuit cim’AHUK Ta emiguaumic. IIigroros-
Ky IIpemnapaTiB AJdA TiCTOJOTiUHOTO aHaJi-
3y mpoBoxusau 3riguo 3 [12]. Ticromoriuni
3pisu (6 MKM) (apbyBasau TeMaTOKCUJIi-
HOM i eosmHOM. BmBuanm GyHKIioHAIB-
HUII CTaH CIIePMATO30iJiB, BUKOPUCTO-
BYIOUM CYCHEeH3il0 KJiTHH npujaTtka
ciM’sIHUKA, AKY TOTYBaJU 3 JOTPUMAHHIM
CTaHZAPTHUX MeToagu4YHuX BuMoOr [13].

BnimB dpyxTosm Ta MerTdopMiHy Ha
3aILTiTHIOBAJIbHY 3OATHICTH CAMIIiB-IITyPiB
BUBHaYaau 3a (Gopmysiowo 1:

YWCJIO BariTHUX CaMUIlb
YHCJIO cCaMUIlb, ITIapOBaHUX 3i caMIAMU

x 100 %. (1)

Busunauanu BoiuB MC Ha mpoiiec ciep-
MaTOTeHe3y B 3BUBUCTUX KaHAJIBIIAX
ciM AHUKIB 3a TAKMMH IOKA3HUKAMMN:
cepenHA KiTbKiCTh HODMAJIbHUX CIEpMa-
TOroHi# y 20 monmepeyHMX 3pisax KaHAJb-
MiB; BiJHOCHA KiJBbKiCTh KaHAJBIIB ¥
12-#1 cranii ciepmaTorenesy (aHaaidyBaiu
100 xamaibIliB); iHIEKC cIlIepMaTOTeHe3y
3a ¢opmysao0 2:

I 2A @)
HIEKC cIliepMaToreHesy = ——— ,
b 1% y 100

ne A — uywucao cragii 'y KOXKHOMY
KaHaJbIIi;

100 — ywucyao migpaxoBaHUX KaHAJbBIIiB.

Kpim Toro, sBepranu yBary Ha sKicHi
3MiHM CIIepMAaTOTeHHOTO eIliTesito: Bifmia-
pyBaHHA ermiTesnito Bif 6asanbHOI MeMOpa-
HU, HAABHICTb MUIAHOK Yy KaHAJIBIAX,
mo36aBieHnX KJIITUH («BiKkHa»), medop-
Mallisi OKpeMHUX ciM AHUX KaHaJbIIiB,
IeCTPYKTUBHI 3MiHM B cIepMaTo30izax.

PiBens saraspHOro TECTOCTEPOHY, (hOJTi-
KYJOCTUMYJIIOIOUOTO, JIIOTeiHi3yHUuoro
TOPMOHIB y CHpOBaTIli KpOBi BU3HAYaIu,
BuKopucropywoun Habopu Testosterone
ELISA, LG ELISA ta FSG ELISA Bupo6-
auirrBa DRG Instruments GmbH (Himeu-
YyHA) MeToJOM TBepAodha3HOTO iMYyHO-

depMeHTHOTO aHaJIi3y 3TiHO 3 iHCTPYK-
1mi€el0 BUPOOHUKA. BuUMiploBaHHA ONTHUY-
HOI mIinpHOCTI KajiopaTopiB i 3paskis
IIPOBOMJIN HA MiKPOILJIAHIIIETHOMY DUJe-
pi BioTek (CIIIA).

CratucTuuHuil aHaJIi3 pe3yJabTaTiB
eKCIIePUMEHTY TPOBOAUJIN 3 BUKOPHUC-
rauHAM t-kputepito Crwiogmenrta. [lani
HaBOAUJIU AK cepelHE 3HAUEHHA + MoXub-
ka cepexgaboro (M = m). Pisuumio wmix
IOCTiMKyBaHUMU ITIOKa3HUKaMU BBaKa-
JIW CTAaTUCTUYHO BipOTigHOIO MpU 3HAUEH-
Hi p < 0,05.

PesyabpTaT Ta ix 06roBopenua. Pemnpo-
IYKTUBHA (PYHKIiA MiAJITKIB € ofHi€IO 3
HaAWYyTIAUBIIMUX B OpraHiadmi, 1o TOHKO
pearye Ha pisHi 30BHiIIHI BIIMBU. 3aXBO-
PIOBAaHHA B AUTAYOMY Ta HiIJIiITKOBOMY
Bini € ©DpUYMHOIO MaiKe IIOJOBUHU
BUOanKiB dosioBiuoi iH(pepTHIBbHOCTI,
OCKiJIBKM caMe B IIi BiKOBi mepiogm Bin-
OyBaeTbCcsa (OPMYBaHHS PEIPOLYKTUBHOI
GyHKIII.

Bepyuu go yBarm, mo giaa MC xapak-
TEPHUM € TOPYIIeHHS PiBHSA CTaTeBUX
ropmoHiB [15], mamMu Oya0 HZOCJTiIKEHO
BMICT TeCTOCTepOHY, JIIOTeIHi3yl0ouoro Ta
GOJiKYJIOCTUMYJIIOIOYOTO TOPMOHIB V
cUpOBATIli KpoBi IypiB, y TOMy uwmcii i
3a BBemeHHA MeTdopwminy. Ilimx KoHTpO-
ageM GOJiIKYJIOCTUMYJIIOIOUOTO TOpMOHA
3HAXOOUTHCSI PO3BUTOK CiM gHUKIB 1
ciM’AHUX KaHaJbI[iB, YTBOPEHHS TJIOOY-
JIApHOTO 6iJIKa, a TAaKOK 3aIyCK IIPOIECY
cuepmaToresesy. JlroreiHizyrouunii ropMmoH
CTUMYJIIOE IPOAYKYBAHHA TECTOCTEPOHY H
BifmoBilae 3a mpaBUJbHE [I03piBaHHA
cuepmaTrol3oiniB. BoHu aKTMBHO B3aeMoO-
IifoTh MisK co06010, MiATPUMYIOUN HEOOXisT-
HY KOHIEHTpaIlifo oxmH oxHoro. Ilopy-
IMIeHHA IXHBOTO CIIiBBiAHOIIIEHHA € BaK-
JuBUM (DAaKTOPOM DPO3BUTKY T'OPMOHAJIB-
Hol marosorii [16]. 3rigHo 3 mamumwu,
HaBemeHuMu B Tabuuii 1, y cammis 3 MC
Ha 28 % BHWKYyBaBCA DPiBeHb BiJIBHOTO
TECTOCTEPOHY B CHPOBATIIi KPOBi IOPiBHSA-
HO 3 KOHTDPOJIEM 33 OJJHOYACHOTO JBOPA30-
BOTO 30iJIBITIEHHS BMICTY JIIOTEIHiZyIOUOTO
Ta (OJIKYJIOCTUMYIIOIOUOTO TOPMOHIB.

OrpumaHi pesyabTaTH MOMKYTh CBigum-
T TPO WOPYIIeHHA CUHTE3y CTaTeBUX
TOPMOHIB, HeZOCTATHICTH (PYHKIIi#l craTe-
BUX 3aJI03 i pO3BUTOK rimoroHagusmy [15].
VBeneHusa meTdopMiHy He BUSABUJIIO IIO3U-
TUBHOTO BILJIMBY HA PiBeHb TECTOCTEPOHY
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Tabanmsa 1

Ymicm cmamesux zopmonie y cupoéamyi Kpo6i wypié camyié 3 memaboniiHum
CUHOPOMOM, WO PO36UHYECA 6 I06EHINbHOMY 6iui, ma 3a YM06 66edeHHA
memeopminy (M = m, n = 10)

EkcnepumeHTanbHa rpyna
MokasHuk MeTaboniyHun mMeTaboniyHui cuHapom +
KOHTPOJb .
CUHAPOM MeTPopMiH
TeCcTOCTEPOH, HMOJIL/N 14,96 + 1,17 10,76 £ 0,23* 10,31 £ 1,04
Toreikiayiomit 0,30+0,07 | 0,65+ 0,06 0,30 + 0,07*
rOPMOH, HI/MN
donikynocTumynioumin 0.10+0.20 0.20 + 0,02* 0,27 + 0,06*
FOPMOH, HI/MJ

Ta (OIKYJIOCTUMYJIIOIOYOTO TOPMOHA, ajie
HOPMAJi3yBaJi0O BMIiCT JIIOTEIHiBYIOUOTO
ropMoHa B cupoBaTii KpoBi. Xoua B
IBOMY Ppas3i CIiBBiIHOIIIEHHS OCTaHHIX
CYTTEBO BiJpPiBHAJOCH BiJi KOHTPOJIIO, IIO
CBigumTh mpo 30eperkeHHa AUCHYHKINI
YOJOBIiUMX CTaTeBUX I'OPMOHIB y ITypiB.

3a impgykmii MC B 1oBeHinbHOMY Billi He
crocTepiranyu SHUMKEHHSA B3aIljliJHIOBAJIb-
HOI 3JaTHOCTI HIypiB-caMIliB MOPiBHAHO 3
KoHTpoJsieM. OpHOUacHO KiJbKicTh BariT-
HUX IHTAKTHUX CaMUIb, CIIADOBAHUX 3
caMIAIMM JOCJIiZHOI TPynu, IO OTPUMY-
Banum MeTHOPMiH, BUABWIACA HAWHUIIK-
yoio (Taba. 2).

HocmimkerHa cramy ToHaJ IMypiB, Y
akux MC posBHHYBCA B IOBEHiJIBHOMY
Billi, BUABWJIO 3HUXKEHHS Macu IIpUIAT-
KiB ciM’auukiB Ha 9 % mOpiBHAHO 3
KOHTPOJIEM, IO Y3TOJKYETHCA 3 PE3yJb-
TaTaM{ MiKPOCKOIIUYHOI'O aHaJi3y emigm-
ouMaiabHOI cycmensii (tabs. 3), 3rigHo 3
SAKUMH KiJIbKicTh criepmaTosoinis Ha 16 %
MeHIIIa IOPiBHAHO 3 AAHWUMM KOHTPOJIIO.
VBeneHHA MeThOPMiHY He CIPUAJIO
KopekIlii maHux MOKasHUKiB. DbBinbiie
TOTO, YV TBAPUH JaHOI TPy CIIOCTEePiraau
IIeBHe BHUIKEHHA abCOJIIOTHOI Macu Ta

30iabIIIeHHa BigHOCHOI Macu ciM’SAHHUKIB
TIOPiBHAHO 3 KOHTpoJieM (Tabia. 3).

VYV perynsanii 3abesneueHHA HAJIEIKHOTO
POBBUTKY Ta HO3PiBaHHA CIIEPMAaTO30iIiB i
HafO0aHHA HUMHU KPUTUYHUX (QYHKIIiO-
HAJbHUX XapPaKTEPUCTUK — MOCTYIIAJIbHO-
r0 PyXy Ta 3allIigHIOBAJLHOTO ITOTEHIlia-
Jy — BHAYHY DPOJb Bimirpae 6Gioximiuxe
OTOUEHHA AEUOK i emigmammiciB. 3a ymoB
MC MoskJIUBe MOPYIIIEHHS MeTabOJiuHUX
IpoIleciB, BHACJIIZOK YOro 3MiHIOBaTH-
MYTBbCSA €HEePreTUYHi BJIACTHUBOCTI cmepMa-
TO30iAiB Ta ixHA pyxJauBicTb. Panm mocui-
I'KeHb BKa3ye, IO CYTTEBe BHUKEHHS
PYXJUBOCTi CIIlepMaTO30ifiB acoIiloeThCs
3 Oe3migmsAaM, HaBiTH y pasi He3MiHHOTO
BificOTKa pyXJuBHUX cliepMarosoigis [17].
IToxasHUKM, III0 OIOCEPEeIKOBAaHO CBij-
YaTh PO €HEePreTUYHi MOKJIMBOCTI crep-
MaTo30ixiB (XapakTep pPYyXOBOi aKTHUB-
HOCTi, TpHBAJiCTh PYyXy) Ta iXHIO CTiil-
KicTh DO 3MiH OTOYYIOUOTO cepemoBHUIIa
(ocMOpe3uCTEeHTHICTh), IO HaBeJeHi B
Tabauii 4, BKa3ylOTb HA BiAcyTHICTH
HOPMAJIi3yIUuoro BILIMBY MeT(GOpPMiHY Ha
GyHKIiOHAJIBHUN CTaH CHEePMAaTO30i4iB
mypiB camiiB 3 MC, 1m0 po3BuUHYBCA B
IOBEHiTbHOMY BiIri.

Tabaumsa 2

Indexc 3annionwoeanvroi 30amuocmi wypie camyié 3 memaboritHum cuHOpOMOM, U0
PO36UHYECA 6 106EHINbHOMY 6iyi, ma 3a YM06 66e0eHHA Mem@POPMInY camyam

KinbkicTb . . IHoekc
i KinbkicTb . ..
Mpyna camuie napoBaHuUXx . 3annigHIoBasbHOI
BariTHUX caMuLlb .
camMuub 3paTHOCTI, %
KoHTponb 50 44 88
MeTaboniyHnii 50 49 98
CUHOPOM
i Y +
MeTa6on|f1va| CUHAPOM 10 8 80
MeTdOPMIH
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Tabaumsa 3

Heaki noxasnuku cmany 2onad uypie camyié 3 memabonrivHum cuHOpPOMOM, WO
PO36UHY6ECA 6 106eHINbHOMY 6iYi, Ma 30 YMOE YeOeHHA Memdopminy
(M £m,n=10)

ExcnepumeHTanbHa rpyna
MokasHuk meTaboniuHun meTaboniyHuin
KOHTPONb .
CUHAPOM CUHAPOM + MeTPOopPMiH
Maca cim’aHukiB, © 3,49 £ 0,08 3,20 £ 0,09 3,16 £ 0,05*
BiAHocHa Maca CIM'AHWKIB, | 4 47, ¢ o3 1,28 + 0,05 1,26 +0,03*
r/100 r macwu Tina
06’eM CiM’HUKIB, CM?3 2,94+0,14 2,69 +0,05 2,67 0,10
Maca eniguanmicie, r 0,97 £0,03 0,88 £0,03* 0,85 +0,02*
Bianoca maca enipmanMi- | 44, g o4 0,35+ 0,01 0,340 + 0,007
cig, r/100 r macwu Tina
KineKicTe CNEPMATOSOIAIB, | 76 56 4 5 95 | 52,57 + 3,19 58,71 + 4,58
MJTH/MA
IIpumimka. Tym i 6 ma6a. 5: *p < 0,05 nopi6HAHO 3 KOHMPOJLHOI ZPYNOI0.
Tabaunsa 4

DyukyionanvHul cman cnepmamo3oidié uypie camyié 3 memaborivHum cuHdpomom,
U0 PO36UHYECA 6 I06EHINbHOMY 6iUi, Ma 34 YMO6 66e0eHHA MemPOpMiny
(M +m,n=10)

MokasHuk

EKcnepumeHTaana rpyna

Yyac pyxJIMBOCTi, XB

0OCMOpPEe3UCTEHTHICTb, % NaCl

MeTOPMIH

KoHTponb 368,86 + 21,92 2,43 +£0,17
MeTaboniyHnii CMHOPOM 305,78 + 33,88 2,17 £ 0,27
MeTaboniyHuin cuHapom + 096,22 + 33,23 211 +0,07

Ticrosoriuna xkapTuHa TOHAJ KOHT-
POJILHUX IIyPiB IMOKAasajia, Imo CiM AHUKN
30BHi O0yau mOKpUTi 6iTKOBOIO 060JIOHKOIO
3 IIiJTbHOI KOJIar€HOBOI TKAaHWHU 3 IIPO-
mapkaMy eJIJaCTUYHUX BOJOKOH. BiskoBa
000JIOHKA YTBOpIOBAaJia IIEPETOPOIKU —
CeITH, II0 MOMIJSAITL CiM AHUK Ha dac-
Touku. OCHOBOIO KOXKHOI 3 YaCTOYOK OyJia
OyxXKa CHOJIyuHa TKaHWHA, y Maci fAKol
po3TaIlIoBaHi eJeMeHTU IapeHXiMu, yTBO-
peHi 3BUBHCTHMH CiM SHUMHU KaHAJIBI-
mu. Ha momepeunumx 3pisax roHajm 3BU-
BUCTI ciM'AHI KaHaAJBII OKpYrJoi um
ejincomnoni6uHoi hopmMu, y HUX CIOCTEpi-
raBcs aKTUBHUY cnepMaToreHe3. Kanauin-
i MajJm HOpMaJbHy OyIOBY, cTaTeBi
KJITUHY PisHUX cTafiil mudepeHIlitoBaH-
HA pPO3MIITyBaJUCh Yy HUX KOHIEHTDPUU-
HUMHM Irapamu. Ha BiacHiéi o6osoHIti
KaHaJbBI[IB pPO3MiIlllyBajach 3HAUHA KiJb-
KicTh cmepMaTOroHil: APiGHUX KJIITUH 3
imTeHcuBHO 6OazodisbHUMU AApPaAMU.
Cepen cnepmaToroHiit yacto 3ycrpiua-

auck miTo3u. ['mubie B mpocBiTi KaHAIb-
ma poaramoBani cmepmarorutu 1 i II
IIOPAAKY, BOHU OyJyn GisbInmxX po3mipis
3 KYJACTUMHU SIAPAMHU, 3alOBHEHi rJynbG-
KamMu xpomaTtuny. J[lani BusaBIAIUCH
crnepmatuau Ta cuepmii. B imTepctuiri-
aJbHiNl TKaHWHI BJAacHOI O0OJIOHKU 3BU-
BUCTUX KaHAJbBIIIB He cIIocTepiraam
30iJIbIIIEHHA CIOJYYHOTKAHUHHUX BOJO-
KOH i KiiTmHHUX eseMeHTiB. B oprani
He Bigmiuanm guctpodiuHi 3MiHU, remMo-
IVUHAMiYHI IOpYIIeHHA Ta 3amajJbHY
peakiio (puc. 1). Caig BigmiTuTH, 1o B
OKpPEeMUX TBAPUH y IMOOJWHOKUX Cim' d-
HUX KaHaJBIAX 3yCTpivuajuch 3JIyHIeHi
emiTesnianbHI KIiTuHU.

Mikpockomiunuii aHangi3 ciM AHUKIB
TBapuH, 1o cooxkuBaauz 10 % posuuH
GpPYKTO3H, TOKA3aB, 110 OLIBIIICTS KaHAab-
1iB OyJjia maToJIoriuHo He 3MiHeHa. AJie B
IeAKUX 3 HUX TePMiHATUBHUM eriTesiajib-
HUW IIap — IOTOHIIEHWN, BUABJIEHO
MeHIIIe CIIePMAaTOTOHiNl Ta CIIepPMAaTOIUTiB
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I i IT mopaary (pumc. 2). B oxpemux
KaHAJBIAX CIIepPMAaTOTOHiI Ta cuepMaromnu-
tu I mopaaky Oynu muctpodiuHo 3MiHeH.

Hepigko 3ycrpivanm wamanabmi 3
IeCKBaMOBAaHUM eIiTeslieM, cepel HUX
BUABJAIU AuCTPodiuHO 3MiHeHi crepma-
ToroHii, cuepmaronuru I mopanky, cmep-
marosoigu (puc. 3).

s W v e a5

Puc. 1. Cim'ani kanasvyi 3 He3MIiHEHUM
enimeJaiem 6 Wypa KOHMPOJLbHOL 2pYynu.
Dapbysanus 2eMAMOKCULIHOM i €03UHOM.
x 100

Puc. 2. BmeHweHHs MOBWUHU CiM APOOH020
enimedJilo ma 020 po3nywennsa 6 wypa 3
memabonivnum cunopomom. Papbysanns
zemamorcuninom i eozunom. x 200

Puc. 3. Jecksamosanuii enimeniii 6

CIM' ARUX KAHALLYAX UYPA 3 MemalboNiLHUM
cunOpomom. PapbyeanHa e MaAmMOKCUNIHOM i
eozunom. x 200

3a MiKPOCKOIIIYHOTO JOCJTiAKeHHS
ciM AHMKIB TBapMH 3a YMOB BBEIEHHS
merdopminy Ha Tiai MC BuABIEHO aHAJO-
riuai maromopdosoriuni 3miHM, xapax-
TepHi M TaKMUX y CiM SHUKAX TBapuH
0e3 JikyBaHHsA. 30KpeMma, 3ycTpivanaum
KaHaJbIl 3 MOTOHIIEHNMHU IIIapaMU CIep-
marouuTiB I i II mopsaaky (puc. 4).

OcepeKOBaHO, B OKpPeMHUX CiM AHHX
KaHaJBIAX BUABJIEHO AMCTPodiuHi 3MiHnI
B CIIEPMATOTOHiAX 1 cmepmarommurax I
nopAnky (puc. 5).

Cuig TakoXK BiIMiTHUTH, IIT0 B YOTUPHOX 3
IIeCTU TBApUH Ifiei rpymm cmocrepiraiocs
IIOBHOKPOB A CyAWH, a B ONHOTO IIypa —
3HaYHE TIOBHOKPOB’A Ta HAOPAK MiKKa-
HaJIBIEBOI criosryuHol TKaHuuu (puc. 6).

3rizgo 3 gagmmm Tabaumi 5, iHmexc
crepMaToreHesy, Io BiZTBOPIOE cTaH 30e-
PeKeHHA PiBHUX THUIIIB KJITUH CIIepMAaTO-

Puc. 4. ITomonwenuit wap
CNepmMamozenH0z0 enimeJnio 6 KaHalbyi
cim’sHUKQ MEapuHu, AKill Ha MmJai
Memaboniunoz0 cUHOPOMY 8600UNU
mem@popmin. Papby6anHi 2eMAMOKCULIHOM
i eosunom. x 200

Puc. 5. Juempoiuni 3minu 6
cnepmamoezorniax () i cnepmamoyumax I
nopadky ([d-cn) y wypa, akomy Ha mai
MemaboniuH0z0 CUHOPOMY 8600UNU
mem@popmin. Papby6anHHa 2eMAMOKCULIHOM
i eosunom. x 400
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Puc. 6. Bupajcene po3uupernts, NOBHOKPO8 s
cyOuHu ma HAOPAK MIHKAHALLUEEO!
CNOMYLHOT MKAHUHU 6 WYDPA, AKOMY HA MJi
MemaboLiyH020 CUHOPOMY 66800ULU
memaepopmin. Papby6aHHI 2eMAMOKCUTLIHOM
i eosunom. x 100

FeHHOTO eIliTesilo B CiM AHMKAX IIypiB 3
MC, impykoBaHUM y IOBeHiJIBHOMY BiIli,
BiporifHO BHUMIKyBaBCS IOPiBHAHO 3
KOHTPOJILHOIO TPyIoM, Takox Ha 21 %
3MEHIITYBAJOCA UYHCJIO CIEePMAaTOTOHiM,
cIocTepirasiu BUpaKeHy TeHIeHIiI0 g0
30iJbIIIeHHS KiJIbKOCTI KaHAJBIIB 31 3Jy-
meHuM eriteniem. Onucasi amMinu € o3Ha-
KaM# AUCTPO(DIiUHOTO MIPOIlecy B roHagax
i cBiguaTep ©TpPO MOTipIIEeHHA IHpolecy
criepMaToreHesy.

VBenenus weTdopMiHy, 3arajaom, He
CITPABJISAJIO0 KOPUTYIOUOTO BILJIMBY HaA KiJIb-
KicHi MOKa3HUKU CIIepPMATOTeHHOTO elriTe-
gito (tabia. 5).

Mikpockomnii mpugaTkiB cim AHUKIB
KOHTPOJIbHUX TBAPWUH BUABJIAIA KaHAb-
mi pisHmx posmipiB i dopmu, posxmineni
MiK c0000 IIpoIIapKaMu MyXKOoi CIoJIyu-
HOI TKAHWUHU 3 IIOMipPHO ITOBHOKDPOBHUMU
cynunamu. CriHKa KaHaJIBIIB HpUIATKA
OyJila BHUCTeJeHA HEe3MiHEHUM ABOPSAIHUM
emiTesieM, NOpeACTaBIEHUM BUCOKUMU

NPU3MATUYHUMH, UYACTKOBO KYOiUuHUMU
KJaiTuHamu. B emitesmionurax posminrysa-
JUCS KPYIJi dapa, 3aloBHEHI ApioHUMU
TpaHyJaMu XpoMaTuHy. B aapax wmicrtu-
JIOCS TI0 OJHOMY SIEPIlI0, AKi iHTeHCUBHO
dapbyBanuch remaTokcuJainom. Emire-
JiaJbHUM ITap emiguAMMaJbHUX KaHaJb-
1iB OYB OTOUEHUI BOJOKHUCTOIO OOOJIOH-
kKoro. IIpocBiT KaHANBIIB — IITUPOKUIL,
3aIl0OBHEHUH 3HAYHOIO KiJIbKicTIO criepma-
To30iaiB (puc. 7).

Y rBapun 3 MC mikpockomiume mociri-
MUKeHHS TPUAATKIB ciM’AHUKIB BUABUIIO
TMOOMMHOKI mucTpodiuHo 3MiHeHi emmiTe-
JiasbHiI KJIiTMHU, AKi XapakTepusyBa-
JIWCh BAKYyOJIi3aIli€l0 IMUTOILIa3MU Ta ITiK-
HO30M Afep. ¥ I’SATH 3 IIEeCTU MOCTiTHUX
TBAPUH OCEPEIKOBAHO B KaHAJIBIAX
ciM ABMHOCHMX TIPOTOKIB emigmaumicis
crocrepiraBsea sactiii cnepmu (puc. 8).

CytreBoi pisHuni B MopdosoriuHii
KapTuHi emiguamMiciB TBapwH, AKUM Ha
Tai MC BBogunu meTmopdiH, TOPiBHAHO 3
HeJIIKOBAaHWMM IIIypaMH He CIIoCTepiraaun
(puc. 9).

Puc. 7. CmpykmypHi eremenmu KaHALbUIE
npudamky cim' sHUKAG KOHMPOLbHUX MEAPUH
He 3MiHeHi. DapOy6aHH 2eMAMOKCUNIHOM i
eosunom. x 100

Tabaums 5

Mopgomempuuni noKa3HUKU CMARY CNEePMAMOZEHH020 enimenilo 6 WYpié camyié 3
memabonivHuM CUHROPOMOM, WO PO36UHYECA 6 I06EHINbHOMY 6iyi, ma 3a Yymoé
6gedenna mempopminy (M £ m, n = 10)

EkcnepumeHTanbHa rpyna
MokasHuk MeTaboniuHui MeTaboniyHuin
KOHTPOJb .
CUHAPOM CUHAPOM + MeTPOopMiH

IHoeKc cnepmartoreHesy 3,44 + 0,01 3,36 £ 0,02* 3,41 + 0,01
Yuncno cnepmartoroHin 76,92 + 0,36 61,0 £1,21* 62,880 + 1,075*
KinbkicTb kaHanbLiB 3 12-10
cTagieto unkiy cnepmaro- 3,17 £ 0,31 2,50 +£0,20 1,18 £ 0,54
reHHoro enitenito, %
3nyweHuin enitenin, % 1,33+ 0,21 2,0+0,20 1,0+0,37
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Puc. 8. Ocepedrxosaruil 3acmiit cnepmu 8

OKPeMUX KaHaLbysix npomokise enidudumica
wypa 3 memaboRiYHUM CUHOPOMOM.
DPapby6aHHA 2eMAMOKCULIHOM | €03UHOM.

x 100

npomokie enidudumica 8 wypa, AKOMY Ha
mJai memaboniihozo cunOpomy 66800uLu
mem@opmin. Papby6aHHA 2eMAMOKCULIHOM
i eosunom. x 100

Omroxe,
IOCIiM)KEeHHs cTaTeBUX oOpramis (cim' -
HUKiB, emiguaumiciB) 6inux miypiB moxa-
3ajso, IO 3acTocyBaHHA MeTdopMiny Ha S.3a [JaHUMHU
Tiai MC He YMHMJIO KOPUI'YIOUOrO BILJIUBY
Ha PO3BUTOK IMATOJIOTIYHUX IIPOIECIB ¥
PEeIpOAYKTUBHUX OpPraHax CaMI[iB.

BucHoBku
1. ¥V camiiB nrypiB mybGepTaTHOTO BiKy 3a

CIIepMAaTOTOHIM, KiJBKOCTI KaHAaJBIIB 3
12-10 cTagieo IMUKJIY CIePMAaTOreHHOTO
ermiTeJriio.

npoBeleHe MaToMopgdoJioTiuHe

ricToJIOTiYHOTO aHAaJi3y
sacrocyBaHHs MeTdopminy Ha T MC He
YMHWUIO KOPUTYIOUOT'O0 BILJIUBY HA TiCTO-
JIOTIiYHY KapTUHY CiM’AHUKIB Ta emigu-
muMiciB. ¥V 1mypiB gaHol rpynu MOpiBHA-
HO 3 KOHTPOJIEM CIIOCTEPiTaii 3MEHIIIEeH-
HA TOBIIUHU IIIapy CIEPMAaTOTeHHOT'O

exkcunepumenraibaoro MC mporarom
IOBEHILJILHOTO TIepiofy PO3BUTKY 3apee-
CTPOBAHO IIOPYIIIEHHSA CUHTE3Y CTAaTeBUX
TOPMOHIB i PO3BHUTOK TillOTOHAAM3MY.
VBenenua wmeThopMiHYy He BHUABUJIO
TOBUTUBHOTO BILIUBY HA PiBEHBL TeCTOC-
TEPOHY Ta He MPU3BOAUJIO IO HOPMAJIi-
sarrii coiBBigHOIIEHHA (DOTIKYIOCTHMY-
JIIOIOUOTO Ta JIIOTEIHi3yI0U0oro rOpMOHIB.
. YBeneHHS MeTGOPMiHY CaMIAM IITyPiB 3
MC, 110 po3BHUHYBCA B IOBEHiJIbHOMY
BiIli, He CIPUAI0 KOPeKIlil TaKux Immopy-
meHb MOPPOGYHKITIOHATFHUX ITOKA3HU-
KiB cTaHy TOHaJ|, AK 3MEHIIEHHA Macu
OpUAATKiB ciM’aHUKIB, KiJIbKOCTI criep-

. OTxe,

emiTesito B KaHAJBIAX CiM’sSHHKA, IYC-
TpodiuHi 3MiHM B crmepMaTOroHigx i
crepMaTonuTax I mopsaaKy, TIOBHOKPOB 5
CyIUH, HAOPAK Mi’KKaHAaJIbIEBOI CIIOTYY-
HOl TKaHWHM, 3aCTili cIepMHU B AEAKUX
KaHaJILIEIX IPOTOKIB emiguaumica.

BBEJIEHHA caMIAM IIypiB
IYKPO3HUIKYIOUOTO JIIKAPCHKOTO 3aco-
0y kKJacy OiryamimiB, merdopminy, He
CIIPUSAJIO KOpPEKI[ii mopymieHb Mopdo-
GYHKIIOHAJIBLHOTO CTAaHy TOHAM, IIO
BUHUKJKA BHacaigox MC B roBeHiJIbHO-
my Binmi. Ile cBigumTh mpo moOIinbHiCTH
IOJaTKOBOT'O 3aCTOCYBAaHHS MeTaboJIiT-
HUX IIpemnapaTriB 3 TOHAAOIPOTEKTOP-

MaTo30iIiB, Yacy PpyXJUBOCTi, UwMcIa HOIO mieto 3a dapmarorepamii MC.
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B. M. KoBaneHko, O. €. Tka4eHko, I. M. LLlasxmeToBa, A. B. MaTtBieHKkO
Bnnue metdopmiHy Ha MOoppodYyHKLiOHANBHI XapaKTePUCTUKMU CiM’SHUKIB LLYPiB
3a MeTab0siYHOro CUHAPOMY, L0 PO3BUHYBCS B IOBEHiNIbHOMY Billi

MeTta fnocninxeHHsi — eKcrepuMeHTasibHe BMBYEHHS BNMBY MeThOPMiHY Ha CTaH roHap, i penpoayk-
TUBHY GYHKLUjI0 camuiB LypiB 3a MeTaboniyHoro cuHapomy (MC), L0 pO3BUHYBCS B IOBEHINBHOMY BiLli.

Bu3Havanu piBeHb 3arafibHOro TeCTOCTEPOHY, PONIKYNTOCTUMYIIIOIOHOrO Ta JIIOTEIHI3YI0HOr0o FOPMOHIB Y
CVpPOBAaTLI KPOBI, 3annigHI0BaIbHY 34aTHICTb CaMLiB-LLYPIB, GYHKLLIOHAIbHMI CTaH Cnepmarto3oifis, Mop-
bOMeTPUYHI MOKa3HMKM cnepMaToreHeay B CiM'aHMKax, CTPYKTYPY CepMaToreHHoro enitenito, NpoBoau-
JIX TICTONOrYHNIA aHani3 roHan Ta NpuAaTtkiB ciM’sHMKIB. CTaTUCTUYHUIA aHani3 pe3ynbTaTiB 34iCHIoBanu
3a t-kputepiem CTblogeHTa. PizHMLI0 BBaXanu cTaTMCTUYHO BiporigHoto 3a p < 0,05.

Y wypis nybepTaTtHOro Biky 3a ekcriepMmMmeHTanbHoro MC npoTsiroM IOBEHINBHOMO Nepioay PO3BUTKY
3apeEeCcTPOBaHO MOPYLUEHHSA CUHTE3Y CTaTEBMX TOPMOHIB | PO3BUTOK FNOroHaam3amy. YBeaeHHs Metdop-
MiHY HE BUSIBUIO NO3MTMBHOIO BIMJIMBY HA PiBEHb TECTOCTEPOHY Ta HE NPU3BOAMIIO A0 HOpMani3auii cnie-
BiAHOLEHHS DONiIKYNOCTUMYJIIOIOYOrO Ta JIIOTEIHI3YI04Oro ropMoHiB. Y pesynbtati NpoBeAeHnX O0Chi-
[XKEHb BCTAHOBJMIEHO, WO yBeAeHHS MeTPOPMiHY camusm wwypis 3 MC, O pO3BUHYBCS B IOBEHINIbLHOMY
BilLi, He cnpusano Kopekuii MOpdOOPYHKLIOHANBHUX NOKA3HUKIB CTaHy roHan, He BUSBUNO ebDeKTUBHOCTI
OO0 NOKpaLLAHHS riCTONOrMYHOT KAPTUHN CIM’AHUKIB Ta enignanmicie.

OTxe, MeTOOPMIH He 3aaTeH nonepenxartu BiATEPMIHOBAHMIA HErATUBHUI BNJIMB HA CTPYKTYPHO-(YHK-
LjioHanbHi NOKa3HMKM roHaa, camuiB LLypiB 3a MeTaboniyHoro CUHAPOMY, L0 MaB MICLE B IOBEHIIbBHOMY
BiLj. Lle cBioYMTb NPO AOLINBbHICTL 4,00ATKOBOIr0 3aCTOCYBaHHA MeTaboNiTHUX Npenaparis 3 roHagonpoTex-
TOPHOI0 aieto 3a dapmakoTtepanii MC.

Knto4oBi cnoBa: meTaboniyHui CUHAPOM, LLypW, roHaau, MeTopMiH

B. H. KosaneHko, A. E. Tka4yeHko, A. M. LLlasxmeToBa, A. B. MarBueHko
BnusHune metpopmmHa Ha MopdOoPYHKLMOHANbHBIE XapaKTePUCTUKN CEMEHHUKOB
KPbIC C MeTab0oINYeCKMM CMHAPOMOM, Pa3BUBLLUEMCS B IOBEHWUJIbBHOM BO3pacTe

Llenb nccnenoBaHus — U3y4eHNe BANSHUS METOOPMUHA HA COCTOSIHUE FOHa, U PENPOAYKTUBHYIO DYH-
KUMIO CaMLLOB KpbIC Npu meTabonuyeckom cuHapome (MC), pa3BMBLLEMCS B IOBEHUIIbBHOM BO3pacCTe.

Onpepensinu ypoBeHb TECTOCTEPOHA, GONKYSIOCTUMYTIMPYIOLLETO U JIIOTEMHU3NPYOLLETO FOPMOHOB
B CbIBOPOTKE KPOBU, UCCIEA0BANN OMIOA0TBOPSIOLLYIO COCOOHOCTL, PYHKLIMOHANBHOE COCTOSIHME Crnep-
MaTo301ao0B, MOPhOMETPUYECKME NOKA3aTEeNN CNepMaToreHesa, NpoBOANUIN MMCTONIOMMYECKUI aHanma
roHaz, 1 nNpuaaTkoB CeMeHHMKOB. CTaTUCTUYECKNIA aHaNIU3 Pe3ysbTaToB MPOBOAMIN C UCMOJIb30BAHMEM
t-kputepus CtbloaeHTa. PasHuuy Mexay nokasartensmMu CHUTanu CTaTUCTUYECKM AOCTOBEPHOW Npuy 3Ha-
yeHum p < 0,05.
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Y kpbiCc nybepTatHoro Bospacta B pedynstate MC B I0BEHUIbHOM NEproae PasBUTUS BbISIBJIEHO Hapy-
LUeHWe CuHTe3a NoJiIoBbIX FOPMOHOB. BBeaeHne MeThopmmnHa He BbISIBUIO NMONOXMUTESIbHOMO BANSIHAS Ha
YPOBEHb TECTOCTEPOHA N HOPMAaNM3ALLMIO COOTHOLLEHNS POSINKYI0CTUMYIMPYIOLLErO 1N NIOTENHU3NPYIO-
LLLero ropMoHoOB. MpumeHeHre MeTdopmMmHa y camuoB Kpbic ¢ MC, pa3BuBLIEMCS B IOBEHUIbHOM BO3pa-
cTe, He cnoco6CTBOBASIO KOPPEKLMM MOPHODYHKLIMOHANBHLIX NOKa3aTeNieil COCTOSHMS roHaa, 1 yydlue-
HUIO TMCTONIOMMYECKOW KapTUHbI CEMEHHUKOB Y SNUANAMMUCOB.

CnepoBatenbHO, METGOPMUH He crnocobeH npeaynpexaats HeratneHoe BavsiHue MC B 10BEHWUIbHOM
BO3pacTe Ha CTPYKTYPHO-(DYHKUMOHANbHbIE NOKA3aTenn roHag CamMuoB KpbiC. OTO CBMAETENbCTBYET O
LenecoobpasHoOCTU NprMeHeHns npu dapmakoTepanu MC AONOAHUTENBHO MeTaboNUTHBIX NPenapaTos
C roHagonNpPoOTEKTOPHBLIM AECTBMEM.

KntoyeBblie ciioBa: MeTabosimyeckuii CUHAPOM, KPbIChl, FOHazbl, MeThOPMUH

V. N. Kovalenko, A. E. Tkachenko, A. M. Shayakhmetova, A. V. Matvienko
Impact of metformin on testis morpho-functional characteristics in male rats
induced by metabolic syndrome developed at the juvenile age

Purpose of the study was to test effect of metformin on the gonad state and the reproductive function
of male rats at the metabolic syndrome (MS) that developed at the juvenile age.

The levels of total testosterone, follicle-stimulating and luteinizing hormones in the blood serum were
determined, fertility, functional state of the spermatozoa, morphometric parameters of spermatogenesis
in the testes, the spermatogenic epithelium structure, histological analysis of the gonads and epididymis
were studied. Statistical analysis of the results was carried out according to Student's t-test. The difference
between the parameters was considered statistically significant at p < 0,05.

In rats puberty age due to MS in the juvenile period, there was a disturbance of sex hormones synthesis.
The metformin administration did not reveal a positive effect on testosterone levels and the follicle-stimu-
lating / luteinizing hormones ratio normalization. Using of metformin in male rats with MS, developed at the
juvenile age, did not insure to the correction of morpho-functional indicators of the gonad condition, it did
not reveal any efficacy in improving the histological picture of the testes and epididymis.

Thus, metformin is not able to prevent a negative effect of MS, which occurred in the juvenile age, on
the structural and functional parameters of rat male gonads. This indicates the advisability of additional use
of metabolic drugs with gonadoprotective action in the pharmacotherapy of MS.

Key words: metabolic syndrome, rats, gonads, metformin
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NloKniHiYHe gocnifg¥eHHA CTpecnpoTeKTOPHUX
BJ1IaCTUBOCTeH onironentupiiB — roMonoris

thparMeHTa AKTI

15-18

Ha Mojei rocTporo

XoJioaoBoro crpecy

HawioHanbHWi hapMaLIeBTUYHNE YHIBEPCUTET, M. XapKis

2 AYI «[lepxxaBHY HayKOBO-AOCIIAHWE iHCTUTYT 0COBIMBO YACTVX Giorpenaparis»
®OMBA Pocii, CaHkT-lNeTepbypr, Pociricbka denepadiis

Knto4oBi ciioBa: CTpecrnpoTekTopu,
oslironenTuaun, Xo040BuK CTPEC

V¥ cyuacHoMy cBiTi mpobGJiema cTpecy Ta
ioro HacaigKiB HabyBae 0COOJUBOTO 3HA-
YeHHs, II[0 IIOB’f3aHO 3 BIUIUBOM Ha
JIOOVUHY BeJUKOI KiJBKOCTI HeraTUBHUX
daxTopiB goBkimna. Hecnmpuarausi Kiri-
MaTUYHi yMOBU, BiliHU, cOIliaJibHi, IOJIi-
TUYHi, eKOHOMIiUHi Ta TeXHOTeHHi BILJIN-
BU, po60Ta B YMOBaxX HaA3BUUAWHUX CUTya-
il € OCHOBHUMMU CTPECOTE€HHUMU YUHHU-
KamMu [ua cydacHoi JiroguEm [1-3]. B
OCHOBI mmaToreHe3y 6araTboxX 3aXBOPIOBAHb
OoHe 3 TOJOBHUX MicCcIlb IIOCizae cTpec,
TpuBaja Oif AKOTO MIPU3BOAUTH IO 3HU-
JKeHHA 3aXMCHUX MOJKJIMBOCTEH OpramHis-
My Ta PO3BUTKY XBopobu amamrairii [4—5].
Cepen akTyaJbHUX CTpPeCOTeHHUX (aKTO-
pPiB BeJMKe 3HAUEHHA Ma€ YyparKeHHA
OpraHidaMy HH3BKUMHN TeMIlepaTypaMu,
aJyKe MeIIKaHIl OijgbimocTi KpaiH cBiTY
Ta KJIIMaTUYHUX NOACIB MOMKYTH 3a3Ha-
BaTU HECHIPUATJINBOTO BILIUBY rimorepmii
[6—7]. IlaToreHes ypasKeHHA OpPraHizMy
HUBBKVUMU TEMIIEpATypaMU OXOILTIOE Cep-
1eBO-CYANHHY, €HIOKPUHHY, IEeHTPAJbHY
HEPBOBY, iIMYHHy, pecIipaTopHy Ta iH.
cucremu. Taka moJriopraHHicTb 00yMOB-
JII0€ HAA3BUUYANHY CKJIALHICTH Tepamil
IIBOTO BUAY CTpecy. ApceHas JIiKapChbKUX
3aco0iB, 10 3maTHI IiABUIIUTU pPe3uc-
TEHTHiCTh opraHismy mo rimorepmii (dhpu-
TOIIPOTEKTOPiB), [OCUTH By3bKuii. [lo Toro
JK OiJBITiCTh 3 HUX BIJIMBAE JIWINlE Ha
OIHY 3 JIJAHOK IIaTOTeHe3y XO0JI0J0BO1 TpaB-
mu. TomMy aKTyaJbHUM € IOIIYK HOBUX
6e3meyHnx Ta ePeKTUBHUX PEUYOBUH s
JiKyBaHHA Ta NPO(MITaKTHUKU XOJIOJOBOTO
cTpecy.

© KonekTtus aBTopis, 2018

BaxsmBoro s1aHKOI0 maToreHesdy cTpec-
peakIiii opraHismMy € mopylneHHA (GyHKILi-
OHYBaHHA HEeNTUAEPTiuHOl cumcremMu Ta il
B3aeMOJii 3 IHIMUMU HEWPOTYMOpPAJIBHU-
MU peryJATOpHUMHU MexaHismamu [8].
BasknuBoro sHaueHHA B IIbOMY AaCHeKTi
HaOyBalOTh HEWPOMENTHIHI mpemaparTu,
AKUM [pUTaMaHHa NOJipyHKIioHAIb-
HicTB i 3maTHiCTH ycyBaTu JesinTerpariiro
MOJIEKYJIAPHO-0ioxiMiuHMX MeXaHi3MiB.
T'onoBHa posp y peryaamnii crpec-
peaiisylunXx CHCTeM OpraHisamy HaJle-
KUTH oci rimoranamyc-rimodis-magaup-
Huku [9]. Byab-axkumil cTpecoBmil BIJINB
iHOYKYE CceKpeIiio aIpeHOKOPTUKOTPOII-
Horo ropmoHa (AKTT), axuii y cBoIO
Yepry CTHUMYJIIOE BUXiJ TIIOKOKOPTUKOI-
IiB 3 HAAHUPKOBUX 3aJi03. ToMy 0CcoOIUBY
yBary fK IePCHeKTUBHI CTPECIIPOTEKTOPU
MIPUBEPTAIOTh OJIITOTMENTUAU — T'OMOJIOTU
ARTT,, ;. Y Hammux MomepemHix moci-
mxeHHaX [10] BcTaHOBJIEHO BILJIUB IEIITH-
IiB Ha pi3Hi JJaHKUM cTpec-peakIrii 3a yMoB
rocrporo immob6inisamifiHoro crtpecy B
mrypiB. HomismbHUM € OOCIIiIKeHHS CcTpe-
CIIPOTEKTOPHOI Aii oJyironenTuAiB — roMo-
goris AKTT Ha MOJeJii XO0JIOJZOBOTO
cTpecy.

Mema 0ocaidxiennHs — BCTAHOBUTU
BIIJIUB OJIirOmemnTUAiB — TOMOJIOTIB
AR'TT |, |, Ha OBeiHKOBI peakmii, disuy-
HY BUTPUBAJICTD i TPDUBOKHICTD IITyPiB Ha
MOZeJIi TOCTPOTO XOJOZOBOTO CTPECY.

Marepiamun Ta metonu. Excnepumen-
TaJIbHI JOCJTiMKeHHS BUKOHAHI BimmoBis-
HO [0 «3arajJibHUX EeTUUYHUX IIPUHIIUIIB
eKCIepUMeHTiB Ha TBapmHaxXx» (YKpaiua,
2001 p.) Ta mojokeHBb «EBpomelichKOL
KOHBEHIIi1 mpo 3aXuCT XpebeTHUX TBAPUH,
AKi BUKOPUCTOBYIOTHCA IJIA €KCIEPUMEH-

15-18
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TAJIBHUX Ta IHINIWUX HAYKOBUX IiIei»
(Crpacoypr, 1986 p.).

Hocmimxenna mpoBoauau Ha 36 cam-
X CTATeBO3PiAUX Oiaux JsrabopaTopHUX
mypiB macoro 200-220 r, BUPOIIEHUX Y
BiBapii HamionanbHOTO (hapMareBTUaHOro
yHiBepcuTery. TBapuH yTpuMyBaiu Ha
CTAHJAPTHOMY pallioHi 0e3 oOOMeyKeHHS
IOCTYIYy IO BOIMU.

IMentuani romosoru ¢pparmenra ARTT . o
(Lys-Lys-Arg-Arg) nixg muppamu KK-1 u
KK-5 (tabn. 1) cunresoBano B DPIVII
«Jlep:xaBHOMY HayKOBO-IOCIiTHOMY iHCTH-
TyTi 0cOo6JMBO umcTUX OiompemapaTiB»
®DMBA Pocii (Cauxrr-Ilerepbypr, Pociii-
cbka Pegeparmia). Ilentumzu oTpumMaHO
MEeTOIOM TBepAo(as3HOTO CUHTE3y 3 BUKO-
puctaHaaM Boc-TexHoJIoTil Ta OUHnIIeHO 3a
IOIIOMOTOIO0 IIperapaTuBHOI 0OOGepHEeHOo-
dasoBoi xpomarorpagii, ixHA uUmcrora
ckaazae He meHIe 98 % . Y mux cmosykax
onua (KK-1) a6o aBi (KK-5) mpupogsi ami-
HOKHCJIOTH 3MiHeHO Ha BigmoBimuwmit
D-crepeomep. 3asHaueHi CIOJYKH MaiOTh
MiABUIIEHY CTiMKiCTh IO IIpOoTeas CUpPoBaT-
KU KPOBI JIIOQWHU, HAJIEKATb O IPAKTUU-
HO HETOKCHYHHX peuyoBuH [12]. Bubip
caMe IIMX MNENTHULIB 3 MIOMiK 9 OGam3bKol
XiMiUHOI CTPYKTYpU 3YMOBJIEHUU THUM, II[O
BOHU CTaJIU JIilepaMU CKPUHIHTY Ha MOZe-
ai immo6inisarniiinoro crpecy [13].

Mopgesns TOCTPOrO XOJIOLOBOTO CTpECy
BiTBOpIOBANM IIJISXOM BMIIlEeHHS TBapUH
no moposmiabHOi Kamepu «NordInter-300»
3a remneparypu —18 °C ma 2 roj, me BOHHU
3HAXOAUJINCS B iHAWBiAyaJdbHUX ILIACTH-
KoBuUX IeHaJyiaX (0e3 oOMesKeHHs HaIxo-
IexeHHA noBiTpa) [11]. Onironentuznyu BBO-
OUay iHTpaHasajnpHO (PO3YMH) y [03i
20 mEr/kr sa 30 XB [0 Ta MmicasA XO0JIOIZO-
Boro crpecy. IlpemapaT mOpiBHAHHA
«Cemakc» (3AO «ImuoBamitiamit HIILT
«IlenToren», P®) yBogunu B 103i 20 MKr/Kr
(HasaJIbHI KpalljIi) B aHAJIOTIYHOMY DEKU-
mi. Bubip pedepenc-mpemnapaTty 3yMOBIIe-
HUA ¥TOTO OJIITONMEeNTHIHOI CTPYKTYPOIO
(cunreruunuit anamor AKTI, mos6asie-
HUW TOPMOHAQJBHOI aKTHBHOCTi) i moka-
3aHHAM JO 3aCTOCYBAHHS IJIA HiABUIIEH-

HA afalTallifHuX MOJKJIUBOCTEH Opramis-
My B pasi crpecy. Pekrasmbry Temmepary-
Py B TBapuH BUMIipIOBaJU TEPMOMETPOM
WSD-10 mepen OXOJOAKEHHSIM Ta depes
10 xB micJas TOCTPOTO XOJIOZOBOTO CTPECY.

BmimB menmTumiB Ha cTaH IEHTPAJIBLHOL
HepBoBoi cuctemu (ITHC) ominroBanu yepes
30 XB micjs BILUIMBY XOJIOAY 3a TOBEIIHKO-
BUMMU DeakIligMU B TeCTi «BiJKpUTe II0oJie»
[14]. Busnauaiu pyXxoOBy aKTHUBHICTh, Opi-
€HTOBHO-IOCTiJHUIIbKY IiAJBHICTH i Bere-
TATUBHI peakifii. 3a TeCcTOM «IIigHeceHui
XpecTonomibHMil JabipuHT» OIiHIOBAIH
TPUBOYKHICTL TBAPUH 32 TAaKUMU KpUTEPi-
AMU: JATEHTHUI IepioJ BXOAY OO TeMHOI
KaMmepu, uac nepedyBaHHsA B OCBITJIEHUX Ta
TeMHUX pyKaBaX, KiJbKiCTh BiBiyBaHb
3aKPUTUX 1 BITKPUTUX PpyKaBiB, mepeTUHIB
IeHTpaJIbHOTO MaigaHumiKa. Takoik pee-
cTpyBaau KiJdbKicThb (eKaJabHUX O0O0JIIOCiB
Ta ypuHaniui [15]. ®isuyny BUTpHBaATiCTDL
CTPecOBAaHUX TBAPWH BUBYAJM HA MOJEJi
MIPUMYCOBOT'O TIJIaBaHHA 3 HABAHTAKEHHAM
(BamTasx 7,5 % Bim macu Tima Ha KopeHi
xBocTa). KpuTepieM moBHOrO BUCHAKEHHS
BBavKain 10-ceKyHaHe mepeOyBaHHSA TBa-
PUH IIiJ BOJOIO 3 HEMOJYKJIUBICTIO CILJIMBTU
nisa Bouxy [16].

Pesynabratu 06po6GISAIM CTATUCTUYHO
3a momoMoroio mporpamu «Statistica—5.0»
3 PO3pPaxyHKOM CepeIHbOI BEeJIUUMHU Ta 11
CTaHZAPTHOI MHOXMOKM, 3HAUYIIOCTI Bifm-
minHOCcTel 3a Kpurepiem Crohiomenta (t)
3a HOPMAaJILHOT'O POBIIOAiTY, 3a HelmapaMmeT-
PUYHUMHU KpUTepiaMu OAHOMAKTOPHOTO
aucuepciiHoro aHaiizy, kpurepiem Hbio-
meHa-Keitnca, Kpackena-Yoiiica, Man-
Ha-YiTHI 3a #oro BigcyTHOCTi. P0o36iskHOC-
Ti BBaskaau Biporizuumu B pasi p < 0,05.

PesyapTaT Ta iX 0oOGroBopeHHs. AHa-
JIi3 TOKa3HWKIiB peKTaJbHOI TeMIlepaTypu
B IITypPiB uepes 2 Toj MicJisg TOCTPOTO XOJIO-
IOBOTO CTPeCcy CBiUUTH TIPO PO3BUTOK
rimorepmii (y rpymi TBapmH KOHTPOJIBHOL
naroJiorii BinOysocsa SHUIKEHHA DPEKTaJb-
HOol Temmeparypu Ha 8 %). IlenTumu
KK-1, KK-5 ta Cemakc rajmbmMyBajau 3HU-
JKeHHs Temmeparypu Tima Ha 6 %, 5,5 %
ta 7 % sBigmoeigmo (tabma. 2).

Tabaumsa 1

Cmpyxmypa nenmudie — zomonozieé ¢ppazmenma AKTI o

JlaGopaTopHuii wmndp

CTpykTypa

MNentng KK-1

Acetyl-(D-Lys)-Lys-Arg-Arg-amide

Mentnp KK-5

Acetyl-(D-Lys)-Lys-(D-Arg)-Arg-amide

42
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Tabaumsa 2

Iloxasnuku pexmanvroi memnepamypu 6 wypié 0o ma nicaa xono0o6ozo cmpecy
nid énaueom nenmudié ma pegepenc-npenapamy,t ‘C (M £ m, n = 6)

. Mpyna TBapuH
Mepiop, - =
CnocTepexeHHs iHTaKTHUA | KOHTPOJIbHA | NenTug, | NnenTug Cemakc
KOHTPOJb naronorisa KK-1 KK-5
+ +
J10 NepeoxonoaXeHHs 36,80 +0,21 | 37,40 0,38 87,50 36,60 37,10 £ 0,45
0,50 0,35
Yepes 10 xB nicna . . | 36,50+ | 36,30 = 36,70 =
OXOJIOOXKEHHS 34,40 £0,21 0,40% 0,40% 0,57%

TakoK ITOKa3HWKU TBapuUH, IO OTPHU-
MyBaJIM OOCJHig:KyBaHiI oJgiromentunu,
CTAaTUCTUYHO He BiApisHAJUCH BiJl IOKa3-
HHUKAa iHTaKTHOTO KOHTPOJA, IO CBiAUUTH
PO 3JaTHICTh pPEYOBWH MOIepemKaTu
PO3BUTOK TrimoTepMii Ta HOZaJIbIIi MmaTO-
disionoriuri mnpoaBu rinmorepwmii. Ilix-
TBEPIKEHHAM IIbOTO € Dpe3yJabTaTu
HACTYITHOTO eTamly MOCTifKeHb 3 BUBUEH-
Hf BIUIUBY IENTHIIB HA CTaH HEPBOBOIL
CUCTEeMMU.

Boawms rocTporo xoJ0m0BOTO CTpecy
Ha craH [THC mypiB xapaxkTepusyBaBcsa
3MiHOIO TOKa3HWKIB MOBEAIHKOBUX
peakIiiii IypiB 3a TecTOM BiJKPHUTOTO
moJsisg (taba. 3), 10 BUSBUJIOCS IIiIBU-
OIeHHAM JOKOMOTOPHOI aKTHMBHOCTiI Ha

53 % Ta cymMum BCiX BUAIB aKTUBHOCTIL
Ha 42 % mopiBHAHO 3 IHTAKTHUM
KOHTPOJIEM.

Taxkuii xapakTep 3MiH MOMKe CBimumTu
PO TIOCUJIEHHS TPUBOXKHOCTI TBApWH Ha
doni xosomoBoro ctpecy. IligBuinenHsa
PYXOBOI aKTUBHOCTi MO’Ke TaKO CBIIUM-
TH PO HEOOXiAHICTH B30iJMBIIUTUA TEILIO-
NPOAYKIIil0, 3HNIKEHY BHACJIJOK TimoTep-
Mii, IO KOpesre 3 AAaHUMU BU3HAUEHHS
PeKTaIbHOI TeMIlepaTypu. BBegeHHA 0JIi-
TONEIITUAIB BipOrifHO IIiABUIITYBaJIO CTpE-
CcOCTiliKicTh HIypiB, IO WiATBEPIKYETHCA
3MEHIIeHHAM BCiX BUIIiB aKTUBHOCTI Ha
59 % mix sotusom mentuny KK-11 29 %
y TBapuH, siKi orpumyBaau mentun KK-5.
ITentuy KK-1 3meHIIyBaB JIOKOMOTODPHY

Tabaums 3

Iloxasnuru noeedinkosux ma emoyitlHux pearxyiil y mecmi «8i0kpume none» y uypie
Ha QOHI 20cmpoz0 xX010006020 cmpecy ma énnuey nenmudié i pedpepenc-npenapamy
(M £m,n=6)

- Ctpec
Moka3Huk IHTakKTHUI
323 X8 KOHTpoONL | KOHTPONbHA nenTtug, nenTtupg,
¢ ) P naTonoris KK-1 KK-5 Cemaxc
JlokoMOTOpHa aKTUBHICTb
Mepethyri | e 04001 | 24,50+ 1,41% | 7,50 +2,53* | 17,50 5,60 | 19,50 + 4,77
KBagpatu
OpieHTOBHO-4OCAIAHVLbKA aKTUBHICTb
OTBOpPU 3,33+0,72 | 3,67+1,54 1,0 £0,52* 2,0+0,52 1,83 +0,40
Crilikn 5,0+0,73 6,67 + 1,38 3,0+1,13 4,33 +1,52 4,83+0,83
Cyma 8,33+1,09 | 10,67 +2,99 4,0+1,59 6,33+1,94 7,67 £0,76
BeretatuBHu CyrnpoBif eMOLINHNX PeaKLii
Bontocu 0,83+0,40 00 1,33 = 0,49% 0,83 +0,40 0,67 =0,49
YpuHauii 0,33+0,21 0,67 £ 0,21 0,33+ 0,21 0,17 +£0,17 0,83+ 0,31
pyMiHr 1,0+ 0,26 1,67 £ 0,56 2,33+ 0,67 1,67 £0,72 1,83 £ 0,91
Cyma 2,17+0,54 | 2,33%+0,67 4,0+£0,78 2,67 +£0,84 3,33+ 1,15
Cyma . 126,50 +3,01 | 37,50 + 0,35* | 15,50 + 4,10% | 26,50 * 3,24% | 30,50 + 5,98
aKTUBHOCTEM

Ipumimru. *Bidminnocmi, cmamucmuuno 3navywi npomu inmakmmnozo koumpoaio (p < 0,05), #@idminnocmi,
cmamucmuyHo 3HAYYWi npomu KOHmMpoavHoi namoaozii (p < 0,05), n — kKiavkicmbs meapun y zpyni.
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axkTuBHicTh Ha 69 % mOPiBHAHO 3 KOHTD-
OJIBHOIO TaTOJIOTi€l0 Ta HAa 53 % MOpiBHS-
HO 3 IiHTAKTHUM KOHTPOJIEM, a TaKOX
OPi€HTOBHO-AOCHIZHUIBKY AaKTUBHICTH
(orBopu) Ha 23 %, 110 CBiAYUTH PO HOrO
ceIaTUBHY [Mil0 Ta CIIiBOaja€ 3 pesyJibTa-
TaMU TOCTiAKEeHHA IICUXOTPOITHUX BJac-
tuBocteit mentuxpiB [16]. Pedepernc-mpe-
mapaTr IpPOsSBUB JUIINE TEHAEHI[I0 IO HOP-
MaJgisailii 3asHaueHUX NOKa3HUKiB. Bere-
TATUBHUM CYIPOBiJ, eMOIiMHUX peakIiiit
He 3MiHUBCS B KOAHIN Tpyni TBapwH, 3a
BUHATKOM IIiIBUINEHHA KiJbKOCTI gede-
Kamiit mig giero nentuny KK-1 mopiBasHO
3 KOHTPOJIBHOIO TIATOJIOTI€0, IO 3a AAaHU-
mu Jgiteparypu [15, 17] € nposgBoM 306i/1b-
IIeHHs eMOIliiHoi JyabisbHOCTI HIypiB 3a
YMOB cTpecy ab0 aKTuBallii BereTaTUBHOI
HEPBOBOI CUCTEMU.

AHais pe3ysbTaTiB TeCTy «HifHECEeHUH
XpecTononioHul JabipuHT» CBiAYUTH IIPO
3HAYHE TiJBUINEHHA TPUBOXKHOCTI IITypiB
Ha @(OHI TOCTPOro XOJOJOBOTO CTpecy
(tabsa. 4). ¥V TBapuHU IPynu KOHTPOJIHHOI

maroJiorii cmocTepirajim CKOpPOUYeHHS
JIATEHTHOTO Tepioy BXOAY [HOO TEeMHOI
KaMepu B 8,9 pasy, 3MeHIIIeHHA Yacy 3Ha-
XOJ’KeHHs B OCBiTIIeHUX pykKaBax y 11,6 i
30i/IbIIIeHHA Yacy mepeO0yBaHHS B TEMHUX
pykaBax y 1,1 pasy (yci 6e3 BUHATKY
Iypu Bigpasy BTiKaJIu B TeMHUUA DPYyKaB
Ta He BUXOAWJIU 3 HHOTO IPOTATOM YCHOTO
vyacy mocaimkenusa). Ilenmrugum KK-1,
KK-5 ra Cemakc ynHUJIN BUPa3Hy aHKCio-
JITUYHY [Ail0, BIpOTiZHO BigHOBJIIOIOUN
OCHOBHi MapKepu TPWBOYKHOCTI B TecTi
IiTHECeHOT'0 XPecTONmoAi0HOro JabipuHTY:
30iJbIIIyBaBCS JIATEHTHUM IIepios BXOmy
0 TeMHOI KaMepU IIiJl BIJINBOM IEeNTULY
KK-1 y 25,6 pasy, mentuny KK-5 — y
22,9 pasy, Cemaxcy — B 27 pasiB, 3HaUHO
TIOJIOBXKYBaBCA Yac mepeOyBaHHS B OCBiT-
neHux pykaBax B 40, 31 Ta 27 pagiB Ta
3MEHITYBABCA Yac 3HAXOMKEHHS B TeM-
Hux pykaBax B 1,4; 1,3 Ta 1,2 pasy Bix-
noBigHo. Taxkuii xapakTep 3MiH 3a3Haue-
HUX TIOKa3HUKIB € pe3yJbTaTOM IIiJBU-
IeHHs TOBEeNiHKOBOI apamrarii mniypiB

Tabnuns 4

IToxasnuku noeedinku wypie y mecmi nidnecenozo xpecmonodi6rnozo nabipunmy 3a
YyMmoé xon00060zo0 cmpecy ma eénauey nenmudie (M * m, n = 6)

Mpyna TBapuH
MokasHuk i . | KOHTpONb-
32 5 xB8 iHTaKTHUIA _ nenTug, nenTup,
( ) KOHTPONb Hi::‘;‘o KK-1 KK-5 Cemaxe
gfgeHTH:fe:,,er;?ﬂ 19,40 + 2,17 + 55,50+ | 49,67+ 58,67 +
AY A 10,53 0,98* 36,08* 26,17* 30,21%
Kamepu, ¢
Yac nepebyBaHHs B 25,20 = 2,17 87,83 = 67,33 = 58,67
OCBIT/IEHUX pyKaBax, C 14,39 0,98* 45,89% 25,56% 30,21%
Yac nepebyBaHHs B 274,80 %1 297,83 £ 212,17 232,67 £ 241,383 £
TEMHUX pyKaBax, C 4,39 0,98* 45,89% 25,567 30,21#
i i i i + +
KIJ'Ib.KICTb BI,}J,BI)J,yB.aHb 0.40 + 0,24 0+0 0,67 % 0,83#_ 0,50 0,22
OCBIT/IEHUX PYKaBIB 0,33 0,31
i i inBi +
KinbkicTb BI)J,B!)J,yBaHb 1,20 + 0,20 10+0 133+0.21 1,83 10+0
TEMHUX PyKaBiB 0,65
KinbkicTb BigBiayBaHb
o 0,67 = 0,67 =
- + + +
LLeHTpanbHOro mam 0,40+ 0,24 0x0 0.33 0.67 00
OaHyunka
BeretatneBHuin cynpo-
BiJ, EMOLNHUX peaKL,ii:
6oniocw, 0+0 00 |083%021| 00 |0,33%0,33
ypuHauji, 0,60+0,24 | 0,50+0,22 | 0,177+0,17 | 0,17 £ 0,17 0+0*
cyma 0,60+0,24 | 0,50+0,22 |0,50+0,34 | 0,17 +0,17 | 0,33 £0,33

ITpumimka. *BiOMminHOCMi, CMAMUCMUYHO 3HAYYUW,i npomu inmaxmuozo konmpoaio (p < 0,05), #eidminnocmi,
CMAMUCMUYHO 3HALYUi NPomu KOHmMpoabvHoi namonozii (p < 0,05), n — kiavkicmb meapurn y zpyni.
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Tabauis 5

Diszuuna eumpueanicmv wypié Ha modeni NPUMYCO6020 NAAEAHHA
3 HABAHMANHCEHHAM i 6NUEOM Nenmudié nicii 20cmpozo xon0006020 cmpecy
ma énnuey nenmudié (M £ m, n = 6)

Mpyna TBapuH

Yac HacTaHHS NOBHOIO CTOMJIEHHSA, XB

IHTaKTHUI KOHTPOJb 2,26 £ 11,27
KoHTponbHa natonoris 1,27 £0,101*
Mentng KK-1 2,26 £ 0,268*
MNentng KK-5 3,620 £ 0,478*/#/@
Cemakc 2,550 + 0,206*

Ipumimmra. *Bidminnocmi, cmamucmuyno 3navyuyi npomu inmarxmuozo kowmpoaio (p < 0,05), #eidminnocmi,
cmamucmuyHo 3navywi npomu KoHmpoabroi namonozii (p < 0,05 ), @eidminnocmi, cmamucmuuno snavywi
npomu epynu meapun, axa ompumyeana nenmud KK-1, n — kiavkicmb meapun y epyni.

IicJIA TOCTPOTO CTPECY Ta IPOABOM ITPOTU-
TPUBOKHOTO e(heKTy PpedoBWH, IO MOro
BUSBJIEHO B TBAPWH iHTAKTHOTO KOHTPOJO
[17]. ITentun KK-5 rakox 306inburyBas
KIJMBKICTh BiBiAyBaHb OCBITJIEHUX pyKa-
BiB, IITO CBiAYUTH ITPO aKTUBi3aIlito mOCITif-
HUIIbKOI MiAJBHOCTI Ta TPOAB aHKCioJi-
TUYHOI [ii. 3a MPOTUTPUBOKHUMU BJIAC-
TUBOCTSAMHU TENTUAN HEe IOCTYHIAal0ThCA
mpemapary MOPiBHAHHA.

TocTpuit xosomoBUii cTpec 3HUKYBaB
(disuuny BuTpHBaATiCTH IIypiB ¥ 1,8 pasy 3a
IIPUMYCOBOTO TIJIaBaHHSA 3 HaBAaHTAKEHHAM
(tabs. 5). Oxironentuau ta CeMakc YMHU-
JI TIO3UTUBHUII BILJIMB Ha Iel MOKa3HUK.
Tlentug KK-1 36inbi1yBaB TepMiH HacTaH-
HA BTOMU B 1,8 pasy, nentuxg KK-5 —y 2,9
pasy, pedepenc-upemnapar — y 2,0 pasy. 3a
MOBUTHMBHUM BILIMBOM Ha Ilefl TOKa3HUK
MenTuAN He IIOCTYHIAIThCA IIperapary
nmopiBHAHHA. OgHAK aKTONPOTEKTOPHI
Biaactusocti menruny KK-5 Biporigmo Bumri
nopiBuAHO AK 3 mentugom KK-1, Tak i 3
iHTAaKTHUM KOHTPOJIEM.

TakuM YMHOM, Pe3yJbTaTU AOCTiAKeH-
HA BILIUBY IENTUIIB Ha IMOKA3HUK pPEK-
TaJbHOI TeMIlepaTypu, MOBEJiHKOBi TecTH,
TPUBOKHICTEL 1 (hiswuHy BuUTpMBAIICTE Ha
TJIi TOCTPOTO XOJIOJOBOTO CTPECy CBiguaTh
po ixXHi BUCOKi cTpecrrpoTeKTOpHI Ta Gpu-
rOIIPOTEeKTOPHI BiacTuBocTi. Ilomepemxen-
HA PO3BUTKY rimorepmii (BizHOBIEHHA
peKkTaJbHOI TemmepaTrypu) 3amobirae
MONAJIBIINM IIOPYIIIEHHAM 3 00Ky HepBOBOI
cucremu. Tak, mentungu KK-1 i KK-5 HOp-
MaJIi3yloTh IOBENiHKOBiI peakiii B Tecti
BiIKPUTOTO TI0OJIA, III0 KOPEJIIOE 3 BUPA3HU-
MU aHKCIOJIITHMYHMMM BJIACTUBOCTAMU 34
TECTOM IIiTHECEHOTO XPEeCTOIoAiOHOTO
nabipuuTy. Ha Tii rocrpoi rimorepmii merm-
THJaM IpUTaMaHHI BUpas3HI aKTOIPOTeK-

TOPHI BJIACTUBOCTI 3a NTPUMYCOBOrO ILjIa-
BaHHA 3 HaBaHTaKeHHAM. BpaxoByroun
pesyJIbTaTH MONEepeNHiX mociaig:xeHs [13,
17, 18], a TaKoX BCTAHOBJIEHY CTPECIIPO-
TEKTOPHY Ta (QPUronIpOTEeKTOpPHY [il Ha
MOJZieJIi TOCTPOTO XOJIOZOBOI'O CTpecy,
JIOIIIJIBHUM € IIOJIaJIbIIIe TIOTJINOJIeHe JOKJIi-
"iume puBuenHus nentunis KK-1 i KK-5 ax
IIePCIEKTUBHUX CTPECIPOTEKTOPIB.

BucHoBku
1. Ilentugu — TroMoJiorum QparmMeHTa
ARTT, o mig muppamu KK-1 i KK-5

Ha (OHI rOCTPOTO XOJIOJOBOTO CTPECY —
TOTIepPeIsKal0Th 3HUIKEHHA PeKTaJbHOL
TeMIIepaTypu IIypiB, He MOCTYyHAIOYUCh
Cemakxcy.

2. ITentugu KK-1 i KK-5 ma ¢oHi rocrpo-
r0 XOJIOZOBOTO CTPecy HOpPMaJi3yioTh
HmOBEeIiHKOBI Ta eMomifiHi peakrmii
mIypiB 3a pesyJabTaTaMU TeCcTy «Bif-
KPUTOTO IIOJISA», IlepeBepHIyloun eeKT
Cemakcy, AKHUU JIMIlle BUABUB TeHIEH-
mifo [0 BiZHOBJIEHHA 3a3HAYEHUX
TOKAa3HUKIB.

3. ITentunzu KK-1 i KK-5 3a Tecrom «Irij-
HECEHOT'0 XPecTOmoAiOHOTO JIabGipuHTY»
BUABJIAIOTL BUPA3HUN IIPOTUTPUBOYK-
HU# edexT Ha PiBHI pedepeHc-mIpenapa-
Ty MiCJIA TOCTPOTO XOJOZOBOTO CTPECY.

4. Ha mopmesi mpuMycoBOro mJIaBaHHA 3
nHaBaHTaxkeHuam nenrtugsu KK-1 i KK-5
OigBUNOIYIOTH (Pi3MYHY BUTPHUBAIICTH
mypiB ua piBui Cemakcy. Ilentung KK-5
3a 30i/IBIIIEHHAM Yacy HaCTaHHS ITIOBHO-
r0 CTOMJIEHHS IIEPEeBEPITYyBaB MEUTUT
KK-1.

5. PesysibTaTy MPOBEIEHUX MOCJiIKEHb
CBiuaTh TIPO TOTY:KHi CTPEcHpoTeK-
TOpHI Ta (GPUTOIPOTEKTOPHI BJACTU-
Bocti mentuais KK-1 i KK-5.
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[0

0. B. Kyaina, C. KO. LUtpurons, O. O. Kosno6os
JokniHiYHe pocnipg)XeHHs CTPecnpPoTEKTOPHUX BNAaCTUBOCTEN onironenTuaiB —
romonorie ¢pparmenta AKTT . .. Ha MoAeni rocTporo xoNnoA0BOro cTpecy

MpoBeaeHO BUBYEHHS BIIMBY OJironenTuais — romonoris dpparmenta AKTI . .. (naGopaTopHi wndppm
KK-1, KK-5) Ha noka3HuKn pekTanbHOi TeMnepatypu, NOBEAIHKOBI peakuii, Gi3nYHy BUTPUBANICTb i TpU-
BOXHIiCTb 32 YMOB FOCTPOro XO/I040BOr0 CTPECY B LLYPIB (TBAPMH PO3MiLLyBann B MOPO3WJIbHI Kamepi 3a
Temnepatypu -18 °C Ha 2 ropn).

Bnnve nentuaiB Ha poO3BUTOK rinoTepMii BU3Havanu 3a BiLHOBIEHHSIM pekTasibHOI Temnepatypu. Ctpec-
NPOTEKTOPHI BNACTUBOCTI OLiHIOBaN 3@ BNJIMBOM Ha MNOBEAHKOBI peakLii y TEeCTi «BiaKkpuTe nosie» ta Tpu-
BOXHICTb TBApWH Y TECTi «MigHeceHun XxpecTononioHuii nabipuHT». Takox BMBYaANM BrMB NenTUAB Ha
Gi3nyHy BUTPUBANICTb HA MOAENI MPMMYCOBOrO MaBaHHS 3 HaBaHTAXEHHSAM (BaHTax 7,5 % Big, macwu
Tina).
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Onironentnan — romonoru dparmerta AKTI . .. i npenapar nopisHAHHA «Cemakc» nonepeaxysanu
PO3BUTOK riNOTEPMIi, BiGHOBIOIOHYN PEKTANIbHY TEMMepaTypy.

Y TecTi «BigkpuTE none» onironenTuan BiporigHo niaBuLLyBanu CTPECOCTINKICTb TBAPUH, HOpMani-
3yl04M MOBEAIHKOBI Ta €MOUiNHI peakuii NOPIBHAHO 3 TBaApMHaAMU rPynM KOHTPOJIbHOI MNaTonorii.
Pe3ynbTatv LpbOro TecTy cBigyaTb NPO BMPA3Hi CTPECNPOTEKTOPHI BNACTUBOCTI NEeNTUAIB, HA BiAMiHY
Big, Cemakcy, Skuin BUKNKaB NnLle TeHAEHLo A0 HopMarnisauii cTaHy LeHTpanbHOi HEPBOBOI CUCTEMM
TBapWH.

Y TecTi «nigHeceHnin XxpecTonoaibHMiA NabipuHT» BCTAHOBJIEHO CTPECOrEHHWI BMJIMB FOCTPOro X0n040-
BOr0O CTPEeCy, NPO WO CBiAYNTb CKOPOYEHHS NaTeHTHOro nepiofy BXO4y A0 TEMHOI KaMepu, 3MEHLUEHHSA
yacy 3HaxO[KEHHS B OCBITNIEHMX pykaBax Ta 30inblUeHHs Yacy nepebyBaHHsi B TEMHUX pykasax. MNentnam
KK-1, KK-5 i Cemakc 4MHMUAM BUPA3HY aHKCIONITUYHY Aito, BIPDOriAHO BiZHOBKOKYM OCHOBHI Mapkepu Tpu-
BOXHOCTI B TECTI «MigHECEHNIA XPeCTONOAIOHMIA NabipuHT».

CTpecnpoTeKkTOpHi BNacTMBOCTI NenTuAiB i npenaparty MOPIBHAHHA MiATBEPAXYIOTbCS BipOrigHUM
NiABULLLEEHHSAM aganTauiiHUX MOXIMBOCTEN LYPIB 32 MPMMYCOBOIO MIaBaHHA 3 HABAHTAXEHHSM.

Takum 4nHom, onironentnan — romonoru ¢pparmenta AKTI o o nig wudpamum KK-1 i KK-5 Buss-
NS0T BUPa3Hi GpUronpoTekTOPHI Ta CTPECNPOTEKTOPHI BNACTUBOCTI 32 YMOB rOCTPOIro X0J1040BOr0
cTpecy.

Kno4oBi cnoBa: cTpecrnpoTekTopy, oironentyam, Xoao40Buii CTpec

O. B. KyauHa, C. 10. LUTpbirons, A. A. Kono6os
[ oKnuHU4YecKoe n3y4yeHme CTpeccnpoTeKTOPHbIX CBOWCTB O/IMFONENTULO0B —
romonoroe ¢pparmenta AKTI . .. Ha Moaenu oCTPOro XxoN10A0BOro cTpecca

MpoBeaeHo M3ydeHvie BINSHWS OIMronenTuaos — roMonoros dparmenta AKTE . .. (naGopaTtopHbie
wnopsbl KK-1, KK-5) Ha nokasatenn pektanbHOM TeMnepaTtypbl, NOBEAEHYECKMEe peakumm, GU3nyYeckyto
BbIHOC/IMBOCTb M TPEBOXHOCTb KPbIC B YC/IOBUSAX OCTPOr0O XOJIOLOBOr0 CTpecca (KMBOTHBLIX MOMELLANn B
MOPO3UbHYIO Kamepy npu Temneparype -18 °C Ha 2 4).

BnunsiHne nentnaos Ha pa3BuTME rMNOTEPMUM ONPEAENSY MO BOCCTAHOBIEHMIO PEKTANILHOM TemMnepa-
Typbl. CTPeccnpoTeKTOPHbIE CBOWNCTBA OLLEHMBAAM MO BAMSHWUIO Ha MOBEAEHYECKME peakuun B TecTe
«OTKPbITOE MoJIe» N TPEBOXHOCTb XMBOTHBIX — B TECTE «MPUMNOAHSATBIA KPeCcTOoBpa3HbIn NabupuHT». Takxe
n3yvyanu BAvSHWE NenTMaoB Ha GU3MYECKYIO BbIHOCIMBOCTb HA MOAENW MPUHYONTENBHOIO NiaBaHus C
Harpyskom (rpys 7,5 % ot macchl Tena).

OnuronenTtnael — romonoru ¢pparmeHta AKTI . .. 1 npenapar cpaBHeHns «Cemakc» npenynpexaan
pas3BuUTME MMNOTEPMUN, BOCCTAHABNMBAs PEKTAIbHYIO TeMnepartypy.

B TecTe «oTKpbITOE nose» onuronenTuasl 4OCTOBEPHO MOBbLILIANIM CTPECCOCTOMKOCTb XUBOTHBIX, HOP-
Mannays noBedeHYeCcKkne 1 3MOLUMOHAsbHbIE PeaKLMN B CPABHEHUU C XUBOTHBIMU FPYMMbl KOHTPOJIbHOM
naronornun. Pegynbratbl 9TOro Tecta CBUAETENbCTBYIOT O BblPaKEHHbIX CTPECCMPOTEKTOPHbLIX CBOMCTBAxX
nenTuaoOB B OTAn4Me OT pedepeHc-npenapara Cemakca, KOTOPbIN BbISBU UL TEHAEHLMIO K HOPManu-
3auUnn COCTOAHNS LeHTPaIbHON HEPBHOWM CUCTEMbI XXNBOTHbIX.

Mo TecTy «NPUNOAHSTHIN KPECTOOOPA3HbIN NabUPUHT» YCTAHOBIEHO CTPECCOrEHHOE BNSIHNE OCTPOro
XOJIOAOBOro CTPecca, 0 YeM CBUAETENbCTBYET COKPALLLEHME NAaTEHTHOrO NEPMOAA BXOAA B TEMHYIO Kame-
pY, YMEHbLLEHME BPEMEHM HaxXOXAEHMS B OCBELLEHHbIX pykaBax U yBennyeHne BpeMeHn npebbiBaHus B
TeMHbIx oTcekax. Mentnabl KK-1, KK-5 1 Cemakc okasbiBanv BbipaXeHHOE aHKCUONNTUYECKOE AENCTBUE,
[OCTOBEPHO BOCCTaHABNIMBAs MapKepbl TPEBOXHOCTU B TECTE «MPUMNOAHATHLINA KPecToobpasHblii nabu-
PUHT».

CTpeccnpoTekTOpHble CBOWCTBA NENTUAOB M Nnpenapara CpaBHEHMS MOATBEPXKAAIOTCS AOCTOBEP-
HbIM MOBbILLIEHVEM a[4aNTaLMOHHbBIX BO3MOXHOCTEN KPbIC B YCNOBUSIX MPUHYAUTENBHOIO NAaBaHus C
Harpys3kom.

Takum 06pasom, onmronenTuabl — romonoru pparmedta AKTI . o noa wmdpamm KK-1 1 KK-5 npo-
ABNAIOT PPUrONPOTEKTOPHBLIE M CTPECCNPOTEKTOPHLIE CBOWCTBA B YC/IOBMSIX OCTPOrO XOJ1040BOrO
cTpecca.

Knto4eBble ciioBa: CTPECCpOTEKTOPbI, OIMroNenTuabl, XOJI040BbIM CTPECcC

0. V. Kudina, S. Yu. Shirygol’, A. A.Kolobov

Preclinical investigation of stress-protective properties of oligopeptides —
homologs of the ACTH . ,, fragment on the model of acute cold stress

The influence of oligopeptides — homologues of the ACTH,_,, fragment (laboratory ciphers KK-1, KK-5)
on the rectal temperature, behavioral responses, physical endurance and anxiety of the rats under the
influence of acute cold stress (animals were placed in a freezer at -18 °C for 2 h).

The effect of the peptides on the development of hypothermia was determined by restoring rectal
temperature. Stress-protective properties were evaluated by the effect on behavioral responses in the
«open field» test and anxiety of animals in the «elevated cross-shaped labyrinth» test. The effect of pep-
tides on physical endurance on the forced-swim model with a load (weight 7,5 % of body weight) was
studied also.
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Oligopeptides — homologues of the ACTH ., fragment and Semax prevented the development of
hypothermia, restoring the rectal temperature.

Oligopeptides significantly increased the stress resistance of the animals, marked normalizing behav-
ioral and emotional responses in the comparison with the control pathology group in the «open field» test.
The results of this test indicate marked stress-protective properties of peptides, in contrast to the refer-
ence preparation Semax, which showed only a tendency to the normalization the state of the central ner-
vous system of the animals.

According to the test of the «elevated cross-shaped labyrinth», a stressful influence of acute cold stress
was established, as evidenced by a reduction in the latent period of entry into the dark chamber, a
decrease in the time spent in clarified arms and an increase in the time spent in dark compartments. Pep-
tides KK-1, KK-5 and Semax exerted a marked anxiolytic effect, reliably restoring the anxiety markers in
the test of an «elevated cross-shaped labyrinth».

The stress-protective properties of peptides and the reference preparation are confirmed by a signifi-
cant increase in the adaptive capacity of rats when the forced swimming with a load.

Thus, the oligopeptides — homologs of the ACTH,_,, fragment under the codes KK-1 and KK-5 exhibit
frigoprotective and stress-protective properties on the model of acute cold stress.

Key words: stressprotectors, oligopeptides, cold stress
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H. M. Cepeagunncska, M. A. Moxoprt, JI. M. Kupuuokx,
B. C. Xomenxro, T. A. Bepmona, O. C. CyBopoBa

MpoTn60NbLOBA AKTUBHICTL NehnyHoMiay 3a
KOMOiIHOBAHOIro 3aCTOCYyBaHHA 3 Lle/1IeKOKCMO0M
Ta aMNoAMNIHOM Ha TNi eKcnepuMeHTaIbHOro

peBMaToiiHOro apTpUTy, acoLliioBaHoro
3 apTepiaNibHOIO rinepTeHsiero

LJepxaBHa yctaHoBa «IHCTUTYT ¢papMakosiorii Ta TOKCUKOJIOT i
HauioHasibHOI akagemii MeandHux Hayk YkpaiHu», M. KuiB

Knto4oBi cnoBa: negsyHomMia, amaoaurii,
Lenekokcnb, npotTnbosiboBa aKTUBHICTb,
peBMatoiaHui apTpuT, aptepiasibHa
rinepTeHais

OpHiero 3 HallaKTyaJbHININX IIPOOJIEM
Cy4YacHOI MeJWIIMHY € PEeryJAllid 3amab-
HUX TOPOIleciB, cepea AKUX PEeBMAaTOITHUMI
aprpur (PA), mo BigHOCUTHCA HO XPOHiU-
HOTO B3aIlaJIbHOTO 3aXBOPIOBAHHHA, 3yMOB-
JIEHOTO aKTHUBAallielo Ta mnpoJidepallieio
iMyHOKOMIETEHTHUX KJIITHH (Maxkpoda-
rie, T- ta B-mimdomnuriB) 3 BUIiJIeHHAM
KJIITHHHUX MeAiaTopiB — IMTOKiHiB.
3anajnbHUU IIPOIEC MPUSBOAUTH IO IIPO-
gidepanii KiaiTUH cumHOBiasbHOI pigwHU,
aHTrioreHe3y, arpecUBHOTO («IICEBIOIYX-
JIMHHOTO») PO3POCTAHHA CHOJYYHOI TKa-
HUHU, 100, y CBOI Uepry, BUKJUKAE
IEeCTPYKILil0 HOPMaJbHUX TKaHWUH 1
BUHUKHEeHHA medopmaliiii cyrsio60Boro
XpdAIla Ta KiCTKH, Ta CYIPOBOAKYETHCSA
CUCTEMHHMHU 3alaJbHUMU pPeaKIigAMH.
3asHaueHni maroreHeTWuHi acmnekTu PA
OOI'DYHTOBYIOTH OCHOBHM IaTOT€HETUYHOI
dapmakoTepamii.

Hna dapmakosoriunoi Kopekirii PA
BUKOPHUCTOBYIOTHCS AK 0a3UCHi IpemapaTu
(ix HasuBalwTL XBOpOOOMOAVGDIKYIOUNMU),
cepel, AKX aMiHOXiHOJIIHOBI mpemaparwu,
IIUTOCTATUYHI iMyHOCyIIpecaHnTu, IIpenapa-
TH 30JI0TA4, AHTUOIOTUKHU, cyJabhaHitami-
¥, Ipenapary 6i0J0TiYHOTO MOXOKEeHHH,
Tak 1 mpormsamasbHi (IX BigHOCATH 10
CUMIITOMAaTHYHUX, HA HAII IOTJIAL — YMOB-
HO) — HeCTepOimHi mpoTmsamajbHi IIpera-
paru (HII3II) Ta rirokokopTukroinu [1, 2].
Basucui mpenmapatu pisHmx KjaciB ximiu-

© KonekTtus aBTopis, 2018

HUX CIOJIYK IIWPOKO Ta TPUBAJIUN dYac
3aCTOCOBYIOThCS KJiHiIIUCTaMu, ajge Hemo-
craTHsa iXHA e(GeKTUBHiCTb, HU3KA I00iU-
HuUX e(deKTiB, iHAWBiAyasbHA HEIEePEeHOCU-
MicTh, BifcyTHiCTH y 0OaraTbox BUIAJKaX
KJIiHiuHOI BiATIOBiAi B MaIli€eHTiB 3MYIIYIOTH
HaAYKOBIIiB HA OCHOBiI BUBUEHHA MeXaHi3MiB
posBuTky PA cTBOpIOBaTU HOBi JIiKH.

ITosuTuBHi 3minm B Tepanii PA BinOy-
JINCS 3@ BIIPOBAJJKEHHS B IIPAKTUKY T'€H-
HO-iH}KeHepHUX iMyHocyIpecopiB — IIpe-
napaTiB 6iosioriuHOTO TOXOmKEeHHsA. BoHU
3IiJICHIOIOTH CHpPSIMOBaHe OJIOKYBaHHS
KJIIOUOBUX JIAHOK 3allaJIeHHA 3a JOIIOMO-
TOI0 aHTUTIN ab0 POSYMHHUX PEIeNnTOpPiB
IUTOKiHIB, a Tako iHmmx O6ioJsioriuHO
aKTUBHUX DEeYOBUH [3, 4].

Bogaouac mHe Bci Bimomi chorommi
MenuiiuHi 6GiosioriuHi mpemapaTtu 3apee-
crtpoBaHi B Ykpaiui. He B ycix mamienTis
CIIOCTepiraeThca HaJedKHa KJiHiuHa Bif-
MOBiIb Ha BBEIeHHA ITUX MOpemaparis, i
HEPiJKO BOHU MOTPeOYyIOTh BigMiHU yepes
mobiuHy Aifo, iHAUBiAyaJbHY YYTJIUBICTH
Tomto. Kpim Toro, JiKyBaHHA IUMU TIpe-
rmapaTaMy € BeJIbMU BapTiCHUM I MaIli€H-
TiB YKpaiHu. Yce 1ie 3yMOBJIIOE HEOOXif-
HiCTH 3acTOCYyBaHHA IMyHOCyHpecopiB
CUHTETUYHOTO TOXOMKEeHHs, B30Kpema,
mmpemapary, 10 OyB CHHTE30BaHUI i BIpO-
Ba/PKeHUN came IJiA JiKyBaHHA PA, ned-
ayaominy (JI®) [6-8]. Amtunposaidepa-
TUBHA [OiA IIOTO IIpelapaTry JOoCATAEThCH,
30KpeMa, 0JOKamO0I0 CHUHTE3Y IIipuMimu-
HY ULIAXoM iHTri6inmii mzurigpooporatme-
rigponporenasu. Ile#r imyHOcympecop
3aCTOCOBYETHCA CAMOCTIMHO Ta 3 iHIIU-
Mu xBopobGomoaudikyouumMu Ta/abo
MIPOTHU3AaAJILHUMU 3acobamMu (HanpuKJIam,
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meToTpekcarom, HII3II), mio cipuse B3a-
€MOIIOCUJIeHHI0O e(eKTUBHOCTI 3a3Haue-
HUX KoMOiHaIiii 3a BimcyTHOcTi (hapma-
KOKiHeTuuHOI B3aeMoOzii, 30Kpema, MixK
JI® i merorpekcarom [9]. IlocunooThea
npoJsipepaTuBHA Ta NOpoTU3amaJbHa il
JI®D y pasi sacTocyBaHHS 3 GiosorivHUMU
npenapatamu [11]. In vivo mpomeMoOH-
cTpoBaHO B3aemofiro Mik JIP i KoHTpa-
menTuBamMu. BigoMo ImMomo migBUIEeHHS
IPOTPOMOIHOBOTO YAcy 3a BUKOPUCTAHHSA
mpOro imMyHOcympecopa 3 BaphapmHOM.
BogHouac Hemae mOCTATHBO JOKa30BUX
ITaHUX IOJI0 BUKOPUCTAHHA JIP 3 mpoTu-
ManapiiHuMu 3acobamu, cyJsabdhaHizami-
IaMu, IIpemapatraMu 30JI0Ta, a3aTiompu-
HOM ¥ iHIIUMU 6a3UCHUMU IIpemapaTaMu
nasa gikyBanua PA.

OrpumanHsa iHdopmallii 1momo B3aemo-
nii JI® 3 mpemapatamMu pisHUX (hpapMakro-
TEepaneBTUUYHUX TPYN € BEJIbMU aKTyallb-
HUM [IJdA KJiHinucTiB i mamieHTiB uepes
Te, 110 BiaacHe PA y Ginbmrocti BumagkiB
CYIIPOBO/I’KYETHCSA HU3KOIO aCOIlilOBAHUX
3aXBOPIOBaHb, B30KpeMa, CepIeBO-CYIUH-
HOi cucremu [11-13].

BpaxoByiouu Te, 1o 3a KOMOpPOigHUX
CTaHIB PEECTPYETHCSA BHUCOKA CMEPTHICTH,
i came KapAioBacKyJApHiI 3aXBOPIOBaHHA,
10 HEePiAKO COPUUYMHEHi 3amaJIbHUM IIPO-
IIeCOM, € OCHOBHOIO IPUYUHOIO JIeTaJlb-
HOCTi, HEOOXiTHO aJeKBATHO Ta CBOEYACHO
KopuryBatu (aKTOPU PUBUKY — apTepi-
anpHy rimeprensito (AT'), mguciaimigemiro,
aTepocKJepo3, IyKpoBuii naiabeT TOIIO
[13, 14]. OcobauBoi yBaru motpebye Tepa-
IIig He JININle BJIACHe KJIIHIYHUX IIPOABiB
PA B mamieHTiB 3 CepIeBO-CYAUHHOIO
ImaToJIoTielo, a i (papMakoJoTiyHAa KOPeK-
mifg, 3okpema, AT, 110 peecTpyeTbca B
nonan 65 % xBopux mHa PA [15, 16].
OgHaxk maHi IM[OH0 XapakTepy B3aeMOMmil
JID 3 rimoTeH3UBHUMHU IIperapaTaMu ak-
TUYHO BifcyTHi.

Oco6simBoro 3HaueHHA HaOyBawTh
MUTAHHA {00 30epesKeHHSA Ta CTYIeHs
NIPOABY IpOTU3aIlaJbHOI Ail iMyHOCyIIpe-
copiB (JI®P) 3a KOMOIHOBAHOIO 3aCTOCY-
BaHHA 3 OGJIOKaTOpaMu KaJIbI[ieBUX KaHa-
JIiB IUTiAPOTipUAMHOBOTO PARY, eDEeKTUB-
HicTh (TimoTeH3wBHA [is, 30KpeMa) Ta
BimHOocHa Oe3IeYHiCTL SAKUX JOBEIeHAa
KJi"HiuHUM pmocBimom. Haiimupiie sacro-
CYBaHHA cepeJl TilIOTeH3WBHUX IIperapa-
TiB IILOTO XiMiUHOTO PAAY Ma€e aMJOIUIIIH

(AM). Bukopucranaa AM ax aHTurinep-
TEH3UBHOTO 3aco0y € HalIoKa3oBilIum
ChOTOAHI Ta peKoMeHIOBaHO €Bpomeii-
CBKMM TOBapUCTBOM Kap/iojoris//€Bpo-
neicbKuM ToBapucTBoM rimepreusii (ESC/
ESH), O6’egHanuM HAI[iOHAJIBHUM KOMi-
Terom 8 (CIIIA) (JNCAS8) it AmepuxaH-
CBKUM TOBapucTBOM TimepreHsii / Mimx-
HapoOOHUM TOBapUCTBOM rimepreHsil
(ASH/ISH) six 3aco0y momoTeparii, Tak i
B ckJaxi kombinamniit [17]. ITonynapHicTs
AM o6ymoBJIeHa IOKa30BOIO 6a30I0 IIOI0
oro e()eKTUBHOCTiI B TOIIepeasKeHHI Kap-
mioBackysmapHux Karactpod. [iamason
IoKasaHb [ud 3acrtocyBaHHA AM mmp-
U 3a iHIII aHTAaroHiCTM KAaJIbI[il0 TUTi-
IPOIipUAMHOBOTO pAAY. BaKamBo, II10
AM mMae BeIMKWH Mepiog BUBeZEeHHS 3a
AT (mo 64 roxn), mro 3abesmneuye HOro TPU-
Banuii edpexT. [lanuii mpenapar He MeTa-
6oJidyeThcA B IIeUiHIIi, Mae BUCOKY 0io-
MOCTYIIHICTD, III0 TAKOK MOJKe OyTHU 03U-
TUBHUM MOMEHTOM 3a yMOB I10oro KomOi-
HOBAHOT'O 3aCTOCYBaHHA 3 iMyHOCYIIpeco-
pamu, 110 MOKYTh CIIPUYNHIOBATU I'elaTo-
TokcuuHuii ederr [18]. Ho peui, AM
PEKOMEeHAYIOTh IJis BKJIIOUEHHA B KOMOi-
HOBaHi mpemaparu, 110 B KJIIHIYHUX yMO-
BaX 3aCTOCOBYIOTH IJIsI JOCATHEHHS HaIli€H-
TaM#U IiIJILOBOTO DPiBHA aprepiajabHOTO
Tucky [19].

PesysnbraTu momepemHiX TOCaimMKeHDb
dacBiguuau, mo AM smiHOE (TTOCHIIOE)
3He0O0JIFI0OBAIbHY Ta NMPOTUHAOPAKOBY il
HII3II [17], a BracHe KJiHiuHi cumnTo-
mu PA (30kpema, 6ib, HaOPAK) OOTPYH-
TOBYIOTH HEOOXiHICTH IXHBOTO K CaMO-
CTifHOTO 3acCTOCYBaHHS, TaK i pasoM 3
JI®. Hesinmomo, gk sonauBarume AM Ha
3matHicTh imyHocympecopiB i HII3II
MPUTHIUYBaTU 3amajieHHsS Ta CIIPUYMNHIO-
BaTu 3Hebo0BanbHU edhexT. EdbekTusn-
HicTy cnermudivnmx iHriéiropis I[OT'-2
3a PA, sokpema, nenexkokcuby (ITK), 1o
OiATBepAKeHAa B UYMUCEJbHUX KJIIHIUHUX
IOCHiI)KeHHAX 3 BHCOKUM CTyIEeHeM
IOKa30BOCTi, BimHOcHaA KapniobGesmeu-
micts [20] 3yMOBIIOIOTH MOIKJIUBICTH
3aCTOCYBaHHA, ¥ TOMY YMCJIi 3a KOMOP-
0imuux craHiB. BomHouac Hemae mocrat-
Hbol iHGopmarii mogo edeKTUBHOCTLI Ta
0es3meuHoCTi 3a KOMOiHOBAaHOTO BUKOPWUC-
ranua JIP, ITK ra AM ua tii PA, moegna-
Horo 3 AT'. OcobyinBoro sHaueHHs HaOyBa-
I0Th IUTAHHA B3a€EMOAIl IUX IIpemaparis
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3a YMOB TpuBaJiol Tepamii, 4oro BuMarae
3a3HaUYeHU KoMopOixzumit crau [21, 22].

Mema Oocnidxicennsa — BUBYUTH 3HeOO-
giofouy aktuBHicTs JI®, ITK Ta AM 3a
YMOB IXHBOTO KOMOiHOBAHOT'O 3aCTOCYBaH-
Hs Ha MOJeJi eKcmepuMeHTalbHOro PA,
noeguanoro 3 Al

Marepianun Ta meromu. [ociaiam mpo-
BeIeHO Ha CTaTeBO3PiJIuX HeJNiHiNHuX
Oimmx mrypax o60ox craTeil 3 BUXIZHOIO
macoroo (201,56 = 2,42) v, AKUX yTPUMY-
BaJM Ha CTAaHJAPTHOMY paIjioHi xapuy-
BaHHA y BiBapil 3a yMOB BiJILHOTO JOCTY-
oy mo ixki Ta Bomm.

ITicna aknimarusarii TBapuH (14 mi6) y
1abopaTOPHOMY MPUMIII[EHHI MeTomoM
BUnagkoBoi Bubipku Bixiopamo 10 miypis
(1m0 5 ocobuH KOKHOI cTaTi), AKi 3HAXOIU-
JucA B OJHAKOBUX yMOBaxX 3 TBapWHAMU
iHImMUX TpPym — Iypu mneprnoi (iHTaKkTHOT)
rpynu. Ilo npyroi rpynm BimHeceHo 15
6inux 1IypiB, AKUM OYyJIO BBEIEHO ij-
IIKipHO B MiAOINOBHY YacTUHY B3aZHBbOIL
KinmiBku (iBOi) mTOBHUI  aj IOBAHT
Dpeiiana (AP) 3 MeTO MOJEJIOBAHHA
amg’roBaHTHOTO aprputry (AA), 1o, 3a
JaHVUMU JIiTepaTypu, € OLHUM 3 HalameK-
BaTHIINIUX areHTiB, 3JaTHUX BiATBOPIOBA-
TU 3raflaHuil maToJoriuHuii crau [23, 24].
TBapuHU 1iel rpynu He MiAJIATAIN COJIBO-
BOMY HaBaHTaKEHHIO.

B immwux TBapuH cdirmomanoMeTpUU-
HUM METOJOM BCTAHOBJEHi BUXiAHI 3Ha-
YeHHSA apTepiaJbHOrO TUCKY, IIiCJId YOro B
HUX TIJIAXOM COJIbOBOTO HaBaHTa’KeHHHA
(coTbOBE THUTTSA 3 BiJIBHUM JIOCTYIIOM IO
HBOTO BIPOAoB:K 21 mobu) Bukaukaniu ATl
[25, 26]. Yepes 21 noby 3a yMOB peecTpa-
I[ii apTepiaJlbHOTO TUCKY BU3HAUe€HO TBa-
puH, y akux cuocrtepiranaca AT'. Tapu-
HU, B AKUX HE PEECTPYBaJU MiABUIIEHHSI
aprepiasbHOTO THCKY uepes 21 o0y micias
IIOYaTKy COJIbOBOTO HABAaHTAKEHHHA, [0
posmofmisy 3a TpynaMyu He BXOAUJIHU Ta
OyJin BUJYYEHi 3 HOCTimy.

Bini urypu 38 AT posmogiseni 3a rpyma-
MU, KOXKHA B3 fAKHX BKJIOUaJla MalikKe
OJTHAKOBE UYMCJO ITypiB KoxxkHOI craTi. [fo
TPeThol Ipynu BigHeceHo 15 miypis 3 AT,
SAKUM TIPOJOBXKYBAJIU COJHOBE HABaHTAa-
JKEeHHs Ta He 3aCTOCOBYyBaIU OyIb-AKi
JiKyBasbHI 3axonu (KoHTpoab Ha AT). o
yeTBepTOi rpynu Bxoxwuiau TBapuHu (15
ocobuH), akuM Ha Tiai AT (uepes 21 moGy
micaa mouaTtry (opmyBaHHA Mozeni AT)

OonHOPa30BO BBOguiAM HOBHUUA AD, dop-
MYIOYM TaKUM YMHOM KOMODOiTHUI CTaH —
AT + AA.

Ho m’saroi, mocToi, choMOi Ta BOCBMOIL
rpyn Bxoamuu TBapuHHM (mo 15 miypiB y
KOXKHIN Tpyni), AKUM Ha TJi PO3BUTKY
KomopbizuOoTO cTany BBogunu JIP (JledHo,
«Kycym dapmar), JI® 3 AM (JI®+AM),
JI® 3 IK (JI®+IIK) Tta JI® 3 ITK i 3 AM
(JI®+ITK+AM) Bigmosiguo. o meB’aToi
rpynu BimHeceHo 15 miypiB, akuM Ha Tii
mouonaroJiorii (AA, Tob6Tro TBapuHU 6e3
AT) BBommn JID.

3actocyBanHusa JI® BinOyBagocsa HACTYII-
HUM YWHOM: Ilepuri Tpu AHI — y mosi
15 mr/kr (yzapHa mosa), a qaji — I[ofeH-
HO B 103i 1,5 Mr/Kr (TepaneBTHUYHA [103a).
Jlikapceki 3acobu ITK i AM sacrocoByBa-
JINCS IOJIEHHO B TEPaleBTUUYHUX 038X Y
nmepepaxyHKy Ha TBapuH — miaa I[K —
15 mr/xr, gua AM — 1,5 Mr/Kr macu Tijia
TBapUHMU.

Veci nikapchKi 3acobu BBOAMIU Yepes
CIeIiaJIbHUA MeTaJeBUil 30H[I y ILIYHOK
y 1 % xpoxmaspbHOMy 3aBuci 1 pas Ha
1 o6y (3 10 mo 11 rox). JIikyBauusa TBa-
puUH ycima mpemapaTaMy PO3IOUYMHAIHI
uepesd 7 ni6 micas BeBemenHa AD (roctpuit
nepion AA).

3a yMOB KoMOiHOBaHOI Teparmii 3 BUKO-
PHCTaHHAM IIpenapaTiB pisHUX (apmakxo-
TepaneBTuuHUX rpyn (JI® 3 AM, ado JID
3 ITK, a6o JI® 3 IIK ta AM) mikapcbki
3aco0M BBOIWJIM TAKOXK IIOJAEHHO, 1 pas
Ha o6y (8 10 mo 11 rox), ane mo uepsi,
OIUH 3a OmHUM 3 iHTepBasiom y 40 xB.

3HebOoNMIOBaNBPHY AaKTUBHICTH JiKap-
CBKHX 3ac00iB [TOCIiIKyBai 3a TECTOM
«tail flick» i omiHIOBA/IM 3a IOKA3HUKOM
mopora 6osaboBoi uytausocti (IIBY, c) mHa
amanbresumerpi Ugo Basil (Itania) 3
BudHaueHHAM Buxigaoro IIBY y Bcix TBa-
PUH Ta MOJaJdbIIUM (OPMYBAHHAM TPYI
JIUIIIE 3 TUX TBapWH, ¥ AKUX PEECTPYBaJIU
Buxinne swauennus ITBY six 4 mo 16 c.

TpuBasicTh CHOCTEPEIKEHHS 3a TBapU-
mamu Ta peecrpaiii IIBY ckaagama 12
TUXKHIB Bix mouaTtky monenioBanua AT, 3
Hux — 21 mob6a (3 TukHi) gima GopmyBaH-
Ha AT, mani — 9 THKHIB Iicasa BBeIeHHS
A® Ha Tii chopmoBanHoi AT (y Tomy
uyncai 8 THIKHIB JIKyBaHHSA, sIKe PO3IO-
yaiau uyepes 7 mib6 micsas BBemeHHA AD).

Peecrparnito IIBY 3pificuoBanum B
TBapWH ycix rpyn (Buximui mani), uepes
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21 noby (3 TuskHi) Bi mOYATKY COJIBOBOTO
HaBaHTaKeHHA (y ITypiB 3i copmoBaHOIO
AT), a Takosx uepes 1, 2, 4, 6, 8, 9 TiuKHIB
micsis BBeseHHA AD (1eil TecT-3pasoK YBO-
IWJIn ogHOpas3oBo Ha 21 moly micyd moyar-
Ky COJIbOBOTO HABaHTaKEHHsS, TOOTO — Ha
i chopmoBanoi AT'). TpuasicTb 3acTo-
cyBaHHA JI® (II[0eHHO BIPOJOBIK 8 THIK-
HiB) 3yMOBJIEHI THM, III0 IEPINUHA KJIiHiU-
HUHA e(eKT Big 3acToCyBaHHS IIHOTO IIpe-
napary, fK 3a3HadaeTbcd B JIiTepaTypi,
caix ouikyBatm uepe3d 2-4 THIKHI, a
BupasHuii edexT — uepe3d 6—8 THIKHIB.
TpuBaiicTs i cmoci6 3acTocyBaHHS HOCJIi-
IKYBAaHUX JIIKAPCBKUX 3aco0iB 3yMOBJIE-
Ha TaKo)X (PasHiCTIO MaTOJIOTiYHOTO IIPO-
necy (AA). Came MaKCUMyM PO3SBUTKY
micmeBoi peakiii Ha BBemeHHs AP cio-
crepiraetbcsa Ha 7—14 poby B roctpuit
mepionm peBmaTmuHOTo 1porecy. Ilepiox
14-35-49 nobu € TepmiHaMu, KOJU Bin-
OyBaeThCsa TreHepajisalisg eKCIepUMeH-
tajgbHOTO PA, a mepiox 49—-60 mobu micasa
BBeIeHHS OBHOTO AD XapaKTepu3yeThCs
AK 3racaHHA ITATOJOTIYHOTO IIpOoIlecy, II0
BUHUK 3a yMOB OJHOPA30BOTO BBEIEHHS
naToreHHOTo (pakTopa.

CratucTuuHy OOpOOKY HAHUX 3AilCHIO-
BaJW 3 BU3HAUEHHAM HOPMAJLHOCTI PO3-
moisly, IO OI[iHIOBAJM 3a KPUTEPieM
Shapiro-Wilk (W). Orpumani sHaueHHS
IIBY xapakTepu3yBajucs HOPMAJIbLHUM
posmojijioM 1 mpencTaBJieHI Yy BUTJIALL
cepenHbOr0 apm(pMEeTUYHOIO Ta CTAHAAPT-
HOI IOXMOKW pEeIpe3eHTATUBHOCTI cepej-
HBOT'O 3HAUEeHHs. BiporigmicTs MixK cepen-
HiMM B3HaueHHAMU B [JBOX BuOipKax

Bu3Hauanau 3a Kpurepiem CrblofeHTa 3a
HOpPMAaJbHOTO po3moxinay. CraTuctuuHo
3HAUYNIIMMU BBa’sKaJu BigMiHHOCTI 3a
piBHA 3HauyIocti He meHIe Hixk 0,05.

Pesyasratn Ta ix o0O6ropopenss. B
iHTaKTHUX TBapWH CHOCTepiragmecsa Hesa-
KOHOMIipHI Ta CTaTUCTUYHO He3HaYuMi
amiau IIBY (ta6sa.1). Boaus maToreHHOTO
areaTa — A®, 1m0 CIPUUYNHIOBAB PO3BUTOK
eKcIepuMeHTaIbHOTO PA, XapakTepusyBas-
ca sHmkeHHaAM [IBY y mrypiB, moumHaouu
3 mepIIux Ai0 mic/id ypaskeHHS; Iel MOKas-
HUK y roctpuil nepiox AA — 7-14 nmoba —
sHMKyBaBca Ha 39,7-62,6 % mopiBHSAHO 3
BUXIIHUMU 3HAUEHHAMU Ta TMOKA3ZHUKAMU
iHTaKTHUX TBapuH.

3a posButky AT (ympomos:x 21 mobm)
crocrepiramoca migBumenHa I[IBY vy
mypiB Ha 26—-30 % BigHOCHO BUXimZHUX
IaHWX, IO € CBifYeHHAM 3SHUKEHHA
60JILOBOTO BifUyTTsA B TBapWH. 3a3HaueHa
amina IIBY 6ysna cTaTUCTUYHO HOCTOBip-
HOI0 IIOPiBHAHO 3 JaHUMM B 1HTaKTHUX
TBapuH Ha 21 mo0y CIIOCTepe)KeHHsS Ta
TBapuH 3 AA.

YopomoBxX HACTYIHOTO TEPMiHy criocTe-
peskerHd (3 22-1 1o 81-1 no6wu) IIBY inTakT-
HUX TBapuH Ta IypiB 3 AT, aki mpomo-
B)KYBaJU 3HAXOAUTUCSI B YMOBAX COJIbOBO-
ro HaBaHTasKeHHs Ife 60 mi0 (sarajabpHuit
TEPMiH COJIBOBOTO HaBaHTaYKEHHS CKJIAAaB
81 molby), He peecTpyBAJOCA TOCTOBIPHUX
amin IIBY (Tabxa. 2; Buxigni 3HaueHHA
IIBY y mi#t Tabuaumi BigmosimaroTb TuM,
10 3apeecTpoBaHi Ha 21 no0y — 3aBepIIIeH-
HA (popmyBanHs AT, 3a BUHATKOM TI'DyIHN
TBapuH 3 AA 06e3 AT).

Tabaumsa 1

Junamixa nopoza 601060t wymaueocmi 6 wypié 3a ad’rO6AHMHO20 apmpumy ma
3a popMmy6anHna apmepianbrol 2inepmen3ii WAAXOM CONbOE020 HABAHMANCEHH
eénpodoesc 21 dobu, ¢c (M £ m)

lpyna, KinbKicTb TBapuH TepmMmiH cnocTepeXxeHHs, no6a

(n), % BUXiaHi AaHi 7 14 21
IHTaKTHi, 9,39+0,3 9,7x1,1 9,8%1,1 9,4+0,2
n 10 10 10 10
% (00 BUXiOHWX OAHWX) 3,3 4,3 0,1
ARn’'toBaHTHUI apTpuT, 9,07 £ 0,02 3,39+0,5 5,47 £0,70* 5,7+0,5*
n 15 15 15 15
% -62,6 -39,7 -37,2
ApTepianbHa rinepTreHsis, 9,07 £0,02 | 11,60 = 0,02*2 | 11,50 + 0,02*2 | 11,8 £ 0,3*#
n 15 15 15 15
% 3MiH (00 BUXIOHUX AAHUX) 27,9 26,8 30,1

Ipumimra. *p < 0,05 6i0nocHo 6uxionux 3navenv y meapur danoi zpynu, *p < 0,05 6i0HOCHO 3HAUEHD
Y iHMaKmHux meapuH Ha 8i0nosidHuil mepmin cnocmepexcenus, “p < 0,05 gidnocro danux y meapun 3 AA.
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CyrreBe 3um:kenHs [IBY cnocrepiraso-
cA BOpomoBK Mawidecrarii AA: Bin OyB
Ha 27-37 % HMKUYMM 3a BUXiJHI 3HAUEH-
Hd, IO CBiIUUTH PO 3POCTaHHA 00JILOBOI
4yTJMBOCTI B Oinmx 1mrypiB Ha Tii AA.
BigHoB/IeHHSA IIHOr0 MOKA3HUKA Bim0yJocs
B nepiox sracanua AA — Ha 60 mo0y micasa
BBemeHHA AD.

Y 6inux 1mypiB Ha Ty KoOMOpPOigHOI
narosorii ITBY 3pocraB y Bci Tepminu crio-
CTeperKeHHdA, a HalCyTTeBiIUMU ITi 3MiHUT
Oysiu B mepion mamidecrarii Biracue AA Ha
Tai AT, Konu 1eil MOKa3HUK 30iJbITyBaB-
ca ua 22,3 % (tabua. 2 — 42 moba micisa
BBemeHHA A®), 1110 CBiAUMUTH TPO 3HAYHE
BHUKEHHA OOJIbOBOI UYTJIMBOCTI B IIypiB
Ha TJIi MOeTHAHOI MaToJOorii.

Takum yuHOM, AK y mypiB 3 AT, Tak i
B TBapWH 3 MOexHAHO martosoriero (AT 3
AA) spocras IIBY, 1o cBigunTs Mpo 3HU-
JKeHHs 00Jb0BOI uyTJMBOCTi. BoueBunsb,

BiracHie Al mpusBOAUTH MO0 BSHUIKEHHS
60JIBOBOTO BifUYTTA B IIypPiB, TOMY IO
sguimie B urypiB 3 AIl' 3HMIKyBasacsa 60Jb0-
Ba uyTJauBicTh. MexaHi3M IBOTO ABUIIA
HeBimoMui#i i moTpebye cHeliaJsbHOTO
mociimikeHHsa. MOXKJINBO, BiH 3yMOBJIe-
HUN HaAOPAKOM KiHI[IBOK yHAaCJIiZoOK
sarpuMKu pigmaym 3a Al Ta SHMIKEHHAM
YyTJIMBOCTI HOIIUIIEIITOPiB.
Imynocynpecop JI®D cyrreBo mimBumtyBaB
IIBY y 6inmmx mypiB Ak Ha Tiai aumre AA,
Tak i 3a ymMOB acoIllifioBaHoi maToJjorii. ¥
roctpuii mepion po3BuTKy AA Ha Tai AT
(14 mo6a) ITK, a B mepion remepadisarrii
AA - AM cuopuanu unixsummenHoo [IBY
(mocunennio xii JI®) mopiBHAHO 10 3HAUEHDb
y TBapuH, AKi orpumyBasu juiie JID.
Kom0inoBaHe 3acTocyBaHHsS TPLOX IIpe-
mapaTiB He IPU3BOAUJIO O CYTTEBOTO 3POC-
ranaa [IBY y mypiB nmopiBHAHO 3 JaHUM
TMIOKA3HWKOM, KOJIM 3aCTOCOBYBAaBCSHA JIMIIIE

Tabaumsa 2

Hunamira nopoza 601b060% wymaueocmi 6 WyYpié 3 eKcnepumMeHmaibHUM
peemamoionum apmpumom, no€OHanuUM 3 APpMepPiaibHoI0 2inepmensiero, 3a Yymos
niKyeanus neparynomidom, yenekoxkcubom ma amnoduninom, ¢ (M+m)

TepMiH cnocTepexXeHHs, nob6a
lpyna ::;”(1;1' 14 28 42 60
+ + + +

063 AN) (21+14) | (21+28) | (21+42) | (21 +60)
IHTaKTHI 9,4+0,2 9,8+0,3 8,9+0,1 9,4+0,2 9,704
AL'IOBaHTHUI apTpuUTO 5,7+0,5* 5,90 £ 5,97 +0,70* 6,6 0,5 | 8,9+0,6

0,50*

ApTepianbHa rineptensia | 11,8 +0,3*| 10,7+1,04 | 10,7+0,8% | 11,3+0,6% |11,1+0,4%
Komop6iaHa natonoria | 11,2+0,3 | 12,0£0,9% | 11,2+0,9% | 13,7+1,0% | 11,2+0,7%
AL'lOBaHTHUIA apTpuT +  [3,39+0,50%| 12,2 + 0,4* | 13,6 £ 0,5* #A0| 13,4+ 0,7**| 12,6 £ 0,9*
JlednyHomig,
Komop6igHa natonorist + | 11,2+0,3 | 12,2+ 0,5% | 12,2+0,5% | 12,6 £0,7% |12,4+0,7%
NednyHomig,
KomopbigHa natonoria + | 11,2+0,3 [13,7+0,9%| 12,1 +0,4* 12,5+0,5% | 12,0 £ 0,5%
NednyHomig + Lienekok-
cunb
Komop6inHa nartosnoria + | 11,2 +0,3 [12,5+0,5*# (13,6 £ 0,5*#8| 14,1 + 0,9***| 12,0 + 0,57
NednyHomig + AmnogmniH
Komop6igHa natonoria + | 11,2+ 0,3 [12,5+0,6*%| 12,9+ 0,5** | 12,5+ 0,8** 12,1
JlepnyHomig, + Llenekok- 0,6*#
cnb + AmMnoamniH

Ipumimru. *p < 0,05 8idnocro euxionux danux (Ha 21 doby) y wypie 3aznauenoi epynu, *p < 0,05 gidnocro
danux y meapun auwe 3 AA (6es nikysanns), Ap < 0,05 sidnocno danux y meapun auwe 3 AT, Bp < 0,05 eidnoc-
HO danux y meapur 3 noedrnanoin namonozicto, *3navenna IIBY uepes 7 9i6 nicas 66edenns AD — nowamor JLiky-
sanns JID, ¢y Oyxkax 3a3HAYCHO 3A2ANbHUIL MEPMIH CROCMepeXceHHS 36 meéapuramu (68i0 nowamry Gopmyeanus
AT); inwi wucaa y epagi o3nawames mepmin nicas yeedenns AD. ‘meapunu 3a3Ha4eHoi zpynu cnocmepizaiucs
auwe enpodosic 60 0i6 nicas yeedenns AD (wypu 6e3 Al'); snauumicms pesyavmamy o6paxo8ara 6i0HOCHO

suxionux danux (9,07 = 0,02) 0na wypis yiei zpynu.
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JID. Boguouac 3MeHINIeHHA 3HE00I0BAID-
Hoi nii JI® He cmocrepiraiocs, 1110 00r'pPyH-
TOBYE MOJKJIUBICTH KOMOiHOBAHOTO BUKO-
pucraHua gocaimKyBanux 3acob6iB (IIK Ta
AM) 3a HeobOximHOCTI B3acToCyBaHHHA
OCTaHHIX 3a BiAMOBiZHUMU cHeru@iuHMT-
MU IJid IUX IperapaTiB MOKa3aHHAMHU Ha
TIi KOMOpPOiZHOTO cTaHy.

Orpumani faHi MOKyTb OyTH BpaxoBa-
HUMU 3a YMOB NPU3HAUYEHHSA JIIKAPCBKUX
3acobiB [mociimskyBaHUX (apMaKoTepa-
neBTUYHUX I'pyn. ImyHOcympecop JID 36e-
pirae 3HeOOJIOBANIBbHY [il0 3a KOMOiHOBa-
Horo 3acrocyBanHA 3 IIK Tta AM. Boue-
BUAb, AM 06inbIlIOI0 MipOI0 CIIPUSE IIOCHU-
JIEHHIO aHaJITeTUYHOI aKTUBHOCTI 3a KOM-
o6imoBaHoro 3acrocyBauusa 3 JI®, mixk IK.
3acrocyBanua I[K Ha Tai mikyBanaa JID
3 MEeTOIO0 3MEeHIIeHHs 00JbOBOTO BiAUyTTSA
Ha TJii KoMopOimHOI marTosorii BUITpaBaa-
He JIUIIe B TOCTPUIl mepion po3BUTKY AA
Ha Tiai AT (mo 14 mo6m). Bukopucranus
AM za Heob6ximHOCTiI #OTO 3acTOCyBaHHS
3a OCHOBHUM NPU3HAUEHHAM (AK TimoTeH-
3UBHOTO 3aco0y) MOKJIMBE IIle i 3 METO
nocujeHHsA 3HeboaoBagbHOI nil JI®. Bog-
HOYAC TUTAHHS IOAO 30eperKeHHs Tilo-
TeH3UBHOI akTuBHOCTI B AM Ha Tii moen-
HaHOi maToJiorii 3a KOMOiHOBAHOTO 3aCTO-
cyBauHsa 3 JI® nmorpebyoTh 3’ sACyBaHHA.

BucHoBku

1. BosiboBa YyTIUBICTH Yy IIYPiB 3HUIKYETh-
ca gk 3a ymoB AT, Tak i Ha Tl eKcepu-
MEHTAJILHOrO KoMopOigHoro crany — AT,
noegHanoi 3 PA.

2. JI® cyrreo migsumye IIBY y 6imux
mypiB ax Ha Tai jguire AA, Tak i 3a
YMOB acoriioBanoi marosorii.

3. KombinoBaue 3actocyBauusa 11K i JID 3
MeTOI0 3MEHIIIeHHsI 00JBOBOTO BiIUyTTSA
BUIIpaBJaHe JWIlle B TOCTPUIl Iepiof
po3BuTKy AA ma Tai AT.

4. AM 0iJbIIIOI0 MipOI0 CIPUIE 3POCTAH-
o IIBY y mrypiB 3a KoMGiHOBaHOTO
sdacrocyBauusa 3 JI®, uixxk IIK, y mepiox
renepaiisamii AA ma Tai AT, o
OOI'PYHTOBYE MOIiJIbHICTH HOTO 3acTo-
CYBaHHS 3 METOIO ITOCUJIEHHS 3HE0OJII0-
BaabpHOl il JI® 3a HeoOXimHOCTi #oro
IpUBHAYEHHA 3a OCHOBHUM IIOKa3aH-
HAM (AK rimoTeH3wBHOI0O 3aco0y).

5. Kom0inoBaHe 3aCTOCYBaHHS TPHOX IIpe-
naparis (JI®, IIK ta AM) 3 meTo0
3MEHIIIeHHA OO0JBOBOTO CHUHAPOMY €
HEeJOIITbHUM uUepe3 BiJICYTHICTH CYTTE-
Boro 3poctauud [IBY y nrypiB 3 Komop-
OifHMM CcTaHOM BiZHOCHO 3HAYEHb
IBOTO TOKA3HWKA, 3apPEeECTPOBAHOTO Y
TBapuH, JiKoBaHuX Jjuiie JID.
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H. M. CepeaunHcbka, M. A. Moxopr, J1. M. Kupun4yok, B. C. XomeHko,

T. A. bepwoBa, O. C. CyBopoBa

MpoTn6onboBa akTUBHICTb NecdyHOMiay 3a KOMOIHOBAHOrO 3aCTOCYBaHHS 3
L,esIeKOKCMOOM Ta amI0aUNIHOM Ha TJli eKCrepUMEHTaIbHOr0 PEBMAaTOILHOr0
apTpuUTy, acoLii0OBaHOIo 3 apTepianbHOIO rinepTeH3ielo

CraTTa npucBsiYeHa AOCIAXEHHIO NPOTMO0ILOBOI aKTUBHOCTI CUHTETUYHOIO iMyHOCynpecopa nedny-
HOMiZy 32 KOMBGIHOBAHOIO 3aCTOCYBaHHS 3 LIENIEKOKCMOOM Ta aMIoaMMiHOM Ha T/i EKCNEePYMEHTaIbHOrO
pPEBMATOoIAHOro apTpUTy, NOEQHAHOIO 3 apTepianbHOIO rinepTeHsietn. bonbosa YyTIMBICTL Y LLYPIB 3HMXY-
€TbCS K 32 YMOB apTepiasibHOI rinepTeHsii, Tak i Ha TNi ekcnepuMeHTanbHOro KoMopbiaHOro cTaHy. Jled-
JlYHOMIZ, CYTTEBO MiABuULLYBaAB Nopir 601b0BOT YYTAIMBOCTI B LLYPIB SIK HA TNi AnLe af’toBAHTHOMO apTpUTY,
Tak i 32 yMOB acouiioBaHoi natosiorii. 3a KOMBGIHOBAHOIO 3aCTOCYBaHHS 3 N1edyHOMILOM Lenekokcuo y
rocTpui nepiog, po3BUTKY afA’tlOBAaHTHOIO apTPUTY Ha TAi apTepiasibHOI rinepTeHsii cnpusas NiaBULLEHHIO
nopora 60/1bOBOi YyT/IMBOCTI MOPIBHSAHO 40 3HAYEHb Y TBAPWH, SIKi OTPMMYBAsM NNLLIE IMyHOCYNPEecop, Lo
0OrpYHTOBYE AOLIMBbHICTb 3aCTOCYBaHHS LLeNeKoKcMOy 3 nednyHOMIA0M 3 METOL0 3MEeHLLEeHHS! 60/1bOBOMO
BiQYYyTTA came BNPOAOBX Lboro nepioay. AMaoamniH 6inbLLO Mipoio, HiX Lefekokcno, CnpusiB 3poCTaH-
HIO nopora 60/1bOBOI YyTNMBOCTI B LLyPiB 32 KOMOGIHOBAHOIO 3aCTOCYBaHHS 3 nedyHOMIAOM Y nepios,
reHeparnisadii an’'toBaHTHOrO apTPUTY, L0 OOFPYHTOBYE MO0 3aCTOCYBaHHSA 3 METOIO MOCUIIEHHS 3HE00-
TOBaNbHOI Ajii necdnyHomigy 3a HeOOXiAHOCTI MOro NPU3HAYEHHST 32 OCHOBHMM MOKA3aHHSAM (K rinoTeH-
3UBHOro 3acoby).

Knto4oBi crioBa: negayHomia, aMaoauiH, Leaekokcnob, npoTmboib0Ba akTUBHICTb,
peBmaToiaHMi apTpUT, apTepiasibHa rinepTeH3is
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H. H. CepenuHckas, H. A. Moxoprt, J1. M. Kupun4yok, B. C. XomeHko,

T. A. BepwosBa, A. C. CyBopoBa

MpoTuBOOONEBas aKTUBHOCTb iIePpSIYHOMMAA NPU KOMOUHUPOBAHHOM NMPUMEHEHUN
C LleJIEKOKCMOOM 1 aMIoAMNUHOM Ha POHe 3KCNepUMEeHTaIbHOro peBMaTouaHoro
apTpuTa, acCoOLMMPOBAHHOIO C apTepuaibHO rMnepTeH3ven

CraTbsi NOCBSILLEHA UCCIeA0BaHNI0 NPOTUOONEBOM aKTUBHOCTM CUHTETMYECKOro MMMYHOCYMNpeccopa
necdnyHomMmaa npy KOMOGMHMPOBAHHOM MPUMEHEHMM C LENEeKOKCUOOM 1 aMIoAMMMHOM Ha pOoHe akcne-
PUMEHTaJIbHOro PeBMaTOMAHOIO apTpuTa, CO4ETAaHHOMO C apTepuanbHon runepTeHsnelt. boneeas 4yBCT-
BUTENBHOCTb Y KPbIC CHMXaNach Kak npy apTepuanbHOn rmnepTeH3unn, Tak U Ha pOoHe aKCrepuMeHTab-
HOro KOMOPOGUAHOIO COCTOSHUS. JlepnyHOMU, CYLLLECTBEHHO MOBbILLAN NOPOr 601EBON YYBCTBUTENIbHO-
CTU Y KPbIC 1 NPU aablOBAaHTHOM apTpuTe, 1 MPpY acCOLMMPOBaHHOM natonoruu. Npu KOMOGUHMPOBaHHOM
npuMeHeHnn ¢ nedpayHOMUAOM Liefiekokcub cnoco6CTBOBaST MOBLILLEHMIO Mopora 60/1eBOM YyBCTBUTENb-
HOCTW BO BpeMs OCTPOro nepuoaa passutua aabloBaHTHOrO apTpuTa Ha ¢poHe apTepuanbHON runepTeH-
31N MO CPABHEHMIO C AAHHBIMU Y XMBOTHBIX, MOyYaBLUNX TOJIbKO UMMYHOCYMPECcCcop, YTO 0O0CHOBLIBAET
L,en1ecoobpas3HOCTb KOMOVMHNUPOBAHHOIO NMPUMEHEHUS 3TUX NPEenapaTtoB C Lesblo yMeHbLUeHus 601eBoi
peakuuun B Te4EHME yKa3aHHOro nepuoga. AMoAMNVH B O0bLUER CTeNeHN, YeM LieNIekokcrb, crnocobeT-
BOBaJs1 BO3pacTaHuo nopora 60MeBOM YyBCTBUTENBHOCTM Y KPbIC NPY KOMOUHNUPOBAHHOM NMPUMEHEHUN C
necdnyHOMUAOM B Nepuoa, reHepanmsanmm agbloBaHTHOrO apTpuTa, YTO ONpaBabiBaeT ero NpMMeHeHue ¢
LEesblo yCUneHns NpoTMBo6oneBoro AecTeus nedayHoMmuaa npu HeobxoaMMOCTU ero Ha3HavyeHus no
OCHOBHOMY MOKa3aHM1Io (Kak rMnoTeH31BHOIoO npenapara).

KnodeBble cioBa: negayHoMua, aMIOANMNH, LIeJIEKOKCUO, npoTnBoboieBas akTMBHOCTb,
PEeBMaTOVAHbIV apTPUT, apTepuasibHasl TMnepTeH3us

N. M. Seredinska, N. A. Mokhort, L. M. Kirichok, V. S. Khomenko,

T. A. Bershova, A. S. Suvorova

Analgesic activity of leflunomide in combination with celecoxib and amlodipine
under experimental rheumatoid arthritis associated with arterial hypertension

The article is devoted to the study of analgesic activity of a synthetic immunosuppressant leflunomide
in combination with celecoxib and amlodipine under experimental rheumatoid arthritis associated with
arterial hypertension. Pain sensitivity in rats decreases both under conditions of arterial hypertension and
at the experimental comorbid state. Leflunomide significantly increased the threshold of pain sensitivity in
rats, both at adjuvant arthritis and under the conditions of associated pathology. In combination with
leflunomide, celecoxib in the acute period of adjuvant arthritis associated with arterial hypertension
contributed to the increase of the threshold of pain sensitivity compared with values in animals that were
taken only immunosuppressive drugs, substantiating the feasibility of celecoxib use with leflunomide to
reduce pain during this particular period. Amlodipine is more than celecoxib contributed to increase of the
threshold of pain sensitivity in rats in combination with leflunomide during the generalization of adjuvant
arthritis, justifying its use in order to increase the analgesic effect of leflunomide, if necessary on the main
indication (as a hypotensive agent).

Key words: leflunomide, amlodipine, celecoxib, analgesic activity, rheumatoid arthritis,
arterial hypertension
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The BK_, channels deficiency and high protein
kinase C activity as a main reasons
for radiation-induced vascular hypercontractility

Institute of Pharmacology and Toxicology, National Academy of Medical Science, Kiev

Key words: smooth muscle contractility,

RNA interference, BK_, channels, irradiation,
calcium sensitivity, contractile proteins,
hypertension

Introduction

One of the main clinical manifestations
of ionized irradiation in case of nuclear
accidents or radiation beam therapy in
patients with neoplasm is a local (cardiac
ischemia and arrhythmias) or generalized
(arterial hypertension) vasospasm devel-
opment which seriously complicates the
course and the treatment of the main
disease. It was clearly demonstrated that
even single dose non-fatal whole-body ion-
ized irradiation of rats in dose of 5—6 Gy
led to a sustained arterial blood pressure
elevation and abnormalities in vascular
contractility [1]. One of the leading
causes of radiation-dependent deaths in
bomb survivors from Hiroshima and
Nagasaki [2] and survivors of Chernobyl
accident [3] is associated with cardiovas-
cular unwanted events.

Having this fact established we have
focused on underlie mechanisms. For
instance, we demonstrated that an
increased contractility of blood vessels
following irradiation may be due to selec-
tive inhibition of EDRF (NO) — depen-
dent, but not EDHF — dependent, relax-
ation in irradiated vascular tissues [4].

Then, we tested a possible involvement
of large conductance calcium- and volt-
age-activated potassium channels (BK,
channel), which appear to be a possible
radiation target in vascular system. It is
known that BK, channelopathy is
involved in a number of vascular disor-
ders including diabetes and arterial hyper-
tension [5, 6]. We have shown recently
that BK, channels play an important role
in radiation-induced vascular abnormali-
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ties. The data obtained clearly indicate
the decrease of outward current density
in both endothelial [7] and smooth muscle
cells (SMCs) accompanied with diminished
BK_., mRNA expression [8].

It is well known that the native BK,
channel is composed by at least two dis-
tinct integral membrane subunits: the
pore-forming (ion-conducting) a-subunit
(KCNMA1) and a regulatory B-subunit
(KCNMB1-4). The a-subunit is the mini-
mal molecular component for BK, chan-
nel activity and a functional channel can
be formed with four a-subunits. Mam-
malian BK, channel a-subunit is encod-
ed by a single gene called KCNMAI,
which was formerly named as Slowpoke,
Slo or Slol [9, 10]. That is why we have
focused our studies to a-subunit changes
under irradiation.

Taking into account the molecular
structure of BK, and the ability of small
interference RNAs (siRNAs) knockdown
essentially any gene of interest [11-13],
we supposed that knockdown of BK,
channel a-subunit in rat’s vascular tis-
sues is a good model for radiation-induced
vascular malfunction and related arterial
hypertension development in rats.

In contrast to the numerous studies
demonstrating that irradiation depresses
endothelium-dependent vasorelaxation,
other investigations have shown that irra-
diation enhances vascular contractility in
an endothelium-independent manner [14].
This information suggests that, in addi-
tion to the indirect effect through a
decrease in endothelial-dependent relax-
ation, a direct effect on vascular contrac-
tility may be important in the vascular
anomalies induced by irradiation.

Vascular smooth muscle is known to
contract in response to an increase in cel-
lular free calcium ([Ca?']). It is well
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known that the increase in [Ca®"], acti-
vates the calmodulin dependent myosin
light chain (MLC) kinase which catalyzes
the phosphorylation of the 20,000 dalton
MLC. MLC phosphorylation in turn acti-
vates the myosin molecule, which can
then interact with actin and contract. In
addition to this primary regulatory path-
way, several modulatory pathways exist
in smooth muscle that can alter the mag-
nitude of force that is developed for any
given level of cellular Ca?'. Alterations
in myofilament Ca?" sensitivity can be
either positive or negative depending on
the pathways stimulated. For increases
in myofilament Ca2" sensitivity, two pri-
mary hypotheses have been proposed:
G-protein dependent activation of Rho
kinase and protein kinase C dependent
phosphorylation of a cellular protein
called CPI-17. Both proposals have a
common end-point, that being inhibition
of the MLC phosphatase resulting in a
greater level of MLC phosphorylation for
any given level of Ca?' and activity of
the MLC kinase.

Hypertension has been clearly shown
to be associated with an increase in vas-
cular reactivity. In turn, the enhanced
reactivity during hypertension has been
shown to be due in part to an increase
in myofilament Ca2" sensitivity [15].
Both an increase in myofilament Ca?*
sensitivity and a decrease in BK, activ-
ity may result from a high protein
kinase C (PKC) activity. Taken togeth-
er, this suggests the possibility that
alterations in PKC may be a unifying
hypothesis in the irradiation induced
hypertensive state and alterations in
vascular function.

Thus, the main goal of this study was
to clarify whether siRNAs administra-
tion, targeted to BK., encoding gene, is
able to alter the form and function of
BK., and this way produce vascular
abnormalities and hypertension develop-
ment in a manner similar to ionized irra-
diation. The next goal of this study was
to test the hypothesis that the increase
in vascular responsiveness that results
following whole body irradiation is due
to a change in the PKC dependent
increase in myofilament Ca?" sensitivity
in the vascular smooth muscle cell.

Materials and methods. Animals. All
animal studies were performed in accor-
dance with the recommendations of the
European Convention for the Protection
of Vertebrate Animals used for Experi-
mental and other Scientific Purposes and
approved by the Institutional Animal
Care and Use Committees. Experiments
were performed on 6—8 weeks male Wis-
tar rats (weight 250-300 g) housed
under controlled environmental condi-
tions (21 °C, 12-12 h light-dark cycle)
and free access to water and standard
rodent chow.

KCNMAI gene knockdown by RNA
interference. The double-stranded silenc-
ing siRNA for KCNMA1l gene sense
5"-GUA CAG GAA GGG AAC AUU UUU-
3', antisense 5-AAA UGU UCC CUU
CCU GUA CUU-3" and nonsilencing
(scrambled, scrRNA) RNA: sense 5'-UGU
UCA GCG AAA UAU AAC CUU-3’, anti-
sense 5'-GGU UAU AUU UCG CUG AAC
AUU-3" were prepared from correspond-
ing oligonucleotides provided by Metabi-
on (Germany) according to the manufac-
ture’s instructions. For KCNMA1 gene
knockdown in vivo these double-strand
RNAs were injected in tail vein of rats
(80 ng/kg) twice with 24-h interval. The
molecular and functional changes (exp-
ression of mRNA BK_, channels o sub-
unit, K* channels activity, acetylcholine-
induced, endothelium-dependent wvaso-
relaxation and norepinephrine-induced
vasoconstriction, arterial systolic blood
pressure) were analyzed 7 days after
first siRNA injection.

It is clear that delivery of siRNAs to
target cell is a serious problem and naked
siRNAs administrated intravenously may
be unstable in serum being degraded by
endo- and exonucleases. Nevertheless,
the recent data obtained [16] indicate
that naked siRNAs in many studies dem-
onstrate significant RNA-interference
effect while chemical or other type modi-
fication of siRNAs can increase stability
of these molecules in vitro, but can not
demonstrate an increment in their effi-
cacy in vivo. We suppose that the main
experimental criteria of the siRNAs spe-
cific effectiveness is the real difference
in the mRNA expression in tissues
obtained from the animals treated with

58

®apmakonoris ta nikapcska rokcuxonoria, No 2 (58)/2018



specific siRNAs as compared to the
healthy rats or the rats that were treated
with scr-siRNAs.

Whole-body animal y-irradiation. Rats
were exposed to a 6 Gy dose of ionizing
irradiation for 7.5 min. The dose of 6 Gy
was used based on our previous studies
showing that this dose induced vascular
effects while maintaining survival of the
animals throughout experimental period
[1, 8, 17]. Whole-body irradiation was
performed with gamma rays delivered at
a rate of 0.80 Gy + min™! from a %°Co
source (TGT ROCUS M, Russian Federa-
tion) positioned 50 ¢cm from the animal.
During irradiation, animals were
restrained in a plastic box specifically
designed for this study and the radiation
beam was focused on the animal’s chest.
There was no change in housing, stan-
dard food, or drink following irradia-
tion. All animals survived the 30 day
experimental period following the expo-
sure to irradiation.

RNA isolation and real-time PCR.
Total RNA was isolated from rat aorta
using a Trizol RNA-prep kit (Isogen,
Russian Federation) according to the
manufacturer’s protocol. RNA concen-
tration was determined with the use of a
NanoDrop spectrophotometer ND 1000
(NanoDrop Technologies Inc., Wilming-
ton, DE, USA). Reverse transcription
was performed using a RevertAid™ H
Minus First Strand ¢cDNA Synthesis Kit
(Fermentas, Lithuania), wusing 1.2-
1.5 ng of total RNA and a random hex-
amer primer. Single-chain DNA was used
for polymerase chain reaction (PCR) and
real-time PCR.

We performed amplification in 10 ul
of SYBR Green PCR Master Mix con-
taining 30 pM of each primer. For
amplification mRNA BK_, channels
(housekeeping gene) fragments we used
next primers:

BK_, o subunit sense 5’-tac ttc aat gac
aat atc ctc acc ct-3' and antisense
5'-acc ata aca acc acc atc ccc taa g-3';

B actin sense 5'-tgt tac gte gee ttg gat ttt
gag-3' and antisense 5'-aag aga gag
aca tat cag aag c-3'.

L-type Ca: sense -5'- tgacagtgagagcttt-
gaggag -3 antisense — 5°- tctagtectecte-
gaaccagag -3°

Kv 1.5. Up: sense -5'- ttcatcaaggaagag-
gagaagc-3°, antisense — 5°- agtgtcctag-
gcaagagtggag-3°

Kir 6.2. Up: sense -5- agaaaccctcat
cttcagcaag -3, antisense — 5°- aatcte-
gtcagccagataggag -3°

Kir 6.1. Up: sense -5°- acgatatctcagccact-
gacct -37, antisense — 5°- ctectectcatg-
gagttgttte-3°

Sample volume was driven to 20 pl
with deionized water. Amplification was
performed on thermocycler 7500 Fast
Real-Time PCR System. Thermal cycling
conditions comprised an initial denatur-
ation and AmpliTaq Gold® DNA poly-
merase activation step at 95 °C for 10 min,
followed by the treatments at 95 °C for
20 s, and at 65 "C for 45 s and for 50 cyc-
les, followed by the dissociation step. For
control of specificity we performed dis-
sociation stage — sequential increase of
temperature from 65 to 95 °C with regis-
tration of the drop in the double-strand-
ed DNA-SYBR Green complexes fluores-
cence strength. We performed calcula-
tions using the 7500 Fast System SDS
software provided. The CT (cycle thresh-
old) is defined as the number of cycles
required for the fluorescence signal to
exceed the detection threshold. We cal-
culated the expression of the target gene
relative to the housekeeping gene as the
difference between the threshold values
of the two genes.

Isolation of rat thoracic aorta smooth
muscle cells. Smooth muscle cells were
isolated from rat thoracic aorta by colla-
genase treatment. Briefly, the rats were
anesthetized with ketamine (37.5 mg/kg
b.w., IP) and xylasine (5 ml/kg b.w. IP)
and approximately 1.0-1.5 cm of the
thoracic aorta was excised and cleaned of
connective tissue. The aorta was then cut
into small pieces (1.5 X 1.5 mm) in a cold
low-Ca?" solution containing (in mM):
NaCl 140, KCI 6, MgCl, 3, D-glucose 10,
HEPES 10 (pH 7.4). The vascular tissues
were transferred to a fresh low-Ca?"
solution containing: 2 mg/ml collagenase
type IA (417 U/mg), 0.5 mg/ml pronase
E type XXV, and 2 mg/ml bovine serum
albumin. The tissues were then incubated
for 30 min at 37 °C. After incubation,
the tissues were washed (2—-3 min) twice
in a fresh low-Ca?" solution to remove
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the enzymes. Cells were dispersed by agi-
tation using a glass pipette, and then
were placed in normal Krebs bicarbonate
buffer. Aliquots of the myocytes were
stored at +4 °C and remained functional
for at least 4 h.

Electrophysiology studies. The whole-
cell patch clamp technique in the ampho-
tericin B (250 ng/mL) perforated-patch
configuration was used to study whole-
cell potassium currents (voltage clamp
mode). Data acquisition and voltage pro-
tocols were performed using an Axopatch
200B Patch-Clamp amplifier and Digida-
ta 1200B interface (Axon Instruments
Inc., Foster City, CA, USA) coupled with
computer equipped with pClamp software
(version 6.02, Axon Instruments Inc.,
USA). Membrane currents were filtered
at 2 kHz and digitized at a sampling rate
of 10 kHz. The reference electrode was
Ag-AgCl plug electrically connected to
the bath. Macroscopic current values
were expressed as current density in pA/
pF. The membrane capacitance of each
cell was estimated by integrating the
capacitive current generated by a 10 mV
hyperpolarizing pulse after electronic
cancellation of pipette-patch capacitance
using Clampfit software (version 6.02,
Axon Instruments Inc., USA). All elec-
trophysiological experiments were car-
ried out at room temperature (20 °C).

Patch pipettes were made from boro-
silicate glass (Clark Electromedical
Instruments, Pangbourne Reading, Eng-
land) and backfilled with intracellular
solution (in mM): KCl 140, NaCl 10,
MgCl2 1.2, CaCl, 2.5, HEPES 10, D-glu-
cose 11.5, adjusted to pH 7.3 with KOH.
Pipettes had resistances of 2.5-5.0 MQ.
The standard Krebs-HEPES external
solution contained (in mM): NaCl 140,
KCl 5.9, MgCl, 1.2, CaCl, 2.5, HEPES
10, D-glucose 11.5, pH 7.4.

Ca2"-free, high K™ (135 mM) solution
was prepared replacing NaCl with equi-
molar concentration of KCl and remov-
ing Ca2* from bath solution.

Measurement of Contractile Force.
Segments of thoracic aorta (1.5 cm-long)
were obtained as described above, cleaned
of both connective and adipose tissue,
and cut into 1 to 1.5 mm width rings. All
procedures were performed at room tem-

perature in a nominally Ca?*-free physio-
logical salt solution.

Experiments were performed on the
thoracic aorta rings obtained from
healthy, irradiated adult rats and ani-
mals after siRNAs and scr-siRNAs treat-
ment. The vascular tissues were prepared
with special care in order to keep the
endothelium intact for the following
vasodilatation study. If necessary endo-
thelium was removed using 15 min incu-
bation in Krebs bicarbonate buffer with
saponin (0.1 mg/ml). Aortic rings were
mounted isometrically in a tissue bath
between a stationary stainless steel hook
and an isometric force transducer (AE
801, SensoNor, A/S, Norten, Norway)
coupled to a AD converter Lab-Trax-4/16
(World Precision Instruments, Inc.,
Sarasota, USA). The rings were equili-
brated for 1 h with a resting tension of
10 mN. Experiments were made at 37 °C
in modified Krebs bicarbonate buffer
solution of the following composition (in
mM): NaCl 133, KCl 4.7, NaHCO, 16.3,
NaH,PO, 1.88, CaCl, 2.5, MgCl, 1.2,
HEPES 10, D-glucose 7.8 at pH 7.4. Fol-
lowing the equilibration period, the aortic
rings were exposed several times to norepi-
nephrine (10~ M) until reproducible con-
tractile responses were obtained. To test
endothelial functional activity and integ-
rity, the relaxant responses to acetylcho-
line (107°-10"° M) were examined on the
plateau of the norepinephrine (1076 M) —
induced contraction. Contractile abilities
of VSM were estimated reproducing dose-
response curves to norepinephrine.

Measurement of [Ca®*];:

Experiments for the simultaneous mea-
surement of [Ca?'], and contractile force
were carried out in a 500 pl tissue cham-
ber mounted on the stage of a fluores-
cence microscope LUMAM-2 (Russia)
equipped with epifluorescence collection.
The aortic rings were mounted isometri-
cally between a stationary stainless steel
hook and a force transducer (AE 801,
SensoNor A/S, Norten, Norway). Except
for during the Fura-2AM loading proce-
dure, the rings were continuously per-
fused with preheated Krebs solution at 35
°‘C at a rate of 2.0 ml per minute. The
rings were loaded with 10 M Fura 2-AM
in a physiological solution of the follow-
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ing composition (mM): 122 NaCl, 4.7 KCl,
2.5 CaCl,, 1.2 MgCl,, 11.6 HEPES, 11.5
glucose, and a pH of 7.3-7.4. The loading
solution also contained 2.5% DMSO and 5
mg/ml Pluronic F-127. Loading continued
for 2 hours at room temperature. The tis-
sues were then mounted in a tissue cham-
ber for measurement of force and [Ca®'],
and equilibrated in normal physiological
salt solution for at least 30 min.

Fura-2 fluorescence was excited at 340
and 380 nm wavelength (1) and recorded
at 510 nm emission wavelengths from a
central region (approximately 0.5 mm in
diameter) on the blood surface of the
aorta ring. The fluorescence emitted
from the tissue was collected by a photo-
multiplier through a 510 nm filter. The
results of [CazJ’]i measurements are pre-
sented as the ratio (R) of 510 nm emis-
sion fluorescence intensity [I,,,(A)] at A =
340 nm and A = 380 nm excitation sig-
nals: R = I,(340)/1;,,(380). [Ca?'], was
determined, as described by Grynkiewicz
et al., using the formula [Ca®"], (nM) =
Kd ° [(R - Rmin)/(Rmax - R)] ° (sz/sbg)’
where K, (224 nM at 37 °C) is the disso-
ciation constant of Fura-2 for Ca?*; R is
the ratio of fluorescence of the sample at
340 to that at 380 nm; R, and R
represent the ratios of fluorescence at the
same wavelengths in the presence of zero
and saturating Ca®" respectively; and S,/
S,, is the ratio of fluorescence of Fura-2
at 380 nm in zero Ca?" to that in satu-
rating Ca®" respectively. Prior to initiat-
ing experiments, it was determined that
contractions induced by high KCl were
not affected by Fura-2 loading.

Solutions. All tissues were stored in a
physiological salt solution of the following
composition (in mM): 122 NaCl, 4.7 KCI,
2.5 CaCl,, 1.2 MgCl,, 15.5 NaHCO,,
1.2 KH,PO,, and 11.5 glucose, pH 7.3—
7.4. Nominally Ca?"-free solutions were
prepared by simply omitting CaCl,. Ca?*-
free/EGTA solutions used for removal of
cellular calcium were prepared by omit-
ting CaCl, and including 1 mM ethylene
glycol-bis-(B-aminoethyl ether)-N, N, N’,
N’,-tetraacetic acid (EGTA). Depolariz-
ing KCI solutions were prepared by the
equimolar exchange of KCl for NaCl.

Solutions for experiments performed
using permeabilized muscle contained (in

mM): 3.2 MgATP, 2 free-Mg?", 12 phospho-
creatine, 0.5 sodium azide, 30 N-tris(hydro-
xymethyl)methyl-2-aminoethanesulfo-
nic acid (TES), pH 6.9 at 21 °C. Unless
otherwise stated, creatine phosphokinase
(15 U/ml) and calmodulin (0.5 puM) were
added to all solutions. Desired free-Ca?*
levels (expressed as pCa) were obtained by
mixing stock solutions containing K,EGTA
and K,CaEGTA. The total EGTA concentra-
tion was 4 mM. Ionic strength was adjusted
to 150 mM with potassium propionate.

Arterial Blood Pressure Measurement.
Systolic arterial pressure was measured
in non-anesthetized rats using cuff tail
sphygmomanometer S-2 (Hugo Sachs
Electronic, Germany).

Chemicals. Collagenase type IA, pro-
nase E type XXV, bovine serum albumin,
paxilline, tetraethylamonium, gliben-
clamide, norepinephrine, acetylcholine as
well all the constituents of the Krebs solu-
tion were purchased from Sigma Chemi-
cals Co. (St. Louis, MO, USA). Fura-2 AM
was obtained from Molecular Probes, Inc.
(Eugene, OR, USA). All other compounds
were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). Dimethyl sulfoxide
(0.1 % final concentration) was used as a
solvent for phorbol dibutirate. This con-
centration did not affect the results.

Statistics and analysis. The data are
shown as means = S. E. M., and n indi-
cates the number of cells, preparations or
animals tested. Data analysis was per-
formed using Origin 7.5 (OriginLab Corpo-
ration, Northampton, MA, USA) software.
Half-maximally effective concentration
(EC,,) values were expressed as pD,
(-log EC,)). To determine the maximal
responses and EC5O, concentration-response
curves were fit to the dose-response equa-
tion: F = F__ /[1+10°((logEC,, — logC)-h)],
were F and F  _ are actual and maximal
relaxation (constriction) responses, h is
the Hill slope, C is actual concentration.
Multiple comparisons were made using
one way analysis of variance (ANOVA)
and if any significant difference was
found, the Tukey's multiple comparison
tests were performed. Arterial pressure
data were analyzed by Student‘s t-test
for paired observations. Differences were
considered to be statistically significant
when P was less than 0.05.
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Results

1. Irradiation and KCNMAI gene silenc-
ing lead to similar decrease in BK,,
mRNA expression and potassium out-
ward current density. Figure 1 shows
that both irradiation and siRNAs tar-
geted to KCNMA1 gene administered in
total dose of 80 ng/kg (twice with 24-h
interval, intravenously) produced a 2.5—
3.5-fold decrease in BK_, oa-subunit
mRNA level in aortic SM as compared to
tissues obtained from healthy rats and
the rats treated with a scrambled siRNAs
(scr-siRNAs). For instance, BK,, mRNA
level decreased from (0.013 = 0.003)
relative units in SM treated with a scr-
siRNAs to (0.005 = 0.002) relative units
in SM treated with siRNAs targeted to
KCNMA1 gene (n = 11, P < 0.05).

Thus, the expression profile of BK_,
mRNA transcripts in SM appeared to be
significantly decreased in KCNMAI1
silencing SM similar to irradiated tissues
when the level of BK_, expression has
been significantly decreased 30 days
after irradiation (Figure 1 A).

The next series of experiments was
performed to study potassium channel
activity in SMC from control, irradiated
and scr-siRNAs/siRNAs-administered
animals. To measure K* channel activity,
we used whole-cell perforated patch-
clamp technique using freshly isolated
thoracic aorta SMCs. To induce outward
currents SMCs were held at the resting
potential of -60 mV and then stimulated
with increasing depolarizing 300-ms
voltage steps from -100 mV to +70 mV.

As shown in Figure 2 A, B total out-
ward potassium currents stimulated by
depolarized voltage step were (30 = 1),
(11 = 1) and (13 = 1) pA/pF at +70 mV
in control, irradiated (6 Gy) and KCNMA1
gene knockdown SMC, respectively (n =
12-24, P < 0.05, see Figure 2 legend for
detail). Scr-siRNAs was without visible
effect on outward potassium currents in
SMC as compared to control.

After that we identified the different
component of total potassium current
following irradiation and KCNMA1 gene
silencing (Figure 3 A, B). It is become
clear that total outward current signifi-
cantly decreased as the result of irradia-
tion and KCNMA1 gene silencing mainly

due to inhibition of paxilline-sensitive
component, i.e. the current carried
through BK_, channels.

This conclusion is based on the next
evidence. Paxilline (5600 nM), a selective
inhibitor of BK_, channels [29, 42],
added to the external bathing solution
significantly decreased outward K* cur-
rent density in the aortic cells obtained
from control and scr-siRNAs-treated rats
while this effect was six-four-fold atten-
uated in irradiated and siRNA-treated
VSM cells. Paxilline-sensitive compo-
nents were (25 = 2), (5 = 1), (26 = 4) and
(9 = 1) pA/pF at +70 mV in intact, irra-
diated, scr-siRNAs and siRNAs-treated
SMC, respectively (n = 12, P < 0.05).

External paxilline application com-
bined with tetraethylammonium (TEA,
10 mM), non-selective inhibitor of potas-
sium channels, led to additional inhibi-
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Figure 1. Expression of mRNA BKc, channels
a-subunit in rat thoracic aorta smooth muscle
after irradiation (A) and KCNMAI gene
silencing (B). A, aortic total RNA was isolated
from 5 control rats and 6 rats on 30" days
after irradiation impact. B-actin was used as
an internal control; B, aortic total RNA was
isolated from 6 control rats (scr-siRNAs) and
7 rats on 7" day following siRNAs injection.
B-actin was used as an internal control. The
asterisks indicate the statistical significance as
compared to control and scr-siRNAs (P < 0.05)
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tion of outward potassium current but
there was no significant difference
between TEA action in the cells obtained
from intact, irradiated and scr-siRNAS/
siRNAs treated SM cells (Figure 3 A, B).
There were no differences in residual
TEA-and paxilline-insensitive compo-
nents of outward current in all groups of
animals (Figure 3 A, B) at the potential
+70 mV.

To identify the glibenclamide-sensitive
component of outward current more pre-
cisely, we used the protocol described by
Mishra and Aaronson [18]. Figure 4

shows that when superfusion solution
was changed from standard 5.9 mM K*
medium to Ca?*-free, high K* (185 mM)
and TEA (2 mM) containing solution (at
this solution content reversal potential
for K* shifted to 0 mV and other potas-
sium currents are suppressed), an inward
currents of about — (6.4 = 0.4) pA/pF
and — (4.7 = 0.4) pA/pF (P < 0.05,
n = 6) were recorded under normal con-
dition and after irradiation, respec-
tively. Glibeclamide (10 pM) signifi-
cantly suppressed this current in both
intact and irradiated SMCs, indicating

Control Irradiation
scr-siRNA siRNA KCNMAL1
& +70 mV

2
100 ms ~100 mV
40
—— Control

—O— Irradiation
301 ——scr siRNA
—— siRNA KCNMA 1

204

Current density, pA/pF

00 -50 0 50

Membrane potential, mV

Figure 2. Effects of siRNAs — induced
KCNMAI gene silencing on total outward cur-
rents in aortic SMCs in comparison to non-
fatal whole body irradiation. Outward mem-
brane currents were elicited by a series of

10 mV pulses with 300 ms duration from

-100 mV to +70 mV from a holding potential of
-60 mV. A — original traces, B — current-volt-
age relationship of total currents recorded in
isolated rat thoracic aorta SMCs obtained
before and after irradiation impact and siR-
NAs treatment. Data shown are mean = SEM;
experiments were carried out on 24 cells from
12 control rats, 17 cells from 12 irradiated
animals, 12 cells from 6 rats after scr-siRNAs
and 15 cells from 7 rats after siRNA
KCNMALI injection. The asterisks indicate sta-
tistical significance as compared to control
tissues and scr-siRNAs (P < 0.05)
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Figure 3. Effects of paxilline (500 nM ) and
tetraethylammonium (TEA, 10 mM ) on out-
ward potassium currents in thoracic aorta
SMCs obtained from control, irradiated and
treated with siRNAs rats at potential +70 mV.
A — original traces showing total outward cur-
rents in vascular SMCs obtained from control,
irradiated and siRNAs-treated rats before (1)
and after paxilline (2) and paxilline com-
bined with TEA (3) application in the exter-
nal bath solution. B — diagrams showing the
effects of irradiation and siRNAs-induced
KCNMALI gene silencing on components of
total outwards potassium current (1): paxilli-
ne-sensitive component (2), TEA-sensitive
component (3) and residual current (4) in
the aortic SMCs. Columns are means +
S.E.M., n = 12. The asterisks indicate statisti-
cal significance as compared to control tissues
(P < 0.05). The dagger indicates a statistical-
ly significant difference (P < 0.05) between
paxilline-sensitive components of control cur-
rents and after irradiation and KCNMAI
gene silencing
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Figure 4. Effect of ionized irradiation on the
resting glibenclamide (10 uM ) — sensitive cur-
rent in thoracic aorta SMCs. Currents were
elicited by replacement of normal external
solution with Ca?*free, high K* (135 mM )
solution containing 2M TEA and 10 uM glib-
enclamide before and after irradiation. Hori-
zontal bar 1 — superfusion with standard
external solution; bar 2 indicates superfusion
with Ca®-free, high K+ (135 mM ) solution
containing 2mM TEA; bar 3 — glibenclamide
(10 uM ) was added to the superfusate

K, p-dependent, glibenclamide-sensitive
component of outward current not only
suppressed but appears to be increased
significantly following irradiation.

2. KCNMAI1 gene silencing increases
mRNA expression of K,,, K., and L-type
Ca?" channels. To investigate the effect
further it would be interesting to know
whether mRNA expression of other mem-
bers of voltage-dependent potassium
channels family will be affected follow-
ing KCNMA1 gene silencing. Taking into
account functional association between
voltage-dependent calcium and K* chan-
nels, L-type Ca?" channels mRNA expres-
sion was studied additionally. Figure 5
shows that mRNA expression of K, and
K, p channels in SM with silencing
KCNMA1 gene significantly increased
from (12.6 = 1.3) to (17.8 = 1.4) relative
units and from (13.4 + 1.8) to (22.1 =
4.0) relative units (P > 0.05, n = 12),
respectively, while L-type Ca?" chan-
nels mRNA level demonstrated non-
significant tendency to increment -
from (14.5 = 1.5) to (18.0 = 2.1) relative
units (P > 0.05, n = 10).

In contrast to siRNAs administration,
the levels of mRNA expression of K and
K,;p channels on 30'" days after irradia-
tion were increased significantly: K
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Figure 5. mRNA expression of Ky, Karp and
L-type Ca?* channels (LCa) in aortic SMCs
obtained from control, irradiated, siRNAs and
scr-siRNAs-treated rats.

A, aortic total RNA was isolated from 11 con-
trol rats and 12 rats on 30" days after irradi-
ation impact. B-actin was used as internal con-
trol; B, aortic total RNA was isolated from

6 control rats (scr-siRNAs) and 12 rats on

7" day following siRNAs injection. B-actin was
used as internal control. The asterisks indi-
cate the statistical significance as compared
to control (P < 0.05)

from (2.6 = 0.03) to (20.3 = 4.3) (P <
0.05), K, ;p from (4.3 = 0.8) to (14.7 =
5.4) (P < 0.05). The level of L-type Ca%"
channels expression had increased from
(2.20 = 0.03) to (10.8 = 3.3) relative
units (P < 0.05).

3. KCNMAI1 gene silencing changes
SM responses to acetylcholine and nor-
epinephrine. Figure 6 shows original
tracing demonstrating the results of
standard acetylcholine test in control
and scr-siRNA-treated groups of animals
as compared to irradiated and siPNAs-
treated rats. Relaxations of the rat tho-
racic aortas were obtained by cumulative
additions of acetylcholine in doses of
1079-10° M.

Original recordings combined with
dose-responses curves (Figure 7 A) clear-
ly indicate that the maximal amplitude
of endothelium-dependent SM relaxation
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Figure 6. Representative tracings showing the
endothelium-dependent relaxation by acetyl-
choline (ACh) in doses from 1079 to 107° M in
the rat thoracic aortas obtained from control
and scr-siRNA treated rats in comparison to
irradiated and siRNAs-treated rats. Aortic
rings were pre-contracted with 10 uM norepi-
nephrine. Dots represent additions of increas-
ing concentration of the Ach with 0.5 steps in
log C (M) units

had decreased from 84—-86 % in control
groups (healthy and scr-siRNAs treated
rats) to (43 = 3) % and (61 = 3) % in
irradiated and KCNMAI1 silencing tis-
sues, respectively (n = 14-18, P < 0.01).

Moreover, both irradiation and
KCMA1 gene silencing SM produced an
increased sensitivity in denuded aortic
SM to norepinephrine (Figure 7 B) -
mean values of pD, (-log EC,) are (6.5 =
0.05) control, (7.50 = 0.05) irradiated,
(6.60 = 0.05) scr-siRNAs and (7.0 =
0.04) in KCMA1 gene silencing SM,
respectively, suggesting increased SM
contractility following both irradiation
and KCMA1 gene silencing (n = 12-18,
P < 0.001).

4. Arterial blood pressure (BP) in irra-
diated and KCNMAI silencing rats. Fig-
ure 8 shows the effect of whole body
irradiation (6 Gy) on arterial blood pres-
sure measured in non-anesthetized healthy
and scr-siRNAs-treated rats in compari-
son to irradiated rats and rats with
knockdown of KCMA1 gene. Systolic BP
had considerably increased on 30% day of
post-irradiation from (113 + 2) mmHg in
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Figure 7. Effects of non-fatal whole body
irradiation and siRNAs KCNMAI1 gene
silencing on endothelium-dependent relax-
ation in intact rat thoracic aorta rings (A),
and dose-response curves to norepinephrine
(B) in denuded rat thoracic aortas obtained
from control, irradiated and scr-siRNsA/siR-
NAs treated rats. Relaxations are expressed
as percent decrease in tension evoked by

10 uM norepinephrine, contractions are
expressed as percent of maximal tension
evoked by 10 uM norepinephrine. Experi-
ments were carried out on 15 rings from
eight control rats, 18 rings from nine irradi-
ated animals, 12 aortic rings from seven rats
with siRNAs treatment and 12 aortic rings
from six scr-siRNAs treated rats. Values
shown are means = S.E.M., the asterisks indi-
cate statistical significance as compared to
control tissues (P < 0.05). Concentration-
response curves were fitted to the dose-
response equation

control to (139 = 6) mmHg (n = 15, P <
0.05) in irradiated animals. In contrast to
irradiated rats, the rats with KCNMA1
gene knockdown demonstrated insignifi-
cant BP increment from (115 = 2) mmHg
(scr-siRNAs treated animals) to (122 =
6) mmHg (n = 12, P > 0.05).

It is important to note that despite the
KCMAL1 gene silencing was without sig-
nificant effect on BP level in experimen-
tal group of rats in total, some animal’s
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Figure 8. Effect of whole body y-irradiation
(6 Gy) impact and siRNAs administration on
systolic blood pressure measured using a cuff
tail sphygmomanometer in non-anesthetized
rat. Measurements were made in healthy

(n = 12), irradiated (n = 12), scr-siRNAs

(n =12) and siRNAs — treated rats (n = 7).
Columns are means = S. E. M. The asterisks
indicate statistical significance as compared
to control animals (P < 0.05)

demonstrated well expressed tendency to
BP elevation.

5. Intact vascular strips from con-
trol and irradiated animals. The first
series of experiments performed were
designed to determine the effects of
whole body irradiation on vascular con-
tractile sensitivity. Figure 9 A shows
the results of concentration-response
curves from the cumulative addition of
KCI. The addition of KCI (8-120 mM)
produced concentration-dependent

increases in force development in the
thoracic aorta from both control and
irradiated animals. The experiments
were performed on the 9" and 30" days
post-irradiation. Thoracic aortic rings
obtained from irradiated animals on
the 9% day post-irradiation were sig-
nificantly more sensitive to the addi-
tion of KCIl as compared to aortic rings
from control animals. Maximum force
development was similar in aortic rings
from the two animals groups (7.6 =
0.8) mN control; (8.6 = 1.2) mN irradi-
ated; P < 0.05, n = 12). The similar
results were obtained on the 30* day
of post-irradiation period (maximal
force development was (10.0 = 1.1) mN,
P < 0.05, n =12).

Similar experiments using the cumu-
lative addition of phenylephrine showed
increased sensitivity as evidenced by a
shift to the left in the stimulation
response curve in vascular rings from
animals subjected to whole body irradia-
tion as compared to those from control
animals (Figure 9 B). Based on these
results, whole body y-irradiation pro-
duces a general increase in contractile
sensitivity in response to all forms of
stimulation, whether in response to
membrane depolarisation or agonist
activation.
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Figure 9. Effect of whole body irradiation (6 Gy) on KCl — and phenylephrine-induced contractions
of rat thoracic aorta. A — Cumulative concentration-response curves for KCl were obtained with aor-
tic rings from healthy (O) and irradiated rats on the 9" (®) and 30" (M) days of post-irradia-
tion. Data shown are means = SE. Curve fits of mean values were performed using the following:
F=F .. /[1 + exp (logECy, — log[Ca®"]i ) h], where F and Fp. are actual and maximal force, h
is the Hill coefficient, ECy, is 50 % effective concentration. Mean value of pD, (-log EC,,) are:
(1.70 = 0.03) control, and (1.90 = 0.05) (P < 0.01, n = 12) and (1.90 = 0.03) (P < 0.01,n =12),
irradiated (9" and 30™ days, respectively). B — cumulative concentration-response curves to phen-
ylephrine obtained on the thoracic aorta rings from healthy and irradiated rats. Mean value of pD,
are: (6.30 = 0.07) control, and (6.92 = 0.05) (P < 0.01, n =12) and (6.89 = 0.05) (P < 0.01, n =
12), irradiated (9" and 30" days, respectively ). Contractions are expressed as a per cent of the
tension evoked by maximal KCl (120 mM ) or phenylephrine (107> M ) concentration
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Figure 10. Force development in [B-escin permeabilized rat aortic rings as a function of calcium
concentration in the presence and absence of chelerythrine. Aortic rings from control (O) and
irradiated (®) animals were subjected to the cumulative addition of calcium. Irradiated animals
were studied on the 9" (A) and 30" (B) days of post-irradiation period after exposure y-radia-
tion (6 Gy). In addition, the calcium response of irradiated tissues was examined in the presence
of 1 uM chelerythrine(m). The values are means = SE. Data are normalized to force developed at
pCa 5.0. Curves shown were fit to the Hill equation. See Figure 1 for details. Mean value of pD,
(or pCay, as generally accepted for permeabilized smooth muscle) for the 9" day of post-irradia-
tion were: (5.60 = 0.09) control; (5.98 = 0.06) irradiated (P < 0.01, n = 12), and (5.33 = 0.15)
irradiated + chelerythrine (P < 0.05, n = 8, comparison with irradiated). The data for the 30"
day of post-irradiation were: (5.60 = 0.09) control, (648 + 0.15) irradiated (P < 0.01, n = 12),

and 5.99 = 0.09, (P < 0.01 n = 8, comparison with irradiated) irradiated + chelerythrine

6. Experiments on chemically permeabi-
lized vascular strips from control and
irradiated animals. Although there exists
many mechanisms by which irradiation
could increase vascular sensitivity, the
two most probable are alterations in cal-
cium metabolism in response to stimula-
tion or a direct effect on the contractile
proteins. One of the best models to use to

differentiate between these two possibili-
ties is the chemically permeabilized strip.
This preparation allows one to examine
the contractile response under conditions
of constant intracellular [Ca?"].. The data
shown in Figures 10 and 11 were obtained
from experiments performed on p-escin
permeabilized aortic strips. All forces
shown were normalized to the maximal
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Figure 11. Force development in [-escin permeabilized rat aortic rings as a function of calcium
concentration in the presence and absence of staurosporine. Aortic rings from control (O) and

irradiated (®) animals were subjected to the cumulative addition of calcium. Irradiated animals
were studied on the 9" (A) and 30" (B) days of post-irradiation period after exposure y-radia-
tion (6 Gy). In addition, the calcium response of irradiated tissues was examined in the presence
of 0.1 uM staurosporine (B ). The values are means + SE. Data are normalized to force developed
at pCa 5.0. Curves shown were fit to the Hill equation. See Fig. 1 for details. Mean value of pD,
(or pCay, as generally accepted for permeabilized smooth muscle) for the 9" day were: 5.60 +
0.09 control; (5.98 + 0.06 ) irradiated (P < 0.01, n =12), and (5.30 = 0.10) irradiated + chelery-
thrine (P < 0.05, n =6, comparison with irradiated ). The data for the 30" day of post-irradiation
were: (5.60 = 0.09) control, (648 + 0.15) irradiated (P < 0.01, n = 9), and (5.53 += 0.08) irradi-
ated + chelerythrine (P < 0.05, n = 7, comparison with irradiated)
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Ca?"-dependent force attained in each vas-
cular preparation. The results shown in
these figures clearly demonstrate that on
the 9* and 30% days of post-irradiation
period a significant shift to the left in the
calcium-tension relationship was seen
denoting an increase in myofilament cal-
cium sensitivity. For instance, on the 9"
day after a single whole body y-irradiation,
an increased myofilament Ca?" sensitivity
of (0.38 = 0.09) pCa units was observed
in the series of experiments performed to
generate Figure 10 and Figure 11.

In an attempt to uncover potential
mechanism(s) responsible for the
y-irradiation induced increase in myofila-
ment Ca?" sensitivity, we performed
experiments using inhibitors of PKC.
Figure 10 shows the results of experi-
ments using chelerythrine (107 M) and
Figure 11 shows the results of experi-
ments using staurosporine (107 M). Both
inhibitors reversed the increase in myo-
filament Ca?" sensitivity induced by sin-
gle whole body y-irradiation on the 9t
and 30" days of post-irradiation period.
For instance, on the 9% day post-irradia-
tion chelerythrine shifted the Ca2?" con-
centration response curve (0.65 = 0.10)
pM to the right whereas staurosporine
shifted the curve (0.68 = 0.08) uM to the
right. Of particular interest was the total
lack of effect of the PKC inhibitors on
the calcium responsiveness of permeabi-
lized aortic tissues from control animals.
This is an especially important finding
given the potential for non-specific inhi-
bition of other kinases by these inhibi-
tors, such as the MLC kinase.

Phorbol dibutirate (PDB, 1077 M), a
potent PKC activator, shifted the pCa-
tension response relationship for skinned
smooth muscles to the left in a healthy
tissues and was without effect in irradiat-
ed thoracic aorta rings (Figure 12).

7. Simultaneous measurements of con-
tractile force and [Ca®" ], The next series
of experiments were designed to simulta-
neously measure stimulation-induced
changes in intracellular calcium concen-
tration and force in the intact aortic tis-
sue from control and irradiated animals.
It is important to note that in these
experiments the endothelial cells were
mechanically removed from the area in

100

O Control
® PDBu
B 9 days + PDBu

pCa
Figure 12. Effect of phorbol dibutirate (PDB,
1077 M ) on force development in healthy and
irradiated [-escin permeabilized rat aortic
rings as a function of calcium concentration.
O - control, ® — PDB-treated healthy tissues,
B — PDB-treated irradiated tissues. Mean
value of pD, (or pCay, as generally accepted
for permeabilized smooth muscle) for the 9*"
day of post-irradiation were: (5.3 = 0.03) con-
trol, (5.63 = 0.11) PDB administration (P <
0.05, n = 6), and (5.81 + 0.04) irradiated +
PDB (P < 0.01, n = 6, comparison with irra-
diated )

which fura-2 calcium fluorescence was
measured. Therefore, fluorescent chang-
es were derived specifically from the
vascular smooth muscle cells and not
influenced by any potential changes in
the endothelium. The goal of these
experiments was to determine if the irra-
diation induced change in myofilament
calcium sensitivity demonstrated in the
permeabilized preparation could also be
demonstrated in an intact tissue where
calcium is mobilized by normal physio-
logical pathways.

Intact aortic preparations were stimu-
lated with 60 mM KCIl and the increase in
force and preceding increase in [Ca®'],
measured simultaneously. Representative
tracings from such experiments are shown
in Figure 13. Membrane depolarization by
60 mM KCl produced a slightly smaller
increase in [Ca?"], in aorta from irradiated
as compared to that from control animals.
In contrast, aorta from irradiated animals
produced significantly more force than
tissues from control animals.

The compilation of several simultane-
ous force and calcium measurements are
shown in Figure 14. As expected, a posi-
tive correlation exists between force
developed at different KCl concentrations
in the organ bath and [Ca?'],. Similar to
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Figure 13. Representative recordings of the effect of irradiation (6 Gy) on KCl-induced increase
in intracellular free Ca®" concentration (R340/380) and tension in intact rings of rat thoracic
aorta. KCl-mediated muscle contraction (lower panels) and increment in (R340/380) (upper pan-
els) were measured simultaneously in the same aortic ring. Aortic rings from both animal
groups produced similar increases in cellular [Ca®" ], in response to 60 mM KCI. Aortic rings
from irradiated animals produced significantly more force in response to 60 mM KCl as com-
pared to rings from control animals
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Figure 14. Effect of irradiation (6 Gy) on the KCl-mediated [Ca®"]-tension relationship in the
thoracic aorta. Several experiments of the type shown in Figure 4 were used to develop the
[Ca2+]i-tension relationship shown in this figure. Rings loaded with Fura-2 were subjected to
the cumulative addition of KCl and levels of force and the simultaneous measurement of
[Ca?*]i recorded. The results are shown as (O : control) and (M : irradiated). The slope (mN
tension/nM [Ca?']i) was significantly increased in irradiated tissues as compared to control,
indicating that Ca®" sensitivity of the myofilaments had increased
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Figure 15. Typical recordings of effect of phorbol dibutirate (PDB, 105 M ) on intracellular
calcium concentration (R 340/380) and contractile force development in both healthy and irradi-
ated thoracic aorta tissues. Force and Ry, 5o, (ratio of F,,, to F,, ) were measured in the same
aortic ring
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the results obtained from the permeabi-
lized arterial preparations, greater levels
of force are developed at any given [Ca?*]
; in tissues from irradiated animals as
compared to those from control animals.
Aortic rings obtained from irradiated ani-
mals produced 0.068 mN force/nM Ca?*
whereas arteries from control animals
produced 0.026 mN force/nM Ca?*.

Stimulation of intact aortic smooth
muscles with PDB (10¢ M) produced a
sustained progressively developing tonic
contraction (it took 26—28 min before a
maximal tension development was estab-
lished while an increment in [Ca?"], was
transient (Figure 15 A). In contrast, in
irradiated tissues (Figure 15 B) the
amplitude of PDB-induced contraction
was higher than that seen in intact tis-
sues and there was no any elevation in
[Ca?'].

Discussion

Using RNA-interference (RNAi) phe-
nomenon and physiological techniques we
tried to identify the role and the place of
BK_, channels in vascular tone mainte-
nance following irradiation. The main
finding of this study is radiation-induced
suppression of the BK_, channels form
and function accompanied with compen-
satory increment in mRNA expression
and activity of other members of potas-
sium channels family in irradiated vas-
cular tissues. Another interesting phe-
nomenon is the absence of significant
increment in L-type Ca?" channels mRNA
expression in siRNAs knock-down rats as
compared to irradiated rats that demon-
strated an increased level of mRNA
expression for this type of ionic chan-
nels.

It is well known that force develop-
ment in VSM is closely coupled to mem-
brane potential, which, in turn, is deter-
mined by potassium channels activity.
The large conductance Ca®?"-activated K*
channels (BK,,) is the predominant K*
channel species in most arteries and is
known to play an essential role in vascu-
lar function via its involvement in
changes of VSM membrane polarisation
[9, 19-21]. BK_, channels differ from all
other K* channels due to their high sen-
sitivity to [Ca?']; and voltage. Inhibition

of BK, produced membrane depolariza-
tion and subsequent vasoconstriction,
and their dysfunction plays an important
role in the pathogenesis of a number of
vascular diseases including pulmonary
and systemic hypertension, diabetes and
atherosclerosis complications [22, 23].

Our preliminary data clearly indicate
that BK,, appear to be the most vulner-
able member of potassium channel family
involved in radiation-induced arterial
hypertension development [8]. The data
obtained in this study indicate that KV
and K, channels are likely to be resis-
tant to oxidative stress, and this way
may constitute a reserve mechanism for
the maintenance of tissue blood supply
under radiation-induced BK, channelo-
pathy.

The data presented by Zhang and
Bolton [24] suggest the existence of two
type of ATP-sensitive potassium chan-
nels, one of them (termed as MK chan-
nel) was relatively insensitive to ATP in
inside-out patch experiments using rat
portal vein SMCs. Generally accepted
that glibenclamide is widely used for
K,p channels separation and identifica-
tion. It has been shown also [18] that so
called glibenclamid-sensitive K* channels
exist in rat thoracic aorta myocytes and
appear to have an important role in
maintenance of the resting membrane
potential while classical K,,, channels
are closed at normal intracellular ATP
concentration, and play a little role in
the maintenance of membrane potential.

The situation with possible similarity
and/or difference between classical K,
and glibenclamide-sensitive K* channels,
termed also as MK channels, remains yet
puzzling. Nevertheless, taking into
account that the role of K, channels in
aortic SMCs membrane potential and
tone regulation is negligible under basal
condition (near a membrane potential of
-60 mV), we have studied glibenclamide-
sensitive members of potassium channels
family before and after irradiation. The
data obtained clearly demonstrated that
irradiation led to significant increase in
current carrying through glibenclamide-
sensitive potassium channels, indicating
existing compensatory component of out-
ward current in SMCs under irradiation.
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It is likely that relative role of this com-
pensatory mechanisms in irradiated vas-
cular tissues is insufficient to overcome
an inhibitory effect of irradiation on
vasodilator potential of wvascular wall.
The aim of future pharmacological inter-
ventions under irradiation is to intensify
the expression of this mechanism.

The main reason to provide this study
were the data in which we have observed
a significant and sustained elevation in
arterial blood pressure in irradiated rats
[1]. The clinical studies postulated also
that the most serious health problem in
the population exposed to radiation fol-
lowing Chernobyl disaster was diseases
of cardiovascular system and hyperten-
sion especially [25] but underlie mecha-
nisms of this phenomenon remained
unknown. Later we have shown that
radiation impact inhibits endothelium-
dependent relaxation in irradiated blood
vessels [4] and decreases both BK, cur-
rent density and the level of expression
in a- and B,- subunit that composed BK,
channel [8], i.e. it is became clear that
irradiation leads to decrease in vasodila-
tor potential of vascular wall.

The similar radiation-induced reduc-
tion in BK, activity that are important
in regulating the driving force for calci-
um entry and therefore for regulation of
NO synthesis we observed earlier in
endothelial cells [7]. Nevertheless, the
question yet remains whether radiation-
induced BK_, channelopathy in endothe-
lial and smooth muscle cells really con-
tributes to radiation-induced vascular
hypercontractility and related arterial
hypertension development.

Discovery of the RNAi phenomenon
let us an instrument to test this hypoth-
esis. RNAi using small interfering RNAs
(siRNAs, a double stranded RNA mole-
cule having 21-23 bp) has recently pro-
vided a powerful tool for silencing a
target gene by means highly sequence-
specific degradation of mRNA [11, 26,
27]. It is likely that this technique repre-
sents an ideal instrument to dissect the
function of different splice variants of
ion channel encoding genes.

We clearly understand that delivery of
siRNAs to target tissues is a serious prob-
lem since the siRNAs must reach the

target organ and must enter to the cyto-
plasm of target cells. Well known that
unmodified, naked siRNAs are relatively
unstable in serum, as they rapidly degrad-
ed by endo- and exonucleases. Neverthe-
less, the review presented [16] clearly
indicates that naked siRNA in many stud-
ies demonstrate significant RNA-interfer-
ence effect. On the other hands, chemical
or other type modification of siRNA can
increase stability of these molecules in
vitro, but can not demonstrate an incre-
ment in their efficacy in vivo. The main
evidence of the siRNAs specific effective-
ness in our experiments is the significant
difference in the ionic channels mRNA
expression in vascular tissues of the ani-
mals that obtained specific siRNAs as
compared to the rats that were treated
with scr-siRNAs.

Thus, to provide evidence of BK,
involvement into radiation-induced vascu-
lar malfunctions, we used the siRNAs abil-
ity to downregulate specific BK,, mRNA
transcript expression. RT-PCR experi-
ments clearly indicated that siRNAs to
KCNMA1 gene being administered to
experimental animals led to 3-fold
decrease in BK,, a-subunit mRNA level
in aortic SMC as compared to tissues
obtained from both control rats and the
rats treated with a scr-siRNAs. The
similar effects on BK, mRNA expres-
sion in vascular tissues were seen in
irradiated animals.

These data tightly correlate to inhibi-
tion of outward potassium currents car-
ried through BK_, channels in rat tho-
racic aorta SMCs treated with siRNAs
and this effect of siRNAs administra-
tion, in turn, is a very similar to radia-
tion-induced inhibition in BK, activity.

Experiments with a standard acetyl-
choline (Ach) test clearly demonstrated
that the silencing of KCNMA1 gene led
to decrease in amplitude of maximal
Ach-induced relaxation in rat thoracic
aortas and accompanied with increased
contractile responses of denuded vascu-
lar rings to norepinephrine in a radia-
tion-like manner. It is known that BK,
indirectly involved in nitric oxide produc-
tion in endothelial cells and they are very
important for valuable endothelium-
dependent relaxation.
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The data obtained [7] demonstrate
radiation-induced suppression of BK, in
endothelial cells which, in turns, leads to
the shift of reversal potential toward
more positive values. It means that irra-
diated endothelial cells are depolarized as
compared to non-irradiated cells. It pro-
duces a significant reduction in the driv-
ing force for Ca?", resulting in a decrease
in NO synthesis, and producing a blunted
endothelium-dependent relaxation.

Having established that the silencing
of KCNMAL1 gene in endothelial cells and
SMCs significantly suppressed vasodila-
tor potential of wvascular wall, i.e.
decreased endothelium-dependent vasore-
laxation with concomitant increment in
endothelium-independent vascular con-
tractility, we next investigated in vivo
the effect of KCNMA1 gene silencing on
arterial blood pressure in comparison
with irradiated animals.

Surprisingly, but we have failed in our
attempts to induce sustained and signifi-
cant elevation of arterial blood pressure
in the group of rats treated with siRNAs
targeted to KCNMA1 gene. Neverthe-
less, some of the rats with silencing
KCNMA1 gene demonstrated pronounced
increase in arterial blood pressure. The
data suggest that BK, channelopathy
may be involved, at least partially, not
only to radiation-induced local vascular
malfunctions but to generalized vaso-
spasm development although it is not the
main reason for triggering of arterial
hypertension.

The most likely that the lack of hyper-
tensive effect of KCNMA1 gene silencing
is due to the absence of L-type Ca?" chan-
nels over expression in vascular tissues
following siRNAs administration in con-
trast to that we seen after irradiation.

The next possible explanation for this
surprising discovery might be the absence
of BK, in rat myocardium. As men-
tioned by some authors [19, 28, 29] BK,
channel ubiquitous and present in virtu-
ally all tissues except in myocardium.
However, the problem appears to be more
complex than meets the eye. For instance,
Hu et al. [80] and Wang et al. [31] pos-
tulated the presence of BK., in the car-
diac inner mitochondrial membrane, and
the data presented by Imlach et al. [32]

indicate that BK, channels located in
mice and rats heart are involved in the
regulation of heart rate.

Taking into account that BK, are com-
prised of a o- and B,-subunits we pro-
duced selective siRNAs-induced o-BK,
gene silencing. It is possible to suggest
that selective loss of BK_, c-subunit is
not sufficient to cause sustained hyper-
tension. Xu et al. [33] studied BK,
B,-subunit knocked out mice and their
results showed that these animals are not
hypertensive although this type of BK,
deficiency increased reactivity of mesen-
teric arteries to norepinephrine. Another
group of investigators [34] concluded that
the hypertension associated with BK, B,
knockout occurs because of enhanced
fluid retention due to BK, B, localization
in adrenal glands where it controls aldo-
steron production and in less degree
because of vascular dysfunction.

In intermediate conclusion, KCNMA1
gene silencing in rats alters the form
and function of the BK, channel simi-
lar to irradiation, and this type of ionic
channels may contribute to related vas-
cular abnormalities. Nevertheless, it is
unlikely that BK,, can operate as a
crucial factor for radiation-induced
arterial hypertension. It is clear that
the underlying mechanism producing
the alterations of wvascular function
under irradiation is multifaceted and
trigger mechanics leading to hyperten-
sion development under irradiation
involve both multiple vascular and car-
diac functional changes.

The results in the present study also
clearly demonstrate that single whole
body y-irradiation significantly increases
the myofilament calcium sensitivity of
the vascular smooth muscle cell indepen-
dent of any action on the endothelium.
Moreover, our results strongly suggest
that the mechanism by which irradiation
increases myofilament calcium sensitivi-
ty is through a PKC dependent pathway.

In the present study we examined the
relationship between Ca?" and tension
development in vascular smooth muscle
using both permeabilized and intact
preparations, where [Ca®"], can either be
directly controlled or directly measured,
respectively. Both approaches have dis-
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tinct advantages as well as disadvantag-
es. Chemical permeabilization of the cell
membrane has been commonly used to
estimate the sensitivity of myofilaments
to Ca?" in a variety of smooth muscle
preparations. This preparation allows the
precise control of the intracellular envi-
ronment however there is also the poten-
tial for the loss of important regulatory
elements within the cell. The simultane-
ous measurement of [Ca2+]i and tension
in the intact tissue allows one to deter-
mine directly the relationship between
the two parameters during normal cellu-
lar calcium handling. Therefore this
approach allows estimation of myofila-
ment Ca?" sensitivity in smooth muscle
with unimpaired excitation-contraction
coupling processes and retained regula-
tory targets for second messenger path-
ways. On the other hand, intracellular
events cannot be controlled and small
localized changes in calcium may not be
measured. Combining the two prepara-
tions allows for the measurement of
force during both the controlled and
physiological changes in calcium concen-
tration.

Alterations in myofilament calcium
sensitivity have been shown to underlie,
at least in part, the changes in smooth
muscle function that occur in response to
hypertension, asthma, benign prostatic
hyperplasia and now based on our results,
in response to y-irradiation. The question
then becomes, what are the mechanisms
underlying the increase in myofilament
calcium sensitivity that we observed fol-
lowing radiation exposure? Myofilament
calcium sensitivity may be altered by
influencing the enzymes that initiate or
modulate actin and myosin interactions
or by direct actions on the contractile
proteins. Although theoretically possi-
ble, the second suggestion is not sup-
ported by experimental evidence. The
first possibility is supported by a vast
amount of literature [35]. Two path-
ways have been proposed for the
enhancement of myofilament calcium
sensitivity in smooth muscle. The first
is the G-protein dependent activation
of Rho kinase, which phosphorylates
the MLC phosphatase resulting in a
decrease in activity. The second is a

PKC dependent pathway whereby PKC
phosphorylates and activates a MLC
phosphatase inhibitor, CPI-17. The end-
point for both pathways is down-regu-
lation of the MLC phosphatase and
therefore an increase in MLC phosphor-
ylation levels at any given [Ca®'],.

Our results would suggest that expo-
sure to y-irradiation increases myofila-
ment calcium sensitivity by augmenting
the PKC pathway. This is based on the
findings that the increase in calcium sen-
sitivity in vessels from irradiated ani-
mals was reversed by either staurospo-
rine or chelerythrine, and PKC activator,
phorbol diester had no effect on pCa-
force relationship in irradiated tissue
while shifted this one to the left in
healthy aortic rings. It is important to
point out again that neither antagonist
had any effect on the calcium sensitivity
of vessels from control animals. Thus,
non-specific actions of these PKC inhibi-
tors were apparently not an issue in this
study. Moreover, the calcium concentra-
tion curves in the permeabilized tissues
were performed in the absence of GTP
and activation of the intact tissues was
in response to membrane depolarization.
Neither stimulation regimen would be
expected to significantly activate G-pro-
teins. Importantly, PKC has been shown
to be activated in KCI stimulated intact
vascular smooth muscle [36] and PKC is
retained and can be activated in permea-
bilized vascular tissues [37].

Simultaneous measurements of [Ca2+]i.
and force support this point of view.
The amplitude of PDB-induced contrac-
tion in irradiated tissues was, at least,
not smaller or even greater than in
intact preparations while not accompa-
nied with an increment in [Ca®']. sug-
gesting that myofilament calcium sensi-
tivity had increased mainly due to high
PKC activity.

If, as we speculate, PKC activity is
enhanced following irradiation, then are
there potential mechanisms that could
produce this end result? It is well
known that following irradiation, the
content of oxygen derived free radicals,
including superoxide anion, hydroxyl
anions, and others, increases signifi-
cantly in living cells and biological lig-
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uids. These reactive oxygen species are
associated with radiation-induced cyto-
toxicity and are responsible for radia-
tion-induced lipid peroxidation and
related vascular lesions. We therefore
hypothesize that irradiation induces a
state of oxidative injury on vascular tis-
sue. A possible role for oxidative stress
in radiation-induced vascular dysfunc-
tion is supported by the protective
effect of the antioxidant, a-tocopherol
in rabbit thoracic aorta [4]. a-Tocopherol
was shown to prevent the loss of endo-
thelium-dependent relaxation when
administered as a single dose shortly
after radiation exposure. Nevertheless,
this problem remains yet unsolved and
takes more convincing evidence.

Radiation has been shown to have a
direct effect on altering the expression
of PKC. Radiation therapy dose-depend-
ently increased PKC in mouse lympho-
cytes [38]. Interestingly, differential
responses were found in the radiation
induced expression of o, 8, { isoforms
of PKC. In addition, it is known that
radiation induces the translocation of
PKC from the cytosol to the membrane
as a result of reactive oxygen forma-
tion producing membrane lipid peroxi-
dation [39].

Thus radiation not only increases the
expression of specific PKC isoforms but
also the activity of PKC mediated by
reactive oxygen species. These findings
are relevant to our present study as the
a isoform of PKC has been implicated in
calcium dependent PKC induced contrac-
tions of smooth muscle and the novel
PKC isoform & of which ( is also a mem-
ber has been implicated in calcium-inde-
pendent PKC induced contractions.

It should be born in mind that vascu-
lar dysfunction including an increased
PKC or Rho — kinase activities under
irradiation is mediated by multiple mech-
anisms and maybe, at least partially,
related to changes in NO metabolism. It
is well known that phorbol esters may

inhibit NO release, and thus an elevation
of PKC activity might interfere with NO
synthesis. In turn, it is likely that NO
induces rat aorta dilatation via inhibi-
tion of Rho-kinase. Just recently it has
been shown [41] that NO possesses the
ability to relax smooth muscle via pro-
tein phophatases activation. It known
that NO-generating agents may decrease
phosphotransferase activity of purified
PKC with IC,, 7.5 - 10 M and this
effect was blocked by NO scavenger oxy-
hemoglobin and reversed by dithiothrei-
tol [41]. In case when NO-dependent
component of relaxation is abolished
resulting irradiation, PKC activity in
vascular wall could be elevated and con-
tractile force development related to
increased myofilament calcium sensitivi-
ty might be increased too. At the same
time experiments on skinned smooth
muscle clearly demonstrate that direct
effect of radiation on PKC-related mech-
anism of calcium myofilament sensitivity
take place.

Therefore, we propose the hypothesis
that whole body y-irradiation results in
the production of reactive oxygen spe-
cies, which alters vascular function by
an effect on both the endothelial layer
and the smooth muscle cell. In the
smooth muscle cell, specific isoforms of
PKC are up regulated and activated,
which produces an apparent increase in
myofilament calcium sensitivity and
BK,, expression and function. The com-
bination of decreased NO release from
damaged endothelial cells and hypercon-
tractility of the vascular smooth muscle
cells act in concert to produce increases
in arterial blood pressure and vasospasm
in response to normally occurring levels
of endogenous agents.
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A. I. Soloviev
The BK_, channels deficiency and high protein kinase C activity as a main reasons
for radiation-induced vascular hypercontractility

It is likely that large-conductance Ca?*-activated K* (BK¢,) channels channelopathy tightly involved
in vascular malfunctions and arterial hypertension development. In the present study, we compared
the results of siRNAs-induced a-BK_, gene silencing and vascular abnormalities produced by whole-
body ionized irradiation in rats. The experimental design comprised RT-PCR and patch clamp
technique, thoracic aorta smooth muscle (SM) contractile recordings using intact and chemically
permeabilized rat thoracic aortic rings combined with cytosolic Ca?* ([Ca?],) measurements, arterial
blood pressure (BP) measurements on the 30" day after whole body irradiation (6 Gy) and following
siRNAs KCNMAT1 gene silencing in vivo. The expression profile of BK,, mRNA transcripts in SM was
significantly decreased in siRNAs-treated rats in a manner similar to irradiated SM. In contrast, the
mRNA levels of K, and K,;, were significantly increased while L-type calcium channels mRNA
transcripts demonstrated tendency to increment. The SMC obtained from irradiated animals and after
KCNMAT1 gene silencing showed a significant decrease in total K* current density amplitude. Paxilline
(500 nM)-sensitive components of outward current were significantly decreased in both irradiated and
gene silencing SMC. KCNMAT1 gene silencing increased SM sensitivity to norepinephrine while Ach-
induced relaxation had decreased. The silencing of KCNMA1 had no significant effect on BP while
radiation produced sustained arterial hypertension. Therefore, radiation alters the form and function
of the BK, channel and this type of channelopathy may contribute to related vascular abnormalities.
Nevertheless, it is unlikely that BK., can operate as a crucial factor for radiation-induced arterial
hypertension.

Irradiation significantly shifted pCa-tension in B-escin permeabilized smooth muscle on the 9t and 30"
days post-irradiation to the left suggesting that myofilament Ca?* sensitivity had increased. Inhibitors of
protein kinase C (PKC), chelerythrine and staurosporine, had no effect on the pCa-tension curves in
control permeabilized tissues but significantly shifted the curves to the right in permeabilized tissues on
the 9" and 30" days post-irradiation. Phorbol dibutirate (PDB, 10-7 M), a potent PKC activator, shifted the
pCa-tension response relationship for skinned smooth muscles to the left in a healthy tissues and was
without effect in irradiated vascular rings. Simultaneous measurements of contractile force and [Caz*]i
showed that the coefficient of myofilament Ca®* sensitivity defined as a ratio of force change to A[CaZ*]i
significantly increased following y-irradiation. Stimulation of intact aortic smooth muscles with PDB (10-6 M)
produced a sustained progressively developing tonic contraction while an increment in [Caz*]i was
transient. In contrast, in irradiated tissues the amplitude of PDB-induced contraction was even higher than
that seen in intact tissues and there was no any elevation in [Ca2*]i. These data strongly support the
hypothesis that the sensitivity of vascular smooth muscle myofilaments to Ca?* is increased following
irradiation and this effect is dependent also on activation of PKC.
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Therefore, we propose the hypothesis that whole body y-irradiation results in the production of reactive
oxygen species, which alters vascular function by an effect on both the endothelial layer and the smooth
muscle cell. In the smooth muscle cell, specific isoforms of PKC are up regulated and activated, which
produces an apparent increase in myofilament calcium sensitivity and BK, expression and function. The
combination of decreased NO release from damaged endothelial cells and hypercontractility of the
vascular smooth muscle cells act in concert to produce increases in arterial blood pressure and vasospasm
in response to normally occurring levels of endogenous agents.

Key words: smooth muscle contractility, RNA interference, BK ., channels, irradiation,
calcium sensitivity, contractile proteins, hypertension

A. I. Conosiios

MopyweHHs dyHKuUiT Ca2-3aneXHuUxX KanieBux KaHanis BeNNKOI NPOBiAHOCTI
Ta BUCOKA aKTUBHICTb NPOTETHKIHa3n C — rosIoBHi NPUYMHU PO3BUTKY
rinepcKopoTNMBOCTI CYAVUH, BUKJIMKAHOI BNIMBOM pagjiauii

LlinkomM MMOBIPHO, LLLO MOPYLLUEHHS NPOBIOHOCTI KasbLiii-aKTMBOBAHNX KaliEBUX KaHaniB BEIMKOI NPo-
BigHOCTI (BK,) TiICHO NOB'A3aHe 3 PO3BUTKOM CYAVHHUX MOPYLUEHb | PO3BUTKOM apTepiasibHoi rinepTeHsii.
Y ubOMY AOCAIAXEHHI MU MOPIBHANN PE3YNbTaTy MYLWiHHA reHa, Wo Koaye ekcrpeciio BK, y wypis, 3a
[,0NoMOroto TexHikn PHK-iHTepdepeHLUii 3 CyanHHMMM NOPYLLIEHHAMW, BUKJTMKAHUMU BIJIMBOM iOHi3yHO4O0i
pagiauii B 803i 6 [pein. B ekcnepumeHTax BukopmuctoBysanu metoam RT-PCR Ta patch-clamp, peectpadito
CKOPOTNBOI aKTUBHOCTI MMafeHbknx M'a3iB (SM) 3 BUKOPUCTAHHSAM IHTaKTHUX i XiMiYHO CKiHipOBaHMX aop-
TaNbHYIX KiNnelb 3 0[HOYACHVIM BUMIPOM BHYTPILLIHBOKITUHHOT KOHLeHTpaLi kanbuijio [Ca®*],, BUMIpIOBaHHS
apTepianbHoro Tucky (AT) Ha 30-1 aeHb nicns onpomiHeHHs. Mpodink ekcrnpecii TpanckpunTis MPHK BK
B SM 6yB 3HAYHO 3HVXKEHUI Y LLYPIB, siki oTpuMyBanu SiRNAs i onpomiHeHux TBapuH. HaBnaku, pisHi MPHK
K, i Kyp Oy 3HauHO 36inbLueHi, a TpaHckpunm MPHK kanbuiesux kaHanis L-Tuny npoaeMoHCTpyBasm
TEeHOEHLjI0 HaBiTb 40 30iNbleHHs. KniTnHn SM, oTpuMaHi Big, ONpOMIHEHMX TBAPWH i NiCNS MyLWiHHA reHa
KCNMA1, nokazanu 3HadHe 3MeHLUEeHHs 3arasibHOi amniiTyan LWinbHOCTI BuxigHoro ctpymy K*. Y paasi
BMIMBY NakcunniHy (6nokatop BK.,) — 4yTAnBi KOMNOHEHTU BUXIAHOO CTPYMY 3HAYHO 3MEHLLYBANMCA fK
3a ONPOMIHEHHS, Tak i B pasi myLwiHHg reHa KCNMA1. MywiHHg reHa KCNMA1 36inbLumno 4ymnmeicte SM
[0 HopagpeHaniHy, y Toi Yac K aMmnaiTyaa aueTunxoniH-iHaykoBaHOro poscnabneHHs SM ameHwmnacs.
MmywinHa KCNMA1 cyTTeBo He BNmBasno Ha piBeHb AT, y TOW Yac Sk pagiauisi BUkivkana cTiriky apTepianb-
Hy rinepTeHsito. OTxe, BUNPOMIHIOBaHHS 3MiHIOE eKcrpeciito Ta dyHkujio kaHany BK ., i uei Tvn kaHano-
nartii MOXe CrpUATA BUHUKHEHHIO CYAVMHHMX aHomanii. MpoTte manomoBsipHo, wo BK., kaHanonaris
MOXe OyTU EOUHMM | BUPILLANIbHUM HaKkTOPOM PO3BUTKY NOCTPaAiaLLiiHOT apTepianbHOI rinepTeHasii.

OnpoMiHeHHs 3miltye kpuBy pCa-Hanpyra B rnageHbkoMy m'asi Ha 9-11 i 30-14 gHi nicns onpoMiHEHHS
BMiBO, LLO CBIiAYMTL NPO niasumLLeHHs Ca? -4yTnnBocTi MiodinameHTis. IHriGiTopu npoteiHkiHaau C (PKC),
XeNepuTpuH i CTaypoCcnopuH He BnanBanu Ha kpuei pCa-Hanpyra B KOHTPOJIbHUX CKiHipoBaHux SM, ane
3Ha4YyHO 3pywmnu kpuei BnpaBo Ha 9-i i 30-i1 gHi nmicns onpomiHeHHsi. Popbon ambytupar (PDB,
107 monb/n), noTyxHuii aktueatop PKC, amictus kpuBy pCa-Hanpyra BniBo B 3[0POBUX TKAHUHAX i He
BMJIMBAB HA OMPOMIHEHi CyaunHHI kinbLs. OQHOYACHI BUMIPIOBAHHS CKOPOYYBasIbHOI CUN i [Caz*]i nokasa-
nm, wo koeodiuieHT Ca?* — 4yTAMBOCTI CKOPOYYBasibHUX BiflKiB, AKWI BU3HAYAETLCA AK BiAHOLLEHHS NPUPO-
CTY CUX 0 3MiH [Caz*]i, 3HAYHO 36iNbLUYETLCS Nic/A ONPOMiHeHHs. CTuMynsuis iHTakTHUX SM aopTy PDB
(1075 monb/n) BUKNMKANa CTillke MPOrPECcyoYe TOHIYHE CKOPOYEHHS, B TOW Yac sk MPUPICT B [Ca2*]i 6yB
KOPOTKOYaCHUM. HaBnaku, B ONpPOMIHEHUX TKaHWHAX amMnniTyda iHnaykoBaHoro PDB ckopoyeHHsi Byna
HaBIiTb BULLE, HIXX B iIHTAKTHMX. Y LIbOMY pasi He 6yJ10 HiSIKoro niaBULLEHHS B [Caz*]i. Lli oaHi nigTBEPAXKYIOTH
rinoTesy npo Te, Wo Micas ONPOMiHeHHS 36ibLIYETLCS Yy TAMBICTL MiodinameHTiB SM cyamH oo Ca?t, i uew
edexT obymoBneHuii aktueadieto PKC.

MoxHa BBaxaru, WO Y-ONPOMIHEHHS NPU3BOAUTL 0 YTBOPEHHS PeakTUBHUX GOPM KUCHIO N akTuBaLii
PKC. Ue npn3BoanTb 40 36iNbLUEHHS KanbLIEBOT YyTANBOCTI MiOdiNaMeHTIB | 3HUXXEHHS ekcnpecii Ta pyH-
Kuji BK_,. Yce ue pasom ysaTe snarHe NpussecTu 40 rinepckopoTIMBOCTI KNiTvH SM CyauH i BUKvKaTm
PO3BUTOK Bazocnaamy Ta 36inblieHHs AT.

Knro4osi c/ioBa: ckOpOT/MBICTb r1aaeHbknx M’a3is, PHK-iHTepgepeHuis, BK ., kaHam, onpoMiHeHHs,
KasibLjieBa YyTMNBICTb, CKOPOYYBasibHI BisIkU, rinepTeH3is

A. U. ConoBbeB

Hapywenue ¢pyHkummn Ca2*-3aBUCMMbIX KanneBbiX KaHanos 60/bLLOA

NMPOBOAMMOCTU U BbiCOKass aKTUBHOCTb MPOTENHKUHA3bI C - rnaBHble NMPUYUHDbI

pa3BMTUSA TMNEpPCOKPaTUMOCTU COCYA 0B, Bbi3BaHHOI BO34ENCTBMEM paguauumn

BrnonHe BEpOSATHO, YTO HapYLLEHME MPOBOAMMOCTU KaNbLMN-aKTUBMPYEMbIX KaJIMeBbIX KaHanoB 60b-
woi nposoaumMoct (BK,) TECHO CBSI3aHO C Pa3BUTVEM COCYAMCTbIX HAPYLIEHUA 1 pa3BUTVEM apTe-
puanbHOW runepTeH3nn. B HacTosweM nccnefoBaHm Mbl CPaBHWUM Pe3ysibTaThbl MYLLEeHNS C MOMOLLbIO
TexHvku PHK-nHTepdepeHumn reHa, koampyowero akcnpeccuto BK, y KpbIC, C COCYANCTbIMU HapyLle-
HUAMW, BbI3BAHHBIMU BO3LOENCTBMEM WOHU3UPYOLWEN paanauun B go3e 6 [peii. B akcnepumeHTax
ncnonb3zoBann Metonbl RT-PCR u patch-clamp, pernctpauuvio CokpatuUTeNIbHOM akTUBHOCTU TMaaKMX
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MbiLL, (SM) € NCNONb30BaHNEM UHTAKTHbBIX Y XMMUNYECKN CKUHUPOBaHHbIX a0pTasbHbIX KONEL, C OfHOBpe-
MEHHBIM M3MEPEHUEM BHYTPUKNETOYHOW KOHUeHTpaumy Kanbuys [Ca?'], namepeHve apTepuansHOro
nasnenus (A) Ha 30-1 neHb nocne o6nyd4enus. Mpopunb akcnpeccun TpaHckpuntos MPHK BK, B SM
Obl1 3HAYNTENBHO CHUXEH Y Kpbic, nonydaBwmnx SiRNAs 1 06ny4eHHbIX XUBOTHbIX. Hanpotns, ypOBHM
MPHK K, 11 K, Gblnnt 3HaYMTENbHO yBEIMYEHbI, a TpaHcKpunTel MPHK kasbumesbix kaHanos L-Tvna npo-
[EMOHCTPMPOBaNy TEHAEHLMIO AaxXe K yBenuyeHuto. Knetku SM, nonyyeHHble 0T 06J1y4eHHbIX XXMBOTHbIX
1 nocne rmywenusa reHa KCNMAT1, nokasanu 3HaunTenbHoe yMeHbLleHne obLLeit aMnanuTyabl NJ0THOCTU
BbIxoAsLLero Toka K*. Mpw aericteumn nakcunamHa (6nokaropa BK,) 4yBCTBATE/bHBIE K HEMY KOMIMOHEHTHI
BbIXOASLLEro Toka 3Ha4YMTEbHO YMEHbLUANNCh Kak npu 06ny4eHnmn, Tak 1 npu nogasneHnn reHa KCNMAT.
MmyweHne reHa KCNMA1 yBennunno 4yBCTBUTENBHOCTb SM K HOPanNnHebpUHY, B TO BPEMS Kak aMMinTy-
[a aueTUNXonvH-nHAyumMpoBaHHoro paccnabneHns SM ymenblwmnace. MmyweHne KCNMA1 He okasasno
CYLLLECTBEHHOr0 BNUSIHMS Ha ypoBeHb All, B TO BpeMSs Kak paauaums Bbi3biBana YyCTONYUBYIO apTepuasib-
HylO runepTeHsmnio. CneaosaresnbHo, N3nydeHne M3MEHsIET SKCNpeccuio 1 dyHkumio kaHana BK,, n atot
TN KaHanonaTnm MoXeT CNocob6CTBOBaTb BO3HNUKHOBEHWNIO COCYAUCTbIX aHoOManuii. Tem He MeHee, Mano-
BEPOATHO, 4TO BK, KaHanonartms MOXeT AeiCTBOBaTb Kak eAvHCTBEHHbIN 1 pellatomii hpakTop passu-
TWS NOCTPaANaLMOHHOM apTeprasibHOM MNepTEH3NN.

O6ny4yeHue caosurano kpuesle pCa-HanpsikeHne B SM Ha 9-i1 1 30-i aHM nocne 06y4eHns BNeBO, HTO
CBUAETENLCTBYET O MoBbileHun Ca? -4yBCTBUTENIbLHOCT MMODUNAMEHTOB. MHIMOUTOPLI MPOTENHKNHASDI
C (PKC), xenepuTpuH 1 CTaypOoCNopVH He BN Ha KprBble pCa-HanpsiXeHne B KOHTPOJSIbHbIX CKUHMPO-
BaHHbIX SM, HO 3HAYMUTENIbHO CABUHYNM KpUBble BNpaBo Ha 9-i n 30-i gHM nocne obnyyeHus. Gopbon
onbytupar (PDB, 10~7 Monb/n), MOLLHbIN akTBaTop PKC, caBrHyn oTHoweHne pCa-HanpsixeHne BieBo B
3[,0pPOBbIX TKAHSAX U HE 0Ka3blBas BANSHMS HA 061ly4eHHble COCYAMCTbIE Konbla. OQHOBPEMEHHbIE N3Me-
PeHUst CoKpaTuUTensHOM cunbl 1 [Ca?'], nokasanu, 4To KoadduUMeHT Ca*-4yBCTBUTENLHOCTY COKpaTU-
TenbHbIX BENKOB, OnpeAensiemslil kak OTHOLIEHWE NPUPOCTa CUibl K 3MeHeHuam [Ca?'], sHaunTensHo
yBenuymMBaeTcs nocne obnyyeHus. Ctumynaums nHTaktHeix SM aoptel PDB (1076 monb/n) Bbi3biBana
YCTON4MBOE NMPOrpeccupyloLiee TOHNYECKOe CoKpallieHe, B TO Bpems kak npupatleHvie B [Ca?'], Gbino
TpaH3UTOpPHbLIM. HanpoTtne, B 061y4eHHbIX TKaHAX aMnanTyaa nHayLmposaHHoro PDB cokpatueHus 6bina
Jlaxe BhILLE, YeM B UHTAKTHbIX TKaHsX. Mpu 3TOM He 6bINo HYkakoro nosbileHus [Ca®]. 9T1 aaHHble noa-
TBEPXJAIOT rMNoTedy 0 TOM, Y4TO Nocne 0bny4yeHus YBENNYMBAETCS YYyBCTBUTENIbHOCTb MUODUIAMEHTOB
SM cocynos k Ca?*, n a1oT acdpdekT obycnosneH aktmsauven PKC.

MoxHo nonaratb, 4TO Y-06/1y4eHe NPMBOAUT K 0Opa3oBaHMIO peakTUBHbIX GOPM KMCIOPOAa U akTu-
Bauun PKC. 310 NnpnBoamT K yBENMYEHNIO KasibLIMEBOM YYBCTBUTESIBHOCTN MUOPUNAMEHTOB U CHUXEHUIO
akcnpeccun n dyHkummn BK . Bce 810 BMecTe B3ATOe CroCOGHO MPMBECTU K r’MMNEepCOKPaTMMOCTH KIIETOK
SM cocynoB 1 Bbi3BaTh pa3BuTie Ba3ocnasma u ysenmderHme AL,

KrntoueBbie crioBa: cokpatuMocCTb rnaakmux moiwil, PHK-nHTepgpepeHuyus, BKCa-KaHaﬂbl, 0b6s1y4eHve,
KasbumeBasl YyBCTBUTE/IbHOCTb, COKPaTUTEsIbHbIE OEsIKU, rnepTeH3usl
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CrorozHi OCHOBHOIO TPO0OJIEMOIO B JiKy-
BaHHI iH(QeKmiHMX B3axXBOPIOBAaHL €
Pe3uCTeHTHICTh 30yAHUKIB 0 aHTHOAKTe-
pianpHUX 3aco6iB. IIposABOM pPE3UCTEHT-
HOCTi € YTBOpPeHHs MiKpoopraHiamamMu
6iOMIiBOK — MPUKPIMJIEHUX OO TOBEPXHi
Ta OTOUYEHUX OiOMOJIIMEPHUM MAaTPUKCOM
MiKpOOHUX yrpymOBaHb, 3AAaTHUX (POPMY-
BaTHCh Ha OioTMYHUX (CAM30BiI 000JIOHKH,
TKAHWHU) Ta abioTWYHUX (MeZUYHI TPU-
crpoi, Karerepuw, iMIJIaHTH, NIPOTE3N)
IIOBEPXHAX Ta CIPUYMHATH TaK 3BaHi
IeBalic-acoIlilfioBaHi 3axBOpIOBaHHA. P03-
BUTOK OiOMJIiBKOBUX CIILJILHOT € OJHI€IO 3
OCHOBHUX CTpaTeriii BUKMBaHHA MiKpoO-
OpraHiaMiB AK y HaBKOJUIIHBOMY Cepe[-
OBWUIIi, TaK i B opraHismi JooguHu. ¥YTBO-
peHHs O0iomIiBOK 0OakTepiaMu CTBOPIOE
BeJIUKiI TPYAHOIII B MeIUUHIA HpaKTuUIli,
OCKiJIBKM IIe 3HAUHO HiBUIIYE CTilKiCThb
MiKpooprauismiB 1o aHTHOAKTEepiaJbHUX i
mesindikyrounx 3acobiB, a TakoxK (haKTO-
piB imyHHOI cucremu opraHismy, 36ib-
IIYIOTHCA BUTPATU HA JIIKYBAaHHA IAIi€H-
Ta, a TAKOK JIeTAJbHICTh Bim iH(eKIiii-
HuUX yckjaamHeHb [1, 2]. Haremep y Kuii-
HiYHY IPaKTUKY He BIPOBAIKEHO JKOMHO-
ro aHTUMiKPOOGHOTO mpemapary, SAKUil ou
B HETOKCUYHHUX [IJA IHaIlieHTa [g03ax
BILIUBAaB Ha GiOIIiBKOBI (hopMu MiKpoop-
raumismiB. KiaitTunu B ckJazi OiomimiBKu B
1000 pasiB Giapin crifiki mo mii anTumbGio-
TUKIB, HI)K INJAHKTOHHI MiKpoopraHiamu
[2]. BrigHO 3 maHuUMU JiTepaTypu, aHTHU-
MiKpOOHi mpemapaTu He TiJIBKU HE IPOAB-
JSI0Th aHTUOIOIIiBKOBOI Ail, ayie ¥ 3maTHi
crumyatoBaTu il yrBopenHsa. Tak, reHTami-
IUH He aKTUBHUM BiTHOCHO c()OPMOBAHUX
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30JI0TUCTUM cTadiloKOKOM 0ioILTiBOK,
IIPOTe CTUMYJIIOE IXHE yTBOpPeHHH [3].

OpuuM 3 MIIAXiB BUpiNIeHHA IpobyieMu
aHTHOIOTMKOPE3UCTEHTHOCTI € TOMIYyK
CIOJIYK 3 BUPA3HOI0 aHTMOAKTepiaJbHOIO
ni€ro, y TomMy ywucii i aHTUGiOIIiBKOBOIO
aKTHUBHICTIO, Ta CTBOPeHHs Ha IXHill ocHO-
Bi HOBUX e(DeKTUBHUX i 6e3MeUYHUX JiKap-
CBbKUX 3aco00iB.

Hammmvu mnomepenuiMm  mocutimgsKeHH-
MU BUSABJIEHO BUPAa3HY aHTUOAKTepiaJbHY
Ta aHTU(PYHTATbHY aKTUBHICTh Yy afjaMaH-
TauBMicHOI cmonyku 4-(1-agamamTni)-(1-
aminobyruia)oensony (mupp — AM-166),
o mil AKOI UyTJAMBI AK MJIAHKTOHHIi, Tak
i GiomsmiBkOBiI MikpooprauizamMu. AHTHUMI-
KpobHa akTuBHiCTH cnonyku AM-166 Bin-
HOCHO IJIAHKTOHHUWX MiKpoopraHisamis
00yMoOBJIeHa MeMOPAaHOTPOIHUMU BJIACTU-
BOCTAMHU: 3MiHAMU YJIBTPACTPYKTYPU KJIi-
TuH OaKTepii Ta rpubiB, B3aEMoOmi€l0 3
6inkom, docdominizamu i [THK gk xom-
MOHEHTaAMHu MeMOpaHW, MTiJBUINTEHHAM
MIPOHUKJMBOCTI eHIOTeHHUX pPEeUYOBUH
Kpisdhr IUTOmJIA3MATUUYHY MeMOpaHy
mikpooprauismi. AM-166 cupuse migBu-
IIeHHI0 BMicTy B B0BHIimHIN MemOpani
baxTepili Jimomosricaxapuzis 3i sMimeHuM
MOHOCAXapUIHUM Ta JKUPHOKUCJIOTHUM
CKJIQZIOM i CTUMYJIIOE YTBOPEHHS eprocTe-
puHY B rpubiB [4-T].

Mema 0ocaidxiennHs — BCTAHOBUTU
akTuBHicTeE AM-166 BimHOCHO 06ioILIiBOK
Staphylococcus aureus 222 mopiBHAHO 3
aHTUMiIKPOOHUMU 3aco0aMu.

Hane pociuimxeHHA € (parMeHTOM
IJIAHOBOI HAyKOBO-TOCJiZHOI poboTu
snabopartopii apmakosorii TpOoTUMiKpPOO6-
HUX B3acobiB Bigminy dapmakosorii VY
«IacTuryT dapmakrosorii Ta TOKCHKOJO-
rii HAMH Vkpaiuu» «JocaigxeHusa
BILJINBY aMiHOCHUPTIB 3 aJaMaHTUJIbHUM
ta N-aJKinapuibHUM paJuKaIoM Ha IIPO-

®apmakonoris ta nikapcska rokcukonoria, No 2 (58)/2018

79



IecHu TLIiBKOYTBOPEHHSA MOHOKYJIBTYD OaK-
Tepiii, rpmbiB Ta MIKpOOHMX acoriarii»
(Ne mepexaBHOI peectpatrii 0115U0002442).

Marepiamu Tta meromu. [ocuimxenusa
MIPOBOAUJIA 3 BUKOPHUCTAHHAM KJiHiUHO-
ro mramy S. aureus 222, BUAiJIEHOTO Bif
XBOPOTO 3 THiIfHO-3allaJbHUM HPOIIECOM.
Kynaprypa BuUABWJIAa DPE3UCTEHTHICTH [0
nii okcanmuiainy, reHTaMiniuHy, pudamiri-
NUHY Ta OUIPOMIOKCAINHY, IOMipHY
YyTJAUBICTH A0 Ail epuUTpOMiNUHAY, UyTIU-
BicThL — 0 a3UTPOMIIIMHY, aMiKaIlluHy Ta
Kiaingaminuay. JocaigsKeHUN TecT-ITamMm
S. aureus 222 xapakTepusyBaBCcs BUPas-
HUMH aJTre3WBHUMU BJIACTHUBOCTAMU
(0,24 < OD) [12].

AHTUMIKDOOHY AaKTHBHICTH CHIOJIYKH
AM-166 Ta mnpemapaTiB TOPiBHAHHSA
nunpodJoKcanuay, TeHTaMilluHy, asu-
TpOMInUHY Ta pudaMIinuHy TOCTiIKyBa-
JI1 METOJIOM CePifilHMX PO3BeJeHb y PifKo-
my noskuBHOMY cepemgoBuili (IIC) Ne 8 ra
IUCKO-AU(MY3iiHUM METOZOM 3 BUKOPHC-
ranaaM IIC Ne 1. Ouinky aaTUMiKpo6GHOI
AKTHUBHOCTI 3[iMCHIOBAJN 3a IMMOKA3HUKOM
MIK Ta 3oHamMu 3aTPUMKH POCTY MiKpO-
oprauismiB [8—11]. AaresuBHi BiIacTuBoc-
Ti S. aureus 222 no abGioTmuHOI OBEpPXHi
mocaimkyBanu 3a Christensen [12]. B
eKCIIepUMEHTaX BUKOPHUCTAHO HiUHY
KYJBTYPY 30JOTHUCTOTO CTa(iIOKOKY, PO3-
Bemeny 1:100 mOKMBHHM CepeIOBUILIEM.
IlniBkoyTBOpPeHHA S. aureus 222 pocui-
IKyBaJIu B IuHaMini Bupoxosx 1, 3, 5 ta
7 rox 3a 37 °C. Tepmiu imky6arii ckiagas
(18-24) rox 3a 37 "C. ®ikcariro 0iomiis-
ku 3aiticaroBanu 96,0 % eramosiom (15 xB).
s BuABJIEHHA aAre3oBaHUX MiKpoopra-
HismiB y ayHKHU mwiaHmeriB Baocuau 0,1 %
PO3UMH TeHI[iaHBioJIeTy, BUTPUMYBAJIN
5 XB 1 mpoMuBAIM JYHKK TMIPOTOYHOIO
Bomoio. PesysbraTu peectpyBasiud 3a IOB-
KuUHM xBuai 630 HM 3a [JOOOMOIOIO
«Absorbance Microplate Reader E1x800».

31aTHICTL aJaMaHTAHBMICHOI CIIOTYKU
BILIUBATH Ha ILJIiBKOYTBOPEHHSA Ta cOp-
MoBaHiI OiomJiBKM mocaim:KyBanum Ha
MOJIICTUPOJIOBUX IIJIAHINIETaX [IJIs iMyHO-
depmenTHoro amaiaisy [13, 14]. Haa
BUBUEHHS BILIMBY CHOJYKHU Ta Mpemnaparis
NOPiBHAHHA Ha IJIIBKOYTBOPEHHSA CIOJIY-
Ky Ta mpemnapaTd HNOPiBHSHHSA BHOCUJIU B
imkyOamiiine cepemoBUINle OJHOYACHO,
IJA OIiHKM BIJINBY Ha chopmoBaHi 6io-
mIiBKu — Ha 1-y Ta 2-y m00y 3aeKHO Bif

YMOB eKCIepUMeHTy. ¥ MJOCHiJKeHHi
BUKOPUCTAHO 1-I000BYy KYJBTYPY TECT-
IITamMy 30JOTHCTOT0 CTAa(iJIOKOKY, BHUPO-
meny Ha pigkomy IIC Ne 8. Ilia mpurory-
BaHHA iHOKYJATY KyJabTypy B IIC posBo-
quau B 100 pasis (1:100). Tepmin inky6a-
mii Mikpo6HOoi KyabTypu 3 AM-166 a6o
Impemnaparamu IIOPiBHAHHSA CKJanaB 24 rof
(87 °C). Ilicia 3akiHUeHHS TepPMiHy iHKY-
barii BMicT IIaHIIETIB BUAAIAIN, JIYHKUA
TPUYi TPOMUBAIN AUCTUIBOBAHOI BOJIOIO,
Buocuau 0,1 % posumH reHiiaHsiosery
ta BurpumyBasu 10-15 xB. [na BudAs-
JeHHs c(popMoOBaHOI OiomIiBKM OapBHUK
excrparyBaysu eranoiroM (15 xB). Buwmi-
PIOBaAHHSA ONTUYHOI IMIJIBHOCTI TPOBOAUIN
Ha <«Adsorbance Microplate Reader
ELxx800» (BioTek, CIITA) 3a mOBXKUHU
xBwii 630 um. Kortposiem Gysm iHTaKTHL
KYJIBTYPY MiKpOOpTaHidMiB, BUPOIIEHi 3a
TUX CAMHUX YMOB 0€3 JOoIaBaHHS PO3UMHIB
cIoJyKu abo mpemaparis.

ExcnepumeHTHN 11040 371aTHOCTI MiKpoO-
opraHiadMiB [0 IJIiBKOYTBOPEHHS HA 3aCO-
6ax MeIUYHOTO 3aCTOCYBAaHHSA 3/iICHIOBA-
JI Ha YPOTeHiTaJbHUX KaTeTepax 3 MOJi-
BiHiXJOpUHOTO MaTepiany BUPOOHU-
unrea TOB «JIlomomora-1» (poamip 16).
3natuicte AM-166 z3amobiraTu IMJIiBKOyT-
BOPEHHIO BUBYAJU 34 YMOBU OZHOUYACHOTO
BHECEHHA B IIPOCBIT KaTeTepa MiKpoopra-
HidMiB Ta cmosiyku abo ImpemapartiB, Tep-
Min iHKyOamii ckaamas 24 rox (37 °C).
I BcTaHOBJIEHHSA BILIUBY Ha copmoBa-
Hi OiommiBku AM-166 abo mnpemapaTtu
BHOCUJIM uyeped 24 rop micas iHOKyasiil
KarerepiB. IHTeHCHBHiCTHL MJIiBKOYTBO-
DEHHA OI[iHIOBAJIU MOPiBHAHO 3 KOHTPO-
JleM 3a CTaHAAapPTHOI METOIUKOIO 3 BUKO-
pucranuam reHniaasionery [13]. Konuen-
Tpanii cmonykm AM-166 i npemaparis
nopiBusaHuA cranoBuau 5,0 MIK.

Hnsa cratucTuuHOl 06pOOKYM OTPUMAHUX
IaHUX 1 BUABJEHHA BiAMiHHOCTeNI MixK
JIieI0 CIIOJIYKU Ta IIpellapaTiB MOPiBHAHHSA
Oysu Buropucraui xpurepii Kpackeia-
Yonaeca ta Hriomena-Keiinca. Cratuctuy-
HY OOpOOKY IIPOBOAUIU 3a [JOIOMOTOIO
KoMmm’oTepHoi mporpamu «Statistica»
(StatSoft. Inc., USA) [15, 16]. Hami
IOCHisKeHb mpexacTaByeHi ak M = m, ge
M — cepenmHe 3HAUeHHs, M — CTaHJapTHA
TIOMUJIKA CePeIHbOTO.

Pesyabrat Ta ix o6roBopenHs. Jlocii-
JUKeHHAM aHTUMiKpoOHOI fii cmonykm
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AM-166 i mpenapaTiB IOPiBHAHHSA BiTHOCHO
KJIiHiuHOTO mITamy S. aureus 222 BCTaHOB-
Jneno, mo MIK AM-166 cknagae — 2,5 MKr/
M, unpodiokcanuay — 16 MKr/mi, asu-
Tpominuay — 0,12 MKr/MJ, TeHTaMIiITUHY —
32 mir/mi, pudpammoinuay — 0,5 MKr/mi.

Pesynabratyn mocisimiKeHb OO BILJIUBY
cmoayku AM-166 ma azgresioo KJiiTuH
30JIOTHUCTOTO cTadiJiOKOKa HaBeJeHO Ha
pucyHky 1.

Orpumani pgami (puc. 1) cBiguats, 110
coonyka AM-166 y xounenTparnii 5,0 MIK
nopyurye aaresiro Kiaitus S. aureus 222 no
abioTuunol moBepxHi (iHribiris BOpPomoOBIK
1 rox BrmumBy ckjiamae 19,6 %). Hocui-
IKeHHSA TUHAMIKU anresii 6axTepiit BIpo-
JIOBXK TIePIIUX 7 ToJ MiATBEPIKYIOTh 31aT-
HICTHL aJaMaHTAaHBMICHOI CIIOJIYKU IIOPY-
IIyBaTU NPUKPINJIEeHHA [0 abioTuuyHOI
TIOBEPXHi, CTymiHb iHriOyBaHHA B MeyKax
7,4—-27,3 % 3sane:xHO Bix TepMmMiHy iHKyOa-
mii. IIpemapar nopiBHAHHA a3UTPOMIIIUH Y
KoureHrparii 5,0 MIK He mopymrye afare-
3ir0 3osoTmcToro cradiyiokoxka mo adioTmu-
HOI IIOBEpPXHi 3a yMOBU OOPOOKM KJIiTHH
mpotarom 1-7 rox Ta BiporigHo mocTtyma-
€ThbCA MOXiTHOMY aZaMaHTaHYy.

HacrymauMm eTamom mociimsKeHHS CIIO-
JYKHU 3 afaMaHTUJIBHAM PagUuKaIoM OyJIO
BCTAHOBJIEHHS i1 3JaTHOCTI IToIepeIKyBa-
T1 (popMyBaHHs OiOIIiBOK Ta pyiHyBaTu
copmoBani 1- Ta 2-mo6oBi GiomriBKuM Ha
moBepxHi moaictuposy. [IocaigsxeHHA
BILIUBY aJaMaHTAHBMICHOI CIIOJIYKH Ta
mpenapariB MOPiBHAHHSA 3IifiCHIOBAIN B
KOHIleHTpaIiax, aAKi sigmosigamu 0,5
MIK i 5,0 MIK. PesysnbTaTyi eKcliepuMeH-
TiB HaBeIEeHO Ha PUCYHKY 2.

3rigHo 3 faHMMU pUCYHKa 2A, agamMaH-
TAHBMiCHA CHOJIyKa IOpyIrye (popMyBaH-
Hs 0iOIJIiBKU 30JIOTUCTUM CTa(iJIOKOKOM:
3a Koumenrpamii 5,0 MIK — ua 88,9 %,
0,5 MIK — ma 54,1 %. ¥V pasi ominkmu
BILIMBY IIpeIlapaTiB MOPiBHAHHSA BCTAHOB-
JeHo, 1o B KoHIieHTpalii 5,0 MIK 6io-
IJIiBKAa OPaKTUYHO He (hopmyeThbesa 3a il
a3UTPOMINMHY, IHUIPOMIOKCAIIMHY Ta
reHraMminuuy (cTymiHb iHrioyBanua 93,2—
97,6 %). BaxxguBuM € Te, 1[0 IIperapaTu
MOPYIIYIOTh ILIIBKOYTBOPEHHS B CyOiHTi-
oyrouiii KoumenTtparii 0,5 MIK, mpurui-
YeHHSA ILJIIBKOYTBOPEHHS 3aJie;KHO Bif
mpemaparty cTaHoBuUTh 29,8-47,5 % . Excme-
PUMEHTH IIOKa3ajid, II0 HAWMEHIN edek-
TUBHUM BiJHOCHO TECT-IIITAMY 30JIOTHUCTO-
ro cragimororka € pudamminue, y pasi
5,0 MIK mpuruiuenns cranoButsb 68,9 %.
SHMKEHHA KOHIeHTpAIlil mpemapary 1o
0,5 MIK cynpoBOIKYETBCSA CTUMYJIAIIEIO
maiBkoyTtBoperHa (ma 70,0 % OGigbiae
IIOPiBHAHO 3 KOHTpPOJEeM). AHai3 oTpu-
MaHUX JaHUX I[O0KasaB, IO CIOJyKa
AM-166 y xounenrparii 5,0 MIK Biporiz-
HO mepeBaskae pudamminus (P < 0,05) ta
He TMOCTYMAEThCA IHIIMM IIpermaparam
nopieaauaa (P > 0,05).

PesysbraTu JOCIIisKeHb 1100 BUBUEH-
HA 3paTHOCTI AM-166 i mpenapartiB mopis-
HAHHA BIIUBaTU Ha copmoBani 1-mo6osi
6iomniBku S. aureus 222 (puc. 2B) cBiz-
yaTh, II0 aJaMaHTAHBMICHA CIOJIYKa B
koumenTparii 5,0 MIK pyiitaye chopmosa-
Hy 1-mo6oBy 6iomiiBKY, cTymiHb iHTiOy-
BaHHA cKjagae 68,8 % . Cmoayka B KOH-
nerrpanii 0,5 MIK iuri6yrouoi nii =e
CIIpaBJIAE.
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Puc. 1. Adzesueni enacmueocmi S. aureus 222 nid enauom cnonryku AM-166

ITpumimka. ABT — asumpomiyun, *6i0MiHHOCMI 8ip02iOHi NOPIBHAHO 3 A3UMPOMIUUHOM Y 6i0N0BIOHUIL MepMiH

inkybayii (P < 0,05).

o &1 ron
83 ron
@5 ron
m7 ron

®apmakonoris ta nikapcska rokcukonoria, No 2 (58)/2018

81



150 *
100 o - ,:; o
4u ## 4
50
A u A -h
0
AM-166  TIHTT A3T TEH
A

##

AM-166

LIl

120 %
100
80
60
40
20

B

KoHyenmpayieio puganniyuny (P < 0,05).
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Puc. 2. ITniexoymeopenns (A) ma wymausicme cgpopmosanux 1-0o6oeoi (B ) i 2-0obosoi (B)
oionnisox S. aureus 222 3a enausy cnoayku AM-166 (% ymeoperoi bionniéKu 6i0HOCHO KOHLMPOJLIO)
IIpumimka. [THIT — yunpogroxcayun, ABT — asumpomiyun, 'EH — zenmamiyun, PU® — pupamniyun, *8i0-
MIHHOCMI 8ip02ziOHi nopiénsaHo 3 8i0no8i0HoI0 KoHyeHmpauiclo yunpo@prokcayuny (P < 0,05), **gidminnocmi
6ip02iOHi NopieHAHO 3 8i0N06iIOHOI KoHyenmpayicto asumpomiyuny (P < 0,05), #eidminnocmi 8ipoziOni nopiemns -
HO 3 6i0n06idHoI0 KoHyenmpayieio zenmamiyuny (P < 0,05), ##giominnocmi 6ipozidni nopiéHsano 3 8i0nosidHow0

Cepen mpenapaTiB HOPiBHAHHA Halak-
TUBHIIIIUMY BUABUJIUCA ITUITPO(GIOKCATITNH
i asuTpoMimuH, M AKUX XapaKTepHUI
mozosaseskHuili BmamB: y pasi 5,0 MIK
igri6imia ckmamana 72,2 i 50,2 %, 0,5
MIK - 27,3 1 16,1 % sigmoBiguo. Iuri6y-
YNl epeKT reHTaMinuHy B CyO6iHTiOyIO-
uifi Koumenrpanii ckiaas 27,1 %, y pasi
5,0 MIK imribyrooua pmig 3MeHIIHJACh OO
18,7 % . 3HaYHO BUIIOIO IIOPiBHSIHO 3 I'€H-
TaMIIIUHOM € aKTUBHICTb pudamminuny,
3a koumenrpaiii 5,0 MIK mecrpyxiis 6io-
mIiBKM ckJjana 67,8 %.

OrpumaHi pe3yJabTaTH MIOAO BILIUBY
AM-166 i npemapaTiB IOpiBHAHHA Ha
copmoBani 2-m060Bi GiomwriBku S. aureus
222 (puc. 2B) BuaBmiu meari BizmiHHOCTI
mopiBuAHO 3 1-mo6oBoiO OGiomaiBKOIO.
2-moboBa OiomaiBKa € OiabII CTifiKOIO IO
mii cmonyku, 3a 5,0 MIK mecrpykiisa 6io-
ILIiBKY 3MeHIyeTbcsa Ha 39,5 % i ckia-

nae 29,3 % . Pasom 3 Tum, ciain BigmiTuTn
aKTUBHICTh CIOJYKH B CyO6iHTiOyiouiit
koumenrparnii (41,8 %). 3a anTubiomIiB-
KoBoio pmieiro AM-166 mepeBaxae TaKy
MUITPOMIIOKCAINHY, Aa3UTPOMIIMHY Ta
reHTaMinuHy, sKa ckJjazae B pasi 5,0
MIK — 22,0 %, 21,3 % Ta 13,1 %, 0,5
MIK - 7,0 %, 6,2 % Ta 33,1 % Bigmosia-
vHo (P < 0,05). BigaocHo 2-mo6oBoi 6io-
miriBku cmoinyka AM-166 mermo mocryia-
eTrbca pudamMminuay, asHTubiomaiBkosa
akTuBHicTH sKoro 3a 5,0 MIK cranoBuTh
59,6 %, 0,5 MIK - 61,8 %.

BaskauBUM eTamoM [IOCJiI:KeHb OyJio
BUBYEHHs 3maTHocTi cmoayku AM-166
monepemKyBaTu (QOpPMyBaHHS O6iOIIiBOK
Ha MOJiypeTaHOBUX KaTeTepax.

OrpumMani maHi I[0J0 BIJIMBY aJaMaH-
TAHBMIiCHOI CIIOJIYKY Ha ILJIiBKOYTBOPEHHSA
Ta chopmoBaHi B Karerepax OioImIiBKU
S. aureus 222 HaBeleHO Ha PUCYHKY 3.
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yiew asumpomiyuny (P < 0,05).
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Puc. 3. IIniekoymeopenns (A) i wymausicmsv (B) cghopmosanux y kamemepi 6ionniox

S. aureus 222 nid eaugom cnoryku AM-166 (% ymeopenoi 6ionnieku 8i0HOCHO KOHMPOLIO)
Ipumimka. [THIT — yunpogrokcayun, A3T — asumpomiyun, *8idminHocmi 8ipoziOni nopieHAHO 3 810n06i0HO0I0
KoHyenmpauieio yunpogrokcayuny (P < 0,05), #*@idminnocmi 8ipoziOni nopiéusano 3 8i0nosi0Ho0 KOHUeHmpa -

ExcmepuMmeHTaMu BCTaHOBJIEHO (puc.
3A), 1m0 momepenHsa o0pobOKa moJiypera-
HOBUX KaTeTepiB PO3YUHOM CIOJYKH
AM-166 y xoumentpaiii 5,0 MIK mpu-
3BOMUTH 0 MPUTHIUEHHS MIiBKOYTBOPEH-
HA 30JoTucTOoro cradiJoKoka, CTYHiHb
inrioyBauusa cranosuth 63,0 % mopiBH:A-
HO 3 KOHTpOJIeM. AKTUBHICTH CHOJYKHU €
BiporigHo BHUIIOIO 3a TaKy 000X mpemnapa-
TiB MOPiBHAHHSA — IUOPOMIOKCAIIUHY Ta
asurpominuuy (imri6imia 26,3 i 25,9 %
BigmoBigHO).

Orpumani faHi 1100 BIJIMBY CIIOJYKHU
Ha cdopmoBaHi OiomIiBKM HaBemeHO Ha
pucyaky 3B. PesyibraTu eKcrepuMeHTiB
mokasaJyu, o cmogyka AM-166 sgarua
pyiinyBaT cpOpMOBaHY B KaTeTepax
«Mmoyiony» 1-mo6oBy OiOmIiBKY, CTYMmiHb
iurioyBauusa — 75,7 % . ApamanTaHBMic-
Ha CIIOJIyKa BiporigZHo mepeBaskajia 3a
aKTUBHICTIO IIpemapaTy MOPiBHAHHS:
aKTHUBHiCTH asuTpomimumuy — 49,5 %,
munpodokcanuay — 35,6% ImopiBHAHO 3
KOHTPOJIEM.

TakuM YMHOM, TPOBEIEHi MOCJIiIKeH-
HA [TOBEJU, IO CIOJYKA 3 aJaMaHTUJ/Ib-
HUM paguKaJioM OiJbIll BUPA3HO BILJIUBAE
Ha PaHHi eTanmy ILIIBKOYTBOPEHHHA, MOPY-
IIye ajaresiroo 30JI0THCTOTO cradiJioKoKa
o abioTwuyHOI MOBEPXHi, X0Ua B KaTeTep-
Hill MoJeJIi TToXigHe afaMaHTaHy BUSBJISIE

~

TaKOXK iHTiOyiouy mifo 1momo cdopmoBa-
HUX OiOIIiBOK.

BucHoBku

1. AgamanTaaBmicHa cnoayka AM-166
OPOABJISE AHTHUAATE3WBHI BJIACTUBOCTI
BigHOCHO S. aureus 222 Ta 3a CBOEIO
Iie0o TepeBaskae TaKy Ipenapary
TIOPiBHAHHSA a3UTPOMIINUHY.

2. AM-166 BusBJis€ IPUTHIUYIOUNN BILIUB
HAa IJIIBKOYTBOPEHHS  30JIOTHUCTOTO
cradpimokora (imriGimia 54,1-88,9 %
3aJIe’KHO BiA KoHIleHTparllii). BcraHoB-
JIeHo, 110 1-moGoBa GiomriBKa BusBHUJIA-
cA OLIBIT YyTJIMBOIO 3a il B KOHIIEHTpAa-
mii 5,0 MIK (68,8 %), 2-mo6oBa —
0,5 MIK (41,8 %). Bcramosyeno, II0
aHTuOIOIIIBKOBA [MiA JOCIimsKyBaHol
CIIOJIYKU He IOCTYIaeThbCcAd abo mepeBa-
JKae TaKy IIperapaTriB IOPiBHAHHA.

3. B ekcnepuMeHTax BCTAHOBJIEHO, II[O

cmonyka AM-166 mposBiisge BUPaSHUHA

MIPUTHIYYIOYUI BIJIUB BifHOCHO Oiorwi-

BOK S. aureus 222, chopMoBaHUX Ha

kKarerepax (63,01 75,7 %), 1o Biporiza-

HO IIepeBa’Kka€ TaKWI IperapariB 1mo-

PiBHAHHA.

Y nmomanpmimnx IOTJINOJEHMX JOCJIi-

IKeHHSIX HeoOXiJTHO BCTAHOBUTH MeXa-

HisM aHTHOIOMIIBKOBOI AKTHUBHOCTI

cnonryku AM-166.
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A. O. liaposa, H. I. Ipunyyk, 4. M. AyaikoBa, B. B. HepawikiBcbka,

3. C. CyBopoBa, H. O. BpuH4yaHy

AHTMOaKTepianbHa akTUBHICTb 4-(1-agamaHTun)-(1-amiHoGyTUN)GeH30NY
BiAHOCHO GionniBok S. aureus

YTBOpEHHSs GionniBoK 6akTepisiMy CTBOPIOE BENNKI TPYAHOLL B MeAWYHI NpakTuL, OCKiNIbKM Le 3Ha4YHO
NiABULLYE CTiliKiCTb MiKpOOpraHiamiB Ao aHTMbakTepianbHUX i AediHdikyo4mx 3acobiB, 36iMbLUYE BUTPATU
Ha NiKyBaHHSA nawieHTa, 3p0oCTae IETaNbHICTb Bif, iHOEKUINHMX yCKnagHeHb. TOMY NePCrNeKTUBHUM € MOLLYK
CNoJyK, 30aTHUX BNANBATK Ha BionniBky, Ha Pi3Hi eTanu ii GopMyBaHHS.

MeTta aocnigxeHHsT — BCTAHOBUTU aKTUBHICTb MoxigHOro agamaHtaHy AM-166 BigHOCHO GionniBok
Staphylococcus aureus 222 nopiBHSHO 3 aHTUBaKTepianbHUMN Npenaparamu.

YyTnmeicTb KNiHiYHOro wtamy S. aureus o gji cnonyku AM-166 i npenapartiB NOpiBHAHHS uunpodnokca-
LMHY, a3UTPOMILMHY, reHTaMiunHy Ta pudamnilmHy BU3Ha4aIm MeETOA0M CEPINHUX MIKPOPO3BEeAEHb i ANC-
KO-andy3iliHUM MEeTOLOM 1 OLiHIOBaNIM 32 MOKA3HUKOM MiHiMasnbHOI iHridyto4oi koHueHTpauii (MIK) i 3oHamu
3aTPUMKKM POCTY MIKPOOpPraHi3miB. 30aTHICTb aiaMaHTaHBMICHOI CNOJyKKX Ta npenapariB NopiBHAHHSA NOpy-
LLYBATU MNJ1IBKOYTBOPEHHS Ta BIIMBATU Ha CHOPMOBaHi 30JI0TUCTVM CTadiNIOKOKOM BioMniBKM AOCHIAXYyBaNM
MEeTOA0M CopOLi reHujaHBIoNeTy Ha ii CTPYKTYpax 3 NogasbLUo AecOopOLLIElo B ETUIOBUIA CIINPT.

MpoBeneHi [ocnigxXeHHs BUSIBUAW B NOXiAHOro agaMaHTaHy AM-166 Bupa3Hy aHTUbioNNiBKOBY akTMB-
HICTb | 3OaTHICTb BNAMBATM HA Pi3Hi eTann GopmMyBaHHA GionniBok. BcTaHOBNEHO, WO B KOHLEHTPaLi
5,0 MIK cnonyka BnavBae Ha AMHaMiKy NAiBKOYTBOPEHHS HA PaHHiX eTanax ii @opMyBaHHS, CTyNiHb iHriby-
BaHHSA B Mexax 7,4-27,3 %. Cnonyka AM-166 3gatHa nopyLuyBaTtu naiBKOYTBOPEHHS Ta pyiiHyBaTn cdop-
MoBaHi 6ionniekn. Y paai aii Ha cdopmoBaHy 1-g060BYy GionniBKY CroJlyka NPakTUYHO HEe MOCTYNaETbCH
aKTUBHOCTI uMnpodaokcaumnHy Ta pudamniuyHy 1 nepesaxae Aild a3uTPOMIUMHY Ta reHTamiuunHy. Bia-
HOCHO 2-0060BuXx 6iONNiBOK CNoJslyka BUSIBASIE Nepesarn nepen unnpodiokcaLHoM, a3UTPOMILMHOM i
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reHTamiumHoM. Crnonyka AM-166 3anobirae yTBopeHHo 6iomniiBoK 30/10TUCTOrO cTadifiokoka Ha noniype-
TaHOBUX KaTeTepax i BUABNSIE nepeBarn nepen umnpodnokcaumHoOM i a3UTPOMILMHOM.

OTxe, agamaHTaHBMIiCHa cnosiyka AM-166 moxe 6yTn nepcrnekTUBHOI ANl CTBOPEHHS Ha ii OCHOBI
nikapcbknx 3acobiB 3 aHTMOIONMIBKOBOIO aKTUBHICTIO.

Knrouosi croBa: noxigHe agamaHTaHy, aHTnbakTepiasibHa akTuBHICTb, Staphylococcus aureus, 6iorniBku

A. A. LllapoBa, H. U. Npunyyk, 4. M. QlyaukoBa, B. B. Hegawkosckasi,

3. C. CyBopoBa, H. A. BpbiH4aHy

AHTuGaKTepnanbHaa akTMBHOCTb 4-(1-agamanTtun)-(1-ammHo6yTun) 6eHsona
OTHOCUTEJIbHO GUoNIeHoK S. aureus

O6pasoBaHne BUOMNNEeHoK BakTepuaMn co3gaeT 6oMblune TPYOHOCTU B MEeOULIMHCKON MpakTuke, Tak
KaK Mpy 9TOM 3HAYUTENIbHO MOBLILLAETCS YCTOMYMBOCTL BakTepuii K aHTMbakTepuanbHbiM U Ae3UHOULM-
pyloLWMM CpeacTsaMm, yBENNYMBAIOTCA Pacxodbl Ha NeyYyeHwe nauueHTa, BO3pacTaeT JieTaNbHOCTb OT
NHMEKLMNOHHbIX OCIOXHEHWI. [10STOMY NEePCNEKTUBHBIM ABASETCS MONCK HOBbIX COEAMHEHNN, COCOOHbIX
BNMATbL HA BUONNEHKY, Ha pa3Hble aTarnbl ee GopPMUPOBaHUS.

Llens nccnenoBaHus — YCTaHOBUTb BIMSIHME MPOM3BOAHOrO agamaHtaHa AM-166 Ha GuonneHky
Staphylococcus aureus 222 no CpaBHEHWUIO C aHTUOaKTepuasbHbIMU NpenapaTamu.

YyBCTBMTENBHOCTb KJIMHNYECKOro WTaMma S. aureus K AeiicTeuio coeamHerms AM-166 1 npenapatos
CpaBHeHns uunpodnokcaLmHa, asuTPOMULMHA, reHTaMnumnHa, pudamMnuumuHa onpenensnn MeToaoMm
CEepUHbIX MUKPOpPa3BeaeHUn N AUCKO-ANPPY3NOHHBIM METOAOM, OLIEHMBAM MO NoKa3aTtensiM MUHU-
MasbHOM MHMMbUupyiowen KoHueHTpauun (MUK), a Takxke 30HaM 3a4epXKn pocTa MUKPOOPraHN3MOB.
Cnoco6HOCTb ajaMaHTaHCOAEPXALLLEro COeANHEHMS 1 NpenapaToB CPaBHEHUS HapyLlaTh NaeHkoobpa-
30BaHVe 1 BMATb Ha COOpPMUPOBaHHbIE BUOMJIEHKM UCCefoBany MeToaoM copbumn reHumaHsmnoneTa
Ha ee CTPYKTypax C gasbHenLlen aecopbumnein B 3TUAOBbLIA CANPT.

[MpoBeneHHble nccnenoBaHNs Nokasanu, YTo coeanHeHne AM-166 NposiBNSET BbIPaXEHHYI0 aHTbuonne-
HOYHYIO aKTUBHOCTb 1 CMIOCOBHOCTb BMSITb HA pasHble aTanbl GOpMUPOBaHUSE BMOMIEHKM. YCTaHOBNEHO, YTO
B KOHUeHTpaumm 5,0 MUK coeauHeHne HapyLlaeT aAMHaMK1Ky naeHKooOpa3oBaHus Ha paHHUX 3Tanax ee hop-
MUPOBaHUs, CTeNeHb MHrMbMpoBaHns B ananaldoHe 7,4-27,3 %. Mpu pgeiictBumM Ha cOOpMUMPOBaHHYyO 1-
CYTOYHYIO BMOMIEHKY COEAVHEHNE NPAKTUYECKN HE YCTYNaeT Mo akTMBHOCTU LumnpodokcaumnHy 1 pudamnm-
LMHY, MMEET NPENMYLLLECTBO Haf, a3UTPOMULIMHOM U FrEHTaMULIMHOM. B OTHOLLEHUN 2-CYTOYHbIX BUOMNIEHOK
coeViHeHne 6onee akTMBHO B CPABHEHUN C LIMNPOMIIOKCALUYHOM, a3UTPOMULIMHOM 1 reHTaMULVHOM. YcTa-
HoBMeHo, 4To AM-166 npenoTepallaeT 06pasoBaHNe BUOMIEHKN 30/I0TUCTLIM CTadUIOKOKKOM Ha nonnype-
TAHOBbIX KaTeTepax U MMeeT NPEeNMYLLECTBO MO CPABHEHMIO C LMMPOMIOKCALMHOM 1 @3UTPOMULMHOM.

Takum obpasom, agamaHTaHcogepxauee coeavHeHne AM-166 MOXeT ObiTb NMepcnekTUBHLIM AJIs
pa3paboTky Ha ero OCHOBE NeKapPCTBEHHbIX NPenapaToB aHTUMUKPOOHOIro AeCTBUS.

KnoueBsle crioBa: npon3BoaHOe agamaHTaHa, aHTnbakrepuasbHas akTuBHOCTb, Staphylococcus
aureus, OMOMIeHKN

A. O. Sharova, N. I. Hrynchuk, D. M. Dudikova, V. V. Nedashkivska,
Z. S. Suvorova, N. O. Vrynchanu
Antibacterial activity of 4-(adamantyl)-(1-aminobutyl) benzole against S. aureus biofilms

Biofilm formation is considered as a serious medical problem due to its resistance to antibacterials and
disinfectants, high treatment costs and the increase of the lethal complications rate. Therefore, there is a
constant demand for the new compounds possessing a distinct activity against mature biofilm on the dif-
ferent stages of its formation.

The aim of the study was to investigate the effect of compound AM-166 on S. aureus biofilms in com-
parison to antibacterial drugs.

Strain susceptibility to tested compound AM-166 and antibacterials (ciprofloxacin, azithromycin, gen-
tamicin, rifampicin) was performed using minimum inhibitory concentration (MIC) determination by broth
microdilution method and areas of growth retardation by disk diffusion method. Antibiofilm activity was
determined by the crystal violet assay.

Our studies have shown that compound AM-166 possessed a distinct antibiofilm activity on the different
stages of biofilm formation. The compound at 5,0 X MIC concentration reduced biofilm formation at an
early stage by 7,4-27.3 %. Treatment of S. aureus 24-h mature biofilm with compound resulted in supe-
rior or comparable antibiofim action compared with referent antimicrobials. Against 48-h mature biofilms
compound demonstrated more pronounced effect than ciprofloxacin, azithromycin and gentamicin.
AM-166 prevented S. aureus biofilm formation on polyurethane catheters, compound’ activity was supe-
rior to ciprofloxacin and azithromycin.

The data obtained suggest the promises of adamantane derivative AM-166 for the development of new
antimicrobial drugs.

Key words: adamantane derivative, antibacterial activity, S. aureus, biofilms
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JI. M. Illepemera, M. B. I'aitarox, M. M. Barpiit
BnnvB NeKTUHY A6J1IyYHOro Ha riCToCTpyKTypYy
neviHku LWypiB ¥ aKTUBHICTb npoueciB M0J1 3a yM0B
XPOHiYHOI aNIKOroJibHOT iHTOKCUKaLLT

IBaHO-PpaHKIBCbKNI HaLIOHAIbHWI MEANYHWNIA YHIBEPCUTET

KntoyoBi cnoBa: nekTunH s161y4HWA, XPOHIHHA
asIkoroJibHa IHTOKCUKaLlisl, ricTos10ridHa
CTPYKTYypa neyiHku, rnpouecu MNOJ1

AJIKorosismM — MeguMuHa Ta colliaJbHa
mpobJieMa, € iIHBaJIiAU3YIOUO0 IATOJIOTiEI0
¥ BUKJIMKAE IOIIKOIMKEHHA HE TiJIbKU
IMeHTPaJbHOI HEpPBOBOI cHCTeMU, aje u
iHmMX opraHiB Ta cHUCTeM OpraHiamy.
JlikyBaHHA aJjKorosismMy, #AK 1 iHIIIEX
3aJIeKHOCTEl, CIPAMOBaHe He TiJIbKM Ha
mo30aBJieHHA IallieHTa HEeCTPUMHOTO
O0a'KaHHA BIKMBATU aJKOTOJb, aje i Ha
BiTHOBJIEHHA Ta IOKpamaHHA QYHKIIR
CEPIIEBO-CYAUHHOI CHUCTEMU, NEeYiHKU Ta
NLJIYHKOBO-KUIIIKOBOTO TPAKTy B IiJoMy
ta im. [1]. o xJaiHiYHOrO NIPOTOKOIY
JIKYBaHHSA aJIKOTOJIBHOI XBOPOOU IEUiHKU
Ha Pi3HMX eTamax BKJIIOUEHO IIpebioTukrwy,
TOOTO PEUOBUHU, AKi HE PO3IIEIIIOIOTHCS
Y BepXHIiX Biffisax IIJIYHKOBO-KUIIKOBO-
ro TPaKTy dYepes BiACYTHICTH y HBOMY
cunenudiunux ensumi [2]. Ilektun €
reTepoIoicaxapuioM, M0 CKJIATAETHCA 3
0araThoX BaJIUINKIB rajJaKTyPOHOBOI KMC-
JIOTH, Ma€ BJIACTUBOCTI mpebioTuka 3 ph =
3,3-3,7, vy MeAWYHill TpPaKTHUIII 3aCcTOCO-
BYETHCA AJIA 3HUKEHHS PiBHA XO0JIECTEPU-
HYy Ta TPUIJIiNepuaiB, [ad JiKyBaHHSA
miabery Ta pe@IIOKCHOI XBOPOOW, HETOK-
cuKkaIllil B pasi OTPye€Hb COJAMU BaKKUX
MeTaJiB 1 IIA TPUCKOPEHHS BUBEIEHHS
PamioHYKJiZiB, a TakKoX BXOAUTH [0
CKJIay JIIKapChKUX 3aCO0iB AK HAIIOBHIO-
Bay. [To6iuHi peakiii Ha meKTUH 3a IEPO-
paJbHOTO 3acToCcyBaHHA He Bigowmi [3]. 3a
ATC wknacudikalliero MeKTUH HaJIEKUTb
nmo rpynu AO7TBC — inmri KUITKOBI ajgcop-
6entu [4]. ¥V OaraTbox KpaiHax IIPOBO-
OATHBCA [OOCHiMKEeHHS IPOTUPAKOBUX
BJIACTUBOCTEN NEKTUHY, Y TOMY YHCJHi #
kaimiugi [5].

Mema docnidxienns — 3’ ACyBaTU BILIUB
s6JIyIHOT0 TMEeKTHUHY Ha aKTUBHICTH IMPO-
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necie ITIOJI i ricTocTpyKTypy HediHKHU
HIypiB 3 XPOHIUHOIO aJKOTOJBHOIO iHTOK-
CUKAIIi€o.

Marepianu Ta metomu. [ocrimykeHHSA
mpoBegerHe Ha 35 Oinux pasHmoOpesHHX
mrypax (camiiax) macoro 180-200 r, axkux
YyTPUMYyBaJI1 Ha CTAaHZAPTHOMY paIfioHi
BiBapiro 3 BiJIBHUM JOCTYIIOM IO BOIWU.
HocaigaruM TBapmHaAM BBOAWUJIN €TAHOJ
(40 %) y muayHor mporsrom 28 1i6
HaTIeceprie 30HAOM 3 OJHMBOIO 3 PO3pa-
xyHKy 2 ma/100 r macu Tina 1 pas Ha
1 mo6y 3a cTaHAApTHOI MeTOAMKOIO [6].
ITopo1rok A6JyYHOT0 MEKTUHY 3aCTOCOBY-
Baau B Kinpkocrti 0,2 r/100 r macu Tina
uyepesd 30 XB IicasA BBeIeHHS aJIKOTOJIIO, a
pedepeHTHI TIpemapaTu — MOPOIIOK BYTiJI-
JIsT aKTUBOBAHOTO Ta IIOPOIIOK TiOKCUIY
KpeMHi0 («6isme Byrimns») mo 0,25 Ta
0,05 r/100 r macu Tija BimmoBimHO, PO3-
PaxXyHKU i30e(DEKTMBHUX 03 MHTPOBOAMIIN
3a cragmaptHoio GopmyJsono [7]. TBapuaUI
Oyau moxisieHi Ha mocaimHi rpynu: 1 — iH-
TaKTHi; 2—5 — aJTKoroJisoBaHi: 2 — 6e3 JiKy-
BaHHS; 3 — 3 BBEIEHHAM MNeKTUHY; 4 —
3 BBEIEHHAM aKTUBOBAHOTO BYTiLIA; 5 —
3 BBEJIEHHAM iOKCHUJY KpeMHito. Buse-
IeHHA TBaApUH 3 €KCIEePUMEHTY IIPOBOIU-
JU Tif TiomeHTAaJIOBMM HapKO30M y 1031
40 mr/kr [8] Ha 28 m0o0y eKcuIepuMeHTY.
TicTosoriuni mocaim:KeHHA ITPOBOIUIMN 34
JIOIIOMOT'OI0 CBIiTJIOONITMYHOTO MiKPOCKOIIa
Leica DME (Himeuumna) Ha ricToJOTiu-
HUX TIpellaparax, 3a0apBJeHUX I'eMaTOK-
CIJIIHOM i €03MHOM, 3 OCATHEHHSIM IIepH-
Ba3aJbHUX, MEPUIOPTAIBLHUX 1 ITPOMIiK-
HUX BigminiB uacTouok. 3 MeTo0 00’€K-
TUBi3amii AOCHif)KeHb NTPOBOAUIU KOM-
m’foTepHy MopdoMeTpito 06’€KTiB y ricTo-
sgoriuanx npenaparax [9]. Ha mepmomy
erami orpuMyBanu nudpoBi Komii omTwy-
HOTO 300pasKeHHA MiJIAHOK MiKPOCKOMIid-
HUX IIpemapariB 3a AOIOMOroo IudpoBoi
doroxkamepu Nikon Coolpix 4500 (fmo-
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Hig). ¥ wnoganbmiomy mudpoBi komii
300pa’KeHHA aHAJNi3yBaJHU 3a HOIIOMOTOIO
koM’ forepHoi mporpamu Image Tool 3,0
for Windows (Binbua minmensis). Mopdo-
MEeTPUUYHUNA aHaJi3 MeuiHKU 3TilicHIOBAIN
3 BpaxXyBaHHAM HACTYIHUX IOKa3HUKiB:

1) uacTka mapeHXiMum Yy BiZCOTKOBOMY

CIIiBBiTHOIIIEHH];

2) KiTBbKiCTh OAHOAAEPHUX HOPMAJIBHUX
kiaitue Ha 100 remaTonuris;

3) KinbKicTh [ABOANEPHUX HOPMAJIBHUX
giaitTue Ha 100 remaTonuris;

4) kinbKicTe gUCTPOdIYHO 3MiHEHHX KJIi-

e Ha 100 remartonuTis;

5) KiJBKiCTh HEKPOTUYHO-AIIONITUYHO 3Mi-

HeHuX KJituH Ha 100 remaromuris;

6) cepenHsaA MJIONA TeIIaTOIIUTY;
7) uacTKa CUHYCOIAHUX KamijaapiB y Bia-

COTKOBOMY CITiBBiZHOIIIEHH];

8) uacTKa CIoJIly4yHOI TKAHUHU Y BiZICOTKO-

BOMY CIiBBifHOIIIE€HH].

ITiBkinpkicHy ominky BwmicTy Jsimigis i
HaUiBKiNbKiCHY OIiHKY iHTeHCHBHOCTI
HEKPOTUYHO-aIIONITUYHOT'O IIPOIleCy IIPO-
BOAWJIN 3a I’ ATHOAJIBHOIO CHCTEMOIO, Bif-
moBigHO mo sAKoi: 1 6ax — caabki sminm, 2
6anu — cepenHi aminm, 3 Gasu — BUpasHi
3MiHu Ta 4 6anu —Iy)Ke BUPAYKEHI 3MiHm.
BuBuanum Takoxk HacTynHi 6ioximiuni
mokasHuKU: axkTuBHicTh Karanasu (KT)
[10, 11], ywmicT gmieHOBMX KOH’IOTATiB
(OK) i uytnuBux 1m0 Tio6apOiTypoBOi KuC-
gotu npoxyktiB ITOJI y cupoBartii Kposi
[12, 13].

CraTucTuyHMU# aHaNXi3 pe3yJbTaTiB
3IiICHEHO 3a JOIOMOIOI0 KOMII IOTEPHUX
nporpam Microsoft Exel Ta Statistica 5.5
(Multiple Regression) 3 BUKOpHUCTaHHAM
MeTOniB Bapiamiinoi cTaTHUCTUKH.
Busnauanu cepegboapudMeTHUHE 3HA-
yegHa (M), craggaptHy noxumbOkKy (m),
kpurepiii Creogenta (t), xoedimieHTt
BiporiguocTti (p). 3a Biporigui mpuiimann
suauenua p < 0,05.

Maninynanii 3 TBapuHaAMM IPOBOLMIIN
BigmoBigHo g0 €Bpomeiicbkol KomsBewiii
IIIOJI0 eKCIEPUMEHTIB Ha TBapUHAX.

PesyasraTH Ta iXx o0O0roBOpeHHA. 3a
XpoHiuHOI iHTOKCuKaIii eraHosoM Ha
IepIunii miIaH BUCTYHNAOThL AucTpodiuHi
3MiHM Ne4iHKOBUX KJiTuH (puc. 1). Born
MPOABJISAIOTHECA HAABHICTIO B ITUTOILIA3Mi
6inmpmocti rematonuTiB (74,40 KiaiTuHUI
Ha 100 remaTomuTiB) IPO30PUX BaKyOJIEH
pisHOrO po3Mipy, 34e06iJBIIIOT0 cepemHbO-

T0, 31 BJIMTTAM OCTaHHIX y OiJbII KPYIHI.
Takox BigsHavaeTbCs HAWOINMBINIUI CTY-
HiHb HaKONMWYEHHsS BMicTy Jimimis — 4,8
6ana 3a MiBKiAbKiCHOIO II'ATHOAIBLHOIO
K AaJIoo.

JlimigHi BKJIIOUEHHS Bi3yasisyloThCA B
pisHUX BigAisax KJIACUUYHUX TEYiHKOBUX
YaCTOYOK: AK y IEePUIOPTATbHIN 30HI, Tak
i mpomiskHi#i i nernTpanbHiil. Komtypm
TeNaTOIUTIB — HEUiTKi, MeXi KJIiTuH 3J1-
BailoTbcA. TpabeKysnapHa OymoBa oOpraHy
Pi3KO mopyIleHa uepe3 HEIPABMJIbHI ITOJIi-
TOHAJIbHI KOHTYPM 30iJIbIIEHNX IapeHXi-
MAaTO3HUX KJITWH IeuinKku. JacTKa mapeH-
ximMmu cramosuth (87,73 = 6,13) %. 3a
JaHUMU MOP(OMETPUYHOTO MOCJiIKeHH,
cepenHs ILJIOINA TelaToIlUTa CTAHOBUTH
(423,74 28,63) MrM?, cepenmiii mepu-
metrp remarorura — (73,18 = 5,44) MKM.
3arajoM KiJbKiCTh OJHOSIEPHUX HOP-
MaJbHUX KJITHH y JaHil qociigHii rpymi
€ HaNMEeHIIIOI 19,65 kuaitum ma 100
TemaTonuTiB. 3a XPOHIYHOI aJKOTOJbHOI
iHTOKCHKAIii, He3BasKawUYM Ha CTPiIMKe
3pOCTaHHA KiJBKOCTI aucTpodiuHo 3MiHe-
HUX TeNaToIUTiB, KiIbKiCTh HEKPOTUUHO-
aIONTUYHO 3MiHEHUX KJIITHH € IMOPiBHAHO
HeBeJnKoo — 2,13 xiaituam Ha 100 rema-
ToruTiB. HeKpoTwuHO 3MiHEHI KJIiTWHUI
31e0igbIIoro 3 pisko 3aByalbOBAHUMU,
abo BimcyTHiMU AmpamMu, 3 BaKyoJIisoBa-
HOI0 Ta 3€PHUCTOI0 IUTOIJIA3MOIO, SKa
3a3Ha€e IJa3MOPEKCUCY. IHTeHCHBHICTH
HEKPOTUYHO-AIOIITUYHOTO IIPOIeCy CTa-
woButh 0,8 Oanma 3a HamiBKiIbKicHOIO
IIIKAJIOI0 OI[IHKM iHTEeHCHUBHOCTI JaHOTO

of ’é}?

Puc. 1. Xponiuna inmokcukayis emaHoJLOM.
Huceminosana pizHo8aAKYONLHA HUPOBA
ducmpogis eenamoyumis (1). ITlopmanvHuil
mpaKm 3 He3HAYHO BUPANCeHUM CKLePO30M i
MAKPOPA2ANLbHO-LIMPOUUMADPHOIO
ingiavmpauieto (2). 3abapsnenus:
zemamorxcuain ma eo3un. 30.: ox. 10, 06. 40

®apmakonoris ta nikapcska rokcukonoria, No 2 (58)/2018

87



mporecy. BimgdHauaeTbca 3HAUHE 3HMIKEH-
HA KiJbKOCTI IBOANEPHUX IEUiHKOBUX
KaiTue — 4,82 kiaituau Ha 100 remarormu-
TiB, [0 OJIU3BKO A0 KiJIBKOCTI TAKMUX KJIi-
THUH 3a IOCTPOI IHTOKCHUKAI[ii eTaHOJIOM.

3acTocyBaHHSA TEKTHUHY 3a XPOHIUHOI
iHTOKCHKAIil eTaHOJIOM CYIPOBOAKYETHCA
Pi3KO BUpa'KEeHUM DPErpecoM KMPOBOI AmC-
Tpodii remarormrie — 3 4,8 mo 0,9 Gana
y pasi miBKiJIbKiCcHOI OIIiHKM BMiCTy JIiITi-
niB. BimsmauaeTbcsA 30HAJBHICTH AMCTPO-
¢iuHO 3MiHEHUX remaTONUTIB — 31e0ilb-
moro mo mepudepii yacTouork y miASHITL
Tpiagu (puc. 2).

3acTocyBaHHA IEKTUHY 3a XPOHIUHOI
iHTOKCHUKAIIil eTaHOJIOM CYIIPOBOIKYETHCS
BHUKEHHAM iHTEHCUBHOCTI HEKPOTUYHO-
amonTuyHoro mporiecy — 0,1 Gama mporu
0,8 6aja 6e3 3acTocyBaHHs MeKTUHY. Kilb-
KicThb HEKDPOTUYHO-AONTUYHO 3MiHEHUX
KJITUH BiAIIOBIiZHO TAKOXK € HU3BKOI —
0,94 xaituan Ha 100 remaronuris.

ITopsax 3i 3MeHINIEHHAM S3BOPOTHUX i
HE3BOPOTHUX IIONMIKOAKEHb IapeHxima-
TO3HUX €JIEMEHTIiB MeYiHKU PidKO 3pocTae
KiJbKicTh pemapaTMBHUX OBOSANEPHUX
rematorutie — 3 4,82 y pasi xponiunoi
imrokcukarii o 13,25 ma 100 remartoiu-
TiB y pasi 3acTocyBaHHSA NEKTHUHY, IO
CBiUMTH PO AKTWBAIliI0 pelapaTUBHUX
MIPOIleciB y meuiHIli. ¥ CHOJYyYHId TKaHU-
Hi TOpTAJIBHUX TPAKTiB, YacTKa AKOI
(6,47 = 0,43) % , 3MEHINIYEThCS KiIbKIiCTH
¢ibpobaacTis, 110 CBiAYUTH TPO TPUIYIIU-

HEHHS INPOTPEeCyBaHHA CKJEPOTUUYHUX
3MiH y mopranbHOMY moJi. Taxkox 3meH-
myeTbcAd HAOPAK y MOPTAJIbHOMY IIOJi Ta
BiByaJrisyloThCsa JIMIEe MOOSMHOKI MaKpo-
daru ta gdimdpornutru (puc. 3). Ilopranbui
cyauHU — 6e3 03HaK IJIa3MaTUYHOTO IIPO-
CAKAHHSA, IPOCBiTH 3/1e6iIbIITOT0 3aTTOBHE-
Hi epUTPOIUTAMMU.

Amanis ricrosoriuHmx TpemapartiB
TeYiHKM aJKOTr0JIi30BaHUX MIyPiB ITOKa3aB
TOCUJIEHHS JKHUPOBOI aumctpodii, mopy-
HmIeHHA TpabeKyJasapHOl OyaoBH, B30i1b-
IeHHA iHTEeHCUBHOCTI HEKPOTHYHO-AIIOI-
TUYHOTO MPOIeCYy Ta 3HAUHE BHUMKEHHS
KIJBKOCTI ABOANEPHUX MEUiHKOBUX KJIi-
TWUH, 1[0 BKa3ye Ha IPUTHIUEeHHS pereHe-
PaTUBHUX IIPOIECiB. 3a YMOB 3aCTOCYBaH-
HA IMEeKTUHY BiIBHAYAETHCS perpec JKUpo-
Boi pmucTpodii, y cHogyuHil TKaHUHI
HmOpTaJbHUX  TPAKTiB  3MEHIIYETHCS
HaAOpaAK 1 KimbKicTs @ib6pobsacTiB, 1110
CBiIYUTh NIPO NPUIYNUHEHHS IIPOrpecy-
BaHHSA CKJEPOTUYHUX 3MiH y IOPTAJIbHO-
My moJai. Pisko 3pocrae KinbKicTh perma-
PAaTHUBHUX [ABOANEPHUX TIelaTOIUTIB — 3
4,82 3a xpoHiuHOl iHTOKCHKAaIii mo 13,25
"Ha 100 rematoruTiB y pasi sacTocyBaHHA
MeKTUHY, IO IIATBEPIKYE aKTUBAIiIO
pemnapaTUBHUX IIPOIECiB y HeUiHIIi.

PesynbpraTu BuU3HAUEHHS AaKTUBHOCTI
uportieciB IIOJI y cupoBarTiii KpoBi mocis-
HUX TBapUH KOPEJIOBaAW 3 JaHUMWH,
OTPUMAHUMHU 3a TiCTOJIOTIYHOTO Ta MOD-
domeTpuyHOTO aHANiI3y (TAabaUI).

Puc. 2. XpoHiuHa iHMOKCUKAUisL eMAaHOLOM
i 3acmocy6anns neKmuny. S0HAIbHA
aeuposa ducmpoia zenamoyumis y
nepunopmadavtiil 30Hi (1) i Heseauka
Kinbkicmb 0ucmpo@ivHo 3miHeHUx
zenamoyumie y npomixHiiL 30ui (2).
Craepo3 y nopmanvHomy noai (3) 3
Nno0dUHOKUMU MaAKpOPazamu ma
simpoyumamu (4). 3abapenenna:
zemamoxcuain ma eosun. 30.: ox. 10, 00. 20

Puc. 3. Xponiuna inmorcurxayis
emanoNoM i 3aCMOCYEAHHA NeKMURY.
Cunycoioni zemoxaninapu 30e6invuLozo
3anoeueni kpos’o (1). Craepos
nopmadnavHozo mpaxmy (2),
nepunopmaavhuil ckaepos (3). IToodunoki
maxpogazu ma nim@poyumu y
nopmadnvHomy noni (4). 3abaperenns:
zemamorcunin ma eosun. 36.: ox. 10,

00. 20
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Tabauisa

IToxasnuxu 6ioximitnozo 0ocnidyieHHA cuposamKu Kpoei
docnionux meapun (M * m, n = 5-7)

) D,l’euom TBK-AN, AKTUBHICTb KaTa-
DocnigHa rpyna KOH’loraTum, nasun, MKMOJIb
MKMOJIb/N .
MKMOJb/N XB - Mr Ginka
IHTaKTHI 2,97 £0,09 4,43 £ 0,09 2,54 +£0,12
Ankoronb 40 % 4,94 + 0,23 5,46 £ 0,143 1,72 £ 0,09
Ankoronk + MekTuH 3,44+0,06"2 | 4,56+0,08? 2,740,142
ANKOronb + AKTMBOBaHE BYrinng 3,82 +0,09"23 | 517 +0,11"23 2,73+0,122
Ankoronb + «Bine Byrinng» 3,83+0,16"23 | 4,96 + 0,09"23 2,86 + 0,082

IIpumimra. 'p < 0,05 nopiensano 3 inmaxkmuumu meapurnamu, °p < 0,05 noOpi6HAHO 3 HELiKOBAHUMU MEAPUHAMU,
3p < 0,05 nopienano 3 meapuHamMu, AiKOBAHUMU NEKMUHOM.

36isbiienHsa piBaAa npoxykrie ITOJI —
OK ta TBK-AIl — cnoocrepiramm B ycix
rpynax TBapuH, KOTPUM BBOJAWJIU aJIKO-
rojb, ajie, BOJHOUYAaC, y Ipynax, Io OTPU-
MyBaJu NEeKTUH i pedepeHTHI mpemapaTru
Il MOKa3HUKMU Oy BipOTiAHO HMKUNMU,
Hi’K y HesikoBanux mrypiB. Kpim Toro,
3aCTOCYBaHHA A0JYYHOTO IEKTUHY CIPUSA-
JIO JOCTOBIipHOMY IIPUTHIiUEHHIO JIimlome-
pokcupanii Ta 3MeHIIeHHIO BMicTy ii mpo-
OIYKTiB y CHpOBATI[i KPOBi IOpPiBHAHO 3
iHmUMU rpynamMu JIiKOBaHUX TBapWH.
AKTUBHiCTE (DepMeHTY aHTHOKCHUIAHTHO-
ro 3aXWCTy Karajasu 0yjga BUPA3HO IIPU-
THiYeHA TiJIBKW B HEJIKOBAHUX TBapUH
(p < 0,05, Tabuunsa).

TakuM YMHOM, SAOJYYHUN MEeKTUH 3a
BBeleHHA B NUIYHOK uepe3 30 xB micia
eTaHoJIy COPUUYNHAE MO3UTUBHUUA BIJIUB i
NIPpUTHIYye pPO3BUTOK XPOHIUHOI ajako-
roJibHOI iHTOKCHMKAIil B eKcnepuMeHTab-
HUX TBapuH. IlnaHyerbca mopgasbiie
IOCJIiAKeHHsa MeXaHisdmy mii i edeKTus-
HOCTi 3a YMOB I'oCTpPOI iHTOKCHKAIil ayIKo-
rojeM.

BucHoBku

1. XpoHiuHa aJKOrOJbHA IHTOKCUKAIiA
TMPU3BOAUTDL IO PO3BUTKY JKUPOBOI AUC-
Tpodii remaTtommTiB, MOPYIIEHHS Tpa-
OeKyJApHOI OyJOBU HEUiHKH, CYTTEBO-
ro 3MEHIIIeHHS KiJbKOCTi OJHOAIEePHUX

HOPMAaJIbHUX KJITHH i 3HAUHOTO B3HU-
JKeHHA KiJbKOCTI JBOANEpHUX IIediH-
KoBuxX KiitTwH (4,82 kiaitmem Ha 100
reImaToIUTiB).

3acTocyBaHHS NEKTHUHY 3a XPOHiUuHOL
iHTOKCUKAIil eTaHOJIOM CYIIPOBOJ-
JKYETBCS PIBKO BUPAKEHUM PerpecoMm
skmpoBoi aucTpodii remaronuris (3 4,8
b6ana y aakoroJsizoBanux mo 0,9 6ana y
JIIKOBAaHMX IEKTWHOM) B3a IIiBKiJbKic-
HOI OIliHKM BMicTy JimiziB. Bigmiueno
BHUKEHHS 1HTeHCUBHOCTI HEKPOTUYHO-
amonTuyHux nporecis (0,1 6ana nporu
0,8 Gasa B HeJIiKOBaAaHUX TBapuWH), 3POC-
Ta€ KiJbKiCTh pemapaTUBHUX JBOALED-
HUX remaTonuriB — 3 4,82 6e3 JiKyBaH-
Ha po 13,25 ma 100 remarorutisB y pasi
3aCTOCYBaHHA NEKTHHY, IO CBiqUUTH
PO aKTHUBAIlil0 penapaTUBHUX IIPOIle-
ciB y meuiHmi. 3MeHIIEeHHA KiJIbKOCTi
¢ibpobaacTiB CcBifUUTH TPO NPU3YIIU-
HEHHs IIPOTPECYBaHHA CKJEPOTHUYHUX
3MiH y IOPTaJbHOMY IIOJIi.
3actocyBaHHA AOGJIYYHOTO IEKTUHY
IOCTOBIiPDHO CIIPUAJIO BUPA3HOMY IIPU-
THiYeHHIO JIITTONEepOKCcHUAAIlii Ta 3MeH-
mrerno Bmicty K i TBK-AII y cupo-
BaTI[i KPOBi MOPiBHAHO 3 iHIIUMU Tpy-
namu JikoBanux TBapuH (p < 0,05).
AKTHUBHiCTHL (hepMEHTY aHTHUOKCUIAHT-
HOTO B3axXWCTy Karajiadu OyJjia BUPa3HO
IIpUTrHiveHa TiJTbKU B HeJiKOBaHUX TBa-
puH (p < 0,05).

1. YHidikoBaHWUN KNiHIYHWI NPOTOKOS NEPBUHHOI, BTOPUHHOI (Cneuiani3oBaHoi) MeanyHoi JonoMorm
XBOPUM Ha afikorofibHuia renatut [EnektpoHHuia pecypc] // 2014 http://ukrgastro.com.ua/wp-con-

tent/uploads/2015/11/alko-gepatit-abp.pdf.

2. KniHiYHMA NpOTOKON HafaHHSA MeauYyHOi JO0MOMOry XBOPUM Ha ankorosibHy XBOPOOY MeyiHkun
[EnekTpoHHuii pecypc]/ Pexum poctyny: http://medstandart.net/browse/1891.

3. Drugs.com // https://www.drugs.com/npp/pectin.html

4. ATC - knacudikatop — JepxaBHuii hopMynap fikapcbkux 3acobiB [EnekTpoHHuin pecypc]// Pexum

[ocTyny: preparaty.org/atc.

®apmakonoris ta nikapcska rokcukonoria, No 2 (58)/2018

89



5. Leclere L. Anti-cancer activities of pH- or heat-modified pectin [EnektpoHHui pecypc] / Leclere L.,
Van Cutsem P., Michiels C. // Front. Pharmacol., 08 October 2013 / Pexum goctyny: https://www.
ncbi.nlm.nih.gov/pubmed/24115933.

6. Xanmnos M. X. K xapakTepuctmke HeKOTOPbIX NaTOXMMUYECKUX CABUIOB B KPOBM, TKAHSAX NeYEHU U
rOJIOBHOMO MO3ra Nnpu aKCnepuMeHTanbHOM ankoronbHon nHtokecukaummn / M. X. Xanunos, L. 4. 3a-
Kuxopaxaes // Bonpochl KNMMHUKK ankoronnama: Hayd. Tp. TawkeHT. — 1983. — C. 38-41.

7. JokniHiyHi gocnioxeHHs nikapCbkMx 3aco0biB: MeTon. pekoMeHaA.; 3a pen. Yi.-kop. AMH YkpaiHu
O. B. CredaHoBsa. — Kuis: BA«ABiueHa», 2001. — 527 c.

8. bioethics.imbp.ru // http://www.bioethics.imbp.ru/info/methods.

9. PebpoBa O. KO. CTaTuctuyeckunii aHanna MegnuuHCKNX AaHHbIX. NpruMeHeHne naketa npukiagHbIx
nporpamm STATISTICA / O. HO. PebpoBa. — Mocksa : MegnaCdepa, 2006. — 312 c.
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14. ConocTaBneHne pasnnyHbIX NOAXOAO0B K onpeaeneHnto npoayktos MNOJ1 B renTaH-n30MponaHoibHbIX
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J1. M. LepemeTa, M. b. laiiHiok, M. M. barpiv
BnamB nekTUHy 6/1y4HOr0 Ha riCTOCTPYKTYPY NeyiHKU LypiB i aKTUBHICTb
npouecie MOJ1 3a yMOB XpOHIYHOT aIKOrOJIbHOT IHTOKCUKALLiT

Merta gocnigxeHHs — 3’acyBaTtu BB SS6/1y4HOro NEKTUHY Ha akTMBHICTb npoueciB MOJ1 i rictocTpyk-
TYPY NEeYiHKM LLYPIB 3 XPOHIYHOIO anKOroSIbHOK IHTOKCUKALLEO.

B ekcnepumeHTax BiATBOPEHO MOENb XPOHI4YHOI anKoronbHOi iIHTOKCKKaLi 3a BBeAeHHst 40 % eTaHony
B LWYHOK Y 803i 2 Mn/100 r macu Tina oamH pas Ha 1 noby npotarom 28 ai6. A6ay4Huin NekTuH i pedepeH-
THi NpenapaTy — akTMBOBAaHE BYTiNA Ta AiOKCU, KDEMHIIO — BBOAMAN B LUTYHOK Yeped 30 XB nicns etaHony.
MpoBoaVAn ricTOCTPYKTYPHUA | MOPPOMETPUYHNI aHani3 TKaHMHW NEYiHKW, BU3HAYEHHS PIBHSA OiIEHOBUX
koH’toratis (OK) i TBK-AI1, akTMBHOCTI KaTanasm B CUPOBATLL KPOBI.

OTpuMaHi peadynbtaTv nokasanm, Wo s6ay4HUi NeKTUH 3MEHLLYBaB iIHTEHCUBHICTb HEKPOTUYHO-aMnon-
TUYHUX MPOLLECIB, MPUrHiYYyBaB NPOrPECYBaHHSA CKNEPOTUYHUX 3MiH Y NOpTasibHOMY Mo Ta CApusiB BUpa-
XXEHOMY perpecy XmpoBoi anctpodii renatoumTis. BogHovac BiA3Ha4vann akTMBaLiio penapaTtnBHUX nNpo-
ueciB y renaroumtax. BuBYeHHs BRAMBY f6Jly4HOrO MEKTMHY Ha akTMBHICTb npouecie MOJ1 nokasasno
BUpasHe NpurHideHHs ninonepokcuaadii — ameHweHHs smicty K i TBEK-AIM y cnposartui KpoBi NOPIBHAHO
3 iHWKMK rpynamum flikoBaHux TBapuH (p < 0,05) Ta BigHOBNEHHS aKTUBHOCTI pepMeHTY aHTUOKCUOAHTHO-
ro 3axXuCTy — Katanasu.

Pesynbtat gocnigXeHHs BKasyloTb Ha 34aTHICTb A6Jy4HOrO NEKTUHY 3MEHLLYBaTL MNPOSIBU XPOHIYHOI
aNKOrofIbHOI IHTOKCUKALIT LWNSXOM perpecy ANCTPOMIYHUX | MPUTHIYEHHSA HEKPOTUYHUX i CKNEPOTUYHUX
NPOLECIB 3 OAHOYACHUM BiJHOBMEHHSIM penapaTmBHUX 3MiH Y KNiTUHaAxX nediHkn. MNepeniveri epektn Mmo-
BipHO, MOB’A3aHi Ik 3 MOro copOLiliHMMN BNAaCTUBOCTAMM, Tak i HACTKOBOIO HeMTpanisaljieto eTaHosy.

Knto4oBi cnoBa: nekTuH s671y4HWIA, XPOHIYHa aIkorosibHa iHTOKCuKaLis, rictosioriyHa cTpykTypa
nediHku, npouecu MOJ1

J1. M. LlepemeTa, M. b. laiiHiok, M. M. Barpwuii
BnusHue 965104HOr0 NeKTUHA Ha TMCTOCTPYKTYPY Ne4YeHU KPbIC U aKTUBHOCTb
npoueccoB M0J1 B ycnoBuax XpOHNYECKOM anKorosibHo MHTOKCUKaLMn

Lenb vccnenoBaHns — BbIICHUTb BAUSIHME S0/I04HOIO MEeKTMHA Ha akTMBHOCTbL npoueccos MNOJ1 n
TMCTOCTPYKTYPY NEYEHU KPbIC C XPOHNYECKOW ankKorosibHOM MHTOKCUKALIMEN.

B akcnepumeHTax BocnpomndseneHa Moaesib XPOHMYECKON ankoroibHOM MHTOKCUKALLMK NPY BBEAEHUMN
40 % aTtaHona B xenynok B no3e 2 mi/100 r maccel Tena 1 pas B 1 cyTku B TedeHne 28 cyTok. AGN04HBIi
NekTVH 1 pedepeHTHbIE Npenapartbl — aKTUBUPOBAHHBbIN Yrofb U ANOKCUA, KDEMHUST — BBOOUIIN B XENYA0K
yepes 30 MyH Nocne aTaHona. MNpPoBOANAN TMCTOCTPYKTYPHbIV M MOPDOMETPUYECKMIA aHANN3 TKaHW neve-
HU, onpeneneHne ypoBHS AueHoBbIx KOHbioratoB (AK) n TBEK-AlN, akTMBHOCTK KaTtanasbl B CbIBOPOTKE
KpPOBW.

[MonyyeHHble pedynbTarbl MOKa3anu, 4To A604HbIA NEKTUH YMEHbLLAN MHTEHCMBHOCTb HEKPOTUYECKN-
anonTUYeCKMX NMPOLLECCOB, NOAABASAN MPOrPecCUpPOBaHME CKIEPOTUYECKUX U3MEHEHWU B MOPTASIbHOM
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nosie n cnocobCTBOBas BbIpaXXEHHOMY PErpeccy >XMpoBon aAuctpodun renatoumToB. B To xe Bpems
oTMevanu akTMBaumio penapaTmBHbIX MPOLLECCOB B renartoumntax. MidydeHne BAMsHUS S65104HOM0 NekTrHa
Ha akTMBHOCTb npoueccos MNOJT nokaszano oT4ETNIBOE YrHETEHNE NIMNOMNEPOKCUAALUNN — YMEHbLLEHNE
copepxaHuna OK n TBEK-AI B CbiIBOPOTKE KPOBW MO CPABHEHUIO C APYTMMW FPYNNamMmn JIEHEHHbIX XNBOTHbIX
(p < 0,05) 1 BOCCTAHOBNEHNE aKTUBHOCTU DepMeHTa aHTMOKCUAAHTHOM 3alUnTbl — KaTanasbl.

PeaynbraThl ccnenoBaHMs ykadblBalOT HA CNOCOOHOCTb 6104HOMO MEeKTMHA YMEHbLUATb MPOSIBNEHNS
XPOHNYECKOW ankorosbHOW MHTOKCUKALMK NMyTEM perpecca ANCTPODUYECKUX N YTHETEHUST HEKPOTUYe-
CKMX N CKJIEPOTUYECKMX NPOLLECCOB C OAHOBPEMEHHBIM BOCCTAHOBNIEHMEM penapaTrBHbIX MPOLECCOB B
KneTkax nedeHu. MepeuncneHHole adpdexTbl, BEPOATHO, CBA3aHbI Kak C ero COpOLUMOHHBIMY CBOCTBAMM,
Tak M YaCTUYHOW HerTpanu3aunern aTaHona.

KntodeBble cnoBa: nekTvH s167104HbIN, XPOHUYEcKast askorosbHasi MHTOKCUKaLMS, rTMCcTosiorndyeckas
CTPYKTYpa neyeHu, rnpoueccsi [10J1

L. M. Sheremeta, M. B. Haynyuk, M. M. Bagriy
The influence of apple pectin on the rat’s liver histological structure and
activity of the lipid peroxidation in experimental chronic alcohol intoxication

The aim of study was to determine the effect of apple pectin on the activity of the lipid peroxidation (LP)
and histological structure of the liver in rats with chronic alcohol intoxication.

Chronic alcohol intoxication was performed by introduction of 40 % ethanol in the stomach at a dose of
2 ml/100 g body weight once a day during 28 days on rats. Apple pectin and reference sorbents — activated
charcoal and silicon dioxide — were administrated into the stomach in 30 min. after ethanol. Histological
structure and morphometric analysis of liver tissue, determination of the level of diene conjugates (DC)
and TBA-AP, and catalase activity in serum were investigated.

The results obtained showed that apple pectin reduced the intensity of necrotic-apoptotic processes,
suppressed the progression of sclerotic changes in the portal field, and contributed to a pronounced
regression of fatty degeneration of hepatocytes. At the same time, the activation of reparative processes
in hepatocytes was noted. The study of the influence of apple pectin on the activity of the LP processes
showed a marked suppression of lipoperoxidation — a decrease in the content of DC and TBA-AP in serum
compared with other groups of treated animals (p < 0,05) and restoration of catalase activity.

The results of our study indicate the ability of apple pectin to reduce manifestations of chronic alcohol
intoxication by regressing dystrophic and inhibition of necrotic and sclerotic processes, while simultaneously
restoring reparative changes in liver cells. These effects are probably related both to its sorption properties
and to the partial neutralization of ethanol.

Key words: apple pectin, chronic alcoholic intoxication, liver histological structure, lipid peroxidation (LP)
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C. M. dporoso3, E. B. MarBeena, 0. O. Jlykuanuyk, II. B. Pakees

daKTopbl, CNOCOOCTBYIOLLME NOOGOYHDBIM
IpdpexTam off label npenapatoB

HauvoHasibHbIV hapMaLeBTUYECK YHUBEPCUTET, I. XapbKoB

Knio4eBble crioBa: 1ekapCTBEeHHbIE CPECTBa
off label, 6e3o0nacHOCTb, perynsiTopHble
opraHbl, pUcCku

B GoJsbmIuHCTBE CTpaH Mupa, rae 000-
pot snekapcTBeHHBIX cpeacTB (JIC) ypery-
JUPOBAH HA B3aKOHOIATEJIHLHOM YPOBHE,
JIeKapCTBa [MOJIXKHBI ITOJYUYUTH paspelrre-
HUe peryaaTtopHbix oprauos (FDA, I'9II),
uyTOOBI Bpaud MW MAIMEHTHI MOTJIM WX
HCIIOJIb30BaTh. PaspelriieHne HAa MapKeTH-
poBaHMe WM Ha PEerucTPAIlMOHHOE CBUE-
TeJIbCTBO B YKpawHe U CTPaHAX IIOCTCO-
BETCKOI'0 ITPOCTPAHCTBA IIPEJOCTABIAETCS,
ecJii 0 pe3yJbTaTaM OIleHKUH DPerucTpa-
IIMOHHOTO JIOChe IIperapaT ABJISeTCs Kade-
CTBEHHBLIM, 0e30macHbIM U 3(h(GeKTUBHBIM
IS 3aperuCTPUPOBAHHBIX IIOKA3aHUMN B
COOTBETCTBUU C PEKOMEHIOBAHHBIM DEIKU-
MOM ero HasHaueHus (3To on label mpema-
par). CiemoBaTrenbHO, mepen TeMm, Kak JIC
MmosiBJasAeTCs Ha (apMaleBTUYECKOM
pBIHKe, OJAroUpUATHBINA OajaHC MeKIY
ero IMoJIb30M ¥ BpPeAHBIM AefiCTBUEM [0JI-
JKeH ObITh JoKasaH. [lesbio JTUIeH3UPOBa-
Hua JIC aBigerca obecreueHue ux 0es-
onacHoOCTH U 3(M(EKTUBHOCTU IIOCJTE TOrO,
Kak JOKAas3aHo, UTO MO0Jb3a OT UX IIPUMe-
HeHUsA mpeobjamaer Hanx puckom. Ilpu
S9TOM MHCTPYKIUA K Mpernapary siBJISeTCs
PYKOBOJCTBOM [Jisi Bpaueil, APYTrUx Meu-
IMUHCKUX U (hapMaIleBTUUECKUX PabOTHU’-
KOB U OOJIBHBIX O TOM, KaK HCIOJbh30BaTh
mpemnapar [1, 2].

ITo maumusiM BO3 mosioBuHA Beex JieKap-
CTBEHHBIX CPEICTB Ha3HAUAETCs I10 ITOKa-
3aHUAM, KOTODPBIX HET B UHCTPYKIIUU, U
Takoe ucmosb3oBanue JIC HaswiBaercs off
label. Ctunb Tepanuu off label use ( amr.
ot off — 3a mpenenamu, label — UHCTPYK-
nus, STUKETKAa, Use — IPUMeHeHIe) O3Ha-
yaeT, UTO NpPUMeHeHWe IIpernapara IJjs
JeUeHUsA KakKoro-aubo 3saboJieBauus/
COCTOSTHUS He OBbLIO OQUIIUAIBLHO 0m00pe-
HO DperyJsiTOPHBIM OpraHOM, He OBLIO

© KonekTtus aBTopis, 2018

KJIMHUUYECKUX UCIBITAHUN ero 6e30ImacHo-
cTH U 3(PPEeKTUBHOCTU LA ITOT'0 IIOKa3a-
Huda [3].

Opmako B j060M ciyuyae moHATHE Off
label use He BKJIIOUAET BaPMAHTHI 3JIOYIIO-
Tpebnerua JIC, wmcmonb3oBaHUMA uX 0e3
MEeIUITMHCKUX IOKAa3aHuil, mpeJHaMepeH-
HOTO YBEJIUUEHUS JO3UPOBKU WU UCIIOJIb-
3oBanue JIC c mpeHeOpeskeHUEM K DPEKO-
MeHJAIUAM 10 UX 0e30IaCHOCTH.

B GoJbIIMHCTBE CIAy4YaeB HpPUMeEHEeHUe
JIeKapCcTBa MO IOKAa3aHUSAM, OTCYTCTBYIO-
M B MHCTPYKIIUU, 3amnperneHo. OgHAKO
B peaJbHOU MeIUIIMHCKON TpaKTUKe
HasHaueHwme mpemapatoB off label oueHb
pacmpocTpaHeHO BO BCeX 00JACTAX MeIu-
IIUHBI, & I HEKOTOPHIX IIPErnapaToB 3TO
ABJIAETCS OOBIYHOUM MPAKTUKOM, 0COOEHHO
B MeJUaTPUU, MCUXUATPUU U OHKOJIOTUMU.
B 1991 roxzy B CIIIA 06bLI0 TPOBEIEHO
uccjaeg0BaHMe, pPe3yJabTaThl KOTOPOTO
MIPOJIEMOHCTPUPOBAJIN, UYTO OJHY TPETh
BCEX JIEKApPCTB Yy OOJIBHBIX PaKOM Ha3Ha-
vasu off label. B 1997 roxy 200 oukoJo-
rop moarBepamiau, uyro 60 % anTHOIA-
CTOMHBIX JIEKAPCTB WUCIOJb3YIOTCA Off
label [12].

Ho Tex mop, moka off label nexapcrBa
3¢ deKTUBHBI, 6€30MaCHBI, XOPOIIIO IIepe-
HOCSITCS W OTHOCHUTEJbHO HEIOPOTH, UX
UCTIOJIb30BaHNe He BBI3hIBAeT 0ECIIOKOM-
crBa. OmHAKO, HECMOTPsS HA PAJL IIPeu-
MyIlecTB ucmoab3oBanusa off label mpe-
mapaToB, OJHOM M3 MOTEHI[MATbHBIX 03a-
OOueHHOCTEN aJid Bpadeill ABJISETCS TO,
uto off label nekapcTBa He Bcerga
UMeT y0enuTeIbHOE HAaydYHOEe O0OCHO-
BaHUe, YTO MOJKET MHOT/a IIPEACTABISATh
pucku npu npueme takux JIC gys 60Jb-
HOT'O W Bpaya.

B cBs3U ¢ 9TUM B cHUCTeMe 3[[paBoOXpa-
Henus npumenenue off label mpemapatos
BBI3BIBAET CEPHE3HYI0 03a00UEHHOCTH II0
MOBOJy wuX 0e30macHOCTH, OCO0EeHHO,
KOTZla Mpemapar IIHUPOKO WCIOJb3yeTCs
HECMOTPSI Ha TO, YTO PeryJsiTOPHbIE opra-
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HBI He OINpeJeJIUJINA [IJis HEero COOTHOIIIEe-
HUe MoJib3a—puck. [loTeHIMaabHBIA PUCK
SBJIAETCS 3HAUMTEJIbHBIM, KOrjga s off
label mpenmapaToB He XBaTaeT JOCTATOUYHON
IOKasaTeJabHOM 0asbl WX 0e30IIaCHOCTHU.

Ananmus 150 MUIIMOHOB PEIEeNTyPHBIX

off label mpemapatoB B CIIIA moxasar,

uTo 73 % ®3 HUX MPaKTUUYECKU HEe MMeJHn

Hay4YyHO!I moamep:kKu. Kak cBuUmeTesbCT-

BYeT CTATUCTUKA BO MHOTUX CTPaHaX [0

70 % off label upemapaToB TOXe He

UMeIOT Hay4YHBIX O0OCHOBAHWUII KaK ITOKa-

3aHUII, TaK U MOOOYHBIX AEUCTBUMN U IPO-

tuBonokadanuii [5]. ITosTomy, yuurnsiBas

PUCK OTBETCTBEHHOCTH 34 HasHaUueHNe

JIeKapcTBa IO HEYTBEP:KIAEeHHBIM MOKasa-

HUSAM, Bpauu JOJKHBI IPpubGerath K d3TOMY

JIUIIbL B TOM CJy4Yae, €CJU IIOJHOCTHIO

yOesKIeHbl, UTO IOTEHIIMAJbHAS I10JIb3a

oT mpuMeHeHus mnpemnapara off label mpe-

BBIIIIAET er0 PUCKHU.

HecmoTps Ha BBINIEUBJIOKEHHOE, CTUID
off label Tepanuu COBepIIIEHHO IPUEMJIEM,
4TOOBI C €r0 TOMOIIBIO JIEUUTH GOJBHBIX C
y4eToM HX BO3MOXKHOCTEH u 6Ge3omacHo-
ctu. OQHAKO 3TO HE MPUEMJIeMO, KOraa:
— Bpau He 3HAeT O IOCJECTBUSAX, BJIUIIO-

X Ha 3J0POBbE MAI[MeHTa;

— OTCYTCTBYeT J0Bepre MeXKIy IallieH-
TOM U BpauyoM B BOIpocax MHGOPMUPO-
BAHHOTO corJiacusi 60JILHOTO;

— IoJ yrpo3oii HaxomuTcs 6e30mMacHOCTh
mamnuenTa (c ero corjlacusi MJIM Bpaua).
B (dapmakosoruu mTpuUAepPIKUBAIOTCA

axcuoMmbl, ecau JIC mcmosb3yercss B pas-

HBIX HalIpaBJeHUsAX (hapMaKoTepamnuu, TO

cleayeT OMKUAATHL 0oJiee BBICOKUIT PUCK

ero TokcuuHOCTH. OCOO0EHHO O6OJBINIOM

PHUCK ITOOOYHOI0 JeificTBUS JIEKAPCTB CBS-

3aH ¢ masHauenueMm off label y mereii mpu

OTCYTCTBUM WJIHW OrPAaHWUYEHHU [0Kasa-

TeJIbCTB, KACAMIUXCA MOOOUYHBIX HEHCT-

BUU U ITPOTUBOIIOKA3aHUU IJIA CIerudu-

YeCKUX U PeNKux sabosieBaHuii [4].
Msmuorue darxTops! off label hapmakroTe-

panmum MOTYT OBITH PasHBIMH IO CpPaBHe-

HUIO C yTBep:KAeHHOU wmHcTpykKnuei JIC:

BO3paCT MalueHTa, JUala3oH 03, Pas3Jiu-

uyusag B (papMaKOKMHETHKe W (apMaKoiu-

HaMHuKe JeKapcTB. Bce »aTu oTanuus

MOTYT BJIUATH Ha 3(PDEeKTUBHOCTH U 6e3-

onacuocthb off label mexapcrBa. Cyrect-

ByeT peajibHAsi BEPOATHOCThb, UTO IIPHU

WCIIOJIL30BAaHUM HeageKBATHON Ho3wkl off

label nexapcTBa U TPOLOJIKUTEIHHOCTU

JIEYeHUS MOJKET BOSHUKHYTH JIEKAPCTBEH-
Has PE3UCTEHTHOCTh MJIM OMACHOCTH B3au-
MOJeHCTBUSA MeXKIy IperapaTaMu.

Ilo pesysabTaTam aHajin3a, Cepbe3HbIE
rmocje/cTBusl npu npumeneuuu off label
JIeKapcTB BosHuKawT B 68,2 % ciayuaes,
B TOM UMCJIE ¢ JeTaJIbLHBIM ucxomoMm — 9,8 %
cayuyaeB (10,4 % wus HUX — y geTeil OT
0 mo 9 user): m3-3a HeaJeKBATHBIX 03
(40,9 %), HepalMOHAJIBLHOTO BbIOOPA IIpe-
mapara (16,0 %) m HempaBUJIBHOTO MYTHU
ux BBegeHud (9,5 %) [6].

WccnemoBaHus AHTJIUNCKUX YYEHBIX
IMOKas3ajii, UTO IO00OUYHBIEe peaKIuu
JIEKApPCTB y TOCHUTAJU3NPOBAHHBIX AeTeit
yare acconuupyiorcesa ¢ off label mpema-
paTtamu, 4eM C JIUIeH3upoBaHHBIMHU (6 %
mpotus 3,9 %) [8].

Heonarosoru uyacTo HasHA4aloT IIpe-
maparsl cuocobaMu, KOTOphkie He ofob6pe-
HBI peryasTopHbIMu opranamu: 80 %
IeTel B OTAEeJeHUAX MHTEHCUBHON Tepa-
MW HOBOPOMKAEHHBIX B ABcCTpajauu
MOJIyUyaJu IpemapaTrbl, oMUINAJIBHO HE
MIPOIIIeIIe IPOIEeAypPy PerucTpamuu
IS [JaHHOW KaTeropmu MalueHTOB.
Muorue JieKapcTBa MMEIOT OJWHAKOBBII
adderT u moxoykuii mpoduab 6Gezoma-
CHOCTH y B3POCJBIX U JAeTeil, OIHAKO He
nasi Bcex JIC aro xapaxkrtepHo. Tunuu-
HBIMHU [pPUMepaMM SIBJIAIOTCSI TeTpaIu-
KJWHBI, BBIZBIBAIOI[AE MATHUCTOCTH
3y00B y HmeTeii, AU CEJeKTUBHBIE WHTU-
OuTOpPHI O0OPATHOIO 3axBaTa CEPOTOHHHA
(CHUO03C), npuBomgAmre K CYUIUTATb-
HBIM MBICJIAM Y IIOAPOCTKOB.

B orpeneHnAX MHTEHCUBHON Tepamuu B
Bpasuiuu mpoBeneH aHaiu3 HEOHATAJb-
Horo off label ncmonb30BaHUSA U TTOOOUHO-
ro TOTEeHIIMAajia IpemnapaToB. YCTaHOBJE-
HO, uto Off label mupemapaTbl WMEIOT
IMUPOKUIM CIEKTP NpuUMeHeHus, 0e3
Kakux-1mbo JaHHBIX 00 MX 0e30IacHOCTU
u sddextuBHOCTH. Hambosee YacTo
ncnoab3dyemble off label mpemapaTsl GbLIN
Ha3HAYEHBI HOBOPOXKAEHHEIM [7].

B 2007 rony BO3 mpuusamra ZOKyMeHT
«JIyummue off label nexapcTBa mIaA
nereii», B COOTBETCTBUU C KOTOPBIM B
mefuaTpuu  HEoOXOAMMO yJIyUIIeHUe
moHuTOpuHTA JIC, uYTOOGBI o06ecmedyuTh
6e3omacHOCTh U 9)PEeKTUBHOCTD JIeKapCTBa
IS PA3JUYHBIX BO3PACTHBIX I'PYIIN AeTei.
Ceromus curyanuio ¢ off label mpemapara-
MH MOYKHO YJIYUIIUTH COOOIIEHUAMU O
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meguaTpUYeCKOM OIbITE€ WX KCII0JIb30Ba-
HUSA B KYPHAJBHBIX CTAThbAX, HA Pa3JINU-
HBIX KOH(epeHIuAX. Kaaplii MajleHb-
KU manueHT YHUKAJIeH, II0dTOMY I0JIb3a
U pUCK Tpu wucmoiab3oBanuu off label
mpemapaToB JJOJIKHBI OBITH OI[€HEHBI
BBICOKMM KAauyeCTBOM [JOKa3aTeJbCTB.
TosbKO TaKkue, IleJeHallpaBIeHHBIE U CKO-
OpPIUHUPOBAHHBIE AEHCTBUS Bpadya CMOTYT
obecrieunTh IPABO [eTeil Ha Oe3omacHoe U
adexTuBHOE Jseuenue [11].

Popurenu momKHbl OBITH OYEHL OXU-
TeJbLHBIMU, €CJIM UX AeTIM HasHadawoT off
label mpenapaThl IPU MCUXUUYECKUX 3200-
JeBaHUAX (Imerpeccuss Uy TUIePPeaKTUB-
HOocTh). McciemoBaHuMA TOKAasajlud, dUTO
OHU MMEIOT OITacHbIe MOGOUHBIE 3(PHEKTHI
y [HOeTeli U TOAPOCTKOB, B OTJUYHE OT
B3POCJIBIX, OCOOEHHO IIPU Ha3HAUYEHUU
HeWpPOJEeNTUKOB, IIPOTUBOBOCIAJIUTEID-
HBIX W JIPYTUX «IIOMYJSIPHBIX» JIEKAPCTB
[8, 12].

CiiemoBaTeIbHO, CYIIIECTBYET HEOOXOMM-
MOCTb CTPOTOTO PeryJupoBaHUSA HazHaUe-
uus off label JIC y pereit B mesnsax obeciie-
yeHus 6esomacHOCTH U 3PGHEKTUBHOCTHU.
TlounMaHve pasIuYHBIX (PAKTOPOB PHCKA
U cmeKTpa mobounoro geiictBusi off label
JIEKapCTB MOJKET IIOMOYh B paspaboTke
palnuoHaJbHBIX CTPaTeruil Ha3HAYEeHUS
TaKUX MPernapaTos.

OmHUM U3 OMACHBIX IPUMEDPOB IIPUMe-
Henus off label n1exapcTB ABIseTCS Jopa-
3eIlaM B MHBEKIMOHHOI (hopMe, KOTOPBIHA
BO MHOTHX CIIPABOYHHKAX MIJIA HEOHa-
TaJIBHOTO yX0Ja PEKOMEHAYIOT B KauecTBe
BbIOOpaA MMPOTUBOCYIOPOKHOTO IIperapara
mocje TOro, Kak (enobapburans u GeHTo-
HUJI He ObLIU 3 deKTuBHBIMU. B cooTBeT-
CTBUU C WHCTPYKIUAMU, JIOPA3EIaM IIPO-
THUBOIIOKA3aH HOBOPOXKIEHHBIM B BO3pacTe
MeHee 4 HeJeJb U3-3a TOTO, UTO COJAEPIKUT
0eH3MJIOBBIN cOupT B (opMe HMHBEKIIUI,
KOTOPBIA MOJKET BBI3BATH OAbIXaTeNbHBIN
IUCTPEeCC V HeJOHOIIEeHHBIX nereil. Vcxo-
I U3 WHCTPYKIINU, JiopasdenaM sBJISAETCS
IIJIOXO PACTBOPUMBIM B BOJE, II03TOMY
KaKIbIi 1 MJI CTEepUIBHOTO pacTBOpa
comep:KuT 2 % OEH3WJIIOBOTO CIIHUPTA B
KauecTBe KOHCEPBaHTA, IIOCJIEeIHUN MOKET
SBJIATCA MPUYUHOM AUCTpecca.

Hanuune KOHCEPBAHTOB IIPEACTaBISET
mpo6JieMbl IJIS HOBOPOKAeHHBIX B Humep-
JaHgaxX: OKOJIO IIOJIOBUHBLI KUIKUX Off
label ipentapaToB A1 IPUMEHEHUS per 0S

u 7 % mapaHTepaJbHBIX IIpernapaToB
coJlepsKaT IOTEeHIMAJTbHO BpeAHbIE KOH-
cepBaHTHI [6, 9].

OpHO M3 caMBbIX TParmuyecKuX IMOCJEe[-
cTBuil HasHauenus off label mpemapaTos
66110 B 1960-€ romnl, Korga Bpayy HAYaIU
HA3HAYaTh CeJaTHUBHOE CPENCTBO TAJUIO-
Muzx 6epeMeHHBIM JKeHIUHAM [JIs 00Jer-
YeHUs yTPeHHeH TOIIHOTH. Bckope ObLIO
00HApY)KEeHO, YTO IIperapaT BBI3bIBAET
cepbesHble BPOXKIEHHBIE Te()eKTHhI.

FDA opo6puiio mpemapaThbl (peHTEpPMU-
Ha TUAPOXJOPUL U (peHIypaMuHa TULPO-
XJIOPUJ OTHEJHHO, HO BpayW PEKOMEHJIO-
BaJIM IAIl[MeHTaM WCIOJb30BaTh uX Off
label BMecTe i OBICTPOrO CHUIMKEHUS
Beca Tesia. MHOrwe MmarueHTbl AefCTBU-
TeJILHO TOXYAEeJNN, HO HEKOTOpble M3 HUX
MMeJN Ccepbes3Hble MPOOJEeMBbI C KJallaHa-
mu cepama. B 1997 rogy FDA samperuia
deHuiropaMuE 1 (QEeHTEePMUH, KOTODbIe
nmpuMeHaauch B KoMmbuHamuu Fen-Phen
BHE VTBEP:KAEHHBIX TMOKAa3aHWU# s
yMeHbIteHus mMacchl Tena [10].

B xoume 2011 roga Bo PpaHIuu pas-
pasujicsa CKaHAaJ, CBA3AHHBIN C Ipera-
paToM «MeauaToOpP», KOTOPBIH M3HAYAJID-
HO paspabaTbiBaJjicsA OJis OOJIBbHBIX caxap-
HBIM A1abeToM ¥ HUMeIOIUX U30BITOU-
HYI0 Maccy TeJjia, a BIOCJEJCTBUU IIUPO-
KO CTaJl MPUMEHSATHCS IJis MOJaBJIeHUU
YyBCTBA TOJIOAA JKEJAIIUMHU OBICTPO
moxymerb. Kak BBISCHMJIOCH, B COCTaB
mmpemapaTa BXOIWUJU BeIecTBa, KOTOPbIE
BBIBBIBAIOT HAPYIIEHUSA CEepPAeUHO-COCY-
IUCTOM CHUCTEMBI, BIJIOTH [0 JETAJIbHOTO
ucxona [7].

Teaurpomunun (Ketek) 6n11 omobpen
FDA B 2004—-2008 rogmax pmJjd JedeHUS
0CTPOTO GAaKTEePUAJTBHOTO, XPOHUUECKOTO
OpoHXHUTa, ODAKTEPUATBHOTO CUHYCUTA U
BHEOOJILHUYHON MHEeBMOHUU. V3-3a YHU-
KaJbHOI0O MeXaHMW3Ma M CIeKTpa meicT-
BUSA TEJUTPOMUIIMH paccMaTpUBaJCA
KaK IOTEeHI[MAaJbHO IEeHHBIA AJA Tepa-
nuu uHGEeKIU BEePXHUX IbIXaTeIbHBIX
nyTedl m apyrux saboseBaHuii. OmHAKO
nmpob6iema G6e30macHOCTH IIpWBeJa K
0ojlee OYEBUIHOMY OTPUIATEIBHOMY
COOTHOIIIEHUI0O PHUCKA ¥ II0Jb3bI TeJH-
TpOMUIIMHA. VICIOJb30BaAHUE TEJIUTPO-
MHUIIMHA COKPATHUJOCh CYIIEeCTBEHHO
mocje MOJIYUeHUS COOOIeHUs O cephes-
HBIX ero moOouHBIX sddeKTax (remarto-
ToKcuuHOCTH) [3].
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Takum o6pasom, aHAIU3 JAHHBIX JIUTE-
paTrypsl CBUIETEJILCTBYET O TOM, UTO B
cucTeMe 3[paBOOXPAHEHUs HasHaAUeHNe
off label mpemapaToB BLISLIBAET CEPHE3-
HYI0 03a00UYEeHHOCTh M3-3a UX 0e30I1acHO-
ctu, ocobernno Korga JIC IIMPOKO MCIOJIb-
3yeTcsi He3aBUCHUMO OT TOTO, UTO PEeryJs-
TOPHBIE OPraHbI He OMPEeNe NN IJIs Hero
COOTHOIIIeHME IOoJb3a—pUcK. Ilpu perre-
HAM O Ha3HAYEHWUM JIOOBIX JIEKAPCTB W,
ocobeHHo, off label Bcerga MOJKHBI OBITH
B3BeIlleHbl IIOTEHIINAJIbHAA II0Jb3a U BO3-

MOJKHOCTH Bpena. Heo6XoguMoO ITOMHUTD,
YTO Ha3HaAUeHUEe JeKapCTBa SBJISIETCS
ONHUM W3 CaMbIX PHUCKOBAHHBIX JIeiCT-
BUI, KOTOPbIE OCYIIIECTBJISET BPayu B UHTE-
pecax marmueHTa. CyIecTBYIOT IBe KJIIO-
YyeBbIe KOHIIeOI[UU 0e30IIacHOCTH
JIEKapCTB: IlepBasgd — MUHUMUBAIUA IOTeH-
uaJbHOTO Bpefa. IIpyras KoHIeNmus —
9TO MHEHUE CTOPOHHWKAa JOKasaTeJbHOU
MeIUIUHLI: «XO0pOII Bpady TOT, KTO 3HAET,
Korzma HyKHO HasHauaTh JIC, HO Oojee
BasKHO 3HATDH, KOTZIAa U HEJIb3s».

1. Increasing Off-Label Use Of Antipsychotic Medications In The United States, 1995-2008 / G. C. Ale-
xander et al. Pharmacoepidemiol Drug Saf. 2011. V. 20 (2). P. 177-84.

2. Kimland E., Odlind V. Off-label drug use in paediatric patients. Nature. 2012. V. 91 (5). P. 796-801.

3. Drug labelling and exposure in neonates / M. M. Laughon et al. JAMA Pediatr. 2014. V. 168 (2).
P. 130-136.

. Leveque D. Off label use of anticancer drugs. Lancet Oncol. 2008. V. 9 (11). P. 1102-1107.
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[0

C. M. [lporoBos, E. B. MaTtBeeBa, I0. O. JlykusH4yk, 1. B. PakeeB
dakTopbl, cnocodcTeyowme Nodo4yHbiM adpdekTam off label npenapaTtoB

Mo paHHbiIM BO3 nonoBuHa BCeX NeKapCTBEHHbIX CPEACTB Ha3HA4YaeTCs Mo Moka3aHUsiM, KOTOPbIX
HEeT B MHCTPYKLMK, 1 Takoe ucnons3osaHue JIC HasdbiBaeTcs off label. CTune Tepanun off label use (aHr.
oT off — 3a npenenamu, label —MHCTPYKLMS, 3TUKETKA, USe — NMPUMEHEHNE) O3HAYaET, YTO NPUMEHEHNE
npenapara gjs ne4eHns Kakoro-ambo 3aboneBaHns/CoCTosHMSA He Obi1o opurumansHo 0g00peHo pery-
NATOPHbIM OPraHoM, He OblNI0 KIIMHNUYECKMX UCMbITAHWU ero 6€30MacHOCTU U 3PDEKTUBHOCTU AN 3TOrO
nokasaHus.

[Jo Ttex nop, noka off label nekapctea apPekTUBHbI, 6€30MaCHbI, XOPOLLO NEePEeHOCATCA U OTHOCUTESb-
HO HELLOPOru, NX NCMONb30BaHME He Bbl3biBAaeT OECNOKONCTBA.

TeM He MeHee, aHanu3 AaHHbIX TMTepaTypbl CBUAETENLCTBYET O TOM, YTO MCMOJIb30BaHWE NpenaparoB
off label BbI3bIBaeT Cepbe3HY0 03a604EHHOCTL OPraHOB 3PaBOOXPaHEHMS N3-3a NX 6€30MacHOCTU, 0CO-
O€EHHO B Tex Cny4yasix, Korga npenaparsl UMEIOT LWMPOKOE NPUMEHEHME, HECMOTPS Ha TO, YTO PeryasaTop-
Hble OpraHbl He onNpeaennnn onas HUX COOTHOLLEHWE NoNb3a—PUCK.

CyLuecTByeT peasibHasi BEPOSITHOCTb TOrO, YTO CEPbE3HbIi BPeL MOXET BO3HMKAaTb B pes3yfbrare
MCNONb30BaHNA HeadekBaTHOM 003kl Off label nekapcTBa, NPOAONXKNTENBHOCTU NIEYEHNUS, KOTOPbIE MOTYT
NPUBECTN K NTIEKAPCTBEHHON PE3NCTEHTHOCTU U APYIrMM HEraTMBHbIM NOCNEACTBUSAM.

[na NnpuHATUSA pelleHns 0 Ha3HadyeHUn Nobbix nekapcTB, 0Cob6eHHO Off label, Bcerpa AoMXHbI OblTh
B3BeLLEeHbl NoTeHLManbHasa nosb3a n BO3MOXHOCTb Bpea.

Knto4eBbie ciioBa: iekapCTBEHHbIE cpeacTBa off label, 6e30nacHOCTb, PErynsTOPHbIE OpPraHbl, PUCKM
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C. M. AporoBo3, O. B. MaTseeBa, lO. O. JlykisH4yk, I1. B. PakeeB
dakTopm, wo cnpusaioTb NodiyHum epektam off label npenaparis

3a paHnmur BOO3 nonoBumHa BCix JliKapCbkux 3aC06iB MPU3HAYaeTbCs 3a NOKa3aHHAMM, AKNX HEMAE B
IHCTPYKLi, 1 Take BMKOPUCTaHHS NikapCcbkux 3aco0iB Ha3nBaeTbCs Off label. Ctunb Tepanii off label use
(aHr. Big off — 3a mexamu, label — IHCTPyKLsl, ETUKEeTKA, USe — 3aCTOCYBaHHS) 0O3HA4aE, WO 3aCTOCYBAHHSA
npenapary AJis JlikyBaHHS SIKOrOCb 3aXBOPIOBAHHS/CTaHy He Oyno OdiliiHO CXBaneHO PErynsTOpHUM
opraHom, He 6yno KJiHIYHUX BUNPOOyBaHb 10ro 6e3neku i eceKkTUBHOCTI 3a LIMM NOKa3aHHSAM.

[o Tux nip, noku off label niku edekTnBHI, 6e3neyHi, 4oOpe NepeHoCATLCS Ta BiAHOCHO HeO0POTi, IXHE
BUKOPUCTAHHS HE BUKJIMKAE 3aHEMOKOEHHS.

TvM He MeHLW, aHani3 gaHux nitepatypu CBiAYMTb MPO Te, WO 3acTocyBaHHsA off label npenaparis
BUKJINKAE CEPO3HY NepPeCcTopory OpraHiB OXOPOHW 340PO0B'S 3 NMPUBOAY iXHbOI 6e3nekn, 0cobsIMBO B TUX
BMMNAZKax, KoM npenapar LUMPOKO BUKOPUCTOBYETHLCS, HE3BAXAlOUM Ha Te, WO PEryasTOPHI OpraHn He
BU3HAYUIM 4SS HbOrO CMiBBiIAHOLLEHHSI KOPUCTb—PU3UK.

ICHye peanbHa MMOBIPHICTb TOrO, L0 CEepiio3Ha 3arpo3a MOXe BUMHUKATU B pe3ysibTaTi BUKOPUCTaAHHSA
HeazekBaTHOI [,03u Off label nikiB, TPMBANOCTI NiKyBaHHS TOLLLO, SIKi MOXYTb MPU3BECTU A0 NiKapCbKOoi pe3u-
CTEHTHOCTI 1 iHLINX HeraTMBHUX HACNiaKiB.

[N npuiAiHATTS pilLeHHS NPO Npu3HadeHHs 6yab-sKrx nikiB, 0cobnmBo off label, 3aBxan MatTb 6yTH
3BaXEHI NOTEHLiHA KOPUCTb | MOXJ/IUBICTb LLUKOAN.

Kno4yoBi cnoBa: nikapcbki 3acobu off label, 6e3neka, perynsTopHi opraHu, pu3vkim

S. M. Drogovoz, E. V. Matveeva, J. O. Lukianchuk, P. V. Rakeev
Factors which promote adverse effects off label drugs

According to WHO, half of all drugs are prescribing for indications that are not in the instruction on
application, and such use of drugs is called off label. The style of therapy off label means that the use of
the drug for the treatment of a disease/condition has not been formally approved by the regulatory author-
ities, there have been no clinical trials of its safety and effectiveness for this indication.

Until off label drugs are effective, safe, well tolerated and relatively inexpensive, their use is not a con-
cern.

At the same time, the use of off label drugs raises serious concerns in the healthcare system as to their
safety, especially when the drug is widely used despite the fact that regulatory authorities have not deter-
mined its benefit-risk relationship.

There is a real probability that serious harm can result from the use of an inadequate dose off label
medications, the duration of treatment etc. that can lead to drug resistance and other negative conse-
quences.

Decisions about the appointment of any medication, especially off label, should always be accepted
after evaluation of the potential benefits and the possibility of harm.

Key words: off label drugs, safety, regulatory authorities, risks

Hagiviwna: 7 6epears 2018 p.

KoHTakTHa ocoba: [Jporoeoa CeitnaHa MedogjiBHa, OKTOP MeanyHMX Hayk, npodecop, kadeapa
dapmakonorii, HauioHanbHWUA papMaLeBTUYHWI yHIBEPCUTET, 6ya. 53, Byn. MNyLkiHCbKa, M. XapkiB.
61002. EnekTpoHHa nowTa: drogovozsm@gmail.com
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MuranHs papmavesTukn, papmayesBTUYHOro

VK 546.482 + 543.3

PUHKY, pAPMAKOEKOHOMIKM

B. M. Bpunys, H. B. Ocranina

0co6auBOCTI KOHAYKTOMETPUYHOr0 KOHTPOJIIO AKOCTI
AUCTUNbOBAHOI Boau ANA hapMaKoneiHUX noTpeo

JepxaBHa yctaHoBa «IHCTUTYT rpoMaackkoro 340poB’s im. O. M. MapseeBa
HawuioHasibHOI akagemii MeamnyHux Hayk YkpaiHu», M. Kuis

Kno4oBi crioBa: Boga oyviieHa, Boaa
ANCTUIbOBaHAa, ANCTUIISLLIS,
akBaagnNCTUIISTOP, NMTOMa
€JIeKTPONPOBIAHICTb, KOHTPOJIb SIKOCTi BOAU

Bopga ouuiiena, Boga BUCOKOOUMIIIEHA i
BOJA [JIA iH €KIIifl BUKOPUCTOBYIOTHCA SAK
POSUMHHUKU [IJIs TPUTOTYBAaHHS Ta aHAJi-
3y JiKapchbKuUX 3aco0iB i moBmHHI Bigmo-
BimaTu apMaKOIIefHMM BUMOTaM YMCTO-
tu [1, 2]. KoHTpPOJIb SKOCTI BOAU KOHAYK-
TOMETPUYHUM METOJOM € OIlePATUBHUM i
TOYHUM ITiAXOAOM IJII TEPBUHHOTO BCTa-
HOBJIeHHA II OpUAATHOCTi, TOMY IO BiH
IO3BOJIAE OI[IHUTU KiJBKiCTh icHylOumx y
Bogi ioniB. Came Tomy B dapmaronesax [1,
2], macranoBax i crarrax [3—7] BusHaueH-
HA nuToMoi eslektponposigHocTi (ITE) Boxm
€ OJHUM 3 TepIIuxX TYHKTIB ii BUIpOOY-
Baub. Tak, AJA BOAW OUMIIEHOI, AKA MOXKe
OyTy OoTpMMaHa 3 BOAU ITHUTHOI IVCTUJISAILi-
€10, 3BOPOTHUM OCMOCOM, JeioHizaliero Ta
immmmu  metomamu, DY BcTamOBIEHO
rpannuyHe 3HaueHHa IIE 5,1 mxCm/cMm 3a
25 °C [1].

IIpore mportec oTpuMaHHA BOAW OUMIIIE-
HOI MUCTHJIAIEIO0 3a3BUYAN € ITUKJIIUHUM
(Bamyck oOJiamHAHHS, BUXiJ Ha DPEXKUM,
GaraToroguHHa pobOTa Ta BUMKHEHHH).
OueBUHO, 10 HA PIBHUX CTAAiAX (QYHKILi-
OHYBaHHA MUCTUJIATOPA €JIEeKTPOIIPOBif-
HICTHL OTPUMAHOI BOAM MOKe CYTTEBO Bif-
pisuaTtuck. o Toro x IIE Bomm He €
TOCTifiHOI0 BeJIUUYMHOI, 3MiHIOEThCA Y pasi
KOHTaKTiB 3 arTmMocepHUM MOBiTpAM
[6—8], mii ctabkux MarHiTHUX Ta €JIEKTPO-
MaTHITHUX TOJIIB i HHUBBKOYACTOTHUX
MexaHiyHUX KoauBaHb [8—10], poamHO-
JKeHHA Mikpoopranismis [11, 12].

Y HaykoBi#l Jjiteparypi, mocibHmMKax i
dapmakomeax He BKazaHa YacToTa Iepe-
BipKU AKOCTi BOAM OUUINEHOI Ha IIpaIfioo-
yoMy oOOJamHaHHi, TOOTO BUPIiIIeHHS
IBOTO MHUTAHHA IOKJAAEHO Ha 0O0CIyro-
BYIOUMI IIepPCOHAJ.

© KonekTtus aBTopis, 2018

YV Iep:xaBHilT HayKOBO-IOCTigHiN Ja60-
patopii 3 KOHTPOJIO SKOCTi JiKapChKUX
3aco6iB II'S HAMH Vxkpainu 3[ificCHIOETH-
cs TmepeBipKa MeIWUYHUX IIperaparis, Cy0-
CTaHIIi¥, JiKapChKOI CUPDOBWMHU U IIpemMe-
TiB ririeHm momo BiAMmoOBimHOCTI BuMOram
HOpPMAaTHBHOI AOKyMeHTallil Ta (dapmakro-
neit (IPY, EP, BP i USP). I1i npomeaypu
moTpeOyIoTh 3HAUHOI KiJBKOCTiI BOOU OUM-
IeHoi, MEePBUHHUN KOHTPOJb AKOI 3miii-
CHIOETHCS KOHJYKTOMETPUYHUM METOJOM.

Mema docnidxenns — mouiTopuHr I1E
Ta BUBHAUEHHA 3aXO0[iB IJId IMOKPAIaHHA
SIKOCTi [UCTUIHOBAHOI BOJHU, 1110 BUKOPUC-
TOBYEThCA A (hapMaKoOUmeHHUX 1moTped y
nabopaTopisix, amTeKax, Ha BUPOOHU-
ITBaxX TOIIO.

Marepiaaun Ta meromu. [lucTuiaboBany
BOZY OTPHMMYBAJIU HA aKBaJUCTHIATOPAX
GFL-2008 i HOE-10 3 mpOAyKTHUBHICTIO
BigmoBiguo 8 i 10 a/rox. IIpobu Bimbupa-
JU B €MKOCTI 3 IIOJIieTMJIeHY BHCOKOTO
TUCKY B3 KpuIkow. BuwmipioBauasa IIE
OUCTUIHOBAHOI BOAUM TIPOBOAUIN HA KOH-
nyrromerpi Hanna HI 2300 3a Temmnepa-
rypu (25,0 = 0,5) 'C i BumipoBanu B
MiKkpocuMmeHcax/cauntTumerp (MKCM/cm).
Kani6pyBanHsA KOHAYKTOMETpA BMAiMCHIO-
BaJIM 3 BUKOPUCTAHHAM po3umuy «Condu-
ctivity Standart 84 mkSm/sm» (Mettler
Toledo). BuwmipooBanHA B KOMXHOMY
BUIAAKY pPOOMIM TPUUi ¥ 0O0UMCIIOBAIHU
cepegHE 3HAUEHHS.

IIE BxigHoi BomompoBomHOI Bogu: 362—
384 mxCwm/cm (25,0 = 0,5) °C.

HesBusuauenicts BumipioBauns ITE orpu-
MaHOI AUCTUJILOBAHOI BOJAM [IOPiBHIOBaJa
+ 0,13 mrCm/cMm (ob6unciiioBasach 3TigHO
3 Bumoramu DY [13]).

Temueparypy AUCTUILOBAHOI BOIU KOHT-
poatoBanu tepmomerpom TFA 30.1018 i
OiATPUMYyBaJIU Ha MUPKYJIAMITHOMY Tep-
mocrati LOIP LT-112. BumiproBauusa IIE
IUCTUILOBAHOI BOAU BUKOHYBAJIU OAPa3y
micia i1 orpumanHsa (Taba. 1, 2) abo micasa
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Ta6auis 1

ITumoma enexmponpogidnicms ducmunboéanoi 60du,
ompumanoi 3 oucmunamopa GFL-2008

NMutoma enekTponpoBigHicTb, MKCM/cm (25 °C)
Yac po6oTu, ro, i -
P A c'i'x?oq"me 20 ropg po6otu | 37 rom po6otun
HUW Big Hakuny

0,38 1,98 2,32 3,22
0,5 2,19 2,42 3,32
1,0 2,46 2,85 4,03
1,5 2,57 3,16 4,31
2,0 2,65 3,24 4,43
2,5 2,76 3,37 4,62
3,0 2,89 3,39 4,73
4.0 2,97 3,57 4,81
Pi3Hnuga nntomoi enekTpo-

nposigHocTi (ME4—MEp 33) 0,99 1,25 1,59

Tabaus 2

ITumoma enexkmponpogidnicms ducmunboéanoi 6odu,
ompumanoi 3 ducmunamopa JE-10

Mutoma enekTponpoBigHicTb, MKCMm/cm (25 °C)
Yac po6oTu, rog,
18 rog po6otn | 85 roag po6otu | 150 rog po6oTu

0,33 4,91 6,37 7,54
0,5 3,60 5,21 5,08
1,0 2,67 3,10 4,03
1,5 2,49 2,82 3,91
2,0 2,55 2,89 4,08
2,5 2,51 2,82 4,16
3,0 2,46 2,89 4,13
4,0 2,55 2,93 4,24
5,0 2,53 2,90 4,21
6,0 2,56 2,95 4,25
PisHnuga nutomoi enekTpo-

ﬂpOBi:HOCTi (I'IEG—I'IEtsp) 0,07 0,13 034

30epesKeHHsI B €MKOCTSAX 3 IOJIieTUJIeHy
BHUCOKOTO THCKY 3 KPHUIIKO (Tabi. 3).
PesyasraTu Ta iXx oOroBopeHHsa. [[isg
MMOKpAaIllaHHA KOHTPOJIIO AKOCTi 6yJIO IMpo-
BelleHO moronmuHMUN MoHiTOpHHT ITE BOmM
ounineHoi (BOAM JUCTUJIBOBAHOI), HAKY
OTPUMYBaJN MIUCTUJIAIIEI0 BOAU MUTHOI
Ha akBaguctuiaAaTopax GFL-2008 i [IE-10.
3 rabauns 1, 2 i puc. 1 BugHo, IO
AKiCTh AUCTUIBLOBAHOI BOAUW 3aJIeKUTh
Bifl TaKMX UYMHHUKIB: yac po0oTH aKBa-
OUCTUJATOPA B OTHOMY ITUKJI (ITUKJ —
YBiMKHeHHsA, HarpiBaHHA, KUIiHHA/
MeperoHKa, BUMKHEHHS), CTAH YKUCTOTHU

KOHTAaKTHUX 3 KHUILJIAYOIO BOJOIO IIOBEP-
XOHBb 1 KOHCTPYKI[iST aKBaJUCTUJISATOpPA.
Ha pucysky 1 HukHI Kpusi — gaui IIE
IUCTUJIBOBAHOI BOAM, OTPUMAaHOI 3 CBi-
KOOUUIIEeHNX IIeperoHHmX Kyb6iB, Bepx-
Hi KpuBi — pgami IIE guctunaboBanoil
BOAM, OTPUMAaHOI 3 MepPeroHHuX KYyOiB,
3a0pyAHEHUX oOcaJaMu 3a Iepion exc-
miayaramii. 3abpynsueHHsa — (KapOoHATH
KaJbIlilo, Mardiioo Ta iHIIi goMimikwu, Imo
YTBOPIOIOTHCA 3a AUCTUJIAIII BOZOIPO-
BimHOI BOAM) HaCJIiZOK POOOTH aKBaIMC-
Tuiaaropa GFL-2008 mo 1,5-2,0 rox/
IeHb (cyMmapHO o 37 ron) Ta akBaJVCTU-

98

®apmakonoris ta nikapcska rokcuxonoria, No 2 (58)/2018



Tabausa 3

ITumoma enexmponpogidnicms ducmunibo6anol 600u, ompumanoi 3 ducmuaramopie
GFL-2008 i JE-10, 3a ymoé 36epizannsa npomazom 8 200un

NMutoma enekTponpoBigHicTb, MKCM/cm (npu 25 °C)
Yac sb6epiraHHg, rog, GFL-2008 AE-10
1 3 4 5 6

0 2,41 2,56 3,04 2,99 3,27 4,20
1 2,32 2,51 2,95 2,91 3,1 3,84
2 2,26 2,42 2,81 2,82 2,93 3,66
3 2,14 2,39 2,75 2,78 2,79 3,34
4 2,12 2,35 2,72 2,73 2,62 3,24
5 2,07 2,32 2,7 2,72 2,56 3,01
6 2,04 2,25 2,62 2,67 2,49 2,84
7 2,03 2,21 2,58 2,65 2,43 2,57
8 2,02 2,19 2,55 2,58 2,39 2,48
:s:;::g‘g‘z“n";_eﬂgpo 039 | 037 | 049 | 059 | 0,88 1,72

asaropa HE-10 mo 3,0-4,0 rox/meusn
(cymapuo mo 150 ropx).

TI'padixu IIE Bogu 3 aKBagUCTUIATOPIB
GFL-2008 i JE-10 (puc. 1) matoTh Hecxo-
Ki dopmu, TOMy 110 OOJIAZHAHHSA Mae
pPi3Hi KOHCTDYKIIil Ta OIPUHIUIN POOOTHU:
y IepmioMy BUIIQAKY BUXiJHA BOJOIIPO-
BiffHA BoJla aBTOMATHUYHO AOJAETHCA y Bif-
rOHHUII Ky0 1o Mipi BumapoByBaHHSA, a
micyA 3aKiHUeHHA POOOTH 3aJIUIIAETHCA B
Ky0i. ¥ OApyromMy BUIAAKY — Micasa 3aKiH-
YeHHA PoOOTY BOJA ITOBHICTIO 3JIMBAETHCA
3 KyOy, a mepeJ HACTYIHUM ITUKJIOM —
3aHOBO HAOMPAETHCA 3 BOAOIIPOBOJY.

Tabaumi 1, 2 i pucynok 1 imocTpyoTh
NOTipIIIeHHA AKOCTI AUCTUJILOBAHOI BOAU
miJg yac BiATOHKM BHACJIIIOK IILJIaKyBaHHS

Bigzrounux ky6iB i TEHiB ocamom, aAKwuit
CKJIaIa€ThCSI B OCHOBHOMY 3 KapOOHATiB
KaJbIil0 Ta Mar#io (IpUpoAHA THUMYACO-
Ba JKOPCTKiCTb BOAM), TIAPOKCUAY 3ajisa
(III) (mpomyKT OKWCHEHHSA 3aji3a BOJO-
IPoBigHMX TPyO) Ta iHINHUX AOMIIIOK.

3 rpadika (puc. 1) MoKkHa 3poOUTH
BUCHOBKHU, IO B akBaauctuasaTopi JE-10
nepiri 4—5 J1 fuCTUILOBAHOI Bomu (mepes-
roH) 3agsmuail maiors IIE > 5,1 mxCm/cm
3a 25 ‘C, To0TO He BiAIIOBiZAIOTHL BUMOI'aM
DY i He MOKYTH OyTM BUKODPUCTAaHI IJId
dapMaKOIIeMHUX ITiJIel.

AxBagucrtunsarop GFL-2008 € ekoHoM-
HIiIlIUM II[0J0 BUKOPWUCTAHHS BOAU [Jis
0XO0JIOAKYI0UOro KOHTYPY (mo 50 i/roxm),
Toai Ak JE-10 xapakTepusyeThbcsd 3Ha-

37 ron

20 ron

CBIKOOUHIN

Enexcrponposijuicrs,
mrCm/em
o
n

0 1 2 3 4
Yac podorn aucrrasTopa GFL2008, rox

Puc. 1. 3anexncnicmov numomoi erexmponpogidnocmi 600U 04UULeHOL, OMPUMAHOL 3
Jucmuanamopie GFL-2008 (sxniea) i JE-10 (cnpasa), 6i0 wacy pobomu ducmuaamopa 6 00HOMY
yukai, 610 CMAHY LUCMOMU NOBEPXOHb NePeZOHHUX KY0i6 i mpybuamux esleKmpoHazpieaiie
(TEHis) (cymapHozo uwacy po6omu ducmuaimopa)

Enexrponposiguicrs,

8
7
5 ¢ 1,.

25 X 150 ron

z 4
= 85roa

3
18 ron

2

1
0 1 2 3 4 5 6 7

Yac poborn aucTHasaTopa JTE-10, roa
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YHO OiJBIINM CIOMKMBAHHAM XOJOTHOIL
Boau (mo 100 us/rox). IIpore akBagucTu-

aarop GFL-2008 y pobGori mBugire
samnuiakoByerbea. Tak, maa GFL-2008
pisauna IIE pgucrtunboBanoi Boau 3a

4 rox pob6oTHu B pasi moyaTKOBOI HAPOOKU
0, 20, 37 rox criuangae Bigmomimao 0,99,
1,25, 1,59 mxCwm/cm. Hasa IE-10 pisaunsa
IIE guctunvoBaHoi Bogu 3a 4,5 rox po6oTu
mpu nmovaTkoBiit Hapobmi 18, 85 i 150 rop,
ckaazgae 0,07, 0,13 i 0,34 mxCm/c™ Bim-
moBigHo. Tob6ro, y pasi BUKOpHUCTAHHS
BOJONIPOBIAHOI BOAU AaKBAJUCTUIIATOPD
GFL-2008 morpebye unctku B 5—10 pasis
yacrimre, ik [[E-10.

Ha pucynkax 2 i 3 HaBegeHo (ororpa-
¢ii meperoHHMX Ky0iB aKBaAMCTUIATOPIB
GFL-2008 i IE-10 mo Ta micis OYMCTKH.

TakuM YMHOM, 3aIJIaKOBYBAHHS BHY-
TPiIHIX TOBEPXOHBH AKBAJAUCTUIATOPIB
(puc. 2, 3) moripiye sSKicTh oTpUMYyBa-
HOI mucTuiaboBaHOl Bogu. Tomy BupoOHM-
KOM IIPOTOHYETHCA 3AiMCHIOBATU TEeXHiU-
He OOCJIyroBYBaHHSA aKBaJUCTUIATOPIB
He pimme HiXK 1 pasd y 3 mic. abo K 3
TAKOI0 IIepioguMuYHicTIO, 100 TOBI[UHA
maxkuny Ha TEHax 6ysna < 0,3 mm [14].
PexkomengoBana [15] cymim pas ouwm-
IeHHA MePeroHHOTo Ky0a aKBaJAUCTUJIA-
TopiB Bix Hakumy HactymHa: 10 % mypa-

muuol, 10 % omroBol Kmcaor i 80 %
IUCTHIbOBaHOI Boxm. Ii HemomikoM e
pisKuii HenmpumeMHUU 3anax. KEdeKTus-
HUM TaKOXX € BUKOPHUCTAHHA 3—5 % BOI-
HOTO PO3YMHY CyJIb(aMiHOBOI KHCJIOTH
[16]. PosunHu caabKuX OpPraHivHUX KUC-
JIOT — JUMOHHOI Ta aAWNOiHOBOI — IilOThH
HabaraTo moBisjbHiIIE.

XimiuHa iHepTHiCTH MeTaNiUYHUX cHJa-
BiB TEHiB i mepskaBirouoi crani meperon-
HOTO Ta MPUHAOMHOTO KyOiB aKBaJUCTH-
aaropiBs GFL-2008 i JE-10 Takox BIIn-
Bae Ha IIE oTpumaHOi AMCTHIBLOBaHOL
Bogu. AxBaguctuiaAaTop GFL-2008 micas
OUHMCTKU (PAaKTUYHO 3pasdy K BUXOIUTH
Ha PEXUM 1 TIPOAYKYE MOUCTUIHOBAHY
Bony 3 IIE > 2,0 mxCm/cM, Tomi AK CBi-
skoountenuit Big Hakuny [E-10 morpe-
6ye 5—10 rom momepenHboi poboTH mJA
orpumanusa Bogu 3 IIE > 2,3 mxCwm/cMm.

Craix sasmaumTu, mio IIE orpumanoi
OVUCTUJBOBAHOI BOAM He € KOHCTaHTOIO
(trabn. 3, puc. 4). ¥V pasi 36epiranna ii
B 3aKPUTHUX MHOJieTUJIEHOBUX KOHTEHHe-
pax IIE Bsmenmyerbca 3a 8 rojg Ha
0,37-0,49 mxCm/cMm (BOoma, oTpuMaHa 3
GFL-2008) i 0,59-1,72 mxCm/c™m (BOza,
orpumana 3 [IE-10).

3HM:KeHHA nokasHuka IIE guctuabo-
BaHOi BOAM OOYMOBJIEHO 3MEHIIIEHHSIM

L

ceixcoouuwena, cnpaga — nicas 30 200 pobomu )

Puc. 2. BuympiwHna nogepxhns nepezonHozo kyoa ducmuasmopa GFL-2008 (3niea —

cnpasa — nicas 150 200 po6omu )

Puc. 3. BuympiwHns nogepxus nepezonHozo kyoa ducmuasmopa JE-10 (3xniea — ceixcoouuuiena,
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Puc. 4. Banexncnicmev numomoi erexmponpogionocmi 600U 04UULeHOL, OMPUMAHOL HA

Jucmuanamopi GFL-2008, 6i0 uacy ii 306epicanmns

KinbKkocTi ioHiB y Hii, 110, Biporiguo, 00y-
MOBJIEHO AK (ismyHUMU TpuumHamMu (pos-
YMHEeHHAM aTMocdepHux rasis [6—8, 17],
IIpoliecaM¥ CoJIbBaTallii, ocafsKeHHd, ceau-
MeHTalii, arperaiii Ta koarysaiii [8—10]),
Tak i GiosorivHIMY (POSMHOKEHHAM MiKpO-
oprauismis [11, 12]).

BucHoBKN
TakumM YymHOM, B OpraHisalligx Ta ycra-
HOBaX, IO IPAaIOI0OTh 3 AUCTUJIHOBAHOIO

BOJZIOIO, IJIS BUKOHAHHS (hapMaKOIEeHHUX
BUMOT II[OJ0 UYHCTOTU BOAW KOHTPOJIb
AKOCTI KOHAYKTOMETPUUYHUM METOJOM
IIOBUHEH BECTUCH He CIIOPAAUUYHO, a IIOT0-
OWHHO uu Oe3mepepBHO. BHyTpimHIi
MOBEepPXHiI aKBaAUCTUIATOPIB, AKi KOH-
TaKTYIOTh 3 KUIJIAYOK BOJOI0, TOBUHHI
peryJspHoO OYMIIyBaTHUCh Big muiIamy,
HAKONHWYEeHHsS AKOTO IIOTIpIIy€e eJeKTpPo-
OPOBiAHICTE OTPUMAHOI OUCTUJIBOBAHOI
BOIU.
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B. M. BpuyyH, H. B. OctaHiHa
Oco06AMBOCTi KOHAYKTOMETPUYHOIO KOHTPOJIIO AKOCTi AUCTUIIbOBAHOI BOAU
ansa ¢apmakoneiiHux noTpeo

Bopa anctunboBaHa BUKOPUCTOBYETHCS SIK PO3YMHHYMIK [J151 TPUrOTYBaHHS Ta aHani3y nikapCbkunx 3aco-
6iB i noBMHHA BignoBigaT dapmakoneiiHiM BUMoram YncTotu. MNpoTe npouec OTPUMaHHS BOAM OYULLIEHOT
OVCTUNSLIEIO 3a3BMYali € UMKNIYHMM (3anyck obnagHaHHs, BUXiL HA pexuMm, BlacHe poboTta Ta BUMKHEH-
HS1), | Ha PiIBHMX CTafisx GYHKLiIOHYBaHHS akBaANCTUAATOPA AKICTb OTPMMAaHOI BOAM MOXE CYTTEBO Biapi3-
HSTUCB.

MeTa [ocniaXeHHsT — MOHITOPUHI MUTOMOI eNeKTPONpPOBIAHOCTI Ta BU3HAYEHHS 3axO0AiB A8 nokpa-
LLL@HHS SIKOCTi ANCTUNBOBAHOT BOAM, L0 BUKOPUCTOBYETLCS Ans papmakonenHux notped y nabopatopisix,
anTekax, Ha BUPOOHMLITBaX TOLLLO.

KOHAYKTOMETPUYHMM MeToAoM Oyno NpoBeAeHO AOCHIOXKEHHS MUTOMOI eNeKTPONpPOBIAHOCTI ANCTUN-
NbOBaHOi BOAMW, CBIXXOOTpMMaHOi 3 akBaauctunsatopis GFL-2008 i [[E-10. BctaHoBMEHO, WO SKICTb AMC-
TUNBOBAHOI BOAM 3aNeXnTb Bif, Takmx GakTopiB, K KOHCTPYKLiS i YHac poboTM akBagucTUASTOpa B OAHOMY
UMKAI (LMK — YBIMKHEHHS, HarpiBaHHsS, KMMNiHHS/NeperoHka, BUMKHEHHS), CTaH YNCTOTU KOHTaKTHUX 3
KWMASHYO0 BOAOO NMOBEPXOHB i XiMiYHa IHEPTHICTb HEPXXaBilovOoi CTani NeperoHHNX i NPUIOMHUX KyOiB akBa-
ANCTUNATOPIB.

Taknm YMHOM, B OpraHi3aLiisix Ta ycTaHoBaXx, L0 BMKOPUCTOBYIOTb ANCTUIbOBAHY BOAY, AJS BUKOHAH-
HA dapmakonernHnx BUMOr LWOAO0 ii YACTOTU KOHTPOJSIb SKOCTi OTPUMAHOI BOAN KOHAYKTOMETPUYHUM
MeTOZ0M MOBUHEH BECTUCHL HE CropaauyHo, a NoroAMHHO Yu 6e3nepepBHO. BHYTpilWHI noBepxHi akBa-
OMCTUNATOPIB, sIKi KOHTAKTYIOTb 3 KUMSYO0 BOAOO, MOBMHHI perynspHo (He pigwe 1 pasdy B 3 Mic) oun-
LyBaTUCS Bif, LWAAMY, HAKONMMUYEHHS SSKOr0 NOripLlye NMTOMY eNeKTPONPOBIAHICTE OTPUMAHOI ANCTUBO-
BaHOi BOAMW.

Knro4oBi crnoBa: Boga o4yvleHa, BoAa ANCTUIIbOBaHa, ANCTUSLIS, akBaaNCTUASTOP, NMToOMa
€eJ1eKTPOMNPOBIAHICTb, KOHTPOJIb IKOCTi BOAU

B. H. BpuuyyH, H. B. OcTtaHuHa
0OCc06eHHOCTU KOHAYKTOMETPUYECKOro KOHTPOISA Ka4ecTBa AUCTUNJIMPOBAHHOM
BoAbl AN papmMakoneiHbix noTpeOHocTEN

Bopa aMctunnnpoBaHHas UCMosb3yeTcs Kak pacTBOPUTENb A MPUrOTOBEHNS U aHanM3a nekapcT-
BEHHbIX CPEACTB U [O/KHA OTBEeYaTh hapMakonenHbiM TpedoBaHnsM YncToTel. OQHAKo Npouecc nosy4ye-
HWUSI BOOb! OYMLLEHHOW ANCTUANAUMEN 0ObIYHO SBASIETCS LIMKIIMYECKMM (3anyCck 060pya0BaHus], BbIXOS HA
pexum, cobCTBEHHO paboTa 1 BbIKJIIOYEHME), U Ha Pa3INYHbIX CTaAMSX PYHKLMOHMPOBAHWS akBaaUCTU-
NSiTopa Ka4ecTBO MOJTYHYEHHOW BOAb!I MOXET CYLLLECTBEHHO OT/INYATHLCS.

Llenb nccnenoBaHus — MOHUTOPWHT YAENbHOM 3NEKTPONPOBOAHOCTU 1 ONpeaefieHne MeponpuaTuii
ONs ynydlleHne KadecTBa AUCTUIMPOBAHHOW BOAbl, KOTOpask UCMONb3yeTcs AN dapMakonelriHbix
notpebHocTen B nabopatopusx, antekax, Ha MPOU3BOACTBAX U T. M.

KoHOyKTOMETpMYECKMM MeToA0M Oblo MPOBEAEHO UCCNEN0BaHME YAENbHOW 31EKTPONPOBOAHOCTM
ONCTUNNMPOBAHHOW BOAbI, CBEXEMNOYYEHHOM 13 akBagucTunnatopos GFL-2008 n E-10.

YCTaHOBEHO, YTO KAYECTBO ANCTUNNIMPOBAHHON BOAbI 3aBUCUT OT Takux pakTOpoB, Kak KOHCTPYKLMS 1
BpeMs paboTbl akBaAMCTUINATOPA B OAHOM LMKIE (UMKI — BKJIIOYEHUE, HArpeB, KUMeHne/neperoHka,
OTKJ/IIOYEHNE), COCTOSIHNE YMCTOTbl KOHTAKTHbIX C KMMNSLLEN BOOOW MOBEPXHOCTEN N XMMUYECKas UHEp-
THOCTb HEPXXABEIOLLIEN CTaNM NEPErOHHbIX N MPUEMHbIX KyOOB akBaAMCTUINATOPOB.

Takum 06pa3om, B OpraHn3aumsax U yu4pexaeHusx, UCMonb3YoLWmX AUCTUINMPOBAHHYIO BoAy, 4SS
BbINOJIHEHUS dapMakonenHbix TpeboBaHNn MO ee YUCTOTE — KOHTPOJIb Ka4ecTBa NoJTly4eHHOM BOAbl KOH-
LYKTOMETPUYECKUM METOAOM AOIKEH BECTUCH HE CMOPAAMYECKM, @ MOYACOBO WM HEMPEPbLIBHO. BHy-
TPEHHVE NOBEPXHOCTU akBAANUCTUNNATOPOB, KOTOPbIE KOHTAKTUPYIOT C KUMSILLEN BOAOK, AOIKHBLI perynsp-
HO (He pexe 1 pasa B 3 MeC) o4nLaTbCA OT Wlama, HaKoMJIeHNe KOTOPOro yxXyaLwaeT yaenbHY0 3N1ekTpo-
NMPOBOAHOCTb MOJYYEHHO ANCTUINIMPOBAHHON BOAbI.

Kno4yeBsle cioBa: BoAa ounLLeHHasi, Boga ANCTUI/INPOBaHHas, ANCTUAISALUNS, aKkBaaNCTUISITOP,
yAaesibHasi 3J1eKTpPoripoBOAHOCTb, KOHTPOJ1b Ka4ecTBa BOAbl

V. M. Britsun, N. V. Ostanina
Features of conductometric quality control of distilled water for pharmacopoeial
needs

Distilled water is used as a solvent for the preparation and analysis of medicinal products. It must meet
the pharmacopeia purity requirements. However, the process of obtaining purified water by distillation is
usually cyclic (starting up the equipment, entering the mode, actually operating and shutting down), and
the quality of the produced water can significantly differ on different stages of the aquadistillator
functioning.

The purpose of the study is to improve the quality of distilled water, which is used for pharmacopoeial
needs in laboratories, pharmacies, in industries, etc.
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Conductometric method was used to investigate the specific electrical conductivity of distilled water
freshly obtained from aquadistillers GFL-2008 and DE-10.

It has been established that the quality of distilled water depends on such factors as the design and
operating time of the aquadistillator in one cycle (cycle-inclusion, heating, boiling/distillation, shutdown),
the state of cleanliness of surfaces contacting with boiling water and the chemical inertness of the
stainless steel of distilling and receiving cubes of aquadistillators.

Thus, in organizations and institutions which using distilled water, in order to fulfill the pharmacopoeial
requirements for its purity, the quality control of the produced water by the conductometric method should
be conducted not sporadically, but hourly or continuously. The internal surfaces of aquadistillers that come
into contact with boiling water - must be cleaned regularly (at least every three months) from the sludge,
the accumulation of which worsens the specific electrical conductivity of the obtained distilled water.

Key words: purified water, distilled water, distillation, aquadistiller, specific electrical conductivity,
water quality control

Hagiviwna: 5 notoro 2018 p.

KoHTakTHa ocoba: EpuuyH Bacunb MukonaiioBuy, OKTOP XiMiYHMX HayK, FOSIOBHWIA HAYKOBUIA
cniBpobIiTHKK, [lepkaBHa HayKOBO-A0CNiAHA nabopaTopis 3 KOHTPOIIO SKOCTI ikapCbkux 3acobiB,
AY «lHcTuTyT rpomaacekoro 300poB's iM. O. M. Map3eeBa HauioHanbHOi akagemii MeguyHmnx Hayk
Ykpainu», 6ya. 50, Byn. MonyapeHka, m. Knie, 02660. Ten.: + 38 0 44 559 77 11.

EnekTpoHHa nowra: britsun167@ukr.net
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Oco6ucrocri

MaM’ATi BUeHOro, Koneru, Apyra
BikTopa Mukonaios1Mya booupboBa

A

9 Gepesna 2018 poxry micaa TpuBaIoi
TAYKKOI XBOPOOU MIIIIOB 3 MKUTTS Bimommuit
TAJIAHOBUTUM HAYKOBEIlb, JIIOJWHA BEJIU-
KOl # mieapoi Ha moOpo myIii, Yar00JeHUHi
Yuuresb KiJIBKOX IIOKOJiHb CTYJEHTiB-
MeIUWKiB, IO OCTaHHIX AHIB JKHUTTA Bimma-
HUN CBOEMY IOKJMKAHHIO JKap, HaIiii-
HUU TOBApPUII i MyApWUI TOPAgHUK, IIEp-
muii upopexktop BIH3Y «VYkpaincbka
MeIUYHA CTOMATOJIOTIiUHA aKageMis»,
naypeatr [lep:xaBHoi mpewmii VYKpainwu,
3aCJIysKeHUH AifdY HAYKU 1 TexHiKM YKpai-
HU, [OKTOpP MEIWUYHUX HayK, Ipodecop
BixkTop MukosaiioBuu Bobupros.

Biorpagia B. M. BobuproBa Ha mouar-
Ky HOTO KHUTTA B YOMYCh CXO’Ka Ha 06io-
rpadiro iHmwux ¥oro poBecHukKiB. Bin Ha-
pomusBca 9 tpaBua 1950 pory B M. Ba-
ayiiku BearopoacbKoi obJsiacti B pobiTHMI-
uiti cim’i. Cpi6HUM MegasicTOM BCTYIUB
n10 XapKiBCBKOTO MeIUUYHOI'O0 YUHJIHUIIA.
HaBuaBca ma BimmMiHHO, W OTpPUMAaBIIH
IUIIOM 3 BimsHakoo B 1969 pori BiuBca
B JIaBU CTYJIEHTiB CTOMATOJIOTiYHOTO
daryabTery IloaTaBCHKOTO MEIWYHOTO

CTOMATOJIOTIYHOTO iHCTHUTYTy. 3aKiHUYUB-
iy i #oro 3 BiAMiHHMMMU OIliHKaMu, CBilt
HayKoBUM nuiAx mouaB y 1975 pori acuc-
TeHTOM Ha Kadexnpi dapmaxosorii B pig-
Homy By3i. Ilorim mpamioBaB crapirum
nabopanrom, y 1981 pormi orpumar Hay-
KOBUM CTYIIiHb KaHAUZATA MEIUYHUX
HayK, v 1985 pori — Buene 3BaHHSA IOIEH-
Ta. 3 1988 poky BUKOHYBaB 000B’A3KU
3aBimyBaua radenpu papMarosorii.

ITinecupsamoBaHicTh, BimmoBigaabHiCTD,
aKTUBHA JKUTTeBa mo3uilia BikTopa
MuxkosaiioBuya 3aBKAM OyJIU MPUKJIALOM
IJIS KOJIeT i cTymeHTiB. ¥ Bce BiH BKJIazIaB
vacTry cBoei mymri. Ilicasa mpucynsxeHHA
omy B 1991 pormi HayKoBOro CTyIIeHS
IOKTopa MeaguuHux HayK i B 1992 pomi —
3BaHHA mpodecopa, B. M. BobuproB ouo-
JIUB JeKaHaT MeIWYHOTO (PaKyJbTeTy, a B
1992-2004 poxax OyB IIPOPEKTOPOM 3
HaBuaabHOI pobotu YMCA. 3 2004 poky
W 1o ocramHix mHiB KuTTA BikTop MuKo-
jaiioBuuy OyB IepIIUM IIPOPEKTOPOM
BIH3Y «YxpaiHCchKa MeIUYHA CTOMATO-
JoTiuHa akajgeMis».
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HaBuanbuo-MmeToguuua pobGoTa, Ky
BiH ouoJ/II0OBaB B aKaaemii, s3aB:kmu Oyja
NIPOBiAHMM HampsaMoM y iI AiAjgbHOCTI.
TonoBHVMMYM mpumHOUDAMN Ha TOCALi IIEp-
moro mpopekTopa BikTop MukosmaiioBuu
BBa’XaB PO3YMHY JKOPCTKicTh i Bigmosi-
manbHicTh. BiH 3aBXKAu TpuUMaB [gaHe
CJIOBO ¥ yUYMB IIbOMY CTYAEHTiB. 3aBIAKU
3JIaTOJKEHOCTI AiAJBHOCTI HaAYKOBO-
BUKJIQAIIbKOTO KOJEKTUBY Ta MOaJIeKO-
TAAHIN TOo3UIlil peKTopary axaaemisa
mocsaria mpectuskHOro 50-To piBHA B peii-
tuHry cepen 200 BumriB Ykpainu. I B
IbOMY € ¥ 3BUTAKHA IIpamd ii mepImIoro
mpopekTopa B. M. Bob6uproBa. Bin 3po-
OMB BaroMuii BHECOK y IiArTOTOBKY HAYKO-
BO-MeIUYHMX KaJApiB, AKi IpaIooTh He
TinTbKM B YKpaiHi, a # majmexko 3a il Kop-
ITOHAMU.

Chepa nHaykoBux iHTepeciB BikTopa
MukosaiioBuya caraja gajJeKo 3a Merki
KJiHiuHOol (papmarosorii. Bin 6yB uieHOM
IIpesunii lep:KaBHOTO €KCIEPTHOTO ITEHT-
py MO3 Vrkpaiuum, umnemom IIpesunmii
VKpalHCBKUX HaAYKOBUX TIpoMan Qapma-
KOJIOTiB Ta TepOHTOJIOTiB, rosioBoo Iloi-
TaBChKOT0O BigmieHHa YKpaiHCBKOI T'poO-
MaJu TePOHTOJIOTIB Ta PerioHaJbHOTO Bif-
ninenna BI'O «Acomiamnis dapmakosioris
Vrkpainu». Biktop MuxkosaiioBuu Bobu-
proB € aBTopoM noHan 400 HaykoBo-mea-
roriuHuUX POO6IT, miZ HOTO KEepiBHUIITBOM
3aXUINEHO 3 HOKTOPChKUX i 17 KaHgUOAT-
CBKUX QUCEPTAIiHHUX POOGIT.

Hep:xaBa i HayKoBa CIiJIBHOTA BUCOKO
ominuau BHecok B. M. Bo6uproBa B Mmenu-

muay. ¥ 1992 pomi ifomy nIpuUCYIKEHO
rpaduT MikHapommoro (oumy Copoca, y
1997 pomi — mouecHe 3BaHHA 3aCJIyKEHO-
ro pngisya HayKuW i TexHiKmM YKpainu, y
1998 pomi BikTop MukosaitoBuu Haropo-
IKeHUW MeJaJLIl0 ocBiTm YKpainu. ¥
2004 pomi BiH craB JsaypeaTom mpemii
AMH Vkpaiau. 3a migpyunur «@Papma-
KOJIOTisI» IJIA CTYAEHTiB BUIIUX HABUAJb-
HUX MeauuyHux 3akjgagis B. M. Bo6u-
proBy B 2016 pomi mpucymxena J[ep-
JKaBHA IIPeMis B rajgysi HayKu i TeXHiIKnT
Ykpainu.

OcrauHi porku xkurtda BikTop Mukoia-
MOBUY MOBTO I TAKKO XBOPiB. AJe 3amu-
IIaJUCh HEe3MIHHMMHN HOro mIpaIesios-
HicTh 1 BigmaHicTe MeAUIMHI, AKY BiH
obpaB CcIpaBOi0 BCHOTO CBOTO KUTTA. He
3racaja Moro J00B 0 APYKUHU i 6JIU3B-
KHUX.

YucieHHUM KojieraMm, YUHSIM, APY3SIM i
mpocTo BciMm, xTo 3HaB B. M. Bo6uprosa
BA’KKO IIOBipUTH B Te, IO 1A CBiTJIA, CIIO-
BHeHa Kunydol eHeprii # Jmm0060Bi [0
JKUTTSA JIIOJUHA, eHTy3iacT HOBUX MOCJij-
"KeHb 1 IPOeKTiB y HayIli, miImoB 3a HELO-
CAMKHUYN OOpii...

3aB¥KIM maM’ ATATHMEMO.
mam’sTh!

Csitaa

Pexmopam i Haykogo-
BUKIA0AUbLKUIL KOJLeKMUS

BJ/[H3Y «Ykpaincvka meduuna cmo-
MamoJaoziuna axademisy,

BI'O «Acoyiayisa ¢papmarxonozie
Yrpainu»
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