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FEATURES OF THE ETYTHROPOESIS UPON TREATMENT OF CHRONIC MYELOID LEUKEMIA
WITH TYROSINE KINASE INHIBITOR

A functional activity of erythroid hematopoietic cells of patients with chronic myeloid leukemia, who were treated with tyrosine kinase inhibitor
of the first and second generation was investigated. Samples of bone marrow of patients with resistance to tyrosine kinase inhibitor treatment show
an increase of erythroid colonies number provided that there is erythropoietin in the culture medium. Furthermore, it was found that clone cells in
culture in vitro acquire the ability to differentiate towards erythroid direction in the absence of a culture medium culturing exogenous erythropoietin
when they have a resistance to imatinib and nilotinib. Thus, the determination of proliferative activity of erythroid hematopoiesis level in cultured

cells in vitro may serve as an important prognostic factor for the further choice of treatment strategy.
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3MIHU EHEPFETUYHOIO BAJIAHCY MEYIHKM TA NIAWNYHKOBOI 3ANI03U LWYPIB
NPU rNINOCALMAHOMY CTAHI LUMYHKA TA MOLWYK NnigxoaisB 40 KOro BIAHOBNEHHSA

BcmaHoeneHo, w0 y ne4viHyi ma nidwnyHkosil 3ano3i wiypie npu mpusanili wiyHKoeil 2inoxsopeidpii mopywyembcsi eHep-
2emuyHul ganch, npo wjo ceidyumse 3HUXKeHHSA emicmy AT® Ha ¢poHi 36inbweHHs1 pieHss AQ® ma AM®. Mynbmunpobiomuk
"Cum6imep™" cnpusie sidHo8NeHHIO pieHOBaz2u adeHinosux Hykmneomudie y docnidxyeaHux opa2aHax wypie 3 2inoayudHum cma-

HOM WIyHKa.

Knroyoei cnoea: mpueana wiyHkoea 2inoxsiop2iopisi, nidwyHkoea 3ao3a, adeHinosi Hykneomudu, Myssmunpob6iomuk.

BcTtyn. 3HavHe Micue cepep naTonorin TpaBHOI cMcTeMU
3aMMaloTb rinoaunaHi CTaHWu, SIKi BUHMKaKTb BHACMiAoK Mo-
PYLLEHHS ceKpeLii rapoxXnopuaHOI KUCNOTU NapieTanbHUMK
KniTMHamy wnyHka. LWnyHkoBa rinoxnoprigpis mae nonietio-
noriyHy npupogy Ta € HacniakoM psiay 3axBOptoBaHb (aTpo-
diduHUI racTpuT, iHdekuia H. pylori, ayToiMyHHI NOpyLLEHHS),
pO3BUBAETLCS NPU CTapiHHI Ta € pe3ynbLTaTom npuiomy da-
pMakororiyHux npenapariB, SKi ranbMyloTb NPOAYKyBaHHS
rigpoOXnopMAaHOI  KACMOTM B WUMAYHKY (@HTaroHictmn H2-
peLenTopiB Ta iHriGiTopy NPOTOHHOI noMnn) [1, 2].

LLinyHkoBa rinoxnoprigpis nNpu3BoanTb A0 UINOi HU3KK
HeraTMBHUX HacnigkiB Yy  LUNYHKOBO-KULLKOBOMY — TpaKTi
(LLIKT): 3HMXeHHS akTuBaLii NencuHy Ta iHWMX NpoTeoniThy-
HUX hepMeHTIB, MOripLUEHHS NpoLeciB po3LlenneHHs Ginkis
Ta YTBOPEHHHA TOKCMYHUX NMPOMIXHUX NPOAYKTIB iX po3nagy,
MOPYLUEHHS MOTOPMKM LUMYHKA Ta KULWEYHWUKA, 3HWDKEHHSI
BCMOKTYyBaHHA MikpoenemeHTiB (Cu, Zn, Se, iH.), BiTamiHy
B2, rinepractpuHemii, pO3MHOXEHHSA NaTOreHHOI Mikpodno-
pv Ta po3BuTKY ancbiosis [3, 4, 5]. TakMM YMHOM, 3HMKEHHSA
piBHA abo X MOBHA BIACYTHICTb MAPOXIOPUAHOI KNCMOTU Y
LUITYHKOBOMY COKY € HeGesnevyHnM CcTaHoM Ans 340pOoB's
nognHn. 30Kpema, icHye 3B'I30K MiX rinoaunaHUMKU cTaHa-
MU LUMYHKA Ta MOXIIMBMM PO3BUTKOM MAaTOMOMYHMX 3MiH Y
neviHui Ta nigwnyHKosin 3anosi [6, 7, 8]. Po3suTok naTtono-
riYHMX MPOLECIB CYynPOBOLXKYETLCA 3MIHOK €HepreTUYHOro
cTaTycy KNiTuH, Bif SKOro 3anexuTbs 6anaHc Ta cnonyyeHHs
nepebiry GionoriyHnx npoueciB B opraHiami. Aapom eHepre-
TUYHOrO OBMIHY KNiTMH € MeTaboniamM afeHiNoBUX HyKIeo-
Tmaie [9]. Takmm unHom, 6anaHc AT®, AlP Ta AM® € iHdo-
PMaTVBHUM MOKa3HWKOM MpW OLiHLi BaxkocTi nepebiry na-
TororiyHoro npouecy. [Ons Kopekuii naTtonoriyHMx 3MiH y
neviHui Ta NigWnyHKOBIM 3anosi WypiB 3 rinoaunaHum cra-
HOM LUMYHKA MW BUKOPUCTOBYBanu MynbTUNPOGIOTUYHNIA
npenapar "C|/|M6iTep® aunagodinbHMN"  KOHLEHTPOBaHWUIA
("CvmbiTep™ ")), SIKMIA 3O0aTHWUIA 3MEHLIYBaTK po3naan B Tpa-
BHill Ta iHWMX cucTemax opraHiamy [10].

Tomy MeTolo po6oTu Byno BM3HAYUTU BMICT afeHino-
BUX HYKNeoTuaiB y neviHui Ta nigwnyHKoBin 3anosi Wwypis B
ymMoBax TpuBaroi LUMYHKOBOI rinoxnoprigpii Ta npu BBe-
[EeHHI MynbTUnpob6ioTuka "CumGitep®.

O6'eKkT Ta MeTOoAM AocnigkxeHb. [locnigXeHHst NpoBe-
AeHi Ha 6innMx HemiHIMHMX CTaTeBO3PINUX LWypax-camusax
Macoto 160-200 r 3 [OTPMMaHHSAM 3ararnbHUX EeTUYHMX

NPUHUMNIB €KCNepMMEHTIB Ha TBapuHax, yxsaneHux [lep-
UMM HauioHanbHUM KOHTpecoMm YKpaiHu 3 GioeTukn (Bepe-
ceHb 2001 poky), iHWKUX MibKHapoOHWX yrod Ta HauioHarnb-
HOro 3akoHo4aBCTBa Y Ui ranysi. 3a 4oby A0 NnpoBeaeHHs
eKcnepuMeHTy TBapuH nigaaBany xapyoBi Aenpusadil 3
BiNbHMM [OCTYNoM A0 BOAW. YCiX TBapuH po3ginsanu Ha
4YOTMPU eKcrnepuMeHTanbHi rpynu. [lepuwin rpyni TBapuH
(koHTpOMnb) BBOAMMM iHTpaneputToHeansHo 0,2 mn Ta ne-
popanbHO 0,5 mMn Bogu Ans iH'ekuin oaMH pa3 Ha [o6y
ynpopoex 28 ai6. Opyrii rpyni TBapuH (KOHTPOSb Ha BBe-
OeHHs npobioTuky) BBogUnu nepopansHo 0,14 MA/Kr Mynb-
TMNPOGIOTHK "CI/IM6iTep®", po3umHeHun y 0,5 mn Boau ans
iH'exUin, oguH pa3 Ha poby 28 ni6. TperTin rpyni TBapuwH
(Mogenb TpuBanoi LUAYHKOBOI rinoxnoprigpii) BBOAMMX
iHTpaneputoHeansHo 14 Mr/kr omenpason oAwH pas Ha
noby ynpopoex 28 ai6. YeTBepTin rpyni TBapuMH CyMiCHO
BBOAWMM iHTpaneputoHeansHo 14 mr/kr omenpason, pos-
ynHeHun y 0,2 Mn BoaM ANS iH'eKUi, Ta nepopanbHO
0,14 mn/kr MynbTMNaAPOBIOTMK "CVIM6iTep®", PO34YMHEHUN Y
0,5 mn Boan Ans iH'ekuin, oguH pas Ha ooy 28 fid.

PosgineHHa Ta KinbKiCHe BU3HAYeHHs1 afeHiNnoBUX HyK-
neoTUAIB Y TKAHUHI NEeYiHKK1 Ta NiLuAyHKOBOI 3an03M NpoBo-
Ounn MeToaoM TOHKOLLApOoBOI XpomaTorpadii Ha cunydgo-
nosux nnactuHkax UV-254 3a metogom [11]. Mpsamy aeHcw-
TOMETPIO NNacTvH y BIigOUTOMY CBITNI 34iMCHIOBaNM Ha
LBMAKICHOMY ckaHepi AeHcutometpa CS-920 "Shimadzu"
(AnoHis) y HaNpsIMKy Pyxy PO3YMHHMKA MPU OOBXMHI XBUITi
260 HM. BmicT gocnigykyBaHux Cronyk y xpomaTtorpadivyHnx
nnamax BM3Havanu 3a LOMOMOroK KanibpyBanbHUX KPUBMX
3anNeXHOCTi NNOLL NAsSIMU Bif, KiNbKOCTi HAHECEHNX XpoMaTo-
rpaciyHo umctux npenapatis AM®, A[I® ta AT®. Cratuc-
TU4YHY 06pOOKy pe3ynbTaTiB AOCNigKEHHS NPOBOAWNM 3ara-
NBHOMPUNHATUMU METOA4aMM BapiauiiHOi CTaTUCTUKM 3 BUW-
kopucTaHHaMm t-kputepito CT'togeHTa [12].

Pe3synbTaTtu Ta ix o6roBopeHHsA. BctaHoBneHo, wWwo B
yMOBax TpMBarnoi LUYHKOBOI rinoxmoprigpii y nediHui wy-
piB BMicT AT® 3HmxyeTbea B 1,6 pasa (p < 0,01), npu ubo-
My nigeuwyetbca Bmict AP Ta AM® BignosigHO B
1,4 pasa (p <0,01) Ta B 1,3 pa3a (p < 0,01) BiGHOCHO KOH-
Tponto (Tabn. 1). 3a gaHUX yMOB eKCNepUMEHTY y nediHui
CyMapHvWi BMICT afeHiHHiyKneoTnaiB Ta eHepreTu4Hun
3apag KMiTUH NeYiHKM 3HWXKYeTbea B 1,2 pasa NOpiBHAHO 3
KOHTpONbHOW rpynoto (Tabn. 1). B ymoBax BBeAEHHSA My-
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nbTUNpobGioTuka "CI/IM6iTep®" Lypam 3 TpUBanuMm 3HMXKeH-
HSAM LUNYHKOBOI cekpeLii rigpoxnopuaHoi kucnotn 6anaHc
a[leHINOBUX HYKNEOTUAIB y NeYiHLi 4YaCTKOBO BiAHOBIIOETb-
cs: BMmicT AT® nigeuwyeteca B 1,4 pasa (p < 0,05), npu
LbOMY CMOCTEpIraeTbCs TEHAEHUISs A0 3HWKEHHS BMICTY

Al® ta AM® B 1,2 pasa (p < 0,1) BigHOCHO rpynu LwypiB 3
rinoaumgHMm CTaHoOM LwnyHka (Tabn. 1). Mopsag 3 uMm y re-
naToumMTax CymMapHWii BMICT ageHiHHiykneotuais Ta eHepre-
TUYHUIA 3apag KITiITUH YacTKOBO BiAHOBMETLCS (Tabn. 1).

Ta6nuys 1. BMicT ageHinoBux HyknNeoTUAIB y neyiHui WypiB B yMmoBax
TPUBanoi WYHKOBOI FiNOXMopriapii, MKMonb X I TkaHuHu™' (M £ m, n = 10)

n Mpynu TBapuH KoHTponb MynbTUnpo6ioTuk Omenpason Omenpaaojl1 *
OKa3HMUK MynbTUNPOGioTUK
ATO 2,61+0,25 2,78 £ 0,27 1,59+ 0,15 2,180,217
AP 0,93 + 0,08 0,87 + 0,08 1,28 £ 0,09 1,08 £ 0,07°
AMO 0,38 + 0,03 0,36 + 0,03 0,51 + 0,04 0,42 £0,03°
ATO + A® + AMO 3,92+0,35 4,01+0,36 3,38 £ 0,31 3,68 £0,33
EHepreTnyHmi 3apsg ageHinaTtHoi cuctemm 0,78 £ 0,07 0,80 £ 0,08 0,66 + 0,06 0,74 £ 0,07

** — p < 0,01 BigHOCHO KOHTpOnto; $ — p < 0,1; # — p < 0,05 BIAHOCHO rPyNK TBAPWH, SKUM BBOAWUMN OMENpPa3orn

B ymoBax TpvBanoi LWyHKOBOI rinoxnoprigpii y nig-
LUNYHKOBIN 3ano3i LWypiB cnoctepiracTbCa NopyLIeHHs piB-
HoBarn ageHinoBux HykneoTuais: BMIicT AT® 3HMXKyeTbCH B
2,1 pa3a (p < 0,01), npu ubomy nigsuLLyeTbca BMicT AD
Ta AM® BignosigHo B 1,7 pasa (p <0,01) Ta B 1,5 pasa
(p < 0,01) BigHOCHO KOHTpOMbLHOI rpynu (Tabn. 2). 3a AaHux
eKcrnepyvMeHTanbHUX YMOB Yy NIALIMYHKOBIA 3amnosi 3HUXKy-
€TbCH CyMapHWUW BMICT afeHiHHiyKneoTuais Ta eHepreTuy-
HWUA 3apsg KNiTuH, BignosigHo B 1,2 pasa Ta B 1,3 pasa
NOPIBHSAHO 3 KOHTpONeM (Tabn. 2).

Y rpyni wypis 3 rinoaungHUmM CTaHOM, SKMM BBOAMMN
MynbTUNPOBIOTUK "CVIM6iTep®", y MiAWnyHKOBIA 3anosi
BMICT [JOCHigXyBaHUX KOMMOHEHTIB afeHinoBoi cucTemMu
noeseptaeTbcs A0 pisionoriyHnx 3HadveHb: AT nigBuLLy-
etbea B 1,5 pasa (p < 0,05), npu usomy Bmict AP Ta AMD
3HMXKYeTbCS BignosigHo B 1,3 pasa (p < 0,05) Ta B 1,2 pasa
(p < 0,05) BigHOCHO rpynu LUYpIiB 3 TPMBaNOK LLUMYHKOBOIO
rinoxnoprigpieto (tabn. 2). Y TkaHWHI NiALLMYHKOBOI 3an03u
BMSIBITEHO HE3HA4yHe BiAHOBIEHHHA CyMapHOro BMICTy afe-
HINOBUX HYKNEOTUAIB Ta eHepreTM4Horo 3apsaay (tabn. 2).

Ta6nuys 2. BMmicT ageHinoBux HykneoTuaiB y niglwnyHKoBin 3ano3si wypie B yMoBax
TPUBanoi WYHKOBOI FiNoXnopriapii, MKMonb X I TkaHuHu™' (M £ m, n = 10)

n Mpynu TBapun KoHTponb MynbTUnpo6ioTuk Omenpason Omenpasoj_1 *
OKa3HUK MYyTNbTUNPOBGIOTUK
ATO 1,28 £+ 0,12 1,35+ 0,13 0,61 + 0,06 0,91+0,09™
AP 0,46 + 0,04 0,43 £ 0,04 0,78 + 0,07 0,590,057
AM® 0,19 + 0,02 0,18 £ 0,01 0,28 + 0,02 0,23+0,017
ATO + A® + AMO 1,93+0,18 1,96 + 0,18 1,67 £0,15 1,73+ 0,16
EHepreTuyHuii 3apsg ageHinatHoi cuctemm 0,78 £ 0,07 0,81 +£0,07 0,61 +0,06 0,70 £ 0,06

+-p<0,1; *=p<0,05; ** - p < 0,01 BigHOCHO KOHTpONIO; # — p < 0,05 BiAHOCHO rpynu TBapWH, SKMM BBOAUNN OMENpPa3or

AHanis oTpymMaHux pesynbTaTiB CBigYMTb, WO B YMOBax
HecTadi rigpoXnopuaHOI KUCNOTU Y LUAYHKOBOMY COKY Y
neviHUi Ta NigWNyHKOBIM 3anosi 3miHeTbca GanaHc age-
HINOBOro HykneoTuAHoro coHAdy, Lo BKasye npo nopy-
LLEHHA eHepreTMYHoro cratycy KniTuH. Ockinbku piBeHb
AT®, Al® Ta AM® Bigobpaxae piBHOBary Mix peakuismu,
AKi NpM3BOAATbL [0 X YTBOPEHHS Ta BUKOPUCTaHHS, TO BiA-
NOBIAHO AN OUHKM OTPMMaHuX pesynbTaTtiB HeobXiaHo
BpaxoByBaTW psag, pakTopis, L0 BU3HAYaKTb KiflbKICTb LIMX
HYKMeoTnAIB y AOCMiAXYBaHUX TKAHUHAX.

PiBHoBara B ageHinoBin cuctemi Ta ii nyn 3anexartb Big
OBOX TWUMIB peakuin B KNiTWHI: 1) peakuii 3a y4acTio coc-
daTy; 2) peakuii 3a y4acTio ageHiHy. NepLui yMoBHO MOXHa
po3ainuTn Ha ocdoponiTUYHI Ta NipodochoponiTUYHI.
Akwo docdoponiTnyHi 3abe3nevyroTb B OCHOBHOMY aKTu-
BHUI NEpPeHOC Pi3HNX PEeYOoBWH i Aeski iHWi Buan poboTw,
TO nipocpocdoponiTUYHI, rONOBHUM YMHOM, BepyTb yd4acTb
B peakuisix cuHTe3y. Lli aBa Tunm peakuin (ocobnmeo goc-
doponiTnyHi) obpe perynoTbcs CUCTEMHUMU MOKa3HU-
KaMu afeHinoBuX HyKNeoTuaiB, SKi XapakTepusylTb CTy-
NiHb pocopunioBaHHs (eHepreTudHUA 3apsig ETkiHCOHa,
docdatHun noteHuian). Peakuii cuHTe3y 3a ydacTio age-
HINOBOrO KiNnbLsi € TUNOBUMU peakuiamu nipodocdoponisy
— cuHTe3 PHK, nipuauHoBmx i donasiHageHIHOBMX HyKneo-
TNAiB, KOEH3UMy A, cuHTe3 crnonyk Tuny noni-A. yn Hyk-
neotumais 6yge 3anexvTu Big BiAHOLWIEHHS LUBMAKOCTI pea-
KU NPUTOKY afeHinoBuX HYKNeoTUdiB Ta LWBWUAKOCTI BiATO-
Ky (CMHTE3 crnonyk 3a y4acTio afleHinoBoro Kinbus, po3nag,

Moro Ao ce4oBuHM abo nepeTBOPEHHS B IHO3WMHOBI Ta rya-
HiHOBI noxigHi) [13, 14].

BcTaHoBneHe Hamu 3HWXeHHS BMICTY AT® y neuiHui Ta
NigLWNyHKOBIM 3anosi LWwypiB 3 oMenpasorn-iHayKoBaHO
rinoaunaHicTio Moxe BiAbyBaTUCb 3a paxyHOK MOro nocwu-
neHHoro katabonisamy Ta Buxody 3 KniTMHU. Moxnueui
HaCTYNHWUIN MEXaHi3M 3MEHLUEHHSA nyna BiflbHUX HYKNeoTu-
niB B KniTMHax: gedocdopuntoBaHHs ATO Ta HaKONUYEHHs!
A® i AMO®, noganblie gesamiHyBaHHS AM® Ta yTBOpeEH-
HS FiMOKCaHTWHY, SIKUN B CBOKO Yepry NpPOHMKae Yy Mo3aki-
TUHHe cepepfosuille. BctaHoBneHe Hamu y nonepegHix
pocnigXeHHsx [15, 16] HaKoNMMYeHHA OKUCHEHWUX NPOAYKTIB
CTPYKTYPHOI opraHisauii membpaH nedviHkM Ta nigLwnyHKo-
BOi 3aro3n B3aeMOrMoB'si3aHe 3 iHWWMK MemBpaHoyLLIKO-
DKYIOUMMU MexaHidamamm, 3okpema, 3 AediunTom eHeprii B
KniTuHi. Bigomo, wo 3pocTtaHHs BmicTy AM® € chakTopom,
AKUA NpusBode A0 CTUMYNALIT NPoLeciB NEPEeKNCHOro OKM-
cHeHHs ninigie (MOJ) B kniTMHI. B3aemo3B's130k npoueciB
ninigHoi Nnepokcuaadii 3 NopyLleHHsIM B opraHax meTtaboni-
3Mmy Baratux eHeprieto Cnonyk peanisyeTbCs siK Yepes Bu-
HUKalouM eHeprogediumT, Tak i Yepe3 HapocTaluni auu-
0o3. MNocunenHs npouecis MNOJ1 npu eHeprogediuuTi no-
B'A3aHO 3 HWM3KOK (paKkTopiB: NOpyLEeHHAM poGoTn AT i
BTPATOI0 iOHHOrO romeocTasy (NnepeBaHTaXEHHS KNiTUHM
KarnbLuiem), 3MiHOK CTPYKTYPHOi opraHisauii membpaH uye-
pes ix AedocopUnioBaHHS, NOPYLLUEHHAM CUHTE3Y i PeCUH-
Te3y MembpaHHux cpocdoninigis [17, 18]. Ockinbkn AT® €
yHiBEpcanbHUM [DKeperioMm eHeprii, BUSBMEHe 3HWXKEHHS
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piBHs AT® y neviHui Ta nigWwnyHKoBIA 3ano3i B ymoBax
TpUBaNoOi LUMYHKOBOI FiNOXNOPriapii CNpusae MNOPYLUEHHIO
BCiX BIOCMHTETMYHUX NMpoLEeciB Ta NpeBanioBaHHI0 kaTabo-
NiYHUX NpoueciB B KNITHHI.

MopylweHHs GanaHcy ageHiNoBMX HYKNEOTUAIiB MOXe
CMNPUYNHUTY po3naz iOHHOro OOMIHY B KIiTUHaX NeYviHku Ta
M3. 3okpema, NopywmMTK TpaHCMOPT Kanito, ockinbku AT®
Ta A® y MIKpOMONSPHUX KOHLEHTpaUisiX MPUrHiYyoTh
noro tpaHcnopt AT®aszamn. Takox, MOXe 3MiHIOBaTUCH
nepeHeceHHs kanbLito, ockinbkn AP € Bucokocneundiy-
HAM CTUMYNSATOPOM WMOro TPAHCNOPTY, SKUWA 34aTHWUN 3Mi-
HIOBaTU KOH(OPMAaLOHHMIA CTaH rigpodinbHOi Ta rigpodgo-
6Hoi yacTuH Ca-AT®a3zn. Taki 3MiHM BNNMBaOTb | HA Mix-
6inkoBi B3aemogii, o MoandIKytoTb | BMAcTUBOCTI KanbLyi-
€BUX KaHaniB, siki MOXyTb yTBOPHOBATUCb Ha AinsiHkax bi-
NOK-GiNKOBUX KOHTAKTIB. Tak sk Tinbku y npucyTHocTi AT
Ca-ATda3un 3HaxoasaTbCca y 3MiHEHOMY KOHOpMaLiiHOMY
CTaHi, TO MiCNs BWCHaXEHHS LbOro cybctpaTty momnekynu
cybcTpaty penakcyloTb Yy BuXigHe nonoxeHHs. [lpouec
penakcauii BigOyBaeTbCsA MOBINbHO, TOMY e AESKWIA vac
KaHanu dyHkuUioHytoTb [19, 20].

3HWXKeHHs1 piBHA AT® TakoX MOXe CNPUYMHUTK MOpY-
LWeHHs1 6nebiHry nnasmaTuyHuX MembpaH KMiTUH nediHku
Ta NigWwnyHKoBOI 3ano3n, OCKiINbKWA Le eHeprosanexHun
npouec [21, 22].

AHani3 HanpaBNeHOCTi BUSIBNEHUX NpW TpyBanin LWNyH-
KOBIl rinoxnopriapii 3MiH CTauiOHapHOrO CTaHy CUCTEMM
ATO-AOD-AM® y nediHUi Ta MigWNyHKOBIN 3anosi BKasye
Ha CTBOPEHHS Y KNiTMHax yMOB, 3a SKMX MOXe 3MiHIoBa-
TUCb OinbuicTb BioxiMiyHMX MpoueciB: peakuii docdopu-
noBaHHs-gedocdopunioBaHHa  6inkiB  (binkis-kaHanis,
GinkiB-cbepmeHTIB Ta iHWKX GinkiB), ninigis, Byrnesoais Ta
iH. Takox, MopyLleHHs eHepreTYHoro obMiHy, 30Kpema
3HWKEHHS 3aranbHOro BHYTPILUHBLOKMITUHHOIO choHAy aje-
HIHYKNEeOoTUAIB, 3HMXYE adanTauiliHi MOXMBOCTI OpraHiamy
B YMOBaX Ajii HeraTnBHUX hakTopiB.

MynbTunpoGioTrk "CVIM6iTep®" crnpusie BiQHOBMEHHIO
eHepreTMyHoro 6anaHcy KMiTUH MeYviHkWM Ta MigLTyHKOBOI
3ano3u LWypiB 3 rinoaumMgHUM CTaHOM LUSTyHKa 3a paxyHOK
psiQy MexaHi3MiB: 3HWKEHHSI pO3BUTKY OKMCHOMO CTpecy, B
pe3ynbTaTi YOro 3MEHLLYIOTLCA NOTpebu y MakpoepriyHmx
cnonykax, Ta cuHTe3 6akTepisimy peyoBuH, ki € GionoriyHo
aKTMBHUMW cybGcTpaTaMyM eHepreTM4YHoro OOMIHY KMiTUH
[23]. Takum uyuHOM, AocnigXyBaHWN MynbTUNPOBIOTUYHNIA
npenapat 34iNCHIOE CTUMYIIIOIOYUIA BMNVB HA eHepreTuny-
HWIA OOMIH B KITITUHI.

BucHoBku

MokasaHo, Wo npu TpyBanin LWNYHKOBIN rinoxnopriapii
NopyLUIYETLCH piBHOBara afeHinoBuX HYKNeoTUAIB Yy KNiTu-
Hax NeyviHk1 Ta NigWwnyHKoBOI 3ano3un, Wo CYNPOBOLXKYETb-
cs 3pocTtaHHaM BmicTy AL® Ta AM® Ha poHi 3HMKEHHSA
BmicTy AT®. 3a gaHux ekcnepumeHTanbHUX YMOB 3adik-
COBaHO 3MEHLUEHHS eHEepreTUYHOro 3apspy KniTWH, Lo
CBiYNTb MPO MOPYLUEHHA MITOXOHAPIaNbHOrO CUHTE3y
ATO®, poanagn npoueciB doccopuntoBaHHsa i gedocdo-
pUIOBaHHA MaKpOepriYHUX Cronyk Ta npesasioBaHHA Ka-
TabonivyHMX NpoLEeCiB y AOCHiAXYBaHUX OpraHax.

BusiBneHo, Wo BBegeHHs MynbTUnpobioTnka "CumBGi-
Tep®" wypam 3 rinoaunaHum CTaHOM LUMYHKa CrpUsie Bia-
HOBIEHHIO Myny aAeHinoBMX HYKNeoTUaiB Ta eHepreTM4Ho-
ro 3apsgy KniTvH nedviHku Ta nigwnyHkosoi 3anosun. Otpu-

MaHi AdaHi BKasyloTb Ha Te, WO Mpu TpuUBanii LUMYHKOBIN
rinoxnoprigpii  gecrabinizauia eHepreTnyHoro 6HanaHcy
neyviHk1 Ta MigWwnyHKoBOI 3amno3n MoB's3aHa 3 PO3BUTKOM
auncBiody TpaBHOI cUCTEMU.
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KneBckuin HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLleBuyeHko, Kues, YkpanHa

W3MEHEHWUSA SHEPTETUYECKOIO BANTAHCA NEYEHU U NOMKENYAOYHON XENE3bI KPbIC
NPU rTMNOALIMAHOM COCTOAHUU XXENYOKA U MOUCK NOAXOA0B K EFO BOCCTAHOBIEHUIO

YcmaHoeneHo, Ymo e neyeHu u nodxesryAo4HoU Xxene3e KpbIC npu 0numesibHol XxesydoYyHoU 2unoxsiopaudpuu Hapywaemcsi 3Hep2emuyecKull
6anaHc, o Yem ceudemesibcmeayem rnoHuwxeHue codepxxaHusi AT® Ha ¢poHe noeniweHusi yposHs A® u AM®. Mynsmunpo6uomuk "Cum6umep®" crno-
cobcmeyem eoccmaHoe IeHU0 pagHoeecusi adeHus108bIX Hykieomuadoe 8 uccriedyeMbix op2aHax KpbIC € 2unoayudHbIM COCMOsTHUEM XeJlyodKa.

Knroyesnie crnosa: dnumenbHasi xesy0o4Hasi 2unoxsiopaudpusi, Nodxesyo0oYyHasi xesie3a, adeHu108ble HyKkieomuobl, My/ibmMunpo6uomuk.
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CHANGES OF ENERGY BALANCE OF RAT LIVER AND PANCREAS UPON GASTRIC HYPOACIDITY
AND SEARCH OF APPROACHES FOR ITS RECOVERY

It was established that the energy balance was disturbed in liver and pancreas of rats with long-term gastric hypochlorhydria, suggesting a
decreased of ATP content while ATP and AMP levels were increasing. Multiprobiotic "Symbiter®" restored adenine nucleotides balance in the

analyzed organs of rats with gastric hypoacidity state.

Key words: long-term gastric hypochlorhydria, pancreas, adenine nucleotides, multiprobiotic.

YOK 577.151.042.5:612.115

N. Raksha, PhD, M. Burlova-Vasylieva, PhD student, E. Torgalo, PhD., A. Savchuk, DSc.

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

THE APPEARANCE OF MOLECULES OF PROTHROMBIN ORIGIN
IN BLOOD UPON DEVELOPMENT
OF ATHEROTHROMBOTIC AND CARDIOEMBOLIC ISCHEMIC STROKE

Increase of molecules of prothrombin origin in patients with atherothrombotic and cardioembolic stroke subtypes had been
shown. It was found the presence of protein fractions in the range of molecular weights corresponding to both prothrombin

molecules and its degraded forms.

Key words: prothrombin time, molecules of prothrombin origin, atherothrombotic, cardioembolic stroke.

Introduction. Cerebrovascular diseases are currently
the actual problem of modern medicine since they are one of
the leading cause of disability and the second most common
cause of mortality and morbidity among the working
population aged 40-60 years [5]. A dominant role in the
structure of all cerebrovascular diseases belongs to acute
ischemic cerebrovascular accident — up to 70 % of all
strokes are considered as ischemic (cerebral infarction). In
accordance with the main mechanism of development there
are atherothrombotic and cardioembolic stroke subtypes. In
the first case, the acute cerebral blood flow failure is caused
by blood clots formation and blockage of the lumen of blood
vessels in the place of atherosclerotic plaque localization;
occlusion of the arteries that nourish the brain by cardiac
emboli takes place in the case of cardioembolic stroke [5].
Clinical features that support the diagnosis of these
pathologies include motor, language, visual, coordination
and cognitive impairments. More complete laboratory
screening of patients with ischemic cerebrovascular disease
for currently identified prothrombotic states will probably
increase the percentage of strokes attributed to disorders of
hemostasis. One of the leading pathogenetic factors of
cerebrovascular ischemia is the disruption of homeostasis
that results in intravascular thrombosis, changes in blood
rheology and microcirculation disturbances in ischemic
tissues [12]. Detailed definition of the molecular mechanisms
underlying the development of these diseases is crucial not
only in terms of the creation of new drugs directed action,
guide the most effective care and therapy, but also will
provide great perspectives in the field of clinical diagnostic of
pathological manifestations of hemostasis.

Given that treatment of stroke is limited, the best way to
reduce the negative effects of this pathological condition —
timely primary prevention, individual approach to treatment
and rehabilitation. Study of the causes and mechanisms of
stroke development and search of new biomarkers that can

be used in diagnostics to identify individuals at high risk of
disease development is very relevant for today.

Taking into account the involvement of blood
coagulation system in the pathogenesis of ischemic
strokes, the main goal of our work was to investigate the
functional state of prothrombin — a precursor of key
regulatory enzyme thrombin that converts soluble
fibrinogen to fibrin monomers, further polymerization of that
is the basis for the formation of a blood clots.

Materials and methods. Donor's plasma (n=66 for
patients with atherothrombotic ischemic stroke and n=56 for
patients with cardioembolic ischemic stroke) was obtained
by cubital vein puncture using tubes with sodium citrate
solution (38 g/l) in the final ratio of 9:1. Patients' plasma one
day after the ischemic stroke was used in our experimental
work. Determination of prothrombin time was supplied by kits
and reagents of "Renam" company (Belarus). Prothrombin
obtained by sorbing the vitamin K-dependent proteins on
barium sulfate followed by extraction with 0.05 M Tris-HCI
buffer, pH 7.4, containing 0.2 M NaCl and 0.02 M EDTA.
Electrophoresis in polyacrylamide gel in the presence of
sodium dodecyl sulfate was performed according to the
method Laemmli using tris-glycine system.
Immunoenzymatic assay and Western blot method were
carried out in consist of standard protocols for soluble
proteins [8, 11]. Prothrombin and its derivatives identification
was done using rabbit polyclonal antibodies (Shijin
International, Mongolia) to prothrombin. Mathematical and
statistical processing of obtained results was performed
using the computer program Origin 7.0. The difference
between groups was analyzed by standard Student's t-test.
P values less than 0.05 were considered statistically
significant. Present data are typical for series of repeated
experiments (at least five in each series).

Results and discussion. Hemostasis is one of the
most complex physiological self-defense systems which
ensure blood fluidity, the maintenance of the rheological

© Raksha N., Burlova-Vasylieva M., Torgalo E., Savchuk A., 2014



